
  

  

BEFORE THE PUBLIC UTILITIES COMMISSION OF THE 

STATE OF CALIFORNIA 

Order Instituting Rulemaking to  
Refine the Risk-Based  
Decision-Making Framework for  
Electric and Gas Utilities. 

 

R.26-04-016 

SUBMISSION OF SOUTHERN CALIFORNIA EDISON COMPANY’S (U 338-E), 
PACIFIC GAS AND ELECTRIC COMPANY’S (U 39-E), SOUTHERN CALIFORNIA 
GAS COMPANY’S (U 904-G), AND SAN DIEGO GAS & ELECTRIC COMPANY’S 

(U 902-M) JOINT SURVEY REPORT REGARDING RISK TOLERANCE 
APPROACHES  

WIILLIAM K. BRIGGS 
KRIS G. VYAS 
Attorneys for 
SOUTHERN CALIFORNIA EDISON  
COMPANY 
2244 Walnut Grove Avenue 
Post Office Box 800 
Rosemead, California 91770 
Telephone:  (626) 302-6613 
E-mail:  Kris.Vyas@sce.com 

WALKER MATTHEWS  
PETER OUBORG 
Attorneys for 
PACIFIC GAS AND ELECTRIC 
COMPANY 
300 Lakeside, Suite 210 
Oakland, CA 94612 
Telephone: (415) 238-7987 
Email: peter.ouborg@pge.com 
 
 

SIOBHÁN E. MURILLO 
Attorney for 
SAN DIEGO GAS AND ELECTRIC COMPANY 
8330 Century Park Court, CP32D 
San Diego, California 92123 
Telephone: (619) 616-0624 
Email: smurill1@sdge.com   

HOLLY A. JONES  
Attorney for 
SOUTHERN CALIFORNIA GAS 
COMPANY 
555 West Fifth Street, Suite 1400 
Los Angeles, California 90013 
Telephone: (626) 681-6377 
Email: HAJones@SoCalGas.com 

Dated: July 31, 2026 

FILED
07/31/26
04:59 PM
R2604016

mailto:peter.ouborg@pge.com


 

1 

BEFORE THE PUBLIC UTILITIES COMMISSION OF THE 

STATE OF CALIFORNIA 

Order Instituting Rulemaking to  
Refine the Risk-Based  
Decision-Making Framework for  
Electric and Gas Utilities. 

 

R.26-04-016 

Pursuant to the July 20, 2026 Assigned Commissioner’s Scoping Memo and Ruling (Scoping 

Memo and Ruling (Scoping Memo) issued in this proceeding, Southern California Edison Company 

(SCE), Pacific Gas and Electric Company (PG&E), Southern California Gas Company (SoCalGas), and 

San Diego Gas and Electric Company (SDG&E) respectfully file the attached joint survey report 

regarding risk tolerance approaches.1  The Scoping Memo stated the following:  “The utilities conducted 

a joint utility survey on approaches to risk tolerance pursuant to D.25-08-032, ordering paragraph 4.  To 

aid in the Commission’s consideration of risk tolerance, the utilities shall file and serve that survey in 

this proceeding no later than July 31, 2026.”2  The attached survey report is hereby incorporated into 

this pleading by reference.   

Respectfully submitted, 
WILLIAM K. BRIGGS 
KRIS G. VYAS 

/s/ Kris G. Vyas  
By: Kris G. Vyas 

Attorneys for 
SOUTHERN CALIFORNIA EDISON COMPANY 

2244 Walnut Grove Avenue 
Post Office Box 800 
Rosemead, California 91770 
Telephone: (626) 302-6613 

Dated: July 31, 2026    E-mail:   Kris.Vyas@sce.com  

 

1  Pursuant to Rule 1.8(d) SCE has been fully authorized by PG&E, SoCalGas, and SDG&E to sign and tender 
the Joint Survey Report and make the representations stated herein. 

2  Scoping Memo, p. 6. See also Scoping Memo at p. 13, Ordering Paragraph 6.  
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RDF Phase IV Joint IOU Risk Tolerance Survey 
 

 
Execu ve Summary  
 
Pursuant to Decision (D.) 25-08-032 (Phase IV Decision) in the Risk-Based Decision-Making 
Framework (RDF) Rulemaking (R.) 20-07-013, the joint investor-owned uƟliƟes (IOUs)1 submit 
the corresponding Risk Tolerance (RT) survey report. The survey report shall include the 
following informaƟon: whether a regulator sets the baseline risk tolerance, or, if not or if only 
parƟally, how industries or private companies set, implement, and modify risk tolerance 
thresholds.2 The survey report shall include, but is not limited to, the following industries: 
aviaƟon, chemical, mining, oil and gas, nuclear, autonomous vehicles, spaceflight, investor-
owned uƟliƟes in other jurisdicƟons, and large California investor-owned electric and/or gas 
uƟliƟes.3 For the secƟon on large California investor-owned electric and/or gas uƟliƟes, the 
uƟliƟes shall include a descripƟon of the status quo, explaining the internal process of how each 
company currently sets the amount of risk they accept in safety, operaƟons, and decision-
making.4 
 
The findings reveal that regulatory bodies oŌen set baseline risk tolerance thresholds, based on 
specific criteria. The processes for establishing those risk tolerance thresholds can vary by 
industry and jurisdicƟon. Typically, the regulator first establishes baseline risk tolerance 
thresholds, and individual companies within those industries define addiƟonal risk tolerance 
metrics based on the company’s role and responsibiliƟes and specific regulatory and/or legal 
requirements and consideraƟons. Based on the survey efforts and results, the industry 
demonstrates a clear preference for proacƟvely managing catastrophic-type (e.g., tail risk) 
events. While this approach aligns with the broader risk management landscape, specific risk 
tolerance frameworks can vary across countries and regions and are shaped by local regulatory 
requirements. 
 
AddiƟonally, the evidence set forth in this white paper demonstrates that regulators, as well as 
individual enƟƟes, in each of these industries that have historically experienced significant risk 
outcomes detrimental to public and worker safety have substanƟally embedded important 
principles of risk aversion into their risk-based decision-making regulatory framework. In fact, 
the industries that are most analogous to electric uƟliƟes regarding potenƟal public exposure to 
risk outcomes (i.e., commercial aviaƟon, nuclear) do not have regulatory requirements that 
prescribe regulated enƟƟes to manage to “expected value,” without consideraƟon of the 

 
1 Pacific Gas and Electric Company (PG&E), Southern California Edison Company (SCE), and San Diego 
Gas & Electric Company (SDG&E). Please note that while Southern California Gas Company (SoCalGas) 
was not specifically idenƟfied in the order direcƟng the survey (see D.25-08-032 at page 129), SoCalGas 
is considered an IOU and parƟcipated in this survey. 
2 D.25-08-032 at Ordering Paragraph (OP) 4. 
3 Id.  
4 Id.  
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uncertainty or variability of potenƟal risk outcomes. Rather, regulators of such industries (e.g., 
FAA, NRC) have adopted requirements specifically intended to avoid catastrophic (i.e., tail-risk) 
events. 
 
I. Introduc on5 
 
D.25-08-032 directs the Joint IOUs to draŌ a survey report on approaches to risk tolerance in 
related industries within 80 days of the issuance date of the Decision.6  
 
This survey report should address: 

• Whether a regulator sets the baseline risk tolerance [thresholds]?, or, if not, or if only 
parƟally,  

• How do industries or private companies set, implement, and modify risk tolerance 
thresholds? 

 
It should include, but is not limited to the following industries: 
 

• AviaƟon 
• Chemical 
• Mining 
• Oil and gas 
• Nuclear 
• Autonomous vehicles 
• Spaceflight 
• Investor-owned uƟliƟes in other jurisdicƟons 
• Large California investor-owned electric and/or gas uƟliƟes. 

 
For the secƟon on large California investor-owned electric and/or gas uƟliƟes, the uƟliƟes shall 
include a descripƟon of: 
 

• The status quo, and;  
• An explanaƟon of the internal process of how each company currently sets the amount 

of risk they accept in safety, operaƟons, and decision-making. 
 
Based on this guidance, as well as the Ɵmeline allocated to submit a report of their findings to 
the service list for this proceeding, the Joint IOUs have developed a structured survey of 
relevant and available literature to comply with this Commission direcƟve. This structured 
survey was designed to systemaƟcally evaluate how risk tolerance is defined, established, and 
operaƟonalized across each of the sectors idenƟfied, with parƟcular aƩenƟon paid to the 

 
5 For ease, all references, used herein, are included at the end of each respective section. 
6 D.25-08-032 was approved by the Commission at the Commission’s Business Meeting on August 28, 2025, 
and the issuance date is August 29, 2025.  
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dynamics between industry regulators, individual enƟƟes (e.g., companies) within each 
industry, as well as other stakeholders.  
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II. Background 
 
Following the 2010 San Bruno pipeline rupture and explosion, the Commission issued 
Rulemaking (R.) 13-11-006, formally iniƟated the Safety Model Assessment Proceeding (S-
MAP).7 Through the S-MAP, the CPUC set out to establish a more structured approach to risk-
informed decision-making, parƟcularly as it relates to investment planning processes within 
uƟlity General Rate Cases (GRCs). Over the years, the Commission has made notable progress in 
developing formalized methodologies for risk assessment. These efforts have resulted in the 
creaƟon of detailed risk models and frameworks designed to enhance transparency, 
comparability, and consistency across the State.  
 
Although significant advancements have been made, an explicit risk tolerance standard has not 
yet been adopted in California. While the Commission has acknowledged the importance of 
such standards, most notably in a 2016 Safety Policy Division (SPD) white paper,8 substanƟve 
steps have not yet occurred toward the formal development and adopƟon of such a standard 
for the State. While the Commission iniƟally included Risk Tolerance within the scope of Phase 
IV of the RDF Proceeding, it ulƟmately decided to postpone its determinaƟon of this issue and 
instead iniƟate a separate new proceeding to address Risk Tolerance.  
 
To further this effort, and in compliance with the direcƟon in D.25-08-032, the Joint IOUs have 
undertaken a focused effort through this risk tolerance survey to examine the dynamic between 
regulators and stakeholders in shaping and operaƟonalizing these types of risk tolerance 
standards, while stressing the importance of not only the expected value of these risks, but also 
defined metrics regarding what may consƟtute intolerable tail risk events. 
 
III. Risk Tolerance Concepts 
 
Prior to delving into the complexiƟes of how risk tolerances are developed and established, it is 
important to clarify several foundaƟonal themes implicit in the Commission’s inquiry, which 
involve quesƟons that have yet to be fully addressed, specifically: 

 
• Whose perspecƟve is being represented in the arƟculaƟon of risk tolerance? In other 

words, whose risk tolerance, is it? 
• How are these tolerances influenced by each stakeholder involved in the process (e.g., 

the regulator, the enƟƟes responsible for implemenƟng the measures to ensure those 
tolerances are met, investors, the public)?  

• Who is accepƟng the risk, including what is their risk appeƟte and ability to absorb the 
risk (risk capacity)? 

 
7 See Report of the Independent Review Panel San Bruno Explosion, prepared for the California Public Utilities 
Commission, at 100-101 (June 24, 2011). 
8 California Public Utilities Commission, Safety and Enforcement Division. (2016). Safety and Enforcement 
Division evaluation report on the risk evaluation models and risk-based decision frameworks in A.15-05-002, 
et al. https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/risk-assessment/risk-assessment-
mitigation-phase 
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These quesƟons are central to understanding how risk is perceived, managed, and ulƟmately 
accepted across various stakeholder groups. Their answers have broad implicaƟons in terms of 
miƟgaƟon strategies, funding authorizaƟon, and cost recovery across uƟlity planning and 
operaƟons. In order to provide those answers, it is important to disƟnguish between the types 
of perspecƟves in which risk tolerance is oŌen represented (e.g., societal, individual) as well as 
the role those perspecƟves play in shaping risk tolerance levels within each of these industries.  
 
Societal risk tolerance refers to the collecƟve level of risk the public is willing to accept in 
exchange for the benefits of essenƟal services, (e.g., the provisioning of electricity and natural 
gas).9 These tolerances are typically reflected in the standards promulgated by regulatory 
authoriƟes and are shaped by public percepƟons of risk and the resilience of service providers 
including their financial capacity to absorb adverse events. In this context, regulators serve as 
proxies for societal preferences, translaƟng public expectaƟons into enforceable thresholds to 
guide uƟlity operaƟons. 
 
Individual risk tolerance varies significantly across individual stakeholder groups including 
companies, their employees, their customers, their investors, as well as members of the general 
public.10 For individual companies, their risk tolerances are influenced by regulatory compliance 
obligaƟons, workforce and resource dynamics, duty to provide service, public scruƟny, and 
financial constraints such as creditworthiness and access to capital. Similarly, employees and 
contractors assess risk through the lens of workplace safety, compensaƟon, or alternaƟve 
employment opportuniƟes. Meanwhile, customer and public risk tolerance standards are 
shaped by their own exposure to risk, socioeconomic status, and general awareness of potenƟal 
hazards. 
 
In each of these cases, risk tolerances of each type are governed by three interrelated concepts 
that underpin risk management frameworks: risk appeƟte, risk capacity, and risk aƫtude.  
 
Risk Appe te describes the degree and nature of risk an enƟty is willing to pursue or retain in 
order to achieve its objecƟves. It reflects strategic preferences and is shaped by industry norms, 
regulatory expectaƟons, and stakeholder prioriƟes (IRM, 2011).11 In safety-criƟcal domains such 
as nuclear energy, aviaƟon, or dam operators, risk appeƟte defines the boundaries of 
acceptable risk and informs long-term planning. 
 
Risk Capacity represents an organizaƟon's ability to absorb adverse effects from risks. For a 
commercial firm, capacity might be specified in terms of maximum level of risk an enƟty can 

 
9 Frewer, L. (1999). Risk perception, social trust, and public participation in strategic decision making: 
Implications for emerging technologies. Retrieved from https://www.jstor.org/stable/4314956 
10 Power, M. (2015). Risk, social theories, and organizations. In The Oxford Handbook of Sociology, Social 
Theory, and Organization Studies (pp. 370–392). Oxford University Press. 
https://doi.org/10.1093/oxfordhb/9780199671083.013.0016 
11 Institute of Risk Management. (2011). Risk appetite and tolerance guidance paper. Institute of Risk 
Management. https://www.theirm.org/media/8633/irm-risk-appetite-exec-summary-web.pdf 
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absorb without compromising its viability.12 Unlike risk appeƟte, which is discreƟonary, risk 
capacity is a hard constraint determined by financial resources, operaƟonal resilience, and legal 
obligaƟons. It describes the upper limit of acceptable risk, from the perspecƟve of each 
individual enƟty parƟcularly in domains with high-impact consequences, such as cybersecurity, 
environmental compliance, and/or financial solvency. 
 
Based on the Joint IOUs’ review of industry literature, risk tolerances across these industries are 
shaped by both societal expectaƟons reflected by regulatory agencies as well as the capaciƟes 
of individual enƟƟes within those industries to respond to and/or accept those risks. These 
layers include: 

 
• Regulatory Standards: In all industries surveyed, regulatory bodies put forth a risk 

framework, comprised of a set of minimally acceptable thresholds based on the 
collecƟve ability of enƟƟes. These standards are informed by societal expectaƟons, legal 
precedent, as well as industry best pracƟces. While in some cases these risk tolerance 
levels take the form of specific thresholds, in other cases, they are described only 
through overarching principles.  
 

• Organiza onal Interpreta on: Individual enƟƟes, typically through their Boards of 
Directors, interpret these regulatory standards in the context of long-term viability (e.g., 
risk capacity) of their organizaƟons. This includes consideraƟons such as operaƟonal 
capability, capital aƩracƟon, workforce retenƟon, and alignment with broader policy 
objecƟves and ability to obtain needed capital. In some cases, these individual risk 
capaciƟes are reflected either explicitly or implicitly by their risk aƫtude, which may 
differ across companies within an industry.  
 

In addiƟon to regulators and individual enƟƟes, other en es, including employees, 
contractors, customers, as well as the general public, exert addiƟonal influence through 
advocacy, consumer behavior, direct engagement, or any combinaƟon thereof, to further shape 
and define risk tolerance standards based on their own risk appeƟtes, capaciƟes, and aƫtudes. 
Divergent risk tolerance standards as well as incenƟves among stakeholders further complicate 
this alignment and navigate these compeƟng prioriƟes that oŌen require trade-offs and 
negoƟaƟon across these stakeholder groups.  
 
General References 
 

• InternaƟonal OrganizaƟon for StandardizaƟon. (2018). Risk management – Guidelines 
(ISO Standard No. 31000:2018). hƩps://www.iso.org/standard/65694.html  
 

 
12 International Electrotechnical Commission. (2019). IEC 31010:2019 Risk management — Risk assessment 
techniques. Geneva, Switzerland: IEC. 
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CommiƩee of Sponsoring OrganizaƟons of the Treadway Commission. (2017). Enterprise 
Risk Management—IntegraƟng with Strategy and Performance. 
hƩps://www.scribd.com/document/854173331/Coso-Erm-Standard-2017  
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IV. Industry-Specific Risk Tolerance Case Studies  
 

A. Avia on 
 
Does the industry have a risk tolerance threshold? 
There is no single, explicit risk tolerance threshold that is universally applied across all operators 
within the aviaƟon industry. Instead, regulatory bodies such as the Federal AviaƟon 
AdministraƟon (FAA),the InternaƟonal Civil AviaƟon OrganizaƟon (ICAO), and European Union 
Aviation Safety Agency (EASA) require aviaƟon organizaƟons to implement Safety Management 
Systems (SMS), which include risk assessment processes, but they do not prescribe fixed 
numerical thresholds for acceptable risk.13 Acceptable levels of safety risk are defined 
contextually and operaƟonally by each organizaƟon, and are then monitored by the relevant 
regulatory authority (e.g., FAA). Ensuring safety and compliance with regulatory processes tend 
to be reacƟve and require that incidents be invesƟgated and processes that allowed the 
incidents be scruƟnized and corrected.14  
 
Is it set by the applicable regulatory body? 
 
ParƟally. The FAA sets baseline expectaƟons through regulaƟons such as 14 CFR Part 5, which 
mandates the implementaƟon of SMS.15 These regulaƟons establish the framework and process 
for risk management but stop short of defining specific risk tolerance thresholds. However, the 
FAA also provides guidance through documents like Advisory Circular 120-92D and FAA Order 
8040.4B, which outline how safety risk should be assessed and managed. Given the catastrophic 
potenƟal of aviaƟon failures, and the exposure of this risk to the public, the FAA also mandates 
comprehensive SMSs so that risk is conƟnuously assessed and controlled. These requirements 
promote a culture in the aviaƟon industry where even low-probability hazards are treated with 
rigorous scruƟny to prevent high-impact outcomes, such as mid-air collisions or systemic 
failures. These risks are assessed using probabilisƟc safety models and stress tesƟng for extreme 
scenarios. ICAO similarly requires member states to define acceptable levels of safety risk but 
allows flexibility in how these are implemented. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Individual airlines and airports develop their own risk tolerance thresholds within the regulatory 
framework. These thresholds are typically established through internal risk commiƩees, 
operaƟonal data analysis, and cross-funcƟonal collaboraƟon. Companies use tools such as risk 

 
13 14CFR5.71, 5.73 prescribes the need for “assurance of the overall safety performance of aviation 
organizations”.  
14 AC 120-92D G-9; AC 120-92D further elaborates that “Investigations should focus on what went wrong 
rather than who caused the error and emphasize improvement of safety performance.  
15 AC 120-92D; National Archives and Records Administration. (2025, September 29). 14 CFR Part 5 – Safety 
Management Systems. Electronic Code of Federal Regulations. https://www.ecfr.gov/current/title-
14/chapter-I/subchapter-A/part-5  
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matrices, predicƟve analyƟcs, and incident trend analysis to tailor risk thresholds to their 
specific operaƟons, fleet, and customer base. These thresholds are embedded in operaƟonal 
manuals, pilot training programs, maintenance schedules, and emergency procedures.  
 
How are they implemented? 
 
Risk tolerance thresholds for individual organizaƟons (e.g. airlines, air carriers, and airport 
operators) in the aviaƟon industry are operaƟonalized through the Safety Risk Management 
(SRM) process, a structured methodology used to idenƟfy, assess, and control safety risks. This 
process begins with system analysis, which involves understanding the operaƟonal environment 
and its components. It is followed by hazard idenƟficaƟon, where potenƟal sources of risk are 
recognized. Next, risk analysis evaluates the likelihood and severity of those hazards, and risk 
assessment determines whether the idenƟfied risks are acceptable or require miƟgaƟon. Finally, 
risk control involves implemenƟng measures to reduce or eliminate unacceptable risks. The 
effecƟveness of this process is verified through FAA cerƟficaƟon, which requires compliance 
with SMS standards. Once cerƟfied, airlines incorporate these thresholds into their daily 
operaƟons, training programs, and safety protocols to promote consistent and proacƟve risk 
management. 
 
How are they modified/updated? 
 
Risk tolerance thresholds for individual organizations in the aviation industry are regularly 
reviewed and updated to remain aligned with evolving safety standards and operational 
realities. This process is informed by a combination of incident and accident data, such as 
reports from the National Transportation Safety Board (NTSB), as well as technological 
advancements, regulatory updates, and stakeholder feedback. Oversight bodies like the FAA’s 
SMS committee, along with international organizations such as the ICAO, and EASA, periodically 
assess safety performance and make recommendations for updates to risk management 
practices. In parallel, airlines conduct internal audits and benchmarking exercises to refine their 
own risk thresholds, so that their safety protocols remain effective, responsive, and compliant 
with both domestic and international standards. 
 
Other Applicable Considera ons 
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g., 
tail risk) events. While this approach aligns with the broader risk management 
landscape, specific risk tolerance frameworks vary across countries and regions and are 
shaped by local regulatory requirements.  

• Public perception - High-profile incidents and media coverage can influence both 
regulatory and organizational risk tolerance levels. The FAA was established in response 
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to early aviation safety concerns, and its current approach reflects decades of evolution 
in safety oversight.16  

• Performance data – The aviation industry relies heavily on the use of performance data. 
According to NTSB data, the average likelihood of accidents per million flight hours 
decreased from 0.126 (2004–2008) to 0.033 (2019–2023), demonstrating the 
effectiveness of SMS-based approaches.17 

 
References  
 

• Civil AviaƟon OrganizaƟon. (2013). Safety management manual (SMM) (Doc 9859, 3rd 
ed.). 
hƩps://www.icao.int/sites/default/files/EURNAT/Documents/EUR%20and%20Nat%20Do
cs/EUR%20Documents/RASGEUR%20Reports/RASG%20EUR05_SOD_Appendices/RASG-
EUR05_SoD-Appendix-A-SMM-provisional-table-of-content.pdf  
 

• European Union AviaƟon Safety Agency. (n.d.). Safety Risk Management. Retrieved from 
hƩps://www.easa.europa.eu/en/domains/safety-management/safety-risk-management  

 
• Federal AviaƟon AdministraƟon. (2016). Safety risk management guidance for system 

acquisiƟons. FAA Order 8040.4B. 
hƩps://www.faa.gov/documentLibrary/media/Order/FAA_Order_8040.4B.pdf 
 

• Federal AviaƟon AdministraƟon. (2022). Risk management handbook (FAA-H-8083-2A). 
U.S. Department of TransportaƟon.  hƩps://www.faa.gov/sites/faa.gov/files/2022-
06/risk_management_handbook_2A.pdf  

 
B. Chemical  

 
Does the industry have a risk tolerance threshold? 
 
ParƟally. The chemical industry incorporates risk tolerance thresholds as a foundaƟonal 
component of its safety and risk management systems. However, these thresholds are not 
standardized across the industry but are instead shaped by a combinaƟon of regulatory 
mandates, internaƟonal standards, and company-specific policies. As such, these thresholds 
oŌen vary by jurisdicƟon, company, and risk type, and are typically differenƟated between 

 
16 The FAA provides its history on its website stating that it was borne out of a need to reduce the frequent 
crashes and fatalities in the early days the rise of flight in America. Federal Aviation Administration. (n.d.). A 
brief history of the FAA. U.S. Department of Transportation. https://www.faa.gov/about/history/brief_history  
17 The FAA supports its current approach of requiring license holders to have a certified SMS with data from 
the NTSB demonstrating the reduction in likelihood of a fatal airline incident along with the global trend of 
safer flights. From the 5-year period of 2004-2008, the average likelihood of accidents per million flight hours 
is reported as 0.126. The most recent 5-year period analyzed by the NTSB of 2019-2023 shows an average 
likelihood of accidents per million flight hours as 0.033. 
https://www.ntsb.gov/safety/data/Documents/AviationAccidentStatistics_2004-2023_20241217.xlsx  
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societal risk (e.g., group exposure to catastrophic events) and individual risk (e.g., worker or 
public exposure). 
 
Is it set by the applicable regulatory body? 
 
ParƟally. In some jurisdicƟons, regulatory agencies establish explicit quanƟtaƟve risk tolerance 
criteria, while others provide general safety requirements without fixed thresholds. In the 
United States, agencies such as the Environmental ProtecƟon Agency (EPA) and the 
OccupaƟonal Safety and Health AdministraƟon (OSHA) require companies to conduct risk 
management planning and hazard assessments, but they do not mandate universal quanƟtaƟve 
thresholds across all hazards. However, specialized agencies like the NaƟonal InsƟtute for 
OccupaƟonal Safety and Health (NIOSH) may define specific limits for certain risks, such as 
exposure to carcinogens. 18 In contrast, the United Kingdom’s Health and Safety ExecuƟve (HSE) 
and several European Union member states require companies to demonstrate that risks fall 
below defined thresholds, such as an annual fatality risk to the public of 1 in 10,000 or 1 in 
1,000,000.19 These thresholds are conƟnually evaluated to determine acceptable levels of both 
individual and societal risk. AddiƟonally, the EU’s Seveso III DirecƟve mandates the 
establishment of tolerable risk criteria for major accident hazards.  
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
In cases where regulators do not define explicit risk tolerance thresholds, chemical companies 
can establish their own risk tolerance levels. Commonly adopted approaches include the COSO 
Enterprise Risk Management (ERM) framework, Center for Chemical Process Safety (CCPS) 
guidelines, and ISO 31000, which provide principles for idenƟfying, assessing, and managing 
risk. Companies also rely on QuanƟtaƟve Risk Assessment (QRA) to esƟmate the likelihood and 
consequences of hazardous events, and apply tools such as risk matrices, frequency-number (F-
N) curves, and the “As Low As Reasonably PracƟcable” (ALARP) principle to guide decision-
making. A typical internal process begins with the adopƟon of a formal risk management 
framework, followed by QRA and hazard idenƟficaƟon. Companies then set internal criteria for 
safety, environmental, and financial risks, which are overseen by a dedicated risk management 
commiƩee. These criteria are documented in corporate risk policies and, in many cases, 
disclosed in annual reports to promote transparency and accountability. 
 
How are they implemented? 
 
Risk tolerance thresholds in the chemical industry are embedded within operaƟonal systems 
that support conƟnuous monitoring and control of safety risks. These systems include Hazard 
IdenƟficaƟon and Risk Assessment (HIRA), which systemaƟcally idenƟfies potenƟal hazards and 

 
18 AIHA, “The Safety Threshold,” n.d. 
19 Dunjó et al., “An Overview of Worldwide Risk Tolerability Criteria for Chemical Process Industries,” 2016,  
p. 18. 
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evaluates their likelihood and severity; Layer of ProtecƟon Analysis (LOPA), which assesses the 
effecƟveness of exisƟng safeguards and determines whether addiƟonal layers of protecƟon are 
needed; and Process Safety Management (PSM), a regulatory framework for the safe design, 
operaƟon, and maintenance of hazardous processes. 
 
How are they modified/updated? 
 
Risk tolerance thresholds in the chemical industry are not staƟc. They are regularly updated to 
reflect new insights and changing condiƟons, which are driven by several key factors, including 
new scienƟfic data and technological advancements. AddiƟonally, incident invesƟgaƟons and 
the lessons learned from past events play a criƟcal role in refining risk thresholds. Regulatory 
changes and public pressure also influence adjustments. Internally, companies conduct audits 
and performance reviews to assess the effecƟveness of exisƟng risk controls and idenƟfy areas 
for improvement.  
 
Other Applicable Considera ons 
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g. 
tail risk) events. While this approach aligns with the broader risk management 
landscape, specific risk tolerance frameworks vary across countries and regions and are 
shaped by local regulatory requirements.  

• Public PercepƟon - Public engagement and consultaƟon influence risk tolerance 
standards. Involuntary risks (e.g., public exposure) oŌen lead to stricter thresholds than 
voluntary risks (e.g., worker exposure).20  

• Individual vs. Societal Risk - Companies and regulators disƟnguish between risks to 
individuals and risks to groups and generally implement higher risk thresholds for risk 
that may cause mulƟple casualƟes.  

• Regulatory vs. Company-Driven Thresholds - Regulatory thresholds focus on public and 
environmental safety, while company-iniƟated risk thresholds reflect their individual risk 
appeƟtes and operaƟng environments.  
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C. Mining 
 
Does the industry have a risk tolerance threshold? 
 
ParƟally. The mining industry does uƟlize risk tolerance thresholds, but they are not 
standardized across the sector or across all mining related risks. These thresholds are typically 
defined at the company or project level, reflecƟng each operaƟon’s unique context, risk 
appeƟte, and stakeholder expectaƟons. While some regulatory bodies set minimum safety and 
environmental standards, the specific definiƟon of “tolerable risk” is usually determined 
internally by mining companies themselves that these meets or exceeds the applicable 
regulatory requirements. 
 
Is it set by the applicable regulatory body? 
 
ParƟally. Regulatory agencies such as the Mine Safety and Health AdministraƟon (MSHA) in the 
U.S. as well as internaƟonal bodies like the InternaƟonal Council on Mining and Metals (ICMM) 
establish baseline standards for occupaƟonal safety, environmental protecƟon, and emergency 
preparedness. These agencies require companies to manage risks to a level that is “As Low As 
Reasonably PracƟcable” (ALARP), but rarely prescribe a single, quanƟtaƟve risk tolerance 
threshold for all mining related risks. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Mining companies establish their own risk tolerance thresholds through structured internal 
processes. These processes typically begin with the adopƟon of Enterprise Risk Management 
(ERM) frameworks, such as ISO 31000 or COSO ERM. Companies then conduct risk assessment 
workshops involving mulƟdisciplinary teams that uƟlize tools like risk matrices, bow-Ɵe analysis, 
and quanƟtaƟve risk assessments (QRA) to evaluate potenƟal hazards and their consequences. 
Based on these evaluaƟons, internal risk criteria are set for various categories, including safety, 
environmental impact, and financial exposure, oŌen disƟnguishing between risks to employees, 
contractors, the public, and the environment. Oversight and approval of these thresholds are 
typically managed by risk commiƩees or senior leadership. Finally, the established criteria are 
documented in risk registers, internal policies, and sustainability reports, providing transparency 
and a basis for conƟnuous improvement. 
 
How are they implemented? 
 
Risk tolerance thresholds in the mining industry are implemented through a combinaƟon of 
site-specific assessments, control measures, and monitoring systems. These include Hazard 
IdenƟficaƟon and Risk Assessment (HIRA), which idenƟfies and evaluates potenƟal hazards; Job 
Safety Analysis (JSA), which breaks down tasks to assess risks associated with each step; and 
Failure Modes and Effects Analysis (FMEA), which systemaƟcally examines potenƟal failure 
points and their consequences. To manage these risks, mining companies apply hierarchy of 
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controls such as engineering soluƟons, administraƟve procedures, and the use of personal 
protecƟve equipment (PPE). Ongoing monitoring and reporƟng are performed through audits, 
inspecƟons, and incident tracking so that operaƟons remain within defined risk tolerance 
thresholds. AddiƟonally, companies rely on operaƟonal guidance from resources like the 
Australian Risk Management Handbook for the Mining Industry,21 which provides best pracƟces 
for idenƟfying, assessing, and miƟgaƟng risks in mining environments. 
 
How are they modified/updated? 
 
Risk tolerance levels in the mining industry are regularly updated to reflect new insights, 
changing condiƟons, and evolving operaƟonal demands. These updates are driven by a variety 
of factors, including incident invesƟgaƟons and the lessons learned from past events, which 
help idenƟfy vulnerabiliƟes and areas for improvement. Technological advancements also play a 
key role, introducing new tools and methods that can enhance safety and efficiency. 
AddiƟonally, regulatory changes and stakeholder feedback from employees, communiƟes, and 
oversight bodies inform adjustments so that risk thresholds remain relevant and responsive. 
Once proposed, updates to risk tolerance levels are reviewed and approved by risk commiƩees 
or senior leadership and are then communicated throughout the organizaƟon via revised 
policies, training programs, and operaƟonal procedures. 
 
Other Applicable Considera ons 
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g. 
tail risk) events. While this approach aligns with the broader risk management 
landscape, specific risk tolerance frameworks vary across countries and regions and are 
shaped by local regulatory requirements.  

• Public PercepƟon - Community concerns about environmental impacts, Indigenous 
rights, and catastrophic events (e.g., tailings dam failures) can influence risk tolerance. 
Companies must maintain a social license to operate through transparent 
communicaƟon and stakeholder engagement.  

• Individual vs. Societal Risk - Mining frameworks disƟnguish between individual risk (e.g., 
workers or residents) and societal risk (e.g., events causing mulƟple fataliƟes or 
environmental harm). Societal risk thresholds are generally more stringent, especially for 
involuntary harms, such as contaminaƟon.  

• Regulatory vs. Company-Driven Thresholds - Regulatory thresholds define minimum 
standards, while company-driven thresholds reflect internal risk appeƟte and may be 
more conservaƟve. Companies use both qualitaƟve and quanƟtaƟve methods to define 
and manage these thresholds. 

 

 
21  Australian Department of Mineral Resources. (1997). Risk management handbook for the mining industry: 
How to conduct a risk assessment of mine operations and equipment and how to manage the risks (MDG 
1010). Mineral Resources. https://nswdpe.intersearch.com.au/nswdpejspui/handle/1/2075 
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D. Oil and Gas 
 
Does the industry have a risk tolerance threshold? 
 
Partially. The global oil and gas industry, inclusive of pipeline operators, considers risk tolerance 
and, in some cases, operates within defined risk tolerance thresholds. However, these 
thresholds are not standardized across the industry. They vary by jurisdiction and are typically 
established either externally, through regulatory frameworks, or internally, by company 
leadership. In some regions, such as the UK and parts of Europe, regulators define explicit, 
quantitative risk tolerability criteria (e.g., individual or societal risk limits). In other jurisdictions, 
including the U.S., regulators generally set minimum safety and environmental standards rather 
than formal risk thresholds, leaving companies to adopt their own criteria. Where thresholds 
exist, they may be quantitative or qualitative/semi-quantitative (e.g., risk matrices). A 2016 
PHMSA study found that nearly half of surveyed pipeline operators had internally defined 
unacceptable or intolerable risk levels.22 
 
Is it set by the applicable regulatory body? 
 
No. U.S. regulatory agencies such as PHMSA, OSHA, EPA, and BSEE establish minimum safety 
and environmental standards for the oil and gas industry rather than explicit risk tolerance 
thresholds. These standards are typically prescripƟve or performance-based and informed by 
incident data, stakeholder input, and technical reviews. Companies typically implement them 
through safety cases, operaƟonal protocols, and emergency response plans. While agencies 
periodically update regulaƟons to reflect technological and societal changes, formal quanƟtaƟve 
risk tolerability criteria (e.g., individual or societal risk thresholds) are generally not mandated in 
U.S. regulaƟons; such thresholds are more common in internaƟonal frameworks. However, 
individual companies do pay parƟcular aƩenƟon to certain failure modes, such as blowouts or 
pipeline ruptures.  
 
In other jurisdicƟons: 

• UK Health and Safety ExecuƟve (HSE) – Defines IR/SR criteria and ALARP zones.23  
• Netherlands – Employ F-N curves and differenƟates IR for vulnerable vs. less vulnerable 

populaƟons.24  
• Canada (CSA Z662:23 Annex B)25 – Formalizes IR/SR criteria and QRA requirements.  

 
22 Kiefner, J. F. (2016). Study on Risk Tolerance. PHMSA. https://primis.phmsa.dot.gov/rd/FileGet/10733/0339-
1501_Final_Report_Paper_Study_on_Risk_Tolerance.pdf  
23 Health and Safety Executive. (2001). Reducing risks, protecting people: HSE’s decision-making process. 
https://webarchive.nationalarchives.gov.uk/ukgwa/20230703113731/https://www.hse.gov.uk/enforce/expert/
r2p2.htm  
24 Ministry of Infrastructure and Water Management (Netherlands). Risk assessment guidelines for hazardous 
installations.  
25 CSA Group. (2023). CSA Z662:23 – Oil and gas pipeline systems. 
https://www.csagroup.org/store/product/2430394/  
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• Ireland (CRU): Mandates quanƟfied IR/SR in safety cases aligned with ALARP.26  
• China (GB 36894-2018, GB/T 37243-2019)27 – Defines IR/SR thresholds and safety 

distances for hazardous faciliƟes. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Individual companies within the oil and gas industry establish their own internal risk tolerance 
thresholds through structured processes that combine technical analysis and organizaƟonal 
oversight. These processes typically involve mulƟdisciplinary risk commiƩees that guide the 
development and approval of risk criteria. Companies use tools such as Frequency-Number (F-
N) curves, QuanƟtaƟve Risk Analysis (QRA), risk matrices, and scenario analysis to evaluate 
potenƟal hazards and determine acceptable levels of risk. Once established, these thresholds 
are not staƟc. They are regularly updated based on incident invesƟgaƟons, regulatory changes, 
technological advancements, and stakeholder feedback. Updates are typically reviewed and 
approved by senior leadership and are communicated throughout the organizaƟon via revised 
procedures, training programs, and operaƟonal protocols to promote consistent applicaƟon and 
alignment with evolving safety and performance expectaƟons. 
 
How are they implemented? 
 
ImplementaƟon of risk tolerance thresholds in the oil and gas industry occurs through 
structured risk management frameworks that translate tolerability criteria into operaƟonal 
decisions. Companies first define acceptable and unacceptable risk levels, oŌen using 
qualitaƟve matrices or quanƟtaƟve criteria, and then integrate these into processes such as 
Hazard IdenƟficaƟon and Risk Assessment (HIRA), and Layer of ProtecƟon Analysis (LOPA). 
These tools enable evaluaƟon of idenƟfied hazards against defined thresholds and so that 
addiƟonal safeguards can be added when risk exceeds tolerable limits. Safety Integrity Levels 
(SILs) further operaƟonalize thresholds by specifying reliability requirements for safety systems 
based on risk severity and likelihood. SupporƟng systems such as permit-to-work systems, Job 
Safety Analysis (JSA), and Management of Change (MOC) help maintain compliance with these 
thresholds during day-to-day operaƟons and changes. Together, these mechanisms promote 
consistent applicaƟon and maintenance of risk tolerance thresholds across operaƟons.28 
 

 
26 Commission for Regulation of Utilities. (2022). Gas safety framework. https://www.cru.ie/regulations-
policy/safety/gas-safety-framework/  
27 China National Standardization Administration. (2018). GB 36894-2018: Risk criteria for hazardous 
chemicals production unit and storage installations. https://www.codeofchina.com/standard/GB36894-
2018.htm ; China National Standardization Administration. (2019). GB/T 37243-2019: Determination method 
of external safety distance for hazardous chemicals production units and storage installations. 
https://openstd.samr.gov.cn/bzgk/std/newGbInfo?hcno=562DEE9A4FEB5EF7CE2DEF8A0345AE00  
28 Olsen, J. E. (2021). Hazard Identification and Risk Assessment for Smaller Changes: Tips and Tools for 
Avoiding Misses and Improving Quality. Institution of Chemical Engineers. Retrieved from 
https://www.icheme.org/media/27734/hazards-31-paper-38-olsen.pdf 
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How are they modified/updated? 
 
Changes to risk tolerance thresholds are typically reviewed and approved by execuƟve 
leadership and then communicated throughout the organizaƟon via updated procedures, 
training programs, and operaƟonal protocols. Through this process, personnel are informed of 
the revised standards to drive consistent implementaƟon across departments and funcƟons. 
 
Other Applicable Considera ons 
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g. 
tail risk) events. While this approach aligns with the broader risk management 
landscape, specific risk tolerance frameworks vary across countries and regions and are 
shaped by local regulatory requirements.  

• Public PercepƟon – Public percepƟon, parƟcularly as in relaƟon to zoning and land-use 
planning, plays a criƟcal role in shaping acceptable levels of risk (e.g., Keystone Pipeline) 

• Risk Aversion - Societal risk criteria oŌen reflect public aƫtudes toward the oil and gas 
industry and are oŌen reflected within these risk tolerance thresholds. 
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E. Nuclear 
 
Does the industry have a risk tolerance threshold? 
 
Yes. The nuclear industry has clearly defined risk tolerance thresholds. These are established by 
naƟonal and internaƟonal regulatory bodies and are primarily reflecƟve of tolerances related to 
public exposure to radiological harm.29 For instance, the U.S. Nuclear Regulatory Commission 
(NRC) explicitly states in 10 CFR 50 that while no death from nuclear power plant operaƟon is 
considered “acceptable,” certain risk levels are deemed acceptable.30 These thresholds are 
operaƟonalized through standards such as Regulatory Guide 1.174, which defines acceptable 
limits for Core Damage Frequency (CDF) and Large Early Release Frequency (LERF). 
 
The U.S. Nuclear Regulatory Commission's risk tolerance is defined by its 1986 "Policy 
Statement on Safety Goals for the OperaƟon of Nuclear Power Plants," which includes two 
qualitaƟve safety goals supported by two quanƟtaƟve objecƟves.31 
  
The qualitaƟve safety goals are: 

1. Individual Risk: No significant added risk to life and health for the public from nuclear 
power plant operaƟons. 

2. Societal Risk: Societal risks should be comparable to or less than those from compeƟng 
electricity generaƟon technologies.  

The quanƟtaƟve objecƟves are numerical targets:  
• Prompt FataliƟes: Risk to an average individual near a plant should not exceed 0.1% of 

the risk from other accidents to which the U.S. populaƟon is exposed. 
• Cancer FataliƟes: Risk to the populaƟon near a plant from operaƟons should not exceed 

0.1% of the risk from all other causes.  
  
 
Is it set by the applicable regulatory body? 
 
Yes. In the U.S., the NRC sets baseline risk tolerances, while in other countries, the InternaƟonal 
Atomic Energy Agency (IAEA) provides guidance and standards. Because nuclear operaƟons 
involve the potenƟal for widespread and long-lasƟng harm, the NRC mandates risk tolerance 
thresholds through a combinaƟon of technical and regulatory methodologies designed so that 

 
29 The U.S. Nuclear Safety Policy was established in response to “recommendations of the President’s 
Commission on the Accident at Three Mile Island, the [NRC] stated that it was ‘prepared to move forward with 
an explicit policy statement on safety philosophy and the role of safety-cost tradeo s in the NRC safety 
decisions.” U.S. Nuclear Regulatory Commission. (2016). Three Mile Island accident of 1979: Knowledge 
management digest (NUREG/KM-0001, Rev. 1). O ice of Nuclear Regulatory Research. 
https://www.nrc.gov/reading-rm/doc-collections/nuregs/knowledge/km0001/r1/index  
30 10 CFR Part 50. The prompt fatality risk to an average individual near a nuclear plant must not exceed 0.1% 
of the risk from other accidents; The cancer fatality risk from plant operation must also not exceed 0.1% of 
the risk from all other causes.  
31 10 CFR Part 50, Safety Goals for the Operations of Nuclear Power Plants; Policy Statements; Republication 
(1986) https://www.nrc.gov/reading-rm/doc-collections/commission/policy/51fr30028.pdf 
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even low-probability events (i.e., tail risks) are rigorously controlled. A foundaƟonal approach is 
the use of defense-in-depth strategies, which layer mulƟple safety barriers to prevent and 
miƟgate accidents. These strategies are supported by ProbabilisƟc Risk Assessment (PRA), a 
quanƟtaƟve method that evaluates the likelihood and consequences of potenƟal nuclear 
events. AddiƟonally, radiological dose limits are set for both workers and the public so that 
exposure remains within acceptable bounds. Risk modeling also includes the analysis of Design 
Basis Accidents (DBAs) and Beyond Design Basis Events (BDBEs) to account for both expected 
and extreme scenarios. To integrate safety and security consideraƟons, the PotenƟal Facility 
Risk Index (PFRI) is used, leveraging PRA techniques to guide decision-making and prioriƟze risk 
miƟgaƟon efforts across nuclear faciliƟes. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Although regulators set the baseline for risk tolerance in the nuclear industry, individual nuclear 
operators oŌen establish internal thresholds that exceed these regulatory requirements. To do 
so, they rely on structured processes that incorporate input from mulƟdisciplinary safety 
commiƩees, which oversee the development and approval of risk criteria. Operators use risk-
informed tools such as risk monitors, maintenance rule compliance, and configuraƟon risk 
management to evaluate and manage operaƟonal risks. These thresholds are integrated directly 
into reactor design, operaƟonal limits, and emergency planning zones, so that safety 
consideraƟons are embedded throughout the facility’s lifecycle. The safety margins are formally 
documented in Safety Analysis Reports (SARs) and technical specificaƟons, providing a clear and 
traceable framework for decision-making and regulatory compliance. 
 
How are they implemented? 
 
Risk tolerance thresholds in the nuclear industry are implemented through a suite of technical 
tools and operaƟonal systems that provide safety is maintained across all phases of plant 
operaƟon. These tools include risk monitors, which track real-Ɵme safety metrics; maintenance 
rule compliance, so that equipment and systems meet regulatory and performance standards; 
and configuraƟon risk management, which evaluates the safety implicaƟons of changes to plant 
systems or operaƟons. Risk tolerances are embedded directly into design specificaƟons, 
operaƟonal procedures, and safety systems, as well as emergency response protocols, so that 
safety is proacƟvely managed. To support risk evaluaƟon and miƟgaƟon, nuclear operators 
analyze both Design Basis Accidents (DBAs) anƟcipated events accounted for in the plant’s 
design and Beyond Design Basis Events (BDBEs), which represent more extreme or unexpected 
scenarios. The outcomes of these analyses are documented in Safety Analysis Reports (SARs) 
and technical specificaƟons, which define the plant’s operaƟng limits and serve as a foundaƟon 
for regulatory compliance and internal decision-making. 
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How are they modified/updated? 
 
Risk thresholds in the nuclear industry are subject to ongoing oversight and refinement through 
a combinaƟon of internal and external review processes. Internally, safety commiƩees, audits, 
and performance reviews are used to evaluate the effecƟveness of current risk tolerance levels 
and idenƟfy areas for improvement. When changes to these thresholds are proposed, they 
undergo regulatory review, are evaluated by independent safety boards, and are oŌen subject 
to public consultaƟon to provide transparency and alignment with societal expectaƟons. This 
mulƟ-layered approach helps maintain the integrity of safety standards while allowing for 
conƟnuous improvement in response to evolving risks and operaƟonal condiƟons. 
 
Other Applicable Considera ons 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a very clear and defined preference for proactive management of 
catastrophic-type (e.g. tail risk) events. While this approach aligns with the broader risk 
management landscape, specific risk tolerance frameworks vary across countries and 
regions and are shaped by local regulatory requirements.  

• Public PercepƟon – Risk tolerance thresholds regarding the nuclear industry are highly 
sensiƟve to public opinion, especially following major incidents (e.g., Fukushima, 
Chernobyl).  

• ScienƟfic Rigor – Thresholds in the nuclear industry are based on extensive modeling, 
historical data, as well as peer-reviewed research.  

• Regulatory Oversight – Changes to risk tolerance require someƟmes several rounds of 
formal review by regulators, and independent safety boards, followed by public 
consultaƟon.  
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F. Autonomous Vehicles  
 
Does the industry have a risk tolerance threshold? 
 
ParƟally, but there is no single, universally fixed threshold. Risk tolerance for autonomous 
vehicles (AVs) is shaped by both federal (e.g., NaƟonal Highway TransportaƟon Safety 
AdministraƟon (NHTSA)) and individual state departments of transportaƟon (DOTs), as well as 
internal company processes. These risk tolerances are typically expressed in terms of acceptable 
failure rates, response Ɵmes, and decision accuracy under various driving scenarios. These are 
generally informed by simulaƟon data, real-world tesƟng, as well as the validaƟon of machine 
learning models. 
 
Is it set by the applicable regulatory body? 
 
ParƟally. Regulators, such as the NHTSA, set minimum safety standards, as well as acceptable 
failure rates for automaƟon-related technologies, such as Intelligent Speed Assistance (ISA). In 
addiƟon to federal oversight, state-level Departments of TransportaƟon (DOTs) may impose 
addiƟonal requirements that reflect regional prioriƟes or local percepƟons of risk. While NHTSA 
and state DOTs establish baseline safety expectaƟons, they do not prescribe universal 
quanƟtaƟve thresholds for all autonomous vehicle technologies. Instead, regulatory thresholds 
are typically informed by accident data, disengagement reports, and public consultaƟon, which 
are all used to inform evolving standards for safety and performance. Safety (e.g., collision risk), 
reliability (e.g., sensor failure), and public trust are the primary metrics used to inform evolving 
standards such as ISO 26262 and NHTSA guidelines. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Companies such as Tesla, Waymo, and Cruise establish internal risk tolerance thresholds based 
on system performance metrics and stakeholder expectaƟons. To demonstrate compliance with 
these thresholds, they develop detailed safety cases that are submiƩed to regulators, outlining 
how their autonomous vehicle systems meet or exceed defined safety benchmarks. These 
benchmarks oŌen include OperaƟonal Design Domain (ODD) thresholds, which specify the 
environmental and operaƟonal condiƟons, such as weather, road type, and traffic scenarios, 
under which the vehicle can safely operate. Risk tolerance is further quanƟfied using both 
qualitaƟve and quanƟtaƟve metrics, including acceptable failure rates, decision accuracy, and 
response Ɵmes tailored to specific use cases, such as urban versus highway driving.  
 
How are they implemented?  
 
Risk tolerance thresholds for autonomous vehicles are implemented through a combinaƟon of 
structured safety documentaƟon and real-Ɵme operaƟonal oversight. Safety cases, which detail 
how a vehicle’s systems meet or exceed defined safety benchmarks, are submiƩed to regulators 
as part of the assurance process. These are complemented by OperaƟonal Design Domain 
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(ODD) definiƟons, which specify the exact condiƟons, such as road types, weather, and traffic 
environments, under which the vehicle can safely operate. For ongoing compliance with these 
thresholds, manufacturers employ conƟnuous monitoring systems that rely on real-Ɵme data 
collecƟon and analysis, allowing them to track performance, detect anomalies, and make Ɵmely 
adjustments to maintain safe operaƟon within acceptable risk bounds. 
 
How are they modified/updated? 
 
Risk tolerance thresholds in the autonomous vehicle industry are regularly reviewed and 
updated so that they remain aligned with technological progress and evolving safety 
expectaƟons. Regulatory bodies periodically revise standards based on technological 
advancements, incident data, and stakeholder feedback, so that safety benchmarks reflect 
current capabiliƟes and public concerns. Similarly, manufacturers update their internal risk 
thresholds through incident invesƟgaƟons, regulatory reviews, and the integraƟon of new 
technologies, allowing for conƟnuous improvement in system performance and risk miƟgaƟon 
strategies. 
 
Other Applicable Considera ons 
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g. 
tail risk) events. While this approach aligns with the broader risk management 
landscape, specific risk tolerance frameworks vary across countries and regions and are 
shaped by local regulatory requirements.  

• EvoluƟon of Safety Standards - New methods such as adapƟve stress tesƟng, 
reinforcement learning, and scenario-based simulaƟon are used to idenƟfy rare but 
criƟcal failure modes within the autonomous vehicle industry.  

• Individual vs. Societal Risk - Frameworks are being developed to disƟnguish between 
risks threshold for individual users versus risks to the general public (e.g., mulƟ-fatality 
events). Societal risk tolerance thresholds are generally more stringent due to the 
involuntary nature of public exposure. 
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G. Spaceflight 
 

Does the industry have a risk tolerance threshold? 
 
Yes. The spaceflight industry operates with well-defined risk tolerance thresholds, parƟcularly 
due to the high-stakes nature of its operaƟons. These thresholds are shaped by both regulatory 
agencies (e.g., NASA, FAA, ESA)32 as well as individual spaceflight operators (e.g., SpaceX, 
Boeing, Blue Origin). Risk tolerances vary by mission type, especially between manned and 
unmanned missions, and are expressed through metrics such as damage probability, loss of 
crew probability, and mission assurance criteria. 
 
Is it set by the applicable regulatory body? 
 
ParƟally. Regulatory standards for spaceflight risk tolerance are parƟally defined by agencies 
such as NASA, the European Space Agency (ESA), and the FAA Office of Commercial Space 
TransportaƟon. These organizaƟons establish baseline thresholds based on mission objecƟves 
and public safety imperaƟves, parƟcularly disƟnguishing between manned and unmanned 
missions. To operaƟonalize these thresholds, spaceflight enƟƟes apply structured 
methodologies including Risk-Informed Decision Making (RIDM), ProbabilisƟc Risk Assessment 
(PRA), and Safety and Mission Assurance (SMA). These frameworks are embedded into launch 
protocols, system design specificaƟons, and operaƟonal procedures for consistent applicaƟon 
across mission types. NASA’s Risk Informed Decision-Making Handbook (NASA/SP-2011-3422)33 
provides detailed guidance on how risk tolerances are defined based on mission-criƟcal failure 
thresholds and applied across mission alternaƟves, enabling comparaƟve assessments on a risk-
normalized basis. In spaceflight, tail risk encompasses launch failures, re-entry accidents, and 
loss of crew or mission. These are modeled using worst-case scenario planning and probabilisƟc 
mission assurance frameworks. Safety (crew survival – manned missions), mission reliability 
(launch failure), as well as financial losses (unmanned missions) are key metrics.  
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
While agencies such as NASA, ESA, and the FAA define baseline safety expectaƟons, private 
spaceflight operators, such as SpaceX, Boeing, and Virgin GalacƟc, have the discreƟon to set 
more stringent internal thresholds tailored to their specific mission profiles. These companies 
develop mission-specific risk tolerances through internal risk assessments, the development of 
safety cases, and ongoing review processes. The thresholds they establish are aligned with 
internal performance goals and are implemented through Safety and Mission Assurance (SMA) 

 
32 National Aeronautics and Space Administration (NASA), the Federal Aviation Administration (FAA) O ice of 
Commercial Space Transportation, and the European Space Agency (ESA). 
33 Dezfuli, H., Stamatelatos, M., Maggio, G., Everett, C., & Youngblood, R. (2010). NASA Risk-Informed 
Decision-Making Handbook [NASA/SP-2010-576]. NASA O ice of Safety and Mission Assurance. 
https://ntrs.nasa.gov/api/citations/20100021361/downloads/20100021361.pdf 
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protocols, launch procedures, and engineering design standards, so that safety is embedded 
throughout the mission lifecycle. 
 
How are they implemented? 
 
Risk tolerance thresholds are implemented through a combinaƟon of design standards, launch 
procedures, and mission assurance protocols. These elements work together so that safety 
expectaƟons are embedded throughout the lifecycle of a mission. By incorporaƟng risk 
thresholds into the engineering design, operaƟonal planning, and procedural safeguards, 
spaceflight operators maintain alignment with both internal performance goals and regulatory 
requirements, helping to miƟgate risks and for mission success. 
 
How are they modified/updated? 
 
Risk tolerance thresholds in the spaceflight industry are not staƟc; they are conƟnuously refined 
to reflect evolving condiƟons and insights. Updates are driven by technological advancements, 
which introduce new capabiliƟes and safety measures, as well as regulatory updates that adjust 
compliance expectaƟons. AddiƟonally, operaƟonal experience, including lessons learned from 
past missions, plays a criƟcal role in shaping and improving risk thresholds over Ɵme. This 
dynamic approach provide that safety standards remain relevant and responsive to the 
complexiƟes of modern spaceflight. 
 
Other Applicable Considera ons 
 

• Assumption of Risk – Given the emphasis on innovation in the industry, there is a 
material assumption of risk that drives individual entities.34  

• JurisdicƟonal Dependence – Within an overall construct of assumpƟon of risk, specific 
risk tolerance frameworks for the spaceflight industry vary across naƟonal boundaries. 
They are influenced by local regulatory agencies, as well as geopoliƟcal prioriƟes.  

• Public PercepƟon – Public senƟment, especially regarding manned missions, the 
environmental impacts of spacecraŌ launch and decommissioning, as well as naƟonal 
presƟge, can significantly influence both regulatory and organizaƟonal risk tolerance 
decisions.  

• Dynamic Nature of Risk – Risk tolerance is not staƟc within the spaceflight industry. It 
has evolved with technological capabiliƟes, mission complexity, as well as societal and 
stakeholder expectaƟons for private and public spaceflight.  

• High Visibility and Consequence – Due to the catastrophic potenƟal of failure, risk 
tolerance-related decision making is at the forefront of the spaceflight industry. 

 
34 For example, in 1962, President John F. Kennedy stated: “We choose to go to the Moon … in this decade and 
do the other things not because they are easy, but because they are hard. … And therefore, as we set sail, we 
ask God's blessing on the most hazardous and dangerous and greatest adventure that man has ever gone.” As 
another example, in 1986, following the catastrophic event of the space shuttle Challenger loss, President 
Ronald Reagan stated: “The future doesn’t belong to the fainthearted; it belongs to the brave… The crew of 
the space shuttle Challenger honored us by the manner in which they lived their lives.” 
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H. Electric Industry 
 
The electric industry operates within a complex and interdependent infrastructure 
environment, where reliability, safety, and affordability are paramount. The systemic nature of 
electric grid operations means that even localized disruptions have the potential to cause 
widespread outages and other cascading impacts. Accordingly, the establishment and 
management of risk tolerance thresholds in this sector are governed by a layered framework 
that reflects both regulatory mandates and organizational discretion and shaped by the diverse 
roles of these entities across the electric sector.  
 
In order to adequately address each of these unique entities, the Joint IOUs have addressed 
each of the entities separately, including: 

• Independent System Operators and Regional Transmission Operators 
• Investor-Owned Utilities 
• Public Utilities, including Municipal Utilities and Electric Cooperatives 

 
a. Independent System Operators (ISOs) and Regional Transmission Organiza ons 

(RTOs) 
 
Does the industry have a risk tolerance threshold? 
 
Yes. ISOs and RTOs operate under a layered risk tolerance framework that reflects both 
regulatory mandates and internal governance. These thresholds are essential for maintaining 
grid reliability, market integrity, and operational security across large geographic regions. 
 
Is it set by the applicable regulatory body? 
 
Partially. Baseline risk tolerance thresholds are primarily established by federal regulatory 
authorities, including the Federal Energy Regulatory Commission (FERC),35 the North American 
Electric Reliability Corporation (NERC),36 as well as regional reliability councils (e.g., Western 
Electricity Coordinating Council). These agencies define minimum standards for system 
reliability, cybersecurity, and market operations. Thresholds are developed through formal 
rulemaking, stakeholder consultation, and analysis of system performance data. They are 
periodically reviewed and updated to reflect technological advancements, incident experience, 
and evolving policy objectives such as decarbonization and resilience. Utilities actively assess 
and manage tail risk events, particularly those impacting system reliability, such as grid failures, 
cyberattacks, and extreme weather through scenario analysis, and tracked through reliability 

 
35 Federal Energy Regulatory Commission. (2023). Reliability Primer. 
https://www.ferc.gov/sites/default/files/2023-03/reliability-primer.pdf; Electronic Code of Federal 
Regulations. (2025). 18 CFR Part 40 – Mandatory Reliability Standards for the Bulk-Power System. 
https://www.ecfr.gov/current/title-18/chapter-I/subchapter-B/part-40  
36 North American Electric Reliability Corporation. (2023). Risk-Based Compliance Monitoring and 
Enforcement Program. 
https://www.nerc.com/pa/comp/Reliability%20Assurance%20Initiative/RAIProgramOverview.pdf  
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metrics (e.g. System Average Interruption Duration (SAID) and System Average Frequency Index 
(SAIFI)). 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
ISOs and RTOs build upon federal regulatory standards by developing internal risk management 
frameworks tailored to their regional context and strategic priorities. These frameworks define 
risk tolerance across multiple dimensions, including grid reliability, financial exposure, market 
operations, and system security. Governance is overseen by executive leadership, risk 
committees, and boards of directors, who establish formal risk appetite statements, monitor 
key risk indicators, and adjust thresholds in response to changing conditions. The process 
includes regular risk assessments, scenario analysis, and performance monitoring for alignment 
with regulatory expectations and stakeholder needs. 
 
How are they implemented? 
 
Risk tolerance thresholds are embedded into operational protocols and decision-making 
systems. ISOs and RTOs incorporate these thresholds into daily operations through structured 
procedures, system controls, and monitoring tools. Internal audits and compliance reviews help 
ensure that risk management practices are consistently applied and effective. 
 
How are they modified/updated? 
 
Risk tolerance thresholds are refined based on input from internal audits, external regulatory 
reviews, and changes in market conditions such as fuel price volatility, resource adequacy 
concerns (due to DER integration), as well as emerging cyber threats. These updates are 
reviewed by governance bodies and implemented through revised operational protocols to 
maintain system resilience and reliability. 
 
Other Applicable Considerations  
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g. 
tail risk) events. The survey efforts and results did not uncover a single public utilities 
commission that dictated a risk-neutral approach to such catastrophic-type (e.g. tail risk 
events). The general approach aligns with the broader risk management landscape, 
while specific risk tolerance frameworks may vary across countries and regions and are 
shaped by local regulatory requirements. 

• Integration of distributed energy resources (DERs) – Increasing DER penetration has 
required ISO/RTOs to dynamically adjust their risk thresholds, particularly as it relates to 
reliability risk. 

• Cybersecurity threats – Growing digitalization of grid operations necessitates continuous 
updates to risk management strategies for cybersecurity threats. 
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• Stakeholder engagement – Transparent communication with market participants and 
regulators is essential for maintaining trust and compliance. 

• Climate-related risks – Extreme weather events and long-term climate shifts are 
influencing reliability planning and have required recalibration of risk tolerance levels. 

 
b. Investor-Owned U li es (IOUs)  

 
Does the industry have a risk tolerance threshold? 
 
ParƟally. IOUs operate under a layered risk tolerance framework that integrates regulatory 
mandates with internal Enterprise Risk Management (ERM) pracƟces. These thresholds are 
essenƟal for managing risks related to grid reliability, operaƟonal safety, financial exposure, as 
well as customer and shareholder expectaƟons across oŌen large and complex uƟlity systems. 
 
Is it set by the applicable regulatory body? 
 
ParƟally. Baseline risk tolerance thresholds are implicitly or explicitly established by federal and 
state regulatory authoriƟes, including the Federal Energy Regulatory Commission (FERC), the 
North American Electric Reliability CorporaƟon (NERC), as well as individual state Public UƟlity 
Commissions (PUCs). These agencies define minimum standards for reliability, environmental 
compliance, financial transparency, and safety. Risk thresholds are developed through formal 
regulatory proceedings, industry benchmarking, and analysis of system performance data. 
Regulators also consult with stakeholders, including industry experts, consumer advocates, and 
public interest groups, so that thresholds reflect both technical feasibility and societal 
expectaƟons. These standards are periodically updated to address emerging risks such as 
cybersecurity threats, climate change, as well as evolving regulatory objecƟves. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Investor-Owned UƟliƟes (IOUs) build upon regulatory requirements by developing internal risk 
tolerance guidance through comprehensive Enterprise Risk Management (ERM) frameworks. 
These frameworks define acceptable levels of risk across key domains, such as grid reliability, 
financial exposure, operaƟonal safety, and customer saƟsfacƟon, and are tailored to each 
uƟlity’s business model, strategic objecƟves, and regional operaƟng environment. The process 
typically involves oversight by execuƟve leadership, risk commiƩees, and boards of directors, 
who guide the development of formal risk appeƟte statements. Investor-owned uƟliƟes also 
employ scenario analysis, performance monitoring, and stress tesƟng to evaluate potenƟal 
exposures. AddiƟonally, stakeholder feedback and lessons learned from operaƟonal experience 
are integrated into the process to refine risk criteria. This structured approach provides that 
internal risk tolerances are aligned with both shareholder expectaƟons and regulatory 
obligaƟons, supporƟng informed decision-making and long-term resilience. 
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How are they implemented? 
 
Risk tolerance principles are embedded into the operaƟonal systems and decision-making 
processes of individual IOUs to promote consistent and proacƟve risk management within the 
IOU and maintain safe and reliable service. These principles guide key acƟviƟes such as 
investment planning and prioriƟzaƟon, where capital is allocated based on risk exposure and 
miƟgaƟon needs; maintenance and asset management programs, which promote infrastructure 
reliability and safety; emergency response protocols, which are designed to address high-impact 
events within regulatorily established safety and reliability performance limits. The 
implementaƟon of these principles is supported by internal controls, staff training, and 
compliance monitoring, all of which help provide that risk management pracƟces are 
consistently applied across departments and aligned with organizaƟonal objecƟves. 
 
How are they modified/updated? 
 
Risk tolerance principles employed by IOUs are not staƟc. They are conƟnuously refined to 
reflect changing operaƟonal, regulatory, and environmental condiƟons. This refinement process 
is driven by inputs such as internal audits, which assess the effecƟveness of current risk 
controls, and regulatory reviews, which promote compliance with evolving standards. 
AddiƟonally, changes in their operaƟng environment, including the approval or denial of risk 
miƟgaƟon funding requests play a criƟcal role in shaping risk tolerance guidance. Once 
proposed, updates are reviewed by governance bodies, such as risk commiƩees and execuƟve 
leadership, and are communicated throughout the organizaƟon via revised policies, operaƟonal 
procedures, and training programs. This adapƟve approach enables IOUs to maintain 
operaƟonal resilience, respond effecƟvely to emerging threats, and align long-term planning 
with public policy goals and stakeholder expectaƟons. 
 
Other Applicable Considerations 
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g., 
tail risk) events. Survey results and efforts did not uncover a single public utilities 
commission that dictated that IOUs follow a risk-neutral approach to such catastrophic-
type risks or risk events. The general approach aligns with the broader risk management 
landscape, while the details of specific risk tolerance frameworks may vary across 
countries and regions and are shaped by local regulatory requirements. 

• Ratepayer and shareholder balance – IOUs must manage risk in a way that satisfies both 
their obligations to serve the public consistent with their franchise obligations, as well as 
their ability to attract needed capital from investors to maintain safe and reliable service 
and meet public policy goals. 

• Infrastructure modernization – Aging assets and the transition to clean energy 
technologies require dynamic risk tolerance thresholds, particularly to promote 
reliability within specified metrics. 
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• Regulatory scrutiny – IOUs face intense oversight, particularly in high-consequence 
areas, such as cybersecurity, wildfire prevention, and grid reliability. 

• Public trust and transparency – Risk-based decisions are increasingly subject to public 
review and scrutiny, and mitigation decisions require clear communication and 
justification. 

• Climate adaptation – Utilities must increasingly account for future long-term climate 
risks, including drought, heatwaves, and severe storms, within their operational and 
investment decision-making processes. 

 
In addition to the previous questions, the Large California IOUs were required to provide 
responses to the following questions:  
 
What is the Status Quo? 
 
The implicit or explicit risk tolerance used by Large California IOUs is meaningfully shaped by 
the CPUC’s Risk-Based Decision-Making Framework (RDF),37 long-term viability and 
effecƟveness of uƟlity operaƟons and service to customers, and the IOUs’ ability to meet 
applicable state policy objecƟves (e.g., SB901) and compliance obligaƟons.  
 
The most recent guidance is outlined in the RDF Phase IV Decision (D.25-08-032, adopted 
August 28, 2025),38 which acknowledges the importance of formalizing risk tolerance 
thresholds. The Commission has not mandated specific risk tolerance thresholds for individual 
risks, or for uƟlity operaƟons as a whole. Instead, the CPUC has directed uƟliƟes to present and 
explain their internal approaches to risk tolerance through their individual Risk Assessment and 
MiƟgaƟon Phase (RAMP) filings and corresponding General Rate Case showings. 
 
Each of California’s major IOUs SCE, PG&E, SDG&E, and SoCalGas - have submiƩed RAMP filings 
during the course of different phases of the evolving RDF proceedings. In each of these filings, 
the IOUs have reflected the CPUC’s evolving expectaƟons and requirements, advancements in 
risk analysis and modeling, and changing circumstances and operaƟonal condiƟons.  
 
These filings demonstrate that while the CPUC has provided overarching guidance regarding risk 
analysis, they have deferred defining and applying risk tolerance thresholds within the specific 
IOU operaƟonal and strategic contexts. Some representaƟve examples of IOU submissions 
regarding risk tolerance are as follows: 
 

 
37 California Public Utilities Commission. Risk-Based Decision-Making Framework (RDF): R.20-07-013. 
https://www.cpuc.ca.gov/about-cpuc/divisions/safety-policy-division/risk-assessment-and-safety-
analytics/r-20-07-013  
38 California Public Utilities Commission. (August 28, 2025). Decision 25-08-032: Phase 4 decision in 
Rulemaking 20-07-013 – Risk-Based Decision-Making Framework for Electric and Gas Utilities. 
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M578/K198/578198350.PDF  
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• SCE’s 2022 RAMP filing – (subject to RDF, Phase I) discusses risk tolerance in the context 
of Hydro Dam Failure (Chapter 12, pg. 6) and Wildfire and Public Safety Power Shutoff 
(PSPS) (Chapter 4, pg. 107).39 

• PG&E’s 2024 RAMP filing – (subject to RDF, Phase II) includes a dedicated secƟon on Risk 
Tolerance (PG&E-1, SecƟon A, pp. 1–13) and Risk Management Approach (PG&E-2, 
SecƟon B), with addiƟonal insights embedded in individual risk chapters.40 

• SoCalGas’s and SDG&E’s 2025 RAMP filing – (Subject to RDF, Phase III) outlines its 
approach in Risk QuanƟficaƟon, detailing how risk tolerance is integrated into decision-
making.41 

 
AddiƟonally, in the area of price risk management of the IOUs’ Bundled Electric Porƞolio, the 
Commission adopted a To-ExpiraƟon Value at Risk (TeVaR) metric and an associated Customer 
Risk Tolerance (CRT) value. Per D.07-12-052, “(t)he TEVaR represents an esƟmate, at a given 
confidence level, of the amount of electric rate increase that could occur due to changes in 
market condiƟons such as nuclear outage risk, hydro-power availability risk, electricity spot 
market price volaƟlity, credit risk, and gas price volaƟlity (which represents the single greatest 
historical source of price volaƟlity). For example, TEVaR 95% measures the maximum rate 
increase over the expected value with 95% confidence level (in other words, it is the 1-in-20 
worst case scenario)”42. The CRT is used in conjuncƟon with the TeVaR to establish a risk 
tolerance level for the Bundled Electric Porƞolio. For example, the CRT for PG&E was set by the 
Commission to 10% of PG&E’s system average rate and Ɵed to TeVaR 95%43. Therefore, this 
means that the 1-in-20 worst case outcome that is tolerable results in a system average rate 
increase of no more than 10% over the forecasted (expected) value. Furthermore, CA IOUs have 
flexibility to implement their own methodologies to measure the TeVaR44, and develop 
miƟgaƟons (which in the context of price risk, are known as hedging plans) in consultaƟon with 
their Procurement Review Group, an advisory group45. 
 
 
 
 
 

 
39 California Public Utilities Commission. Southern California Edison Risk Assessment and Mitigation Phase 
(RAMP). https://www.cpuc.ca.gov/about-cpuc/divisions/safety-policy-division/risk-assessment-and-safety-
analytics/risk-assessment-mitigation-phase/sce-ramp  
40 California Public Utilities Commission. PG&E Risk Assessment and Mitigation Phase (RAMP). 
https://www.cpuc.ca.gov/about-cpuc/divisions/safety-policy-division/risk-assessment-and-safety-
analytics/risk-assessment-mitigation-phase/pg-and-e-ramp  PG&E’s risk evaluation approach is explained 
further in PG&E’s 2027 General Rate Case testimony (A.25-05-009), Exhibit 2, Chapter 1. 
41 California Public Utilities Commission. Sempra Risk Assessment and Mitigation Phase (RAMP). 
https://www.cpuc.ca.gov/about-cpuc/divisions/safety-policy-division/risk-assessment-and-safety-
analytics/risk-assessment-mitigation-phase/sempra-ramp  
42 D.07-12-052, p. 173. 
43 D.15-10-031, p. 205. 
44 D.15-10-031, pp. 211-213. 
45 D.07-12-052, p0. 119-125. 
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What is the Internal Process for Se ng Risk Tolerance? 
 
With the context of the Commission’s RDF, each uƟlity has employed a structured internal 
process to determine the amount of risk it can accept in light of operaƟonal consideraƟons, 
authorized funding levels, resource constraints, and regulatory and legal requirements.  
 
These internal processes typically incorporate the following: 

• Enterprise Risk Management (ERM) Frameworks – UƟliƟes have adopted broadly-
accepted ERM models (e.g., COSO ERM, ISO 31000) to idenƟfy, assess, and prioriƟze 
risks across domains such as safety, reliability, financial exposure, and regulatory 
compliance. 

• Risk CommiƩees – UƟliƟes make decisions through formal risk commiƩees, which are 
oŌen composed of execuƟves, engineers, financial analysts, and regulatory experts, 
overseeing the development of risk tolerance thresholds and promoƟng alignment with 
corporate objecƟves and stakeholder expectaƟons. 

• QuanƟtaƟve and QualitaƟve Risk Tools – UƟliƟes use tools such as risk matrices, 
probabilisƟc modeling, scenario analysis, failure modes and effects analysis, as well as 
likelihood and consequence scoring to evaluate risk levels and determine acceptable 
thresholds. 

• IntegraƟon into Decision-Making – Risk tolerance thresholds are embedded into capital 
planning, operaƟonal protocols, emergency response strategies, and miƟgaƟon 
prioriƟzaƟon. For example, wildfire risk scores may influence grid hardening investments 
or PSPS acƟvaƟon and de-energizaƟon criteria. 

• ConƟnuous Review and Adjustment – Risk tolerance levels are updated based on 
incident invesƟgaƟons, regulatory feedback, technological advancements, and changes 
in environmental or regulatory policy condiƟons. These updates are reviewed by senior 
leadership and communicated through revised procedures, training, and stakeholder 
engagement. 

 
c. Public U li es 

 
Does the industry have a risk tolerance threshold? 
 
ParƟally. Public electric uƟliƟes, including municipal uƟliƟes and electric cooperaƟves 
throughout the U.S. operate under a layered risk tolerance framework. This framework 
integrates federal and state regulatory requirements with locally tailored governance and 
operaƟonal pracƟces. Risk tolerance thresholds for these enƟƟes are essenƟal for system 
reliability, operaƟonal safety, and environmental compliance while fulfilling their public service 
mandates. 
 
Is it set by the applicable regulatory body? 
 
ParƟally. Public uƟliƟes are subject to baseline risk tolerance thresholds established by several 
regulatory bodies, including the Federal Energy Regulatory Commission (FERC), the North 
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American Electric Reliability CorporaƟon (NERC), and state Public UƟlity Commissions (PUCs). In 
certain cases, the Federal CommunicaƟons Commission (FCC) and the Environmental ProtecƟon 
Agency (EPA),46 may also play a role, parƟcularly for electric cooperaƟves that provide 
broadband services. These agencies define minimum standards for reliability, safety, 
cybersecurity, and environmental performance. Risk thresholds are developed through formal 
rulemaking processes, stakeholder consultaƟon, and analysis of historical reliability and safety 
data. To remain effecƟve and relevant, these standards are periodically reviewed and updated in 
response to technological advancements, incident experience, as well as local policy objecƟves. 
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Individual public uƟliƟes establish internal risk tolerance thresholds based on their unique 
governance structures, operaƟng environment, as well as the needs of the communiƟes they 
serve. Municipal uƟliƟes, which are governed by city councils or local boards, set risk tolerance 
levels for areas such as system reliability, financial exposure, operaƟonal safety, and customer 
service. These thresholds are shaped by local prioriƟes, budgetary constraints, and poliƟcal 
oversight. In contrast, electric cooperaƟves are member-owned uƟliƟes and define risk 
tolerance in alignment with member expectaƟons and their longer-term goals. CooperaƟves 
oŌen adopt Enterprise Risk Management (ERM) frameworks to assess and manage strategic, 
financial, operaƟonal, and hazard-related risks. In both types of public uƟliƟes, risk commiƩees 
and governing boards play a central role in overseeing the development of risk appeƟte 
statements, monitoring exposures, and adjusƟng thresholds as needed to maintain alignment 
with organizaƟonal objecƟves and stakeholder expectaƟons. 
 
How are they implemented? 
 
Risk tolerance thresholds in public uƟliƟes are implemented through a combinaƟon of 
operaƟonal systems, performance monitoring, and organizaƟonal controls. These include 
maintenance protocols, outage response plans, and safety procedures, so that day-to-day 
operaƟons align with defined risk limits. UƟliƟes also use performance monitoring tools to track 
key metrics related to reliability and safety, enabling Ɵmely idenƟficaƟon of deviaƟons or 
emerging risks. To provide consistent applicaƟon across departments, staff training and internal 
controls are essenƟal components of the implementaƟon process. AddiƟonally, public uƟliƟes 
oŌen rely on guidance from industry associaƟons, such as the American Public Power 
AssociaƟon, which provide resources like risk registers, scoring criteria, and enterprise risk 
management (ERM) toolkits to support structured and transparent implementaƟon of risk 
management acƟviƟes. 
 
 

 
46 U.S. Environmental Protection Agency. (2010). An overview of public utility commissions for state 
environment and energy o icials. https://www.epa.gov/sites/default/files/2016-
03/documents/background_paper.pdf  
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How are they modified/updated? 
 
Risk tolerance thresholds in public uƟliƟes are regularly updated so that they remain aligned 
with evolving operaƟonal condiƟons and stakeholder expectaƟons. These updates are informed 
by a variety of inputs, including internal audits, which assess the effecƟveness of current risk 
controls; regulatory reviews, which evaluate compliance with external standards; and scenario 
analysis, which tests the uƟlity’s response to potenƟal risk events; AddiƟonally, changes in 
market condiƟons and stakeholder feedback, from customers, governing boards, and 
community representaƟves, play a criƟcal role in shaping adjustments to risk thresholds. Once 
proposed, updates are reviewed and approved by uƟlity boards or risk commiƩees and are then 
communicated throughout the organizaƟon via revised policies, operaƟonal procedures, and 
training programs for consistent implementaƟon and alignment. 
 
Other Applicable Considera ons  
 

• Aversion to Tail Risk Events – Based on the survey efforts and results, the industry 
demonstrates a clear preference for proactive management of catastrophic-type (e.g. 
tail risk events). Survey results and efforts did not uncover a single public utilities 
commission that dictated a risk-neutral approach to such catastrophic-type (e.g. tail risk) 
events. The general approach aligns with the broader risk management landscape, while 
specific risk tolerance frameworks can vary across countries and regions and are shaped 
by local regulatory requirements.  

• Local Accountability – Public uƟliƟes are directly accountable to their individual local 
governments or cooperaƟve members. These stakeholders influence how risk decisions 
are made and communicated. 

• Resource Constraints – Smaller uƟliƟes may face limitaƟons in technical capacity or 
funding, affecƟng the scope of risk analysis and miƟgaƟon. 

• Community Engagement – Risk tolerance decisions oŌen reflect community values and 
prioriƟes, especially in areas with high public involvement. 

• Infrastructure Age and Investment – Many public uƟliƟes manage aging infrastructure, 
requiring careful risk prioriƟzaƟon and long-term planning. 

• Climate and Environmental Risks – Increasing exposure to extreme weather events and 
environmental regulaƟons necessitates adapƟve risk management strategies. 
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I. Other Industries – Dam Operators 
 
Does the industry have a risk tolerance threshold? 
 
Yes. Risk tolerance thresholds in dam operaƟons are clearly defined by federal, state, and 
internaƟonal regulatory bodies due to the high-consequence nature of dam failure. Given the 
potenƟal for catastrophic failure and widespread downstream impacts, the establishment and 
management of risk tolerance thresholds in this sector are governed by a layered framework 
that integrates federal regulatory mandates with project-specific operaƟonal discreƟon. These 
thresholds are expressed in terms of probability of failure, life loss, economic disrupƟon, and 
environmental damage. 
 
Is it set by the applicable regulatory body? 
 
Yes. Risk tolerance thresholds for dam operaƟons are primarily defined by federal agencies such 
as the Federal Energy Regulatory Commission (FERC),47 the U.S. Army Corps of Engineers 
(USACE),48 the Bureau of ReclamaƟon,49 the Federal Emergency Management Agency (FEMA),50 
and internaƟonally by the InternaƟonal Commission on Large Dams (ICOLD).51 These agencies 
establish minimum safety standards and risk management guidelines, including requirements 
for risk analysis, assessment, and miƟgaƟon. Key regulatory documents, such as the Federal 
Guidelines for Dam Safety Risk Management and FERC’s Engineering Guidelines, require dam 
owners to evaluate potenƟal failure modes, structural performance, and consequences such as 
life loss, environmental damage, and economic disrupƟon. The USACE, which manages a vast 
porƞolio of dams and levees, anchors its risk tolerance framework in federal guidelines, internal 
governance, and project-specific consideraƟons. Its tolerable risk thresholds reflect a balance 
between societal expectaƟons and technical constraints, parƟcularly in the context of flood risk 
reducƟon and infrastructure benefits. 
 
Regulatory thresholds are established through a combinaƟon of historical incident analysis, 
scienƟfic modeling, and stakeholder consultaƟon. Agencies employ both quanƟtaƟve and 

 
47 Federal Energy Regulatory Commission (FERC). 2016. Risk-Informed Decision Making (RIDM). Chapter 3 - 
Risk Assessment. Accessed online at: RIDM Guidelines Chapter 3 Risk Assessment Ver 4.1 
48 U.S. Army Corps of Engineers. (2014). Safety of Dams – Policy and Procedures (ER 1110-2-1156). 
https://www.publications.usace.army.mil/Portals/76/Users/182/86/2486/ER_1110-2-1156.pdf  
49 Bureau of Reclamation. (2022). Reclamation public protection guidelines. U.S. Department of the Interior. 
https://www.usbr.gov/damsafety/documents/ReclamationPublicProtectionGuidelines2022.pdf; Bureau of 
Reclamation. (2025). Risk Management in Dam Safety. https://www.usbr.gov/damsafety/risk/index.html 
Note: USBR is moving away from USBR has been moving away from claiming that their guidelines reflect 
societal "tolerability" but, in practice their guidelines are consistent with the tolerable risk frameworks used 
by the other federal agencies. 
50 • Federal Energy Regulatory Commission. (2020). Federal Guidelines for Dam Safety Risk 
Management. https://www.ferc.gov/media/2326 
51 International Commission on Large Dams. (2020). General Principles and Framework for Dam Safety [Draft 
Bulletin]. https://www.itcold.it/wp-content/uploads/2020/10/DRAFT-ICOLD-Bulletin-General-Principles-for-
DS-FINAL-2020-02-14.pdf  
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qualitaƟve measures such as probability of failure and consequence severity, to define 
acceptable risk limits (e.g., Failure Modes and Effects Analysis (FMEA). These standards are 
subject to periodic review and revision, incorporaƟng lessons learned from incidents (e.g., 
Oroville Dam52), technological advancements, and evolving policy goals. Dam operators define 
tail risk as dam breaches caused by seismic or hydrologic events. These risks are assessed by 
evaluaƟng the likelihood of a load (e.g., flood), the structural response to that load, as well as 
the consequences.  
 
If not, what is the internal process by which each company (within the industry) establishes a 
risk tolerance level? 
 
Individual dam operators translate federal standards into project-specific risk management 
protocols through a structured, mulƟ-Ɵered process. Each dam is managed by a Project Delivery 
Team (PDT), responsible for idenƟfying, assessing, and documenƟng risks using tools such as 
risk registers and conƟngency analyses. Risk thresholds for each of these dams are tailored 
through Change Management Plans (CMPs), which define specific acceptance criteria and 
miƟgaƟon strategies.53 These CMPs are reviewed and approved by Change Control Boards 
(CCBs) at the district division (Major Subordinate Commands in the case of USACE), for 
consistency and compliance across all organizaƟonal layers. Other dam owners, including public 
uƟliƟes, private companies, and municipaliƟes, also implement risk management programs 
grounded in federal standards. These enƟƟes conduct site-specific risk analyses, maintain risk 
registers, and develop emergency acƟon plans. In these cases, risk tolerance thresholds are 
similarly customized to each dam’s design, geographic locaƟon, and operaƟonal context, and 
are embedded in surveillance, monitoring, and maintenance protocols. 
 
How are they implemented? 
 
Risk tolerance thresholds for dam operaƟons are implemented and conƟnuously refined 
through a combinaƟon of embedded systems and structured oversight. These thresholds are 
operaƟonalized using tools such as risk registers, conƟngency analyses, and real-Ɵme 
monitoring plaƞorms, which enable dam operators to proacƟvely visualize, prioriƟze, and 
manage risks. These thresholds are further embedded into monitoring systems, maintenance 
schedules, and operaƟonal protocols, and are tailored to reflect each dam’s unique 
characterisƟcs and stakeholder expectaƟons. The USACE’s risk tolerance levels, for instance, are 
subject to ongoing review and recalibraƟon, informed by project delivery experience, updates 
to federal guidelines, and the evolving risk landscape. For effecƟveness and relevance, regular 

 
52 Friends of the River, California Sportfishing Protection Alliance, & American Whitewater. (2017). The Oroville 
Dam 2017 Spillway Incident: Lessons from the Feather River Basin. https://www.friendsoftheriver.org/wp-
content/uploads/2017/09/The-Oroville-Dam-2017-Spillway-Incident-Lessons-from-the-Feather-River-Basin-
Final.pdf ; Hollins, L. X., Eisenberg, D. A., & Seager, T. P. (2018). Risk and resilience at the Oroville Dam. 
Infrastructures, 3(4), 49. https://www.mdpi.com/2412-3811/3/4/49  
53 U.S. Army Corps of Engineers. (2022). Project Delivery Business Process Manual (EM 5-1-11). 
https://www.publications.usace.army.mil/Portals/76/EM%205-1-
11_Admin%20revision%202024%2003%2027.pdf  
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audits, self-assessments, and event analyses are conducted, contribuƟng to the refinement of 
risk management pracƟces and helping maintain dam safety protocols that are current, 
responsive, and aligned with emerging challenges. 
 
How are they modified/updated? 
 
Risk tolerance thresholds for dam operations are regularly reviewed and updated so that they 
remain aligned with evolving safety standards and operational realities. These updates are 
driven by a variety of factors, including incident investigations, technological advancements, 
policy changes, as well as lessons learned from dam safety events. Additionally, inspections, 
stakeholder feedback, and regulatory updates contribute to the refinement of these thresholds. 
The process of continuous improvement is supported by audits, self-assessments, and event 
analyses, which help identify gaps and opportunities for enhancement. Proposed changes to 
risk tolerance levels are typically reviewed by risk committees or senior leadership, and once 
approved, are communicated throughout the organization via revised policies, training 
programs, and updated operational procedures. 
 
Other Applicable Considera ons 
 

• Aversion to Tail Risk Events– Based on the survey efforts and results, the industry 
demonstrates a clear preference for proacƟve management of catastrophic-type (e.g., 
tail risk) events. While this approach aligns with the broader risk management 
landscape, specific risk tolerance frameworks vary across countries and regions and are 
shaped by local regulatory requirements.  

• Aging Infrastructure – Many dams in the U.S. are several decades old. Aging components 
at these faciliƟes can significantly affect their structural integrity, thereby influencing 
their associated risk tolerance thresholds. 

• Downstream PopulaƟon Exposure – Risk tolerance for dams must account for the 
number of people and criƟcal infrastructure located downstream, especially in high-
hazard zones. These populaƟons may increase over Ɵme.  

• Climate Change and Hydrologic Variability – Increasing frequency of extreme weather 
events and changing precipitaƟon paƩerns can alter flood risk profiles and challenge 
exisƟng design assumpƟons parƟcularly over longer Ɵme horizons. 

• Emergency AcƟon Planning and Community Engagement – EffecƟve risk management 
includes clear communicaƟon with downstream communiƟes and robust emergency 
response protocols. 

• Interagency CoordinaƟon and Regulatory Overlap – Dam safety oŌen involves mulƟple 
agencies (e.g., FERC, USACE, FEMA), requiring alignment of risk tolerance standards and 
coordinated oversight across agencies. 
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V. Conclusion 
 
The Joint IOUs’ survey highlights that while regulators frequently establish baseline risk 
tolerance thresholds, approaches can vary significantly across industries and jurisdicƟons. 
Companies typically build upon these regulatory foundaƟons to define and operaƟonalize risk 
tolerance in alignment with their roles, responsibiliƟes, and legal obligaƟons. This report 
provides a structured overview of these pracƟces and describes how California’s large investor-
owned uƟliƟes currently determine and manage acceptable levels of risk in safety, operaƟons, 
and decision-making.  
 
Based on the survey efforts and results, the industries demonstrate a clear preference for 
proacƟvely managing catastrophic-type events (e.g., tail risk events). While this approach aligns 
with the broader risk management landscape, specific risk tolerance frameworks can vary 
across countries and regions and are shaped by local regulatory requirements.  
 
The Joint IOUs also respecƞully note that the evidence set forth in this white paper clearly 
demonstrates that regulators, as well as individual enƟƟes, in each of these industries that have 
historically experienced significant risk outcomes detrimental to public and worker safety have 
substanƟally embedded important principles of risk aversion into their risk-based decision-
making regulatory framework. In fact, the industries that are most analogous to electric uƟliƟes 
regarding potenƟal public exposure to risk outcomes (e.g., commercial aviaƟon, nuclear) do not 
have regulatory requirements that merely manage to “expected value” without regard to the 
uncertainty or variability of the outcomes themselves. Rather, regulators of such industries (e.g., 
FAA, NRC) have appropriately imposed requirements that are specifically intended to avoid 
catastrophic-type (or tail risk) events. 
 
The Joint IOUs appreciate the Commission’s guidance and look forward to engaging with 
stakeholders in the upcoming Risk Tolerance proceeding to further refine and align risk 
management pracƟces that promote safety, reliability, and transparency. 
 




