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Abstract 
The MITRE Corporation’s Center for Advanced Aviation System Development, at the request of 

the Federal Aviation Administration, completed an assessment of two reforms to the aircraft 

type-certification process that were proposed in Section 136 of the Aircraft Certification Safety 

and Accountability Act. Based on our assessment of the costs and benefits of each proposal, we 

identified an alternative approach to those proposed in Section 136 in order to achieve a similar 

outcome at a lower expected cost.  
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Executive Summary 
The MITRE Corporation’s Center for Advanced Aviation System Development 

(MITRE/CAASD), at the request of the Federal Aviation Administration (FAA), completed an 

assessment of two proposed reforms to the aircraft type certification process contained in Section 

136 of the Aircraft Certification Safety and Accountability Act (ACSAA). From Section 136: 

Element 1: Whether or not aviation safety would improve as the result of 

institution of a fixed time beyond which a type certificate may not be amended. 

Element 2: Requiring the Administrator, when issuing an amended or 

supplemental type certificate for a design that does not comply with the latest 

amendments to the applicable airworthiness standards, to document any exception 

from the latest amendment to an applicable regulation, issue an exemption in 

accordance with section 44701 of title 14, United States Code, or make a finding 

of an equivalent level of safety in accordance with section 21.21(a)(1) of title 14, 

Code of Federal Regulations (CFR). 

MITRE does not recommend the implementation of the two proposals. This conclusion is based 

on our assessment of the costs and benefits of each. In the course of that assessment, we 

identified an alternative approach to achieve a similar outcome at lower cost.  

Element 1 

In the long run, the application of Element 1 would impose large increases in cost on 

manufacturers for certification and system redesigns, on airlines for pilot training and reduced 

operational flexibility due to a proliferation of pilot-type ratings, and on aircraft owners through 

limitations on the modification of older aircraft for both economic utility and safety 

improvements.  

No clear safety benefit would result from the application of Element 1. MITRE did not identify 

any evidence that aircraft certified under an amended type certificate (ATC) are systematically 

less safe than aircraft certified under a new type certificate (TC). There is no reason to conclude 

that Element 1 by itself would create a safety benefit that would justify the costs incurred as a 

result of its implementation. 

Therefore, MITRE concludes that there is not a cost-benefit justification for Element 1. 

Moreover, without a solid cost-benefit justification, it is unlikely that Element 1, if imposed in 

the United States, would be harmonized across the relevant foreign regulators. This lack of 

international harmonization would only increase the cost of Element 1 to U.S. manufacturers and 

modifiers of aircraft without any commensurate improvement in safety.  

Element 2 

Element 2 would impose small costs on the FAA while realizing marginal improvements in 

transparency and clarity of the public documentation of exceptions. However, Element 2 would 

not directly improve aviation safety in general and would not directly address any of the issues 

identified in MITRE’s review of the 737 MAX accident investigations.  

MITRE’s review of documentation cited in Element 2 highlighted inconsistencies in the content 

and format of the Type Certificate Data Sheets (TCDS), both between aircraft and internally 

between models. Much of the variation might be explained by documentation standards that have 

changed over the life of a given TCDS. However, MITRE found limited guidance on the content 
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and format of the TCDS and none on the documentation of exceptions. For example, on the 737 

TCDS, the 737-6/7/800 explicitly lists 15 exceptions. In contrast, the 737 MAX explicitly 

identifies two exceptions, though the FAA granted 16 exceptions.  

For the reasons listed, MITRE does not recommend the implementation of Element 2. However, 

MITRE does recommend that the FAA consider imposing more consistency in the 

documentation of exceptions in the TCDS to the extent possible without compromising the 

current protections of company-proprietary information in the G-1 issue papers. 

Alternative Approach 

While the other sections of ACSAA address most of the issues raised in the 737 MAX 

investigations, our analysis concluded that the FAA should consider identifying safety-critical 

certification standards and then customizing the negotiability within the Changed Product Rule 

(CPR) as appropriate for each identified standard. This may provide an alternate path to largely 

achieving the intent of Element 1 without the substantial costs.  

In considering changes to the certification process, including those in response to the 737 MAX 

accidents, the FAA must be able to present a cost-benefit justification that will support the 

harmonization of the change by foreign regulators. Failure to harmonize a major regulatory 

constraint, such as Element 1, across aviation regulators would likely place U.S. manufacturers 

at a competitive disadvantage in the international market by increasing production costs and 

limiting the ability to develop derivative aircraft under the CPR. Failure to harmonize would also 

complicate international trade in commercial transport aircraft by creating substantial differences 

in certification regimes. 
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 Introduction  

1.1 Aircraft Certification, Safety, and Accountability Act 

Section 136 of the Aircraft Certification, Safety, and Accountability Act (ACSAA), part of 

Public Law 116-260, requires that the Federal Aviation Administration (FAA) enter into an 

agreement with an appropriate federally funded research and development center to evaluate two 

proposed changes to the FAA’s certification process for transport category airplanes.1  

Element 1: Whether or not aviation safety would improve as the result of 

institution of a fixed time beyond which a type certificate may not be amended. 

Element 2: Requiring the Administrator, when issuing an amended or 

supplemental type certificate for a design that does not comply with the latest 

amendments to the applicable airworthiness standards, to document any exception 

from the latest amendment to an applicable regulation, issue an exemption in 

accordance with section 44701 of title 14, United States Code, or make a finding 

of an equivalent level of safety in accordance with section 21.21(a)(1) of title 14, 

Code of Federal Regulations (CFR). 

Section 136 requires that the study evaluate the safety benefits and costs for the certification of 

transport category airplanes resulting from the implementation of the two proposals, along with 

the effects on the development and introduction of advancements in new safety-enhancing design 

and technologies, and continued operation and operational safety support of products in service 

in the United States and worldwide. Section 136 also requires consideration of investigations, 

reports, and assessments regarding the Boeing 737 MAX. 

The FAA requested that The MITRE Corporation’s Center for Advanced Aviation System 

Development (MITRE/CAASD) complete the independent assessment. 

1.2 Outline 

Section 2 provides an overview of the FAA’s Changed Product Rule, which is at the center of 

Element 1. Sections 3 and 4 cover MITRE’s assessment of Elements 1 and 2, respectively. 

Section 5 presents our review of the 737 MAX investigations as they relate to the assessment of 

Elements 1 and 2. Section 6 presents an alternative approach to achieving an outcome similar to 

the intent of Element 1, but at lower cost. Finally, Section 7 summarizes our conclusions. We 

provide appendices containing more detail about our analysis of airworthiness directives, the 737 

MAX certification, and the certification bases for the 737 family of aircraft.     

 

 

 
1 Section 137 of ACSAA defines transport category airplanes as those certified to 14 CFR 25 and used in scheduled operations. 
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 The Changed Product Rule 
Type certification is the process the FAA uses to establish that the design of an aircraft, 

including all component parts, complies with the applicable airworthiness regulations designed 

to manage risk and ensure safety. For new aircraft designs deemed by the FAA to be compliant 

with the applicable airworthiness regulations, the FAA issues a new type certificate (TC).  

An aircraft can also be a modified version of a prior certified design. The extent of the 

modification can vary widely, ranging from small changes to a single component, to the 

development of a derivative that may receive a new model designation from the manufacturer 

(e.g., 777-300, a derivative of the original 777-200). For modified aircraft, the FAA commonly 

issues an amended type certificate (ATC). Under an ATC, the FAA only requires that a 

manufacturer recertify the portions of the aircraft that have undergone significant changes, 

including areas affected by those changes. The FAA allows the remainder of the aircraft, the 

unchanged and unaffected portions, to retain its prior certification based on the airworthiness 

standards in place at the time of the original TC or a prior ATC.  

The FAA can also certify a modification through a supplemental type certificate (STC). An STC 

is similar to an ATC in that the FAA certifies the change to the aircraft, along with any portion of 

the aircraft affected by that change. Whereas manufacturers that hold the original TC may obtain 

ATCs for changes to their models, third-party modifiers typically obtain STCs. Most STCs and 

ATCs incorporate by reference the existing TC for the aircraft. 

For both ATCs and STCs, a key step is the FAA’s establishment of the certification basis for the 

aircraft, which is the set of airworthiness standards that will apply to that modified design. The 

certification basis for a modification is not simply the latest airworthiness standards that apply to 

the changed and affected areas of the aircraft. There are conditions under which the FAA will 

allow areas of the aircraft to retain certification based on its earlier certification standard rather 

than having to comply with the latest standard. When this occurs, there is a difference between 

the latest standards and the standards that apply to the modified design. We will refer to that 

difference as the “certification gap” for that design.  

The FAA’s primary regulation for establishing a changed product’s certification basis is 14 CFR 

21.101, known as the Changed Product Rule (CPR), with guidance outlined in FAA Orders 

8110.48, How to Establish the Certification Basis of a Changed Product, and 8110.112, 

Standardized Procedures for Usage of Issue Papers and Development of Equivalent Levels of 

Safety Memorandums. The CPR is harmonized with civil aviation authorities in the European 

Union (E.U.), Brazil, and Canada. In response to ACSAA Section 117, the FAA sponsored an 

international regulatory working group in March 2021 to assess and recommend updates to the 

CPR. While MITRE has read the group’s charter, we did not review or knowingly include any of 

their recommendations in this study. 

Although in place for decades, the CPR has undergone major revisions that have reduced the 

potential certification gap between the certification basis established through the CPR and the 

latest airworthiness standards. Regulators have achieved this by expanding the set of certification 

standards for which compliance with the latest amendment level is mandatory (i.e., non-

negotiable) and placing most of the justification burden for remaining at an earlier standard on 

the applicant. These changes, as summarized in Table 2-1, have advanced the FAA’s authority to 

require compliance to the latest standards while retaining the flexibility to recognize existing safe 

designs. 
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Table 2-1. 14 CFR 21.101, Changed Product Rule Progression 

Date Amendment Revision 

Feb. 1965 21-0 Recodification of 14 CFR Part 21. 

Jan. 1968 21-19 Clarifies the application of Special Conditions. 

June 2003 21-77 

Significant revision with the aim that a changed product would have 

a certification basis that provided a similar level of safety to that 

provided by the certification basis of a new type certificate.  

Moved the burden for proposing a certification basis and justifying 

any exception from the FAA to the applicant. Required the applicant 

to step up to the latest regulations for the changes or to negotiate an 

exception based on contribution to safety or practicality. 

Due to the significance of this revision, the rule gained the title 

“Changed Product Rule.” 

Feb. 2013 21-96 

Clarified that changes applied to both physical changes and any 

areas affected by the change.  

Expanded the definition of a significant design change to include 

cumulative changes from the original TC. 

 

The CPR’s intent, as stated in its last major revision, is to provide a similar level of safety on 

changed products as that provided by the certification basis of a new TC.2 Within the boundaries 

set by that safety intent and for the areas of the aircraft affected by a change, the CPR allows the 

FAA to decide among requiring compliance with the latest certification standards, remaining 

with the original certification standard for that aircraft, or applying some standard in between 

those two. The decision is based on the safety characteristics of the changed or affected area, the 

extent of the redesign required to comply with the latest standard, and the demonstrated safety 

record of the aircraft. Regardless of the criteria, the manufacturer can always opt to voluntarily 

comply with the latest standards. 

Under 14 CFR 21.101(b), the FAA can approve an exception to allow the certification of a 

changed or affected area of the aircraft based on the earlier certification standard if the FAA 

concludes that compliance with the latest standard would not materially improve safety or would 

be impractical.  

If the FAA required every design change to comply with the latest standards for the changed and 

affected areas, then some proposed changes would likely be uneconomical, and manufacturers 

would only implement some safety advancements when they produced a new design under a new 

TC. By targeting a similar level of safety on changed products as that provided by the 

certification basis of a new TC, the CPR allows the FAA to strike a balance between the 

economic and safety benefits of a proposed modification (compared to the unmodified design) 

and the additional costs and safety benefits that would occur if the modification complied with 

the latest certification standards. 

The issuance of exceptions to airworthiness regulations is another important consideration when 

discussing changed products and ATCs. There are two noteworthy categories of exceptions. 

First, the FAA can approve an exception based on no material improvement in safety when, for 

 
2 Federal Register: May 2, 1997 (Volume 62, Number 85), Notice of Proposed Rulemaking 97-7, issued 22 April 1997. 
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example, the current design exceeded the minimum certification requirements at the time of the 

original certification and nearly meets the latest requirements. In this case, the FAA can 

recognize that full compliance with the latest standards would provide minimal benefit and 

approve an exception. In turn, the applicant must include the dependence on the relative design 

as part of the certification basis to ensure they cannot remove that feature in the future.  

Second, justifying an exception based on impracticality requires the applicant to establish that 

“the cost of the design change and related changes necessary to demonstrate compliance would 

not be commensurate with the resultant safety benefit.” Notice that the impracticality standard 

differs from the equivalent safety standard in that the impracticality standard is a comparison of 

cost versus safety benefit.  

In general, the CPR has succeeded in its mission of ensuring the safety of modified aircraft. 

There is no evidence that modified aircraft, including derivative models of original designs, are 

less safe when compared to new airplane designs produced at the same time. As described in 

Section 3, there is some evidence that, for derivative aircraft, the accumulated experience and 

refinement of the design result in a safer airplane when compared to a new TC. The only 

exception to this decades-long trend is the recent 737 MAX. 

The CPR has also produced large cost savings across the air transportation system. In airplane 

manufacturing, the CPR has reduced airplane procurement cost by facilitating the efficient 

development and production of families of airplanes based on a single, original design. All major 

airplane manufacturers use this approach to spread the high initial development cost of a new 

airplane design over a longer production run that includes derivative aircraft.3 Most commercial 

transport aircraft produced over the past half century have been derivatives of an earlier design.  

Industry members also commonly issue modifications to reduce operational and maintenance 

costs by improving maintainability or improving performance (e.g., reduced fuel consumption 

from winglets or new engine designs). Participants in the competitive aircraft manufacturing 

sector have passed much of these cost savings on to airlines and passengers, contributing to the 

reductions in real airfares over the past half century.  

Additional savings associated with the CPR have resulted from improvements in airline 

operations that are related to aircraft design. The creation of long-running airplane families, such 

as the Boeing 737 and Airbus A320, has allowed airlines to match the characteristics of 

derivatives with the economics of specific markets. Additionally, aircraft families allow for 

commonality that helps control maintenance and pilot training costs relative to what would be 

the case if the airline were to operate multiple airplane types. At the extreme is the business 

model of low-cost carriers that commonly operate aircraft exclusively from one family. Figure 

2-1 illustrates the development of aircraft families that has become common practice across the 

industry over the past half century. Each point represents a case in which the manufacturer 

modified the original or prior design through an ATC, typically to implement changes to range, 

passenger capacity, or various safety or other performance upgrades, including ATCs that did not 

result in a new model number. The data in Figure 2-1 are current as of August 2021.  

 
3 For example, the Boeing 777 family includes the original 777-200, followed by the 777-200ER, 777-200LR, 777-300, 777-

300ER, 777F (Freighter), 777-300ER Freighter, and the 777-8 and -9 currently in development.  
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Figure 2-1. Notable Aircraft Families Consisting of Amended “Derivative” Models 

Finally, the ability to modify aircraft through ATCs or STCs supports the economically efficient 

use of the existing airplane fleet over time. Without this ability, many older aircraft would 

become uneconomical to operate prior to the end of their operational-design lives, resulting in a 

loss for the owners of those aircraft and the customers who would have purchased their services. 

These modifications of older aircraft often yield safety benefits in addition to utility benefits. 

Note that the role of the type-certification process is to ensure the safety of aircraft designs 

through the application of certification standards that are primarily based on operational 

experience and existing technologies. As such, type certification is not a driver of safety 

technological innovation in aircraft design. Competition in the aviation industry is the main 

driver. The contribution of the CPR, in part, is to facilitate the insertion of those innovations into 

existing, in-production, and major derivative aircraft, while imposing a regulatory review process 

to ensure those innovations do not compromise safety.  

When a manufacturer presents an innovation and the latest regulations do not provide a sufficient 

standard for certification, the FAA works with the manufacturer to develop special conditions 

(14 CFR 21.101(d)) to ensure that it achieves a level of safety at least equal to that established by 

the latest regulations. When a manufacturer’s innovations substantially improve safety through 

operational experience, the FAA may incorporate them into later amendments to the certification 

standards. 

2.1 Certification Basis 

The certification basis for a transport aircraft is composed of the applicable airworthiness 

requirements of 14 CFR Parts 25 and 26 plus any special conditions, equivalent levels of safety 

findings, exemptions, and additional requirements to address any potentially unsafe aspects of 

the design. Within the affected areas of the aircraft, establishing the certification basis is not a 

deterministic process. Each aircraft modification is unique, and part of the CPR process is a 

negotiation between the FAA and the applicant regarding what certification basis will ensure 

safety, with the FAA having final authority.  

By regulation, however, certain requirements within the certification basis are not negotiable, 

such as the Part 26 retroactive requirements, the regulations for noise and emissions, and any 

operational requirements outside of Part 25, such as equipage requirements for commercial 

operation. These areas of negotiability and non-negotiability will be important in our assessment 

of the proposals from Section 136 of the ACSAA. 
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For both ATCs and STCs, the process begins with categorizing the change at the product level as 

“substantial,” “significant,” or “not significant.” A substantial project makes such extensive 

changes to the aircraft design that most of the prior compliance findings are not applicable to the 

modified design. In these cases, the FAA requires that the aircraft obtain a new TC, which 

requires compliance with the latest airworthiness standards for the entire aircraft. These projects 

are not relevant for this study because they do not result in an ATC.  

A significant product-level change occurs when a manufacturer changes one or more of the 

following areas: aircraft general configuration, principles of construction, or the assumptions 

used for certification, but not to the extent of a substantial change. An applicant may bundle 

multiple significant changes together in a single significant product-level change.4  

Table 2-2 shows the types of modifications the FAA classified as significant for transport 

category aircraft from 2004–2020, including modifications that transformed an existing transport 

aircraft for various public uses (e.g., the U.S. Air Force C-32 Transport, DC-10 Air Tanker used 

for aerial firefighting, and the National Oceanographic and Atmospheric Administration’s 

Gulfstream IV research platform). 

Table 2-2. Significant System Changes within Transport Aircraft Significant Product-Level 

Changes, 2004–2020 

System Change ATC STC 
Avionics Upgrades 15 24 
Engine Upgrades 21 4 

Wing Upgrades, including Winglets 20 23 
Cargo Capability 22 64 

Flight Control Updates 3 0 
Fuselage Length 16 5 

Fuel System Upgrades 5 24 
Increased Passenger Capacity or Upgraded 

Interior 
24 4 

Performance Upgrades 17 1 
Specialized Use 1 24 
Miscellaneous 17 4 

Totals 161 177 

 

Projects deemed to have significant changes often result in considerable negotiations between the 

applicant and the FAA to establish the certification basis for the aircraft. The starting point is an 

expectation that the applicant will comply with the latest certification standards for the changed 

and affected areas. However, when an applicant does not want to comply with the latest standard 

for a changed or affected area, and there is no mandatory requirement to do so, the CPR provides 

the structure to determine the preferred approach that ensures safety given the specific 

circumstances. 

Note that the common definition of a “derivative” aircraft, for which the manufacture chooses to 

apply a new designation (e.g., 777-300, derived from the 777-200), is a poor measure of 

significant changes. Over the last 17 years, the FAA has categorized over 300 transport aircraft 

 
4 FAA Certification Project Notification (CPN) database extraction, transmitted from the FAA on 26 August 2021. 
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projects as significant changes, but only 32 resulted in a new model designation by the 

manufacturer.5  

Finally, product-level changes categorized as “not significant” comprise over 95 percent of FAA 

design approvals. In these cases, the certification basis can remain at the standards the FAA used 

for the original product if they conclude the certification basis is still adequate. Once the FAA 

has determined that a design change is not significant, there is no, or very limited, negotiation on 

the applicable airworthiness standards between the FAA and the applicant.  

2.2 Inherent Risk in the Changed Product Rule 

Regulators must balance the successes of the CPR with the rule’s inherent risk, which is that the 

CPR can allow older system designs that do not comply with the latest certification standards to 

persist in production, potentially for decades, through the granting of exceptions and through 

unaffected areas on the aircraft. Such risk is inherent in any rule intended to ensure the safety of 

modified aircraft while also considering the costs of achieving that safety. Determining the 

appropriate certification basis for each change to each aircraft design is unavoidably subjective. 

The CPR process sets the bounds of that subjectivity.  

The balance point that occurs between the CPR’s intent and its inherent risk can move over time. 

For example, the incentive for manufacturers to obtain exceptions and the ability to justify those 

exceptions can vary with changes in the characteristics of the airline industry, the safety 

performance of aviation, and technological developments.  

Pressure to control costs in the airline industry has increased the incentive for aircraft 

manufacturers to avoid design changes, or obtain exceptions, for areas where complying with the 

latest certification standards would substantially increase the operating costs of airlines. This 

pressure began with airline deregulation in 1978 in the United States, and worldwide in the 

decades that followed, particularly driven by the worldwide growth of low-cost carriers. For 

example, airlines commonly seek to limit pilot training costs and increase operational flexibility 

by operating a family of aircraft with a single pilot-type rating. Also, a family of aircraft with 

significant component commonality can reduce the cost of maintenance training and part 

inventories.  

Other trends have made it easier to obtain these exceptions, especially when based on the cost 

and safety-benefit comparison under the impracticality justification within the CPR. With the 

extraordinary safety record of commercial air transportation, the safety benefit of requiring 

compliance with the latest standards has become more difficult to quantify. At the same time, 

systems integration within aircraft has increased the cost of compliance by driving up the 

complexity of many changes and the number of affected areas. Under the CPR, the cost of 

compliance can include labor (design, fabrication, inspection, operations, maintenance), capital 

(buildings and tooling), material, operating costs of airlines (fuel, oil, training), and revenue or 

utility loss.  

The combined effect is that exceptions to the latest certification standards have become more 

desirable for specific areas of the aircraft, such as the cockpit systems, and easier to justify in 

terms of limited measurable safety benefit and high compliance cost. This has altered the balance 

 
5 FAA Certification Project Notification (CPN) database extraction, transmitted from the FAA on 26 August 2021. 
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between the CPR’s intent and its inherent risk compared to where it was, for example, in the 

1980s. 
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 Assessment of Element 1 
Element 1 in Section 136 asks, “Whether or not aviation safety would improve as the result of 

institution of a fixed time beyond which a type certificate may not be amended.” The meaning of 

the word “amended” can be interpreted differently and requires further examination.  

3.1 Literal Interpretation of Element 1 

The FAA defines the term “amended type certificate” as an “approval for a change to a TC, 

made by the TC holder.”6 Under its current definition and practice, the FAA considers any 

change to the TC, regardless of the scope of the change, to be an amendment. This would include 

all ATCs and STCs.  

As shown in Figure 3-1, the FAA approves approximately 2,300 design changes every year for 

transport aircraft alone. Of these, the FAA approves approximately 1,500 through ATCs, with 

the remaining modifications approved via STC.7 The Boeing 737 accounts for over 230 ATC 

approvals per year. 

 

 

Figure 3-1. Distribution of Transport Aircraft Design Changes by Approval Type 

Aircraft manufacturers change designs for a wide variety of reasons:  

• Market needs (e.g., conversion of a passenger aircraft to cargo service or introduction of 

a new model) 

• Safety (e.g., product and maintenance improvements, both voluntary and mandatory) 

 
6 “FAA Order 8110.4C with Change 6 Incorporated, Type Certification,” Sect. 1-6, Definitions, accessed 3 January 2022. 

7 FAA Certification Project Notification (CPN) database extraction, transmitted from the FAA on 26 August 2021. 
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• Production facilitation (e.g., to address part obsolescence) 

• Customization (e.g., airline-specific passenger-seating configurations) 

Placing a time limit on all amendments to a type certificate would remove the ability to update 

parts, upgrade systems, and address FAA-mandated safety improvements past the time limit. The 

primary effect would be an eventual grounding of aircraft with no, or limited, means to return the 

aircraft to a safe configuration.  

Element 1 does not address its retroactive application to existing aircraft. For example, if the 

FAA implemented Element 1 today with a time limit of 40 years and applied this reform 

immediately to all in-service aircraft, then every 737 within the United States would be instantly 

ineligible for an ATC or STC modification, including 737s coming off the current production 

line, since the original TC for all 737s was issued in 1967.  

Implementation of this reform would impact, or would soon impact, many other aircraft types as 

well, including the 757 and 767 models produced in the early 1980s. It is essential that any 

substantial restriction applied in the United States be harmonized with the corresponding rules 

within the E.U., Canada, and Brazil (the regulatory jurisdictions with major manufacturers of 

commercial transport aircraft). This consideration is necessary to protect the competitive 

positions of U.S. aircraft and component manufacturers, airlines, and aircraft lessors. It is 

unreasonable to expect, however, that those foreign regulators would follow the United States in 

the implementation of a change with such a large net cost to their domestic industries as would 

be the case with a literal interpretation of Element 1. Unilateral application of Element 1 as 

written without international harmonization would severely damage the competitive position of 

U.S. companies.  

It is MITRE’s assumption, therefore, that a literal interpretation of “amended” was not the 

intention of Congress. To place Element 1 in the best light possible, MITRE examined a range of 

alternative interpretations and selected the one that is based on criteria that exist within the 

current certification process and minimizes the negative unintended consequences identified in 

this section, while achieving the overall objective of imposing a time limit on the ability to 

amend a TC.  

3.2 Alternative Interpretation of Element 1 

While the inclusion of every design change to a type certificate is too broad, the inclusion of just 

those type-certificate amendments that result in a new model is both too narrow and too 

subjective. Though the most publicly visible aircraft changes are those that result in a new model 

(e.g., 777-200 to 777-300), such changes in designation are entirely the decision of the 

manufacturer and are based on marketing strategies.  

An interpretation of Element 1 that equates “amended” with a change in model would allow any 

manufacturer to unilaterally decide when Element 1 would apply to its products. A manufacturer 

could completely avoid Element 1 by simply not creating a new model designation. Moreover, 

the FAA’s application of the CPR is the same without regard to whether there is a change in 
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model designation, so the CPR process does not consider a change in model designation to have 

any safety implications, positive or negative.8  

Aircraft manufacturers are continuously engaged in ATC activities, and derivative aircraft are 

commonly certified under a set of ATCs rather than a single ATC to provide greater flexibility in 

tailoring certified aircraft for customers. This means that there is not a practical way for a 

regulator to identify which ATCs are part of the design change for a derivative model, especially 

if the manufacturer has an incentive to evolve the aircraft’s design through multiple ATCs to 

avoid triggering a requirement for a new TC under Element 1.  

MITRE concluded the most practical interpretation of Element 1 is to define “amended” as 

changes categorized as significant (see Section 2.1), excluding any significant change the FAA 

requires through an airworthiness directive (AD), which is an order to address an unsafe 

condition. This interpretation excludes approximately 95 percent of amendments that the FAA 

classifies as non-significant but includes the cases in which a manufacturer establishes a new 

model designation through one or more ATCs because those typically include at least one 

significant change. Furthermore, this interpretation more closely aligns with the CPR issues 

related to the 737 MAX accidents.  

MITRE also concluded that the FAA would have to phase in Element 1 to avoid the destruction 

of aircraft value that would occur if the FAA were to apply it instantly and retroactively to all 

aircraft in the current U.S. fleet. It is likely that avoiding such repercussions would require an 

implementation of Element 1 that would require decades to come into full effect for all U.S.-

operated aircraft. 

A final consideration is the possible distinction between an ATC and an STC under Element 1. 

Third-party companies complete many modifications to aircraft under STCs rather than ATCs. 

This raises the question of whether STCs could be allowed after the time limit without reducing 

the effectiveness of Element 1. 

A problem arises because the FAA currently does not limit the ability to obtain an STC to any 

defined group. Under 14 CFR 21.113, a modifier that is not the holder of the TC must apply for 

an STC for a qualifying modification. However, the original manufacturer that holds the TC can 

apply for either an ATC or an STC. As a result, if the FAA allows significant changes under an 

STC after the time limit, aircraft manufacturers would likely shift to the STC market for 

qualifying modifications, allowing the original manufacturer to avoid the constraint imposed by 

Element 1. Therefore, policymakers must include both STCs and ATCs in Element 1 under the 

definition of “amended.” 

The remainder of this report will assume the intent of Congress was to apply Element 1 to 

significant changes approved through either an ATC or STC, excluding significant changes to 

address an airworthiness directive (AD), and that the FAA has resolved the time limit’s 

implementation challenges to avoid the disruption of a rapid, retroactive application.  

 
8 Advisory Circular 21.101-1B, Section 5.3, “The FAA does not require an applicant to assign a new model name for a changed 

product. Therefore, there are vastly different changed products with the same airplane model name, and there are changed 

products with minimal differences that have different model names.” 
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3.3 Impact of Element 1 

Examining the impact of Element 1 requires an assumption about the duration of the time limit. 

In discussions with industry and the FAA, the shortest time considered reasonable was 25 years, 

with anything past 45 years viewed as unlikely to have any practical effect and, therefore, not in 

line with the intent of the proposal.  

We can use the development of the 737 family to determine a reasonable assumption for the 

duration of the time limit. The original TC for the 737 was issued in 1967. Boeing announced the 

development of the 737 MAX in 2011, 44 years later. Using that example as the most relevant 

benchmark for what Element 1 intends to address, we assumed for this discussion that the time 

limit for Element 1 would be set at 35 years. This would be after the 737 Next Generation (NG) 

in the late 1990s, but nine years before announcement of the 737 MAX development program.  

While the 737 had numerous model numbers (e.g., 737-200, 737-600), the development of the 

737 family is based on four generations with the following first-flight years: the original (1967), 

classic (1984), next generation (1998), and MAX (2016). If Boeing were to have developed an 

entirely new aircraft or obtained a new TC for a 737 redesign, these generational breaks would 

have been the most likely times for that to have occurred. Based on this, we assumed that a 

manufacturer would consider a major redesign of its aircraft approximately every 15 years.  

To the assumptions of a 35-year time limit for Element 1 and a major redesign cycle of every 15 

years, we can add the assumption that a typical commercial transport aircraft has a service life of 

20 years from its date of manufacture.  

At first glance, a 35-year time limit for Element 1 would appear to mean business as usual for 

aircraft manufacturers and the application of the CPR for the first 35 years. After that point, a 

manufacturer would need to decide how to proceed, either with an entirely new aircraft design or 

by obtaining a new TC as part of a major redesign of the existing aircraft. If the manufacturer 

obtains a new TC for the derivative design, then the clock would reset for another 35 years.  

This is not the case. Manufacturers commonly plan for derivative aircraft as part of the business 

case for the original design. A 35-year time limit would affect aircraft development and 

production decisions across the aircraft’s business plan. It would likely eliminate the use of the 

CPR for major derivative aircraft (i.e., the generational changes in the 737 family), influence 

aircraft production runs, and reduce the number of significant modifications of older aircraft 

under an ATC or STC, which would also constrain the installation of safety enhancements on 

older aircraft.  

The mechanism that would produce these effects is the reduction in the market value of aircraft 

in production. This results from the limit imposed by Element 1 on the aircraft owner’s ability to 

make a significant modification to the aircraft later in its service life. This limit will reduce the 

market value of affected aircraft because it reduces both the aircraft’s potential future utility and, 

in turn, its future lease or resale value.  

Figure 3-2 illustrates the problem for a simplified, hypothetical aircraft program. At year zero, a 

manufacturer produces Model 1 (M1) of a new aircraft design under a new TC. Production of 

M1 continues for 15 years. The M1 model will be in commercial operation from the first aircraft 

produced in year zero until the retirement of the last M1 aircraft produced. With a 20-year 

service life, that retirement will take place at year 35, just before the assumed time limit for TC 
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amendments under Element 1. The height of the blue line represents the number of M1 aircraft in 

operation in any given year assuming a constant production rate. 

 

 

 

Figure 3-2. Impact of Element 1 on a Hypothetical Aircraft Program 

While the assumed time limit in Element 1 does not impact M1, this is not the case for the first 

major derivative model (M2) at year 15. If the manufacturer develops M2 under an ATC, and it 

has a production run of 15 years, then Element 1 will affect every M2 aircraft produced. The 

impact of Element 1 on the first M2 aircraft produced will be minor, but that impact will increase 

with each aircraft produced until the last M2 aircraft, which will be eligible for a significant 

change under the CPR for only the first five years of its service life.  

The constrained ability to make future significant changes to an M2 aircraft under an ATC or 

STC will reduce the average sale price of those aircraft and may make the production of M2 

models under an ATC unprofitable. The only remedy available to the manufacturer is to obtain a 

new TC for the M2 model and every other major derivative model in the future. In this way, the 

economic impact of the time limit in Element 1 extends backwards from the year in which it 

takes effect. Thus, in practice, a 35-year time limit in Element 1 has the possible effect of 

requiring a new TC for every major redesign (e.g., the generational changes to the 737 or other 

prominent aircraft families), assuming those major redesigns occur about every 15 years.  

The manufacturer cannot avoid this result by making incremental modifications with a series of 

ATCs over time rather than a single major redesign because that does not alter the date of the 

original TC. The key point is that the time limit in Element 1 is measured for all aircraft from the 

date of the original TC for that aircraft design.  

This conclusion holds for any reasonable assumptions about the time limit in Element 1, the 

production duration, and the aircraft’s service life. If the time limit is set at 25 or 30 years, then 

Element 1 will impact the production of the original TC model, creating an incentive to reduce 

the production run in favor of a model with a new TC. If the time limit is set at 40 or 45 years, 

then Element 1 would still affect the value of M2 production. To allow for M2 to be largely 

unaffected by Element 1 would require a time limit approaching 50 years, or for the 

manufacturer to move the production start date of M2 closer to the date of the original TC. 

The uncertainty is in the magnitude of the reduction in market value that would result from the 

limitations on making significant modifications in the future. Many commercial transport aircraft 
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do not have any significant changes performed before the end of their service life within the 

United States. The reduction in market value is based on the elimination of the option to make 

such modifications. If the resulting reduction in the market value of the aircraft is not sufficient 

to justify a new TC for M2, it still remains even more likely that it would require a new TC for a 

hypothetical M3 in year 30, because 10 years of the production run of M3 would fall under the 

restriction on significant changes along with almost the entire operational life of the M3 aircraft. 

This makes a new TC almost a certainty. Thus, the result of a 35-year time limit is a new TC for 

every, or every other, major redesign, depending on the reduction in market value that results 

from the time limit.     

3.3.1 Costs 

Certification costs to aircraft manufacturers are difficult to determine because cost information is 

proprietary. They are also subjective because they require cost allocations between development 

and production activities versus certification activities. The true cost of certification would have 

to exclude any activities required for certification that the manufacturer would perform even if 

not required by the certification process.  

Another complication in comparing TC to ATC certification cost is that, while the basis for 

estimating the cost of a TC is the certification of the entire aircraft, the basis for estimating the 

certification cost for an ATC is not clear. An ATC (or a set of concurrent ATCs) can range from 

a relatively inexpensive set of modifications to certify to a complex aircraft redesign that 

approaches the certification cost of a new TC.  

One basic cost rule in the industry, however, is that certification costs are proportional to the 

duration of the certification process. During this study, MITRE conducted interviews with 

various stakeholders to assess the proposals in Section 136. When discussing new product 

development costs, industry interviewees described a new TC as a six-year process and an ATC 

under the CPR as a two- to three-year process.  

Industry interviewees estimated typical certification costs for regional and business jets to be $10 

million per month, resulting in a TC cost of $720 million versus an ATC cost of $240 to $360 

million. For larger aircraft, interviewees estimated that a new TC typically costs four times more 

than an ATC, with a new TC at $1 billion of certification costs and an ATC at $250 million. 

While this depends on the extent of the modification under the ATC, industry members indicated 

that the CPR process is simply more efficient than obtaining a full TC for achieving the safety 

objectives of certification. Note that the cost difference between a new TC versus an ATC, for 

the same modification, increases as the extent of the modification under the ATC decreases.  

While the difference in certification cost between a TC and an ATC is approximately $360 to 

$750 million, depending on the aircraft size, these estimates of certification cost are only part of 

the cost impact of Element 1. Requiring a new TC for major derivative models that the FAA 

would currently certify under an ATC will likely result in substantial redesign costs. This is 

because some components that manufacturers would have to redesign and recertify under a new 

TC would not have been recertified under an ATC within the CPR process. In some cases, the 

FAA would consider certain components to be an unaffected area under the CPR and not subject 

to recertification. In other cases, the components may have obtained an exception under the CPR 

based on either impracticality or no material improvement in safety in moving from the prior 

certification standard to the latest standard. In addition to the cost of developing the redesigns, 
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manufacturers would also incur costs associated with adjusting production-line procedures in 

response to the redesigns.  

The cost impact of a new TC does not stop at the manufacturer. Generally, a new TC for an 

aircraft would require a new pilot type rating. Pilot training is a significant cost for airlines, and 

different pilot type ratings create different categories of pilots within the airline’s pilot contract. 

Having more categories of pilots can reduce operational flexibility by limiting possible pilot-

aircraft matches. 

Even if the manufacturers can avoid the major constraints of the time limit in Element 1, the 

restriction would severely constrain the significant modification of older aircraft in the United 

States as they exceed the time allowed since the original TC. These modifications are often for 

special missions tied to government and private sector applications, such as freight, firefighting, 

and scientific research, or for small-market applications, such as those in Alaska. Significant 

changes to older aircraft commonly have both utility and safety benefits. Depending on the 

duration of the time limit, Element 1 would constrain such safety-enhancing modifications to 

those older aircraft affected by the restriction.  

Our interviews with industry members also revealed two other prevailing cost concerns that 

would result from the time limit in Element 1. First, nearly all interviewees stated the time limit 

would greatly disrupt their business models by increasing development and production costs tied 

to certification, so that their companies would have to reduce investments in research and 

development. It is those investments, in part, that drive safety innovation.  

Second, industry members noted that such economic disruption to business models and the 

imposition of an arbitrary time limit could reduce the continuous introduction of safety 

improvements under the CPR for in-production aircraft. They said this would create an incentive 

to accumulate safety improvements and time their introduction to best respond to the time limit, 

for example waiting until the manufacturer obtains a new TC. Any reduction in the incentive for 

manufacturers to incorporate safety improvements as quickly as possible will have a negative 

impact on the average safety level of the operational fleet at any given time.  

A final cost category is the effect of a lack of international harmonization. The market for 

commercial transport aircraft is global while the regulation of aircraft certification is national, or 

regional in the case of the E.U. It is critical for U.S. manufacturers that the FAA be able to 

harmonize its certification regulations with its international counterparts, both to create a 

consistent set of rules in the international marketplace and to avoid creating a competitive 

disadvantage for U.S. manufacturers by having stricter U.S. regulations.  

As already stated, the CPR is harmonized with civil aviation authorities in the E.U., Brazil, and 

Canada. International harmonization depends, in part, upon consensus among regulators on the 

balance between the costs and benefits of alternative regulations and processes. The unilateral 

imposition of Element 1 without commensurate regulations in the E.U., Canada, and Brazil 

would place U.S. manufacturers at a competitive disadvantage in the international market by 

increasing production costs and limiting the ability to develop derivative aircraft under the CPR. 

Failure to harmonize would also complicate international trade in commercial transport aircraft 

by creating substantial differences in certification regimes.  
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3.3.2 Benefits 

In terms of safety, Element 1 has two implied assumptions: 

1) A significant change to a design increases safety risk.  

2) The increase in safety risk from a significant change gets larger the further you are 

from the date of the original TC. This time component may be the result of the 

accumulated effect of multiple significant changes over time. 

MITRE investigated possible safety benefits of Element 1 and the validity of these implied 

assumptions to determine if there was a reasonable expectation that the benefits of Element 1 

would justify the costs.  

3.3.2.1 Industry and FAA Interviews  

MITRE individually interviewed 15 representatives from across the aviation industry and four 

from the FAA. MITRE selected the industry organizations and companies interviewed to obtain 

a wide range of perspectives. MITRE selected the FAA interviewees based on their extensive 

knowledge of the certification process, and we conducted the interviews privately with the 

consent of the FAA. MITRE guaranteed anonymity to the interviewees by aggregating 

information and identifying sources only as industry or FAA representatives.  

The possible safety impact of Element 1 and the safety record of aircraft modified under the CPR 

process were prominent topics of discussion in the interviews. No representative from industry or 

the FAA indicated there was any evidence that derivative aircraft were less safe than aircraft 

certified with a new TC. Interviewees cited the refinement of designs and maintenance, 

airworthiness directives, and other modifications to address safety issues as the main reason 

derivative aircraft are often safer than original models. Industry and FAA representatives cited 

the role of the CPR in facilitating these modifications that often have both utility and safety 

benefits.  

3.3.2.2 Prior Studies 

MITRE did not identify any prior studies of aviation safety indicating that derivative aircraft are 

less safe than aircraft certified under an original TC, or that later derivatives within an aircraft 

family were less safe than earlier derivatives.  

The conclusion found in published studies is that derivative aircraft are generally safer than 

earlier versions. This finding is simply a reflection of the overall increase in the safety of 

commercial air transportation over the past decades.9 Most commercial transport aircraft 

produced over the past decades are derivative aircraft certified under an ATC (or a foreign 

equivalent of an ATC). If they were less safe, or even just as safe as earlier designs, then the 

observed trend in aviation safety would be unlikely. Commercial aviation safety has also 

benefited from improvements in pilot training, air traffic control systems, and airport design, but 

there is no evidence that those improvements have compensated for safety issues with derivative 

aircraft.  

This conclusion is not surprising. Compared with the designs certified under their original TCs, 

derivative aircraft benefit from technological advances including improvements in flight 

 
9 Arnold Barnett (2020) “Aviation Safety: A Whole New World?” Transportation Science 54(1): 84–96, accessed January 2022. 

https://doi.org/10.1287/trsc.2019.0937 
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controls, materials, navigation, communication, automation, engines, and maintenance training 

and procedures.  

3.3.2.3 Analysis of Safety Data 

MITRE conducted its own review of safety data to examine the relationship between derivative 

aircraft and safety. To do so, we narrowed our focus to derivative aircraft that received a new 

model number from the manufacturer (e.g., 777-300) or were of the same generation in an 

aircraft family. If a significant change to a design increases safety risk, then the safety impact 

associated with a new model number, where manufacturers commonly collect many significant 

changes, should be particularly noticeable in the safety data. We examined two types of data: 

accident rates and ADs.  

 Accident Rates 

MITRE evaluated several accident and incident data sources, including the FAA Accident 

Incident Database, National Transportation Safety Board sources and database, and industry 

sources from Boeing and Airbus.  

The Boeing Statistical Summary of Commercial Jet Airplane Accidents10 (1959–2020) allows a 

comparison of rate of accidents that resulted in hull loss for aircraft with amended versus new 

TCs. The data identifies hull-loss accidents with fatalities and hull losses without fatalities by 

generation of aircraft.  

Our review of accidents is without regard to the cause of the accident. The expectation is that, if 

derivative aircraft certified under an ATC are less safe, and risk increases with time since the 

original TC, then there should be a consistent pattern in the aggregate data across multiple 

aircraft families. Ideally, we would only include accidents where a design issue related to 

certification was the cause, or at least a contributing factor to, an accident. Such a classification 

of accidents is not possible with the Boeing data or the other accident data sets.  

Aviation accidents rarely result from a single factor. Such an assessment would require a detailed 

review of each individual accident. MITRE conducted a detailed review of a sample of accidents 

and did not identify any substantial links to certification exceptions under an ATC.  

Except for the 737 MAX, the accident data supports the conclusion that derivative aircraft with 

ATCs generally have lower, or similar, hull loss rates than aircraft with new TCs. This agrees 

with the information from prior studies and the information obtained through the interviews of 

industry and FAA representatives.  

Figure 3-3 illustrates how the first three generations of the 737 family have seen their accident 

rates improve over those of previous generations. The rate for the 737 MAX reflects the two 

accidents within 22 months after it first entered commercial service. 

  

 
10 Boeing has published the accident summary every year since 1969 and includes worldwide hull loss rates of Western-built jets 

heavier than 60,000 pounds maximum gross weight. Boeing compiles the data through operator reports, industry safety teams, 

government accident reports, press, and other private and industry sources. The effort is part of Boeing’s participation on the 

Commercial Aviation Safety Team. https://www.boeing.com/resources/boeingdotcom/company/about_bca/pdf/statsum.pdf 
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Figure 3-3. Accident Rate Comparison Among Boeing 737 Generations 

Other aircraft families show a similar pattern of decreasing accident rates with each generation 

certified under ATCs. Figure 3-4 shows the accident rate of the original DC9 certified in 1965, 

the MD80 family first certified with an ATC in 1980, and the most recent ATC on the Boeing 

717 certified in 1999, which to date has not had any hull-loss accidents.  

 

 

Figure 3-4. Accident Rate Comparison Among McDonnell-Douglas Aircraft and Boeing 717 

In Figure 3-5, the Boeing 747, which also dates from the late 1960s, shows the same pattern of 

safety improvements. Boeing originally certified the 747 in 1969. Boeing certified subsequent 

generations, the 747-400 and the 747-800, under ATCs in 1991 and 2011, respectively. 

 

 

Figure 3-5. Accident Rate Comparison Among Boeing 747 Models 

The only exception to this pattern is the DC10 with its derivative, the MD11, as shown in Figure 

3-6. The MD11, under an ATC, has a slightly higher but similar accident rate to the original 

DC10.  

 

 

Figure 3-6. Accident Rate Comparison Between DC10 and MD11 
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Next, we compare aircraft the FAA certified around the same time, in which one was certified 

under a new TC and the other under an ATC. In Figure 3-7, the Boeing 777 received a new TC, 

whereas the 737 Next Generation was certified under an ATC, both occurring in the mid-1990s. 

The 737 Next Generation has a hull loss rate that is approximately half that of the 777.  

 

 

Figure 3-7. Accident Rate Comparison Between Boeing 777 and the 737 Next Generation  

In Figure 3-8, one exception to the pattern is a comparison of the 737 Classic generation (under 

an ATC) with the 757 and 767 (under new TCs). The FAA certified each of these models in the 

early to mid-1980s.  

 

 

Figure 3-8. Accident Rate Comparison Among Boeing 757, 767, and the 737 Classic  

As this data illustrates, there is no compelling evidence within the accident data to support the 

conclusion that derivative aircraft are less safe than aircraft certified under a new TC.  

 Airworthiness Directives 

ADs are mandatory FAA orders issued to correct unsafe conditions found on aircraft certified by 

the FAA and other regulatory authorities. The FAA issues approximately 300 ADs each year. 

Because ADs correct unsafe conditions, we can interpret them as a measure of safety risk in the 

aircraft design prior to the issuance of the AD. While the FAA issues some ADs in response to a 

major accident, most are the result of safety issues identified during normal operations but 

without a major accident.  

Therefore, our analysis of ADs provides a view of safety risk that is complementary to the 

analysis of accident data. It provides potential insight as to whether the safety enforcement role 

of the FAA, after certification, is counterbalancing a shortcoming in that certification process. If 

derivative aircraft are less safe than aircraft certified under a new TC, then we would expect to 

see more ADs issued for derivative aircraft to correct unsafe conditions.  

MITRE’s qualitative and statistical analysis of ADs concluded that derivative aircraft certified 

under an ATC are at least as safe as new models certified under a new TC.  

MITRE utilized a database that we created in 2020 for the FAA’s Compliance and Airworthiness 

Division (AIR-700), a database containing more than 18,000 ADs. This data has a few key 

characteristics: 
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• The current database includes ADs issued from January 1941 through February 2021.  

• A single AD may not apply to all aircraft of a single model even though it appears that 

way in the analysis. For example, ADs can apply to certain aircraft serial numbers or 

aircraft of a subset of a production model that used a specific part, material, or 

manufacturing procedure. Conversely, a single AD may also apply to multiple aircraft 

types and may appear as an AD for each type. 

• An AD may correct for a manufacturing error that affects a small number of aircraft. 

These ADs do not indicate a problem with the aircraft’s design. 

• Because ADs are generally issued in response to operational experience, both time in 

service and number of aircraft in service for a specific model will affect AD issuance due 

to the availability of discovery opportunities.  

• The number of aircraft in service may also affect the issuance of ADs through another 

mechanism. A key FAA criterion for issuing an AD is a risk assessment that considers 

exposure to the unsafe condition, which includes how many aircraft are in the fleet and 

how many people could be affected by the unsafe condition. For example, more ADs will 

likely be issued for a transport-category passenger aircraft that makes up a substantial 

portion of the fleet than for a cargo aircraft with only a small number of aircraft in 

operation. Thus, comparisons of AD counts between aircraft with different utilization 

may not necessarily reflect a difference in the safety of the design.  

Even with these data characteristics, MITRE concluded that a carefully constructed statistical 

analysis of ADs would provide useful insight to the relative risks between aircraft certified under 

a new TC versus an ATC.  

We evaluated the following metrics, which appear in Table 3-1 with their corresponding column 

color: 

• Count of ADs in the first 24 months after certification (orange): a lower number is an 

indication of successful design, testing, and certification processes.  

• Total count of ADs issued (blue): a lower number is an indication of fewer unsafe 

conditions but will be affected by time in service and fleet size.  

• Number of months since certification: the time component of discovery opportunity. 

• Rate of ADs issued per month since certification (yellow): provides some adjustment 

for time in service. 

• Number of aircraft built (green): the fleet-size component of discovery opportunity 

and public exposure. 

• Number of aircraft in service (purple): current-fleet component of public exposure.  

 

In Table 3-1, aircraft models or families highlighted in grey indicate that the FAA granted a new 

TC, whereas the FAA issued an ATC for those in white. 
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Table 3-1. Airworthiness Directive Data by Aircraft Type 

 

 

Given the variation in the AD data across several relevant dimensions and the need to control for 

the data characteristics described above, a visual examination of the data is likely to be 

misleading for pairwise comparisons and wholly impractical for a comprehensive assessment. 

Instead, a carefully constructed empirical analysis is the best method to determine if derivative 

models are more, less, or just as safe as their originally certified counterpart based on the 

issuance of ADs. For example, are the Boeing 767-300, 767-300F, and 767-400ER models just 

as safe as the originally certified 767-200 based on the issuance of ADs?  

We examined aircraft safety using two different measures:  

1) The number of ADs the aircraft model received in the first 24 months after 

certification 

2) The number of ADs the aircraft model received as of February 10, 2021 (the limit of 

the current database) 

We provide the details of the analysis in Appendix C.  
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Based on this analysis, we reached the same conclusion for both measures: 

1) The evidence suggests that derivative aircraft are just as safe as their originally 

certified counterpart when safety is measured using the number of ADs issued in the 

first 24 months of certification. 

2) The evidence suggests that derivative aircraft are just as safe as their originally 

certified counterpart when safety is measured using the total number of ADs issued.  

3.4 Conclusion on Element 1 

The application of Element 1 would impose large increases in cost on manufacturers for 

certification and system redesigns, on airlines for pilot training and reduced operational 

flexibility due to a proliferation of pilot-type ratings, and on aircraft owners through limitations 

on the modification of older aircraft for both economic utility and safety improvements.  

No clear safety benefit would result from the application of Element 1. MITRE did not identify 

any evidence that aircraft certified under an ATC are systematically less safe than aircraft 

certified under a new TC. There is no reason to conclude that Element 1 by itself would create a 

safety benefit that would justify the costs incurred as a result of its implementation. 

Therefore, MITRE concludes that there is not a cost-benefit justification for Element 1. 

Moreover, without a solid cost-benefit justification, it is unlikely that Element 1, if imposed in 

the United States, would be harmonized across the relevant foreign regulators. This lack of 

international harmonization would only increase the cost of Element 1 to U.S. manufacturers and 

modifiers of aircraft without any commensurate improvement in safety.  
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 Assessment of Element 2 
Element 2 proposes documentation for all ATCs and STCs that do not comply with the latest 

amendments to the applicable airworthiness standards. This proposal would require the FAA to 

document all justifications to an earlier amendment level for each project, namely:  

1) Exemptions from applicable regulations  

2) Findings of equivalent level of safety 

3) All exceptions to the latest airworthiness standards 

The FAA may grant an exemption (item 1) that relieves an applicant from the requirements of a 

specific regulation. The FAA considers exemptions to be rulemaking and, as such, documents 

them in the Federal Register, albeit with one caveat. Repetitive exemptions, meaning those that 

are identical in all material respects to previously granted exemptions, may bypass publication in 

the Federal Register. Still, the exemptions are an explicit part of the certification basis, and the 

FAA documents them by number on the publicly available Type Certificate Data Sheet (TCDS) 

or STC. Repetitive exemptions are available on the FAA’s public-facing website Dynamic 

Regulatory System (DRS).11 

Findings of equivalent level of safety are also known as equivalent safety findings (ESFs). The 

FAA grants ESFs when compliance to a regulation is not possible, and the applicant proposes an 

alternative compliance method that achieves the same level of safety. The FAA lists ESFs on the 

TCDS or STC because they are a formal portion of the certification basis. The FAA and industry 

negotiate ESFs using issue papers that are accessible to the FAA. Once negotiations have ended, 

the FAA issues a publicly available policy memo on DRS that details the ESF but excludes 

proprietary company data. 

The FAA grants exceptions when compliance to an earlier amendment level is justified based on 

relative safety benefit versus cost of compliance at the latest amendment. As with ESFs, the FAA 

documents the negotiation of exceptions in issues papers specific to the exception, and that 

documentation is available internally at the FAA.  

Overall, Element 2 proposes a narrow change to FAA documentation practices. The FAA 

already documents exemptions, ESFs, and the results of an exception, and these are publicly 

available for all ATC and STC projects, either by explicit call-out or reference to the TCDS. 

Element 2 would add an explicit list of project-specific exceptions to the TCDS or STC. 

4.1 Costs 

The costs associated with the implementation of Element 2 are not significant if the 

documentation requirement allows the FAA to refer to another document that contains the 

comprehensive list of exceptions, that is, incorporation by reference. The FAA would incur 

limited upfront, one-time costs to develop, coordinate, and publish revised guidance. This one-

time cost is a marginal change to existing processes. 

If, however, the FAA does not allow incorporation by reference, the cost increases significantly. 

Based on the transport airplane design approvals over the last five years, the FAA would be 

required to create an explicit certification basis for over 1,600 transport airplane projects each 

 
11 FAA’s Dynamic Regulatory System at drs.faa.gov. 
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year. MITRE has estimated the additional work to create and review the explicit certification 

basis would require eight hours per project, equivalent to more than six full-time employees 

based on a standard annual 2,000 work hours per employee.  

MITRE did not estimate the impact to the FAA’s current system that provides public access to an 

aircraft’s certification basis; however, we have noted that the system was not designed to capture 

all ATC projects and would likely require a major revision. 

The proposal would not result in any direct costs to aircraft manufacturers or modifiers because 

the data they supply the FAA would not change. However, industry members expressed concern 

about the potential public disclosure of proprietary information on how the certification basis 

was determined and how the applicant company achieved compliance. Current FAA processes 

protect company proprietary information from disclosure. If a revised process under Element 2 

were to compromise this principle of nondisclosure, then depending on its extent, it could impose 

costs on the owners of that information.  

4.2 Benefits 

Determining the potential benefits of Element 2 is challenging. The most obvious benefit of the 

proposal would be the improved clarity of certification basis information for certain derivative 

aircraft. Improved clarity of the certification basis is a process improvement, providing greater 

efficiency and potentially greater effectiveness in the assessment of a changed product’s 

compliance to safety standards. 

If the FAA implements Element 2, they may see a marginal improvement in the efficiency of 

tasks related to tracking the certification basis of aircraft because of the increased documentation 

and transparency. Third-party aircraft modifiers could also benefit because the data associated 

with the certification basis is more transparent. MITRE was unable to identify any safety benefit 

that would result from Element 2. Additionally, none of our 19 interviewees from industry and 

the FAA could identify a safety benefit that would result from the proposal. It is not clear that 

Element 2 would alter the FAA’s decisions on exceptions in a systematic way that would 

improve safety or would have altered any decision on exceptions granted as part of the 

certification basis for the 737 MAX.  

More specifically, Element 2 would not have affected the inclusion and disclosure of the 

Maneuvering Characteristics Augmentation System (MCAS)—widely recognized as one of the 

most significant causal factors of the 737 MAX accidents—because MCAS was neither deemed 

a major, significant change, nor did Boeing seek or receive an exception for MCAS. Instead, the 

lack of disclosure about the system, including its applications at low altitudes and single point of 

failure, has been a focus of prior investigations and reforms that appear in other sections of the 

ACSAA.  

4.3 Conclusion on Element 2 

Element 2 would impose small costs on the FAA while realizing marginal improvements in 

transparency and clarity of the public documentation of exceptions. However, Element 2 would 

not directly improve aviation safety in general and would not directly address any of the issues 

identified in MITRE’s review of the 737 MAX accident investigations.  

MITRE’s review of documentation cited in Element 2 highlighted inconsistencies in the content 

and format of the TCDS, both between aircraft and internally between models. Much of the 
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variation might be explained by documentation standards that have changed over the life of a 

given TCDS. However, MITRE found limited guidance on the content and format of the TCDS 

and none on the documentation of exceptions. For example, on the 737 TCDS, the 737-6/7/800 

explicitly lists 15 exceptions. In contrast, the 737 MAX explicitly identifies two exceptions, 

though the FAA granted 16 exceptions.  

For the reasons listed, MITRE does not recommend the implementation of Element 2. However, 

MITRE does recommend that the FAA consider imposing more consistency in the 

documentation of exceptions in the TCDS to the extent possible without compromising the 

current protections of company-proprietary information in the G-1 issue papers.
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 Consideration of the 737 MAX 
The Boeing 737 MAX certification process and accident reports provide a useful case study on 

the inherent risk of the CPR, as discussed in Section 2.2. MITRE reviewed investigative reports 

related to the Boeing 737 MAX accidents and analyzed the application of the CPR to the 737 

MAX-8, including key exceptions within the certification basis. The investigative reports cite 

multiple factors contributing to the accidents, many of which policymakers have addressed in 

various sections of the ACSAA. 

In our interviews with industry and FAA representatives, we asked whether a new TC would 

have prevented the 737 MAX accidents. In most cases, the answer was “no.” The reason given 

was, as mentioned in Section 4.2, that MCAS was neither deemed a major, significant change, 

nor did Boeing seek or receive an exception for MCAS. In two interviews, however, the answer 

was “yes,” a requirement for a new TC might have prevented the accidents.  

The causal chain that these interviewees identified was not that a new TC would have revealed 

the flaws in MCAS. Instead, it was that a new TC would have required that Boeing comply with 

the latest certification standards on cockpit design, specifically those for pilot alerting and 

warning. Boeing had already recognized the value of improved pilot alerting when it 

implemented an advanced system, known as the Engine-Indicating and Crew-Alerting System 

(EICAS), on the 757 and 767 models in the 1980s, and similar or more advanced systems on 

every non-737 airliner that Boeing subsequently produced.  

Both interviewees asserted that complying with the latest certification standards for pilot alerting 

and warning systems, along with other certification standards related to pilot human factors 

design, would have provided the pilots in the 737 MAX accidents clearer and more timely 

information on the nature of the system failure, and that better information might have prevented 

the crashes. Moreover, they stated their belief that the pilots would have received more extensive 

training to transition from earlier 737 designs to the MAX had the FAA required Boeing to 

update those cockpit systems. This additional training on system failure modes, including 

mandatory simulator training, would have also benefited the pilots in the 737 MAX accidents. 

Likewise, the additional training would have likely removed the incentive for Boeing to limit 

disclosure of the MCAS system, thus making its existence part of the pilot training process and 

possibly identifying and removing MCAS’s dependence on a single angle-of-attack indicator.  

MITRE completed a detailed review of the exceptions in the FAA’s internal documentation of 

the certification basis for the 737 MAX-8 in the context of the 737 MAX accident investigations 

and accident data in the FAA’s Lessons Learned reports.12 Our review aligned with the two 

interviewees cited above, in that we concluded the exception granted by the FAA for pilot 

alerting on the 737 MAX was a critical link not only in the chain of events that led to the 

accidents, but also in Boeing’s decision to limit the disclosure of MCAS. 

Boeing and the airlines sought to minimize the operational cost of pilot training on the 737 

MAX. Boeing accomplished this by designing the aircraft to retain the pilot type rating from the 

prior 737 model and minimize the training required to address any differences. This limited pilot 

training costs for the airlines and certification costs for Boeing. Gaining exceptions to some 

certification standards for pilot alerting and warning was key to maintaining the same pilot type 

 
12 FAA G-1 (Re-Issue) 737-8 Type Certification Basis, dated 14 June 2019. Also “Lessons Learned from Civil Aviation 

Accidents,” FAA website https://lessonslearned.faa.gov.  
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rating. These cockpit design exceptions for the 737 MAX are an illustration of the inherent risk 

of the CPR and the need to maintain a balance between supporting the efficient development of 

derivative aircraft and the risk of allowing outdated designs to persist for decades.  

5.1 The Exception for Pilot Alerting 

Boeing sought and the FAA approved exceptions to specific aspects of 14 CFR 25.1322 Flight 

Crew Alerting at its most recent amendment level, 25-131. This amendment was issued in 2011 

to ensure pilot alerting systems communicate certain events and errors to the flight crew. The 

exception allowed the 737 MAX design to comply with 14 CFR 25.1322 at amendment level 25-

38, issued in 1977, which meant Boeing did not have to address the following three areas: 

1) A distinction between cautions and advisories alerts 

2) An ability to inhibit an inappropriate or unnecessary alert 

3) An ability to cancel persistent, erroneous, “attention getting” components 

See Appendix D for additional details on this exception.  

Boeing pursued this exception on the grounds that compliance with the latest amendment level 

would be impractical, meaning implementation costs outweighed the potential safety benefits. 

Boeing acknowledged there had been three 737 accidents since 2000 in which flight crews 

received incorrect alerts, were unable to diagnose issues based on the alerts within an appropriate 

time frame or were unaware of the alerts and conditions that caused them. 

• In 2005, Helios Flight 52—a 737-300—crashed and claimed the lives of all 121 people 

on board when pilots did not correctly identify alerts and non-normal conditions.  

• In 2008, Aeroflot-Nord Flight 821—a 737-505—crashed and claimed the lives of all 88 

people on board when alerts did not provide pilots with information on the appropriate 

corrective action.  

• In 2009, Turkish Airlines Flight 1951—a 737-8F2—crashed and resulted in nine fatalities 

when the crew failed to recognize alerts soon enough to take corrective action.  

Our review confirmed that the inadequacy of pilot alerts was a key factor in each case, a 

problematic finding considering the alerting systems theoretically should be the last line of 

defense allowing pilots to overcome a chain of hazards. These prior accidents reveal the pattern 

of narrow changes applied retroactively. Boeing implemented fixes in the 737 to address the 

causes of each accident that were related to pilot warning. However, these Boeing fixes patched 

inadequacies of the 737 pilot-warning system rather than proactively implementing better human 

factors designs and pilot alerting systems (e.g., EICAS) that the company was already installing 

on other aircraft.  

Boeing was able to include a broad range of cost factors in their analysis of cost versus benefit of 

compliance. Boeing estimated the cost of full compliance to 14 CFR 25.1322 in the 737 MAX 

would exceed $10 billion.13 Boeing posited that this estimate reflected all costs associated with 

compliance, documentation, training, additional operational fuel consumption, and updating the 

pilot type rating for the 737 MAX aircraft. For context, Boeing’s early estimates for the entire 

 
13 FAA G-1 (Re-Issue) 737-8 Type Certification Basis, dated 14 June 2019. 
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development cost of the 737 MAX were around $2.5 billion. A reasonable estimate of the 

development and certification of an entirely new aircraft design would be $10-15 billion.14 

Not only can the manufacturer claim a broad range of cost factors, but the FAA is unable to 

effectively evaluate their estimate. The negotiation of the exception is inherently flawed because 

the information asymmetry favors the manufacturer. Furthermore, such large cost estimates are 

particularly difficult to overcome from a safety standpoint considering the general safety record 

of commercial transport aircraft over recent decades. 

5.2 Safety-Critical Certification Standards 

It is important to note that the logic for why a new TC might have prevented the 737 MAX 

accidents does not eliminate the substantial costs described in our assessment of Element 1 and 

its limited benefits as a general policy. It is also important to consider that the logic for how a 

new TC might have prevented the accidents depends not on the hundreds of certification 

standards the FAA would have enforced under a new TC, but instead on a small number of 

certification standards related to human factors and cockpit design. This raises the option of 

focusing on the treatment of a small number of critical certification standards within the CPR 

process rather than on a general requirement for a new TC.  

The critical role potentially played by a small number of certification standards in the 737 MAX 

accidents is further illustrated by the extent to which Boeing’s 737 NG and 737 MAX designs 

voluntarily met later amendment levels in many areas of the aircraft, including unchanged areas. 

According to MITRE’s analysis of the certification gap of the later 737 designs, Boeing has 

broadly updated the 737 design to certification standards beyond those required by the CPR. 

Almost all areas of the aircraft have undergone design and compliance upgrades that, in most 

cases, were not required by the certification process. (See Appendix E for more detail on 

MITRE’s certification-gap analysis for the 737 family.)  

The 737 MAX was closer to a new TC than many understand. This finding dispels the argument 

that the 737-NG and 737 MAX designs, from a certification perspective, are “old designs” from 

the late 1960s. Manufacturers choose to exceed the certification requirements for a derivative 

aircraft for a variety of reasons, including improvements to safety, reliability, and manufacturing 

processes.  

Our review of the 737 MAX’s exceptions to 14 CFR 25.1322 and other loss-of-life accidents 

strengthens our focus on the need to hold flight deck, crew alerting, and other safety-critical 

systems to a higher level of scrutiny and properly balance the inherent risk associated with the 

CPR. While provisions in the ACSAA mandate reviews of the CPR and a reassessment of pilot 

capability assumptions and human factors, MITRE concludes that increasing the FAA’s scrutiny 

of how these safety-critical certification standards are handled within the negotiations contained 

in the CPR process may provide a more targeted approach to achieve the objectives of Element 1 

without the large associated costs.

 
14 Lemer, Jeremy and Mark Odell, Customers Forced Boeing’s Hand on New Engine Option, Financial Times, July 24, 2011; and 

FlightGlobal, Boeing Disputes 737 MAX Development Cost Report, January 27, 2012, at https://www.flightglobal.com/boeing-

disputes-737-max-development-cost-report/103825.article 
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 Alternative Approaches 
In the process of developing alternatives to the Section 136 proposals, MITRE considered the 

various rules and processes surrounding the establishment of a certification basis—the existing 

regulations, the evolution of standards, the practical application of the FAA’s CPR, the safety 

record of derivative aircraft in comparison to initial models, and the justifications allowed for 

exceptions. The following sections describe the FAA’s current authority to require a new TC and 

an alternative to Element 1 that MITRE identified. 

6.1 Changes Requiring a New Type Certificate, 14 CFR 21.19 

One alternative to Element 1 is for the FAA to reevaluate how it applies its current authority 

under 14 CFR 21.19 to require a new TC. In many cases, the FAA and an applicant for a design 

change begin negotiating a project’s certification basis prior to the submission of an official 

application. It is during this developmental phase that the FAA assesses whether the project 

represents a “substantial” change that would trigger a new type certificate per 14 CFR 21.19: 

“Each person who proposes to change a product must apply for a new type 

certificate if the FAA finds that the proposed change in design, power, thrust, or 

weight is so extensive that a substantially complete investigation of compliance 

with the applicable regulations is required.” 

 

The FAA could expand its use of 14 CFR 21.19 by interpreting “substantial” more broadly. 

Currently, the CPR provides little guidance on when a design change becomes “so extensive” 

and does not clarify what constitutes a “substantially complete investigation.”  

As a tool for increasing compliance with the latest certification standards, however, 21.19 suffers 

from the same dependence on a new TC as does Element 1. Requiring that a changed product 

obtain a new TC has such a broad impact on the product’s design and cost that it is difficult to 

justify, except in extreme cases such as an aircraft design changing from three engines to two. 

For any case in which 21.19 is not clearly appropriate, applicants may challenge the FAA’s 

decision to use 21.19, and the FAA’s decision may quickly become political or have 

international-trade repercussions. 

This dependence on a new TC as the only available tool under 21.19 means that the FAA would 

have difficulty defending an expansion of the application of 21.19 from substantial changes to 

major significant changes or to the cumulative effect of many significant changes. Thus, even 

reinterpreted, 21.19 would likely not allow the FAA to address the concerns about significant 

changes, and the duration since an aircraft’s original certification basis, that motivated Element 

1. It simply would be too difficult to defend a requirement for a new TC under 21.19 as a 

reasonable response to those concerns.  

6.2 Safety-Critical Certification Standards and Negotiability 

Rather than using the requirement for a new TC, an alternative approach that focuses on 

increasing compliance with specific certification standards may be more effective. We have 

already highlighted the importance of maintaining the balance within the CPR between economic 

efficiency in the design of derivative aircraft and the persistence of designs that complied with 

earlier certification standards but do not comply with the latest standards.  
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The exception to 14 CFR 25.1322 for the 737 MAX was, in part, the result of the external forces 

affecting the negotiations within the CPR: pressure to control airline operating costs, integrated 

systems that result in high compliance cost estimates, and limited claims to safety benefits based 

on historical data. These forces push the CPR process to be more permissive toward exceptions 

and, equivalently, more tolerant of the persistence of designs that do not meet the current 

certification standards. 

A useful alternative may be to adjust the balance within the CPR only when changes are justified 

based on safety benefits. This narrower approach acknowledges the general success of the CPR 

in improving aviation safety while supporting the efficient development of derivative aircraft. It 

seeks to further enhance safety under the CPR while minimizing the cost of achieving that safety 

outcome. 

6.2.1 The Development of Certification Standards 

A manufacturer or modifier requests an exception when it does not want to comply with the 

latest certification standard for an affected area of the aircraft. This means the FAA must have 

altered the certification standard since the aircraft was originally certified. 

New certification standards result, in part, from a rigorous rulemaking process that includes an 

assessment of the regulatory costs and safety benefits. The FAA has regularly updated the 14 

CFR Part 25 transport aircraft airworthiness standards since their recodification from the Civil 

Air Requirements 4B in 1965. After a spate of rule improvements that took place in the 15 years 

following recodification, the pace of rule introduction and revision slowed considerably, almost 

stalling until the FAA began rule harmonization with the Joint Aviation Authority (European 

Aviation Safety Agency) in the late 1980s. Since then, the FAA has introduced new rules to deal 

with icing (2007 and 2015), aging wiring (2007), and human factors (2013), but the pace of new 

or revised rules has never met the initial pace. See Figure 6-1 for a graphical representation of 

meaningful rule changes since recodification in 1976. 

 

Figure 6-1. Revisions to Transport Aircraft Airworthiness Standards 
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6.2.2 Identification of Safety-Critical Certification Standards 

In general, the CPR bounds the certification basis of an aircraft between the regulations in place 

at the time when the FAA receives a certification application and those of the baseline product. 

The FAA has identified some regulations that are bounded further—i.e., those in which an 

applicant must meet the latest amendment level when the proposed change affects those areas. 

As of this report, such regulations mandate emissions and noise compliance as detailed in 14 

CFR Parts 34 and 36. Further, the FAA promulgated a new set of regulations issued as 14 CFR 

Part 26 to cover rules deemed so critical to safety that it mandated compliance for all fielded 

aircraft of a specific class. 

This alternative approach builds on this differentiated treatment of some certification regulations. 

The FAA would assess the safety criticality of each certification regulation. The assessment 

would be based on a combination of retrospective and prospective analyses. The retrospective 

analysis would review data on accidents, incidents, and related sources to determine which 

current certification standards would have been more likely to have broken the chain of accident 

causation had they been in place. 

The prospective analysis would examine the safety implications of forecasted technology trends 

(e.g., autonomy, automation, system integration) along with studies of emerging issues in areas 

such as human factors, systems analysis, and software development and testing. The FAA would 

then identify the current or needed certification standards that would best function as a guard 

against future unknown causal factors linked to technological advancement.  

As an example, a good starting point in the search for safety-critical certification standards is the 

regulations on human factors: 14 CFR 25.1301–1337. Many aviation accidents have a causal 

component of pilot performance that is associated with the presentation of information to the 

pilot, and this will likely continue to be the case in the future, so these certification standards 

present a strong opportunity to break the causal chain of future accidents.  

6.2.3 Negotiability 

The next step in this alternative approach is to optimally adjust how the FAA treats each safety-

critical certification regulation within the certification process. Note that for a changed product, 

the certification regulations fall under either the current CPR or are mandatory as described in 

the previous section. This alternative approach retains those two options and adds the 

development of a set of options based on possible changes to the structure of the negotiations 

within the CPR that would only apply to the treatment of specific certification regulations.  

The development of these possible changes to the structure of the negotiations would be based 

on an analysis of the justifications for granting past exceptions, the certification regulations 

against which the FAA granted exceptions, and the extent of information asymmetries and any 

other distortions between applicants and the FAA.  

As an illustration, this analysis might put forward the following set of options that the FAA 

could apply to specific certification regulations. 

• Apply the current CPR process. 

• Require an independent expert evaluation of an applicant’s cost justification for 

impracticality. 
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• Impose limitations on the cost components that an applicant can include in a claim of 

impracticality. 

• Require that estimates of the expected safety benefit of compliance with the latest 

standard include a defined set of benefit components.  

• Prohibit the use of the impracticality justification, but allow the use of other 

justifications, such as no material improvement in safety. 

• Mandate the regulation outside the CPR. 

The FAA would then match the safety-critical certification standards identified in the previous 

section with the appropriate option for treatment based on the criticality of the standard and the 

general conditions under which the FAA concludes that an exception would be acceptable.  

6.2.4 Advantages Compared to Element 1 

The alternative described above has two main advantages over Element 1. The first is that the 

alternative is applicable to all relevant changes of an aircraft at any time, rather than only after a 

set duration since the original TC. This removes the arbitrary aspect of the time limit and the 

incentives that the time limit creates for applicants to adjust their behavior in response.   

The second is that the alternative is more likely than Element 1 to have a compelling cost-benefit 

justification. The alternative targets safety-critical certification standards to maximize safety 

benefits while it minimizes unintended costs by allowing all other aspects of the CPR to remain 

unchanged. Thus, the alternative is more likely to survive the rulemaking process, and the FAA 

is more likely to get it harmonized across international regulators.     

Other sections of the ACSAA effectively address many issues related to the 737 MAX accidents, 

such as reform of the organization designation authorization. Allowing the FAA to identify 

safety-critical certification standards and limit the scope of their negotiability is an alternative 

approach to achieve the intent of Element 1 that was not in included in ACSAA’s existing 

reforms.  
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 Conclusion  
MITRE assessed the Changed Product Rule (CPR), the costs and benefits of Elements 1 and 2, 

the investigations of the 737 MAX accidents, and the exceptions that the FAA granted to the 737 

MAX. As previously stated, MITRE does not recommend the implementation of Element 1 

because it would impose substantial costs on the aviation industry without any clear safety 

benefit. For Element 2, MITRE recommends that the FAA consider a partial implementation 

focused on consistency in the documentation of exceptions in the Type Certificate Data Sheet. 

More generally, we concluded that the CPR has been broadly successful at facilitating the 

economically efficient development and modification of aircraft while achieving safety levels 

that are similar to those of aircraft with a new type certificate (TC). For this reason, altering the 

certification process to require a new TC in more cases is not necessary. Moreover, doing so 

would impose large costs on the aviation industry, partially eliminating the economic and safety 

benefits of the CPR.  

While the other sections of Aircraft Certification, Safety, and Accountability Act address most of 

the issues raised in the 737 MAX investigations, our analysis also concluded that the FAA 

should consider identifying safety-critical certification standards and then customizing the 

negotiability within the CPR as appropriate for each identified standard. This may provide an 

alternate path to largely achieving the intent of Element 1 without the substantial costs.  

Finally, in considering changes to the certification process, including those in response to the 737 

MAX accidents, the FAA must be able to present a cost-benefit justification that will support the 

harmonization of the change by foreign regulators. Failure to harmonize a major regulatory 

constraint, such as Element 1, across aviation regulators would likely place U.S. manufacturers 

at a competitive disadvantage in the international market by increasing production costs and 

limiting the ability to develop derivative aircraft under the CPR. Failure to harmonize would also 

complicate international trade in commercial transport aircraft by creating substantial differences 

in certification regimes. 
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Appendix A Aircraft Certification, Safety, and 
Accountability Act (ACSAA) Section 136 

SEC. 136. INDEPENDENT STUDY ON TYPE CERTIFICATION REFORM.  

(a) REPORT AND DEADLINES.—Not later than 30 days after the date of enactment of this 

title, the Administrator shall enter into an agreement with an appropriate Federally-funded research 

and development center to review, develop, and submit a report to the Administrator in accordance 

with the requirements and elements set forth in this section.  

(b) ELEMENTS.—The review and report under subsection (a) shall set forth analyses, 

assessments, and recommendations addressing the following elements for transport category 

airplanes:  

(1) Whether or not aviation safety would improve as the result of institution of a fixed time 

beyond which a type certificate may not be amended.  

(2) Requiring the Administrator, when issuing an amended or supplemental type certificate 

for a design that does not comply with the latest amendments to the applicable airworthiness 

standards, to document any exception from the latest amendment to an applicable regulation, 

issue an exemption in accordance with section 44701 of title 14, United States Code, or make 

a finding of an equivalent level of safety in accordance with section 21.21(a)(1) of title 14, 

Code of Federal Regulations.  

(3) Safety benefits and costs for certification of transport category airplanes resulting from 

the implementation of paragraphs (1) and (2). 

(4) Effects on the development and introduction of advancements in new safety enhancing 

design and technologies, and continued operation and operational safety support of products 

in service in the United States and worldwide, resulting from the implementation of 

paragraphs (1) and (2). 

(c) INVESTIGATIONS AND REPORTS.—The review and report under subsection (a) shall 

take into consideration investigations, reports, and assessments regarding the Boeing 737 MAX, 

including but not limited to investigations, reports, and assessments by the Joint Authorities 

Technical Review, the National Transportation Safety Board, the Department of Transportation 

Office of the Inspector General, the Department of Transportation Special Committee, the 

congressional committees of jurisdiction and other congressional committees, and foreign 

authorities. The review and report under subsection (a) also shall consider the impact of changes 

made by this title and the amendments made by this title. 

(d) REPORT TO CONGRESS.—Not later than 270 days after the report developed under 

subsection (a) is submitted to the Administrator, the Administrator shall submit a report to the 

congressional committees of jurisdiction regarding the FAA’s response to the findings and 

recommendations of the report, what actions the FAA will take as a result of such findings and 

recommendations, and the FAA rationale for not taking action on any specific recommendation. 
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Appendix B Glossary 

 

Term Definition 

Additional Design Requirements Imposed on a design to address a known unsafe 

condition. 

Derivative While there is no existing legal or formal definition of a 

derivative aircraft, the term is colloquially used in the 

aviation industry to describe a changed, newer version of 

an aircraft’s original type certified design.  

Equivalent Safety Finding Also known as an Equivalent Level of Safety, this is 

issued by the FAA when the compliance meets the intent 

of the regulation but uses a unique method of compliance 

that provides an equivalent safety benefit. 

Exception For amended or supplemental type certificates only, the 

applicant justifies compliance at an earlier amendment 

level based on impracticality or that the later amendment 

does not materially contribute to the level of safety. 

Exemption The product design is exempted from complying with a 

specific rule (or portion of a rule.) An exemption is often 

granted when compliance would adversely affect safety 

or has been deemed impractical, but the rule has not been 

updated. Obtaining an exemption requires official 

rulemaking. 

Model An aircraft model is similar to the term “derivative” in 

that it references a changed version of an original type 

certified aircraft design.  

Significant Change Under the changed product rule, the designation of a 

change or series of changes as “significant” denotes an 

increased level of scrutiny for an amended type certificate 

applicant. OR: A “significant” product-level change 

occurs when one or more of the following is changed: 

aircraft general configuration, principles of construction, 

or the assumptions used for certification, but not to the 

extent of a substantial change. Multiple significant 

changes may be bundled together in a single significant 

product-level change (the latter version was copied and 

pasted from above). 

Special Conditions Imposed when existing regulations do not cover aspects 

of the design, typically unique and novel technologies. 

Special conditions may become future standards. 
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Term Definition 

Transport Aircraft Aircraft certified to CFR Part 25 Airworthiness Standards 

and eligible for operation in scheduled commercial or 

charter operations, both passenger and cargo. 

Type Certificate, Amended Type 

Certificate, Supplemental Type 

Certificate 

The FAA grants a type certificate to a manufacturer when 

an original aircraft design and parts comply with 

applicable airworthiness regulations. An amended type 

certificate recertifies significant changes and areas 

affected by changes to an already-certified product. 

Similarly, a supplemental type certificate certifies 

modification to an already-certified product. However, 

supplemental type certificates are granted to third-party 

modifiers, whereas original and amended type certificates 

are granted to the original manufacturer.  
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Appendix C Econometric Analysis of Airworthiness 
Directives 

We measure aircraft safety using two different measures:  

1) The number of ADs the aircraft model received in the first 24 months after 

certification 

2) The number of ADs the aircraft model received as of February 10, 2021 (the limit of 

the available data) 

The econometric model we estimate explains the number of ADs for aircraft model i as a 

function of control variables X and a mutually exclusive indicator variable that separates aircraft 

that were issued new type certificates from those that are follow-on derivative models. Formally, 

𝐴𝑖𝑟𝑤𝑜𝑟𝑡ℎ𝑖𝑛𝑒𝑠𝑠 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑣𝑒𝑠𝑖 = 𝑓(𝜆 ∗ 𝑁𝑒𝑤𝐶𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖, 𝑋𝑖′𝛽)       (1) 

A count data model is used because the dependent variable (i.e., the number of ADs since 

certification for aircraft i or the number of ADs in the first 24 months of certification for aircraft 

i) takes the form of non-negative integers. The models we estimate are the Poisson and Negative 

Binomial models.15 A key assumption of the Poisson model is that of equidispersion: the 

conditional mean, μ, must be equal to the conditional variance, var(yi|xi). Stated explicitly, 

E(yi|xi)=Var(yi|xi)=ui, where yi is the dependent variable. In our analysis of ADs, overdispersion 

is present (i.e., Var(yi|xi) > E(yi|xi)). Therefore, to correct for overdispersion, we also estimate the 

negative binomial model.16  

The probability density function for the negative binomial model is, 

𝑓(𝑦𝑖|𝜇𝑖) =
Γ(𝑦𝑖+𝛼𝑖

−1)

Γ(𝑦𝑖+1)Γ(𝛼𝑖
−1)

(
𝛼𝑖

−1

𝛼𝑖
−1+𝜇𝑖

)
𝛼𝑖

−1

(
𝜇𝑖

𝛼𝑖
−1+𝜇𝑖

)
𝑦𝑖

      (2) 

where Γ is the Gamma function, the overdispersion parameter is α (> 0), the mean is specified as 

μi= exp(δg + λ*NewCertificationi+X’iβ) with δg being an aircraft family fixed effect (i.e., 

separate indicator variables for Boeing 737, Boeing 757, Boeing 767, etc.), and X is the number 

of months since certification. Note that the number of months since certification is only included 

when the dependent variable is the total number of ADs since aircraft certification. 

As described by equation (1), the negative binomial regression we estimate models the count of 

ADs as a function of certification type (i.e., new vs. follow-on aircraft) and other control 

variables X. Accordingly, the parameter of interest in equation (1) is λ, the coefficient on New 

Certification. A negative and statistically significant λ would indicate that follow-on aircraft have 

more ADs on average than new certifications (i.e., they are less safe). Conversely, a positive and 

statistically significant λ would indicate that follow-on derivative aircraft have fewer ADs on 

average than new certifications (i.e., they are safer). Finally, a statistically insignificant λ or a 

 
15 Both the Poisson and Negative Binomial models are types of generalized linear models. For more on count data models, see  

A. Cameron and P. Trivedi, Regression Analysis of Count Data, No. 53 (second ed.), Cambridge University Press, 2013. 

16 The Negative Binomial model is equivalent to the Poisson model when the estimated overdispersion parameter, α, is equal to 

zero. For full transparency, we report results from both the Poisson and Negative Binomial models. 
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statistically significant λ that is close to zero would indicate that follow-on derivative aircraft 

models are just as safe as their originally certified counterpart. 

To control for other factors that affect the number of ADs, the control variables in X include 

separate indicators for each aircraft family (i.e., separate indicators for Boeing 737, Boeing 757, 

Boeing 767, Boeing 777, Boeing 787, Canadair Regional Jet, Airbus 320, Airbus 330, and 

Airbus 300 families) and a variable counting the number of months since certification.17 For 

example, each aircraft family has different AD exposures (e.g., the Boeing 737 family has been 

issued more ADs than the Boeing 767 family possibly because, in part, there are more Boeing 

737 variants [14] than Boeing 767 variants [4], so there are more major modifications). In 

addition, the longer an aircraft model is in service, the more ADs the model is likely to accrue. 

It must also be mentioned that the key control variable for which we do not have sufficient 

information is the number of aircraft in service for each individual aircraft model. To the extent 

that the number of aircraft in service is correlated with certification type (e.g., if new 

certifications have substantially more or fewer aircraft in service than derivative models), then 

the coefficient on λ may be biased.  

C.1 Results for Number of ADs in First 24 Months of Certification 

Table C-1 presents Poisson (column 1) and Negative Binomial (column 2) results when the 

number of ADs issued in the first 24 months after certification is the dependent variable in the 

statistical model described by equation (1). To account for the small sample size, standard errors 

and associated T-statistics are computed using 1,000 bootstrap replications.18 Note that the 

estimated overdispersion parameter in column 2 is positive and statistically different from zero, 

indicating that the Negative Binomial is more appropriate for statistical inference than the 

Poisson (i.e., equidispersion is not present).  

In both the Poisson and Negative Binomial models, the coefficient on New Certification, while 

negative, is statistically insignificant. Therefore, the evidence suggests that derivative aircraft are 

just as safe as their originally certified counterpart when safety is measured using the number of 

ADs issued in the first 24 months of certification.  

 

Table C-1. Estimation Results for Number of Airworthiness Directives in First 24 Months of 

Certification 

  (1) (2) 

Model: Poisson Negative Binomial 

New Certification (λ) -0.325 -0.173 

  (-0.772) (-0.382) 

Boeing 737 1.242 1.265 

 
17 The number of months since certification is only included when the dependent variable is the total number of ADs since 

aircraft certification.  

18 The bootstrap procedure estimates the distribution of a key parameter (such as the coefficient on New Certification) by 

randomly resampling the data with replacement (i.e., randomly dropping some observations and “double-counting” others) a 

very large number of times. The resulting distribution of bootstrap estimates is then used to compute standard errors and 

construct confidence intervals. For more on the bootstrap procedure, see B. Efron and R. Tibshirani, An Introduction to the 

Bootstrap, CRC Press, 1994. 

©2022 The MITRE Corporation. All rights reserved. 



FOR OFFICIAL USE ONLY 

FOR OFFICIAL USE ONLY 

C-3 

  (1) (2) 

Model: Poisson Negative Binomial 

  (1.431) (1.425) 

Boeing 757 0.251 0.192 

  (0.222) (0.165) 

Boeing 767 1.327 1.319 

  (1.532) (1.512) 

Boeing 777 0.375 0.373 

  (0.422) (0.418) 

Boeing 787 0.541 0.532 

  (0.632) (0.618) 

Canadair Regional Jet  0.291 0.338 

  (0.310) (0.342) 

Airbus 320 0.454 0.470 

  (0.519) (0.539) 

Airbus 330 0.357 0.322 

  (0.416) (0.375) 

Constant  1.402* 1.365 

  (1.648) (1.582) 

Overdispersion Parameter (α)   0.213 

Likelihood Ratio Test of α=0   P-value = <0.001 

Observations 46 46 

Notes: Bootstrap T-statistics are provided in parentheses. Aircraft family coefficients are relative 

to the Airbus 300 family (omitted family). *** Significant at the 1 percent level. ** Significant at 

the 5 percent level. * Significant at the 10 percent level. 

 

C.2 Results for Total ADs Since Certification 

Table C-2 presents Poisson (column 1) and Negative Binomial (column 2) results when the 

number of ADs issued as of February 10, 2021, is the dependent variable in the model described 

by equation (1). Consistent with Table C-1, standard errors and associated T-statistics are 

computed using 1,000 bootstrap replications. The estimated overdispersion parameter in column 

2 is positive and statistically different from zero, indicating that the Negative Binomial is more 

appropriate for statistical inference than the Poisson.  

In both specifications, the coefficient on Months Since Certification is positive and statistically 

significant. This result is in line with expectations and confirms that more ADs are issued the 

longer an aircraft model is in service. However, the coefficient on New Certification, while 

negative, is statistically insignificant in both specifications. Consistent with Table C-1, the 

evidence suggests derivative aircraft are just as safe as their originally certified counterpart when 

safety is measured using the total number of ADs issued.  
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Table C-2. Estimation Results for Number of Airworthiness Directives Since Certification 

  (1) (2) 

Model: Poisson Negative Binomial 

New Certification (λ) -0.0418 -0.0657 

  (-0.150) (-0.161) 

Boeing 737 0.143 0.402 

  (0.512) (1.001) 

Boeing 757 0.107 0.261 

  (0.375) (0.672) 

Boeing 767 0.311 0.464 

  (1.136) (1.312) 

Boeing 777 0.0220 0.423 

  (0.0704) (0.939) 

Boeing 787 -0.690 0.0257 

  (-1.204) (0.0335) 

Canadair Regional Jet  -0.620* -0.144 

  (-1.951) (-0.304) 

Airbus 320 0.403 0.629 

  (0.987) (1.311) 

Airbus 330 0.355 0.387 

  (0.286) (0.364) 

Months Since Certification 0.00313*** 0.00516*** 

  (3.509) (3.616) 

Constant  4.192*** 3.266*** 

  (9.535) (4.729) 

Overdispersion Parameter (α)   0.275 

Likelihood Ratio Test of α=0   P-value = <0.001 

Observations 46 46 

Notes: Bootstrap T-statistics are provided in parentheses. Aircraft family coefficients are relative to 

the Airbus 300 family (omitted group). *** Significant at the 1 percent level. ** Significant at the 5 

percent level. * Significant at the 10 percent level. 
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Appendix D Boeing 737 MAX-8 Exception to 14 CFR 
25.1322 Flight Crew Alerting 

For the 737 MAX certification, Boeing sought and received FAA approval for exceptions to 

specific sections of 25.1322 Flight Crew Alerting’s latest amendment level, Amendment 25-131, 

which was put in place in 2011. Boeing sought these exceptions under the Impractical 

justification. Per the notice of public rulemaking for 14 CFR 25.1322 at Amendment 25-131: 

“The purpose of an airplane’s alerting function is to get the attention of the flight 

crew and to inform them of specific airplane system conditions and certain 

operational events that require their awareness and possible action to address the 

condition. These airplane system conditions, and certain operational events are 

referred to as non-normal events. The alerting function is a method of 

communicating non-normal events to the flight crew.”  

 

Amendment 25-131 introduced additional requirements to 25.1322 in 2011. The purpose of these 

changes was to update flight crew alerting regulations to include the latest technology and 

functionality and to address the “type of alert function elements that should be considered 

(including visual, aural, and tactile or haptic elements), alert management, interface, or 

integration of alerts with other systems, and color standardization.” 

D.1 25.1322 Amendment 25-38: Prior 737 Models’ Alerting 
Systems 

Amendment 25-38 established basic requirements for flight crew alerting in 25.1322 in 1977, 

including logic that: 

• Red signified warning and indicated a hazard requiring immediate corrective action. 

• Amber signified caution and indicated a possible need for future corrective action. 

• Green signified safe operation.  

• Any other color including white indicated any other situation not noted above. 

The 737 Next Generation models, on which the 737 MAX is based, are certified to 14 CFR 

25.1322 at Amendment 25-38.  

D.1.1 Summary of Exception  

Boeing stated in the 737 MAX-8 G-1 Issue Paper that the 737 MAX would comply with 

Amendment 25-131 of 14 CFR 25.1322 except for three general aspects: 

1) The need for a distinction between Cautions and Advisories, as defined in paragraphs 

(b)(2), (b)(3), and (c)(2) 

2) The need to inhibit an inappropriate or unnecessary alert, as defined in paragraph 

(d)(1) 

3) The need to cancel persistent, erroneous, “attention getting” components, as defined 

in paragraph (d)(2) 
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Boeing sought and the FAA accepted Exceptions due to Impracticality for the following 

regulations, with associated Additional Design Requirements and Conditions: 

(b) Alerts must conform to the following prioritization hierarchy based on the urgency of flight 

crew awareness and response:  

(2) Caution: For conditions that require immediate flight crew awareness and subsequent 

flight crew response 

Additional Design Requirements and Conditions for (b)(2): Alerts must conform to the 

following prioritization hierarchy based on the urgency of flight crew awareness and 

response. Caution: For conditions indicating the possible need for future corrective action. 

(3) Advisory: For conditions that require flight crew awareness and may require subsequent 

flight crew response. 

 

(c) Warning and Caution alerts must: (2) provide timely attention getting cues through at least 

two different senses by a combination of aural, visual, or tactile indications. 

 

Additional Design Requirements and Conditions (c) Warning and caution alerts must: (3) 

permit each occurrence of the attention-getting cues to be acknowledge and suppressed 

unless they are required to be continuous.  

(d) The alert function must be designed to minimize the effects of false and nuisance alerts. In 

particular, it must be designed to: 

 

(1) Prevent the presentation of an alert that is inappropriate or unnecessary. 

 

(2) Provide a means to suppress an attention-getting component of an alert caused by a 

failure of the alerting function that interferes with the flight crew’s ability to safely 

operate the airplane. This means the alert must not be readily available to the flight crew 

so that it could be operated inadvertently or by habitual reflexive action. When an alert is 

suppressed, there must be a clear and unmistakable annunciation to the flight crew that 

the alert has been suppressed. 

 

D.1.2 Summary of Hazards and Consequences of the Exceptions 

Boeing acknowledged that each airworthiness regulation has a purpose to address a known 

hazard. Therefore, the exceptions have the potential to allow those hazards to occur and could 

lead to consequences such as: 

1) Not recognizing a non-normal event 

2) Not responding to the non-normal event with the appropriate response 

3) Not responding in a timely manner 

The findings of the Lion Air and Ethiopian Airlines MAX accidents noted that the flight crews 

did in fact experience all of these hazards and consequences. They did not fully understand what 

failure and non-normal situation was occurring, and they did not respond correctly or in a timely 

manner.
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Appendix E Boeing 737 Certification Gap Analysis 

MITRE CAASD assessed the certification basis for two fleets of aircraft, of which the Boeing 

737 is presented here. The same process was used for both aircraft fleets. First, we laid out the 

genealogy of the aircraft, then compared the amendment levels of the certification basis 

documented in the TCDS against the transport category rules in Part 25 at the time of application 

for the design approval. The assessment was limited to rules in Part 25. Though the aircraft may 

comply with additional rules associated with continued airworthiness (14 CFR 26) and 

operations (14 CFR 121), the preponderance of rules as well as the granting of exceptions resides 

in 14 CFR 25. 

Our assessment considered the rules in place at the time of a manufacturer’s application for a 

design change and where the certification basis deviated from those rules. In FAA parlance, this 

deviation from existing rules is known as the certification gap, and the FAA’s CPR works to 

minimize that gap.  

E.1 737 Genealogy 

First certified in 1967, the Boeing 737 Type Certificate A16WE lists 15 models over four 

generations of aircraft development, as shown in Table E-1 below. When determining an 

appropriate certification basis using CPR, the FAA assesses both the extent of change against the 

original aircraft, known as cumulative change, and a baseline model identified by the applicant. 

Table E-1. Certified Boeing 737 Models Listed on Type Certificate A16WE 

Generation Models FAA Certification Baseline Model 

1st (Original) 737-100 December 15, 1967 None 

737-200 December 21, 1967 737-100 

737-200 Cargo October 29, 1968 737-200 

2nd (Classic) 737-300 November 14, 1984 737-200 

737-400 September 1, 1988 737-200 

737-500 February 12, 1990 737-200 

3rd (Next Gen) 737-600 August 12, 1998 737-500 

737-700 November 7, 1997 737-300 

737-800 March 13, 1998 

 

 

 

 

 

 

 

 

737-400 
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Generation Models FAA Certification Baseline Model 

737-700 Cargo August 31, 2000 

 

 

 

 

 

 

 

737-700 

737-900 April 17, 2001 

 

 

 

 
 

 

737-800 

737-900 

Extended Range 

April 20, 2007 

 

 

 

 

737-900 

4th (Max) 737-8 March 8, 2017 737-800, line no. 3857 

with Winglets, 

Performance Improvement 

Package, Carbon Brakes, 

Short Field Performance 

Enhancement, Standby 

Power, Nose Landing 

Gear Radial Ply Tires, 

Boeing Sky Interior, 

Integrated Standby Flight 

Display, and standby Bus 

and Captain’s Pitot Heat 

Load. 

737-9 February 15, 2018 737-900ER, line no. 3849 

with Winglets, 

Performance Improvement 

Package, Carbon Brakes, 

Short Field Performance 

Enhancement, Standby 

Power, Nose Landing 

Gear Radial Ply Tires, 

Boeing Sky Interior, and 

Integrated Standby Flight 

Display. 
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Generation Models FAA Certification Baseline Model 

737-8200 March 31, 2021 737-8, line no. 7188 

E.2 Certification Gap 

For each model or group of models that shared the same certification basis, MITRE assessed the 

gap with the amendment levels in place at the time of application. 

Figure E-1 shows the comprehensive view of the 737 models and their certification gaps.  

• Green indicates individual standards in which the aircraft literally complied with the 

latest standards at the time of application. Green is also used when the FAA issued an 

equivalent level of safety (ESF) for the latest standard.  

• Yellow indicates areas in which the aircraft either complied with an earlier amendment or 

was exempted from compliance.  

• Blue indicates areas in which the manufacturer voluntarily complied with new 

amendment levels that were released after the initial application date that set a given 

product’s certification basis and amendment levels.  

• White indicates that the associated standard was either not in place or was not applicable 

to the aircraft. 

 

Figure E-1. Boeing 737 Compliance to Part 25 Airworthiness Standards 

As expected, the first generation of aircraft, represented by the lowest bar on this chart, was fully 

compliant with the regulations in place at that time with a few exemptions and no exceptions. 

The second generation, represented by the three lines near the bottom, was collectively known as 

the Classics and was certified between 1984 and 1988. The vast amount of yellow within these 
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three lines shows a rather large gap with the existing standards. The FAA’s CPR at this time was 

not as rigorous and did not require the consideration of later amendment levels. 

The third generation, known as Next Gen and certified between 1998 and 2007, was a significant 

redesign of the classic 737. This is evident in the change of the bar back to primarily green. This 

was a voluntary step up to the latest standards by Boeing and reflects the extent of the redesign. 

The FAA’s CPR went through a major change prior to the certification of the 737’s fourth 

generation, known as the MAX, which was certified between 2017 and 2021.  

The fourth generation shows a similar configuration, with broad compliance to the latest 

standards. If the majority of the 737 MAX aircraft is compliant to the latest standards, then safety 

issues must reside within the limited areas of yellow represented in the above chart. The yellow 

bars represent either exemptions or exceptions to the latest standards. While exemptions must 

prove, under public review, that the exemption is merited and beneficial to public safety, 

exceptions are not subject to public scrutiny and may be granted for reasons not directly 

associated with safety. 

Within the top three lines associated with the 737 MAX models, there is an area of exceptions 

that overlaps with a theme present in the 737 MAX investigative documents. This is the set of 

system safety standards that reside in 14 CFR 25.1300. 

Generally, most of the 737 MAX exceptions were granted because the existing design exceeded 

the standard’s safety requirements at the previous amendment level and stepping up to the latest 

amendment level would not “provide a material level of safety benefit.” The only exception that 

used the other choice for justification, that stepping up to the latest amendment level was 

impractical, was the exception for 14 CFR 25.1322 for Flight Crew Alerting. 
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Appendix F Abbreviations and Acronyms 

Term Definition 

ACSAA Aircraft Certification, Safety, and Accountability Act 

AD Airworthiness Directive 

AIR FAA Aircraft Certification Service 

ATC Amended Type Certificate 

CAASD Center for Advanced Aviation System Development 

CFR Code of Federal Regulations 

CPR Changed Product Rule 

DRS Dynamic Regulatory System 

EICAS 

ESF 

Engine Indicating and Crew Alerting System 

Equivalent Safety Finding 

E.U. European Union 

NG Next Generation 

STC Supplemental Type Certificate 

TC Type Certificate 

TCDS Type Certificate Data Sheet 
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