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Executive Summary

This study examines the mission role of the modern frigate and reassesses its operational
limitations in the context of contemporary maritime threat environments. While frigates remain
widely employed across navies as escorts, presence platforms, and independent operators, their
design assumptions and tasking realities are increasingly misaligned. This analysis seeks to
determine whether current frigate employment reflects survivable and sustainable force design
under modern conditions.

Sections 1 through 4 establish the operational context. Frigates are no longer employed solely as
close escorts within protected formations, but are routinely tasked with forward presence,
independent patrol, and closest-shooter responsibilities in environments shaped by pervasive ISR,
long-range precision weapons, and multi-axis attack vectors. These conditions compress
engagement timelines and elevate the importance of defensive endurance, sensor concurrency,
and survivability after initial contact.

Section 5 introduces a standardized analytical framework to evaluate frigate performance across
three distinct mission modes: Escort, Presence, and Independent operations. Rather than
assessing theoretical capability, the framework focuses on engagement depth, survivability
margins, and operational persistence under realistic threat conditions. Scoring is relative and
comparative, allowing different design philosophies to be evaluated under identical assumptions.
Section 6 applies this framework to a representative set of frigate classes selected to bracket the
modern design space: a high-end frigate, a balanced general-purpose frigate, a cost-driven light
frigate, and a legacy Cold War-era frigate. These cases were chosen not to rank programs, but to
expose structural trends that persist across national designs and generations.

Section 7 presents the findings based on publicly available information. Across all cases,
performance varies significantly by mission mode, with no single frigate design demonstrating
uniformly strong performance in Escort, Presence, and Independent roles simultaneously. Even
modern, well-equipped frigates exhibit bounded endurance driven by finite magazine depth,
reliance on optimistic assumptions about external support, and vulnerability to saturation
dynamics when operating as the closest shooter.

The analysis shows that survivability shortfalls are not primarily attributable to outdated sensors or
insufficient weapons, but to cumulative trade-offs inherent in attempting to optimize a single
platform for multiple, competing mission demands. Platforms that perform credibly in escort roles
experience degradation when employed independently, while those optimized for presence and
availability exhibit reduced defensive depth under high-intensity conditions. Legacy designs
illustrate how escort assumptions that were valid under earlier threat environments degrade
sharply under modern ISR and strike dynamics.

Taken together, the findings indicate that the challenges facing modern frigates are structural rather
than program-specific. Risk is frequently absorbed implicitly at the platform level through tasking
assumptions that exceed design margins. These dynamics are consistent across representative
frigate classes and suggest a growing mismatch between how frigates are designed, how they are
employed, and the threat environments in which they operate.
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1.Introduction

1.1 Purpose
The purpose of this study is to critically evaluate the alighment between the missions modern
frigates (FFGs) are routinely assigned and the combat resilience they are actually designed to
provide, under both peacetime competition and high-intensity conflict conditions.
A. Identify what modern frigates (FFGs) are routinely tasked to do in peacetime competition
and wartime escort operations
This study seeks to document the real operational employment of contemporary frigates, not
merely their doctrinal intent or design justification. In practice, modern FFGs are increasingly
tasked with a broad range of roles that include:
e Forward presence and deterrence patrols in politically contested waters
¢ Independent maritime security and freedom-of-navigation operations
e Escort of high-value units (HVUs) such as carriers, amphibious groups, and logistics
vessels
¢ Distributed operations as sensor and shooter nodes within larger force constructs
These missions are often executed without immediate area-defense coverage, particularly during
peacetime competition or crisis response. The study will therefore focus on how often frigates are
expected to operate independently, persist in threat-adjacent regions, and remain combat-
credible without assured reinforcement.
B. Compare those tasks to the platform’s actual survivability, magazine depth, sensor reach,
and endurance under realistic threat conditions
The study will then assess whether the physical and systems-level characteristics of modern
frigates realistically support the missions described above. This comparison will include:
e Survivability: Structural resilience, redundancy, damage control capacity, and
tolerance to mission kill versus catastrophic loss
e Magazine Depth: Available missile inventory, reload constraints, and ability to sustain
multi-axis or prolonged engagements
e Sensor Reach and Capacity: Radar and sonar horizon limits, track capacity under
saturation, and dependence on off-board sensing
e Endurance: Ability to remain on station with degraded systems, depleted magazines, or
reduced external support
Threat conditions reflect contemporary operational realities, including long-range precision
weapons, massed missile and unmanned attacks, persistent ISR cueing, electronic warfare, and
modern undersea threats. The analysis intentionally moves beyond optimistic engagement
assumptions to evaluate performance under conditions that are increasingly plausible and
repeatable.
C. Determine whether current “multi-mission frigate” concepts create systematic under-
defense when deployed independently or as an escort
Finally, the study will determine whether the prevailing design philosophy of modern frigates,
emphasizing flexibility and multi-mission capability, result in consistent and structural under-
defense. Specifically, it will examine whether:
¢ Trade-offs made to accommodate diverse mission sets reduce combat endurance in
high-threat environments
e Frigates are implicitly designed to rely on external defensive layers that are not always
presentin real operations
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e The pursuit of versatility leads to insufficient depth in weapons, sensors, or survivability
margins
Rather than treating under-defense as a failure of any single class or program, this study frames it
as a systemic outcome of current force-structure assumptions. The goal is to identify whether the
modern frigate, as presently conceived and employed, is being asked to perform missions that
exceed its survivability envelope and whether this gap represents an acceptable risk or a
foundational flaw in current naval planning.

1.2 Central Thesis

Modern frigates (FFGs) are increasingly employed as independent presence assets and distributed
escorts within threat environments that exceed their survivability and endurance design
assumptions, creating a persistent doctrine—platform mismatch in which “multi-mission” capability
results in systemic under-defense.

2.The Modern Frigate in Practice

2.1 Scope and Definitions
Within U.S. force structure, frigates occupy the space between patrol-focused small combatants
and high-end surface combatants. This position trades endurance and combat depth for lower
cost, higher numbers, and broader day-to-day utility. Their effective employment assumes
integration into a larger force construct rather than persistent independent operation in high-threat
environments.
Frigates are characterized by the following core attributes as understood by the United States Navy:
¢ Primary Mission Role:
Escort of high-value units, convoys, and task groups against air, surface, and subsurface
threats, supplemented by maritime security and forward presence missions.
e Combat Capability:
Equipped to detect, track, and engage threats in multiple domains, but not intended to
provide area air defense, sustained missile defense, or independent high-end sea
control.
e Magazine Depth:
Limited vertical launch system (VLS) capacity and onboard weapons inventory,
sufficient for localized self-defense and escort contribution, but not prolonged or
saturation-level engagements.
e Sensors and Command Role:
Sensors and combat systems optimized for self-defense and cooperative engagement,
not for theater-wide command-and-control or primary sensor-shooter responsibility.
e Survivability Philosophy:
Designed for survivability through maneuver, layered defense, and networked support,
rather than through the redundancy, depth, and damage tolerance characteristic of
larger combatants.
e Growth Margin:
Constrained electrical, cooling, weight, and volume margins compared to destroyers
and cruisers, limiting future expansion in weapons, sensors, and defensive systems.
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Within U.S. force structure, frigates occupy the space between patrol-focused small combatants
and high-end surface combatants, trading endurance and combat depth for lower cost, higher
numbers, and broader day-to-day utility. Their effective employment assumes integration into a
larger force construct rather than persistent independent operation in high-threat environments.

3. Structural Tensions in Modern Frigate Design

3.1 Mission Demand vs Design Reality
This section examines the divergence between the missions modern frigates are routinely required
to perform and the design assumptions under which those ships were conceived, built, and
justified. The objective is not to critique any single class or program, but to establish whether a
systemic mismatch exists between operational demand and platform reality.

A. What missions are FFGs actually performing most often?
Although frigates are formally described as escort-oriented surface combatants, their day-to-day
operational employment reflects a markedly different emphasis. In practice, modern FFGs are
most frequently tasked with:

e Presence Mode operations, including forward deployment in politically sensitive waters,
freedom-of-navigation patrols, maritime security, and partner engagement missions.
These deployments often occur in regions where potential adversaries possess
persistent ISR coverage and credible long-range strike capability.

¢ Independent or semi-independent operations, where frigates operate as stand-alone
units or as widely distributed elements of a task group, expected to contribute sensing,
targeting, and limited engagement capability without continuous area-defense coverage.

e Escort Mode operations, typically involving protection of high-value units or logistics
vessels, but often under assumptions of layered defense provided by other platforms,
off-board sensors, or air cover.

Empirical observation suggests that presence and independent tasking dominate peacetime and
competition-phase operations, while escort roles, though doctrinally central, constitute a smaller
share of total operational tempo. This inversion places frigates in forward and exposed roles more
frequently than their design narratives imply.

B. In those missions, what is the expected threat environment?
The threat environment associated with these missions has evolved significantly, eroding many of
the assumptions that historically justified limited combat depth in frigate designs. Contemporary
operational environments increasingly feature:

e Persistent ISR saturation, including space-based sensors, maritime patrol aircraft,
unmanned aerial systems, and surface surveillance networks that compress warning
timelines and reduce opportunities for discretion or maneuver.

e A2/AD conditions, in which frigates operating in presence or independent modes may fall
within the engagement envelopes of land-based or maritime long-range anti-ship
missiles.

e Massed and low-cost attack vectors, including unmanned aerial systems, loitering
munitions, and coordinated missile salvos that stress limited magazines and fire-control
capacity.

UNCLASSIFIED | Open-Source Analytical Review



e Subsurface threats, particularly in chokepoints and littoral regions, where modern
submarines and unmanned undersea systems can operate with high lethality and limited
warning.

These conditions are no longer exceptional wartime scenarios; they increasingly characterize
routine competition and crisis-response environments. As a result, frigates are often required to
persist within threat envelopes that assume survivability and endurance beyond what limited self-
defense and escort-centric designs can reliably provide.

C. What survivability assumptions are embedded in FFG design choices?
Modern frigate designs reflect a set of survivability assumptions that are internally coherent but
increasingly misaligned with operational reality. Common embedded assumptions include:

¢ Limited magazine depth, based on the expectation that frigates will contribute to
engagements rather than sustain them, and that higher-end platforms will shoulder the
bulk of missile defense and strike responsibilities.

e Sensor and radar selection, optimized for local-area awareness and cooperative
engagement rather than independent raid detection, discrimination, and fire control
under saturation conditions.

¢ Reliance on soft-kill systems, such as decoys, electronic warfare, and maneuver, as
primary survivability mechanisms, with the implicit assumption that these measures will
be sufficient to break kill chains before hard defenses are exhausted.

e Constrained redundancy and damage tolerance, reflecting cost, displacement, and
crew-size trade-offs, and assuming that catastrophic or cumulative damage is unlikely
during short-duration or supported operations.

e Growth margin limitations, which restrict the ability to significantly increase defensive
depth, power-intensive sensors, or future countermeasures as threats evolve.

Individually, these assumptions are defensible within a narrowly defined escort role. Collectively,
however, they create a platform optimized for contribution within a protected force construct, not
for frequent independent presence or prolonged operation inside contested threat environments.
Synthesis
The core issue is not that modern frigates are poorly designed, but that they are increasingly
employed outside the operational conditions their designs assume. As presence and independent
tasking become routine, the gap between mission demand and design reality widens, setting the
conditions for systematic overexposure and under-defense, particularly so in scenarios involving
saturation, degraded networks, or delayed reinforcement.

3.2 Escort Doctrine Mismatch

This section examines the internal inconsistencies between escort doctrine as articulated and

escort doctrine as practiced, particularly as it relates to the employment of frigates as primary or

forward escorts for high-value units (HVUs). The analysis focuses on whether current doctrine

implicitly assumes defensive capabilities that the escorting platform does not actually possess.
A. Implicit Reliance on External Area Air Defense

Modern escort planning frequently assumes the availability of external area-defense assets, such

as guided-missile destroyers, airborne early warning aircraft, or combat air patrols. While these

layers may be present in high-end task groups, their availability is neither continuous nor

guaranteed.

In practice, frigates are often positioned as outer-layer or forward escorts, yet their survivability

assumptions rely on another platform detecting, tracking, and engaging threats first. This creates a
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doctrinal dependency in which the frigate’s effectiveness as an escort is contingent on someone
else’s sensors, magazines, and reaction timelines, rather than its own organic capability.
This reliance is rarely acknowledged explicitly in doctrine, but itis embedded in force composition,
threat modeling, and engagement planning. The result is an escort construct that appears layered
on paper but may be fragile under conditions of saturation, dispersion, or degraded coordination.
B. Escort Tasking Versus Weapons and Sensor Timelines
When frigates are assigned escort roles, they are often expected to provide coverage across
multiple threat axes, air, surface, and subsurface, despite having limited sensor reach, fire-control
capacity, and magazine depth.
This creates a timing mismatch:
¢ Detection timelines may be compressed by long-range weapons and ISR cueing.
e Engagement windows may require multiple intercept opportunities per threat.
e Saturation conditions can rapidly exhaust available interceptors or fire-control channels.
Under these conditions, frigates may be tasked with coverage responsibilities that exceed their
ability to detect, decide, and shoot within required timelines, particularly if they are the first
platform to encounter a threat. The escort role, as assigned, can therefore demand performance
closer to that of an area-defense combatant than an escort contributor.
C. The “Closest Shooter” Problem
A recurring operational reality is that the escorting frigate is often the closest shooter to an inbound
threat, regardless of whether it is the most capable shooter. In such cases, engagement authority,
geometry, and reaction time may compel the frigate to act as the primary defender.
When this occurs, several issues arise:
¢ Limited magazines force early depletion during the initial phase of an engagement.
e Follow-on waves may arrive after the frigate’s defensive capacity is reduced.
e The escort may become combat-ineffective before the threat is fully resolved.
Doctrine rarely addresses what happens when the closest shooter cannot sustain the engagement,
yet this scenario is increasingly likely in environments characterized by massed or sequential
attacks.
D. The Use of Larger Combatants in Escort Roles
A fundamental contradiction emerges when larger and more capable combatants are routinely
assigned escort duties traditionally associated with frigates. On one hand, frigates are described as
purpose-built escorts; on the other, destroyers and cruisers are frequently required to fill that role
to ensure adequate defensive depth.
This raises a critical question:
If escort missions consistently require the capabilities of larger combatants to be viable, then either
the threat environment has changed beyond what frigates can reasonably handle, or the escort role
has evolved beyond what frigates were designed to perform.
In either case, the current allocation of escort responsibilities suggests that frigates alone are
insufficient to meet the escort requirement as it now exists, undermining the premise that they are
the primary solution for that mission.
E. Escort Credibility and HVU Protection Claims
Finally, there is a credibility gap between claims of adequate HVU escort and the known limitations
of frigate-based escort constructs. If a vessel assigned to protect a high-value unit is known to have
constrained magazine depth, limited engagement endurance, and reliance on external defense
layers, then the assurance provided to that HVU is conditional rather than robust.
This does not imply that frigates are incapable escorts, but it does call into question whether they
can reliably fulfill that role under modern threat conditions without additional support. The
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persistence of this gap suggests that escort doctrine may be sustained more by institutional inertia
than by rigorous alignment between mission demand and platform capability.

Synthesis
The escort doctrine mismatch is not a failure of individual platforms, but a structural issue arising
from changed threat realities, expanded tasking, and legacy assumptions. Frigates are increasingly
expected to perform escort functions that presuppose defensive depth and persistence beyond
their design envelope, while doctrine continues to describe these expectations as routine and
acceptable.
This mismatch sets the conditions for risk to be absorbed quietly at the platform level, rather than
addressed explicitly in force design and operational planning.

3.3 The “Low-End Combatant” Myth

The designation “low-end combatant” historically implied a surface ship optimized for maritime

security, sovereignty patrol, and limited escort duties in permissive environments. Under this

assumption, threats such as cheap cruise missiles, small attack aircraft, or irregular forces posed

manageable risks. However, the character of modern conflict calls this assumption into question.
A. Affordable and Accessible High-Impact Threats

The threat landscape has evolved such that capabilities once considered “high-end” are now

affordable and proliferated:

e Long-Range Ballistic and Cruise Missiles: Precision guided ballistic and cruise missiles
are now fielded by a range of regional actors, reducing the barrier to long-distance
precision strikes.

e Drones and Unmanned Systems: Both loitering munitions and UAS swarms create high-
volume, coordinated attack vectors that saturate defensive sensors and require layered
defenses.

o Affordable Missile Technologies: Systems based on simpler solid-propellant motors and
GPS/INS guidance can achieve significant range and accuracy at far lower unit cost than
legacy high-end weapons.

e Space and ISR Cueing: Commercial and military space-based ISR now exposes surface
combatants to worldwide tracking and targeting data, enabling adversaries to cue long-
range weapons with high confidence.

These developments shift the strategic calculus: threats traditionally associated with high-end peer
conflict are increasingly available to regional states and proxies.

B. Vulnerabilities That Are No Longer Edge Cases
Certain vulnerabilities that were once considered rare or limited to full-scale war are now routine
risks in competition and crisis:

e Saturation Attacks: Multiple simultaneous inbound threats, including ballistic missiles,
cruise missiles, and drones, can quickly deplete limited magazines and fire-control
channels on smaller combatants.

e Sensor Overload: Long-range ISR and multi-axis threat vectors can overwhelm limited
sensor suites, reducing the effectiveness of single-platform engagement.

¢ Network Dependence: Reliance on cooperative engagement networks assumes
persistent connectivity, which can be degraded by EW or kinetic disruption.

These conditions occur not only in high-intensity conflict but also in escalatory phases of crisis, as
shown by recent regional conflicts.
C. Real-World Missile Barrage Analogue: Implications for a Frigate Under Saturation
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Recent Iranian missile and drone barrages against Israel provide a useful real-world analogue. Not
because of their ground-based defensive context, but because they illustrate the scale, density,
and sequencing of modern attack profiles that a surface combatant could plausibly face in a
maritime theater.
Across multiple engagement windows, Iran employed large mixed salvos composed of ballistic
missiles, cruise missiles, and unmanned aerial systems. The key characteristics of these attacks
were not platform-specific, but structural:
High numbers of inbound threats
Multiple attack vectors and trajectories
Layered and sequential waves intended to exhaust defenses
Use of lower-cost systems to drive interceptor expenditure
When translated into a naval context, these same characteristics expose critical stress points for a
frigate.
Magazine Depletion and Engagement Endurance
A frigate facing even a fraction of a comparable threat stream would confront immediate magazine
economics problems. Unlike a national or theater-level defense system, a frigate typically carries:
¢ Afinite number of hard-kill interceptors, often measured in dozens rather than hundreds
¢ Limited fire-control channels, constraining simultaneous engagements
¢ No at-sea reload capability for missile magazines
In a saturation scenario involving dozens of inbound threats, particularly if spread across air and
surface domains, a frigate’s interceptors could be expended rapidly, potentially within minutes.
Once depleted, the ship transitions from an escort contributor to a liability requiring protection,
undermining both its own survivability and the mission it was assigned to support.
“Closest Shooter” Compression
In the Iran-Israel case, layered defenses allowed engagements to occur at multiple distances and
altitudes. A frigate, by contrast, often operates as the closest available shooter for a given threat
axis.
In such a scenario:
e Engagement authority may default to the frigate due to geometry and reaction time
¢ Higher-end shooters may be too distant, masked, or delayed
o The frigate must engage early and often, accelerating magazine depletion
This mirrors the dynamic seen in missile defense ashore, where certain batteries or interceptors
were forced to engage disproportionately due to geometry rather than optimal allocation. At sea,
this effect is amplified by limited depth and lack of redundancy.
Sensor and Timeline Saturation
Iran’s use of mixed systems stressed detection, discrimination, and engagement timelines. A frigate
facing a similar profile would experience:
e Compressed detection-to-engagement timelines driven by ISR cueing and long-range
launch platforms
e Sensor saturation from multiple inbound tracks, particularly if combined with decoys or
UAS
e Reduced opportunity for layered engagement, increasing reliance on last-ditch defenses
Unlike large area-defense combatants, frigates often lack the sensor reach and processing margin
to manage large, simultaneous raid sizes independently. The result is not necessarily immediate
destruction, but rapid loss of tactical control.
Cost and Asymmetry at the Platform Level
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One of the most instructive aspects of the Iran-Israel exchange is the cost asymmetry between
offensive and defensive systems. This asymmetry is even more pronounced at the individual ship
level.
For a frigate:

e Each interceptor represents a significant fraction of total defensive capacity

e Each inbound low-cost threat forces a high-value defensive decision

e Sustained attack favors the attacker, even if interception success rates remain high
This dynamic directly undermines the notion that frigates can be treated as “low-end” combatants
operating safely beneath escalation thresholds.

Synthesis

The Iran-Israel missile barrages demonstrate that mass, coordination, and persistence are no
longer exclusive to peer-level conflict, and that defensive success increasingly depends on depth
and endurance, not just interception probability.
When mapped to a maritime environment, these same dynamics reveal how quickly a frigate could
be overwhelmed, not necessarily destroyed, but rendered combat-ineffective, by threat volumes
and engagement tempos that are now realistic, affordable, and repeatable.
This reinforces a central conclusion of this study:
The “low-end combatant” assumption fails not because frigates lack capability, but because the
threat environment no longer scales down to match the platforms we label as low-end.

3.4 Multi-Mission = Under-Defended (Testable Claim)
This section evaluates whether the modern emphasis on multi-mission flexibility in frigate design
produces a predictable and measurable outcome: reduced defensive depth when the ship is
employed under real operational conditions. The intent is to determine whether under-defense is
incidental, or a structural consequence of design trade-offs.
A. Capabilities Traded to Enable Multi-Mission Design
Modern frigates are required to support a wide spectrum of missions, including escort, presence,
maritime security, partner operations, and limited independent combat action. To fit these diverse
requirements within constrained displacement and cost targets, designers routinely make trade-
offs across several key capability areas:
e Weapon Capacity
Vertical launch system cell counts are limited to control cost, weight, and crew size. This
directly constrains engagement endurance and reduces tolerance for saturation or multi-
axis attacks.
¢ Power and Cooling Margins
Electrical generation and thermal management are sized to support baseline sensors
and combat systems, with limited excess capacity for future defensive growth, high-
power sensors, or directed energy systems.
e Soft-Kill and Decoy Depth
Decoy launchers, electronic warfare payloads, and expendable countermeasures are
often fitted at minimum viable levels, prioritizing versatility over sustained defensive
persistence.
e Structural Protection and Compartmentation
Armor, shock hardening, and compartment redundancy are constrained relative to larger
combatants. Damage tolerance is typically designed to prevent immediate loss rather
than enable prolonged combat after multiple hits.
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e Redundancy in Critical Systems
Propulsion, power distribution, cooling, and combat system redundancy is limited to
preserve space and reduce crew burden, increasing vulnerability to mission kill from
single-point failures.
Individually, these trade-offs are defensible. Collectively, they define a platform optimized for
contribution across many missions, but not dominance or endurance in any single one.
B. Presence Requirements Versus Immediate Combat Readiness
A central assumption of multi-mission employment is that frigates can shift rapidly from presence
operations to combat-ready posture. In practice, this assumption is increasingly strained.
Frigates conducting presence missions are often:
¢ Operating forward and independently.
¢ Positioned in politically sensitive or contested waters.
o Tasked with signaling resolve while avoiding escalation.
At the same time, modern threat timelines mean that escalation can occur with little warning. This
creates recurring situations where a frigate must be both visibly present and immediately combat-
capable, without reinforcement, repositioning, or force aggregation.
These conditions raise several testable questions:
e How often is the frigate the only available surface combatant within reaction range?
e How frequently does presence posture place the ship inside threat envelopes without
layered defense?
¢ How long can the ship sustain combat effectiveness if escalation occurs immediately?
When the answer to these questions is frequent or routine, the distinction between presence and
combat readiness collapses. In such cases, the frigate is effectively being used as a forward
combatant, regardless of whether its design assumptions support that role.
Synthesis
The claim that multi-mission design leads to under-defense is not theoretical. It can be tested by
examining how often frigates are required to operate alone, forward, and immediately responsive,
and by measuring whether their defensive depth is sufficient under those conditions.
If a ship is routinely expected to be present, independent, and ready to fight without reinforcement,
then defensive depth is not a luxury. It is a requirement. Where that depth does not exist, under-
defense is not accidental. It is structural.

4. The Contemporary Threat Environment

4.1 Reality of Tasking

This section establishes how modern frigates are employed in practice across day-to-day

operations, crisis response, and conflict preparation. The intent is to ground the study in observed

tasking patterns, rather than doctrinal ideals, and to show how a single platform is routinely

expected to fulfill multiple operational roles with little differentiation in posture or risk tolerance.
A. Day-to-Day Forward Presence and Crisis Response

Modern frigates are frequently deployed as forward presence assets, serving as the most visible

and immediately available expression of naval power in contested or politically sensitive regions.

These missions include freedom of navigation operations, maritime security patrols, partner

engagement, and rapid crisis response.

In this role, frigates are often:
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e Forward based or rotationally deployed far from major support nodes.

o Tasked to respond quickly to emerging incidents without prior force aggregation.

e Expected to remain on station for extended periods to signal commitment and resolve.
Presence operations are frequently conducted within range of adversary sensors and weapons,
even during nominal peacetime. The assumption that presence missions occur in permissive
environments no longer holds. As a result, frigates assigned to presence roles are increasingly
operating inside threat envelopes that demand immediate defensive readiness rather than delayed
or conditional response.

B. Escort and Sea-Control Elements
In addition to presence operations, frigates continue to be tasked as escort elements within larger
naval formations. These roles include protection of high-value units, logistics vessels, and convoys,
as well as contribution to localized sea-control efforts.
In escort roles, frigates are often positioned:

¢ Onthe periphery of formations to extend sensor coverage.

o As forward or flank escorts responsible for early threat detection.

e As contributors to layered defense rather than primary area-defense providers.
However, escort tasking frequently assumes the presence of higher-end combatants or airborne
assets that may not be continuously available. In dispersed or stretched force structures, frigates
may be required to assume greater defensive responsibility than their design narratives suggest,
particularly when serving as the closest shooter or the only available surface combatant along a
given threat axis.

C. Independent Nodes in Distributed Operations
As naval operations adopt more distributed concepts, frigates are increasingly employed as
independent or semi-independent nodes within broader networks. In this role, they are expected to
provide sensing, targeting, and limited engagement capability while relying on reach-back support
for command, control, and fires.
Independent tasking often includes:

¢ Operating at extended distances from supporting forces.

e Maintaining persistent presence across wide maritime areas.

e Acting as the forward-most surface asset in early phases of crisis or conflict.

While distributed operations emphasize resilience through dispersion, they also reduce immediate
access to layered defense. In practice, frigates operating independently may face situations where
external support is delayed, degraded, or unavailable. Under these conditions, the ship’s organic
survivability and defensive depth become decisive factors rather than secondary considerations.
Synthesis
Across all three tasking categories, a consistent pattern emerges. Frigates are expected to be
forward, visible, responsive, and resilient, often simultaneously. The distinction between presence,
escort, and independent operations is frequently blurred in execution, placing sustained demands
on platforms that were originally optimized for more bounded roles.
This reality of tasking sets the conditions for the next stage of analysis, which examines how
modern threat environments interact with these employment patterns to expose structural limits in
frigate survivability and endurance.

4.2 Threat Reality

This section examines how changes in the modern threat environment fundamentally alter the risk
calculus for surface combatants, particularly frigates operating forward, independently, or as
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escorts. The focus is on structural shifts in detection, engagement volume, and domain complexity
that compress timelines and erode defensive margin.

A. ISR and Long-Range Strike Compress Reaction Timelines
Modern surface combatants operate in an environment of persistent and layered intelligence,
surveillance, and reconnaissance. Space-based sensors, maritime patrol aircraft, unmanned aerial
systems, surface radars, and passive electronic surveillance networks now provide near-
continuous awareness across wide maritime areas.
The result is a significant compression of reaction timelines:
e Surface ships are detected earlier and at greater distances.
e Weapon cueing increasingly occurs before a ship’s organic sensors achieve firm
classification.
e Engagement timelines are driven by adversary launch decisions rather than local
detection.
Long-range strike systems exploit this compression. Anti-ship missiles and ballistic weapons can
be launched from well beyond a frigate’s organic sensor horizon, leaving limited time for maneuver,
coordination, or layered engagement. For ships without deep magazines or extended sensor reach,
this creates a situation where defensive action begins late and escalates quickly.
The practical effect is that survivability is determined less by tactical finesse and more by whether
the ship possesses sufficient depth to absorb compressed engagement cycles.
B. Mass Pushes Ships into Magazine Economics
The increasing availability of low-cost missiles and unmanned systems has shifted naval combat
toward engagement volume rather than single-shot lethality. Attackers can now generate mass
through quantity, coordination, and persistence rather than technical sophistication alone.
For surface combatants, this introduces unavoidable magazine economics:
e Each inbound threat demands one or more defensive actions.
o Defensive interceptors are finite and expensive.
¢ Reload at sea is not feasible for most missile systems.
For frigates, which typically carry limited numbers of hard-kill interceptors and countermeasures,
thisimbalance is acute. Even a tactically successful defense can rapidly exhaust magazines,
leaving the ship vulnerable to follow-on attacks or unable to continue its mission.
This dynamic favors the attacker over time and places a premium on defensive depth, not just
interception probability. A ship that survives the first engagement but cannot sustain defense is
operationally defeated even if it remains afloat.
C. The Undersea Threat Remains Decisive and Difficult to Sanitize
While attention often focuses on air and missile threats, the undersea domain remains a primary
determinant of surface ship survivability. Submarines, both crewed and unmanned, continue to
pose a decisive threat due to stealth, persistence, and lethality.
Key characteristics of the undersea threat include:
¢ Difficulty of continuous detection, particularly in littoral or complex acoustic
environments.
¢ Ability to position undetected along transit routes, chokepoints, and operating areas.
¢ High lethality of modern torpedoes, often requiring only a single successful hit to mission
kill a surface combatant.
For frigates, undersea warfare presents a particular challenge. Although many are equipped with
capable sensors and helicopters, effective anti-submarine warfare requires time, space, and
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coordination. Independent or forward-deployed frigates may not have the freedom to sanitize an
area before operating within it.
As with air and missile threats, undersea risks are no longer confined to declared wartime
operations. They persist during competition and crisis, further narrowing the margin between
presence and combat.

Synthesis
The modern threat environment is defined by early detection, long-range engagement, massed
attack potential, and persistent undersea risk. These factors interact to compress decision
timelines and punish limited defensive depth.
For frigates tasked with forward presence, escort, and independent operations, threat reality no
longer scales down to match platform size or mission label. Instead, it imposes high-end stress on
platforms that were never intended to absorb it repeatedly.
This shift forms the foundation for the next section, which examines how platform limitations
intersect with these threats to produce predictable failure modes.

4.3 Platform Reality
This section examines how the physical and systems-level limits of modern frigates manifest under
stress. Rather than focusing on theoretical performance, it addresses what tends to fail first when a
frigate is subjected to compressed timelines, massed threats, and sustained operational demand.
A. Magazine Depth and Reload Reality
The most immediate and visible limitation of modern frigates is magazine depth. Vertical launch
system capacity is constrained by displacement, cost, and crew considerations, resulting in a finite
number of defensive and offensive weapons available at any given time.
Key realities include:
e Missile inventories are measured in dozens rather than hundreds.
¢ Mixed loadouts require trade-offs between air defense, surface strike, and anti-
submarine weapons.
e There is no practical capability to reload VLS cells at sea under combat conditions.
In an engagement involving multiple inbound threats or sequential attack waves, interceptor
expenditure can outpace replenishment within minutes. Once magazines are depleted, the ship’s
ability to defend itself or others declines sharply, regardless of remaining sensor or command
functionality.
This creates a hard ceiling on engagement endurance. Survival becomes binary not because the
ship is destroyed, but because it can no longer fight.
B. Sensor and Track Capacity Limits
Frigates are equipped with capable sensors, but these systems are optimized for localized
awareness and cooperative engagement rather than independent raid management under
saturation.
Limitations emerge in several areas:
e Radar horizon limits restrict early detection of low-altitude or sea-skimming threats.
e Track capacity can be overwhelmed by large numbers of simultaneous contacts,
particularly when combined with decoys or unmanned systems.
e Electronic warfare environments degrade detection, classification, and fire control
reliability.
In such conditions, sensor performance degrades non-linearly. The problem is not the quality of
individual sensors, but the cumulative burden of track management, discrimination, and
engagement sequencing under time pressure.
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When sensor and track capacity is exceeded, engagement decisions are delayed or misallocated,
accelerating magazine depletion and increasing the likelihood of leakage.
C. Survivability Margin and Mission Kill

Even when a frigate avoids catastrophic loss, survivability margins are limited by design.
Redundancy, compartmentation, and damage tolerance are constrained relative to larger
combatants.
Key survivability factors include:

¢ Limited redundancy in propulsion, power generation, and cooling systems.

e Smaller crews with less capacity for sustained damage control under multiple casualties

or fires.

¢ Reduced structural margin to absorb shock, blast, or progressive flooding.
As aresult, modern frigates are more susceptible to mission kill than total loss. A single hit or near-
miss may disable sensors, weapons, propulsion, or command systems without sinking the ship.
In operational terms, a mission killed escort is functionally removed from the fight and may require
protection or withdrawal, further burdening the force it was intended to support.

Synthesis

Under modern threat conditions, the first failure mode for frigates is rarely immediate destruction.
Instead, it is loss of defensive depth, sensor control, or mission capability due to constrained
magazines, overwhelmed sensors, or limited survivability margin.
These platform realities do not imply that frigates are ineffective. They do, however, impose hard
limits on how long and under what conditions they can be expected to operate forward,
independently, or as primary escorts.
This analysis sets the stage for examining the cumulative mismatch between tasking, threat, and
platform in the final core argument section.

4.4 The Mismatch
This section integrates the preceding analyses of tasking reality, threat evolution, and platform
limits to identify the core mismatch between how frigates are expected to operate and what they
can reliably sustain. The mismatch is not rooted in any single design flaw or doctrinal error, but in
the interaction between evolving operational demand and unchanged foundational assumptions.

A. Layered Escort Doctrine Versus Forward Exposure
Escort doctrine is built on the concept of layered defense, in which detection, engagement, and
interception occur across multiple platforms and domains. Frigates are intended to contribute to
this layered construct, not to serve as its primary pillar.
In practice, however, frigates are increasingly positioned forward and along exposed threat axes
due to force dispersion, limited hull availability, and the need for persistent coverage. In these
positions, the layered defense envisioned in doctrine may be incomplete, delayed, or absent.
When a frigate becomes the forward-most escort, it absorbs disproportionate risk. Its limited
magazines and sensor reach are stressed first, and its survivability assumptions are violated not by
exceptional circumstances, but by routine tasking. The result is an escort construct that appears
layered in planning but functions as single-point defense in execution.

B. Presence Missions in Contested, Not Permissive, Waters
Presence missions were historically conducted in environments where escalation risk was low and
threats were limited or irregular. That distinction no longer holds.
Modern presence operations increasingly occur in regions characterized by:

e Persistent adversary ISR coverage.
e Proximity to land-based strike systems.
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¢ Routine electronic surveillance and probing.
In these conditions, the act of being present places a frigate inside engagement envelopes even
during nominal peacetime. The platform is therefore required to maintain combat readiness
continuously, without the benefit of force aggregation or preparatory maneuver.
This erodes the conceptual separation between presence and combat operations. A ship desighed
to signal resolve through visibility is simultaneously exposed to threats that demand defensive
depth and endurance beyond what presence-oriented trade-offs support.

C. Fragility of Independence Assumptions Under Degraded Networks

Distributed operations and networked warfare concepts often assume that individual platforms can
rely on off-board sensors, cooperative engagement, and reach-back fires to compensate for limited
organic capability.
These assumptions break down under conditions that are increasingly plausible:

e Jamming or disruption of communications.

¢ Loss of off-board sensing due to distance, weather, or adversary action.

e Saturation that overwhelms shared engagement capacity.
When networks degrade, the frigate reverts to its organic sensors, weapons, and endurance. Under
these conditions, the ship must fight as designed, not as envisioned within a fully connected force.
For platforms with constrained defensive depth, this transition exposes a sharp drop in survivability
and effectiveness.

Synthesis

The mismatch identified in this study is structural. Escort doctrine assumes layered defense, but
tasking places frigates forward and exposed. Presence missions presume permissive conditions,
but are executed in contested environments. Distributed concepts assume resilient networks, but
those networks cannot be guaranteed under stress.
Taken together, these contradictions create a persistent gap between expectation and reality.
Frigates are not failing to meet their design goals. They are being asked to operate beyond the
conditions those goals assumed.
This mismatch forms the basis for evaluating whether current frigate concepts represent an
acceptable risk trade, or whether adjustments in design, doctrine, or force structure are required.

5. Analytical Framework and Evaluation Metrics

5.1 Engagement Depth Metrics

Engagement depth describes a surface combatant’s ability to detect, engage, and sustain defense
against hostile threats over time. For frigates, engagement depth is the primary limiting factor under
modern threat conditions and must be evaluated quantitatively rather than descriptively.

The following metrics define engagement depth in measurable terms.

Metrics are scored comparatively across the case set using publicly available information and
bounded assumptions, rather than treated as absolute performance claims.

A. Shots Available per Threat Axis
This metric quantifies how many defensive engagements a frigate can execute in each warfare
domain before magazine depletion.
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Definition:
Number of effective hard-kill engagements available per axis, assuming realistic interceptor
allocation per threat.
Threat Axes:
¢ Air (missiles, aircraft, UAS)
e Surface (fast attack craft, missile boats)
e Subsurface (torpedoes, UUVs)
Calculation Framework:
o Total interceptors available for each axis.
o Average interceptors required per threat under expected conditions.
¢ Percentage of magazine reserved for self-defense versus other missions.
Output:
o Total shots per axis.
e Shots remaining after first engagement wave.
e Fraction of magazine expended per engagement cycle.
This metric exposes how quickly a frigate transitions from contributor to depleted asset under
saturation conditions.
B. Sustained Engagement Time at Realistic Fire Rates
This metric measures how long a frigate can remain combat-effective once engagements begin.
Definition:
Time duration for which a ship can sustain defensive fires before magazine exhaustion or fire-
control saturation, under realistic threat arrival rates.
Inputs:
e Threat arrival rate (threats per minute).
¢ Interceptor firing rate per fire-control channel.
e System reset time, channel reallocation time, and launcher limitations between
engagements.
¢ Availability of soft-kill systems as intercept deferral.
Calculation Framework:
e Engagement cycle duration.
¢ Interceptor expenditure per cycle.
o Time to first depletion of critical defensive layer.
Output:
e Time to partial defensive failure.
o Time to complete loss of hard-kill capability.
¢ Remaining engagement capacity after defined time intervals.
This metric highlights that survival probability alone is insufficient. A ship that survives initial
contact but cannot sustain defense is operationally defeated.
C. Multi-Axis Raid Handling Capacity
This metric evaluates a frigate’s ability to manage simultaneous threats from multiple directions
and domains.
Definition:
Maximum number of concurrent tracks that can be detected, classified, and engaged across all
axes without degradation of engagement effectiveness.
Components:
e Sensor track capacity.
¢ Fire-control channel count.
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¢ Weapon assignment concurrency.
e Combat system processing limits.
Calculation Framework:
e Maximum simultaneous tracks handled.
e Maximum concurrent engagements supported.
e Track degradation threshold under saturation.

Output:

e Single-axis saturation limit.

e Multi-axis saturation limit.

e Engagement backlog under peak load.
This metric reveals whether a frigate fails due to magazine depletion, sensor overload, or fire-
control bottlenecks, and which failure occurs first.
Engineering Summary
Engagement depth metrics reduce survivability assessment to quantifiable limits:

¢ How many threats can be engaged.

¢ For how long defense can be sustained.

e Under how many simultaneous attack vectors.
These scorecards enable direct comparison between frigate designs and allow stress-testing
against realistic threat profiles. They also form the basis for identifying which design levers most
effectively increase combat endurance.

5.2 Survivability Metrics
Survivability is defined in this study as a ship’s ability to continue its assigned mission after
sustaining damage, not merely its ability to remain afloat. The following metrics quantify
survivability in terms of mission continuity, system resilience, and defensive persistence.
A. Mission Kill Threshold
This metric defines the amount and type of damage required to render the frigate combat-
ineffective, regardless of whether the hull remains afloat.
Definition:
Minimum set of system failures that terminate the ship’s ability to detect, engage, or maneuver
effectively.
Evaluation Criteria:
Loss of primary sensors required for threat detection or fire control.
Loss of propulsion or maneuver authority.
Loss of combat system coordination or weapon release capability.
¢ Loss of power or cooling sufficient to force system shutdowns.
Quantitative Measures:
¢ Number of critical systems whose loss results in mission failure.
e Percentage of combat capability lost per system failure.
¢ Probability of mission kill from a single hit in key compartments.
This metric distinguishes survivability from buoyancy and highlights how quickly a ship exits the
fight.
B. System Redundancy and Separation
This metric evaluates the degree to which critical ship functions can be maintained after damage
through redundancy and physical separation.
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Definition:
Availability of alternate paths for propulsion, power, cooling, and combat systems following loss of
primary components.
Evaluation Criteria:
o Number of independent propulsion paths.
o Number of separated power generation and distribution zones.
e Cooling loop segmentation and isolation capability.
e Physical separation of combat system spaces and sensor processing nodes.
Quantitative Measures:
¢ Percentage of ship systems lost following single-compartment damage.
¢ Ability to isolate damage without cascading failure.
¢ Time required to restore minimum combat capability using backups.
This metric reveals whether damage produces localized degradation or systemic collapse.
C. Damage Control Manpower and Automation
This metric measures the ship’s capacity to detect, contain, and recover from damage over time.
Definition:
Human and automated resources available to manage fires, flooding, shock, and system casualties
during and after combat.
Evaluation Criteria:
e Total damage control personnel available per watch.
¢ Training assumptions and response timelines.
¢ Availability of automated fire suppression and flooding isolation.
e Sensor coverage for internal damage detection.
Quantitative Measures:
¢ Maximum simultaneous casualties manageable.
e Time to contain primary damage events.
e Sustained damage control capacity under crew attrition.
This metric recognizes that damage control endurance is as critical as initial survivability.

D. Soft-Kill Persistence
This metric evaluates the ship’s ability to degrade or disrupt incoming threats over repeated
engagements using non-kinetic or expendable defenses.
Definition:
Total number of soft-kill actions available before depletion, and the rate at which they can be
employed.
Evaluation Criteria:
¢ Quantity of expendable decoys, chaff, flares, and active decoys carried.
¢ Reload capability and time.
¢ Integration with sensors and combat systems for timely deployment.
Quantitative Measures:
e Soft-kill activations available per threat axis.
¢ Persistence across multiple engagement cycles.
e Percentage of engagements that can be contested using soft-kill alone.
This metric is critical because soft-kill systems often provide the first layer of defense and directly
influence hard-kill expenditure rates.

Engineering Summary
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Survivability metrics translate damage into operational outcomes:
¢ How much damage can be absorbed before mission failure.
o Whether failures are isolated or cascading.
How long the ship can fight while damaged.
How effectively non-kinetic defenses delay or prevent hard-kill exhaustion.
Together, these metrics allow survivability to be scored, compared, and stress-tested across frigate
designs and operational scenarios.

5.3 Independence Metrics
Independence metrics evaluate a frigate’s ability to operate, survive, and fight effectively without
external support. These metrics are critical because modern tasking increasingly places frigates
forward, dispersed, and alone, even when doctrine assumes networked or layered reinforcement.
A. Organic ISR Horizon and Classification Ability
This metric quantifies how far and how reliably a frigate can detect, track, and classify threats using
organic sensors alone.
Definition:
Maximum effective detection and classification range achievable without off-board ISR or
cooperative sensing.
Evaluation Criteria:
e Radar horizon for air and surface targets.
e Sonar detection and classification ranges for subsurface threats.
e Electro-optical and passive sensor contribution.
¢ Classification confidence without external cueing.
Quantitative Measures:
e Detection range versus classification range by threat type.
¢ Time from detection to classification under organic sensing.
e Percentage of contacts that remain unclassified beyond engagement timelines.
This metric reveals how dependent a frigate is on external sensing to make timely engagement
decisions.
B. Communications-Denied Effectiveness
This metric measures how much combat capability remains when external communications and
networks are degraded or unavailable.
Definition:
Fraction of mission capability retained during partial or full loss of external communications.
Evaluation Criteria:
¢ Ability to detect and track threats without network cueing.
¢ Ability to engage threats without cooperative fire control.
e Command authority and rules of engagement autonomy.
¢ Internal coordination between sensors, weapons, and damage control.
Quantitative Measures:
e Percentage of weapons that remain usable without external inputs.
e Reduction in engagement range or reaction time under comms denial.
¢ Increase in interceptor expenditure per threat when operating autonomously.
This metric exposes whether network reliance is an enhancer or a dependency.
C. Aviation Dependence
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This metric evaluates how strongly a frigate’s mission success depends on organic aviation assets,
such as helicopters or unmanned aerial systems.
Definition:
Degree to which mission effectiveness degrades when embarked aviation assets are unavailable.
Evaluation Criteria:
¢ Reliance on helicopters or UAS for ISR extension.
Dependence on aviation for anti-submarine warfare prosecution.
Maintenance, weather, and crew availability constraints.
e Sortie generation limits during sustained operations.
Quantitative Measures:
¢ Percentage of mission ISR derived from aviation assets.
¢ Reduction in detection and engagement range without aviation.
e Mission failure probability when aviation assets are grounded or lost.
This metric is essential because aviation availability is not guaranteed during high sea states,
sustained combat, or damage conditions.
Engineering Summary
Independence metrics define how a frigate performs when external support assumptions fail:
e How far it can see on its own.
¢ How much it can fight without the network.
e How vulnerable itis to loss of aviation support.
Together with engagement depth and survivability metrics, these measures determine whether a
frigate is merely distributed or truly independent.

6. Recommended Case Study Set

This section defines the representative frigate concepts used to test the study’s central claims. The
objective is not to catalog every frigate class in service, but to select a small set of designs that
clearly illustrate the trade-offs inherent in modern frigate philosophies when evaluated under
identical mission and threat conditions.

All assessments are based on publicly available information and bounded assumptions applied
consistently across the case set.
6.1 Case Selection Criteria
Case studies are selected to represent distinct and recognizable frigate design philosophies. Each
case must differ meaningfully in at least three of the following areas:
e Engagement Depth
Vertical launch system capacity, weapon mix, and defensive endurance.
e Sensor and Combat System Capability
Radar class, track capacity, and ability to manage saturation or multi-axis threats.
e Survivability Philosophy
Redundancy, damage tolerance, compartmentation, and soft-kill depth.
¢ Independence Assumptions
Degree of reliance on external ISR, cooperative engagement, and aviation support.
The selected cases are intended to bracket the design space, exposing how different priorities
perform when subjected to the same escort, presence, and independent mission demands.
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6.2 Representative Frigate Case Set

The following cases provide sufficient contrast to evaluate the study’s claims while remaining

manageable in number.

Case 1. High-End Frigate (FREMM)
A frigate design emphasizing enhanced sensor capability, increased VLS capacity, and
improved survivability margins relative to baseline escort platforms. This case represents
the upper bound of what is commonly labeled a frigate rather than a destroyer.

Case 2. Balanced General-Purpose Frigate (Constellation Class)
A modern, multi-mission frigate intended to balance escort capability, forward presence,
and cost control. This case represents the reference point for current Western frigate
procurement and doctrine.

Case 3. Light or Economy Frigate (Type 31)
A cost-driven frigate emphasizing numbers, availability, and presence over combat depth.
This case tests the viability of the “quantity has a quality” argument under modern threat
conditions.

Case 4. Legacy Frigate Concept (Oliver Hazard-Perry Class)
A historical frigate design that was effective within its original threat environment. This
case is used to illustrate how legacy escort assumptions degrade under modern ISR, long-
range strike, and saturation dynamics.

Optional additional cases may be included to explore design lineage effects or to sharpen

contrasts, but the four cases above are sufficient to expose structural trends.

6.3 Standardized Analysis Framework
Each case study is evaluated using the same analytical framework to ensure direct comparability.
The framework applies the metrics defined in Sections 5.1 through 5.3 across three mission modes.
Escort Mode Analysis

e Engagement depth against air, surface, and subsurface threats.

e Survivability under saturation and closest-shooter conditions.

¢ Ability to sustain defensive contribution over time.
Presence Mode Analysis

e Immediate combat readiness while forward deployed.

o Defensive persistence without force aggregation.

e Mission kill risk during escalation from nominal peacetime conditions.
Independent Mode Analysis

¢ Organic ISR horizon and classification capability.

o Effectiveness under communications degradation or denial.

e Degree of aviation dependence and impact of aviation loss.
Each mode is evaluated independently, then compared to identify where design and employment
assumptions diverge from operational reality..

6.4 Case Study Outputs
Each case study produces the same set of outputs to support consistent comparison.
e Platform Snapshot
A one-page summary of weapons, sensors, aviation assets, survivability features, and
assumed operating concept.
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e Mission Mode Scorecards
Three quantitative scorecards covering Escort, Presence, and Independent modes,
populated using the metrics in Section 5.

¢ Failure Mode ldentification
A concise assessment identifying the dominant limiting factor for each mission mode,
such as magazine depletion, sensor saturation, network dependence, or mission kill
vulnerability.

e Comparative Insight
A brief concluding assessment describing how the case performs relative to others and
what design trade-offs most strongly influence outcomes.

7. Findings Based on Publicly Available Information

Scoring Legend (applies to all scorecards)

Score 1-5 (relative, not absolute):
1 =Poor/ breaks early 2 = Limited 3 = Adequate (bounded)
4 = Strong 5 = Best of set/ most resilient

Platform Snapshots
Case 1: FREMM (High-End Frigate baseline)
e VLS: commonly 16 Sylver for Aster on many variants; some AAW variants carry 32 Sylver
A50
e Sensors: French Héraklés (PESA) or Italian Kronos (AESA), with strong ASW sensor fits
including CAPTAS-4 on ASW variants
e Survivability/crew: larger frigate with generally better margins than “budget” types; crew
varies by nation/variant
¢ Aviation: typically 1-2 helicopters depending on configuration
Case 2: Constellation (FFG-62)
e VLS: 32 Mk 41; designed to support SM-family/ASROC/Tomahawk mix depending on
loadout
e Sensors: modern US combat system baseline; (public reporting summary)
¢ Aviation: full hangar/flight deck for MH-60 + UAVs (program intent)
Case 3: Type 31 (Inspiration class)
¢ VLS: often described as 24 CAMM in sources discussing the concept/fit
e Radar: Thales NS110 (AESA) publicly tied to Type 31
¢ Philosophy: built to be affordable, numerous, presence-capable; combat depth is not
the driver
¢ Aviation: hangar supports Wildcat/Merlin depending on mission fit
Case 4: Oliver Hazard Perry (FFG-7)
e Missile system: Mk 13 single-arm launcher with 40-missile magazine (historically SM-
1MR + Harpoon mix), not VLS
e Sensors: SPS-49/ Mk 92 FCS era, and towed array fit on many
e Survivability: built to Cold War assumptions, smaller margins than modern large frigates
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SCORECARD 1: Escort Mode (air/surface/subsurface)
1A. Engagement Depth Metrics (Escort)

Shots available (Air) 3-4 4 2-3 2

Shots available (Surface) 4 4 3 2-3

Shots available (Subsurface) | 4 4 2-3 3

Sustained engagementtime | 3 3-4 2 2

Multi-axis raid handling 4 4 2-3 2
Why (Escort)

e FREMM: Escort strength is balanced multi-domain, especially ASW when fitted with
CAPTAS-4 + helo; air-defense depth depends heavily on whether you’re looking at a 16-
cell or 32-cell AAW variant. That variant spread is why it doesn’t get a clean “5” in air
shots for this set.

e Constellation: 32 Mk41 gives strong flexibility; can be loaded for escort priorities (air
defense + ASW + some strike). The limiter is not “can it escort,” but finite cell count once
you try to be multi-mission simultaneously.

e Type 31: CAMM depth supports point/local defense, but the design philosophy is
presence-first; escort against saturation or multi-axis raids will stress magazine and fire-
control timelines sooner than the higher-end pair.

e OHP: Historically credible for its era (40-missile magazine), but the single-arm launcher
and legacy sensors create timeline and concurrency limits relative to modern raid
behavior.

1B. Survivability Metrics (Escort)

Mission kill threshold 4 4 3 2-3
Redundancy & separation 4 4 3 2
Damage control endurance 4 3-4 3 2
Soft-kill persistence (conceptual) | 4 4 3 2-3

Why (Escort)

e FREMM / Constellation: Larger, newer hulls generally support better compartmentation,
automation, and margin; you get more “keep fighting after a hit” potential than economy
or legacy ships.

o Type 31: Built to cost; survivability can be competent, but the trade space is not
optimized around “take hits and keep defending an HVU through waves.”

e OHP: A lot of combat capability is tied to fewer legacy-critical systems; mission kill
probability rises in modern strike conditions.

1C. Independence Metrics (as they affect escort resilience)

Organic ISR horizon & classification | 4 4 3 2
Comms-denied effectiveness 4 4 3 2
Aviation dependence 3 3 3-4 4
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Why (Escort relevance)
e Modern ships retain more capability when the network degrades; legacy ships degrade
harder.
¢ Aviation dependence: OHP is most dependent because organic sensors (by today’s
standards) are limited, so helo becomes a bigger fraction of real ASW/search
effectiveness.

SCORECARD 2: Presence Mode (forward, exposed, crisis-response)
2A. Engagement Depth Metrics (Presence)

Immediate combat readiness (organic) 4 4 3 2

Defensive persistence without aggregation | 3-4 3-4 2-3 2

Magazine economics under drones/UAS 3 3 2 2

“Closest shooter” survivability 4 4 3 2
Why (Presence)

e FREMM/ Constellation: Best able to survive “you’re the only ship there when it starts”
due to modern sensors + credible magazines, but still limited by finite cells and inability
to reload at sea.

o Type 31: Presence is its sweet spot, but the paper’s exact critique applies: if presence
occurs inside a modern threat envelope, you quickly care about depth, not just
capability.

e OHP: Presence in contested waters is exactly where a legacy platform’s timelines and
defensive concurrency become fragile.

SCORECARD 3: Independent Mode (network degradation, alone, contested)
3A. Independence Metrics (Independent)

Organic ISR horizon & classification

Commes-denied effectiveness

Aviation dependence (penalty if grounded)

Endurance after partial mission kill

Why (Independent)

e FREMM: Strong independent ASW posture when equipped with the right sonar + aviation,
and modern combat system keeps it viable when disconnected.

e Constellation: Designed explicitly for combat-credible forward presence (per Navy
framing) and modern combat system architecture; still bounded by 32-cell magazine
depth when truly alone and forced to be “closest shooter.”

e Type 31: Independence is viable for presence/security missions, but in contested
independent ops, it trends toward “avoid being targeted” rather than “absorb repeated
attack cycles.” That’s the under-defense dynamic your paper is describing.

e OHP: Independent operations become aviation-heavy (especially ASW/search), and
commes-denied + raid conditions punish legacy sensors and single-arm engagement
constraints.
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Failure Modes (the “why it breaks first” list)
FREMM
Primary failure mode (modern contested):
e Magazine depth (variant-dependent)
¢ Raid size / timeline saturation if acting as closest shooter.
What it does best: ASW endurance and balanced multi-mission execution.
Constellation
Primary failure mode (modern contested):
e 32-cell magazine economics when forced to do air defense + ASW + strike at once
e “Closest shooter” depletion.
What it does best: modern escort contribution with flexible loadout.
Type 31
Primary failure mode (modern contested):
e Defensive depth under saturation
¢ Reliance on avoidance / external layers for high-end threats.
What it does best: presence at scale (humbers, availability) with credible point defense.
Oliver Hazard Perry
Primary failure mode (modern contested):
e Legacy sensor + engagement concurrency limits
e Single-arm launcher timelines
e Survivability margin vs modern precision.
What it does best (historically): cost-effective escort within its era’s threat model.

Comparative Bottom Line

e FREMM and Constellation are the only two in this set that remain plausibly “combat-
credible” as forward escorts under modern threats — and even they are bounded by
finite magazines.

e Type 31 is rational if you accept “presence-first” and do not pretend it is a saturation-
resilient HVU shield.

e OHP illustrates the thesis: the escort assumptions of its era degrade sharply under
modern ISR + long-range + multi-axis raid dynamics.

FREMM 3.83 3.63 3.75 3.74
Constellation | 3.83 3.63 3.75 3.74
Type 31 2.88 2.63 3.00 2.84
OHP 2.25 2.00 2.50 2.25

Methodological Note:

The averaged scores shown above reflect each platform evaluated
while configured and employed exclusively for the designated
mission mode (Escort, Presence, or Independent). Scores do not
represent a single, simultaneous multi-mission loadout. In practice,
multi-mission configurations would further constrain magazine
depth, engagement endurance, and survivability margins relative to
the values shown.

UNCLASSIFIED | Open-Source Analytical Review



8. Implications for Frigate Force Design

The findings in Section 7 indicate that the survivability and effectiveness challenges facing modern
frigates are not primarily the result of insufficient technology, but of role compression. Platforms
designed to be credible across escort, presence, and independent missions are consistently forced
into trade spaces that reduce defensive endurance, engagement depth, or both.

These findings suggest that a reassessment of the multi-mission frigate model is warranted.

8.1 Limitations of the Multi-Mission Frigate Paradigm
Modern frigates are increasingly expected to:

¢ Conduct HVU escort under saturation threat

* Provide forward presence inside contested environments

e Operate independently as the closest shooter

¢ Contribute to strike and sea-control missions
The scorecard analysis demonstrates that no representative frigate design can sustain all of these
roles simultaneously without unacceptable trade-offs in magazine depth, survivability margin, or
endurance.
This is not a failure of specific designs, but a structural consequence of attempting to optimize a
single hull forincompatible mission demands.

8.2 Role-Specialized Frigate Force Architecture
An alternative approach is a role-specialized frigate force, in which platforms are optimized around
distinct mission demands rather than generalized versatility.
This approach accepts that:
e Escort, presence, and independent operations impose different survivability requirements
¢ Attempting to cover all three with one hull leads to under-defense in each
¢ Risk is better managed through force composition than individual ship versatility

The following role-specialized frigate constructs are not presented as specific acquisition
recommendations, but as analytical tools to illustrate how survivability risk can be redistributed at
the force level rather than absorbed implicitly at the platform level.

8.3 Escort Frigate (EFG): HVU and Mercantile Defense
An Escort Frigate optimized for HVU and mercantile defense would prioritize defensive endurance
and sustained area protection over multi-domain versatility.
Key characteristics include:
¢ High interceptor density and magazine depth.
¢ Robust layered air and missile defense optimized for repeated engagement cycles.
¢ Survivability and damage control margins appropriate for operating under sustained
threat.
¢ Integration into force-level defensive architectures for HVU protection.
Critically, this platform maintains anti-submarine warfare capability comparable to Constellation-
class frigates, ensuring that escort specialization does not create ASW gaps in convoy or
HVU defense.
Such a platform would deliberately de-emphasize:
¢ Independent strike capability.
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¢ Extended forward presence detached from defended assets.
e Multi-mission flexibility that trades defensive endurance for optional roles.

The objective of the EFG is not versatility, but defensive persistence under modern saturation

conditions.

A short-hulled, wide-beam, low-tonnage platform optimized for close escort of high-value units.

The EFG prioritizes sustained terminal defense and anti-submarine warfare over independent reach

or strike capability Aviation facilities are retained to support ASW operations, but the platform is

designed to remain effective without continuous helicopter availability. While defensive systems
are emphasized disproportionately to hull size to provide layered protection to nearby vessels. The
design accepts limited independent combat endurance in exchange for concentrated local
defensive effectiveness.

8.4 Fast Patrol Frigate (FPF): Independent Presence with Retained Lethality

A Fast Patrol Frigate optimized for independent operations emphasizes initiative, reach, and

credible self-defense, rather than fleet-level defensive depth.

This platform accepts self-defensive levels of air and missile defense rather than fleet-area
coverage, in exchange for:
¢ High sustained speed and operational reach.
¢ Strong organic ISR and classification capability.

* Retained lethality against surface and limited strike targets.
* Reduced dependence on continuous external networking.

As with other roles, ASW capability is maintained at Constellation-equivalent levels, ensuring
independent operations do not compromise undersea situational awareness or fleet ASW
coverage.

The FPF’s survivability model emphasizes:
¢ Avoidance and positioning.
¢ Engagement selectivity.
¢ Mission continuity after partial degradation.
¢ High value A2D disproportionate to asset size

This platform is not intended to anchor layered defense, but to operate credibly when layered

defense is unavailable.

A medium-tonnage, high-speed frigate designed to provide presence, coverage, and rapid response

across wide areas. The FPF trades sustained engagement depth for mobility and dispersion,

enabling it to complicate adversary targeting and impose area-denial risk through long-range strike
capability. Terminal self-defense and ASW capacity are retained to ensure survivability, but the
platform is not intended to absorb prolonged saturation attacks independently. Its value lies in
numbers, speed, and geographic reach rather than endurance under fire.

8.5 Heavy Frigate (FFGH): High-End Escort and Tier-One Shooter
The Heavy Frigate occupies the upper end of the frigate design space, serving as both:
* A high-end escort under modern threat conditions, and
¢ Atier-one shooter contributing meaningfully to fleet defense and strike.
This platform prioritizes:
¢ Large magazine capacity and interceptor flexibility.
¢ Advanced sensors and combat system depth.
e Survivability under saturation and closest-shooter conditions.
FFGH maintains ASW capability at or above Constellation-class standards, ensuring that increased
emphasis on air and missile defense does not degrade undersea warfare effectiveness.
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By focusing on high-end defensive and strike contributions rather than universal versatility, the
Heavy Frigate fills the gap between general-purpose frigates and destroyers without inheriting the
burden of attempting to perform all roles simultaneously.

The stand and fight combatant designed for operation in contested environments. The FFGH
integrates anti-submarine warfare, terminal defense, and offensive strike capabilities in deliberate
balance to supportimmediate combat response. It knowingly accepts elevated engagement risk
and sustained combat under pressure to function as the nearest available shooter for both
defensive and strike missions when external support is unavailable.

8.6 Integrated Frigate Force Employment
Arole-specialized frigate force derives its effectiveness not from any single platform, but from
deliberate integration across complementary roles.
Under this architecture:
eEscort Frigates (EFG) provide sustained defensive depth for HYUs and merchant traffic.
eFast Patrol Frigates (FPF) extend presence and initiative forward, shaping the battlespace
and providing early engagement and classification.
eHeavy Frigates (FFGH) reinforce both escort and independent operations by contributing
high-end defensive capacity and tier-one shooting when threat intensity escalates.
Because all three roles maintain Constellation-equivalent ASW capability, the force retains
continuous undersea awareness and engagement capacity regardless of tasking distribution.
This integration allows:
eDefensive responsibility to be distributed rather than concentrated.
eTerminal defense to be layered across multiple platforms instead of residing in a small
number of multi-mission hulls.
e|Independent and escort operations to mutually reinforce one another rather than compete
for limited magazine depth.
The result is a frigate force in which capability is aggregated at the force level, not forced into
individual platforms.

8.7 Risk Acknowledgment: Mission Specialization and Hull Availability
Arole-specialized frigate force inherently accepts the risk that the ideal hull for a given mission may
not always be immediately available during crisis or surge conditions.
This risk is real and should be acknowledged explicitly.
However, the study’s findings suggest that this risk is more effectively mitigated through force
composition and hull numbers than through platform-level multi-mission compromises.
Key countervailing factors include:
¢ Reduced unit cost enabling greater total hull count.
¢ Increased planner flexibility through role clarity rather than role ambiguity.
¢ Preservation of ASW capability across all frigate roles, preventing undersea gaps
regardless of assignment.
¢ Distributed terminal defense contributions from multiple specialized platforms rather
than reliance on a small number of “do-everything” ships.
Under this model, deployment planners are better positioned to:
¢ Assign the right ship to the right mission under normal conditions.
¢ Accept known, bounded trade-offs under surge conditions rather than hidden survivability
assumptions.
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* Ensure that every deployed frigate contributes meaningfully to ASW coverage and terminal
defense, even when not optimally matched to tasking.

The result is not the elimination of risk, but the conversion of implicit, platform-level risk into
explicit, force-level risk that can be managed deliberately.

8.8 Role Specific Scorecards

EFG 4.25 3.50 3.00 3.58
FPF 3.25 4.00 4.00 3.75
FFGH 4.25 4.00 4.00 4.08
EFG
Strength

The EFG scores highest in Escort mode because it is optimized for defensive endurance rather
than versatility. Magazine depth, interceptor density, and survivability margins are prioritized
to sustain HVU and mercantile protection under repeated attack cycles. Presence
performance remains solid due to modern sensors and retained ASW capability, but
independent operations are deliberately de-emphasized; the platform maintains credible
self-defense and undersea awareness but is not intended to act as the closest shooter or
operate deep inside contested areas alone.

Weakness
The EFG’s specialization in defensive endurance inherently limits its flexibility outside escort-
centric missions. While it maintains strong ASW and self-defense, itis less efficient for deep
independent operations or rapid presence missions where speed, initiative, or strike flexibility
are dominant. In environments where escort requirements are low but forward autonomy is
high, the EFG risks being over-specialized relative to the task.

FPF
Strength
The FPF’s highest scores appear in Presence and Independent modes, reflecting a design
optimized for initiative, speed, and autonomous operation. Strong organic ISR, retained
lethality, and Constellation-equivalent ASW allow it to operate credibly forward without
continuous external support. Escort performance is intentionally limited to self-defensive
levels; the FPF contributes to terminal defense and undersea coverage but is not designed to
anchor layered fleet defense. This trade favors flexibility and reach over defensive depth.
Weakness
The FPF trades fleet-area defensive depth for mobility and independence. Its self-defensive
posture limits its ability to anchor layered defense or absorb repeated saturation attacks on
behalf of HVUs. When threat intensity escalates beyond what positioning and avoidance can
mitigate, the FPF must rely on external defensive support or disengagement to avoid rapid
magazine depletion.

FFGH
Strength
The FFGH achieves the highest overall score by concentrating capability where general-
purpose frigates are most constrained: engagement depth, survivability, and concurrency.
Large magazines, advanced sensors, and tier-one shooter capability allow it to perform as a
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high-end escort while remaining credible in forward and independent operations. Maintaining
Constellation-level ASW ensures that increased emphasis on air, missile, and strike roles
does not erode undersea effectiveness. The result is a platform that approaches destroyer-
level combat credibility without inheriting the burden of universal multi-mission compromise.
Weakness

The FFGH’s high-end combat focus comes at increased unit cost and greater reliance on
advanced systems, reducing the number of hulls that can be fielded for a given budget. While
it offers broad capability across mission modes, it cannot be everywhere at once, and force
structure overly weighted toward FFGH risks recreating the concentration and availability
challenges that motivated the reassessment of multi-mission frigates in the first place.

Taken together, these implications suggest that managing survivability risk under modern
conditions is fundamentally a force-architecture problem rather than a platform-optimization
problem.

9. Conclusion: Managing Risk Through Force Architecture

This study demonstrates that the central challenge facing modern frigates is not technological
inadequacy, but architectural overload. Frigates are increasingly tasked to perform escort,
presence, and independent operations simultaneously within threat environments that compress
timelines and reward endurance over versatility. The scorecard analysis shows that even capable,
modern designs experience survivability and effectiveness limits when forced to span these roles
without prioritization.

The findings indicate that survivability shortfalls are driven less by the absence of individual
capabilities than by the cumulative trade-offs imposed by the multi-mission frigate paradigm. Finite
magazines, constrained engagement depth, and reliance on optimistic assumptions about external
support combine to produce mission kill risk under realistic conditions. These outcomes are
consistent across representative frigate classes and are not attributable to any single design or
navy.

Reframing frigate force structure around role-specialized platforms offers a more stable approach
to risk management. By distributing capability across Escort Frigates(EFG), Fast Patrol
Frigates(FPF), and Heavy Frigates(FFGH), or similar platform ideas, defensive endurance,
independent presence, and high-end combat capability can each be optimized without requiring
every hull to accept the same compromises. Maintaining consistent anti-submarine warfare
capability across all roles ensures that specialization does not create undersea gaps, while
allowing other mission priorities to be addressed deliberately.

This approach does not eliminate operational risk, nor does it remove the need for commander
judgment. Instead, it shifts risk from the platform level, where it is often implicit and unavoidable,
to the force level, where it can be recognized, planned for, and managed deliberately. In doing so, it
replaces hidden fragility with explicit trade-offs and aligns fleet design more closely with how
frigates are actually employed in contemporary operations.

UNCLASSIFIED | Open-Source Analytical Review



Ultimately, managing risk in modern naval warfare is less a question of building a ship that can do
everything than of fielding a force that can do the right things, in the right places, with resilience
over time.
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