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Preface 

Airpower is the ability to project military power or influence through the exploitation of the 
air to achieve strategic, operational, or tactical objectives.1 Although the U.S. Coast Guard 
(USCG) is beginning to acquire unmanned aircraft systems (UASs), current aviation assets 
consist primarily of manned rotary- and fixed-wing aircraft. These assets are force multipliers 
delivering effects with speed and flexibility unmatched by their surface counterparts. 

This project’s objective was to conduct a comprehensive examination of USCG airpower that 
answers this question: What mixes of airpower promise to help the USCG execute its variety of 
missions across the entire geographic domain for operations in the next 30 years? This project 
was cost-informed and involved evaluations of both manned and remotely piloted assets to 
conduct the required missions. 

This report should be of interest to the USCG as it considers recapitalization options for its 
current fleet of fixed- and rotary-wing aircraft. The work presented here could serve as the 
foundation for an analysis of alternatives and to make judgments about the validity of different 
recapitalization options, including the need for an expanded fleet of USCG UASs. 

This research was sponsored by the USCG Deputy Commandant for Operations and 
conducted within the Strategy, Policy, and Operations Program of the Homeland Security 
Operational Analysis Center (HSOAC) federally funded research and development center 
(FFRDC). 

About the Homeland Security Operational Analysis Center 
The Homeland Security Act of 2002 (Section 305 of Public Law 107-296, as codified at 6 

U.S.C. § 185) authorizes the Secretary of Homeland Security, acting through the Under 
Secretary for Science and Technology, to establish one or more FFRDCs to provide independent 
analysis of homeland security issues. The RAND Corporation operates HSOAC as an FFRDC 
for the U.S. Department of Homeland Security (DHS) under contract HSHQDC-16-D-00007. 

The HSOAC FFRDC provides the government with independent and objective analyses and 
advice in core areas important to the department in support of policy development, 
decisionmaking, alternative approaches, and new ideas on issues of significance. The HSOAC 
FFRDC also works with and supports other federal, state, local, tribal, and public- and private-
sector organizations that make up the homeland security enterprise. The HSOAC FFRDC’s 
research is undertaken by mutual consent with DHS and is organized as a set of discrete tasks. 

 
1 U.S. Air Force (USAF), Air Force Doctrine, Vol. 1: Basic Doctrine, last published February 27, 2015a, Chapter 2. 
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This report presents the results of research and analysis conducted under task 
70Z02318FMDW02200, U.S. Coast Guard Airpower Analysis. 

The results presented in this report do not necessarily reflect official DHS opinion or policy. 
For more information on HSOAC, see www.rand.org/hsoac. For more information on this 

publication, see www.rand.org/t/RR3179.  

http://www.rand.org/hsoac
http://www.rand.org/t/RR3179
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Summary 

Background and Purpose 
The U.S. Coast Guard (USCG) uses a fleet of fixed-wing (FW) and rotary-wing (RW) 

aircraft to conduct a variety of missions. That fleet’s composition is now aging. As the air fleet 
ages and needs to be replaced, there is an opportunity for the USCG to reassess its airpower 
needs in light of its current missions and its possible future operational requirements. An added 
variable in this situation is the emergence of unmanned aircraft systems (UASs) as viable 
solutions to some airpower needs.2 But unlike the U.S. Department of Defense and U.S. Customs 
and Border Protection’s Air and Marine Operations, the USCG has, to date, only begun to plan 
for the use of UAS capability as part of its airpower portfolio. 

The purpose of this study was to conduct a comprehensive examination of USCG airpower. 
Specifically, the project set out to answer this question: What mixes of airpower promise to help 
the USCG execute its variety of missions across the entire geographic domain for operations in 
the next 30 years? 

Methods 
To address this question, our overall analytic approach involved developing a scenario based 

on recent demand for USCG missions, then developing a set of alternative demand scenarios—
sets of representative tasks (mission-tasks, or M-Ts)—that capture the recent demand on USCG 
services, as well as a wide variety of possible futures that can be used to model the capabilities of 
different aircraft to meet each scenario’s demand. We also developed an exploratory set of 
alternative air fleet options—a mix of FW and RW aircraft, as well as UASs—to model their 
effectiveness and cost in meeting the demand posed by each scenario. We then modeled how 
each fleet option performs in each of the scenarios. Our Cost-Informed Analysis of Fleet 
Effectiveness model incorporates USCG cost and performance data to measure performance and 
relative cost according to a given fleet and demand scenario. These fleets are exploratory in 
nature; they are not intended to provide a single, optimal fleet with specific quantities but rather 
to identify the character of fleets that might be robust to future operations and demand scenarios. 

This analysis was conducted without benefit of formally capturing and quantifying the 
existing “unmet” or latent demand for USCG aviation assets. The USCG does a solid job of 
capturing its activity in systems, such as the Asset Logistics Management Information System, 
which formed the basis of this analysis. These data systems provide insight into what was done 

 
2 We use the conventional term UAS but recognize that these systems require personnel at numbers that can be 
similar to those required for piloted aircraft. 
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but not into what should have been done or even what the priorities were among the various 
M-Ts. As a result the prioritization of demand for M-Ts for any future scenario, including what 
demand can be “missed,” remains elusive when considering the effectiveness of alternative 
fleets. This study did not attempt to quantify these missing demand signals. 

Current and Candidate Future Fleets 
As of May 2019, the USCG’s fleet of 202 aircraft consists of a total of 143 helicopters and 

59 FW aircraft, as shown in Table S.1. 

Table S.1. The U.S. Coast Guard Air Fleet, as of May 2019 

Type Designator Number 

RW   

Short range MH-65 98 

Medium range MH-60 45 

Total  143 

FW   

Medium range HC-27J and HC-144A 32 

Long range HC-130H and HC-130J 25 

Transport of key DHS and USCG personnela C-37A/B 2 

Total  59 
SOURCE: USCG Office of Aviation Forces (CG-711) data provided to the authors. 
NOTE: During the course of our research and analysis, we utilized proprietary industry performance data to model 
aircraft performance. 
a Excluded from our analysis. 

 
These aircraft are strategically located along the U.S. coastline at 24 air stations, six air 

facilities, an asset project office, a deployment center, two training centers, and a repair facility.3 
We developed a series of candidate future fleets that incorporate the existing aircraft types 

along with generic next-generation light helicopter (NGLH), next-generation medium helicopter 
(NGMH), medium-range UAS (MUAS), and long-range UAS (LUAS) classes of aircraft. From 
these, we developed a set of 17 fleets that spanned a variety of possible future fleet postures, 
with enough variety in their composition to indicate which flavors of fleets look most viable: 

• Current: the existing fleet of RW and FW assets, as reflected in Table S.1 
• Low Investment: does little to replace the aging of the Current fleet, resulting in fewer 

RW aircraft 
• Base + UAS (1 and 2): maintains as much of the existing aircraft and capability as 

possible from the Current fleet while adding a small number of UASs 
 

3 The Current fleet reflects these totals, which are consistent with the May 2019 laydown shown in Figure 1.1 in 
Chapter 1. 
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• RW Offset (1 and 2): replaces the MH-65 with far fewer NGLHs while offsetting that 
loss with significant UASs 

• Transition: moves from the existing set of RW aircraft facing end-of-life issues to a fleet 
of new helicopters with very similar capabilities, with more FW aircraft but no UASs 

• Many of Few (1 and 2): explores the possibility of rapidly transitioning from the Current 
fleet of aircraft to a fleet composed primarily of new aircraft in fairly large numbers, but 
only one aircraft type each for RW, FW, and UAS to reduce the cost of maintaining the 
overall fleet 

• Super UAS (1 and 2): considers the possibility of replacing the capability lost to end-of-
life considerations primarily with a UAS capability 

• Limited-Buy UAS (1 and 2): similar to Super UAS but with far fewer of both UAS 
types, offset by slightly greater numbers of RW and FW aircraft 

• RW Recapitalization (1 and 2): recapitalizes the existing RW fleet with a similar mix to 
today’s (RW Recap 1) or with more NGMHs and fewer NGLHs (RW Recap 2) 

• RW Recapitalization + UAS (1 and 2): recapitalizes the RW fleet in accordance with 
RW Recap 2 but adds UASs and offsets them by having slightly fewer FW assets. 

Table S.2 shows the number of operational aircraft for each future fleet reducing the overall 
number to account for depot aircraft that are not available for operational missions. 
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Table S.2. The Number of Operational Aircraft for Each Candidate Fleet 

Aircraft Current Low Investment 

Base + UAS RW Offset 

Transition 

Many of Few Super UAS Limited-Buy UAS RW Recap RW Recap + UAS 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 

MH-65 89 27 82 82 — — 27 — — 36 — — — — — — — 

NGLHa — — — — 27 27 27 — — — — — — 80 25 25 25 

MH-60 38 72 45 45 45 45 45 — — 45 54 72 72 — — — — 

NGMHa — — — — — — 45 95 95 — — — — 45 81 81 81 

HC-130H 12 — — — — — — — — — — — — — — — — 

HC-130J 9 22 27 27 22 22 36 30 30 19 19 19 19 22 22 22 22 

HC-27 9 — 12 12 12 12 12 — — — — 12 12 12 12 — — 

HC-144 12 — 16 16 16 16 16 — — — — — — 16 16 16 16 

MUASb,c — — — 180 — 180 — — 186 — 360 90 180 — — 117 186 

LUASb — — 36 — 8 — — 20 — 90 90 18 18 — — 8 — 
NOTE: recap = recapitalization. 
a The new-aircraft builds assume a modest increase (i.e., 10 percent) in performance. 
b UASs are modeled to a lower level of fidelity than other aircraft (e.g., range, time on station, altitude). 
c MUASs procured for the national security cutter or offshore patrol cutter would be in addition to the numbers here. 
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Future Demand Scenarios 

We developed a set of future demand scenarios that we evaluated through the candidate fleets 

outlined in Tables S.2 and S.3. No scenario is intended as a pinpoint of the future; rather, they 

are intended to collectively span the plausible varieties of future mission requirements to 

evaluate the different alternative fleets. This approach helps determine how well each fleet 

allows the USCG to meet a variety of types and levels of potential future aviation demand. The 

demand scenarios are as follows: 

• Baseline Demand 2017. With historical (fiscal year 2017) operations, program flying 
hours, and available airframes, aviation assets provide a level of support to all 11 USCG 
statutory missions (described in Chapter 2). They do so in response to other federal, state, 
and local agency requests for air support. All airframe activity is captured in a utilization 
tracking and maintenance database that provides near–real-time status of all USCG 
aircraft; this level of activity represents the demand on aviation assets as constrained by 
the existing asset availability and quantities. 

• Migrants, Fish, and Drugs (MFD): increased demand for enforcement of laws and 
treaties (ELT). Economic pressures, geopolitical instability, and violence will continue 
to drive people to seek better living conditions in the United States. Meanwhile, drug 
trafficking organizations will continue to evolve new ways to thwart law enforcement 
(LE) as they attempt to transport illegal drugs across U.S. borders. In this scenario, the 
USCG will meet drastically increased demand for LE capabilities through increased ELT 
mission demand and extra aircraft for airborne use of force (AUF). 

• Another 9/11: increased demand for ports, waterways, and coastal security (PWCS) 
and defense readiness. After the terrorist attacks of September 11, 2001, the USCG was 
part of the United States’ largest homeland defense and port security operation since 
World War II. This scenario envisions that the USCG will be the lead federal agency for 
maritime homeland security and will respond with increased PWCS and defense 
readiness patrols.4 To counter terrorist threats and protect national assets, both specialized 
maritime security response teams (MSRTs) will need full tactical airlift contingents,5 and 
RW air intercept (RWAI) capabilities will be called for routinely outside the National 
Capital Region. 

• National First Responders: increased disaster search and rescue (SAR) and 
logistical support. Climate change increases the number and intensity of surge 
operations during the summer months (e.g., hurricanes). In this scenario, USCG aircrews 
in (or in proximity to) a domestic or international disaster region would routinely start 
rescue operations as soon as it is relatively safe to begin flying, while providing 
additional support to aid-to-navigation missions. USCG aircraft consistently provide 
surveillance and logistical support to the Federal Emergency Management Agency and 
state, local, and tribal partners, increasing their number of cooperative (co-op) missions. 

 
4 U.S. Joint Chiefs of Staff, Homeland Defense, Washington, D.C., Joint Publication 3-27, April 10, 2018, p. I-1. 

5 As explained in USCG, Operations, Coast Guard Publication 3-0, February 2012, p. 22, an MSRT consists of an 

advanced tactical team with specialized capabilities for conducting law enforcement and counterterrorism 
operations. 
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• We’re Here to Help: increased interagency and international support. In this 
scenario, all of the U.S. Department of Homeland Security border security, LE, 
counterterrorism, and disaster-response operations have become effective joint 
operations. USCG aircraft conduct extensive surveillance of U.S. maritime and land 
borders in order to detect, identify, and respond to threats. In addition, USCG aircraft 
play a major role in domestic and international disasters by rescuing people and 
providing airlift capability to distribute emergency supplies and food. 

• Rome Burning: increased demand across the spectrum. Each of the previous 
scenarios highlights an extreme condition focused on a single theme. This scenario 
portrays a world in which essentially all of the above scenarios occur together, placing an 
intense demand on the USCG to meet these increased requirements. We also include 

increased activity in and around Alaska (district 17). 

Table S.3 provides percentage increases over Baseline Demand 2017 for each of the mission 

activities in the five future demand scenarios. For example, the MFD scenario doubles the ELT 

M-Ts over their fiscal year 2017 levels. An x indicates additional needs for that activity over the 

current levels. For example, “increase AUF” increases the number of AUF-capable RW aircraft 

by eight. Full details are provided in Chapter 5. 

Table S.3. Summary of Future Demand Scenario Parameters, as Percentages 

Mission Activity MFD Another 9/11 National First Responders We’re Here to Help Rome Burning 

ELT +100   +25 +100 

Defense operations  +100   +100 

PWCS  +33  +25 +33 

Aid to navigation   +25  +25 

Co-op   +25 +100 +100 

SAR   +20 +25 +20 

District 17 increase     x 

Increase AUF x    x 

Extra RWAI  x   x 

Two MSRTs  x   x 

NOTE: An x indicates additional needs for that activity over the current levels. 

Key Findings and Results 

In Table S.4, we provide a stoplight chart across four dimensions for measuring the 

effectiveness of a fleet in a given demand scenario: performance (i.e., demand satisfied), 

utilization rate of flying hours available (across all aircraft in the fleet), normalized annual 

operations and support costs, and RW coverage (number of air stations maintaining a Bravo Zero 
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[B-0] asset).6 Reading across the rows provides insights into what fleets do well across the four 

metrics for each of the demand scenarios. Generally, the high-performing fleets (green in 

performance and utilization rates) cost more, but some positive trade-offs can be found. In 

addition, a fleet might do well under one demand scenario but very badly under another. Fleets 

that perform acceptably across a variety of demand scenarios might be more robust than those 

that do well in some scenarios and very poorly in others. The modeling assumptions, specific 

fleet-demand results, performance parameters, utilization rates, costs, and ability to maintain air 

stations with B-0 RW aircraft are discussed at length in the body of the report. 

Table S.4. Categorizing Performance, Utilization Rates, Costs, and Rotary-Wing Coverage for Each 
Fleet Across the Six Demand Scenarios 

Fleet 

Baseline 
Demand 2017 MFD 

Another 
9/11 

National First 
Responders 

We’re Here to 
Help 

Rome 
Burning 

P U $ C P U $ C P U $ C P U $ C P U $ C P U $ C 

Current                         

Low Investment                         

Base + UAS 1                         

Base + UAS 2                         

RW Offset 1                         

RW Offset 2                         

Transition                         

Many of Few 1                         

Many of Few 2                         

Super UAS 1                         

Super UAS 2                         

Limited-Buy UAS 1                         

Limited-Buy UAS 2                         

RW Recap 1                         

RW Recap 2                         

RW Recap + UAS 1                         

RW Recap + UAS 2                         

NOTE: P = performance. U = utilization rate. $ = cost. C = RW coverage. For performance, green is greater than 
0.99, yellow is between 0.95 and 0.99, and red is below 0.95. For utilization rate, green is under 60 percent, yellow is 
between 60 and 75 percent, and red is above 75 percent. For cost, we first calculated the range of the normalized 
annual operations and support costs of all fleets under that demand scenario. Those fleets in the lowest third of that 
range were categorized as green; the fleets in the middle third of the range are yellow; and the top third of the range 
are considered red. For RW coverage, a fleet that can maintain 24 air stations with a B-0 RW aircraft in that demand 
scenario is green; a fleet with between 17 and 23 is yellow; and a fleet with fewer than 17 air stations is red. 

 
6 Bravo x is a readiness status: “The crew of a BRAVO X aircraft must be able to proceed within X hours” (Office 

of Aviation Forces, USCG, Air Operations Manual, Commandant Instruction M3710.1H, October 26, 2018, p. 
Glossary-13). 
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Considering Table S.4 with the detailed analysis described in the report, certain distinctions 

can be drawn. First, the Current fleet does well to meet Baseline Demand 2017. This result is not 

unexpected: That demand naturally reflects the capabilities and capacities of today’s fleet, along 

with its limitations. Because recapitalizing the RW fleet will be necessary at some point in the 

next 20 years, if one expects a demand scenario very much like what occurred in 2017, RW 

Recap 1 and RW Recap 2 both appear to be attractive options. 

For demand scenarios with increased amounts of overt detection and monitoring activity, 

fleets with significant numbers of UASs provide more value. The RW Recap + UAS fleets 

appear to be good options in these cases, especially the MFD scenario, which requires both 

additional helicopter-interdiction tactical squadron (HITRON) aircraft and significantly more 

capacity to perform ELT missions. Even in these scenarios, there are limits to the number of 

UASs. The effects of a reduced RW capacity in the fleet notwithstanding, the Super UAS 2 fleet 

clearly goes too far in terms of UAS quantities in any demand scenario, generating neither the 

cost saving nor the performance of more-restrained moves toward UAS fleets. 

For fleets with increased or new set-asides for HITRON, RWAI, and MSRT capabilities but 

otherwise similar demand to today’s activity levels, the value of adding UAS capabilities is less 

clear. For the Another 9/11 scenario, an RW Recap 1 fleet, perhaps with a few legacy RW 

aircraft added for the MSRT requirement, might make the most sense. 

Although the Rome Burning scenario is so aggressive in the increased demand that almost 

none of our proposed fleets can handle such requirements, the demand scenario helps highlight 

what directions are worth pursuing in such an “all-of-the-above” case. The potentially sweet spot 

for such a demand scenario would be a recapitalized RW fleet with UASs, represented by RW 

Recap + UAS 1 or 2, combined with additional RW aircraft by either additional acquisition or 

maintaining legacy MH-60s to meet the increased HITRON-, RWAI-, and MSRT-type demand 

that the Current fleet cannot. Additionally, it is important to note that the Current fleet does 

particularly poorly because it does not have diversity of assets to assign UASs to missions best 

suited to it. Thus, even though the candidate fleet sizes might not be sufficient to handle all the 

Rome Burning demand, options that incorporate UASs and recapitalized RW fleets are more-

attractive considerations in terms of performance and costs. Nevertheless, if such a demand 

scenario seems plausible, the USCG would need to acquire more aircraft; even an “optimal” fleet 

for this scenario would be unable to meet the demand if restricted to today’s quantities. 

Conclusions 

We drew five main conclusions from this analysis. 

First, the USCG should consider formally capturing and quantifying “unmet” or latent 

demand for its aviation assets. The USCG does a solid job of capturing its activity in systems, 

such as the Asset Logistics Management Information System. These data systems provide insight 

into what was done but not into what should have been done, or even what the priorities were 
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among the various M-Ts. As a result, the prioritization of demand for M-Ts for any future 

scenario, including what demand can be “missed,” remains elusive when considering the 

effectiveness of alternative fleets. 

Second, the most-favorable options in some demand scenarios have roughly the same total 

numbers of RW and FW aircraft as the Current fleet. This is not surprising, in that some USCG 

missions are much better suited (or required) for an RW or FW asset. Because none of the 

demand scenarios eliminated any specific types of demand, the best fleet often looks similar to 

the Current fleet in very broad terms. 

Third, recapitalizing RW assets with more-capable assets appears to be better than 

recapitalizing them with a capability level similar to today’s, even if slightly fewer assets are 

procured. For example, when recapitalizing the existing RW fleet, pushing the mix from the 

existing MH-60–to–MH-65 ratio to a higher NGMH-versus-NGLH ratio seems desirable as long 

as a minimum number can be maintained to cover all of the requirements, including HITRON 

and RWAI. 

Fourth, incorporating UASs appears to be a reasonable choice for Baseline Demand 2017 

(albeit slightly less cost-effective than a purely FW fleet), but it is particularly desirable in terms 

of cost-effectiveness for demand scenarios with more detection and monitoring activities. If the 

USCG would like to improve its ability to conduct monitoring missions, UASs will likely be a 

major element of the force structure. For many demand scenarios, fleets with UASs appear to be 

more cost-effective than fleets that did not have UASs, although there is some degree of 

uncertainty about future costs of UASs. It is important to recognize, however, that fleets with 

UASs could have higher risk and lower flexibility than fleets with additional manned aircraft, in 

that UASs cannot perform all functions and missions that manned aircraft can perform. 

Fifth, in the demand scenarios we considered, when a UAS is desirable, the MUAS appears 

to do the job effectively. However, we assumed that the MUASs would have an appropriate 

wide-area sensor package that could be integrated. Ensuring that the capabilities for MUASs can 

be achieved before large numbers are deployed in the USCG fleet is critical because those 

platforms would require sufficiently capable sensors and operationally effective concepts of 

operations. In all cases, it is important to ensure that the USCG surveillance missions can be met 

with remotely piloted platforms. If the MUAS cannot meet this requirement because of weight, 

power, or space limitations, a larger UAS or FW manned asset will be required. 

Recommendations 

Given these conclusions, we make the following recommendations: 

• To plan, program, and budget more comprehensively, the USCG should capture or 
estimate any unmet demand requiring aviation assets. Without a more formal system 
of capturing unmet demand, quantifying what the size and composition should be 
remains difficult. 
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• In the long run, the USCG should maintain a robust fleet in order to be effective for a 
variety of possible demand scenarios. The Current fleet—although aging—is well suited 
for having a significant RW aircraft laydown to respond to SAR cases. It does less well in 
scenarios that require increased detection and monitoring–type sorties. 

• The USCG should consider UASs as a potential major element of the future aircraft 
fleet. Fleets with UASs performed well across demand scenarios. 

• The USCG should incorporate UASs into the fleet using a measured and deliberate 
approach to ensure that these aircraft can suitably perform the surveillance mission and 
that appropriate numbers are procured to ensure an effective and robust fleet. 

• The USCG should optimize the use of its helicopter fleet. Helicopters are part of a 
robust fleet, but other assets are typically more efficient and typically better suited for 
longer-range missions. Determining the “right” asset for the activity could result in 
delaying the required time frame to recapitalize the helicopter fleet. 

• As UASs are incorporated into the fleet, the USCG should consider how this change 
affects the RW and FW fleets. The Current fleet provides an enormous capability that 
could be enhanced with the addition of UASs. However, these changes need to be made 
very carefully because piloted platforms provide much more flexibility if the overall 
demand for M-Ts changes. As a result, we recommend introducing UASs into the fleet 
and modifications to the existing fleets of manned aircraft once sufficient operational 
experience is gained with the new capability. 
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1. Objective, Background, Methodology, and Report Outline 

Objective 

This report presents the results of a comprehensive examination of U.S. Coast Guard 

(USCG) airpower. Specifically, we set out to answer this question: What mixes of airpower 

promise to help the USCG execute its variety of missions across the entire geographic domain 

for operations over the next 30 years? We attempted to find a robust balance of forces and not be 

limited by preconceived notions about equality between airpower and surface forces, through 

cost-informed analysis of both manned and remotely piloted assets to conduct the required 

missions. Although this analysis focused solely on airpower and evaluated the missions 

accomplished by air assets based on historical demand, we recognize that, in most cases, a mix 

of air and surface assets yields greater results than either one on its own. 

Background 

Airpower is the ability to project military power or influence through the exploitation of the 

air to achieve strategic, operational, or tactical objectives.7 Airpower’s range of action, its ability 

to react and refocus quickly across a wide area without having to consider the terrain or access, 

and its inherent above-the-surface perspective has fundamentally changed how the USCG saves 

lives and defends the homeland. 

During the 1990s, USCG and department leadership determined that the portfolio of USCG 

assets and capabilities needed to complete USCG missions was antiquated and becoming 

obsolete. The USCG undertook a 25-year program to replace all or much of its equipment, 

including aircraft, ships, and logistics and command-and-control (C2) systems. The program, 

however, was conceived in a pre-9/11 environment. In the wake of 9/11, Congress passed the 

Homeland Security Act of 2002, which established the U.S. Department of Homeland Security 

(DHS) and specified the mission, the responsibilities of the newly established secretary, and the 

overall organizational structure of the department.8 This act specifically enumerates primary 

statutory responsibilities of the USCG, which are both homeland security and non–homeland 

security missions. These missions are codified at 6 U.S.C. § 468 as 

• ports, waterways, and coastal security (PWCS) 

• drug interdiction (DI) 

• migrant interdiction (AMIO) 

• defense readiness (DR) 

 
7 USAF, Air Force Doctrine, Vol. 1: Basic Doctrine, last published February 27, 2015a, Chapter 2. 

8 Public Law 107-296, Homeland Security Act of 2002, November 25, 2002. 
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• other LE (OLE) 

• marine safety (MS) 

• search and rescue (SAR) 

• aid to navigation (ATON) 

• living marine resources (LMR) (fishery law enforcement [LE]) 

• marine environmental protection (MEP) 

• ice operations.9 

The USCG uses its aircraft to directly perform or indirectly support each of these missions in 

one form or another. 

In sum, the USCG’s air assets are based on a modernization plan that is now 25 years old, 

used for missions codified after that plan went into effect. Adding to the need for a reassessment 

of alternative mixes of USCG air assets is the emergence of unmanned aircraft systems (UASs) 

as a valuable tool in a portfolio of air assets.10 Current USCG aviation assets consist primarily of 

manned rotary-wing (RW) and fixed-wing (FW) aircraft. Unlike those of the military services, 

which now make extensive use of remotely piloted aerial vehicles, the USCG’s remotely piloted 

aircraft program remains embryonic.11 Although there have been several fleet-mix and 

performance studies done, which include UASs (performance gap analyses I, II, and III; a 2014 

aviation force siting optimization study; and a 2016 fleet-mix analysis), there has been no 

comprehensive analysis of how to integrate these assets into the USCG airpower portfolio as a 

whole, nor has any study considered whether and how these assets might replace some of the 

existing manned aircraft capacity. We envision the near-term role of remotely piloted aircraft—

to supplement or augment; extend platform organic sensor range and endurance; and address 

some of the latent demand for detection and monitoring or surveillance missions—not as a 

replacement to manned aircraft. 

The USCG statutory missions use varying degrees of airpower assets. Within a given 

mission, the need for airpower depends on the category of mission and its duration, geographic 

location, and the type of operation required, among other factors. For example, SAR operations 

often rely on aviation assets, especially when far from shore, where searching large areas might 

be required, and in waters where survivability is limited. Other missions, such as AMIO, DI, and 

OLE, might require surface assets for the ultimate execution of their activities but either require 

 
9 See Pub. L. 107-296, 2002, and U.S. Code, Title 6, Domestic Security; Chapter 1, Homeland Security 

Organization; Subchapter VIII, Coordination with Non-Federal Entities; Inspector General; United States Secret 
Service; Coast Guard; General Provisions; Part H, Miscellaneous Provisions; Section 468, Preserving Coast Guard 
Mission Performance. 

10 We use the conventional term UAS but recognize that these systems require personnel at numbers that can be 

similar to those needed for piloted aircraft. 

11 This capability is embryonic largely because of the lack of sense-and-avoid technology required to operate within 

the national airspace. The U.S. Department of Defense (DoD) had aircraft with air search radar, which ensures 
traffic separation in mixed-fleet operations outside the continental United States. We thank our colleague and 
reviewer Joseph Kimball for this clarification. 



 

 
3 

or at least greatly benefit from air assets, especially for the purposes of monitoring operations 

and detecting targets of interest. For airborne use-of-force (AUF) capability, however, the 

aviation asset is a key enabler. 

Categorizing these missions from the historical data sets, combined with the requirements 

and anticipated future needs, forms the basis of the demand scenarios discussed in the 

methodology section next. Table 1.1 provides a crosswalk from the USCG mission sets and how 

they align with DHS goals. 

This analysis was conducted without benefit of formally capturing and quantifying the 

existing “unmet” or latent demand for USCG aviation assets. The USCG does a solid job of 

capturing its activity in systems, such as the Asset Logistics Management Information System 

(ALMIS), which formed the basis of this analysis. These data systems provide insight into what 

was done but not into what should have been done or even what the priorities were. As a result, 

the prioritization of demand for any future scenario, including what demand can be “missed,” 

remains elusive when considering the effectiveness of alternative fleets. This study did not 

attempt to quantify these missing demand signals. 
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Table 1.1. USCG Mission Alignment with DHS Missions and Mission Goals 

DHS Mission DHS Goal PWCS DI AMIO DR OLE MS SAR ATON LMR MEP 
Ice 

Operations 

1. Prevent terrorism and 
enhance security. 

1.1. Prevent terrorist attacks. x     x      

1.2. Prevent and protect against the unauthorized acquisition or use of 
chemical, biological, radiological, and nuclear materials and 
capabilities. 

x   x        

1.3. Reduce risk to U.S. critical infrastructure, key leadership, and 
events. 

x   x  x    x  

2. Secure and manage U.S. 
borders. 

2.1. Secure U.S. air, land, and sea borders and approaches.  x x x x   x   x 

2.2. Safeguard and expedite lawful trade and travel.      x  x x  x 

2.3. Disrupt and dismantle transnational criminal organizations and 
other illicit actors. 

 x  x x       

3. Enforce and administer 
U.S. immigration laws. 

3.1. Strengthen and effectively administer the immigration system.            

3.2. Prevent unlawful immigration.   x         

4. Safeguard and secure 
cyberspace. 

4.1. Strengthen the security and resilience of critical infrastructure.            

4.2. Secure the federal civilian government information technology 
enterprise. 

           

4.3. Advance LE, incident response, and reporting capabilities.            

4.4. Strengthen the ecosystem.            

5. Strengthen national 
preparedness and resilience. 

5.1. Enhance national preparedness. x           

5.2. Mitigate hazards and vulnerabilities. x      x x  x x 

5.3. Ensure effective emergency response. x      x   x  

5.4. Enable rapid recovery. x      x x   x 
SOURCE: DHS, The DHS Strategic Plan: Fiscal Years 2020–2024, Washington, D.C., c. 2019. 
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To meet existing and future mission requirements, the USCG operates a fleet of FW and RW 
aircraft. The USCG’s fleet of 202 aircraft is currently composed of a total of 143 helicopters (45 
medium range and 98 short range) and 59 airplanes (25 long range, 32 medium range, and two 
C2 transport) (see Figure 1.1). These aircraft are strategically located along the U.S. coastline. 
Facilities include 24 air stations, six air facilities (AIRFACs), an asset project office (APO), a 
deployment center, two training centers, and a repair facility. See Figure 1.1.12 

Figure 1.1. USCG Aircraft Laydown 

 

SOURCE: USCG Office of Aviation Forces (CG-711) figure provided to the authors. 

NOTE: FOB = forward operating base. HITRON = helicopter-interdiction tactical squadron. ATC = Aviation Training 
Center. ATTC = aviation technical training center. ALC = Aviation Logistics Center. NCR = National Capital Region. 

NDAA = National Defense Authorization Act. NAVAIR = Naval Air Systems Command. CALFIRE = California 
Department of Forestry and Fire Protection. PDM = programmed depot maintenance. 

 
12 References to the Current fleet throughout this report are to the laydown provided in Figure 1.1. The actual 
number and location of aircraft can change monthly and, thus, do not correspond to numbers and locations for other 
dates. 
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4  MH-65D

Miami
5  MH-65D
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HITRON
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Savannah 
5  MH-65D
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5  HC-130J
4  HC-144A/B
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3  HC-144A/B
3  MH-65D
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The aircraft laydown for each air station varies over time, although we provide a base-year 
initial laydown in our analysis, recognizing that it is just one snapshot. Analysis of future 
scenarios considered a variety of fleets, including both existing aircraft platforms (e.g., MH-65, 
HC-130J) and new airframes, including short-, mid-, and long-range remotely piloted aerial 
systems (UASs). The analysis also measured the degree to which a given fleet can accommodate 
any given mission demand. 

Methodology 
To answer the research question, we performed four tasks: (1) We described the type and 

number of missions the USCG is currently performing. (2) We built an initial Baseline Demand 
2017 scenario that forms the foundation of our future analysis. (3) We built a set of future 
demand scenarios that are rooted in the current levels and types of demand on USCG assets. (4) 
We then assessed potential future fleets against this potential future demand to understand 
overall fleet capabilities to meet a variety of types and levels of potential future demand. We did 
this by modeling additional demand scenarios, based both on an intrinsic need for a given 
mission activity level and on USCG priorities as determined from various goals, pressures, and 
statutory and regulatory guidance. 

Our initial Baseline Demand 2017 scenario used fiscal year (FY) 2017 data.13 We used FY 
2017 to represent current USCG operations based on historical sortie data. This demand function 
is based on such sources as ALMIS, the Marine Information for Safety and Law Enforcement 
(MISLE), and USCG statutory missions. See Chapter 2 for a detailed discussion of these data 
sources. We then built multiple future demand scenarios to represent a wide and diverse set of 
potential futures (e.g., increased emphasis on AMIO missions, more LMR activity, increased 
long-range SAR). For this analysis, a future demand scenario is an analytic representation of 
postulated future USCG demand. It includes the type and number of each mission the USCG is 
required to perform. We based our future demand scenarios on variations of Baseline Demand 
2017. Again, these future demand scenarios capture possible futures reflected in demand for 
mission types (by, e.g., subcategory, geography). No scenario is intended as a pinpoint of the 
future; rather, the scenarios collectively are intended to span the plausible varieties of future 
mission requirements to evaluate the different alternative fleets. 

Demand scenarios consist of sets of representative tasks (mission-tasks, or M-Ts) that can be 
used to model the capability of different aircraft to carry out the given demand scenario. In all 

 
13 This project got underway in mid-2018. FY 2017 was the latest complete data set available, so we used that for 
what we call baseline demand. Subsequently, we looked at other historical years and found that the types and levels 
of missions showed little change year-to-year. 
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cases, the M-Ts should be platform-agnostic. That is, they should be designed not to favor any 
aircraft platform over another without an operational basis.14 

We evaluated different fleet options using a large optimization model that identified the 
performance level of each of the candidate fleets by assessing its ability to meet the demand 
scenarios in a cost-effective way.15 We used detailed aircraft performance modeling to determine 
the number of each type of aircraft required to carry out the set of M-Ts for a given demand 
scenario. To develop cost estimates, we used aircraft fleet and cost information, as well as the 
specifics of the air stations. We use the Cost-Informed Analysis of Fleet Effectiveness (CAFÉ) 
model for this assessment. The goal of this approach is not necessarily to discover which fleet 
performs “optimally” for a given demand scenario but rather to identify fleets that perform well 
across a variety of plausible demand scenarios. Such a method identifies robust fleets for the 
USCG; that is, we recommend fleets that have a high likelihood to handle the demand of a 
variety of plausible futures. Figure 1.2 presents the analytic approach graphically. 

Figure 1.2. The USCG Airpower Analysis Methodology 

 

Figure 1.2 shows that, for any given demand scenario, each fleet option represents a different 
point on the cost-effectiveness graph. We judged each fleet option based on a sustainability 
assessment that features a more qualitative assessment of the suitability and sustainability of the 

 
14 For example, an M-T could require hoisting an injured person (instead of dropping a raft), thereby eliminating the 
FW aircraft alternatives. This is an operationally based requirement. However, an M-T should not dictate the 
specific cargo (or personnel) required per sortie, if it is acceptable for more than one aircraft to accomplish the 
mission. In this case, the overall requirement should be identified in the M-T, thereby allowing different aircraft 
alternatives to perform the mission with a different number of aircraft. For example, a mission requiring the 
transport of six personnel might require one aircraft for one platform but two aircraft for a different platform. In this 
case, the first alternative would be twice as effective at carrying out this M-T as the second alternative, all things 
else being equal. 
15 This general approach has been used at RAND on multiple Project AIR FORCE and National Defense Research 
Institute projects for decades. 
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fleet in the context of USCG operations.16 This suitability assessment can include a variety of 
factors, such as basic complexity of the platform, ability to maintain, availability of spare parts, 
and policy considerations. It is then possible to draw a frontier on the cost-effectiveness curve, 
identifying the most cost-effective option for any level of cost or effectiveness desired. This cost-
effectiveness frontier can include all policy options or only those that meet specific criteria in the 
suitability and sustainability assessment. 

Evaluation of the demand scenarios enables an analysis of alternative fleets. This analysis 
can identify fleets that do well across important sets of demand scenarios providing robust fleet 
options given uncertainty in future demand. The fleet analysis can also identify important and 
valid fleet options that could be cost-effectively expanded in the future as more certainty about 
the actual future demand is achieved (i.e., identification of fleet options that can be pursued over 
the next few years and provide flexibility to cost-effectively meet different demand scenarios in 
the future, allowing the USCG to delay the critical fleet decisions until more information is 
available about future demand). This overall analytic approach allows the USCG to better 
understand the fleet/demand space and identify fleet options that most effectively and robustly 
prepare for future uncertainty. 

Organization of This Report 
Chapter 2 discusses how we developed the initial Baseline Demand 2017 scenario and the set 

of M-Ts used in this analysis from the historical FY 2017 sortie data. Chapter 3 presents 
information on the existing fleet of USCG aircraft and potential future alternatives, along with a 
set of fleet options. Chapter 4 presents our cost analysis of the various aircraft and the overall 
cost of each alternative aircraft fleet. Chapter 5 presents the alternative future demand scenarios, 
the rationale for each, and the implicit changes from the Baseline Demand 2017 scenario. 
Chapter 6 presents the “optimization” model used in this analysis, the CAFÉ model, along with 
results of the capability of the alternative fleets to meet the different future demands. The final 
chapter, Chapter 7, presents our conclusions and recommendations. We also present three 
appendixes: Appendix A provides the mathematical underpinning of the CAFÉ model and its 
purpose, formulation, implementation, and associated assumptions; Appendix B provides more 
details on the cost-estimation methods used in Chapter 4; and Appendix C provides more detail 
on how we developed M-Ts from the historical FY 2017 data in Chapter 2. Appendix D provides 
further details on the aircraft requirements and capabilities to perform each M-T, and Appendix 
E shows the number of aircraft required to meet 1.0- through 10.0-aircraft requirements 
assuming 70-percent aircraft availability. 
  

 
16 We thank our colleagues Adam R. Grissom, Christopher A. Mouton, and Russell Hanson for this enhancement to 
our standard cost-effectiveness analysis. 
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2. Baseline Demand and Mission-Tasks 

This chapter describes how we distilled historical USCG data into a set of representative 
tasks (M-Ts) that represent the mission space. The USCG uses aircraft in one way or another to 
support all of its operational missions. To facilitate analysis, we assembled a representative set of 
activities that accurately capture the most-important contours and characteristics of the mission 
space in which USCG aircraft operate. 

As a set, the M-Ts are intended to represent the missions flown. These are essentially 
groupings of the entirety of missions flown during the time frame that have enough detail to 
allow an analyst to distinguish among the capabilities of fleets of candidate aircraft. If a set of 
M-Ts includes too much detail, that detail complicates the analytic process and increases the 
difficulty of identifying important insights. If too little detail is included, the analysis will be 
excessively vague and not allow adequate comparison of the strengths and weaknesses of 
candidate future aircraft fleets. 

For our current purposes, we created historical summaries of M-Ts performed by USCG 
aircraft to inform an optimization model. We also produced modified sets of those summaries to 
represent the likely boundaries of what the fleet of USCG aircraft might be called on to 
accomplish in the next 20 to 30 years. 

This chapter describes how we developed the initial Baseline Demand 2017 scenario and the 
M-Ts. We first broadly discuss the types of missions the air fleet does to meet the overall USCG 
requirement. This forms the basis for the types of M-Ts developed for the analysis. We then 
discuss in detail the data systems we used to understand the overall quantity and nature of the 
demand. The information derived from these data sets provides the foundation of the M-Ts and 
existing demand. Appendix C presents the specifics of developing the M-Ts along with a 
characterization of the types and levels of M-Ts that make up the initial Baseline Demand 2017 
scenario. These M-Ts are used to identify not only the Baseline Demand 2017 scenario but also 
the potential future demand scenarios by incorporating different types and numbers of M-Ts for 
each of the types and levels of future demand analyzed in this project. Chapter 5 describes how 
we modified the initial Baseline Demand 2017 scenario to generate different future demand 
scenarios. 

Aircraft Activity Characterization 
In support of the USCG’s mission space, aircraft are expected to provide a discrete number 

of services. This section breaks down the statutory mission space of the USCG into the types of 
services that USCG aircraft typically provide for each mission type. The first column of Table 
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2.1 summarizes the types of capabilities that aircraft are expected to bring to the USCG mission 
space. The remaining columns map those aircraft capabilities to the USCG mission space. 

Table 2.1. Crosswalk of Missions and Capabilities 

Capability MS SAR ATON LMR MEP Ice PWCS DI AMIO DR OLE 

Low-speed air-to-air interception of airborne 
threats in key areas (e.g., wayward recreational 
pilots) 

         
x 

 

Aerial prosecution, with force, of noncompliance 
for surface vessels 

      
x x 

 
x 

 

Vertical insertion of specialized personnel 
  

x 
      

x 
 

Aerial surveillancea x x 
 

x x x x x x x x 

Aerial transport of personnel or cargo   x x  x   x x x 

Airborne delivery of lifesaving or logistical 
supplies (e.g., dropping) 

 
x 

         

Vertical recovery, with or without rescue 
swimmers, of people in distress (e.g., medical 
evacuation, PIW, sinking vessels) 

 
x 

         

NOTE: PIW = person in the water. 
a Surveillance involves any passive activity in which the purpose is to learn more about what is on or near the surface 
of the water by using eyes or sensors to search, scan, identify, or locate objects or people of interest. Surveillance 
items of interest could include critical infrastructure, fishing fleets, individual vessels, oil spills, ice, icebergs, PIWs, or 
debris. 

 
We then examined historical sorties conducted by USCG aircraft and compared them with 

the list of capabilities in Table 2.1. These capabilities are activities that are of importance to the 
USCG in conducting its missions but might not be directly translatable into discrete bins of 
aircraft. Our purpose was to define an overarching set of discrete categories (i.e., M-Ts) that 
would adequately describe the aircraft’s capabilities and activities as an input to subsequent 
stages of analysis. 

In our examination of the historical USCG aircraft sorties, the most prevalent category of 
activity was detection and monitoring via aerial surveillance. This is accomplished with the 
human eye, as well as through the use of sensors (e.g., radar, electro-optical [EO] and infrared 
[IR], automatic identification system). Aircraft are also used to quickly classify and identify 
potential target vessels for LE, vessels in distress, or PIWs. Some missions are flown to avoid 
counterdetection by the target being surveilled. When the purpose is merely detection and 
monitoring (when counterdetection is not an issue), we use the M-T we call overt detection and 
monitoring, or ODM. When the purpose is to avoid counterdetection, we use the M-T category 
covert detection and monitoring, or CDM. For ODM-type activities performed for the purposes 
of SAR, we have a separate category called SAR ODM. We call this out separately to facilitate 
additional SAR-related analyses. 
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For the SAR mission, we also have separate categories that account for unique capabilities, 
such as hoisting a person from the water or a vessel or dropping lifesaving or logistical supplies 
to a vessel (SAR PIW, SAR hoist, and SAR drop, respectively). 

For DI (and potentially the PWCS and DR) missions, the USCG also employs AUF to stop 
noncompliant smuggling vessels by shooting to disable their engines. We treat this capability as 
its own M-T. 

For the DR mission, the USCG conducts a unique activity called RW air intercept (RWAI). 
This involves intercepting relatively slow-moving aircraft, typically recreational aircraft, with a 
helicopter and using visual and radio means of communication to warn the aircraft that it is 
entering a restricted airspace. Another unique DR activity is called short-notice maritime 
response (SNMR). This involves using a set of aircraft with embarked specialized personnel to 
intercept and potentially neutralize an inbound vessel that is noncompliant and that has been 
identified as a terrorist threat to the United States. Each of these specialized DR activities are 
called out as its own M-T (RWAI and SNMR). 

The final M-T category we designated is logistics (LOG) (transporting personnel and cargo). 
The USCG does not have a specific logistics mission, but it does perform a variety of logistical 
activities in support of its broader mission sets. The USCG also conducts logistical activities at 
the same time as other activities (e.g., training, detection and monitoring). For activities that are 
designated as primarily logistical in nature, we assigned the M-T category LOG. Table 2.2 
extends Table 2.1 by showing the complete universe of discrete categories that we used to map 
historical sorties to M-T categories. Additional detail on how we stratified the missions into 
M-Ts can be found in Appendixes C and D. 

Table 2.2. Crosswalk Between Missions and Mission-Tasks 

M-T MS SAR ATON LMR MEP Ice PWCS DI AMIO DR OLE 

ODM x 
 

x x x x x 
 

x x x 

CDM 
       

x 
   

AUF 
      

x x 
 

x 
 

SNMR 
      

x 
  

x 
 

LOGa l l x l l l l l l l l 

LOG VTOL 
  

x 
        

RWAI 
         

x 
 

SAR 
           

SAR ODM 
 

x 
         

SAR PIW 
 

x 
         

SAR hoist 
 

x 
         

SAR drop 
 

x 
         

NOTE: VTOL = vertical takeoff and landing. 
a An l indicates that logistics could be performed for any mission depending on how “loaded” the aircraft was. 
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Data Sources 
The USCG uses primarily three systems to track the historical activities of its aircraft: 

• ALMIS is a comprehensive system for tracking the utilization and maintenance for many 
USCG assets (including aircraft). The Electronic Asset Logbook portion of ALMIS 
tracks the time spent on missions, training, and other administrative and engineering 
activities. 

• The MISLE data system is primarily a record of the interactions with non-USCG entities, 
such as the public and commercial organizations. As its name implies, it has detailed 
records on historical SAR and LE cases. 

• The USCG also uses a variety of methods to record the location of its aircraft when they 
are in flight. 

We discuss each of these systems in more detail below. 

The Asset Logistics Management Information System 

The USCG provided the Homeland Security Operational Analysis (HSOAC) study team with 
a set of extracts from the Electronic Asset Logbook that were essentially historical records of 
USCG asset activities covering FYs 2007 through 2018. For aircraft, we received 

• data that record when a flight began and the amount of time that an aircraft spent 
performing specific activities during its flight 

• data that record takeoff and landing times and locations 
• records of the numbers of passengers carried at some point during flights 
• the weight and volume of cargo carried by a flight 
• records of vertical deployment or hoists of personnel (by RW) and records of drops of 

supplies (by FW) 
• records of fueling (and defueling) by tail number and date and time. 
In addition to tracking the time spent in support of the USCG’s statutory missions, ALMIS 

tracks the amount of time aircraft spend in support of activities, such as training, testing, public 
affairs, flying the aircraft for transport purposes (ferry), and other administrative activities. 
Overall, the USCG data are quite comprehensive and proved useful for our analysis. However, 
there were some limitations: 

• The takeoff and landing records utilize free-text entry fields for the departure and arrival 
locations, which limits their utility for systematic analysis. 

• The passenger records included only the number of passengers transported on a given 
flight. However, if a flight stopped at multiple locations, there was not sufficient detail to 
determine which leg of the flight actually carried the passengers. 

Visual inspection of the passenger data also revealed some questionable anomalies: 

• The cargo records include weight and volume of the cargo carried. These are often hand-
entered estimates, and USCG subject-matter experts (SMEs) warned us not to rely on the 
accuracy of these data, especially the volume estimates. 
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• The fueling data were not tied to a specific flight, but they were useful in estimating the 
number of times aircraft refuel midmission, as well as provide insight into when aircraft 
might be utilizing external tankage. 

Figure 2.1 provides some basic summary statistics from the hourly ALMIS data. 

Figure 2.1. Asset Logistics Management Information System Summary Statistics 

 

SOURCE: ALMIS. 

For our initial analyses, we chose FY 2017 as the baseline year (when we began, we did not 
yet have access to the FY 2018 data). We were warned during our interviews with the USCG 
experts that FY 2017 was potentially an outlier in terms of activity levels because of the three 
large hurricanes to which the USCG responded that year (Harvey, Irma, and Maria). In fact, the 
SAR hours for FY 2017 were 14-percent higher than in FY 2016 and 25-percent higher than in 
FY 2018 (see the purple sections of the bars in Figure 2.1). Essentially, the USCG “shifted” its 
emphasis from one mission to another for a period of time and then allowed its crews to rest and 
recover afterward. As a result, the total mission hours and sorties for the year were roughly in 
line with what one would have expected had there not been a hurricane (which can be seen by 
inspecting the FY 2008–FY 2018 trend in Figure 2.1). Figure 2.2 provides one perspective of the 
effect that hurricane responses have on USCG mission hours. 



 
 
14 

Figure 2.2. FY 2017 Asset Logistics Management Information System Mission Hours Associated 
with Major Hurricane Responses 

 

SOURCE: ALMIS. 

NOTE: To improve clarity, we lumped 8.3 hours attributed to Hurricane Jose response and 1.6 hours attributed to 
Hurricane Cindy response into the nonhurricane hours. 

However, the total numbers of SAR mission hours were elevated slightly above historical 
norms (see Figure 2.1). To ensure robust results, we also examined the effect for FY 2016 and 
FY 2018 and found only minor differences in terms of performance. 

Maritime Information for Safety and Law Enforcement 

For aircraft, MISLE primarily has useful historical information on SAR cases and sorties. 
Beyond SAR, there is limited information about USCG aircraft missions in MISLE. However, a 
well-known problem with MISLE is unreliability of data. For example, when attempting to make 
use of the hand-entered SAR case locations (latitudes and longitudes), the HSOAC team 
observed unusual numbers of SAR activities in the Southern Hemisphere (in the South Pacific 
and South Atlantic and over South America). This was most likely due to data-entry errors. Most 
likely, they were using the incorrect mathematical sign for the latitude (e.g., 40 degrees south 
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should be recorded as –40, and 40 degrees north should be recorded as 40). To correct this, we 
adjusted all of the MISLE data that we used by switching the sign of the latitude so that all 
MISLE aircraft activities (primarily SAR) were placed in the Northern Hemisphere. 

We observed similar data-entry problems with the longitude, but these were less 
straightforward to reliably correct, and we did not attempt to fix those problems. MISLE dates 
and times also had a significant number of bad entries that appeared to be from entering the 
wrong year, day, or hour into a record. We discarded particularly egregious examples (e.g., cases 
that went on for months or years into the future or that amounted to highly unrealistic aircraft 
speeds). 

When an aircraft conducts a sortie in support of a mission, matching records in ALMIS and 
MISLE should capture relevant aspects of those activities. Several elements should be common 
to both data systems, such as dates, times, and mission. Plus, MISLE records usually contain the 
tail number, origin, or unit. These elements are always found in the ALMIS data. By matching 
these elements, we should have been able to directly link the ALMIS historical records with 
additional details about those flights from MISLE. Unfortunately, we were able to confidently 
establish a link between ALMIS aircraft records and MISLE aircraft sorties only about 50 
percent of the time. 

Because of this systematic matching problem at the record level, we shifted away from using 
the MISLE data at the individual record level and instead used the cleaned MISLE records to 
develop distributions of key activities, such as typical response locations, sortie distances, and 
on-scene times. 

ALMIS + MISLE = ALMISLE 

To construct M-Ts, we started with historical ALMIS and MISLE data provided by the 
USCG. We coined the term ALMISLE to describe the process of simultaneously drawing insights 
from both ALMIS and MISLE. We restructured the data and recategorized mission-activity 
records into capability-focused M-Ts. We further subdivided and enumerated those M-T 
categories into additional levels representing increasing difficulty. 

We constructed this data set by assembling the activities performed by aircraft into a series of 
representative chronological “transactions.” According to ALMIS, when a USCG aircraft departs 
on a sortie, the majority of time (68 percent), it has a relatively simple mission profile. It takes 
off from one location, performs one mission type, and lands in a single location (typically, the 
origin). For the purposes of this analysis, we treated that flight as one transaction. 

For the remainder of the missions, the aircraft might be stopping in multiple locations or 
performing multiple activities during a flight. Examples include flights in support of the ATON 
mission taking off from an air station or airport but stopping in additional places to pick up 
maintenance personnel or land on islands to maintain remotely operated lighthouses. 

Another notional example includes a flight with a single origin and destination but for which 
the activities included LE overflight in support of fishery enforcement, followed by crew 
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training, and then a SAR case. For the purposes of this analysis, we treated each of those 
individual activities or flight segments as an individual transaction (e.g., each stop at an island or 
the three distinct activities that occurred during the notional flight, such as LE, training, and 
SAR). Figure 2.3 is a graphical depiction of this process for a couple of notional flight plans. 

Figure 2.3. An Example Conversion of Complex Aircraft Flight Activities into Individual 
Transactions 

 

SOURCE: ALMIS data for flight 1414955307. 

NOTE: KSFO = San Francisco International Airport. KHAF = Eddie Andreini Sr. Airfield. KWVI = Watsonville 
Municipal Airport. These four-letter codes are location indicators set by a United Nations agency, the International 

Civil Aviation Organization. 

Location Tracking 

The USCG maintains a comprehensive log of historical locations for nearly all of its afloat 
assets (using terrestrial and satellite feeds from an automatic identification system). However, the 
USCG does not yet have a comprehensive real-time or historical system for tracking the location 
of its airborne assets. Airborne assets provide periodic position reports from the aircraft in flight 
to communication centers on land that are holding their “radio guard” or safety-of-flight 
monitoring. These position reports are recorded using different approaches, including paper and 
spreadsheets. For uneventful flights, these records are typically discarded within 30 days. We 
examined examples of these records but ultimately determined that, although they are 
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analytically valuable, the level of effort required to build a representative data set would exceed 
such a data set’s potential value.17 

Mission-Task Categorization 
After constructing this “transactional” data set, we used information about the stated activity, 

airframe, time flown, and activity supported to assign broad M-T categories. The process we 
followed roughly mirrors the method for mapping missions to M-Ts found in Table 2.2 earlier in 
this chapter. Because many of the relevant characteristics of the M-Ts are not directly labeled in 
ALMIS or MISLE, we used other characteristics of those records to assign M-Ts. To identify 
RWAI activities, we examined the asset type (MH-65), parent units, and whether the activity was 
in support of U.S. Northern Command or the NCR Air Defense Facility.18 To identify AUF 
M-Ts, we assigned all nontraining and nonsupport flights from HITRON-owned RW aircraft in 
flying in support of Joint Interagency Task Force–South (JIATF-South). Similarly, we assigned 
all of the nontraining and nonsupport FW ALMIS transactions for JIATF-South to the CDM M-T 
category. 

We categorized SAR missions according to the capability that the aircraft reportedly used. If 
it did not employ a drop or hoist capability, we assigned the historical transaction to the SAR 
ODM category. If ALMIS records indicated that a swimmer was employed, we assigned the 
SAR PIW M-T category. If ALMIS records indicated that a drop or hoist was used, we assigned 
the SAR vessel (with drop or hoist) M-T category (for FW and RW airframes, respectively). 

To identify LOG M-Ts, we examined the cargo reported carried and estimated the percentage 
of total capacity used (by weight). Then we tagged as a LOG flight any flight (FW or RW) that 
was carrying 50 percent of the aircraft’s maximum payload capacity. Across the USCG, this 
represented less than 5 percent of the flights. In addition, we designated as LOG all flights flown 
in support of the ATON mission. M-Ts that were flown and designated as SAR support also have 
characteristics of LOG M-Ts, but we retained them in the SAR category for the purpose of this 
analysis. 

In situations in which we classified the activity as LOG in nature but the origin or destination 
could not be identified as an airport, we assigned a special subcategory for the M-T for LOG 
VTOL. The USCG has not yet engaged in SNMR, so we did not assign such an M-T to the 
historical data. However, that M-T will play a role in the future demand scenarios that we discuss 
in Chapter 5. Table 2.3 provides an overview of how many of each type of M-T transaction we 

 
17 For this analysis, if we had had readily available location information, (1) we would not have needed to derive 
approximations for the distance flown (which we created based on the time flown); (2) we would not have had to 
use approximations and expert opinion for the speed flown; (3) we would not have had to use as many 
approximations for such data as the actual flying time, time on scene, and time spent searching (these are in MISLE 
for some missions but are frequently inaccurate and often estimated); and (4) we might have been able to improve 
our matching of historical ALMIS and MISLE records. 
18 Prior to 2018, RWAI was not directly identified as a primary or secondary mission category in ALMIS. 
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identified in FY 2016, FY 2017, and FY 2018 data (see Appendix C and Appendix D for a 
detailed explanation of how we subdivided each mission into categories (e.g., CDM or LOG) and 
then into the individual M-Ts in each of these major categories (1 through n). 

Table 2.3. Summary of the Mission-Task Distributions for FYs 2016, 2017, and 2018 

Category M-T FY 2016 FY 2017 FY 2018 
CDM 1 18 26 12 

 2 29 48 56 

 3 29 32 52 

 4 41 40 46 

 5 33 58 57 

 6 41 53 49 

 7 95 97 115 

 8 75 52 48 

 9 24 23 8 

 10 8 4 1 

LOG VTOL 
 

70 73 59 

LOG 1 166 206 194 

 2 80 53 62 

 3 77 68 74 

 4 22 36 24 

 5 19 46 24 

ODM 1 2,733 2,419 2,502 

 2 2,189 1,902 1,885 

 3 2,910 2,292 2,080 

 4 1,069 761 644 

 5 633 575 542 

 6 304 281 327 

 7 732 583 765 

 8 556 487 592 

 9 596 679 667 

 10 407 338 422 

SAR ODM 1 1,343 1,375 1,213 

 2 1,600 1,856 1,730 

 3 1,081 1,156 907 

 4 1,370 1,421 1,056 

 5 383 467 363 

 6 379 439 358 

 7 324 354 298 
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Category M-T FY 2016 FY 2017 FY 2018 

 8 318 426 309 

 9 298 431 351 

 10 335 348 302 

SAR PIW hoist 1 5 24 17 

 2 83 101 85 

 3 113 156 88 

 4 100 136 108 

 5 125 124 99 

 6 39 50 40 

 7 24 31 24 

 8 14 38 22 

 9 27 43 22 

 10 19 27 27 

SAR vessel drop 1 37 24 17 

 2 10 5 9 

 3 13 7 10 

 4 9 5 7 

SAR vessel hoist 1 226 253 226 

 2 78 100 79 

 3 92 72 83 

 4 43 38 52 

 5 17 25 22 

 
To inform the CAFÉ model discussed in Chapter 6, we used the historical M-T demand 

summarized in Table 2.3, as well as some alternative future demand scenarios (Chapter 5). 
Chapter 3 describes how we modeled aircraft performance for each M-T. More details on the 
M-T generation can be found in Appendix C. 
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3. Current and Future Aircraft Fleets 

This chapter discusses the existing USCG fleet that carries out the M-Ts described in Chapter 
2. It also describes the recent aircraft laydown, future aircraft analyzed in this work, and the 
development of future potential fleets based on current and potential future aircraft alternatives. 

This analysis included three major classes of aircraft: manned RW, manned FW, and 
remotely piloted FW (which we call UAS throughout this report). Each of these classes of 
aircraft can perform various types of operations that affect their ability to conduct the different 
mission types. Broadly speaking, there are two major M-T types: LOG and search. LOG is M-Ts 
that require a VTOL asset (e.g., taking cargo to where an FW aircraft cannot land) and M-Ts that 
are moving cargo too large for an RW asset. In some cases, an asset is required only to conduct 
the search; in other cases, the search requires the ability to hoist a person from the water, drop 
survival gear (e.g., a pump), or conduct either a hoist or drop. A LOG M-T can be conducted 
only by a manned aircraft. All aircraft types can conduct search M-Ts, with manned RW 
required for hoist M-Ts and manned FW required for drop M-Ts. Details are provided in Table 
3.1. In all cases, some aircraft types can perform some M-Ts better than others even when both 
are options. Further details on which aircraft can perform which M-Ts are provided in Appendix 
D. 

Table 3.1. Applicability of Each Aircraft Category to Perform Each Mission-Task Type 

Aircraft Type 

M-T Type 

LOG 

ODM CDM 

SAR 

VTOL Light Heavy ODM Hoist Drop 
Manned RW x x 

 
x x x x 

 

Manned FW 
 

x x x x x 
 

x 

UAS 
   

x x x 
  

The Current Fleet 
As discussed in Chapter 1, the USCG’s fleet of 202 aircraft is currently composed of a total 

of 143 helicopters (45 medium range and 98 short range) and 59 airplanes (25 long range, 32 
medium range, and two C2 transport) (see Figure 1.1 in Chapter 1).19 These aircraft are 
strategically located along the U.S. coastline at 24 air stations, six AIRFACs, an APO, a 
deployment center, two training centers, and a repair facility (see Figure 1.1 in Chapter 1). 

 
19 Current fleet refers to the one provided as of May 2019 in Figure 1.1 in Chapter 1. 
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Current Rotary-Wing Aircraft 

The USCG pioneered operation of seagoing Sikorsky helicopters in 1943.20 The vast 
majority of USCG helicopters since then have been built by Sikorsky. From the late 1960s until 
approximately 1990, the USCG flew both short- and medium-range helicopters (H-52 and H-3) 
that were capable of water landing, takeoff, and taxi.21 These aircraft were replaced by the 
current short- and medium-range helicopters, MH-65 Airbus (originally Aérospatiale and 
formerly Eurocopter) and the MH-60 Sikorsky, each of which is capable of deploying a rescue 
swimmer and conducting basket hoist in lieu of a water landing. 

The MH-65 Dolphin 

Today, a fleet of 98 short-range recovery (SRR) MH-65s is widely used by the USCG to 
conduct shore- and shipboard-based surveillance; DI, capable of deploying AUF; defense 
operations, conducting RWAI in support of the North American Aerospace Defense Command 
NCR security mission; SAR rescue swimmer and basket hoist; and airlift for short-range polar 
operations. Figure 3.1 shows an MH-65. The MH-65 fleet has undergone several changes since 
its debut in 1981; it has had its service life extended to 20,000 hours, and technology upgrades 
are being conducted and include an avionics upgrade, which will increase the commonality with 
the avionics suite of the MH-60.22 MH-65s are at 18 air stations and the ATC; however, Airbus 
is no longer producing the MH-65, making additional purchase of airframes impossible. As of 
2018, the MH-65 fleet had been operating for 35 years, accumulating an average of 15,600 flying 
hours (FHs) per aircraft.23 Specifics for the MH-65D are as follows: 

• power plant: two Turbomeca Arriel 2C2-CG gas turbines, 853 shaft horsepower (shp) 
each 

• maximum gross takeoff weight (MGTOW): 9,480 lb.; length: 44.4 feet. 

 
20 Coast Guard Aviation Association, “The Growth Years: 1939–1956,” undated c. 
21 Coast Guard Aviation Association, “1990: HH-60J Jayhawk Helicopter Enters Service,” undated b. 
22 Coast Guard Aviation Association, “1985: HH-65A Dolphins Enter Service,” undated a; Elan Head, “U.S. Coast 
Guard Prepares for MH-65E Upgrade,” Vertical, May 7, 2018; Airbus, “Airbus Helicopters Recognizes U.S. Coast 
Guard for Reaching 1.5 Million Flight Hours in MH-65 Dolphins,” press release, March 8, 2017; ALMIS data. 
23 Coast Guard Aviation Association, undated a; Head, 2018; Airbus, 2017; ALMIS data. 
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Figure 3.1. An Airbus MH-65 Dolphin 

 

Photo by Marion Eckhause. Used with permission. 

Further details on the aircraft are provided in Chapter 4 that specify USCG procurement, 
modernization, and operations and support (O&S) costs. 

The MH-60 Jayhawk 

The medium-range recovery (MRR) aircraft fleet has been dominated by the Sikorsky 
MH-60 and, to date, has been utilized primarily for longer-range, shore-based SAR and special 
operations airlift. Figure 3.2 shows an MH-60. The USCG has strategically positioned the 
MH-60 at eight USCG air stations and the ATC in Mobile, Alabama. All of the MH-60s can be 
equipped to deliver AUF and are capable of shipboard operations aboard the major cutter fleet.24 
The original service life of the MH-60 was projected at 10,000 FHs. In 2002, the USCG 
conducted a service-life extension program (SLEP) project and avionics upgrade, which 
extended the aircraft service life to 20,000 FHs. The existing MH-60 fleet is predicted to reach 
20,000 FHs in 2023. As a result, the USCG is currently pursuing a second SLEP on the MH-60 
to extend its service life through approximately 2035, when helicopter fleet recapitalization is 
anticipated. Figure 3.3 shows how the fleet is projected to reach its end of service life over time. 
The USCG’s internal aircraft depot–level facility received funding to convert two U.S. Navy 
airframes (H-60 Seahawk to MH-60T Jayhawk), increasing its fleet to 45 aircraft. The USCG 
aviation acquisition program is postured to leverage additional H-60 Seahawk (10,000-FH 
sundowner, or retired aircraft) airframes as the Navy modernizes its H-60 fleet. Specifics for the 
MH-60T are as follows: 

• power plant: two General Electric T700-GE-401C gas turbines, 1,560 shp each 
 

24 The major cutter fleet consists of medium-endurance cutters (210, 270, 282, and 360 feet), high-endurance cutters 
(378 and 418 feet), icebreakers (Healy and Polar Star). However, the Reliance-class 210-foot and Hamilton-class 
378-foot flight decks are not structurally capable of accommodating the H-60’s weight. 



 
 
23 

• MGTOW: 21,884 lb.; length: 64.8 feet long; 17 feet tall; rotor diameter of 53.7 feet. 

Figure 3.2. A Sikorsky MH-60 Jayhawk 

 

SOURCE: Acquisition Directorate, USCG, “MH-60T Medium Range Recovery Helicopter,” undated c. 
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Figure 3.3. The Projected Service Life of USCG Rotary-Wing Fleets After the Service-Life 
Extension Program 

 

SOURCE: CG-711 data provided to the authors. 

Rotary-Wing Service Life 

Both the MH-65 and the MH-60 are experiencing end-of-service-life issues. The MH-65 fleet 
is forecast to reach the end of its service life starting with the first aircraft in 2020, but a SLEP is 
being performed to extend its service life through 2034. As a result, both MH-65 and the MH-60 
are expected to time out in the 2030–2040 time frame. The SLEP MH-65 will begin to reach the 
end of its service life in the mid-2030s, and the MH-60 fleet will begin to reach the end of its 
service life around 2040. In both cases, the drawdown of assets is expected to be fairly steep. It is 
critical to understand the details of the life-limiting aspects and expected drawdown of the 
existing fleet to identify credible future fleet options. Figure 3.3 summarizes the detailed analysis 
conducted by the USCG on its existing RW assets. We used these expected drawdowns (along 
with assumptions on potential life extensions) to develop our future fleet alternatives. 

Current Fixed-Wing Aircraft 

As shown in Figure 1.1 in Chapter 1, the USCG maintains a fleet of 59 FW aircraft, which 
includes 14 HC-130H, 11 HC-130J, 18 HC-144, and 14 HC-27A aircraft.25 

 
25 The USCG also operates two C-37A Gulfstream V aircraft as its primary air transport for senior USCG and DHS 
officials. This project focused on aircraft that perform operational missions, so these aircraft were not part of the 
HSOAC fleet analysis. It is assumed that the service will have an enduring requirement to maintain two DHS 
command-and-control aircraft for transporting principals. 
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The HC-130H Hercules and HC-130J Super Hercules 

The USCG currently operates a fleet of long-range surveillance aircraft, consisting of the 
HC-130H Hercules and HC-130J Super Hercules. However, the HC-130H aircraft are reaching 
the ends of their service lives. Figure 3.4 shows an HC-130J. The USCG conducted a limited 
sustainment and enhancement project to modernize systems on its HC-130H fleet and is 
continuing with the acquisition of the more capable HC-130J. Under the direction of the NDAA 
for FY 2014, seven HC-130Hs were transferred to the U.S. Forest Service following 
modification by the U.S. Air Force,26 so we excluded them from our fleet analysis. The 
remaining HC-130Hs will be systematically retired as the HC-130Js are accepted into service. 
The HC-130 provides a versatile platform capable of serving as an on-scene C2 platform with 
extended loitering capabilities, as well as performing various missions, including maritime 
patrol, LE, SAR, disaster response, and cargo and personnel transport. As a surveillance 
platform, it provides the critical means to detect, classify, and identify targets. For each of these 
missions, the information is shared with operational surface forces capable of intercept. The 
HC-130 uses a powerful multimode surface-search radar and a nose-mounted EO/IR device 
combined with an airborne tactical workstation and military satellite communication capability 
to improve mission effectiveness. Its specifics are as follows: 

• power plant 

- HC-130H: four 4,910-shp Allison T56-A-15 turboprop engines 
- HC-130J: four 5,600-shp Rolls-Royce AE2100D turboprop engines driving six-

bladed propellers 

• MGTOW: 155,000 lb.; length: 97.8 feet; wingspan: 132.6 feet. 

 
26 Public Law 113-66, National Defense Authorization Act for Fiscal Year 2014, December 26, 2013. 
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Figure 3.4. An HC-130J Super Hercules 

 

SOURCE: Acquisition Directorate, USCG, “HC-130J Long Range Surveillance Aircraft,” undated a. 

The USCG is acquiring a fleet of 22 new, fully missionized HC-130J aircraft to replace its 
older HC-130Hs. The HC-130J has a more advanced engine and propellers, which provide 
increased performance over the HC-130H. As of May 2019, the USCG had accepted delivery of 
11 of 22 Super Hercules aircraft.27 Three HC-130Js have entered the Minotaur integration 
program at L3 Technologies’ Integrated Systems Platform Integration Division in Waco, Texas. 
According to recent estimates, the service life of the HC-130H fleet is projected out to 
approximately 2028, when the final airframe reaches the end of its service life. The service life 
of the HC-130J fleet is projected out to approximately 2040, with the final airframe reaching the 
end of its service life in 2052. 

The HC-144 Ocean Sentry 

According to the Coast Guard, 

The medium range surveillance fleet includes 18 HC-144 Ocean Sentries. Ocean 
Sentries are capable of carrying out a wide range of Coast Guard surveillance, 
search and rescue, and transport missions and can be outfitted with mission 
system pallets [MSPs], a roll-on, roll-off suite of electronic equipment that 
enables the aircrew to compile data from the aircraft’s multiple integrated sensors 
to transmit and receive both classified and unclassified information from other 
assets including other aircraft, surface vessels and shore facilities. With multiple 
voice and data communications capabilities and satellite communications, the 
HC-144 is contributing, via a networked Command and Control system, to the 
common tactical picture and common operating picture. The aircraft is also 
equipped with a vessel automatic identification system, direction finding 

 
27 See Figure 1.1 in Chapter 1 for the specific laydown in May 2019. 
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equipment, an electro-optical/infrared system and a multi-mode search radar to 
improve the Ocean Sentry’s situational awareness and responsiveness.28 

HC-144A Ocean Sentry medium-range maritime patrol aircraft, shown in Figure 3.5, is a 
medium-range maritime patrol version of the European Aeronautic Defence and Space Company 
(EADS) Construcciones Aeronáuticas SA (CASA) CN-235-300M cargo aircraft. The HC-144A 
fleet performs missions previously carried out by the HU-25 fleet. The HC-144A is equipped 
with a new C2; communications; computers; and intelligence, surveillance, and reconnaissance 
(ISR) suite, as well as radar and an EO/IR sensor MSP, and is designed to serve as an on-scene 
command platform for SAR and homeland security operations. The USCG has accepted delivery 
of MSPs. The HC-144A provides extended on-scene loitering capabilities and the capability of 
performing maritime patrol, LE, SAR, disaster-response, and cargo and personnel transport 
missions. The Ocean Sentry is also capable of maintaining secure communications with DoD, 
DHS, and allied forces. The HC-144A Ocean Sentry fleet is currently operating from USCG air 
stations in Mobile, Alabama; Cape Cod, Massachusetts; Miami, Florida; and Corpus Christi, 
Texas. The aircraft specifications are as follows: 

• power plant: two 1,750-shp (1,305 kW) General Electric CT7-9C3 turboprop engines 
• MGTOW: 36,380 lb.; length: 70.1 feet; wingspan: 84.6 feet. 

 
28 Acquisition Directorate, USCG, “Medium Range Surveillance Aircraft,” undated b. 
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Figure 3.5. An HC-144 Ocean Sentry 

 

SOURCE: Force Readiness Command, USCG, “ATC Mobile Operations Department,” undated. 

Interviews with both operators and maintainers have revealed HC-144 fleet–wide challenges 
with respect to fuel becoming trapped in wing tanks and difficulties with deicing capability while 
operating in northern latitudes. Further details on the magnitude of the current level of USCG 
investment in reducing the increasing O&S costs of sustaining the HC-144 aircraft currently in 
the fleet are provided in Chapter 4. According to recent estimates, the service life of the HC-144 
fleet is projected out to approximately 2038, with the final airframe reaching the end of its 
service life in 2047. 

The HC-27J Spartan 

The USCG is also in the process of receiving and missionizing 14 HC-27J aircraft that are 
being transferred from the U.S. Air Force under the direction of the NDAA for FY 2014 (see 
Figure 3.6).29 The multiyear project is supported by the HC-27J APO, which was stood up in 
Elizabeth City, North Carolina. The APO’s primary mission is to provide a purposeful, 
sequential plan to incorporate the HC-27Js into USCG operations. As originally delivered, the 

 
29 Pub. L. 113-66, 2013. 
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HC-27Js are outfitted with weather radar and communication equipment capable of supporting 
transport and other USCG missions. The fleet of 14 aircraft was acquired without the required 
sensor and mission system to perform the USCG missions. The process of missionization as of 
2019 was ongoing and projected to take five years (a 2022 service estimate) to complete. Upon 
realizing full missionization, the USCG HC-27 fleet will have the functional range of a medium-
range surveillance (MRS) aircraft, not a long-range surveillance aircraft. All 14 aircraft are being 
modified with a standard USCG FW MSP, an integrated surface-search radar, EO/IR sensors, 
and night-vision goggle capability. The future modifications include specialized components, 
such as surface-search radar and EO/IR sensors, which will enhance the aircraft’s capability to 
carry out the full spectrum of USCG missions. 

Figure 3.6. A C-27J 

 

SOURCE: Acquisition Directorate, undated b. 

The USCG is integrating the HC-27J Spartan aircraft into its MRS aircraft fleet to work 
alongside the HC-144A Ocean Sentry. USCG Air Station Sacramento in California is the first 
operational unit using HC-27Js and began operating with its full complement of aircraft after 
delivery of its sixth on May 1, 2017. The aircraft’s specifications are as follows: 

• power plant: two Rolls-Royce AE 2100D2A turboprops, 3,460 kW (4,640 hp) each 
• MGTOW: 70,000 lb.; length: 74.4 feet; wingspan: 94.1 feet. 
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Fixed-Wing Service Life 

According to service records, service-life limits for FW aircraft are reported as follows:30 

• HC-144: 47,912 FHs, 15,440 airframe landing limit 
• HC130H/J: Service-life limits are undefined; however, at 45,000- and 60,000-FH 

thresholds, high-cost primary-structure wing elements require replacement. 
• HC-27: undefined; this fleet is new to the USCG inventory and undergoing initial 

outfitting and missionization. 
Figure 3.7 shows the expected drawdown of the USCG inventory due to these limits, 

assuming no recapitalization of the existing FW fleet. The HC-130Hs and HC-144s will begin to 
come out of the inventory earliest, with the HC-130Js and HC-27s reaching service-life limits in 
early 2040s. The HC-27 is not shown on this chart because the service-life limits are not yet 
well-understood because the platform is so new. 

Figure 3.7. The Projected Number of Available Fixed-Wing Aircraft and Aircraft Service-Life Limits 

 

SOURCE: CG-711 data provided to the authors, July 2018. 

 
30 An estimated service-life limit for the HC-27 was not available from the project sponsor. 
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Future UAS and Manned Aircraft Alternatives 
In this section, we discuss future manned and remotely piloted aircraft that we analyzed as 

part of different future fleet options, and we consider future remotely piloted and RW 
alternatives. Given the expected drawdown of the existing fleets (as shown in Figure 3.7), the 
USCG continues to take delivery of new HC-130J aircraft and, as a result, is expected to have a 
fairly robust set of manned FW alternatives suitable for operations for at least the next 15 to 20 
years. The USCG recently accepted its 13th aircraft on April 10, 2019, which will provide an 
upgraded capability to replace the aging HC-130H fleet for long-range logistics and 
surveillance.31 In the medium-range category, in the past decade, the USCG has acquired the 
HC-144As that form the backbone of the medium-range FW fleet. These aircraft are currently 
being upgraded to provide additional C2 capabilities. Furthermore, the USCG is currently 
missionizing an additional medium-range aircraft, the HC-27J. These three FW aircraft 
(HC-130J, HC-144, and HC-27J) will provide a medium and large FW logistics and surveillance 
option to meet any required mission through at least 2035 needing an FW alternative. 

Future UAS Alternatives 

Since 2008, the USCG has focused its UAS acquisition on evaluating technologically mature 
systems, seeking commonality with DHS and DoD programs, and applying lessons learned from 
interagency UAS experience to address latent demand for greater maritime domain awareness. 
The USCG is currently working on a variety of UAS platforms to cover sets of missions and that 
have endurances ranging from the Group-1 UAS Prototype Program Initiative (GUPPI) (less 
than an hour) to the MQ-9 (more than 24 hours). We discuss these programs next. 

The USCG is interested in UASs that can remain on station for extended periods, expand 
maritime domain awareness, and disseminate actionable intelligence on maritime hazards and 
threats. Building on developmental work by other uniformed services and federal agencies, the 
USCG is considering UAS solutions that meet cutter-based and land-based requirements. The 
USCG has focused its UAS acquisition efforts on evaluating technologically mature, affordable 
systems, seeking commonality with DHS and DoD programs, and applying other agencies’ UAS 
experience. Cutter-based UASs are considered part of the force package for major cutters, 
including the national security cutter (NSC) and the planned offshore patrol cutter (OPC). The 
USCG has established a non–major acquisition program to acquire small-UAS (sUAS) capability 
for the service’s NSC fleet. To minimize acquisition risk, the USCG obtained sUAS capability 
on one NSC during the analyze-and-select phase of the acquisition via an existing multiple-
award contract executed by the Naval Air Systems Command. The initial order awarded to Insitu 
on June 24, 2016, includes operation, integration, maintenance, and sparing of a contractor-
owned ScanEagle sUAS on one NSC—the Coast Guard Cutter Stratton—for one year. The 

 
31 Acquisition Directorate, undated a. 
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award includes options for deployment of and data from the sUAS for up to three additional 
years beyond the baseline year. The USCG will have full ownership of the surveillance data 
obtained. It has validated a mission need for land-based UASs to significantly enhance ocean 
surveillance in support of the service’s operations. USCG land-based UAS flight crews are 
jointly operating a maritime-variant Predator UAS (Guardian) on maritime missions with U.S. 
Customs and Border Protection (CBP) to enhance the USCG’s understanding of potential land-
based UAS solutions and support the development of a land-based UAS requirement package. 

The USCG is acquiring sUAS capability as a cost-effective strategy to expand the 
surveillance range of NSCs, using technology that can remain airborne for at least 12 continuous 
hours per flight. The sUAS will conduct surveillance, detection, classification, and identification 
operations; it will also support prosecution by providing real-time imagery, data, target 
illumination, communication relay, and other capabilities to the NSC and other government 
platforms as needed. The infrastructure installation needed to accommodate sUAS integration 
began on the Coast Guard Cutter Stratton in April 2018. Installation of sUAS hardware 
continued on the Coast Guard Cutter James in the fall of 2018 and on cutters Munro and Bertholf 
in 2019. 

GUPPI 

In 2018, the USCG announced GUPPI as a mechanism for testing use of short-range UASs in 
the fleet while developing a sustainable program of record.32 The USCG is currently testing the 
usefulness of person-portable, hand-launched sUASs of limited range and endurance for inshore 
port surveillance, response, marine safety, and marine inspection activities to enhance maritime 
domain awareness, reduce response times, and save person-hours. Currently, this type of UAS is 
being tested and employed to enhance capabilities of those standing on shore or on the deck of a 
small boat but is not being evaluated as a manned aircraft replacement. Therefore, the GUPPI 
program or other person-portable UAS is not within the scope of this research.33 

ScanEagle, a Medium-Range UAS 

Cutter-based UASs are considered part of the force package for major cutters, including the 
NSC and the planned OPC. The initial operating capability of medium-range UASs includes 
operation, integration, maintenance, and sparing of a contractor-owned and -operated ScanEagle 
on all NSCs. The ScanEagle requires a catapult launch and line capture system, weighs up to 80 
lb., and has an endurance of 12 or more hours. The contract award for procurement of this 
capability on three NSCs and options to outfit the rest of the NSC fleet in future years was made 
in June 2018. 

 
32 USCG, “Authorized Use of Coast Guard Unmanned Aircraft Systems,” All Coast Guard Bulletin 004/18, January 
2018a. 
33 Although we discuss GUPPI here, its smallness and the shortness of its endurance make it nonviable to include in 
this analysis. We present the program specifics here but do not include GUPPI in any future fleet options to analyze. 
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The MQ-9 Guardian, a Long-Range UAS 

The land-based long-range UAS (LUAS) has been validated as a mission need to 
significantly enhance ocean surveillance in support of the service’s offshore operations. CBP Air 
and Marine Operations and the USCG established a joint program office in 2008 under which 
land-based UAS flight crews are jointly operating the maritime-variant Predator UAS (the MQ-9 
Guardian) on maritime missions to enhance the USCG’s understanding of potential land-based 
UAS solutions and support the development of a land-based UAS requirement package. The 
MQ-9 is runway dependent and is capable of 24-hour surveillance. 

Future Rotary-Wing Alternatives 

Because the existing fleet of USCG helicopters is going to reach the end of its life in the next 
ten to 15 years, we considered two future RW alternatives in this analysis. We base these two 
future alternatives on the two helicopters currently in operation with the USCG: the MH-65 and 
the MH-60. We call these alternatives the next-generation light helicopter (NGLH) and next-
generation medium helicopter (NGMH). The MH-65 and MH-60 provide a fairly wide variety of 
capabilities to cover USCG missions. According to SME interviews and examination of aviation 
activity data, or recent demand, helicopters smaller than the MH-65 are not likely to be good 
options for future operations. Platforms significantly larger than the MH-60 also do not appear to 
be promising candidates for typical USCG missions. Therefore, we focused on the MH-65–to–
MH-60 size class for future helicopter options. Using the performance data that we have for 
these two current-generation helicopters, we estimated how new helicopters in these size classes 
with similar characteristics and updated technology (primary engines) would perform. We 
considered decreases in brake-specific fuel consumption (BSFC) (i.e., increases in specific 
range) and reductions in operational empty weight as the primary differences that would result 
from a new-technology helicopter. After considering a variety of sources, we settled on a 
10-percent increase in specific range for both helicopters and assumed that there would be 
essentially no change in empty weight. We believe that 10 percent is a good estimate for 
improved engine technology and is on the conservative side, based on current work and stated 
expectations.34 We assumed that empty weight would stay essentially unchanged. Although we 
expect that advanced materials could reduce structural weight, helicopter empty weight often 
increases from generation to generation. In some cases, an increase in empty weight is the result 
of better avionics and other improvements, but it can also result from heavier transmissions and 

 
34 The Army’s Improved Turbine Engine Program has a stated goal of achieving 25-percent fuel-efficiency 
improvement in its next Apache and Black Hawk engine (GE Aviation, “New Beginning,” undated). The Arrano 
engine line, the eventual replacement of the Arriel, was designed and has reportedly achieved 10- to 15-percent 
improvements in fuel efficiency (Safran, “Arrano at Full Power,” undated). According to a Turbomeca working 
paper provided to the authors, the reduction in maximum takeoff power BSFC between Arriel generations 1 and 2 
was approximately 3 percent. Arriel 2E is estimated to have 2-percent better BSFC than 2B; 2C is currently on the 
MH-65 (“Arriel 2D: The New Standard from Turbomeca,” Helicopter Maintenance, June 1, 2012). 
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other components required for more-powerful engines. Therefore, we decided that we would 
assume that the next-generation helicopters in these weight classes would have the same empty 
weights as our existing alternatives. 

Assessing the Performance of Each Aircraft Alternative 
The next step in the analysis was to determine how each aircraft alternative does in each of 

the M-Ts discussed earlier. As discussed in Chapter 2, some M-Ts can be completed by only 
certain types of aircraft. For example, if an M-T requires a hoist, only RW aircraft can perform 
that M-T. For all M-Ts that can be done by a particular aircraft type, we estimated the number of 
aircraft and FHs required to accomplish that M-T for each of the aircraft alternatives. 

Depending on the aircraft alternative, we used one of several approaches to model 
performance. Our preferred approach was to use the official USCG performance manual, 
typically called the –1 (“dash-one”). These engineering-level performance manuals provide 
detailed data on all aspects of the aircraft’s flight. We can compute the amount of fuel burned 
and the time required for all available flying conditions (speed and altitude). Furthermore, these 
performance manuals identify key flight parameters, such as best-range cruise and maximum 
endurance at various conditions, that are often desired operational levels and important in 
determining an aircraft’s performance accomplishing a particular mission. Performance manuals 
exist and were available for all existing USCG aircraft (FW and RW) in the fleet. 

For the new-aircraft alternatives (future helicopters and UASs), we used one of two 
approaches to determine the performance of these alternatives for each M-T that can be 
performed. For the new helicopters (NGLHs and NGMHs), we extrapolated the performance of 
the current generation of helicopters by increasing specific range (nautical miles per pound of 
fuel) by 10 percent. Furthermore, we enhanced the sensor capability to that currently on the 
USCG FW fleet allowing these helicopters to perform more effectively at the range of M-Ts than 
the current generation of USCG RW aircraft. Because detailed performance information was not 
available for the UASs analyzed, we used an approach with far less fidelity than the performance 
manual approach discussed above. For the UASs analyzed, we used estimates of the speeds, 
endurance, and sensor capabilities to quantify the area that could be surveilled over specific 
times and determined the number of aircraft and hours required to accomplish each of the M-Ts. 

The tables in Appendix D show the numbers of aircraft and hours for each of those aircraft 
required to accomplish each of the M-Ts in our analysis. These tables provide the operational 
comparison for each aircraft in our analysis and were the aircraft performance input into the 
CAFÉ model. 

Future Fleets 
In this section, we identify the alternative future fleets that we considered in this analysis. 

These fleets are composed of sets of future aircraft alternatives that spanned a variety of possible 
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future fleet postures, with enough variety in their composition to indicate which flavors of fleets 
look most viable. Table 3.2 shows the existing USCG fleet and the 16 alternative future fleets for 
2035 we considered in this analysis. The first data column of the table shows the 2019 USCG 
fleet. The alternative future fleets are based on various extrapolations from the Current fleet. In 
all cases, they represent the total fleet, including those in depot-level maintenance. Table 3.3 
shows the number of operational aircraft for each future fleet. Like the Current fleet, the future 
fleets represent a “snapshot,” rather than an acquisition strategy or quantity, which would need to 
consider such things as aircraft attrition (especially for UASs). Appendix A provides details on 
the assumed operational fleet numbers. The main similarity among all future fleets is that we 
assumed in all cases that the HC-130Hs would be phased out. Again, the Current fleet represents 
the laydown as of May 2019 shown in Figure 1.1 in Chapter 1. 
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Table 3.2. Future Fleet Options: Total Aircraft 

Aircraft Current Low Investment 

Base + UAS RW Offset 

Transition 

Many of Few Super UAS Limited-Buy UAS RW Recap RW Recap + UAS 

1 2  1 2 1 2 1 2 1 2 1 2 1 2 

MH-65 98 31 94 94 — — 31 — — 41 — — — — — — — 

NGLH
a
 — — — — 31 31 31 — — — — — — 91 29 29 29 

MH-60 45 82 52 52 52 52 52 — — 52 62 82 82 — — — — 

NGMH
a
 — — — — — — 52 109 109 — — — — 52 93 93 93 

HC-130H 14 — — — — — — — — — — — — — — — — 

HC-130J 11 26 31 31 25 25 41 35 35 22 22 22 22 25 25 25 25 

HC-27 14 — 14 14 14 14 14 — — — — 14 14 14 14 — — 

HC-144 18 — 18 18 18 18 18 — — — — — — 18 18 18 18 

MUAS
b,c

 — — — 205 134 205 — — 212 — 410 103 205 — — 134 212 

LUAS
b
 — — 41 — 10 — — 23 — 103 103 21 21 — — 10 — 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: MUAS = medium-range UAS. 

a
 The new-aircraft builds assume a modest increase (i.e., 10 percent) in performance. 

b
 UASs are modeled to lower level of fidelity than other aircraft (e.g., range, time on station, altitude). 

c
 MUASs procured for the NSC or OPC would be in addition to the numbers here. 
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Table 3.3. Future Fleet Options: Operational Aircraft 

Aircraft Current Low Investment 

Base + UAS RW Offset 

Transition 

Many of Few Super UAS Limited-Buy UAS RW Recap RW Recap + UAS 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 

MH-65 89 27 82 82 — — 27 — — 36 — — — — — — — 

NGLH — — — — 27 27 27 — — — — — — 80 25 25 25 

MH-60 38 72 45 45 45 45 45 — — 45 54 72 72 — — — — 

NGMH — — — — — — 45 95 95 — — — — 45 81 81 81 

HC-130H 12 — — — — — — — — — — — — — — — — 

HC-130J 9 22 27 27 22 22 36 30 30 19 19 19 19 22 22 22 22 

HC-27 9 — 12 12 12 12 12 — — — — 12 12 12 12 — — 

HC-144 12 — 16 16 16 16 16 — — — — — — 16 16 16 16 

MUAS — — — 180 — 180 — — 186 — 360 90 180 — — 117 186 

LUAS — — 36 — 8 — — 20 — 90 90 18 18 — — 8 — 

SOURCE: Current fleet information from CG-711 data provided to the authors. 
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Low Investment 

The first future fleet we considered does little to replace the aging of the Current fleet, which 
means fewer RW aircraft. It is an evolutionary fleet alternative from the Current fleet in which 
the MH-65 is drawn down as it continues to age. Further, the older FW aircraft are phased out to 
reduce the number of aircraft variants and therefore overall costs of maintaining different types 
of aircraft in the USCG inventory. We assumed that, to replace this lost capability, the USCG 
could maintain its MH-60s and get additional MH-60s from the U.S. Navy. The FW capability in 
this fleet is composed entirely of a limited number of HC-130Js that replace today’s remaining 
HC-130Hs. 

Base + UAS 1 and 2 

The Base + UAS fleets are expected to be much more capable and more expensive than the 
Low Investment fleet. These fleets seek to maintain as much of the existing aircraft and 
capability as possible from the Current fleet while adding a small number of UASs to the mix. In 
all cases, we assumed that the HC-130J acquisition continues and that either a medium- or large-
UAS capability is added in significant numbers by the 2035 time frame. These fleets also assume 
receiving a small number of MH-60Ts from the U.S. Navy to make up for the lost RW capability 
as the MH-65s reach end-of-life retirements. The main analytic difference in these two fleets is 
being able to explore the implications of a fleet with a relatively limited number of very capable 
LUASs versus a fleet of more-modest MUASs in greater numbers. Overall, these two fleets are a 
couple of the more-capable alternative fleets we examined. Further, these fleets are limited in 
their risk because we maintained and added to the existing aircraft fleets while incorporating a 
limited number of UASs into the mix. 

Rotary-Wing Offsets 1 and 2 

The RW Offset fleets are very similar to the Base + UAS fleets in that we maintained much 
of the existing aircraft capability and added a small number of UASs. The main difference 
between these two fleet types is that the RW Offset fleets assume that the MH-65 end-of-life 
issues are more severe than anticipated and they are phased out sooner. This fleet assumes that a 
new light RW capability (the NGLH) is acquired to begin the replacement of the MH-65 
capability along with a few additional MH-60s. For the RW Offset fleet, we assumed that the 
HC-130J buy would be curtailed slightly to make room in the acquisition budget for some 
NGLHs. We used these fleet options to explore the potential of using UASs to replace capability 
lost by reducing the overall RW fleet and examine the total RW capability required to meet 
future demand. In both cases, the UAS additions follow the same principle as the previous fleet 
evaluated but with fewer LUASs and MUASs than in RW Offsets 1 and 2. 
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Transition 

The Transition fleet enabled us to examine moving from the existing set of RW aircraft 
facing end-of-life issues to a fleet of new helicopters with very similar capabilities. In this fleet, 
we have both new and old helicopters. This fleet also continues the current HC-130J acquisition 
pace of about three aircraft every two years to the 2035 time frame, resulting in a total fleet of 
approximately 40 HC-130Js.35 All other FW capability is maintained. This fleet does not have 
any UAS capability. This fleet could be thought of as somewhat of an evolutionary fleet in 2035 
consisting of much of the same capability of the existing USCG fleet but replacing old aircraft 
with new aircraft with similar capabilities and with more of them. 

Many of Few 1 and 2 

The two alternative Many of Few fleets deal with end-of-life issues by replacing lost 
capabilities while limiting the number of types of aircraft the USCG will fly. Here, we explored 
the possibility of rapidly transitioning from the Current fleet of aircraft to a fleet composed 
primarily of new aircraft in fairly large numbers but, to reduce the cost of maintaining the overall 
fleet, with few aircraft types. With the Many of Few fleets, we looked at replacing both existing 
helicopters with next-generation helicopters and all FW aircraft with the HC-130J. This fleet 
transitions all RW aircraft to a new helicopter based on the MH-60 (the NGMH). Furthermore, 
the HC-130J buy is modestly expanded, which results in approximately 35 HC-130Js and retiring 
all other FW aircraft. This fleet should have reduced O&S costs because of the limited number of 
aircraft variants along with it being a fairly young fleet. We analyzed two UAS fleets: The first 
consisted of multiple LUASs, and the second consisted of more MUASs. We examined these 
fleets for the possibility of replacing the fleets’ capability lost to their ends of life with a new 
UAS capability while keeping the aircraft types to a minimum. 

Super UAS 1 and 2 

The Super UAS fleets consider the possibility of replacing the capability lost to end-of-life 
considerations primarily with a UAS capability. With these fleets, we looked to transition to a 
heavy UAS fleet to meet the most or all of the surveillance mission while maintaining only a 
limited manned FW and RW fleet to conduct rescues, drops, and logistics mission. With Super 
UAS 1, we assumed that about half of the MH-65s remain and increased the MH-60 fleet 
modestly by taking on a few additional U.S. Navy MH-60Ts. The older FW aircraft are retired, 
and a few additional HC-130Js are acquired. The main difference is that many LUASs are 
acquired. Super UAS 2 is similar to Super UAS 1, but, with 2, we assumed that all MH-65s are 
retired, ten additional MH-60Ts are added, and a large number of MUASs are added along with 

 
35 The exact number depends on the assumption about how many aircraft are typically in depot maintenance at a 
given time. We have adjusted these numbers based on various estimates. More details are provided in Appendix A. 
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the LUASs added in Super UAS 1. This Super UAS fleet option provides a glimpse into what 
might be the most-optimal mix between UASs and manned (FW and RW) aircraft to meet 
various future demand scenarios. 

Limited-Buy UAS 1 and 2 

The Limited-Buy UAS fleet is very similar to the Super UAS fleet but with far fewer UASs. 
With these fleets, we considered the possibility that the USCG could procure UASs in only 
relatively modest numbers. These two fleets are more in line with USCG plans and expectations 
regarding UAS procurements. Both fleets have approximately 20 large UASs, while Limited-
Buy UAS 1 has approximately 100 MUASs and Limited-Buy UAS 2 has 200 MUASs. Like with 
the Super UAS fleets, we assumed that only a few additional HC-130Js are acquired. To make up 
for the much smaller UAS fleet, we assumed that additional MH-60s would be procured, for a 
total of 80 aircraft, and that all HC-27s would be retained. The Limited-Buy UAS fleet is a 
middle option between maintaining a significant manned aircraft capability and adding two types 
of UAS to the mix. 

Rotary-Wing Recapitalization 

The RW Recapitalization fleets are, as the name suggests, composed of completely new RW 
assets of both NGLH and NGMH types, although in different numbers and ratios. RW Recap 1 
represents a ratio and number similar to the Current fleet’s split between light- and medium-
weight RW assets. In this fleet, the MH-65s are replaced by a similar number of NGLHs, and the 
MH-60s are replaced with a similar number of NGMHs. In RW Recap 2, the fleet shifts toward 
more medium-weight RW aircraft (MH-60 replacement) by recapitalizing both the MH-60 and 
the MH-65 with the NGMH, while the NGLHs that are procured in this fleet option are generally 
reserved for only special missions. As a result, the total number of helicopters in RW Recap 1 is 
similar to that of the Current fleet, while RW Recap 2 has fewer helicopters than the Current 
fleet because the NGMH is more capable than the MH-65; we set them up this way to see 
whether this trade-off to more NGMHs provides additional value. The FW assets remain similar 
to those in many of the other fleets, such as RW Offset and Base + UAS. However, the RW 
Recap fleets do not include any UASs. In this sense, the RW Recap fleets are largely similar to 
the Current fleet with the addition of the recapitalization of the RW assets and the completion of 
the transition to the HC-130J. 

Rotary-Wing Recapitalization + UAS 

The RW Recapitalization + UAS fleets are identical to the Rotary-Wing Recap 2 fleet 
described previously but with the addition of UASs, offset by the elimination of the HC-27 fleet. 
We included these fleets to explore whether a decrease in the FW fleet could be offset with the 
addition of UASs. With RW Recap + UAS 2, we explored whether a fleet composed only of 
MUASs could offset the reduction in RW aircraft while, with the RW Recap + UAS 1 fleet, we 
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evaluated a mixed-UAS fleet by including a few LUASs with a smaller number of MUASs than 
in the RW Recap + UAS 2 fleet. Again, both RW Recap + UAS fleets consist of more medium-
weight and fewer lightweight RW assets than the Current fleet has. 

Closing Remark on Transitioning to Future Fleets 

The different future alternative fleets clearly have different levels of risk and cost to 
transition. Fleets that are more similar to the Current fleet are likely lower risk but are by no 
means without risk: Unanticipated issues can arise that shorten expected aircraft life or could 
result in fleet-wide grounding events. Fleets with greater numbers of new aircraft (UASs or the 
new RW alternatives) are likely higher risk and could result in issues during transition due to 
schedule delays and potential cost overruns. That issue is outside the scope of this work but 
should be evaluated in terms of reducing USCG risk and vulnerability during any transition to a 
different fleet. 
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4. Analysis of Aircraft Fleet Costs 

This chapter is divided into two parts. The first half provides a description of the aircraft cost 
ground rules and assumptions and the quantitative methods applied for estimating the relative 
annual O&S costs used for assessing the relative sustainment cost. These values determine the 
performance effectiveness differences of the current USCG fleet mix of RW and FW aircraft 
compared with ten alternative fleet mixes of existing aircraft, upgraded helicopters (i.e., NGMHs 
and NGLHs), and new medium to large classes of UASs (i.e., MUASs and LUASs), as described 
in Chapter 3 and listed in Table 3.3. 

In addition to discussing the basis for the fixed O&S costs per aircraft and the variable O&S 
costs per FH (CPFHs) per aircraft covered in this chapter, we include and account for the impact 
of the USCG’s current and planned acquisition investments for, among other things, upgrading 
mission equipment and cockpits, extending the service life of the Current fleet, and recapitalizing 
the future fleet by procuring additional modernized HC-27s and HC-130Js and next-generation 
upgraded helicopters and UASs. Appendix B provides further details on the USCG’s acquisition 
investments for each of the FW and RW aircraft in the Current fleet and the basis of estimating 
the costs for acquiring fleet numbers of LUASs and MUASs. 

Fleet Aircraft Operations and Support Costs 

Ground Rules and Assumptions for Estimating 

The representative fiscal year time frame varies for the buildup of the operational numbers 
needed for each alternative fleet mix of upgraded helicopters or new UASs when compared with 
the Current fleet. As a result, we normalized all total annual O&S cost estimates to FY 2019 
constant dollars to compare relative differences without the impacts of escalating costs across 
different annual expenditure timelines. 

Each USCG-unique current model series of FW and RW aircraft—planned or proposed 
helicopter or new MUAS or LUAS—is assumed to incur annual fixed and variable costs. The 
fixed operations annual cost consistent with USCG cost accounting practices is based on the 
average number of pilots and aircrew staffing and associated direct labor costs per aircraft. 

Variable Operations and Support Costs 

The variable O&S costs incurred for fuel consumption, repair parts, spares, maintenance, and 
other logistics-related functions are driven by differences in annual total FHs for performing 
different USCG missions, along with training flights. Within any given fiscal year, USCG 
aircraft fleet demand and FHs can vary and can be from increased LE missions, more disaster-
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related SAR and logistics missions, higher terrorist attack defensive missions, increased 
international or interagency support, and deicing missions in arctic waters, for example. 

We collected relevant aircraft O&S cost and FH data reporting from several key USCG data 
sources. The ALMIS database described in Chapters 1 and 2 is the primary source we used for 
capturing total annual actual FHs flown in FY 2015 and FY 2016 for the existing FW and RW 
aircraft fleet. 

One of the primary USCG aviation O&S cost elements for which we collected data is for 
Allowance Funding Code (AFC) 41, aircraft maintenance costs across the fleet. AFC-41 is 
managed and maintained by the Resource Management Division in the Office of Aeronautical 
Engineering, Commandant. The division is responsible for USCG aircraft planning, 
programming, budgeting, execution, and evaluation of aircraft maintenance appropriation 
funding. 

AFC-41 includes the aircraft maintenance CPFHs reported for each of the existing USCG 
aircraft across an operating unit’s field, intermediate, and depot level of maintenance, covering 
the following:36 

• management of operating unit–level locations’ field parts supply inventory levels 
• aeronautical engineering contractual technical services 
• transportation for shipment of aircraft or aeronautical material parts and equipment across 

maintenance levels 
• intermediate and depot-level maintenance, materials, services, and consumable parts 

supplies necessary for the modification, repair, and logistics support of aircraft 
equipment, including avionics 

• depot-level aeronautical engineering logistics support maintenance, which includes 
calibration and minor repair of test equipment and special tools and repair and 
maintenance of ground support equipment. 

We also include AFC-30 operations and maintenance (O&M) CPFH expenses reported for 
aircraft operating unit–level aircraft parts, consumable supplies, and ordnance. AFC-30 also 
includes allocated CPFHs for formal flight-line maintenance training expenses. Fuel 
consumption costs are reported at AFC-30E as a separate operating expense with funds managed 
and distributed by the Office of Financial Management, Commandant (G-CFM) to USCG 
aircraft operating units.37 Fuel consumption costs are reported for each USCG aircraft in the fleet 
in gallons per hour and then multiplied by the Defense Logistics Agency’s JP-8 fuel cost per 
gallon. 

 
36 Assistant Commandant for Resources, USCG, Financial Resource Management Manual (FRMM), Washington, 
D.C., Commandant Instruction M7100.3E, September 20, 2013. 
37 Commandant, USCG, U.S. Coast Guard Logistics Handbook, Washington, D.C., Commandant Instruction 
M4000.2, March 20, 2001. 
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Table 4.1 shows the FHs reported and programmed and the fuel gallons per hour for the four 
FW and two RW aircraft in the USCG fleet. The bottom panel of the table lists FY 2015–2017 
O&S CPFHs (in constant FY 2019 dollars) for each of the four cost elements. 

Table 4.1. USCG Aircraft Fleet Numbers, Flying Hours, and O&S Cost per Flying Hour 

Measure HC-130H HC-130J HC-144 HC-27 MH-60 MH-65 
Number of aircraft funded for FY 2017 13 7.25 16 5 38 90 

FY 2017 programmed rate, in hours per year per aircrafta 800 800 1,000 1,000 700 645 

FY 2017 augmented fleet FHsa 1,283b 0 0 250c 490d 860e 

FY 2017 total programmed aircraft fleet hours 11,683 5,800 16,000 5,250 25,865 58,910 

Actual aircraft fleet hours flownf       

FY 2016 11,701 4,067 15,000 1,019 23,922 51,772 

FY 2015 14,461 3,783 13,967 0 23,691 51,512 

Fuel consumption, in gallons per hour 773 640 176 309 173 103 

CPFH, in FY 2019 dollars       

AFC-30E fuelg 1,814 1,502 414 725 405 241 

AFC-30 O&Mh 169 193 134 146 216 128 

AFC-41 variable aircraft maintenancei 2,224 2,385 1,658 2,316 3,066 2,169 

AFC-41 fixed aircraft maintenancej 1,999 1,150 852 1,024 808 837 

Total O&S cost per aircraft 6,206 5,229 3,058 4,212 4,495 3,375 
SOURCE: Office of Aeronautical Engineering, Commandant (CG-41) data provided to the authors. 
NOTE: Discrepancies in totals are due to rounding. 
a The programmed rates and augmented fleet FHs for FY 2017 are from a USCG FY programmed-FH (PFH) fleet 
aircraft spreadsheet provided to HSOAC. Augmented fleet FHs are additional allocated annual FHs that are 
authorized above the annual PFH-per-aircraft rate. 
b The 1,283 HC-130H augmented fleet FHs are based on potential Forest Service support and training, APO and the 
senior air traffic controller’s augment, and similar M-Ts. 
c The 250 HC-27 augmented fleet FHs are based on converting 217 HC-130 FHs from the senior air traffic controller’s 
augment to 250 HC-27 FHs and given to APO for various EO/IR missions. 
d The 490 MH-60 augmented fleet FHs are based on augments from Cape Cod, Elizabeth City, and Mobile for aircraft 
moving in; a decision memo from the commandant to reduce hours from each air station to partially fund a sixth 
MH-60T, and similar documentation. 
e The 860 MH-65 augmented fleet FHs are based on the NCR operations augment, the operational need for 
distances traveled in an area of regard or for advanced helicopter rescue school support to Humbay or from Barbers 
Point. 
f The ALMIS database reports FY 2015 and FY 2016 annual operational hours flown and FY 2017 PFH rates and 
augment fleet FHs per aircraft. 
g Fuel CPFH = fuel consumption, in gallons per hour × JP-8 fuel cost per gallon of $2.35, based on Defense Logistics 
Agency reports. 
h O&M CPGH values for AFC-30 rates were updated in FY 2017. 
i Variable and fixed aircraft maintenance CPFH AFC-41 rates were updated from the Office of Aeronautical 
Engineering, Commandant, in October 2016. 
j HC-27 variable and fixed aircraft maintenance CPFH AFC-41 rates were updated by LCDR James Heller as of a 
July 17, 2019, email to the authors. Given limited FHs, the updated HC-27 O&S CPFHs are based on estimates for 
similar engine parts from the HC-130J and a percentage of the HC-130J’s weight. 
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Fixed Operations and Support Costs 

The total USCG fleet fixed O&S costs per aircraft are based on the staffing levels of the 
representative number of pilots and aircrew assigned per airframe for each of the FW and RW 
operational aircraft at each of the operating units. The fixed O&S cost is calculated by 
multiplying the staffing levels by the pilot and aircrew annual direct labor rates. Table 4.2 
provides the list of USCG fleet O&S costs in constant FY 2019 dollars for each of the four FW 
and two RW aircraft. 

Table 4.2. USCG Aircraft Fleet Fixed O&S Costs 

Measure HC-130H HC-130J HC-144 HC-27 MH-60 MH-65 
Pilots 3 3 5 5 5 4 

Aircrew members 22 25 20 20 15 10 

Total aircrew 25 28 25 25 20 14 

Cost per airframe, in FY 2019 dollars 

Pilota 468,757 468,757 781,262 781,262 781,262 625,010 

Crewb 1,978,870 2,248,716 1,798,980 1,798,980 1,349,230 899,486 

Total aircrew 2,447,627 2,717,473 2,580,242 2,580,242 2,130,492 1,524,496 
SOURCE: CG-41 data provided to the authors. 
a Based on annual direct cost of $156,252. 
b Based on annual direct labor cost of $89,949. 

Total Aircraft Fleet Annual Operations and Support Costs 

Current Candidate Fleet Annual Operations and Support Costs 

For the current and 16 alternative fleet mixes of existing aircraft, upgraded helicopters (i.e., 
NGMHs and NGLHs), and new medium to large classes of UASs (i.e., MUASs and LUASs) 
described in Chapter 3, we have applied the same formula, where 

total fleet annual O&S costs = ∑ (# ∗ (%& + () )) 
+ = the number of unique FW, RW, and UAS model series aircraft in the fleet 
# = operational quantity 
& = annual FHs per aircraft 
%	= adjusted revised variable O&S CPFH per aircraft 
( = fixed O&S cost per aircraft. 
Because the framework of O&S cost–mission performance effectiveness analyses and 

metrics account for sustainment costs over an infinite horizon, the USCG’s previous fiscal year–
to–current FY 2020 and beyond requested acquisition investment in procurement and 
improvement funds has a direct quantitative impact on changes to the variable O&S per-aircraft 
per-FH values listed in the last row of Table 4.1. 
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Table 4.3 lists the operational quantity, #, annual FHs per aircraft, &, for the Current fleet 
annual O&S costs in constant FY 2019 dollars. In addition to the variable O&S CPFH per 
aircraft listed, revised variable O&S costs per aircraft are added to the values listed in Table 4.1 
for three of the four FW aircraft and the two RW aircraft. The higher set of revised variable O&S 
costs account for the USCG acquisition investment in the 

• amortized annual average procurement improvement CPFH per aircraft for extending the 
service life or modernizing the mission equipment and cockpits for the existing aircraft 

• recapitalization investment of the additional HC-27J and HC-130J aircraft in the fleet and 
the associated amortized average procurement unit CPFH. 

Table 4.3. USCG Current Total Aircraft Fleet O&S Costs 

USCG 
Aircraft 
Fleet 

CPFH per Aircraft, in FY 2019 Dollars Annual 
Fleet FHs 

per 
Aircraft 

(X)b 

Fixed O&S 
Cost per 

Aircraft, in FY 
2019 Dollars 

(b)c 

Current 
Operational 
Number (Y)d 

Total Fleet 
Annual O&S 

Cost, in 
Millions of FY 
2019 Dollars 

Average 
Variable 
O&S (M) 

Amortized 
Annual 

Acquisition 

Revised 
Average 
Variable 
O&S (m)a 

MH-65 3,375 843e 4,218 645 1,524,497 89 378 

MH-60 4,495 60f 4,555 700 2,130,492 38 202 

HC-130H 6,206 0 6,206 800 2,447,628 12 89 

HC-130J 5,229 2,862g 8,091 800 2,717,474 9 83 

HC-27J 4,212 979h 5,191 1,000 2,580,242 9 70 

HC-144 3,058 94i 3,152 1,000 2,580,242 14 80 
SOURCE: CG-41 data provided to the authors. 
a The revised variable O&S CPFHs per aircraft are adjusted to account for the additional amortized annual acquisition 
CPFH per aircraft for the USCG total acquisition cost investment commitment (in FY 2019 dollars) as an increase 
over the previous variable O&S CPFH-per-aircraft values listed in Table 4.1. 
b Annual fleet FHs listed are the same values reported as the FY 2017 PFHs for the four FW and two RW aircraft 
listed in Table 4.1. These are the same annual FH values listed as the maximum yearly FHs available per airframe, 
by aircraft type, in Appendix A details discussed for the CAFÉ model. 
c The fixed O&S costs per aircraft are the same values listed in Table 4.2. 
d The operational quantities are the same numbers listed in the current candidate fleet column of the Y input variable 
numbers listed in Table A.4 and are used as one set of input parameters in the CAFÉ model described in Appendix 
A. The other set of operational numbers for each of the other ten alternative fleets listed by column is also included in 
Table A.4. 
e The amortized acquisition cost is based on the MH-65 fleet SLEP upgrades of 92 out of 98 legacy aircraft extending 
the service life of each helicopter by 10,000 hours. 
f The amortized acquisition cost is based on the MH-60T fleet SLEP upgrades to extend the service life of each 
helicopter by another 20,000 hours. 
g The amortized acquisition cost is based on HC-130J mission system modernization of seven out of 13 existing FW 
aircraft and recapitalization of the fleet with the procurement of four additional aircraft. 
h The amortized acquisition cost is based on the HC-27J modernization and upgrade of six out of nine existing FW 
aircraft and the recapitalization of the fleet with the procurement of 14 additional missionized aircraft. 
i The amortized acquisition cost is based on the HC-144A conversion and modernization. 

 
Additional details on the assumptions and the basis of the estimates for the amortized 

acquisition costs for the Current fleet are provided in Appendix B, with the cost details 
summarized in Table B.1. 
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For purposes of comparing the total fleet O&S cost estimates and performance outputs of the 
CAFÉ model results across the Current and 16 candidate alternative fleets described in Chapter 
3, we normalize the costs of the Current fleet in each demand scenario to 1.0 based on the values 
presented in Table 4.3. 

The total fleet annual O&S cost of $902 million in constant FY 2019 dollars is based on the 
revised variable O&S CPFH per aircraft listed in Table 4.3 and the fixed O&S cost per aircraft 
listed in Table 4.2, applied to the formula above. The FY 2019 total fleet annual O&S cost 
accounts for the USCG aircraft procurement and improvement previous through current annual 
budgets for mission equipment upgrades, cockpit improvements, and service-life extension 
retrofit programs across the existing fleet of HC-144, HC-27, and HC-130J FW and MH-60 and 
MH-65 RW aircraft. Further acquisition details are provided in Appendix B. 

For comparison, a summary of the total fleet O&S cost for FY 2017 along with the previous 
total costs (all in constant FY 2019 dollars) for FY 2015 and FY 2016 are displayed in Figure 4.1 
for each of the four FW and two RW aircraft. The total fleet O&S costs for FY 2017 are 3 and 6 
percent higher, respectively, than the FY 2015 and FY 2016 costs. 

Figure 4.1. USCG FY 2015–2017 O&S Costs, in Millions of Constant FY 2019 Dollars 

 

SOURCE: CG-41 data provided to the authors. 

Alternative-Fleet Annual Operations and Support Costs for New-Aircraft Replacement 

As discussed in Chapter 3, five of the ten alternative fleets considered phasing in one or two 
new RW aircraft: NGLHs as a higher–engine performance helicopter replacement candidate for 
MH-65s and NGMHs as a higher–engine performance helicopter replacement candidate for 
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MH-60s. In addition, eight of the ten alternative fleets considering expanding the USCG force to 
include MUASs and LUASs. 

The O&S costs for LUASs are based on rough-order-of-magnitude (ROM) analog estimating 
purposes as similar to the size of the Guardian (modified Predator B) UAS. The O&S costs for 
smaller-class UASs (MUASs) are based on ROM analogs as similar to the size of the ScanEagle. 

Table 4.4 provides a list of our estimates of the O&S CPFH per aircraft and O&S fixed cost 
per aircraft for each of the four candidate aircraft. For the purposes of applying the same O&S 
cost equation above, we also included an operational number column of a to-be-inserted set of 
values and a total fleet annual O&S cost column of a to-be-computed set of values. The table 
notes include details on the specific estimating assumptions and bases of estimates for each of 
these four aircraft. 
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Table 4.4. USCG Candidates for Aircraft Alternative Fleet O&S Costs 

Alternative 
Fleet Aircrafta 

CPFH per Aircraft, in FY 2019 Dollars Annual 
Fleet FHs 

(X)b 

Fixed O&S Cost Per 
Aircraft, in FY 2019 

Dollars (b) 
Variable 
O&S (M) 

Amortized Annual 
Acquisition 

Revised Average 
Variable O&S (m)a 

NGLH 3,375c 1,360d 4,735 700 1,524,497c 

NGMH 4,495e 1,621f 6,116 750 2,130,492e 

LUAS 3,091g 1,750h 4,841 1,000 2,244,090i 

MUAS 750j 63k 813 1,000 605,997j 
SOURCE: CG-41 data provided to the authors. 
a The new next-generation RW aircraft and UASs proposed for the alternative fleet are procured based on an 
assumed service lifetime of 20,000 FHs. 
b Annual fleet FHs listed are the same input values listed in Table A.2 as the assumed maximum yearly FHs available 
per airframe, by aircraft type, in Appendix A for the four new candidate aircraft along with other parametric inputs for 
the CAFÉ model discussed in that appendix. 
c Given limited available details and lack of available cost data, we assumed that NGLH replacement-helicopter 
variable O&S CPFHs per aircraft are relatively close to the same MH-65 costs listed in Table 4.1 and that the fixed 
O&S costs per aircraft are relatively close to the same MH-65 costs listed in Table 4.2. 
d The amortized acquisition cost for the NGLH is based on an average unit cost estimated at $27.2 million (FY 2019 
dollars) for a next-generation version of the MH-65 Eurocopter AS365 Dauphin helicopter with SLEP upgrades added 
to the unit cost. 
e Given limited available details and lack of available cost data, we assumed that NGMH replacement-helicopter 
variable O&S CPFHs per aircraft are relatively close to the same MH-60 costs listed in Table 4.1 and that the fixed 
O&S costs per aircraft are relatively close to the same MH-60 costs listed in Table 4.2. 
f The amortized acquisition for the NGMH is based on an average unit cost estimated at $32.4 million (FY 2019 
dollars) for a next-generation version of the Sikorsky MH-60 with same SLEP upgrades added to the unit cost. 
g Because the Guardian is a modified Predator, which is a scaled-up earlier version of the MQ-1 UAS previously 
acquired by the U.S. Air Force (USAF) and is similar to the larger USAF MQ-9 Reaper, we based the variable O&S 
CPFH estimate cited for the MQ-9 in the latest Reaper USAF FY 2017 annual selected acquisition report (USAF, 
MQ-9 Reaper Unmanned Aircraft System (MQ-9 Reaper) as of FY 2017 President’s Budget, December 2015b). 
h The amortized acquisition cost for the LUAS Guardian is based on an average ROM unit cost estimated at 
$35 million (FY 2019 dollars) based on the USAF total buy quantity of MQ-9s cited in the latest Reaper selected 
acquisition report. 
i The fixed O&S cost per LUAS assumes that an average estimated four MUAS-trained ground pilots and an aircrew 
of approximately 18 are needed per air vehicle for 24/7 operations. The fixed O&S cost is computed based on (1) the 
unit-level manpower estimate cited for the MQ-9 Reaper in the USAF Reaper FY 2017 annual selected acquisition 
report (USAF, 2015b) escalated to FY 2019 constant dollars and (2) the same USCG pilot and aircrew annual direct 
labor cost of $156,252 and $89,949, respectively, in FY 2019 dollars, as listed in Table 4.2. The UAS-trained 
remotely operating pilots and aircrew are at the launch and recovery ground station, as well as mission control 
stations for routing and tasking sensors during flights. 
j The ScanEagle variable O&S CPFH per air vehicle is based on adding an allocated 25-percent portion of the system 
cost for maintaining the ScanEagles’ compact Mark 4 launcher for maritime and multi-mission operations, a single-
operator ground control workstation, and the SkyHook runway-independent recovery system for operating four air 
vehicles. The reference cited estimate of approximately $250 per FH per air vehicle for a ScanEagle air vehicle was 
based on an sUAS configured with a simplified version of a mission payload with a commercial off-the-shelf ISR 
camera turret, along with an on-board IR sensor to allow for night-and-day reconnaissance object tracking (Rod 
Davis, “The Design and Development of a Fixed Wing UAS for Use on RAN Patrol Boats,” UNSW Canberra at ADFA 
Journal of Undergraduate Engineering Research, Vol. 2, No. 1, 2009). For USCG maritime surveillance missions, we 
adjusted the ScanEagle estimate by a factor of 3 to $750 per FH based on our best engineering judgment of the 
additive total systems’ cost needed for maintaining an sUAS with a more-complex and higher-performance mission 
system configured as an example with an on-board visual detection and ranging (ViDAR) system. (The United 
Kingdom Royal Navy and the Singapore Navy have both configured ScanEagle air vehicles with ViDAR, which 
function as an airborne persistent wide-area maritime search system that autonomously detects objects on the ocean 
surface, provides the operator with a detailed image of objects, and provides more than 80 times the area coverage 
of existing EO/IR systems. See Mark Huber, “ScanEagle UAS Offers New Capabilities,” AIN Online, February 3, 
2018.) 
k The amortized acquisition cost for the ScanEagle MUAS is based on an average ROM system unit cost estimated at 
$1.25 million (FY 2019 dollars) based on recent USCG quantity buys and costs cited in Appendix B. 
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The cost–performance analysis described in Chapter 6 through the CAFÉ model considers 
amortized annual acquisition CPFHs per aircraft as part of the total annual O&S costs described 
in this chapter. We provide further details of the proposed new RW aircraft and UAS fleet 
acquisition costs in Appendix B. 
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5. Future Demand Scenario Alternatives 

This chapter presents future demand scenarios that we modeled in the air-fleet effectiveness 
analysis that we describe in Chapter 6. These demand scenarios are intended to represent a 
plausible variety of future mission requirements to evaluate the alternative fleets; none is 
intended as a pinpoint of the future. We assessed each fleet’s performance for each demand 
scenario and collectively across the scenario set. This approach helped us determine how well 
each fleet would allow the USCG to meet a variety of types and levels of potential future 
aviation demand. The aviation fleets vary: Some reflect the existing USCG aircraft inventory and 
operational tempo, some show minor shifts from the Current fleet, and some use fleets that are 
vastly different from today’s fleet. These changes can act as a proxy to help us evaluate how 
future fleet performance might evolve over time. 

Demand Scenario Descriptions 

In addition to Baseline Demand 2017 described in Chapter 2, we used the CAFÉ model to 
analyze five additional demand scenarios through each of the 17 fleets (including the Current 
fleet): 

• Migrants, Fish, and Drugs (MFD) 
• Another 9/11 
• National First Responders 
• We’re Here to Help 
• Rome Burning. 

In this section, we describe each of these in terms of motivation, impact, and the affected 
demand and constraints in the analysis. In the later section of this chapter, we provide some 
comparative statistics. 

Migrants, Fish, and Drugs: Increased Demand for Law Enforcement 

The USCG’s Western Hemisphere Strategy states, “Transnational Organized Crime (TOC) 
networks and the future impacts of climate change will pose new threats to maritime safety, 
security, and efficiency.”38 Economic pressures, geopolitical instability, and violence will 
continue to drive people to seek better living conditions in the United States.39 Illegal, 

 
38 USCG, Western Hemisphere Strategy, Washington, D.C., September 2014c, p. 9. 
39 USCG, 2014c, pp. 16–17. Climatic changes will exacerbate current conditions for many populations living in 
coastal regions. Growing populations, increased poverty, rising sea levels, and more-extreme weather patterns will 
cause greater numbers of refugees and migration. Additionally, changes in the marine environment and increased 
pressure on fishing stocks will force fishing workers to turn to illegal activity. 
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unreported, and unregulated (IUU) fishing is already a global problem that threatens natural 
resources,40 and this scenario presumes that IUU fishing will get much worse as fish stocks 
continue to be affected by climate change.41 This future also envisions a world in which drug 
trafficking organizations continue to ship increasing amounts of drugs across land and maritime 
borders, they continue to evolve to thwart LE efforts, and the public’s will significantly shifts 
and requires that political officials make drug interdiction, prevention, and treatment national 
priorities.42 

To meet increased requirements and mission demand for a future with drastically increased 
demand for LE, the USCG follows an even stronger offensive strategy while building on its 
layered defense to detect and interdict threats far at sea.43 Therefore, the USCG needs offshore 
surface assets with substantial capabilities to surveil, detect, classify, identify, and prosecute 
vessels; deploy land-based AUF assets; and increase support to partner agencies, including CBP, 
JIATF-South, and the U.S. Department of State.44 The USCG also conducts overt air patrolling 
to deter illegal behavior and assist NOAA and the Department of State by enforcing fishery 
regulations at sea and international fishery agreements, such as the United Nations’ high-seas 
driftnet moratorium for the north Pacific.45 

The MFD scenario is reflected in the inputs to the CAFÉ model by the following: 

• Increase Baseline Demand 2017 for all enforcement of laws and treaties (ELT) by 100 
percent. 

• Supply 10.0 AUF-capable aircraft to deploy aboard offshore cutters (use a pool of 20 
aircraft to meet 98-percent availability).46 

 
40 National Oceanic and Atmospheric Administration (NOAA), “Understanding Illegal, Unreported, and 
Unregulated Fishing,” June 28, 2017. 
41 Melissa A. Karp, Jay Peterson, Patrick D. Lynch, and Roger Griffis, eds., Accounting for Shifting Distributions 
and Changing Productivity in the Fishery Management Process: From Detection to Management Action, 
Washington, D.C.: National Marine Fisheries Service, NOAA, Technical Memorandum NMFS-F/SPO-188, 
November 2018. Changing climate would likely result in shifting distributions of species or fish stocks and their 
productivity. It could also result in emerging fisheries, changes to conservation-area boundaries, modified closures, 
and new management regulations. 
42 The current National Drug Control Strategy (Office of National Drug Control Policy, National Drug Control 
Strategy, Washington, D.C.: White House, January 2019) indicates the administration’s recognition that the drug 
crisis is unprecedented and has worsened over several decades. Although LE efforts have been successful at times, 
drug traffickers continue to adapt and refine their techniques to transport illicit drugs across physical borders. 
Cocaine from Colombia, heroin and methamphetamine from Mexico, and multiple land and sea routes into the 
United States make combating drug trafficking incredibly challenging. 
43 USCG, 2014c, pp. 10, 28, 29. The USCG’s authority and capabilities enable it to disrupt criminal elements in 
areas where they are most vulnerable. In addition to its offensive stance toward interdicting transnational organized 
criminal networks at sea, the USCG will interdict or deter all threats as far from U.S. shores as possible. 
44 USCG, 2014c, pp. 35, 50. 
45 USCG, Living Marine Resources: Ocean Guardian, Washington, D.C., c. 2014a, p. 3; USCG, 2014c, p. 46. 
46 For further details on the number of aircraft required to meet a requirement of x aircraft, see Appendix E. 
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Another 9/11: Increased Demand for Ports, Waterways, Coastal Security, and Defense 
Readiness 

Following the terrorist attacks of September 11, 2001, the USCG was part of the United 
States’ largest homeland defense and port security operation since World War II.47 The USCG 
seeks to protect the United States from similar threats delivered by the sea, primarily through its 
PWCS mission but also as part of its DR mission.48 This future scenario envisions a country in 
which violent, mass-casualty attacks are more-regular occurrences in the United States than they 
already are. 

The USCG is the lead federal agency for maritime homeland security49 and responds with 
increased PWCS and DR patrols, prioritizing them over other missions. Attacks with a 
transportation nexus (e.g., Madrid train bombings of 2004, London train bombings of 2005) have 
caused the USCG to focus on PWCS missions in the port environment. To counter terrorist 
threats and protect national assets, both maritime security response teams (MSRTs) need full 
tactical airlift contingents,50 and RWAI capabilities are called for routinely outside the NCR. 

This is reflected in the inputs and constraints to the CAFÉ model by the following: 

• Double Baseline Demand 2017 for all defense operations and readiness. 
• Increase Baseline Demand 2017 for all PWCS subcategories by 33 percent. 
• Keep current RWAI requirements in the NCR, consisting of a pool of six aircraft for a 2.0 

at 98.9-percent availability.51 
• Add one aircraft to the RWAI deployable pool outside the NCR to meet an increased 

need to maintain 1.0 aircraft year-round. 
• Provide MSRT tactical airlift capacity for two locations (i.e., 4.0 ready aircraft at 97 

percent availability at two locations, or 18 total aircraft). 

National First Responders: Increased Disaster SAR and Logistical Support 

In this demand scenario, DHS’s response to disasters has become seamlessly integrated, 
extremely effective, and exceptionally agile. After many years of sustained planning, 
coordination, and continuous improvement, DHS and its component agencies have synchronized 
their disaster planning, plans, preparations, processes, and operations with those of their 
international, federal, state, local, tribal, and nonprofit partners. Furthermore, larger segments of 
the American public have actively embraced the public safety community disaster planning 

 
47 USCG, Doctrine for the U.S. Coast Guard, Coast Guard Publication 1, February 2014b, p. 55. 
48 USCG, Operations, Coast Guard Publication 3-0, February 2012, pp. 4, 5. 
49 U.S. Joint Chiefs of Staff, Homeland Defense, Washington, D.C., Joint Publication 3-27, April 10, 2018, p. I-1. 
50 As explained in USCG, 2012, p. 22, an MSRT consists of an advanced tactical team with specialized capabilities 
for conducting LE and counterterrorism operations. 
51 That is, the USCG needs six aircraft to maintain two Bravo Zero (B-0) aircraft at 98 percent. 
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recommendations. As a result of these trends, DHS and its partners have been able to quickly and 
effectively respond to all kinds of disasters, no matter how big or remote their locations. 

In this scenario, USCG aircrews in or near a domestic or international disaster region 
routinely start rescue operations as soon as it is relatively safe to begin flying. Furthermore, 
USCG aviation personnel and aircraft regularly surge from across the country to a disaster 
region, allowing the service to maintain around-the-clock operations. USCG aircraft consistently 
provide surveillance and logistical support (e.g., supply deliveries, personnel transport) to the 
Federal Emergency Management Agency and state, local, and tribal partners. Finally, in extreme 
situations, USCG aircraft help the U.S. Forest Service and state governments fighting forest fires 
resulting from extreme drought due to dryer weather in some regions of the country. 

This scenario is reflected in the demand for the CAFÉ model by the following: 

• Create three additional contingencies representing surge operations during the summer 
months (e.g., hurricanes). 

• Increase the logistics activity necessary to move equipment and supplies by increasing 
ATON and state and local co-op missions 25 percent over Baseline Demand 2017. 

We’re Here to Help: Increased Interagency and International Support 

In this scenario, all of DHS’s border security, LE, counterterrorism, and disaster-response 
operations are highly effective joint operations. DHS and its component agencies routinely 
coordinate their strategies, plans, policies, and operations to maximize their contributions to 
national, state, local, and tribal homeland security efforts. The USCG and CBP not only 
coordinate their border security operations but also provide extensive support to major domestic 
and international LE and disaster-response efforts. LE, intelligence, and counterterrorism 
personnel from across the homeland security enterprise play an extensive role in ensuring U.S. 
national security, homeland defense, and homeland security. 

A major contributor to DHS’s success is the USCG’s aviation forces. Service aircraft conduct 
extensive surveillance of U.S. maritime and land borders to detect, identify, and respond to 
threats to the country. In addition, USCG aircraft play a major role in domestic and international 
disasters by rescuing people, such as rooftop flooding victims, who are in extreme danger and by 
providing airlift of critical personnel, such as medical personnel; supplies; fuel; medicine; and 
food. 

This is reflected in the demand for the CAFÉ model by the following: 

• Increase Baseline Demand 2017 for ELT, PWCS, and SAR missions by 25 percent. 
• Increase Baseline Demand 2017 for co-op missions by 100 percent. 

Rome Burning: Increased Demand Across the Spectrum 

All previous scenarios highlight an extreme condition focused on a single theme (e.g., LE, 
homeland security and defense). However, these scenarios are not necessarily mutually 
exclusive. This scenario portrays a world in which some degree of “all the above” occurs: Drug 
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and migrant smuggling and IUU fishing are greater than they are today; terrorist and mass-
casualty attacks continue to occur frequently in the United States, particularly at transportation 
hubs and widely attended public gatherings. Compounding problems in the southern hemisphere 
is that the arctic continues to see booming economic activity as the sea shelf retreats and, as a 
result, increased demand for USCG services. Either in direct support of USCG missions or in 
support roles to the Federal Emergency Management Agency and state, local, and tribal partners, 
the USCG surges to devastated areas in the continental United States, Hawaii, and U.S. 
territories as nature continues to challenge the country’s resilience with extreme weather and 
frequent disasters on a yearly basis. 

Absent a surge in funding or a significant influx of resources, the USCG will need to meet 
increased requirements while managing risks and gaps the best it can. Therefore, the USCG 
needs AUF assets both offshore and land-based that respond similarly to current SAR aircraft 
requirements and maintain constant, real-time maritime domain awareness. It also continues to 
increase support to partner agencies, including CBP, JIATF-South, and the Department of State. 
The USCG also conducts overt air patrolling to deter illegal behavior and assist NOAA and State 
by enforcing fishery regulations at sea and international fishery agreements, such as the United 
Nations’ high-seas driftnet moratorium for the north Pacific. To counter terrorist threats and 
protect national assets, both MSRTs need full tactical airlift contingents, and RWAI capabilities 
are called for routinely outside the NCR. In the arctic, the USCG sees SAR demand in sortie 
numbers similar to those in other districts, but its SAR cases need aircraft with higher endurance 
and capabilities to respond to the long-range cases. 

This is reflected in the demand constraints to the CAFÉ model by the following: 

• Increase Baseline Demand 2017 for ELT, defense operations, and co-op by 100 percent. 
• Increase Baseline Demand 2017 for PWCS by 33 percent. 
• Increase Baseline Demand 2017 for ATON by 25 percent. 
• Increase district 17 (D17) arctic M-Ts by adding a “district 1’s worth” of demand (but 

with D17-characteristic activities). 
• Create three additional contingencies representing surge operations during the summer 

months (e.g., hurricanes). 
• Supply ten AUF-capable aircraft to deploy aboard offshore cutters (use a pool of 20 

aircraft to meet 98-percent availability). 
• Keep current RWAI requirements in the NCR of a pool of six aircraft for a 2.0 at 98.9-

percent availability. 
• Add one aircraft to the RWAI deployable pool outside the NCR to meet increased need to 

maintain 1.0 aircraft year-round. 
• Provide MSRT tactical airlift capacity for two locations (i.e., 4.0 ready aircraft at 97-

percent availability at two locations, or 18 total aircraft). 
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Comparison of the Demand Scenarios 

Table 5.1 summarizes the future demand scenarios’ main parameters. It highlights the 
increased demand (e.g., ELT, defense operations, PWCS mission) for M-Ts over Baseline 
Demand 2017 and increased restrictions or requirements (e.g., MSRT capabilities). It also shows 
that the increase in M-Ts and new requirements are concentrated in the three future scenarios 
focused on homeland security and LE: MFD, Another 9/11, and Rome Burning. 

Table 5.1. Summary of Future Demand Scenario Parameter Increases from Baseline Demand 2017, 
as Percentages 

Demand Scenario ELT 
Defense 

Operations PWCS ATON 
Co-
Op SAR 

D17 
Increase 

Increase 
AUF 

Extra 
RWAI 

Two 
MSRTs 

MFD +100       x   

Another 9/11  +100 +33      x x 

National First Responders    +25 +25 Summer 
surge (+20) 

    

We’re Here to Help +25  +25  +100 +25     

Rome Burning +100 +100 +33 +25 +100 Summer 
surge (+20) 

x x x x 

NOTE: An x indicates that it applies in this demand scenario. 
 
Table 5.2 provides an overview of the total number of M-Ts for each demand scenario. The 

breakdown for each M-T number for Baseline Demand 2017 was provided in Table 2.3 in 
Chapter 2. The increase in demand is not uniform among the M-Ts because the demand 
scenarios reflect increases in different M-Ts. Moreover, any added requirements (e.g., extra 
traveling RWAI aircraft) will not be reflected in an M-T increase but rather through the 
assignment of aircraft to special activities. As a result, the number of M-Ts is only part of the 
measure of the demand, but it provides a quantitative overview of the demand increase for each 
scenario. More details on how this is modeled is discussed in Chapter 3 and Appendix C. The 
increase in FHs in each scenario is discussed in Chapter 6. 
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Table 5.2. Mission-Task Demand Within Each Future Demand Scenario 

Demand Scenario Annual Number of M-Ts 

Increase over Baseline 

Number Percentage 
Baseline Demand 2017 20,764 —  

MFD 27,201 6,437 31 

Another 9/11 21,777 1,013 5 

National First Responders 23,480 2,716 13 

We’re Here to Help 26,508 5,744 28 

Rome Burning 32,144 11,380 55 

 
Rome Burning is the most demanding future scenario; MFD and We’re Here to Help place 

significant demand on the fleet. We evaluated all demand scenarios through all candidate fleets, 
as described in Chapter 6. 
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6. Quantifying Candidate Fleet Effectiveness Through Future 
Demand Scenarios 

This chapter describes our analysis of the effectiveness of each candidate fleet described in 
Chapter 3 by testing its ability to handle the needs of each future demand scenario described in 
Chapter 5. We measured effectiveness by combining the demand for M-Ts, the available fleet 
assets, the results from the aircraft performance modeling, and the cost analysis into the CAFÉ 
model, a multiobjective, mixed-integer program (MIP).52 The model measures optimized fleet 
performance through each candidate fleet’s ability to meet as much demand for M-Ts in each 
demand scenario as it can (i.e., through optimization). Secondarily, the CAFÉ model then tries to 
do so using the fewest cost-weighted FHs possible. More details on the precise formulation and 
constraints can be found in Appendix A. 

This chapter first provides a high-level overview of the key constraints. We then present 
results from a “calibration” run of the model, along with the caveats and assumptions, then 
provide the performance and relative cost values for all candidate fleets for each of the demand 
scenarios. We then summarize our findings about the performance of fleets over the entire 
demand scenario spectrum. 

Overview of CAFÉ Model Assumptions and Implementation 

The advantage of the CAFÉ model over a simulation tool is the ability to generate quickly 
repeatable results in a traceable model. Nevertheless, to generate meaningful results in a 
representative model, a set of assumptions and implementation rules is required. In addition to 
the model formulation, Appendix A provides a detailed set of our assumptions, as well as 
numbers for various model parameters. In this chapter, we limit the description to the high-level 
assumptions that affect how the model generates its performance and cost results. 

Again, the CAFÉ model aims to service as much demand for M-Ts as it can. That is, it 
minimizes the “missed” or “at-risk” demand, which occur when M-T demand exceeds the 
feasibility of the constraints put on the candidate fleet. Unless otherwise noted, the following 
modeling constraints and assumptions are applied in each demand scenario–future fleet 
optimization result: 

• The CAFÉ model makes no constraints on the personnel resources, such as sufficient 
numbers of pilots or maintainers, except those that are reflected in other constraints (e.g., 
PFHs, fleet set-asides for training). The ability to meet future demand depends on a 

 
52 George L. Nemhauser and Laurence A. Wolsey, Integer and Combinatorial Optimization, New York: Wiley, 
1988. 
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variety of factors; for this study, we focused exclusively on the candidate fleets 
themselves. 

• Demand for M-Ts at a given location is grouped in geographic regions (discussed in 
Chapter 2). To meet the demand for that M-T, an air asset must be able to perform that 
M-T and come from an air station that can serve that region. The ability to serve the 
region is determined not by areas of responsibility but by the distance from the air station 
to the location of the demand. Depending on the region, the number of air stations that 
can serve its demand varies from one to five. This calculation is determined by the 
increased distance from the nearby air stations to the region relative to the closest air 
station. 

• To meet M-T demand, a candidate air station must have assets available that can perform 
that M-T and do so within the monthly and yearly restrictions on the aircraft hours. 

• Monthly aircraft hours are restricted by the historical (FYs 2016–2017) 80th percentile of 
monthly hours for that aircraft type. Future fleets are assumed to have similar values to 
their equivalents. 

• Yearly aircraft hours are capped by their current programmed hours, provided by 
CG-711, for each aircraft type. 

• There is a set-aside for aircraft performing special missions (e.g., RWAI, HITRON, 
training at ATC). For the FY 2017 demand and Current fleet, these are set at their 
existing levels. Assumptions for future demand scenarios can be found in Chapter 5. 
More details can also be found in Appendix A. 

• Training and some smaller missions (e.g., administration) were modeled by assuming a 
“tax” on the modeled M-T. Using historical data (FY 2011–FY 2017), we derived 
coefficients for their values, specific to each aircraft type. For example, for each hour an 
MH-65 operates meeting M-T demand, it must (at some point in the demand year) 
perform 1.78 hours of training FHs. Future fleet aircraft are assumed to be identical to 
their current “equivalent” aircraft. Hours for these missions for UASs are assumed to be 
significantly lower than those for current equivalent aircraft because they can do much of 
the training without anyone actually flying the aircraft. These values are provided in 
Appendix A. 

• The total training hours for RW and FW aircraft must be at least 40 percent and 20 
percent of the total annual programmed hours, respectively. If tax on the training hours 
for a given aircraft type results in hours less than required numbers, the minimum number 
of hours is added to the total nontraining hours. This minimum is applied ex post facto. 

• Demand for “nonscheduled” M-Ts (i.e., SAR) is assumed to follow a Poisson process. 
The number of hours an air station can perform these SAR missions is capped based on 
the number of aircraft at that air station, to meet certain service levels (i.e., a 90-percent 
chance that a demand for a SAR M-T can be met by an “up” aircraft that is not currently 
performing another SAR M-T). More details are provided in Appendix A. 

• The number of available air stations and AIRFACs is based on the current operational set 
(provided in Appendix A). However, except for the calibration run discussed later, we did 
not specify a laydown for any air station—even with the Current fleet—outside special 
mission constraints (e.g., RWAI locations). 

• Except for some specific air station constraints listed in Appendix A, we assumed that 
aircraft can operate at any air station. Although there is flexibility to have assets at air 
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stations different from those today, the laydown the model chooses must remain the same 
for the entire year at an air station. 

• If an air station has an aircraft type, it must have at least the following number: 

- RW aircraft: three 
- FW aircraft: three 
- UAS: three. 

In other words, an air station cannot have only two MH-65 aircraft. It must have 
either at least three or zero MH-65s. 

• Unless the candidate fleet is unable to do so, all air stations must have at least three RW 
aircraft (i.e., must maintain a B-0 aircraft). If the fleet had insufficient aircraft to meet 
this requirement, we relaxed this constraint, in which case only a subset of the air stations 
would have this capability. 

• AIRFACs have greater flexibility in their laydowns than air stations do (e.g., they can 
operate only seasonally) and can have any combination of aircraft. However, they have 
much more-limited capacity—usually to only two aircraft. 

Calibrating the CAFÉ Model to Recent Historical Activity 

Perhaps not surprisingly, when we analyzed the effectiveness of the Current (2019) fleet on 
the FY 2017 (Baseline Demand 2017) demand through the CAFÉ model described above and in 
Appendix A, the results implied that the M-T demand can be met with significantly fewer FHs 
than what were expended in FY 2017. This result could occur for any of several reasons: 

• The model was not constrained to today’s fleet laydown. 
• The 2019 fleet had more operational FW aircraft. 
• The total number of programmed hours per airframe exceeded the amount actually 

utilized in 2017, allowing for more flexibility in the use of aircraft hours when we 
constrained by programmed hours. 

• CAFÉ seeks to utilize the most-efficient aircraft capable of meeting that M-T. 
• CAFÉ does not consider the number of training hours to be fixed but a percentage of the 

M-T hours, unless those hours are less than floors of 40 percent and 20 percent for RW 
and FW aircraft, respectively. Thus, using an aircraft less results in fewer training hours. 

As a result, to test the viability of the CAFÉ model, we performed a calibration run that 
aimed only to mimic the 2017 constraints. We made the following adjustments to the CAFÉ 
model solely for this calibration run: 

• The laydown was identical to the one presented in Figure 1.1 in Chapter 1. 
• The number of FHs per aircraft type was limited to the total that type performed in FY 

2017. 
• The number of training hours for HC-27s was assumed to be much larger based on 

ALMIS data. 
• The CAFÉ model’s objective function did not consider the increased CPFH for RW 

aircraft provided that those aircraft could perform those M-Ts. 



 
 
61 

Table 6.1 illustrates the total M-T (“modeled”) hours, as well as the total hours for FY 2017 
for CAFÉ’s implemented (“flexible”) model run, CAFÉ’s calibration model run, and the 
historical hours based on the hours reported in ALMIS. We also included the amount of 
“missed” demand as a gauge of whether our calibration run overconstrained or miscalculated the 
requirements for each M-T. 

Table 6.1. Comparison of the Implemented and Calibration Results with FY 2017 Activity Levels 

Case Modeled M-T FHs Total FHs Missed M-T Demand, as a Percentage 
CAFÉ implemented 24,369 74,705 <0.05 

CAFÉ calibration run 42,701 104,648 0.6 

Actuals reported 44,816 106,879 — 
SOURCE: ALMIS. 

 
The results of the calibration run to the actuals imply that—with sufficient constraints 

implemented—the CAFÉ model captures the operational resources required to meet a level of 
demand. The missed demand likely occurs in the calibrated model because of more-rigid 
constraints imposed in the model that would likely be relaxed in certain operational cases (e.g., 
moving aircraft to another air station for a surge). With this additional demand, the calibration 
run would be even closer to the actuals. 

A very high level of agreement was achieved in the calibration and the actuals for the time 
frame modeled. This very high level of agreement (approximately 2 percent in total FHs with 
about a 0.6-percent missed level of demand) gives us a very high level of confidence in our 
entire approach.53 This calibration run gives us confidence that our overall modeling approach is 
a good representation of past USCG operations and can provide a reasonable representation of 
future operations, allowing us to make suitable judgments of appropriateness of potential future 
fleets and alternatives in a variety of types and levels of potential future demand. In the next 
section, we evaluate the cost-effectiveness of each alternative future fleet in each potential 
demand scenario. 

The calibration run provides additional insight because we could then compare the number of 
FHs utilized under optimal conditions with the total available (65 to 70 percent, in this case) to 
compare the relative fleet effectiveness in every scenario. Although, because of the optimized 
nature of the implementation run, this utilization rate is far less than what would be realized, this 
ratio provides a basis for assessing every demand scenario–fleet combination. Those fleets with 

 
53 The level of agreement achieved in the calibration run is not a forgone conclusion. This analysis used a year’s 
worth of USCG missions and boiled them down to a set of about 50 M-Ts, allowing us to represent potential future 
demand scenarios in a straightforward and transparent way. This set of M-Ts, along with the number representing 
the time frame modeled, were then run through our aircraft performance model and the overall CAFÉ optimization 
model using the actual laydown of assets. Achieving this level of agreement provides a high level of confidence in 
the overall approach. 
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utilization rates far higher than 70 percent would likely face difficulties meeting the demand 
scenario because of external constraints (e.g., suboptimal fleet laydown, area-of-responsibility 
restrictions, unanticipated demand). Similarly, utilization rates much lower than 60 percent 
would likely imply excess or strong surge capacity. We use the term utilization rate to provide 
insight into the overall flexibility to external factors that reduce efficiency. A lower utilization 
rate (as we use the term in this analysis) allows for more headroom to increase FHs to account 
for factors beyond USCG control (e.g., a congressional requirement to maintain certain air 
stations). Later in this chapter, we present these figures for each case. 

Measuring Candidate Fleet Effectiveness for Each Demand Scenario 

In this section, we provide the results of the CAFÉ model for each of the candidate demand 
scenarios provided in Chapter 5, as well as the historical FY 2017 (Baseline Demand 2017) 
demand. This presentation allows us to identify top performers in each demand scenario, thereby 
allowing us to suggest which fleets are “robust” solutions across all the demand scenarios and 
how variations might further improve the robustness of the fleet. 

Although we noted in the previous section that the calibration case matches actual USCG 
flying for the time frame modeled, we did not apply this approach to the fleet effectiveness 
analysis for several reasons: 

• Specifying a credible, single laydown for a fleet that looks very different from today’s 
would be problematic. An arbitrary laydown would make it difficult to distinguish poor 
fleet performance from poor laydown selection. 

• If certain aircraft are utilized in fewer hours than their maximum allocation, we can 
understand which aircraft are providing the most value. 

• When optimized for laydown, these results provide an upper bound on performance, 
given that all decisions are optimized. 

• Most importantly, we compared all cases with one another under the same implemented 
(optimized, flexible) rules, thereby allowing the fleet results to “speak for themselves.” 

For these reasons, we provide results that quantify costs (a function of the fleet and the total 
number of FHs) relative to the Current fleet to show the difference in the anticipated increase (or 
decrease). 

As stated in the prior section, the cost component is based on the number and FHs multiplied 
by the fixed and per-FH variable O&S costs provided in Chapter 4, then normalized to 1.0 for 
the cost of the Current fleet. Again, the reason we avoid specific dollar amounts is that the CAFÉ 
model will likely underestimate the total costs because it is less constrained by the unknown 
future operating constraints (e.g., requiring a certain air station to have a specific fleet). 

For performance, we assigned a ratio based on the following equation: 
 

performance	ratio = 	 total	demand	–	9(missed	SAR	M-Ts)	–	(missed	M-Ts)
total	demand

.  
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This ratio assumes USCG continues to value meeting SAR demand as essential and highly 
prioritized.54 These performance values are consistent with the objective function implemented 
in the CAFÉ model, which seeks to minimize missed demand weight SAR more heavily.55 

Finally, in addition to the performance ratios, utilization rates, and cost ratios, we categorized 
each of the fleets according to its ability to maintain a significant number of RW B-0 SAR air 
stations. Currently, 24 air stations (see Appendix A and Figure 1.1 in Chapter 1) maintain this 
capability. 

The Baseline Demand 2017 Scenario 

In this scenario, we presented the results of all 17 candidate fleets’ ability to handle the 
historical demand for FY 2017 (described in Chapter 2). As shown in Figure 6.1, most fleets can 
assign aircraft to meet the historical 2017 demand, but, as shown in Table 6.2, they utilize the 
available FHs at vastly different rates. Perhaps not surprisingly, the Current fleet does rather 
well, in terms of its ability to both meet the demand and do so reasonably cost-effectively. This 
result is likely due to the “demand” naturally reflecting the constraints of the Current fleet’s 
capabilities and capacities. In addition, the new fleets reflect amortized acquisition costs, which 
can make them appear costlier if they are not particularly more efficient than the Current fleet. 
Among fleets that contain the needed recapitalization, the RW Recap fleets do particularly well, 
being able to meet the demand at utilization rates not greater than those of the Current fleet, 
while maintaining B-0 aircraft at all 24 air stations. The fleets with a similar number of RW 
assets that incorporate UASs (e.g., RW Recap + UAS) are marginally more expensive. As we 
show for other cases, their cost-effectiveness varies by demand scenario. Although most 
candidate fleets generally provide sufficient FHs to cover all of the demand, the least costly 
fleets are unable to maintain even 17 RW B-0 air stations, and their projected costs are only 
modestly less than those for the Current fleet. Figure 6.1 and Table 6.2 provide the results for 
this scenario. 

 
54 RWAI and HITRON missions have specified aircraft set-asides and are thus prioritized ahead of all other 
mission-tasks, including SAR M-Ts. As discussed in Chapter 5, for some demand scenarios, these set-asides could 
be higher than the current quantities. 
55 Because of the weighting of the numerator but not denominator, the performance metric could be negative; 
however, in our analysis the performance metric is never negative. 
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Figure 6.1. Cost–Performance Results for Candidate Fleets in the Baseline Demand 2017 Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: Green indicates a fleet that would be able to maintain a B-0 RW aircraft for all 24 air stations. Yellow indicates 
a fleet that can maintain at least 17 but fewer than 24. Red indicates a fleet unable to maintain at least 17 air stations 

with a SAR B-0 RW. The arrows along the axes indicate the direction of improvement. 
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Table 6.2. Flight Utilization Rates and Unmet Demand for the Baseline Demand 2017 Scenario, as 
Percentages 

Fleet 

Utilization Rate Unmet Demand 

RW Aircraft FW Aircraft UAS All Aircraft SAR M-T Non-SAR M-T 
Current 42 98 N/A 60 0.0 0.0 

Low Investment 100 100 N/A 100 0.1 5.1 

Base + UAS 1 42 26 100 50 0.0 0.0 

Base + UAS 2 42 34 71 58 0.0 0.0 

RW Offset 1 44 27 95 69 0.0 0.0 

RW Offset 2 44 36 71 60 0.0 0.0 

Transition 42 71 N/A 52 0.0 0.0 

Many of Few 1 43 70 97 58 0.0 0.0 

Many of Few 2 43 41 71 61 0.0 0.0 

Super UAS 1 45 25 46 43 0.0 0.2 

Super UAS 2 46 25 17 19 0.9 0.3 

Limited-Buy UAS 1 44 27 83 64 0.0 0.0 

Limited-Buy UAS 2 44 26 47 45 0.0 0.0 

RW Recap 1 43 85 N/A 57 0.0 0.0 

RW Recap 2 43 85 N/A 58 0.0 0.0 

RW Recap + UAS 1 43 28 100 71 0.0 0.0 

RW Recap + UAS 2 43 37 71 59 0.0 0.0 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

The Migrants, Fish, and Drugs Demand Scenario 

In the MFD future demand scenario, with its significant (100-percent) increase in ELT 
missions, the requirement for the fleet to meet ODM M-Ts increases significantly. Unlike in the 
Baseline Demand 2017 scenario, the Current fleet performs poorly because it cannot satisfy the 
increased demand because of the RW aircraft’s limited capability to perform these additional 
ODM M-Ts well.56 In addition, the extra costs for doing so through less capable aircraft 
increases the O&S costs significantly. Fleet options that include the use of UAS perform 
significantly better, especially when combined with significant RW aircraft needed to meet the 
increased RWAI requirement in this demand scenario. The Base + UAS fleets perform 
significantly better than the Current fleet at roughly the same costs. These fleets achieve this 
improvement through the use of UAS, meeting the demand with utilization rates that match the 
Current fleet’s rate in the Baseline Demand 2017 scenario. The RW Recap + UAS fleets perform 

 
56 Although the inability to meet 3 percent of the demand might appear modest, this result occurs under 100-percent 
utilization of all aircraft. Thus, this idealized performance is likely unobtainable in practice, so we report the 
utilization rate as one of the major metrics of a fleet’s effectiveness. 
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well too and at lower costs than the Current fleet (despite the recapitalization costs), meeting the 
demand with lower utilization rates. However, these fleets are not quite able to meet the 24–B-0 
air station level because of the increased set-aside for RWAI aircraft in this demand scenario. 
The Transition fleet can meet the MFD demand while maintaining the 24–air station level but 
has increased costs because it lacks UASs to perform missions in a heavily ODM-based demand 
scenario. The Limited-Buy UAS 1 fleet, with a balanced set of RW, FW, and unmanned aircraft, 
can meet the demand cost-effectively but lacks the ability to provide coverage for B-0 
significantly. Figure 6.2 and Table 6.3 provide the results for this scenario. 

Figure 6.2. Cost–Performance Results for Candidate Fleets in the Migrants, Fish, and Drugs 
Demand Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: Green indicates a fleet that would be able to maintain a B-0 RW aircraft for all 24 air stations. Yellow indicates 
a fleet that can maintain at least 17 but fewer than 24. Red indicates a fleet unable to maintain at least 17 air stations 

with a SAR B-0 RW. The arrows along the axes indicate the direction of improvement. 
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Table 6.3. Flight Utilization Rates and Unmet Demand for the Migrants, Fish, and Drugs Demand 
Scenario, as Percentages 

Fleet 

Utilization Rate Unmet Demand 

RW Aircraft FW Aircraft UAS All Aircraft SAR M-T Non-SAR M-T 
Current 100 100 N/A 100 0.0 2.9 

Low Investment 100 100 N/A 100 0.1 16.8 

Base + UAS 1 42 61 100 60 0.0 0.0 

Base + UAS 2 42 50 100 77 0.0 0.0 

RW Offset 1 44 64 100 80 0.9 0.0 

RW Offset 2 44 54 100 82 0.5 0.0 

Transition 42 99 N/A 62 0.0 0.0 

Many of Few 1 71 100 100 82 1.0 0.0 

Many of Few 2 43 72 100 83 0.0 0.0 

Super UAS 1 45 26 70 57 0.0 0.2 

Super UAS 2 44 25 23 25 2.4 0.7 

Limited-Buy UAS 1 44 69 100 80 0.3 0.0 

Limited-Buy UAS 2 44 29 94 79 0.2 0.0 

RW Recap 1 82 100 N/A 88 0.0 0.0 

RW Recap 2 83 100 N/A 89 0.1 0.0 

RW Recap + UAS 1 43 76 100 78 0.0 0.0 

RW Recap + UAS 2 43 67 100 81 0.0 0.0 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

The Another 9/11 Demand Scenario 

In this scenario, we have a good spread in the cost-effectiveness of the different alternative 
fleets, as shown in Figure 6.3. The Current fleet performs very well because of the increase in 
RW assets required under this demand scenario, combined with the very limited increase in other 
activities that reduce the benefit of the UAS-heavy fleets. Given these considerations, RW Recap 
1, whose recapitalized RW fleet is largely similar to the Current fleet in terms of composition, 
does rather well; it is able to meet the increase set-asides for MSRTs, meet the demand at a 
slightly lower utilization rate than the Current fleet, and remain cost-effective (within 10 percent 
of the Current fleet costs while including amortized procurement costs). The value of UAS fleets 
in this scenario might appear limited; however, by utilizing more-efficient UASs or other aircraft 
for certain M-Ts, the ability to prolong the life of the existing RW fleet could be increased. 
Clearly, any fleets less costly than the Current appear to be bad options because they miss SAR 
demand because of their limited RW resources and carry massive risks because they would 
require a massive drop in the number of B-0 RW air stations. Figure 6.3 and Table 6.4 provide 
the results for this scenario. 
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Figure 6.3. Cost–Performance Results for Candidate Fleets in the Another 9/11 Demand Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: Green indicates a fleet that would be able to maintain a B-0 RW aircraft for all 24 air stations. Yellow indicates 
a fleet that can maintain at least 17 but fewer than 24. Red indicates a fleet unable to maintain at least 17 air stations 

with a SAR B-0 RW. The arrows along the axes indicate the direction of improvement. 
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Table 6.4. Flight Utilization Rates and Unmet Demand for the Another 9/11 Demand Scenario, as 
Percentages 

Fleet 

Utilization Rate Unmet Demand 

RW Aircraft FW Aircraft UAS All Aircraft SAR M-T Non-SAR M-T 
Current 42 99 N/A 61 0.0 0.0 

Low Investment 100 100 N/A 100 0.5 4.7 

Base + UAS 1 42 27 100 50 0.0 0.0 

Base + UAS 2 42 35 73 59 0.0 0.0 

RW Offset 1 44 27 96 70 1.4 0.0 

RW Offset 2 44 36 73 62 0.9 0.0 

Transition 42 72 N/A 53 0.0 0.0 

Many of Few 1 43 69 100 58 0.0 0.0 

Many of Few 2 43 42 73 62 0.0 0.0 

Super UAS 1 44 26 46 44 0.7 0.5 

Super UAS 2 44 24 18 20 4.2 1.2 

Limited-Buy UAS 1 44 27 87 67 0.4 0.0 

Limited-Buy UAS 2 44 27 48 45 0.3 0.0 

RW Recap 1 43 86 N/A 57 0.0 0.0 

RW Recap 2 43 86 N/A 58 0.0 0.0 

RW Recap + UAS 1 43 29 100 71 0.0 0.0 

RW Recap + UAS 2 43 37 73 61 0.0 0.0 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

The National First Responders Demand Scenario 

In this demand scenario, there are no increased set-asides for HITRON, RWAI, or MSRTs, 
and the increase over the Baseline Demand 2017 scenario is limited to a summer SAR surge and 
associated logistics increases. As a result, several fleets perform at peak levels, although at 
varying degrees of cost, utilization rates, and ability to maintain B-0 aircraft at all air stations. 
Because of this scenario’s similarity to Baseline Demand 2017, the Current fleet again performs 
well. Among the recapitalized fleets, RW Recap 2 appears most cost-effective and offers several 
attractive features: It maintains B-0 aircraft at 24 air stations, has wider coverage in many areas 
because of the larger number of medium-range RW assets, and meets the demand at a slightly 
lower utilization rate than the Current fleet’s. Because of the modest change from Baseline 
Demand 2017, the value of UAS fleets appears limited, although RW Recap + UAS 1 appears to 
offer a reasonable value, as do the Many of Few fleets. Several fleets are more cost-effective 
than the Current fleet, but none can maintain B-0 capability at even 17 air stations. Figure 6.4 
and Table 6.5 provide the results for this scenario. 
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Figure 6.4. Cost–Performance Results for Candidate Fleets in the National First Responders 
Demand Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: Green indicates a fleet that would be able to maintain a B-0 RW aircraft for all 24 air stations. Yellow indicates 
a fleet that can maintain at least 17 but fewer than 24. Red indicates a fleet unable to maintain at least 17 air stations 

with a SAR B-0 RW. The arrows along the axes indicate the direction of improvement. 
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Table 6.5. Flight Utilization Rates and Unmet Demand for the National First Responders Demand 
Scenario, as Percentages 

Fleet 

Utilization Rate Unmet Demand 

RW Aircraft FW Aircraft UAS All Aircraft SAR M-T Non-SAR M-T 
Current 51 98 N/A 66 0.0 0.0 

Low Investment 100 100 N/A 100 0.0 8.4 

Base + UAS 1 44 31 100 52 0.0 0.0 

Base + UAS 2 44 35 77 61 0.0 0.0 

RW Offset 1 46 28 100 73 0.1 0.0 

RW Offset 2 46 36 77 65 0.0 0.0 

Transition 43 74 N/A 54 0.0 0.0 

Many of Few 1 46 80 100 62 0.0 0.0 

Many of Few 2 44 43 76 65 0.0 0.0 

Super UAS 1 47 26 49 46 0.1 0.4 

Super UAS 2 49 28 19 21 1.1 0.8 

Limited-Buy UAS 1 46 30 96 73 0.1 0.0 

Limited-Buy UAS 2 46 27 52 49 0.0 0.0 

RW Recap 1 44 92 N/A 60 0.0 0.0 

RW Recap 2 44 91 N/A 61 0.0 0.0 

RW Recap + UAS 1 44 33 100 72 0.0 0.0 

RW Recap + UAS 2 44 38 76 64 0.0 0.0 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

The We’re Here to Help Demand Scenario 

In the We’re Here to Help demand scenario, there is a significant increase in the number of 
PWCS, ELT, and SAR missions. This demand scenario has a significant increase in SAR—in 
contrast with recent data trends, with fewer SAR sorties. The RW Recap and RW Recap + UAS 
fleets do particularly well: They are generally more cost-effective than the Current fleet while 
meeting the demand at lower utilization rates and maintaining 24 air stations with B-0 aircraft. 
The Many of Few fleets do well too and can still maintain more than 17 air stations with longer-
range NGMH aircraft. In many of the previous demand scenarios, these recapitalized fleets 
typically cost more than the Current fleet because of the amortized acquisition costs, but the 
demand in this scenario—with its simultaneous increase in SAR and ODM-like activities (e.g., 
ELT missions)—allows these new fleets to operate more efficiently than the Current fleet and 
thus at a lower total cost. Limited-Buy UAS and RW Offset fleets do well in terms of costs, but 
they cannot maintain a B-0 aircraft at even 17 air stations. This demand scenario illustrates the 
value of both recapitalizing the RW fleet, perhaps with slightly fewer overall aircraft, but offset 
by more medium-range aircraft (e.g., Many of Few, RW Recap + UAS), along with 
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incorporating UASs to a modest degree. Figure 6.5 and Table 6.6 provide the results for this 
scenario. 

Figure 6.5. Cost–Performance Results for Candidate Fleets in the We’re Here to Help Demand 
Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: Green indicates a fleet that would be able to maintain a B-0 RW aircraft for all 24 air stations. Yellow indicates 
a fleet that can maintain at least 17 but fewer than 24. Red indicates a fleet unable to maintain at least 17 air stations 

with a SAR B-0 RW. The arrows along the axes indicate the direction of improvement. 

Current

Low Invest

Base + UAS 1

Base + UAS 2RW Offset 1

RW Offset 2
Transition

Many of Few 1

Many of Few 2

Super UAS 1

Super UAS 2

Limited-Buy UAS 1

Limited-Buy UAS 2

RW Recap 1
RW Recap 2

RW Recap + UAS 1

RW Recap + UAS 2

0.75

0.80

0.85

0.90

0.95

1.00

0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30

Pe
rfo

rm
an

ce

Normalized adjusted O&S cost



 
 
73 

Table 6.6. Flight Utilization Rates and Unmet Demand for the We’re Here to Help Demand 
Scenario, as Percentages 

Fleet 

Utilization Rate Unmet Demand 

RW Aircraft FW Aircraft UAS All Aircraft SAR M-T Non-SAR M-T 

Current 81 100 N/A 88 0.1 0.0 

Low Investment 100 100 N/A 100 0.5 12.4 

Base + UAS 1 43 42 100 55 0.1 0.0 

Base + UAS 2 43 39 90 69 0.1 0.0 

RW Offset 1 45 40 100 75 0.1 0.0 

RW Offset 2 45 41 89 73 0.1 0.0 

Transition 42 82 N/A 57 0.1 0.0 

Many of Few 1 45 100 100 66 0.1 0.0 

Many of Few 2 43 47 89 74 0.1 0.0 

Super UAS 1 46 26 57 50 0.1 0.2 

Super UAS 2 47 29 21 24 1.1 0.2 

Limited-Buy UAS 1 45 40 100 76 0.1 0.0 

Limited-Buy UAS 2 45 25 73 63 0.1 0.0 

RW Recap 1 46 100 N/A 64 0.1 0.0 

RW Recap 2 47 100 N/A 66 0.1 0.0 

RW Recap + UAS 1 43 54 100 75 0.1 0.0 

RW Recap + UAS 2 44 40 89 72 0.1 0.0 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

The Rome Burning Demand Scenario 

Because of the intense all-of-the-above nature that Rome Burning represents, few of the 
proposed fleets do particularly well in the absolute sense. The only fleet that would come close 
to meeting this demand and maintain a B-0 aircraft is the Transition fleet, which has 
considerably more aircraft than the Current fleet and, thus, higher costs. The Current fleet’s 
performance is affected by insufficient aircraft to meet the demand and can no longer maintain 
B-0 aircraft at all air stations because of scenario requirements. For the same costs, the RW 
Recap + UAS and Many of Few 2 fleets might represent better options because they can meet 
more of the demand (although not all of it). Depending on the realism of meeting this scenario, it 
would seem that the best option would be a fleet that increases the RW assets through 
recapitalization (perhaps keeping some legacy MH-60s) and adds UASs in significant numbers 
while keeping at least the same number of FW aircraft. Regardless, this scenario highlights the 
inability of any fleet of similar size to today’s to meet all the demand in this scenario. Figure 6.6 
and Table 6.7 provide the results for this scenario. 



 
 
74 

Figure 6.6. Cost–Performance Results for Candidate Fleets in the Rome Burning Demand Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

NOTE: Green indicates a fleet that would be able to maintain a B-0 RW aircraft for all 24 air stations. Yellow indicates 
a fleet that can maintain at least 17 but fewer than 24. Red indicates a fleet unable to maintain at least 17 air stations 

with a SAR B-0 RW. The arrows along the axes indicate the direction of improvement. 
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Table 6.7. Flight Utilization Rates and Unmet Demand for the Rome Burning Demand Scenario, as 
Percentages 

Fleet 

Utilization Rate Unmet Demand 

RW Aircraft FW Aircraft UAS All Aircraft SAR M-T Non-SAR M-T 

Current 100 100 N/A 100 0.1 5.4 

Low Investment 100 100 N/A 100 0.2 22.0 

Base + UAS 1 44 71 100 64 0.0 0.0 

Base + UAS 2 44 65 100 79 0.0 0.0 

RW Offset 1 45 74 100 82 3.5 0.6 

RW Offset 2 45 69 100 85 3.1 0.1 

Transition 53 100 N/A 70 0.0 0.0 

Many of Few 1 100 100 100 100 0.1 1.3 

Many of Few 2 45 91 100 85 0.0 0.0 

Super UAS 1 46 29 77 62 1.7 0.6 

Super UAS 2 46 25 27 28 5.6 1.3 

Limited-Buy UAS 1 46 82 100 83 1.2 0.1 

Limited-Buy UAS 2 46 36 100 84 1.2 0.1 

RW Recap 1 100 100 N/A 100 0.1 0.7 

RW Recap 2 100 100 N/A 100 0.0 1.1 

RW Recap + UAS 1 44 91 100 80 0.0 0.0 

RW Recap + UAS 2 44 79 100 83 0.0 0.0 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

A Note About Having Sufficient Rotary-Wing Aircraft at Air Stations 

As shown, many of the fleets do not have enough RW aircraft to field three at each of the 24 
USCG air stations, especially for demand scenarios that require additional RWAI and HITRON 
set-asides. When there are enough aircraft to have three (to maintain a B-0 aircraft), the CAFÉ 
model forces all 24 air stations to maintain this capability. When that cannot be met because of 
too few aircraft (including various set-asides, such as HITRON and RWAI), the CAFÉ model 
attempts to maintain at least 17 air stations with B-0 RW aircraft. If there are too few RW 
aircraft to maintain at least 17 air stations, the model simply places RW aircraft in the location 
that performs best under all the other constraints of the model. Table 6.8 shows the number of air 
stations that have RW aircraft for each fleet under each demand scenario. Those cases in which 
all 24 air stations can maintain B-0 RW aircraft are shown in green; cases in which the model 
can maintain at least 17 (but fewer than 24) B-0 air stations are shown in yellow; those cases in 
which 17 cannot be achieved are shown in red. Again, the minimum number of RWs at an air 
station (to have any) is three. 
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Table 6.8. The Number of Air Stations with Rotary-Wing Aircraft Under Optimal Performance for 
Each Fleet in Every Demand Scenario 

Fleet 
Baseline Demand 

2017 MFD 
Another 

9/11 
National First 
Responders 

We’re Here to 
Help 

Rome 
Burning 

Current 24 24 24 24 24 22 

Low Investment 17 17 17 17 18 13 

Base + UAS 1 24 24 24 24 24 22 

Base + UAS 2 24 24 24 24 24 22 

RW Offset 1 15 14 10 15 15 7 

RW Offset 2 13 13 10 14 15 7 

Transition 24 24 24 24 24 24 

Many of Few 1 18 17 17 18 20 15 

Many of Few 2 18 18 17 18 17 15 

Super UAS 1 16 14 12 16 16 9 

Super UAS 2 10 8 8 10 10 6 

Mini UAS 1 16 14 12 16 15 9 

Mini UAS 2 14 13 12 16 14 9 

RW Recap 1 24 24 24 24 24 18 

RW Recap 2 24 18 17 24 24 14 

RW Recap + UAS 1 24 18 17 24 24 15 

RW Recap + UAS 2 24 18 17 24 24 15 
SOURCE: Current fleet information from CG-711 data provided to the authors. 
NOTE: Green indicates that all 24 air stations can maintain B-0 RW aircraft. Yellow indicates that the model can 
maintain at least 17 (but fewer than 24) B-0 air stations. Red indicates that 17 cannot be achieved. 

 
It is worth noting that the Transition fleet is the only one that can maintain a B-0 aircraft at 

every current USCG air station under all demand scenarios.57 We intentionally considered fleets 
that did not maintain this level of RW aircraft to see whether those fleets’ performance 
dramatically affected SAR demand. Although we are able to determine the amount of SAR 
demand that can be met under each demand scenario, we cannot determine what percentage 
would be met with each fleet option within a two-hour response time. Regardless, some fleets 
can apparently achieve similar SAR coverage, especially when augmented by additional stations 
with FWs or UASs and a greater percentage of MH-60s or NGMH aircraft. Table 6.9 provides 
the number of air stations with FW or UAS fleets under each demand scenario. The minimum 
positive number of any type of FW aircraft is three. Similarly, the minimum number of any UAS 
type at an air station is three; otherwise, there is none of that type at that air station. As shown in 
Figure 1.1 in Chapter 1, nine air stations had FW aircraft in May 2019. 

 
57 No additional air stations were considered, so the limit for any fleet would be 24. 
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Table 6.9. The Number of Air Stations with Fixed-Wing and UAS Aircraft Under Optimal 
Performance for Each Fleet in Every Demand Scenario 

Fleet 

Baseline 
Demand 2017 MFD 

Another 
9/11 

National First 
Responders 

We’re Here to 
Help 

Rome 
Burning 

FW UAS FW UAS FW UAS FW UAS FW UAS FW UAS 
Current 9 0 12 0 10 0 9 0 11 0 11 0 

Low Investment 7 0 6 0 5 0 6 0 6 0 6 0 

Base + UAS 1 15 9 17 9 11 16 15 9 14 8 14 8 

Base + UAS 2 11 13 14 16 12 15 16 16 12 14 12 15 

RW Offset 1 10 13 8 11 9 12 11 15 12 14 12 15 

RW Offset 2 12 16 12 14 10 12 14 17 15 17 13 14 

Transition 14 0 14 0 14 0 14 0 14 0 15 0 

Many of Few 1 8 6 8 6 8 5 9 6 8 6 8 5 

Many of Few 2 8 15 9 14 9 17 9 13 9 13 8 14 

Super UAS 1 6 20 6 18 5 17 6 14 6 17 6 16 

Super UAS 2 6 18 5 20 5 18 5 21 5 20 6 20 

Mini UAS 1 10 16 9 13 9 13 9 16 9 16 8 14 

Mini UAS 2 9 20 9 16 8 16 8 18 9 16 8 19 

RW Recap 1 13 0 11 0 12 0 12 0 9 0 11 0 

RW Recap 2 12 0 11 0 15 0 10 0 13 0 10 0 

RW Recap + UAS 1 10 14 9 13 11 11 10 16 9 13 11 16 

RW Recap + UAS 2 9 13 9 14 10 18 9 14 10 13 10 19 
SOURCE: Current fleet information from CG-711 data provided to the authors. 

Identifying Robust Fleets 

The cases discussed in this chapter provide a wide variety of potential future demand 
scenarios. As discussed, our objective was not to predict actual future demand but to provide a 
variety of types and levels of demand that could be used to evaluate the effectiveness of the 
alternative fleets identified. This analysis was intended to provide insights into conditions under 
which different fleets perform better than others and to help decisionmakers understand the 
important underlying trends of a robust and effective future USCG aircraft fleet. Figure 6.7 
shows the fleets that we considered among the better options for each of the demand scenarios 
reflected in the narrative earlier in this chapter. 
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Figure 6.7. The Composition of Well-Performing Fleets, by Demand Scenario 

 

SOURCE: Current fleet information from CG-711 data provided to the authors. 

In Table 6.10, we provide a stoplight chart with four dimensions for measuring the 
effectiveness of a fleet in a given demand scenario: performance (as defined by the performance 
ratio equation), utilization rate of FHs available (across all aircraft in the fleet), normalized 
annual O&S costs, and the ability to maintain 17 or 24 B-0 air stations. Although this requires 
some simplifications to categorize the results, it allows us to look across the demand scenarios 
for potentially robust fleets: 

• For performance (P), green is greater than 0.99, yellow is between 0.95 and 0.99, and red 
is below 0.95. 

• For utilization rate (U), green is less than 60 percent, yellow is between 60 and 75 
percent, and red is more than 75 percent. As noted previously, the utilization rate for the 
optimized Current fleet for Baseline Demand 2017 appears low—approximately 60 
percent. Once we consider the real-world constraints and other factors, these rates are 
likely to be much higher and thus will likely affect performance. Utilization rates 
somewhat higher than 60 percent indicate that a more flexible or efficient laydown, more 
coordination of assets among air stations, improved pilot availability, and other 
conditions might be required to achieve that level of performance. Thus, we categorize 
them as yellow. Rates above 75 percent likely imply that the performance ratio of that 
fleet would not be achieved without significant risk. 
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• For cost ($), we first calculated the range of the normalized annual O&S costs of all fleets 
under that demand scenario, with the lower and upper bounds represented by the least 
and most costly fleets, respectively. Those fleets in the lowest third of that range were 
categorized as green; the fleets in the middle third of the range are yellow; and the top 
third of the range are red. 

• For RW coverage (C), we follow the color scheme from Table 6.8 and in Figures 6.1 
through 6.6—namely, that fleets that can maintain 24 air stations with B-0 RW aircraft in 
that demand scenario are green; fleets with at least 17 but fewer than 24 are yellow; and 
fleets with fewer than 17 air stations with B-0 aircraft capability are red. 
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Table 6.10. Categorizing Performance, Utilization Rates, Costs, and Rotary-Wing Coverage for 
Each Fleet Across the Six Demand Scenarios 

Fleet 

Baseline 
Demand 2017 MFD 

Another 
9/11 

National First 
Responders 

We’re Here to 
Help 

Rome 
Burning 

P U $ C P U $ C P U $ C P U $ C P U $ C P U $ C 
Current                         

Low Investment                         

Base + UAS 1                         

Base + UAS 2                         

RW Offset 1                         

RW Offset 2                         

Transition                         

Many of Few 1                         

Many of Few 2                         

Super UAS 1                         

Super UAS 2                         

Limited-Buy UAS 1                         

Limited-Buy UAS 2                         

RW Recap 1                         

RW Recap 2                         

RW Recap + UAS 1                         

RW Recap + UAS 2                         
SOURCE: Current fleet information from CG-711 data provided to the authors. 
NOTE: For performance (P), green is greater than 0.99, yellow is between 0.95 and 0.99, and red is below 0.95. For 
utilization rate (U), green is less than 60 percent, yellow is between 60 and 75 percent, and red is more than 75 
percent. For cost ($), we first calculated the range of the normalized annual O&S costs of all fleets under that demand 
scenario, with the lower and upper bounds represented by the least and most costly fleets, respectively. Those fleets 
in the lowest third of that range are green; the fleets in the middle third of the range are yellow; and the top third of the 
range are red. For RW coverage (C), fleets that can maintain 24 air stations with B-0 RW aircraft in that demand 
scenario are green; fleets with at least 17 but fewer than 24 are yellow; and fleets with fewer than 17 air stations with 
B-0 aircraft capability are red. 
As noted previously, the utilization rate for the optimized Current fleet for Baseline Demand 2017 appears low—
approximately 60 percent. Once we consider the real-world constraints and other factors, these rates are likely to be 
much higher and thus will likely affect performance. Utilization rates somewhat higher than 60 percent indicate that a 
more flexible or efficient laydown, more coordination of assets among air stations, improved pilot availability, and 
other conditions might be required to achieve that level of performance. Thus, we categorize them as yellow. Rates 
above 75 percent likely imply that the performance ratio of that fleet would not be achieved without significant risk. 

 
Although the binning of the effectiveness measures does blur some of the distinctions 

provided in the charts and tables in the chapter, considering Figure 6.7 and Table 6.8 together, 
we can draw certain distinctions. 

First, the Current fleet does well to meet the Baseline Demand 2017. This result is not 
unexpected: That demand naturally reflects the capabilities and capacities of today’s fleet, along 
with its limitations. Because recapitalizing the RW fleet will be necessary, if one expects a 
demand scenario very much like that from 2017, RW Recap 1 and RW Recap 2 both appear to 
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be attractive options. Having fewer aircraft is not always the cheapest option: The fleet might not 
be utilized efficiently for meeting mission demand. Although the Low Investment fleet 
invariably performs poorly because of its limited fleet size, it is, at times, not particularly 
economical because it cannot assign appropriate aircraft for the mission needs. 

For the other scenarios, generally speaking, the less similar a scenario is to Baseline Demand 
2017, the more a significant change to the Current fleet composition should be considered. For 
demand scenarios with increased amounts of ODM activity, fleets with significant numbers of 
UASs provide more value. The MFD scenario requires both additional HITRON and 
significantly more ELT capacity, and the RW Recap + UAS fleets appear to be good options, 
although perhaps with a few more RW assets to meet the HITRON demand. In We’re Here to 
Help, those fleets are particularly good options, as are, to a lesser degree, the Many of Few fleets. 
Even in these scenarios, there are limits to the value of UASs. Clearly, the Super UAS 2 fleet 
goes too far in terms of UAS usage in any demand scenario, generating neither the cost savings 
nor the performance of more–moderately sized UAS fleets. The Limited-Buy UAS 1 and Super 
UAS 1 fleets do reasonably well in terms of costs but have significant risks because of their 
reduced FW and RW fleets. The Limited-Buy UAS fleets are clearly better than the Super UAS 
fleets but should be considered only if there is a significant move away from maintaining at least 
17 B-0 air stations. 

For demand scenarios similar to Baseline Demand 2017 but with increased or new set-asides 
for HITRON, RWAI, and MSRT capabilities, the value of adding UAS capabilities is less clear. 
For the Another 9/11 scenario, an RW Recap 1 fleet, perhaps with a few legacy aircraft added for 
the MSRT requirement, might make the most sense. 

Although the Rome Burning scenario is so aggressive in the increased demand that 
essentially no proposed fleet (with the possible exception of Transition and, to a lesser degree, 
the Base + UAS fleets) can handle such demand, the scenario helps highlight what directions are 
worth pursuing in such an all-of-the-above case. The potential sweet spot for such a demand 
scenario could be a recapitalized fleet with UASs, represented by RW Recap + UAS 1 or 2, 
combined with additional RW aircraft by either additional acquisition or maintaining legacy 
MH-60s to meet the increased HITRON-, RWAI-, and MSRT-type demand. In this scenario, the 
Current fleet does particularly poorly because it does not have the diversity of assets to assign 
UASs to missions best suited to them. Thus, even though the sizes of most candidates might not 
be sufficient to handle all the demand in this scenario, options that incorporate UASs and 
recapitalized RW fleets are more-attractive considerations in terms of performance and costs. 
However, if the USCG were to view this demand scenario as one it must meet, it would need a 
significantly larger fleet than most of these candidate fleets; despite varying their composition, 
none is sufficient for such a demand scenario. 

In Chapter 7, we draw on the set of results presented here to draw conclusions and make 
recommendations on how the USCG should proceed as it develops its future air fleet.  
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7. Conclusions and Recommendations 

Informed by our analysis of the results presented in Chapter 6, we identified a set of overall 
trends and common themes that form the basis of our conclusions and recommendations. 

Conclusions 

We drew five main conclusions from this analysis. 
First, the USCG does not formally capture and quantify “unmet” or latent demand for its 

aviation assets. The USCG does a solid job capturing its activity in such systems as ALMIS. 
These data systems provide insight into what was done, but they provide no insight into what 
should have been done or even what the priorities were among the various M-Ts. As a result, the 
prioritization of demand for M-Ts for any future scenario, including what demand can be 
“missed,” remains elusive when considering the effectiveness of alternative fleets. In this report, 
we have attempted to identify robust fleets according to a variety of demand scenarios. Those 
scenarios represent activity levels, but they do not indicate which activities are “requirements” 
and those that are “nice to have.” We have considered three categories of requirements: (1) 
RWAI, HITRON, and other set-asides; (2) SAR M-Ts; and (3) other M-Ts. The USCG does an 
excellent job with its existing fleet composition meeting the first two priorities, but it appears 
that there are potentially more-efficient options for the last case. 

Second, the most-favorable options in some demand scenarios have roughly the same total 
numbers of RW and FW aircraft as the Current fleet has. Variations did exist from one demand 
scenario to the next, but, in all cases, the difference in the numbers of FW and RW assets was 
usually within 20 percent of today’s allocation. This is not surprising, given that some USCG 
missions are much better suited for RW or FW assets. Because none of the demand scenarios 
eliminated any existing types of demand, the best fleet looks similar to the Current fleet in very 
broad terms. 

Third, it also appears in most demand scenarios that it is better to recapitalize RW assets with 
a more capable asset, even if slightly fewer are procured. For example, when recapitalizing the 
RW fleet, pushing the mix from the Current fleet’s MH-60–to–MH-65 ratio to a higher NGMH-
to-NGLH ratio seems desirable, as long as a minimum number can be maintained to cover all of 
the requirements, including HITRON and RWAI. The minimum number of aircraft is demand-
specific and depends on the number of required air stations, but the larger RW assets provide 
additional flexibility and capability for SAR and other required missions. 

Fourth, incorporating UASs appears to be a reasonable choice for the recent activity level 
(albeit slightly less cost-effective than a purely manned FW fleet) but is particularly desirable in 
terms of cost-effectiveness for demand scenarios with increased detection and monitoring 
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activities. If the USCG would like to improve its ability to conduct missions that require 
significant ODM, UASs will likely be a major and important element of the force structure. In 
those demand scenarios, fleets with UASs appear to be more cost-effective than fleets without 
them, although there is some degree of uncertainty about future costs of UASs. It is important to 
recognize, however, that fleets with UASs could have higher risk and lower flexibility than fleets 
with additional manned aircraft, in that UASs cannot perform all functions and missions that 
manned aircraft can perform. For example, helicopters and FW aircraft can perform surveillance 
missions similar to those of UASs but also have additional capabilities, such as hoisting and 
dropping survival gear. Because much of the monitoring tasks could be performed by UASs or 
FW aircraft (depending on the composition of the alternative fleet) for a given demand scenario, 
incorporating more UASs into the fleet can be offset by reducing the growth of the FW fleet. 

Fifth, in the demand scenarios we modeled, the MUAS appears to do the job effectively 
when incorporating UASs is desirable. However, we assumed that the modeled MUAS could 
incorporate an appropriate wide-area sensor package into a UAS of that size. Ensuring that the 
capabilities we assumed for MUAS can be achieved before large numbers are deployed in the 
USCG fleet is critical because those platforms would require sufficiently capable sensors and an 
operationally effective concept of operations. In this analysis, we assumed that the smaller 
MUAS platform would be equipped with a ViDAR-like capability, giving it performance 
comparable to an HC-130’s suite of capabilities, which includes automatic identification and 
direction-finding capabilities; long-range, multimode radar; EO/IR; and a sensor turret that 
provides both imagery and target data. If so, fleets consisting of MUASs are likely to be cost-
effective; if not, more analysis is required to determine the most cost-effective UAS fleet, given 
that, to achieve similar levels of performance, more MUASs would be required than what we 
considered in this analysis. In all cases, it is important to ensure that the USCG surveillance 
missions can be completed with remotely piloted platforms. If the MUAS cannot meet this 
requirement because of weight, power, or space limitations, a larger UAS or FW manned asset 
will be required. 

In addition to these major conclusions, we have a couple of minor observations. First, it 
appears that, in the Current fleet RW aircraft are performing many sorties that could be more 
efficiently met with FW or UAS aircraft, were those assets available (or available in greater 
numbers). The majority of the FHs expended in Baseline Demand 2017 have a “detection and 
monitoring” flavor; however, the majority of the FHs expended that are most suited to 
helicopters should be flown with helicopters. Second, the low utilization rates and resulting FHs 
of RW aircraft in most of our alternative fleet–demand scenarios analyzed in the CAFÉ model 
suggest that the USCG might be using helicopters to fly missions for which they are not well-
suited—specifically, the large number of hours dedicated to non–SAR-related detection and 
monitoring activities. If annual FHs could be reduced for the helicopter fleet, the need to 
recapitalize the fleet might be delayable because the expected lives of these assets are based on 
cumulative FHs. 
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Recommendations 

Given these conclusions, we have the following recommendations. 

• To plan, program, and budget more comprehensively, the USCG should capture or 
estimate any unmet demands requiring aviation assets. Without a more formal system 
of capturing unmet demand, quantifying what the size and composition of the fleet should 
be remains difficult. 

• In the long run, the USCG needs a robust fleet to be effective for a variety of 
possible demand scenarios. The Current fleet—although aging—is well suited to having 
a significant RW aircraft laydown to respond to SAR cases. It might do less well in 
scenarios that require increased detection and monitoring–type sorties. 

• The USCG should consider UASs as a potential major element of the future aircraft 
fleet. Fleets with the addition of some UASs performed well across demand scenarios. 
Although the operational effectiveness of different UAS platforms is uncertain, the 
potential benefit for a highly cost-effective and well-suited asset to conduct maritime 
surveillance makes these platforms a potential high-leverage item that the USCG should 
pursue. 

• The USCG should incorporate UASs into the fleet using a measured and deliberate 
approach to ensure that these aircraft can suitably perform missions that require 
extended surveillance and that appropriate numbers are procured to ensure an 
effective and robust fleet. We recommend that the USCG continue to gain operational 
experience with UASs at conducting the surveillance missions and gradually expand the 
missions conducted to ensure that these aircraft are able to meet USCG requirements. At 
that point, UASs can be incorporated into the overall operational fleet in sufficient 
numbers to conduct a sizable portion of the surveillance flights. 

• The USCG should optimize the use of its helicopter fleet. Helicopters need to be used 
as part of a robust fleet and SAR response, but other assets are typically more efficient 
and typically better suited for longer-range missions. Determining the best asset for the 
activity could result in delaying the required time frame to recapitalize the helicopter 
fleet. 

• As it incorporates UASs into the fleet, the USCG should consider how this change 
affects the RW and FW fleets. The Current fleet provides an enormous capability that 
could be enhanced with the addition of UASs. However, these changes need to be made 
very carefully because piloted platforms provide much more flexibility if the overall 
demand for M-Ts changes. As a result, we recommend introducing UASs into the fleet 
and modifying the existing fleet of manned aircraft once sufficient operational experience 
is gained with the new capability. 

Evolving the Fleet for the Future 

In light of our conclusions and recommendations above, the USCG appears to be in a very 
good position to make decisions that must be made to recapitalize the Current fleet. Given that 
the existing mix of assets in the fleet is reasonably well-suited for many demand scenarios, an 
evolutionary recapitalization approach seems reasonable and prudent. As existing RW assets 
time out, the USCG should consider recapitalizing with the next generation of RW assets. A fleet 
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that can perform many of same required functions (e.g., hoist) but takes advantage of any 
enhanced performance characteristics will likely be a good addition to a USCG fleet. Biasing 
toward a larger, more-capable RW aircraft will provide more flexibility and robustness across 
different demand scenarios and should be considered. Similarly, recapitalizing the FW fleet with 
HC-130Js appears to be a reasonable approach. 

We also suggest that the USCG continue to experiment with MUASs and look to enhance 
sensor packages to conduct wide-area search missions. Given the USAF experience with larger 
UASs and the potential for downsizing of this rather large fleet, the USCG should consider 
experimenting with larger UASs as well. Depending on the outcome of these trials, decisions 
could be made in the future regarding the extent of the FW recapitalization. That is, if these 
experiments with UASs for wide-area search missions are promising, the USCG could begin to 
procure operational UAS assets and offset the cost by slowing the growth of the FW fleet. This 
gives the USCG an enormous amount of flexibility to tailor a very capable and cost-effective 
fleet to demand, effectively and with minimal cost and mission risk. 
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Appendix A. The CAFÉ Model: Purpose, Formulation, 
Implementation, and Additional Assumptions 

This appendix provides an overview of the CAFÉ model, which is a MIP that is used to 
measure the effectiveness of (in this case) a given USCG fleet across a demand scenario. This 
appendix first gives the MIP in generic terms and then specifies the particular constraints in a 
general instantiation of the CAFÉ model. We then use a sample demand scenario and candidate 
fleet to show how we implemented the model. We then go into more detail about the 
assumptions for the model as outlined in Chapter 6. 

The CAFÉ Model’s Role in Assessing Candidate Fleet Performance 

As noted in Chapter 6, the CAFÉ model seeks to minimize the missed or at-risk demand for a 
fleet’s M-Ts under a variety of operational constraints. The purpose of the model is to show the 
effectiveness of a certain fleet under a given a demand scenario; we then compared that 
performance with that of other fleets across a variety of demand scenarios. The optimization 
seeks to predict—rather than prescribe—the decisions about which aircraft perform which 
missions. By generating an optimal solution for each demand scenario–fleet pairing, we aim to 
assess a given fleet’s performance without the influence of complicating external decisions (e.g., 
a specific fleet laydown performs well in one demand but poorly in another). 
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Overview and General Model 

Generically, a mixed-integer optimization model is the solution to a constrained optimization 
with a linear objective, linear constraints, and continuous, integer, and binary variables (the sets 
of variables x, y, and z, respectively). Thus, it can be written as 

 

 min	 DEFG + DHFI + DJFz 

(A.1)	

 subject	to OEG ≤ (E 

  OHI ≤ (H 

  OJQ ≤ (J 

  G ∈ ℝT
)U 

  I ∈ ℤT
)W 

  z ∈ {0,1})]. 
 
Because the y and z decision variables are discrete, Expression 1 is—like all MIPs of this 

type—a nondeterministic polynomial–hard optimization problem (i.e., no known algorithm can 
solve this problem in polynomial time),58 because the feasible region is nonconvex. Because this 
general formulation does not provide insight into the particular constraints in the CAFÉ model, 
we provide a detailed version of the MIP in the next section. 

The CAFÉ Mixed-Integer Programming Formulation 

In this section, we introduce the notation for the parameters and decision variables before 
providing the specific optimization model. We then provide a brief explanation of the CAFÉ 
model’s major components (objective function and constraints). Depending on the specific 
demand scenario–fleet pairing, additional data parameters and constraints can be utilized within 
the CAFÉ model (e.g., the Current fleet is limited to its specified laydown at each major air 
station). However, for the sake of clarity, we limit the constraints and assumptions to a simpler 
version of the CAFÉ model. We discuss the assumptions and constraints in further detail after 
the formulation. 

Sets 

We define the following sets: 
^:	aircraft types (e.g., MH-60T, MH-65, HC-130J) 
^c:	subset of ^ consisting of i's RW aircraft types (e.g., MH-60T) 

 
58 Nemhauser and Wolsey, 1988. 
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^cc:	subset of ^ consisting	of	^'s FW aircraft types (e.g., HC-144) 
f:	M-Ts, defined by aircraft performance modeling and demand 	
fc:	subset of f consisting	of	f's SAR-related M-Ts 
g:	USCG air stations and AIRFACs where USCG air operations can occur 
gc:	subset of USCG air stations consisting	of	k	members	that have SAR requirements	
l:	“regions” in which demand for M-Ts can occur	
m:	periods, in months, during which the model is run 
+:	index indicating the number of aircraft at an air station. 

Parameters 

We define the following data sets: 
opqr:	demand for M-T f	in region l at time m 
stuq:	value between 0 and 1 to indicate how well g can serve region l	
Ovp	a	0–1: ^	can perform M-T f 
wvp:	number of aircraft	type ^	needed to perform M-T f 
yvp:	duration, in hours, per aircraft	type ^	needed to perform M-T f 
yOzv:	maximum number of hours each aircraft	type ^	can be used, monthly 
yO#v:	maximum number of hours each aircraft	type ^	can be used, yearly 
{v:	number of aircraft	type ^	in the fleet 
Osvu:	restrictions, if any, on aircraft type ^	at	air station g 
Ot|}ur:	restrictions, if any, on the	total	number	of	aircraft	at	air station g	at time m 
~tv:	training coefficient (requirement) for aircraft	type ^	for each FH 
�tv:	“other” missions coefficient for aircraft	type ^	for each FH 
O~tz^+v:	minimum number of ATC aircraft	type ^	needed 
O~tt|}v:	cap (percentage) on the number of M-Ts an	ATC aircraft	type ^	can perform 
yÄ~z^+v:	minimum number of HITRON aircraft	type ^	needed 
yÄ~t|}vr:	cap (percentage) on the number of non-AUF M-T a	HITRON aircraft	type ^	can perform at m 
sÅOÄvr:	number of RWAI aircraft	type ^	needed at m 
ÇOsÉ^%):	hours of SAR M-Ts that can be performed by +	aircraft 
tÑ{yv:	CPFHs, in millions of dollars, for aircraft	type ^. 

Scalars 

We define the following scalars: 
%^+sÅ:	minimum number of RW aircraft at SAR air stations 
%^+{Å:	minimum number of FW aircraft at SAR air stations,	if	not	0 
}Ü+ÇOs:	additional penalty for missing a SAR M-T 
(^áz:	arbitrary large, positive integer 
Ü}à:	very small, positive number (e.g., 0.0001). 
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Decision Variables 

We have the following continuous, integer, and binary variables. 

Continuous Decision Variables 

Ivpqr ≥ 0:	FHs of aircraft	type ^	serving M-T f in region l during	time m	
ävuqr ≥ 0:	aircraft	type ^	at air	station g serving region l during	time m.	

Integer Decision Variables 

Gvur ∈ ℤT:	number of aircraft	type ^	at	air	station g during	time m	
|D7ur ∈ ℤT:	number of aircraft beyond 6 at	air	station g during time	m	
%àåpqr ∈ ℤT:	demand for M-T f in region l during	time m	that is missed. 

Binary Decision Variables 

Qvur ∈ {0,1}:	if the	number	of	RW aircraft	type ^	is at least 3 at air	station	g during time	m	
Qçuc ∈ {0,1}:	if the	total	number	of	FW aircraft	type ^	is at least %^+{Å at g′	
|D)ur ∈ {0,1}:	if at least + total	aircraft at air	station	g during time	m.	

Mixed-Integer Program 

CAFÉ has different constraints for each of the demand scenarios and fleets. As a result, we 
provide a version of the MIP that reflects the main constraints in each instantiation of the model 
(i.e., the “core” model). The demand scenario descriptions provide details on the additional 
constraints for each of the scenarios. The core version of CAFÉ is the following MIP: 

min è%àåpqr
p,q,u

+ }Ü+ÇOs è %àåpêqr	
pê,q,u

+ Ü}à è Ivpqr
v,p,q,r

 

subject	to	opqr ≤è
Ovp
yvpwvp

Ivpqr
v

+  %àåpqr 	∀	f, l, m 

 

(A.2) 

èävuqr
q

≤ Gvur 	∀	^, g, m (A.3) 

èIvpqr
p

≤ yOzvèstuqävuqr
u

 	∀	^, l, m (A.4) 

èGvur
u

≤ {v 	∀	^, m (A.5) 

Gvur ≤ Osvu 	∀	^, g, m (A.6) 

èGvur
v

≤ Ot|}ur 	∀	g, m (A.7) 
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(~tv + �tv + 1)èIvpqr
p,q,r

≤ yO#v{v 	∀	^ (A.8) 

Gvur ≥ O~tz^+v g = “ATC”, 	∀	^, m (A.9a) 

èävuqr
q,r

≤ O~tt|}v g = “ATC”,		∀	^ (A.9b) 

Gvur ≥ yÄ~z^+v g = “HITRON”, 	∀	^, m (A.10a) 

èävuqr
q

≤ yÄ~t|}vr g = “HITRON”,		∀	^, m (A.10b) 

Gvur ≥ sÅOÄvr g = “RWAI”, 	∀	^, m (A.11a) 

èävuqr
q,r

≤ 0 g = “RWAI”,		∀	^ (A.11b) 

Gvêuêr ≥ %^+sÅ	Qvêuêr 	∀	^c, gc, m (A.12a) 

Gvêuêr ≤ (^áz	Qvêuêr 	∀	^c, gc, m (A.12b) 

èQvêuêr
vê

≥ 1 	∀	gc, m (A.12c) 

Gvêêuêr ≥ %^+{Å	Qçuê 	∀	^cc, gc, m (A.13a) 

Gvêêuêr ≤ (^áz	Qçuê 	∀	^cc, gc, m (A.13b) 

èGvur
v

−è|D)ur

î

)ïE

+ |D7ur = 0		∀	g, m (A.14a) 

|D)ur ≤ |D()ñE)ur	2 ≤ + ≤ 6,		∀	g, m (A.14b) 

|D7ur ≤ (^áz	|Dîur		∀	g, m (A.14c) 

èIvpêqr
v

≤èstuq
u

òèÇOsÉ^%)	
î

)ïE

|D)ur + (^áz	|D7urô		∀	l, m (A.14d) 

Gvuêr =  GvuêrñE m > 1,		∀	^, gc (A.15) 

Ivpqr, ävuqr ≥ 0 Gvur, |D7ur,%àåpqr ∈ ℤT Qvur, |D)ur ∈ {0,1} (A.16) 

 
The CAFÉ model, at its primary objective, seeks to minimize missed or at-risk demand—that 

is, demand for M-Ts that cannot be completed by an aircraft in the fleet because of constraints in 
the model. Among the demand types, CAFÉ values SAR missions ahead of all others, so it will 
seek first to miss as few of those as possible. Within SAR missions, the value of a missed 
mission is equal to all others; the same holds for non-SAR missions as well. To the extent that 
the demand can be met, CAFÉ will then seek to do so using the fewest FHs. However, that is a 
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minor consideration added to avoid excessive FHs when the demand can be met—not a true 
objective by itself. 

The detailed assumptions for the implementation appear later in this appendix. However, the 
following provides a summary of constraints 2 through 16: 

• A.2: The missed demand for a given M-T f in region l at time m must be greater than the 
demand for those M-Ts in region l during time m less the FHs assigned to that demand 
from all aircraft type ^. The ability to meet that demand depends on whether that aircraft 
type ^ can perform that M-T (Ovp), the number of aircraft type ^ required (wvp), and the 
number of hours per aircraft type ^ required (yvp). 

• A.3: The portion of each aircraft type from a given air station must be no less than the 
sum over all regions that the aircraft at that air station get assigned, for each time period. 

• A.4: The hours of aircraft type ^ performing M-T f in region l must be no greater than the 
portion of FHs for each aircraft type from each air station assigned to l, multiplied by its 
factor to serve l. 

• A.5: The total number of aircraft type ^ at all air stations must be no greater than the 
number in the entire fleet. 

• A.6: The number of aircraft type ^ at air station g cannot be larger than any restriction on 
that type (e.g., the air station associated with San Diego International Airport cannot 
handle FW aircraft). 

• A.7: The number of all aircraft at an air station cannot exceed a certain capacity. 
• A.8: The total number of FHs (training, modeled missions, and other missions) for 

aircraft type ^ for all one-month periods over the course of a year cannot exceed the 
yearly limits for that aircraft type multiplied by the total number of aircraft of that type. 

• A.9a and A.9b: The number of aircraft type ^ at the ATC must meet a certain minimum, 
and the number of nontraining missions they can perform is limited. 

• A.10a and A.10b: The number of aircraft type ^ (e.g., MH-65s) assigned to HITRON 
must meet a certain minimum, and the number of non-AUF missions they can perform is 
limited. 

• A.11a and A.11b: The number of aircraft type ^ (e.g., MH-65s) performing RWAI must 
meet a certain minimum; those aircraft can perform no other mission (outside of 
training). 

• A.12a through A.12c: If there are RW aircraft, they must be in sets of at least three. For 
each air station with a SAR requirement (currently, all air stations), there must be at least 
one set (with a minimum of three in that set). 

• A.13a and A.13b: If there are FW aircraft at a SAR air station, there must be at least 
%^+{Å (i.e., three) of them (although not shown here, we extended this to UASs for 
future fleets). 

• A.14a through A.14d: These constraints ensure that the number of SAR hours assigned to 
a given region is limited by the number of aircraft that can serve that region. Constraints 
14a, 14b, and 14c determine the total number of aircraft at a given air station. Constraint 
14d then limits the number of SAR FHs in a region, based on the assets of the air stations 
that can serve that region. The derivation of the number of hours per aircraft is based on 
the assumption that arrivals for SAR demand occur according to a Poisson process and is 
described later in the appendix. 



 
 
92 

• A.15: The laydown for each air station (but not AIRFAC) must remain constant over the 
year. 

• A.16: Nonnegativity, integrality, and binary constraints are preserved. 

Implementing the CAFÉ Model 

The CAFÉ optimization model was developed in the General Algebraic Modeling System,59 
a modeling system for mathematical optimization, solved using the mixed-integer programming 
solver in either Xpress-MP (now called FICO Xpress) or CPLEX,60 depending on the scenario 
and the efficiency of both solvers. 

Because it can assign aircraft types from multiple air stations to demand for M-Ts at a given 
region over different time periods, the model could be quite large. In our implementation, the 
sizes of the major dimensions are approximately 

• aircraft types: 10 
• air stations: 35 
• M-Ts: 57 
• regions: 60 
• time periods: 12. 

Constraint 4 maps—through the factor matrix (stuq)—a relationship between regions and air 
stations, thus avoiding a variable with all five dimensions. Nevertheless, multiple four-
dimensional variables exist (e.g., ävuqr). Depending on the demand scenario and the fleet option, 
the size of the CAFÉ model varies. In general, the number of variables is �(10î),61 of which the 
number of integer or binary variables is �(10õ). The number of constraints is also �(10õ). The 
model achieved a solution within a 1-percent optimality gap typically within ten minutes of 
runtime on a standard personal computer for any demand scenario–fleet combination. 

Additional Details About the CAFÉ Model’s Assumptions 

The CAFÉ optimization makes certain assumptions about how the demand for M-Ts is 
developed, assigned, and met by aircraft within the fleet. Although the MIP formulation earlier 
in this appendix provides the formal description of the constraint, the details of the major 
assumptions noted in Chapter 6 are provided in greater detail in this section. 

 
59 Version 23.3. Details are available from General Algebraic Modeling System Development, homepage, undated. 
60 Fair Isaac Corporation, “FICO® Xpress Optimization Help,” undated; IBM, “CPLEX Optimizer,” undated. 
61 �(10î) means “order of 1 million.” 
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Coast Guard Air Stations and Air Facilities Utilized in the CAFÉ Model 

Table A.1 provides a list of USCG air stations and AIRFACs that we included in the CAFÉ 
modeling. It reflects the air stations and locations that were in operation in 2018, although some 
operate only seasonally; thus, the set in the table is larger than the standard six AIRFACs listed 
in Chapter 1. The distinction between these terms for modeling is flexibility. There are stronger 
restrictions on air stations in the modeling, such as the requirement to maintain a SAR B-0 
aircraft in most cases. On the other hand, AIRFACs have less aircraft capacity and might be able 
to operate during only certain times of the year. 

Table A.1. USCG Air Stations and Air Facilities 

District Code Name AIRFAC Air Station 
1 KFMH Joint Base Cape Cod, Massachusetts 

 
x 

5 KACY Atlantic City International Airport, New Jersey 
 

x 

 KDCA Ronald Reagan Washington National Airport, Virginia x 
 

 KECG Elizabeth City Regional Airport, North Carolina 
 

x 

7 KPIE St. Pete–Clearwater International Airport, Florida 
 

x 

 MYCZ Autec Heliport, Bahamas x 
 

 MYIG Inagua International Airport, Bahamas x 
 

 KOPF Miami–Opa Locka Executive Airport, Florida 
 

x 

 KSVN Hunter Army Airfield, Georgia 
 

x 

 KJZI Charleston Executive Airport, South Carolina x 
 

 TJBQ Rafael Hernández International Airport, Puerto Rico 
 

x 

 KVQQ Cecil Airport, Florida 
 

x 

8 KEFD Ellington Field Joint Reserve Base, Texas 
 

x 

 KCRP Corpus Christi International Airport, Texas 
 

x 

 KNBG Naval Air Station Joint Reserve Base New Orleans, Louisiana 
 

x 

 — USCG Station Destin, Florida x 
 

 KMOB Mobile Regional Airport, Alabama 
 

x 

9 KMTC Selfridge Air National Guard Base Airport, Michigan 
 

x 

 KMKG USCG Station (Small) Muskegon, Michigan x 
 

 KTVC Cherry Capital Airport, Michigan 
 

x 

 KUGN Waukegan National Airport, Illinois x 
 

11 KACV California Redwood Coast–Humboldt County Airport, California 
 

x 

 KMCC Sacramento McClellan Airport, California 
 

x 

 KSFO San Francisco International Airport, California 
 

x 

 KNTD Naval Base Ventura County Point Mugu, California x 
 

 KSAN San Diego International Airport, California 
 

x 

13 KAST Astoria Regional Airport, Oregon 
 

x 
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District Code Name AIRFAC Air Station 
 KOTH Southwest Oregon Regional Airport, Oregon 

 
x 

 KONP Newport Municipal Airport, Oregon x 
 

 KNOW USCG Air Station Port Angeles, Washington 
 

x 

14 PJRF Kalaeloa Airport, Hawaii 
 

x 

17 PADQ Kodiak Airport, Alaska 
 

x 

 PACD Cold Bay Airport, Alaska x 
 

 PACV Cordova Municipal Airport, Alaska x 
 

 PAOT Ralph Wien Memorial Airport, Alaska x 
 

 PASI Sitka Rocky Gutierrez Airport, Alaska 
 

x 
SOURCE: CG-711 data provided to the authors. 
NOTE: The 12 AIRFACs noted in the table include the “seasonal” AIRFACs, which are excluded from the six 
mentioned throughout the report. As explained in “Seasonality Restrictions for Air Facilities” in Appendix A, six 
operate only a little during summer months. 

Maximum Number of Flying Hours per Year 

As modeled in CAFÉ, the maximum cap on FHs per year has a large impact on aircraft’s 
ability to meet demand for M-Ts. Because this study focused on fleet effectiveness, we did not 
explicitly model constraints related to having sufficient pilots, maintainers, and training 
(although we did model training hours on the aircraft). However, our constraints on FHs are 
based on planned hours and historical values, which implicitly include such realities. 

The numbers of FHs per year are based on values provided by CG-711 and listed in Table 
A.2. These represent the maximum number of FHs that each aircraft of that type can be utilized 
to meet modeled, training, and other mission demand over the course of a year. 

Table A.2. Maximum Yearly Flying Hours Available per Airframe, by Aircraft Type 

Aircraft Type FHs 
MH-65 645 

MH-60 700 

HC-130H 800 

HC-130J 800 

HC-27 1,000 

HC-144 1,000 

NGMH 750 

NGLH 700 

LUAS 1,000 

MUAS 1,000 
SOURCE: CG-711 data provided to the authors. 
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On average, the hours reflect slightly higher values than those observed in recent years in 
ALMIS for an average aircraft of that type. For instance, in 2017, the average number of hours 
per airframe for an MH-65 and an MH-60 were approximately 570 and 600, respectively. 
However, these values represent the maximum any single aircraft could fly in the model, so we 
would expect an average per airframe to be lower unless all airframes in the fleet were utilized to 
the maximum allocation. For MUASs and LUASs, we made the assumption that their FH 
numbers are similar to that of an FW aircraft. The very limited data on the MQ-9 in ALMIS 
appear to be consistent with this assumption. For the NGMH and NGLH, we assumed 
availability between 5 and 10 percent higher than their existing counterparts in the fleet. 

Maximum Number of Flying Hours per Month 

In the CAFÉ model, the time increment is a month. Thus, demand for M-Ts must be met by 
aircraft hours available in that month, as well as that amount over the entire year. Although the 
restriction for the yearly FHs applies in constraint 8 over the sum of all months, there is also a 
realistic maximum that each airframe can fly in a given month. That monthly number is—as one 
would expect—greater than the yearly value divided by 12. 

To calculate that maximum, we analyzed the FHs reported in ALMIS for 2016 through 2018 
for each airframe. Within each aircraft category, we analyzed the distribution of monthly FHs 
and looked for the hours used in a month at the 80th percentile as a guide for the maximum 
number of hours. Although the 80th percentile might appear to underestimate the surge capacity 
of an individual airframe (20 percent of the time, the number of monthly FHs was greater than 
that value), it is worth noting that this cap applies to all airframes of that type. Looking at 
individual tail numbers in ALMIS did reveal patterns of less frequently and more frequently 
flown aircraft, but it is difficult to determine whether those aircraft are flown more (or less) 
frequently because of mission demand or because of the aircraft’s ability to fly more (or fewer) 
hours. For all airframes (except the HC-2762), the 80th percentile for FHs provided a number that 
was between 25- and 40-percent more than the yearly cap divided by 12. These numbers imply a 
degree—albeit somewhat modest—of surge capacity within a given month for both the RW and 
FW aircraft. The value for UASs is based on the very limited data on the MQ-9 in ALMIS, 
although it is consistent with the assumption that it would be similar to that of a midrange FW 
aircraft. We assumed very modest (approximately 5 percent) more monthly hours for the NGMH 
and NGLH over their existing equivalents. Table A.3 lists the results. 

 
62 The HC-27’s 80th percentile was approximately 80 hours. However, because these aircraft are new to the fleet, 
expectations in terms of planning are that they will be similar to those for the HC-144 in terms of planned FHs. 
Thus, we used the HC-144 value for the monthly FH maximum. 
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Table A.3. Maximum Monthly Flying Hours Available per Airframe, by Aircraft Type 

Aircraft Type FHs 
MH-65 67 

MH-60 73 

HC-130H 88 

HC-130J 92 

HC-27 113 

HC-144 113 

NGMH 75 

NGLH 70 

LUAS 110 

MUAS 110 
SOURCE: ALMIS. 

Total Number of Aircraft of Each Type in the Fleet 

The total number of aircraft in each fleet shown in Chapter 3 represents the entire fleet, 
including aircraft that are in support or undergoing heavy depot maintenance but would not have 
programmed hours. Because of the highly coordinated plans for heavy depot maintenance of the 
aircraft, we assumed that a fixed number of aircraft would be out of the fleet and undergoing 
heavy maintenance (and thus, unavailable for any FHs). Using historical data on the numbers 
undergoing maintenance at the ALC, we assumed that the greater of either 12 percent or two 
airframes of each type in the total fleet would be at the ALC at any given time in the future fleet. 
The Current fleet numbers are based on the laydown provided by ATC as of May 2019, as shown 
in Figure 1.1 in Chapter 1. The values in Table 3.3 in Chapter 3 represent the fleet size {v for 
each candidate in the CAFÉ model. Constraint 5 restricts the entire number of aircraft at all 
locations to be within these values. 

Restrictions at Air Stations on Certain Aircraft Types 

To allow for a large degree of potential freedom in where future assets could be located, we 
generally imposed very few restrictions on the types of aircraft that could conceivably be located 
at a given air station. The CAFÉ model imposes many combination restrictions—for example, 
including a minimum number of RW aircraft for SAR air stations—but, for the specifics of an air 
station, we had few restrictions for the generic case (although we expanded these for many 
demand scenarios, which we noted in the future demand scenario chapters). The generic 
restrictions were as follows: 

• no FW or UAS at USCG Air Station San Diego and USCG AIRFAC Destin 
• no HC-144 or MUAS for air stations in D17. 



 
 
97 

Seasonality Restrictions for Air Facilities 

We assumed that all USCG air stations would be open throughout the year but that some 
AIRFACs would be closed, typically during the winter months. Although these restrictions could 
change in the future, we wanted to model current operational restrictions as much as possible, 
although erring as much as possible to be less restrictive than existing operations. The CAFÉ 
model assumed that the following would be closed during the “winter” months (November 
through April): 

• Destin, Florida 
• AIRFAC Muskegon, Michigan 
• AIRFAC Waukegan, Illinois 
• AIRFAC Cold Bay, Alaska 
• AIRFAC Cordova, Alaska 
• AIRFAC Kotzebue, Alaska. 

Each AIRFAC is assumed to have a capacity of two aircraft, with the exception of Destin, 
which, because of its limited space and facilities, is assumed to have a capacity of only one. 

Accounting for Training and Other Mission Requirements Through Coefficients on 
Modeled Missions 

As noted in the body of the report, we could rely on historical data in ALMIS to generate 
demand for various mission categories. However, we relied on past patterns to model demand for 
smaller missions or training, the latter being responsible for a very large portion of the FHs, 
especially RW aircraft. These requirements are not neglected in the CAFÉ model; we assumed 
that training and other missions had to be performed, but their requirement is expressed as a 
percentage (or coefficient) of the FHs performing the modeled missions. Although the amount of 
training varies from year-to-year historically, the range of values is generally fairly narrow, 
although there is some indication that training is lower in years in which the traditional missions 
have more FHs. 

For the training requirement, we calculated the total number of training hours, by aircraft 
type, from FY 2011 through FY 2017 and compared it with FHs for the modeled missions to 
calculate an average coefficient. This calculation formed the basis for the values for the ~tv 
coefficient used in constraint 8. Table A.4 provides those values for the Current fleet, as well as 
the future ones. We assumed that the NGMH would have a similar coefficient to that of the 
MH-60 and that the NGLH would have a similar coefficient to that of the MH-65. One can 
imagine that, in the future, the increased use of simulators and other methods for training would 
reduce the number of training hours in aircraft, but, for modeling purposes, we assumed that 
levels in the future fleets would be similar to existing levels. 
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Table A.4. Training Coefficient, or Ratio, Reflecting Training Hours Required per Modeled Mission 
Hour Flown, by Aircraft Type 

Aircraft Type Training Coefficient 
MH-65 1.780 

MH-60 1.493 

HC-130H 0.531 

HC-130J 0.531 

HC-27 0.715 

HC-144 0.715 

NGMH 1.493 

NGLH 1.780 

LUAS 0.100 

MUAS 0.100 
SOURCE: ALMIS. 

 
The MUAS and LUAS are based on assumed usage of simulators but in more-limited roles 

than might otherwise be the case in the future—thus, we assumed a fairly high number of 
training hours, with a ratio of one training hour for every ten hours of M-T FHs. This ratio is 
considerably higher than the training hours provided in very sparse data in ALMIS for the MQ-9, 
which is closer to 1 percent. The actual HC-27 training coefficient would be higher if it were 
based on its limited historical data. However, because this reflects its recent arrival to the fleet 
and the associated heavy training with a relatively small number of mission hours, we allocated a 
training coefficient identical to that of the HC-144 to reflect a more likely steady state for 
training needs. We increased the training coefficient by 0.2 per aircraft for demand scenarios in 
which additional aircraft perform HITRON missions; this increase is based on historical data 
showing that HITRON training coefficients are higher than those for non-HITRON MH-65 
aircraft. 

The total numbers of training hours for RW and FW aircraft must be at least 40 percent and 
20 percent of the total annual programmed hours, respectively. If the number of training hours 
determined by the training coefficient is less than these minimums, the minimum number of 
training hours is used instead. This minimum is applied after the CAFÉ model run if the optimal 
value does not achieve these minimum training hours. 

As noted previously, our demand functions do not explicitly handle certain “other” missions. 
Those missions in ALMIS that we classified under this “other” category were as follows: 

• administration 
• engineering 
• ferry 
• miscellaneous 
• test. 
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Combined, these missions constitute a relatively small amount of the number of FHs for the 
fleet. Although the coefficients can be as large as 20 percent for the RW aircraft (i.e., for every 
hour of modeled missions, there is approximately 0.23 hour for these “other missions” for 
MH-65 aircraft), they represented less than 7 percent of the total FHs in FY 2017. Nevertheless, 
we accounted for them via a “tax” on the modeled missions because the intrinsic demand for 
these FHs is hard to predict except as a function of operational activity. Table A.5 shows the 
coefficients for both Current and future fleets used in constraint 8 of the CAFÉ model. Like with 
training, we assumed similar percentages for NGMHs and NGLHs of their existing equivalents. 
For MUASs, we assumed values identical to those for the HC-144 for administration, 
engineering, and test but reduced to include no FHs for ferry operations because those operations 
would likely occur via surface assets for that aircraft. For the HC-27, because of its limited 
historical data, we assumed a coefficient identical to that for the HC-144 as well. 

Table A.5. “Other Mission” Coefficients Reflecting Hours Required per Modeled Mission Hour 
Flown, by Aircraft Type 

Aircraft “Other Mission” Coefficient 
MH-65 0.2260 

MH-60 0.1710 

HC-130H 0.0850 

HC-130J 0.0850 

HC-27 0.0746 

HC-144 0.0746 

NGMH 0.1710 

NGLH 0.2260 

LUAS 0.0746 

MUAS 0.0557 
SOURCE: ALMIS. 

Modeling Search-and-Rescue Mission Capacity 

The CAFÉ model treats demand for M-Ts in “monthly buckets” in which the demand for 
those missions must be met by the available assets. This bucketing approach is reasonable for 
quasi-scheduled activities, for which the likelihood of overlapping demand would not occur 
because the activities would be appropriately scheduled. An exception to this rule is the SAR 
mission, for which the demand for such activity cannot be reasonably assumed to be scheduled 
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but instead arises randomly. Chi-squared tests substantiate the assumption of modeling SAR as a 
nonhomogeneous Poisson process with seasonal dependence.63 

As a result, we treated our arrival rate (demand) for SAR in a given region as a Poisson 
process with arrival rate ú, where ú is the monthly SAR demand and, of course, varies by month 
to capture the seasonality of demand. To estimate the amount of SAR demand an air station can 
handle in a month, we assumed that the SAR demand (arrival rate ú) must be such that there is a 
confidence threshold that, when an arrival (SAR demand) occurs, we would have an available 
asset to respond to that demand. We assumed that any “up” aircraft capable of performing that 
M-T would respond to that SAR demand unless it is already responding to another SAR demand 
(i.e., that asset will divert from a non-SAR mission if it is responding to demand for a non-SAR 
mission). This procedure appears to be consistent with USCG operational policies as gleaned 
from our interviews. 

The theoretical results in the literature give ranges on the value of ù (where ù = ú ûü ), where 
a certain confidence (e.g., 95 percent) can be achieved given a certain number of assets.64 For our 
analysis, we assumed, based on the ALMIS data, that the average service time for a SAR M-T 
would be exponentially distributed with a mean of three hours (two hours’ flight time plus one 

hour of additional activity during the response). Thus, the value of our service rate û = (J†)(H°)
HTE

=

240. These values for ù can be taken directly from studies in the literature when an asset (e.g., 
an ambulance) is be assumed to be almost certainly operational. Given some number of up 
assets, we can then provide a range of ù over which we have a certain confidence that the queue 
would be empty. However, our calculation must also include the probability & that assets are 
available given £ aircraft. Assuming that the probability that aircraft are available is 
independently and identically distributed, we could calculate this as the cumulative distribution 

function of the binomial distribution. That is, P(& ≥ g) = 1 − ∑ •£^ ¶ }
v(1 − })ßñvu

vï† . Using 

historical availability rates of RW assets, we used } = 0.70. 
We thus estimate a target ù for an air station based on either of these conditions being true: 

• 95-percent confidence that at least & aircraft are available and, given that & are available, 
the queue for SAR M-Ts will be empty at least 95 percent of the time 

• 90-percent confidence that at least & aircraft are available and, given that & are available, 
the queue for SAR M-Ts will be empty at least 99 percent of the time. 

 
63 Curtis McGinty, Endre Boros, Paul Kantor, Fred S. Roberts, Brian Nakamura, Christie Nelson, Brian Ricks, 
Thomas J. Rader, Kevin J. Hanson, Patrick J. Ball, and Chad M. Conrad, “The ACCAM Model: Simulating 
Aviation Mission Readiness for U.S. Coast Guard Stations,” 2015 IEEE International Symposium on Technologies 
for Homeland Security (HST), Institute of Electrical and Electronics Engineers, 2015. 
64 Colin E. Bell and David Allen, “Optimal Planning of an Emergency Ambulance Service,” Socio-Economic 
Planning Science, Vol. 3, No. 2, August 1969, pp. 95–101. 
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Of those, we used the one that provided us the greater value for the target ù. Assuming a 
binomial distribution with } = 0.70 and the target values in the literature, we constrained the 
number of SAR mission hours per air station based on the number of aviation assets shown in 
Table A.6. 

Table A.6. The Maximum Number of Monthly SAR Flying Hours per Air Station Based on a Target 
® 

N (Aircraft at Air Station) Target ® Maximum SAR FHs 
3 0.05 24 

4 0.14 68 

5 0.35 168 

6 0.43 206 

7 or more 0.81 or greater No SAR limit 

 
With seven or more aircraft at a given air station, the value of ù is sufficiently large that the 

constraint on the number of total monthly FHs becomes more of a restriction than the likelihood 
of a queue for SAR M-Ts. This logically follows from the very high confidence that three or 
more aircraft are available to meet SAR M-T demand. Similarly, for small values of £, the 
number of SAR FHs is limited because the probability of having greater than one aircraft 
available is generally less than 90 percent. 

These results imply that, for one or two aircraft at an AIRFAC, there is no SAR number for 
which one can be 90-percent confident that an aircraft would be available and not currently 
performing another SAR case. However, because of the likely increased availability rates for the 
AIRFAC aircraft (being supported by nearby air stations in their districts), we assumed a higher 
level of aircraft availability to maintain B-0 aircraft rates with fewer than three assets. We thus 
assumed that AIRFACs could handle a modest number of SAR M-T hours, as shown in Table 
A.7. These values are used in the model to define the parameter, ÇOsÉ^%). As noted earlier, the 
restriction on the SAR FHs is implemented in constraints 14a through 14d. 
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Table A.7. The Maximum Number of Monthly SAR Flying Hours 

N (Aircraft at Air Station or AIRFAC) Maximum SAR Hours at Air Station Maximum SAR Hours at AIRFAC 

1 0 6 

2 0 12 

3 24 24 

4 68 68 

5 168 168 

6 206 206 

7 No SAR limit No SAR limit 

Aviation Training Center Requirements 

The USCG’s ATC in Mobile, Alabama, has a dedicated fleet of training RW aircraft. There 
are no specific set-asides for FW aircraft, although there is an operational FW unit in which 
some training does occur. In the CAFÉ model, we implemented the current set-asides of nine 
MH-65s and four MH-60s for ATC. These aircraft have been historically used periodically in 
support of surge operations (e.g., during the 2017 hurricane season). We thus assumed that these 
aircraft could do up to 20 percent of their FHs to meet modeled M-T demand. The remaining 
FHs on these aircraft are allocated to the training hour requirement. These rules are applied in 
constraints 9a and 9b in the model. 

For future fleets, we assumed—to be consistent with how we derived existing ratios—that 
the number of set-aside RW aircraft is 10 percent of the total number of aircraft of that type, for 
all RW aircraft types, in the operational fleet, rounded up to the nearest whole number (e.g., an 
operational fleet of 85 NGLHs would require nine aircraft set aside for training). Because a 
larger portion of the FW training occurs in a simulator and more of the training can occur at the 
operational units, we did not specify any set-aside FW aircraft, but we continued to restrict 
KMOB to have an FW operational fleet to ensure sufficient training opportunities. We did not 
specify a set-aside for UASs at a training center but still mandated a minimum training 
coefficient, described earlier. 

Modeling the Rotary Wing Air Intercept Mission 

We modeled the requirement for the RWAI mission as a requirement to have set-aside 
aircraft at KDCA that can do no other M-Ts, although they could be used to meet training 
requirements. In constraints 11a and 11b, we constrained the assets such that 

• there would be a fixed number (six) of MH-65s at KDCA, unavailable for other M-Ts 
• there would be additional “traveling RWAI” assets. The requirement to use a set of three 

MH-65 aircraft varies over time; we approximated this partially filled requirement by 
assigning two aircraft every month, which might increase in certain demand scenarios. 
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For future fleets, we preferentially used MH-65s or the NGLH as the set-aside for RWAI. 
Should none of these aircraft be available in a future fleet, we would assign NGMHs as an 
approximation of the requirement. 

Modeling the Helicopter-Interdiction Tactical Squadron Missions 

The current HITRON mission requirement is for 12 specially configured MH-65s to perform 
AUF missions. Like we did for the RWAI mission (in the model, they are assigned to KVQQ), 
we assumed a fixed number of set-asides of these aircraft. Unlike with RWAI, however, we 
allowed—to be consistent with how we used historical data—a limited number of non-AUF 
missions (namely, 20 percent of FHs). In the CAFÉ model, we set aside the appropriate number 
(normally 12, but, in some demand scenarios, the requirement is higher) of MH-65s or NGLHs 
in the fleet. As with the RWAI set-aside, we assigned NGMHs as an approximation of the 
requirement should the candidate fleet have no MH-65s or NGLHs. 
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Appendix B. USCG Aircraft Fleet Acquisition Cost Investments 

Fleet Aircraft Acquisition Costs 

Even though the output of the relative cost values and the associated performance values for 
assessing the Current and 16 alternative fleets focused primarily on annual total O&S cost 
differences, decisions going forward must also consider the level of acquisition cost investment 
needed in the trade-offs of two things: 

• continuing to procure aircraft mission equipment modifications and aircraft system 
modernization retrofits to the Current fleet of four FW and two RW aircraft 

• procuring higher–engine performance replacement helicopters with the same or improved 
mission systems, LUASs, or MUASs, or some combination of the three. 

To put the level of acquisition investment in perspective, Figure B.1 provides a list of the 
previous fiscal years’ budgets through FY 2020 of the USCG procurement and improvement 
total funds (in millions of constant FY 2019 dollars) and displays the near-term plans in 
modernizing FW aircraft mission equipment, cockpits, and other items needed to meet USCG 
requirement performance improvements through FY 2022 and performing RW SLEP 
modifications and the other upgrades through FY 2027. 

Figure B.1. USCG Fleet Procurement and Improvement Costs and Near-Term Plans 

 

SOURCE: CG-41 data provided to the authors. 

NOTE: MSS = Mission System Suite. 

(1) Does not include $1,140 million of prior-year budget from FY 2014 through FY  2017. 

Acquisition Investment

USCG Procurement and 

Improvement Budgets, 

FY 2019, in Millions of 

Dollars (1)

Annual Budgets, Fiscal 

Years
2020 2021 2022 2023 2024 2025 2026 2027 2028

Complete fielding of 18  HC-

144B pods upgraded aircraft 

2014–20201,184
HC-144A MRS MSS+ aircraft to HC-

144B pods upgrade

HC-27J MRS aircraft missionization 

and cockpit modernization 

improvement

548 2016–2020

    Complete upgrading of 14 

new HC-27J MRS aircraft 

Complete SLEP structural 

upgrades of 45 MH-60T MRR 

helicopters 

MH-60T MRR helicopter SLEP 

airframe upgrades
54 2018–2020

Complete acquisition and 

delivery of 6 HC-130J to Air 

Station Kodiak 

HC-130J acquisition and MSS+ 

conversion and other upgrades
973 2015–2018

Complete conversion and 

SLEP structural and avionics 

upgrades of 92 MH-65T SRR 

helicopters 

MH-65T SRR helicopter conversion 

and SLEP upgrades
814 2012–2020
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Acquisition Investments in Different Classes of UASs 

In this section, we provide ROM acquisition investment and ROM cost estimates for 
procuring LUASs and MUASs as candidates for alternative fleets in comparisons with the 
magnitude of USCG investments in the Current fleet, as listed in Figure B.2. 

As an analogous data point, the MQ-9 Reaper/Predator B UAS average unit flyaway cost is 
listed at $19.6 million (in constant FY 2019 dollars) for a quantity of 163 built as of 2014.65 This 
estimate does not include the total procurement cost of estimating the fixed ground stations, air 
vehicle test equipment, spares, or other supporting equipment. A USCG acquisition investment 
in the LUAS operational quantity buy for an alternative fleet of between 20 and 90 air vehicles 
shown in Table 3.3 in Chapter 3 would require an estimated investment of between $400 million 
and $1.8 billion (in constant FY 2019 dollars). 

The USCG awarded an initial contract to Insitu in June 2016 for the procurement of the 
ScanEagle MUAS for ISR services aboard the NSC Stratton for approximately $5.0 million (in 
FY 2019 dollars).66 The system cost, as previously described, includes the procurement of four 
air vehicles along with the Mark 4 shipboard launcher, a ground control workstation, and a 
recovery system. A USCG acquisition investment in the MUAS operational quantity buy for an 
alternative fleet of between 90 and 360 air vehicles shown in Table 3.3 would require an 
estimated investment of between $450 million and $1.8 billion (in constant FY 2019 dollars), a 
similar range to the LUAS investment. 

The Current Fixed-Wing Aircraft Fleet 

HC-144 Aircraft Mission Equipment Modernization 

The USCG has invested approximately $1,184 million (constant in FY 2019 dollars) from 
FY 2014 through FY 2020 in the sensor upgrade of the FW fleet of HC-144A MRS aircraft by 
retrofitting and converting the legacy mission system and associated sensors to pods, upgraded 
USCG variants of the U.S. Navy Minotaur MSS+ or Minotaur MSP. The HC-144 is a multi-
mission platform that performs SAR, LE, homeland security, MEP, and assistance with cargo 
and personnel transport. The aircraft can perform aerial delivery of SAR equipment, such as 
rafts, pumps, and flares, and can be used as an on-scene commander platform. 

In FY 2018, three HC-144As were converted; another seven were converted and fielded in 
FY 2019; and seven more are planned for conversion in FY 2020. The effort has been funded to 
continue with plans for completion of the conversion of an FW fleet of 18 configured with the 
pod upgrade by the fourth quarter of FY 2022. 

 
65 USAF, 2015b. 
66 Acquisition Directorate, USCG, “Unmanned Aircraft System,” undated d. 
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HC-27J Aircraft Mission Equipment and Cockpit Modernization 

The USCG has also invested in approximately $548 million (in constant FY 2019 dollars) 
from FY 2016 through FY 2020 in the HC-27J MRS aircraft continued nonrecurring engineering 
effort required to support the aircraft missionization and cockpit modernization of the existing 
fleet. In FY 2018, HC-27J modernization was underway; funding was requested in FY 2020 to 
begin the missionization of the low-rate initial production of retrofits of a total of 14 Navy 
HC-27Hs that are being converted into new HC-27J aircraft. The funding also included 
engineering studies for developing cockpit improvements and assessing and resolving aircraft 
part obsolescence issues. 

Once missionized, the HC-27J will be a multi-mission asset that performs SAR missions, 
AMIO operations, counterdrug operations, PWCS, and MEP missions, as well as cargo and 
personnel transport operations. 

HC-130J Mission Equipment Modernization 

The USCG began investing a total of approximately $973 million (in constant FY 2019 
dollars) from FY 2015 through FY 2018 for acquiring, retrofitting, and upgrading USAF 
HC-130J aircraft and configuring all the missionized aircraft with the same USCG MSS+ Navy 
variant as the HC-144. The MSS+ provides the HC-130Js with improved system performance, 
addresses obsolescence concerns, improves the mission system’s cybersecurity, and increases 
compatibility with CBP mission systems through conversion to the DHS program’s mission 
system processor. With available funding, five aircraft have been delivered to Air Station 
Kodiak, and all initial sparing has been procured to stand up the site. The last legacy MSS 
HC-130J aircraft was planned for September 2019 delivery. 

The Current Rotary-Wing Aircraft Fleet 

MH-65T Helicopter Retrofits and Service-Life Improvements 

USCG investments in procurement and improvements of the RW fleet of MH-65 SRR 
helicopters of approximately $814 million in total funds (in FY 2019 dollars) covered FY 2012 
through FY 2020. In FY 2012, SLEP design activities began, focused on discrete segment (DS) 
upgrades to the automatic flight control system or avionics and specific structural components of 
each airframe. The effort continued through the end of FY 2017 with SLEP project work in 
procurement to support the implementation of MH-65 retrofits. For FY 2018 through FY 2020, 
funding has been in place for continuing the SLEP upgrading of the entire RW fleet of 92 
MH-65T helicopters planned for completion by the second quarter of FY 2024. 

It is important to note that the total funding of $814 million does not include SLEP activities 
for the four DSs for reengining of the MH-65Ts and upgrading the helicopters’ NCR air defense 
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and AUF systems and for obsolete component modernization, which were fully funded through 
prior-year appropriations. 

Even though these DS SLEP upgrades and modernization of aging components and 
subsystems are necessary to sustain readiness, stabilize maintenance costs, and comply with 
Federal Aviation Administration safety requirements, it is worth noting that two other DSs for 
SLEP upgrades for the MH-65Ts, the Shipboard Handling, Securing and Traversing System and 
surface-search radar, were canceled in the FY 2012 acquisition program baseline.67 

MH-60T Helicopter Service-Life Improvements 

The USCG initiated investments in procurement and improvements for sustaining the RW 
fleet of 45 MH-60T MRR multi-mission helicopters beginning in FY 2018 to support a SLEP 
effort focused on upgrading structural fittings and dynamic airframe components for meeting the 
20,000-FH service-life limit. The total investment of approximately $54 million (in FY 2019 
dollars) covers a period from FY 2018 through FY 2020 for continuing SLEP activities planned 
through the fourth quarter of FY 2027 for extending the life of the MH-60T airframes and the 
entire RW fleet of 45 MH-60T helicopters into the mid-2030s time frame. The mid-2030s is also 
around the same time frame as USCG plans for recapitalization of the aging RW fleet, which are 
in alignment with DoD Future Vertical Lift acquisitions. 

The MH-60T MRR SLEP of the helicopter airframes complements the MH-65T SRR 
helicopters in both supporting 24/7 SAR and disaster-recovery mission operations and 
contributing to other missions, such as PWCS, MEP, LMR, DI, AMIO, and other USCG LE 
activities. 

Accounting for O&S Cost Impacts of Coast Guard Aircraft Fleet Acquisition 
Investments 

For the USCG acquisition retrofit investments in improvements for the HC-144, HC-27J, and 
HC-130J by replacing old and installing new modernized mission equipment or cockpit displays, 
the funds for these FW aircraft can be amortized annually on a per-aircraft per-FH basis. The 
resulting costs can be added to the variable O&S costs based on the estimated average service 
life in years remaining. Even though it is uncertain how this investment in FW aircraft 
modernization will improve the overall reliability and hence reduce the aircraft system failure 
rates and the variable O&S CPFH over time, this investment does provide an indication that the 
USCG is not going to retire these FW aircraft in the next ten years. So, for the purposes of this 
study and for covering the cost-effectiveness decisionmaking timeline horizon, it is logical to be 
able to amortize and add this acquisition cost investment per aircraft per year on an FH basis to 

 
67 USCG, Fiscal Year 2012 Congressional Justification, c. 2011. 
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the annual variable O&S CPFH basis over the estimated number of years of service-life FHs 
remaining. 

Therefore, the variable O&S CPFH per-aircraft set of values listed in Table 4.1 for the 
Current fleet is based on an FY 2019 through FY 2020 average number of PFHs per year and are 
assumed to represent steady-state O&S costs. The costs are assumed to represent a period of time 
since being first fielded during which an initial higher failure rate over time for infant mortality 
of early part failures occurs followed over time by a steady state of a relatively flat number of 
failures over a fixed time prior to aging occurring and before a higher failure rate occurs as each 
aircraft approaches the end of its service life. The benefit or impact of USCG investments in 
aircraft SLEPs extends the end of service life while keeping the variable O&S CPFH relatively 
constant over time, thereby delaying the results of higher failure rates due to aging (which, in 
theory, are represented over time as a bathtub curve). We estimated the impact of the acquisition 
cost investment by adding the amortized cost on an annual per-aircraft per-FH basis over the 
number of years of extending the life, for example, by 20,000 FHs to the steady-state variable 
O&S cost values. If the average number of annual FHs is 1,000, we amortized the investment by 
dividing the SLEP procurement costs over 20 years. 

Table B.1 lists the average procurement or improvement cost per aircraft and the amortized 
annual average acquisition CPFH per aircraft over the extended existing or new-aircraft service 
life (in years) based on the average number of annual FHs listed for the three existing FW and 
two existing RW fleet aircraft. 
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Table B.1. USCG Aircraft Fleet Revised O&S Cost Aircraft per Flying Hour 

Measure HC-130Ja HC-144b HC-27c MH-60d MH-65e 
Current fleet quantityf 13 18 14 45 98 

Added recapitalization quantity 4 0 14 0 0 

Average procurement or improvement per aircraft, in FY 
2019 dollars 57,235,294 1,888,889 19,571,429 1,200,000 8,428,571 

Extended or new service life, in years 20,000 20,000 20,000 20,000 10,000 

Average number of annual FHs 800 1,000 1,000 700 645 

CPFH per aircraft, in FY 2019 dollars      

Amortized annual average acquisition 2,862 94 979 60 843 

Variable O&S 5,229 3,058 4,212 4,495 3,375 

Revised variable O&S 8,091 3,152 5,191 4,555 4,218 
SOURCE: Current fleet information from CG-711 data provided to the authors. 
a Average cost is based on HC-130J fleet mission systems modernization of seven out of 13 existing aircraft plus 
procurement of four additional aircraft. 
b HC-144A fleet aircraft conversion and modernization cost upgrades. 
c HC-27J fleet modernization and upgrade of six out of nine existing aircraft plus procurement of 14 additional 
missionized aircraft. 
d MH-60T fleet SLEP upgrades to extend the service life of each helicopter by another 20,000 hours. 
e MH-65 fleet SLEP upgrades of 92 out of 98 legacy aircraft extending the service life of each helicopter by 10,000 
hours. 
f Numbers represent existing fleet sizes listed in Table 3.2 in Chapter 3. 

Long-Range, Large-Class UAS Acquisition Investment Plans 

The USCG has validated the LUAS as a mission need to significantly enhance ocean 
surveillance in support of the service’s offshore operations. CBP Air and Marine Operations and 
the USCG established a joint program office in 2008 in which land-based UAS flight crews are 
jointly operating the maritime-variant Predator UAS (the MQ-9 Guardian) on maritime missions 
to enhance the USCG’s understanding of potential land-based UAS solutions and support the 
development of a land-based UAS requirement package. The MQ-9 Guardian jointly owned 
LUAS is stationed out of land-based stations in Florida and Texas and is equipped with the 
Raytheon SeaVue marine search radar and Raytheon’s MTS-B EO/IR sensors and was optimized 
for 24-hour maritime border patrol surveillance operations. 

In FY 2016, the USCG initiated a research, development, test, and evaluation program to 
investigate the feasibility, costs, and benefits of using land-based LUASs and ultra–long 
endurance UASs to conduct ISR missions in contraband transit zones.68 The UAS is expected to 
specifically provide persistent, tactical wide-area surveillance, detection, classification, and 
identification functions to which the USCG did not have access. The ultra–long endurance 

 
68 Loretta Haring, Office of Strategic Planning and Communication, Acquisition Directorate, USCG, “Research, 
Development, Test and Evaluation Spotlight: Long-Range, Ultra–Long Endurance Unmanned Aircraft System,” 
Coast Guard Compass, January 9, 2018. 
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LUAS would provide multiple days of surveillance and detection while employing sophisticated 
sensor payloads, including advanced optics and wide-area surface surveillance and detection 
technologies. 

The first phase of the research, development, test, and evaluation program involved issuing a 
request for information as part of market research to understand the state of technology available 
in this UAS market and to gather information on the systems and mission equipment packages 
available from interested contractors. The request for information defined minimum 
requirements for large systems capable of operating in the maritime environment, beyond line of 
sight (via satellite communications), with at least 24 hours’ endurance, and with a payload that 
includes sensors and communication relay. 

The second phase involved preparing an analysis of alternatives focused on available systems 
and mission equipment packages identified in the market research. This analysis considered the 
benefit, feasibility, and cost in comparison with legacy manned maritime patrol aircraft. Benefit 
was derived from the simulation and modeling of data for various systems, informing the 
ultimate cost and feasibility of deploying these technologies in transit zones. The analysis of 
alternatives enabled the USCG to scope the proof-of-concept UAS technology demonstration 
and selection of system capabilities best suited to meeting the USCG’s DI mission. 

In FY 2017, Congress appropriated funds for the USCG to test and evaluate ultra–long 
endurance LUASs for ISR missions in the source and transit zones. The source zone is where the 
product is grown, such as Colombia in the case of cocaine. The transit zone, which encompasses 
the eastern Pacific Ocean, the Caribbean Sea, and the Gulf of Mexico, is typically where illegal 
drugs originating in South America are carried in bulk on ships before being offloaded in Central 
America and broken down into smaller packages for shipment by vehicles and small vessels into 
the United States. Once the drugs make land, they are divided into smaller parcels and are then 
harder to detect. 

In April 2018, the USCG issued a draft solicitation related to a forthcoming technology 
demonstration of ultra–long endurance LUASs to determine the operational utility and potential 
use for finding and tracking illegal drug and migrant activities in the transit zone.69 Awards were 
planned during FY 2018 with demonstrations to be held in FY 2019. 

The USCG wants to deploy the ultra–long endurance LUAS to bolster its assets used for 
patrolling the transit zone. The statement of work gave minimum performance requirements of 
24-hour endurance, operations at a 15,000-foot mean above sea level, and various maritime 
sensors, including EO/IR full-motion video, surveillance radar, radio frequency and direction 
finding, and tactical communication radio and datalink. In FY 2019, the USCG planned to select 
a contractor for the LUAS technology demonstration and to perform test and evaluation of the 
system. 

 
69 Calvin Biesecker, “Coast Guard Plans Tech Demonstration of Long Range UAS,” Defense Daily, April 6, 2018. 
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Medium-Range MUAS Acquisition Investment Plans 

Since 2008, the USCG has focused its UAS acquisition efforts on evaluating technologically 
mature systems, seeking commonality with DHS and DoD programs, and applying lessons 
learned from interagency UAS experience to address latent demand for greater maritime domain 
awareness.70 The USCG is interested in UASs that can remain on station for extended periods, 
expand maritime domain awareness, and disseminate actionable intelligence on maritime hazards 
and threats in real time, as illustrated in Figure B.2. The contract for procurement of UAS 
capability on three NSCs and options to outfit the rest of the NSC fleet in future years was 
awarded in June 2018. Figure B.2 illustrates, from an operational perspective, the USCG’s 
interest in procuring an MUAS configured with a mix of mission sensor equipment needed to 
meet USCG mission needs and includes the air-to-air communication link capabilities to other 
FW manned aircraft in the fleet, as well as satellite communications and links from the MUAS to 
USCG cutters. 

 
70 Acquisition Directorate, undated d. 
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Figure B.2. A Medium-Range MUAS Operational View 

 

SOURCE: USCG MUAS image from the 2017 concept of operations, provided to the authors. 

NOTE: MWIR = midwave IR. GCS = ground control station. MR-UAS = MUAS. 

Cutter-based MUASs are considered part of the force package for major cutters, including 
the NSC and the planned OPC. The initial operating capability of MUAS includes operation, 
integration, maintenance, and sparing of contractor-owned and -operated ScanEagle UASs on all 
NSCs. The ScanEagle requires a catapult launch and line capture system and weighs up to 80 lb. 
with endurance of more than 12 hours and a 100-nm range. 

The USCG awarded an initial contract to Insitu in June 2016 for small remotely piloted aerial 
ISR services aboard the NSC Stratton for approximately $5.0 million (in FY 2019 dollars), 
which included operation, integration, maintenance, and sparing of a contractor-owned UAS on 
one NSC for one year.71 By January 2018, ScanEagle helped the ship’s crew seize more than 
$724 million worth of cocaine to help the USCG post a record-breaking year for drug busts in 

 
71 Acquisition Directorate, undated d. 
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2017. During a 22-month period from December 2016 to October 2018, the ScanEagle was 
flown off NSC Stratton for 928 FHs or, on average, 42 FHs per month.72 

In June 2018, Insitu won a second five-year contract with the USCG to help deploy 
ScanEagle across the fleet of three additional NSC ships for operating airborne surveillance, 
detection, classification, and identification operations.73 Additional areas of support included 
real-time imagery, data, target illumination, communication relay, and other capabilities to the 
cutter fleet and other government platforms as needed. ScanEagle is designed to remain in the air 
for more than 24 hours at a ceiling of 15,000 feet. The 8.2-foot-long drone with a 16-foot 
wingspan is sent into the air from a pneumatic launcher and recovered with a hook and arresting 
wire. 
  

 
72 Acquisition Directorate, USCG, “sUAS for NSC,” February 2019. 
73 Ross Wilkers, “Coast Guard Awards $117M Drone Contract,” Defense Systems, June 18, 2018. 
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Appendix C. Details on Mission-Task Development 

This appendix provides details on how we developed the M-Ts described in Chapter 2. 

Mission-Task Numbering 

The M-T categories represent broad summaries of the types of aircraft capabilities that have 
historically been used in support of USCG missions. To allow for more-detailed analytic 
insights, we further subdivided the M-Ts into numbered sets that indicate the level of difficulty. 
For example, CDM M-T types are numbered between 1 and 10, where 1 represents the smallest 
and 10 represents the largest number of square nautical miles surveilled in support of that M-T. 
As indicated above, the data provided by the USCG do not contain location information except 
for SAR. To estimate the difficulty of an M-T using terms that could be broadly compared across 
different types of aircraft, we used aircraft-specific parameters and parameters identified through 
interviews with USCG SMEs and technical documents to estimate the most broadly applicable 
scenario for each M-T category. 

For CDM, which we have assumed is done exclusively in support of JIATF-South, we used 
such parameters as speed, altitude, and swath width to estimate the number of square nautical 
miles surveilled, using only the number of hours flown and type of airframe as an input. To 
estimate the time spent in transit, we assumed that 15 percent of the flight time was used for the 
transit. 

Then, we used a k-means clustering process to identify appropriate breaks for further 
subdividing the M-Ts. Figure C.1 illustrates the ten CDM levels into which we categorized the 
FY 2017 data. 
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Figure C.1. The Results of the Clustering Process for Covert Detection and Monitoring 

 

SOURCE: ALMIS. 

We followed a similar process for the other M-Ts by using parameters appropriate for those 
missions. Figure C.2 and Table C.1 represent the cargo M-Ts. More details about the parameters 
used can be found in Appendix D. 
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Figure C.2. A 3-D Plot of the Cargo Clusters 

 

SOURCE: ALMIS. 

Table C.1. An Overview of the Cargo Clusters 

M-T Distance, in Nautical Miles Cargo Load, in Pounds Cargo Volume, in Cubic Feet 
LOG 1 154 732 23 

LOG 2 312 10,894 751 

LOG 3 467 1,949 79 

LOG 4 835 26,715 1,396 

LOG 5 1,525 23,265 3,140 

Mission-Task Summary 

The optimization process described in Appendix A examines sets of M-T demand 
summarized by origin and month and uses a centroid of regional “demand” as a proxy for the 
destination.74 For this analysis, the origin for any flight is assumed to be the parent air station. 
This might be unrealistic, but, because we represent all historical hours flown in one form or 
another, there should be little overall impact from this choice. The month is the historical month 
in which the M-T was flown. The location of the region is important for estimating whether 
another air station could support the mission; it is not used in assessing the length or difficulty of 
the mission. Level of difficulty is what the M-T category and numbering systems provide. 

 
74 In math, centroid is the center of mass of a geometric object of uniform density. 
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Because of the problems encountered with directly linking ALMIS and MISLE records, we 
used another k-means clustering process to identify geographical centroids of activity for 
historical USCG SAR missions involving aircraft. We clustered the locations of SAR cases to 
establish “regions” of historical activity. 
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Appendix D. The Numbers of Aircraft and Hours Required to 
Accomplish Each Mission-Task 

Tables D.1 and D.2 show the numbers of aircraft and hours for each of those aircraft, 
respectively, to accomplish each of the M-Ts in our analysis. These tables provide the 
operational comparison for each aircraft in our analysis and the aircraft performance input into 
the CAFÉ model. 

Table D.1. The Number of Aircraft Required for Each Mission-Task 

M-T Category M-T HC-130H HC-130J HC-144 HC-27J MH-60T MH-65 NGMH NGLH LUAS MUAS 
CDM  1 1 1 1 1 1 2 1 1 1 1 

 2 1 1 1 1 3 17 2 8 1 2 

 3 1 1 1 1 5 N/A 3 53 1 3 

 4 1 1 1 1 9 N/A 5 N/A 1 5 

 5 1 1 1 1 17 N/A 8 N/A 1 12 

 6 1 1 1 1 28 N/A 11 N/A 1 76 

 7 1 1 1 1 54 N/A 16 N/A 1 N/A 

 8 1 1 2 1 310 N/A 25 N/A 1 N/A 

 9 1 1 2 1 N/A N/A 337 N/A 1 N/A 

 10 2 1 2 2 N/A N/A N/A N/A 1 N/A 

LOG VTOL 
 

N/A N/A N/A N/A 1 1 1 1 N/A N/A 

LOG  1 1 1 1 1 1 1 1 1 N/A N/A 

 2 1 1 1 1 1 N/A 1 N/A N/A N/A 

 3 1 1 1 1 N/A N/A 1 N/A N/A N/A 

 4 1 1 1 1 N/A N/A N/A N/A N/A N/A 

 5 1 1 1 1 N/A N/A N/A N/A N/A N/A 

ODM  1 1 1 1 1 1 1 1 1 1 1 

 2 1 1 1 1 1 1 1 1 1 1 

 3 1 1 1 1 1 1 1 1 1 1 

 4 1 1 1 1 1 2 1 1 1 1 

 5 1 1 1 1 1 2 1 1 1 1 

 6 1 1 1 1 2 3 1 2 1 1 

 7 1 1 1 1 3 5 2 3 1 2 

 8 1 1 1 1 3 7 2 5 1 3 

 9 1 1 1 1 5 9 3 6 1 3 

 10 2 1 2 1 7 14 4 9 1 5 
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M-T Category M-T HC-130H HC-130J HC-144 HC-27J MH-60T MH-65 NGMH NGLH LUAS MUAS 
SAR ODM  1 1 1 1 1 1 1 1 1 1 1 

 2 1 1 1 1 1 1 1 1 1 1 

 3 1 1 1 1 1 1 1 1 1 1 

 4 1 1 1 1 1 1 1 1 1 1 

 5 1 1 1 1 1 1 1 1 1 1 

 6 1 1 1 1 1 2 1 2 1 1 

 7 1 1 1 1 1 3 1 2 1 1 

 8 1 1 1 1 2 4 2 3 1 1 

 9 1 1 1 1 3 6 3 5 1 2 

 10 1 1 2 1 5 11 5 10 1 3 

SAR PIW hoist  1 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 2 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 3 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 4 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 5 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 6 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 7 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

 8 N/A N/A N/A N/A 1 2 1 1 N/A N/A 

 9 N/A N/A N/A N/A 1 2 1 2 N/A N/A 

 10 N/A N/A N/A N/A 1 2 1 2 N/A N/A 

SAR vessel drop  1 1 1 1 1 N/A N/A N/A N/A N/A N/A 

2 1 1 1 1 N/A N/A N/A N/A N/A N/A 

3 1 1 1 1 N/A N/A N/A N/A N/A N/A 

4 N/A 1 N/A N/A N/A N/A N/A N/A N/A N/A 

SAR vessel hoist  1 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

2 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

3 N/A N/A N/A N/A 1 1 1 1 N/A N/A 

4 N/A N/A N/A N/A 1 N/A 1 N/A N/A N/A 

5 N/A N/A N/A N/A 1 N/A 1 N/A N/A N/A 

Table D.2. Hours per Aircraft Required for Each Mission-Task 

M-T Category M-T HC-130H HC-130J HC-144 HC-27J MH-60T MH-65 NGMH NGLH LUAS MUAS 
CDM  1 1.37 1.35 1.51 1.35 4.13 2.24 3.05 2.86 1.59 4.77 

 2 3.51 3.51 3.87 3.52 4.59 2.27 4.74 2.49 4.29 9.29 

 3 4.76 4.78 5.25 4.79 4.46 N/A 4.89 2.44 5.79 10.72 

 4 5.98 6.01 6.58 6.01 4.11 N/A 4.59 N/A 7.26 11.73 

 5 7.07 7.11 7.78 7.11 3.80 N/A 4.36 N/A 8.57 11.00 

 6 7.85 7.90 8.63 7.90 3.67 N/A 4.28 N/A 9.49 12.00 
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M-T Category M-T HC-130H HC-130J HC-144 HC-27J MH-60T MH-65 NGMH NGLH LUAS MUAS 
 7 8.46 8.52 9.30 8.51 3.52 N/A 4.12 N/A 10.21 N/A 

 8 9.10 9.16 6.08 9.15 3.37 N/A 4.00 N/A 10.96 N/A 

 9 10.22 10.3 6.82 10.28 N/A N/A 3.73 N/A 12.31 N/A 

 10 6.71 11.47 7.58 6.95 N/A N/A N/A N/A 13.68 N/A 

LOG VTOL 
 

N/A N/A N/A N/A 1.43 1.44 1.42 1.44 N/A N/A 

LOG  1 0.51 0.47 0.65 0.48 1.59 6.46 1.58 4.82 N/A N/A 

 2 1.04 0.95 3.10 0.98 22.29 N/A 19.10 N/A N/A N/A 

 3 1.56 1.42 1.95 1.46 N/A N/A 37.8 N/A N/A N/A 

 4 2.78 2.53 14.91 5.42 N/A N/A N/A N/A N/A N/A 

 5 5.09 4.62 33.03 14.61 N/A N/A N/A N/A N/A N/A 

ODM  1 0.22 0.19 0.27 0.19 0.77 0.77 0.58 0.59 0.46 1.65 

 2 0.33 0.29 0.40 0.29 1.32 1.33 0.95 0.96 0.65 2.49 

 3 0.45 0.40 0.56 0.41 1.95 1.95 1.37 1.37 0.85 3.42 

 4 0.62 0.55 0.76 0.56 2.76 1.49 1.91 1.92 1.13 4.65 

 5 0.74 0.66 0.92 0.68 3.36 1.79 2.31 2.32 1.33 5.55 

 6 1.19 1.07 1.48 1.10 2.93 2.03 3.83 2.03 2.08 8.97 

 7 2.18 1.97 2.71 2.03 3.67 2.29 3.67 2.52 3.72 8.59 

 8 3.16 2.86 3.95 2.95 5.31 2.40 5.31 2.26 5.37 8.47 

 9 4.25 3.85 5.31 3.97 4.37 2.53 4.82 2.53 7.19 11.20 

 10 3.26 5.81 4.06 5.99 4.72 2.47 5.46 2.55 10.77 10.28 

SAR ODM  1 0.23 0.2 0.29 0.21 0.68 0.68 0.68 0.68 0.43 1.30 

 2 0.30 0.27 0.37 0.28 1.01 1.01 1.01 1.01 0.55 1.65 

 3 0.38 0.34 0.47 0.35 1.38 1.39 1.38 1.39 0.68 2.04 

 4 0.45 0.41 0.57 0.43 1.75 1.76 1.75 1.75 0.81 2.43 

 5 0.59 0.53 0.74 0.56 2.41 2.42 2.41 2.41 1.04 3.13 

 6 0.77 0.70 0.97 0.72 3.26 1.75 3.26 1.75 1.34 4.02 

 7 1.18 1.07 1.48 1.11 5.20 1.89 5.20 2.72 2.02 6.05 

 8 1.81 1.64 2.27 1.70 4.23 2.23 4.22 2.89 3.08 9.23 

 9 2.79 2.53 3.48 2.61 4.44 2.34 4.43 2.76 4.70 7.46 

 10 5.20 4.72 3.33 4.87 5.05 2.42 5.05 2.64 8.72 9.27 

SAR PIW hoist  1 N/A N/A N/A N/A 0.50 0.50 0.49 0.50 N/A N/A 

 2 N/A N/A N/A N/A 0.74 0.75 0.74 0.74 N/A N/A 

 3 N/A N/A N/A N/A 0.98 0.98 0.97 0.98 N/A N/A 

 4 N/A N/A N/A N/A 1.30 1.30 1.30 1.30 N/A N/A 

 5 N/A N/A N/A N/A 1.62 1.63 1.62 1.62 N/A N/A 

 6 N/A N/A N/A N/A 1.90 1.90 1.90 1.90 N/A N/A 

 7 N/A N/A N/A N/A 2.24 2.24 2.24 2.24 N/A N/A 

 8 N/A N/A N/A N/A 2.64 1.44 2.64 2.64 N/A N/A 

 9 N/A N/A N/A N/A 3.12 1.68 3.12 1.68 N/A N/A 
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M-T Category M-T HC-130H HC-130J HC-144 HC-27J MH-60T MH-65 NGMH NGLH LUAS MUAS 
 10 N/A N/A N/A N/A 4.16 2.20 4.16 2.20 N/A N/A 

SAR vessel drop  1 1.77 1.73 1.97 1.79 N/A N/A N/A N/A N/A N/A 

2 5.28 5.18 6.54 5.58 N/A N/A N/A N/A N/A N/A 

3 5.13 5.08 5.43 5.17 N/A N/A N/A N/A N/A N/A 

4 N/A 9.97 N/A N/A N/A N/A N/A N/A N/A N/A 

SAR vessel hoist  1 N/A N/A N/A N/A 0.79 0.85 0.79 0.85 N/A N/A 

2 N/A N/A N/A N/A 1.54 1.72 1.54 1.72 N/A N/A 

3 N/A N/A N/A N/A 1.83 1.91 1.83 1.91 N/A N/A 

4 N/A N/A N/A N/A 2.91 N/A 2.91 N/A N/A N/A 

5 N/A N/A N/A N/A 4.16 N/A 4.16 N/A N/A N/A 
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Appendix E. Aircraft Needed to Meet Minimum Requirement 
Levels 

Table E.1 provides the number of required aircraft needed to meet 1.0 through 10.0 
requirements assuming an aircraft availability of 70 percent per aircraft. This table is based on 
the assumption that each aircraft’s availability is a Bernoulli random variable. Thus, the total 
number of aircraft needed at a certain confidence level can be calculated from the cumulative 
distribution function of a binomial random variable.75 

Table E.1. The Number of Aircraft Needed to Maintain Various Requirement Levels, Assuming 70-
Percent Aircraft Availability 

Requirement 

Minimum Availability 

95% 97% 99% 
1.0 3 3 4 

2.0 5 6 7 

3.0 7 7 9 

4.0 9 9 11 

5.0 10 11 12 

6.0 12 13 14 

7.0 14 15 16 

8.0 16 16 18 

9.0 17 18 20 

10.0 19 20 21 

 
  

 
75 Sheldon M. Ross, Introduction to Probability Models, Boston: Academic Press, 1993. 
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T
he U.S. Coast Guard (USCG) uses a fleet of fixed-wing (FW) and rotary-wing (RW) 

aircraft to conduct a variety of missions. That fleet’s composition is now aging, 

with the RW aircraft nearing their ends of life. As the air fleet ages and needs to 

be replaced, the USCG can reassess its airpower needs for its current missions 

and its possible future operational requirements. Researchers examined USCG 

airpower—specifically, what mixes of airpower can help the USCG execute its variety of missions 

across the entire geographic domain for operations in the next 30 years.

     
To address this question, the authors developed a scenario based on current demand for 

USCG missions, then a set of alternative demand scenarios. They also developed alternative air 

fleet options—a mix of FW and RW aircraft, as well as unmanned aircraft systems (UASs)—to 

model these aircraft’s cost-informed effectiveness in meeting the demand in each scenario. The 

authors then modeled how each fleet option performed in each of the scenarios. The Cost-

Informed Analysis of Fleet Effectiveness model incorporated USCG cost and performance data 

to measure performance and relative cost with a given fleet–demand scenario combination. 

This report should be of interest to the USCG as it considers recapitalization options for its 

current fleet of FW and RW aircraft. The work presented here could serve as the foundation for 

an analysis of alternatives and to make judgments about the validity of dif ferent recapitalization 

options, including the need for an expanded fleet of USCG UASs.
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