Appendix C: Why predictions based on hypothetical, worst-case oil spill and climate change scenarios do not constitute best available science.
The issues identified below raise the following question: Should the USFWS be basing regulatory and recovery decisions on analyses of extreme, worst-case scenarios that have a remote possibility of occurring? Moreover, should those decisions assume multiple, extreme value, worst-case, remote possibility scenarios occurring simultaneously as the USFWS (2023) did in their SSA?
1) Hypothetical, worst-case crude oil spills
As the centerpiece of their threats analysis of oil spills on southern sea otters, the authors of the SSA (2023) utilized analyses by Tinker (2021) who modeled several hypothetical oil spill scenarios, and the authors of the SSA (2023) subsequently combined those hypothetical impacts with the hypothetical impact of an extreme climate change scenario. These models and their outputs assumed: 
A) a highly unlikely, worst-case, unmitigated Exxon Valdez-scale crude oil tanker spill of ten million gallons (and separately, a “medium” sized spill of one million gallons);
B) the hypothetical oil tanker spill will occur in one of four locations: (two worst-case scenario locations (southwest of San Francisco) in terms potential impact to sea otters, and two less-impactful locations west of Point Conception); 

C) and, the spill occurs during the year 2037 in conjunction with a worst case RCP8.5 climate change scenario (even though the RCP8.5 is no longer considered realistic by the International Panel on Climate Change (IPCC
)). 
The assumptions behind each of these worst-case scenarios ignore the current, best available regulatory, scientific and commercial data, as described below. Furthermore, by assuming that all three worst-case, low-probability scenarios occur simultaneously, it becomes evident that the results exaggerate the current and future threats to southern sea otters. Taken collectively, it appears that the analysis and discussion of oil spill threats in the SSA represents partial presentation of information to decision makers as justification for a continued threatened listing of southern sea otters
.
1a) Modern oil tanker operations:

Tinker’s (2021) and the SSA’s (USFWS 2023) hypothetical oil tanker spill locations are inconsistent with current oil tanker operations and established shipping lanes.
The question is, what is the probability of a tanker spill of 10 million gallons occurring in the specific areas used by Tinker (2021) and subsequent SSA analyses? No offshore drilling exists in the areas used in Tinker’s oil spill modeling, thus catastrophic spills from oil rigs can be ruled out.
The two “high risk areas” and selected oil tanker spill locations within these areas in the analysis by Tinker (2021, Figure 1 and Table 1) appear to be of his own invention: one south of the Farallon Islands/west of San Francisco, and the other west of Point Conception off the southern California coast. However, a search of nautical charts (NOAA 2024

) and U.S. Coast Guard websites reveals that Tinker’s (2021) so-called “high risk areas” are nowhere to be seen on these charts. In contrast here are much smaller “Precautionary Areas” close to harbor entrances. These areas are where multiple shipping lanes converge and where harbor pilots are picked up and disembarked.
 These Precautionary Areas begin approximately 10 miles off the entrance to the San Francisco Bay and Los Angeles/Long Beach harbors. In contrast, Tinker’s (2021) hypothetical “high risk areas” are farther from the coastline and in the case of the “San Francisco spill risk area” seemingly chosen as the worst possible location for a catastrophic oil spill for the southern sea otter population.
By plotting Tinker’s (2021) hypothetical oil tanker spill locations, it is clear that all of them are well outside of shipping lanes established by the US Coast Guard and International Maritime Organization. That alone makes them improbable oil tanker spill locations (see figures below). The hypothetical spill locations used by Tinker (2021) are also not congruent with established standards that dictate that large Alaskan crude oil tankers remain a minimum of 50 nautical miles off the California coast to minimize the chance of oil spills in near-shore waters. Additionally, large crude oil tankers destined for the San Francisco Bay and Long Beach harbors approach via the deep water, western approach shipping lanes (and/or southern shipping lane in the case of LA/Long Beach Harbor
), thus avoiding more congested near-shore shipping lanes. And finally, there are no offshore oil platforms or pipelines in the two “high risk areas” of their hypothetical spill locations.
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Locations of Tinker’s (2021) oil spill locations off San Francisco and Point Conception, California. Figures were produced using the mapping tool https://nauticalcharts.noaa.gov/enconline/enconline.html.
Based on the above-mentioned discrepancies, it is apparent that Tinker (2021) and authors of the USFWS (2023) Species Status Assessment are unfamiliar with modern oil tanker operations and USCG-established shipping lanes that are designed to reduce collision risk. It appears that the hypothetical oil tanker spill locations used by Tinker (2021) were either arbitrarily selected, or, in the case of hypothetical spill locations southwest of San Francisco, potentially selected to maximize hypothetical impacts to southern seas otters (i.e. where the currents would transport the maximum amount of oil from those hypothetical locations to the greatest length of coastline occupied by southern sea otters).

1b) Tinker’s (2021) worst-case oil tanker spill scenario is inconsistent with current data and regulations
The sheer scale of the Tinker (2021) and the SSA’s hypothetical 10 million-gallon, Exxon Valdez-scale oil tanker spill is not consistent with recently published data on oil tanker spills. Data shows that these spills have dramatically decreased in size and frequency over recent decades, especially in US waters
 (figure below). These decreases have occurred because of regulatory and technological improvements designed to increase tanker safety and oil spill response following the 1989 Exxon Valdez oil spill. Those safety improvements were extensively detailed in our delisting petition (attached, see pages 14-21).
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Figure 2: Number of medium (7-700 tonnes) and large (>700 tonnes) tanker spills by decade, 1970 - 2024
*Only 5 years of data available for the 2020s




As an initial matter, oil tankers that ply the waters of the United States are no longer the single-hulled vessels what were vulnerable to catastrophic failure from the slightest hull damage, as occurred with the Exxon Valdez. In that incident, 8 of its 11 tanks ruptured, spilling 37,000 tonnes of crude oil (over 11 million gallons), when it ran aground on Bligh Reef in Prince William Sound, Alaska
. The Exxon Valdez was an outdated single-hull tanker design with minimal safety measures. 
Following the 1989 Exxon Valdez oil spill and the 1990 American Trader oil spill south of Long Beach, the California legislature passed the Oil Spill Prevention and Response Act of 1990 (Chapter 1248, Stats.1990; commonly referred to as SB 2040) and the U.S. Congress passed the Oil Pollution Act of 1990 (33 U.S.C. §§ 2701–2761 and other related sections). Passage of these laws as well as regulations adopted by the European Union and International Maritime Organization had the combined effects of phasing out all single-hulled oil tankers by 2010. After 2010, all oil tankers had to be double-hulled, and are required to have: duplication of navigational equipment and steering gear; inert gas systems to prevent fires in oil storage tanks; towing arrangements with fixtures fore or aft on hulls to facilitate towing at sea in the event of engine failure; placement of water ballast tanks to protect main tanks in the event of a grounding or collision; enhanced inspections to detect supertanker safety deficiencies including corrosion, wear and tear and hull girder strength; and the carriage of automatic identification systems (AISs) that provide continuous information about the ship and its location to other ships and to coastal authorities (Please refer to the 2020 Petition for additional detailed information.).
In addition to these measures, the following have been implemented:
· Traffic Separation Schemes were designed by the US Coast Guard in 2000, and have been periodically revised to establish internationally recognized shipping lanes where opposing flows of ship traffic are separated by buffer zones; 
· Areas to be Avoided were established to ensure that cargo-carrying ships avoid the Channel Islands National Marine Sanctuary; 
· NOAA Whale Advisory Zones and also a 10-knot-or-less voluntary speed limits on the approaches to San Francisco Bay to the north (Cordell Bank to Half Moon Bay) and approaches to the Los Angeles/Long Beach Harbor; 
· US Coast Guard Vessel Traffic Information Services that are analogous to air traffic controllers; 
· Precautionary Areas near harbor entrances; 
· Harbor Safety Committees; 
· Modeling tools developed by NOAA that allow for the prediction of oil spill surface and subsurface transport and fate, providing decision-makers with a range of options for oil recovery actions and response strategies; 
· and, USCG and NOAA compilation of data on oil spills into U.S. waters.

1c) Liability for oil spill clean-up, as well as criminal and civil liabilities, are powerful economic incentives that have also contributed to oil tanker safety.
Finally, we note that there are strong economic incentives for the owners of oil tankers operating in US coastal waters to do so with increased safety because they are liable for oil spills and their cleanup costs. Additional cleanup costs, fines, settlements and legal fees drive initial estimates even higher. For example, in the case of the Exxon Valdez oil spill, Exxon settled in 1991 with funds to be disbursed in: criminal plea agreement ($25 million), criminal restitution ($100 million), and civil settlement ($900 million). Additionally, Exxon claimed that it spent $2.1 billion on the cleanup effort
. Estimates of total cost of the spill vary but appear to be have been at least $4 billion
.  In 2025 dollars, due to inflation alone, that estimated total cost would exceed $8 billion. Therefore, it should come as no surprise that with increasing regulation and technological improvements to oil taker safety, and economic considerations, the volume and frequency of oil spills in US coastal waters have substantially declined since the 1989 Exxon Valdez oil spill. Viewed from this perspective, a crude oil spill of 10 million gallons in the year 2037, as conjectured by Tinker (2021) and the USFWS in their 2023 SSA, is an extremely remote possibility.  
1d) Tinker’s (2021) hypothetical catastrophic oil spill simulations did not include any spill response and mitigation.
The Tinker (2021) and SSA (USFWS 2023) analyses did not account for oil spill response and mitigation measures to contain and disperse any spill, which would reduce its overall impact. The Tinker (2021) simulations simply assumed that the oil would drift unmitigated into coastal waters occupied by sea otters, which is unrealistic in US waters.
2) Use of a worst case, highly unlikely climate change scenario does not constitute best available science.
2a) Implications of the USFWS’s use of the RCP8.5 climate scenario in their SSA analyses, with and without catastrophic oil spills.

The SSA utilized the highly unlikely, worst-case RCP8.5 climate change scenario that is the centerpiece of analysis of Potential Future Conditions affecting the southern sea otter population. Although the SSA also utilized a moderate RCP4.5 climate scenario, the highly unlikely worst-case RCP8.5 was used in two of the three hypothetical scenarios presented. One of those RCP8.5 scenarios was coupled with a hypothetical, worst-case crude oil spill on the coast of California (discussed below). 
We further note that the May 25, 2025 White House Executive Order, Restoring Gold Standard Science, singled out the National Marine Fisheries Service’s erroneous use of the RCP8.5 worst case climate scenario in population projections for the North Atlantic right whale, in a biological opinion that could have destroyed the historic Maine lobster fishery.

Representative Concentration Pathways (RCPs) refer to four possible climate scenarios by the end of the century (RCP2.6, RCP4.5, RCP6.0 and RCP8.5) used by the International Panel on Climate Change (IPCC) in their 2014 IPCC Fifth Assessment Report. The numbers associated with each of these RCPs reflect the additional radiative forcing (in watts per square meter) due to greenhouse-gas emissions in 2100, relative to pre-industrial times (1750). The higher the radiative forcing, the higher the global warming. The current radiative forcing is approximately 2.5 watts per meter squared. 

The differences between the RCP4.5 and RCP8.5 are substantial. Most importantly, RCP4.5 represents a realistic scenario where emissions rise until 2040 then begin to fall and are halved by 2100, with a resultant warming of approximately 2-3°C. In contrast, the RCP8.5 assumes a global temperature rise of 4-7°C (7.2–14.4 °F) by the end of the century as a direct result of dramatically increasing greenhouse gas emissions, with no CO2 reductions whatsoever, and the equivalent of a five-fold increase in coal consumption. This is considered unlikely by the International Panel on Climate Change in their IPCC Sixth Assessment Report, Working Group 1: The Physical Science Basis (IPCC 2022
):
The uncertainty range on assessed future changes in global surface temperature is narrower than in the AR5. For the first time in an IPCC assessment cycle, multi-model projections of global surface temperature, ocean warming and sea level are constrained

using observations and the assessed climate sensitivity. The likely range of equilibrium climate sensitivity has been narrowed to 2.5°C to 4.0°C (with a best estimate of 3.0°C) based on multiple lines of evidence, including improved understanding of cloud feedbacks. [our emphasis added].
Similar findings have been reported in these two prominent scientific journals: Nature by Hausfather and Peters (2020
) and The Proceedings of the National Academy of Sciences by Burgess et al. (2022
). More recently, Sarofim et al. (2024) published a probabilistic analysis of the RCP8.5 scenario, putting the likelihood of the scenarion at less than one percent (0.53%)
.
Unfortunately, despite these refutations, the RCP8.5 has continued to be used by authors of documents such as the SSA, without understanding that the assumptions that went into it in 2005 are outdated and no-longer realistic. A graphic example of this issue with exaggerated impacts from relying on RCP8.5 for analyses is shown below in a figure from Hausfather and Peters (2020).
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2b) Arbitrarily inflated climate change impacts are not “best available science.”
In their “analysis” of climate change impacts under the RCP8.5 scenario, the SSA arbitrarily assumed extreme, unrealistically uniform and across-the-board 30% decreases in southern sea otter population carrying capacity, 30% increases in direct mortalities, and 30% increases in the frequency and intensity of factors potentially leading to increased mortality. (By comparison, the RCP4.5 scenario assumed across-the-board impacts of 10%.) 
Without any supporting data or quantitative explanation, the SSA simply assumed the RCP8.5 climate scenario would result in a 30% decrease in population carrying capacity due to an increase in: adult female mortality from end-lactation syndrome (apparent moralities due to the high energetic cost of reproduction), and Acanthocephalan peritonitis (due to an intestinal parasite that naturally infects sea otters
). Furthermore, the SSA simply assumed the RCP8.5 climate scenario would result in the following unrealistically uniform impacts:
· a 30% increase in shark bite mortality;
· a 30% increase in both the frequency and severity of harmful algal blooms that result in domoic acid poisoning events;
· a 30% increase in protozoal infection (i.e. toxoplasmosis and sarcocystosis); and
· a 30% increase in “infection (other)” – (This is a hypothetical, climate-driven impact the SSA attributes to a “possible introduction of novel pathogens into the nearshore environment.” In other words, a hypothetical increase in a threat by an unnamed, hypothetical pathogen.). 

Not only is the RCP8.5 an unrealistic, worst-case climate scenario, the USFWS used it in the SSA to justify their use of hypothetical 30% decreases in population carrying capacity and 30% increases in mortalities from climate change in population models. Then, on top of those impacts, the USFWS piled on impacts from a hypothetical, Exxon Valdez-scale oil spill, in the worst possible location to impact southern sea otters (outside of shipping lanes, offshore of San Francisco). 

Not surprisingly, the USFWS reported in the SSA that the RCP 8.5 scenario and the “RCP 8.5 + Large Oil Spill scenario”, resulted in substantial southern sea otter population decreases over 50 years (i.e. 30-33% decreases by 2071). However, the RCP4.5 climate change scenario resulted in a mean increase in population size of 16% a result that was downplayed in the SSA. Excerpts of those results in the SSA are provided below:
Under the RCP 8.5 scenario, the mean abundance of sea otters in 50 years was 2,075 (1,205– 3,091), a 30% decrease from the estimated starting population size of 2,975 independent animals in 2022.

Under the RCP 8.5 + Large Oil Spill scenario, the mean abundance of sea otters in 50 years was 1,992 (1,144–2,946), 33% smaller than the estimated starting population size of 2,975 independent animals in 2022. 

Under the RCP 4.5 scenario, the mean abundance of sea otters in 2071 was 3,454 (1,849–5,408), a 16% increase from the estimated starting population size of 2,975 independent animals in 2022. 

And finally, contrary to their own results in Table 6 of the SSA (see Figure 8 for subpopulation locations), the USFWS states that results of the RCP4.5 scenario “indicate no range expansion to the north but some range expansion to the south relative to current conditions in 2022.” To the contrary, the results in that table show the mean projected number of otters in each of the five subpopulations north of their current range to be between 12 and 156. Those results are as follows: Marin n=35 (range 0-125), Drakes Estuary n=12 (range 0-41), San Francisco Bay n=130 (range 0-410), and Half Moon Bay n=156 (range 0-389). However, the USFWS attempts to explain away such positive results capriciously by considering those subpopulations as simply having an “unknown” status because the 80% credible intervals for estimates included zero, regardless of their use of mean estimates that contain zeros elsewhere in the SSA.
3) The probability of a worst case, RCP8.5 climate scenario occurring and an Exxon Valdez -sized oil spill occurring near San Francisco during the summer of 2037 is vanishingly small.
The combined probability of the RCP8.5 climate scenario along with a catastrophic oil spill off the central California coast is vanishing small because it is the product of the probability of two unlikely events occurring simultaneously. However, a rough estimate this combined probability is possible by using the best available scientific and commercial information available. That is, the product of: 1) the probability of a catastrophic oil spill occurring in Tinker’s (2021) “San Francisco Spill Risk Area” based on the approach developed by Ji et al. 2014, 2021
 at the Bureau of Ocean Energy Management (BOEM), and 2) the probability of the RCP8.5 climate scenario occurring, as published by Sarofim et al. (2024)
.  
BOEM estimated there is an annual 0.6% chance
,
 of a catastrophic oil spill (1 million barrels) somewhere in the entire BOEM Outer Continental Shelf Planning Area of 1.68 billion acres (6,798,719 km2). Therefore, the annual probability of a hypothetical spill occurring somewhere within Tinker’s (2021) “San Francisco Spill Risk Area” of approximately 4,675 square kilometers is proportional to the total BOEM OCS Planning area: or (4,675 km /6,798,719 km) x 0.6 which equals 0.00041 (or 0.41 thousandths of one percent chance of occurrence).                                                                                                                             
As noted above, Sarofim et al. (2024) estimated the chance of a RCP8.5 climate scenario occurring has the probability of 0.53%. Therefore, the combined probability of both the RCP8.5 and Tinker’s (2021) hypothetical, unmitigated, worst-case oil spill occurring off San Francisco is approximately 0.00041 x 0.0053 = 0.00000220, or two millionths of one percent chance of occurrence.
With such a vanishingly small probability of occurrence, it is worth asking why the USFWS used this “analysis” of hypotheticals as a centerpiece in the Species Status Assessment (USFWS 2023) and ultimately made its decision of “not warranted” on the Petition for delisting southern sea otters.
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The RCP8.5 is so unrealistic that it assumes that all recent climate policies and technological progress worldwide are abandoned and oil and gas consumption are overtaken by a five-fold increase in coal burning.
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The International Tanker Owners Pollution Federation Limited (ITOPF) is a not-for-profit organization established on behalf of the world's ship owners to promote an effective response to marine spills of oil, chemicals and other hazardous substances.
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� Acanthocephalans are thorny-headed worms which infect the intestinal tract of sea otters.
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� The authors acknowledge the caveat that this risk will decline in the future with additional safety technologies and regulatory measures designed to reduce the size and frequency of oil spills.
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