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User

Can you find where fossil fuel companies internally acknowledged the impacts of
climate change on coral reefs?

Clara

Here’s a concise plan to tackle this:

* Scope: Prioritize early, internal documents in the UCSF Fossil Fuel collection
where companies acknowledged climate change impacts on coral reefs (e.g.,
warming/bleaching, sea-level rise, ocean chemistry effects on calcifying
organisms).

* Query strategy: Use historically attuned terms likely used internally: “coral
reef,” “bleaching,” “reef damage,” “calcareous organisms,” “marine
calcification,” “carbonate precipitation,” “pH of seawater,” “carbonic acid,”
“C0O2 in oceans,” alongside company names (Exxon/Esso, Shell, BP, Chevron,
API).

* |teration: Start broad with semantic searches for passages; refine using the
language found in partially relevant hits; open key documents to extract
direct quotes and dates.

* Output: A short, sourced brief with direct quotations, dates, companies, and
document types, highlighting the earliest internal acknowledgments.

A couple of quick scoping questions:

* Any specific companies or time period you want me to prioritize?

* Should I include semi-internal materials (e.g., internal films or briefings
circulated within companies), or strictly memos/reports?

* Global scope, or particular reef regions of interest?

If this looks good, I'll begin the archival search.

User

Thank you. Please use a global scope, and include semi-internal materials along
with internal materials. You don't need to prioritize any time period or company.
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Clara

I'll start broad with historically attuned searches for "coral," "reef," "bleaching,"
"calcareous organisms," and "carbonate chemistry" within internal and semi-
internal fossil fuel documents, then open the most relevant hits to extract direct
quotes, dates, and company provenance. Proceeding now.

Semantic Search for Passages in Ucsf Fossil Fuel: Initial broad scan for coral reef mentions in
internal fossil fuel documents...

Starting with the broad internal climate documents returned, | will refine searches
to target explicit mentions of corals, reefs, bleaching, carbonate dissolution, and
“coral islands/atolls,” and then open the most pertinent items for direct quotations
and provenance.

Semantic Search for Passages in Ucsf Fossil Fuel: Refined search for explicit coral/reef
mentions in internal fossil fuel documents...

Scanning for additional internal and semi-internal fossil fuel documents that
explicitly mention corals, reefs, bleaching, atolls, and carbonate dissolution,
alongside company provenance and dates.

Semantic Search for Passages in Ucsf Fossil Fuel: Search for explicit ‘coral'/'reef' mentions
across internal fossil fuel docs...

Semantic Search for Passages in Ucsf Fossil Fuel: Search for Shell semi-internal film
mentioning coral reefs...

| will look beyond Shell for explicit mentions by Exxon, Mobil, BP, Chevron, and API
of impacts to corals/reefs (bleaching, dissolution, atolls), then open any promising
documents to extract dated, quotable passages.

Semantic Search for Passages in Ucsf Fossil Fuel: Company-targeted search for coral/reef
mentions...

I’'m focusing on identifying internal and semi-internal documents that explicitly
mention corals, reefs, atolls, or carbonate dissolution in the context of climate
change. | will refine searches around Exxon, Mobil, BP, Chevron, API for “coral/reef/
atoll/bleaching” language, and open promising documents for direct quotes and
dates.

Semantic Search for Passages in Ucsf Fossil Fuel: Search Exxon-linked documents for explicit
coral/reef mentions...

n u

| will now iterate targeted searches for terms like “bleaching,” “atoll,” and “reef” to
capture any additional internal mentions beyond Shell 1988 and Exxon Natuna,
and open those documents if found for precise quotes.

Semantic Search for Passages in Ucsf Fossil Fuel: Search for 'bleaching' mentions tied to
coral in internal fossil fuel documents...
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Here are the clearest internal/semi-internal acknowledgments | found where fossil
fuel companies linked climate change and ocean CO2 to harm to corals and reefs:

* Shell (CONFIDENTIAL internal report, 1988): Shell’'s “The Greenhouse Effect”
explicitly warned that ocean acidification from rising CO2 would dissolve
corals and could eliminate entire coral islands, and listed corals under
“Potential effects” of global warming on the oceans. Direct passages include:

o “lIf CO2 is added to the ocean surface, the pH decreases... CaCO3 is also
a major constituent of shells of calcareous organisms and corals...
Dissolution of shells and corals and subsequently local but massive
deaths of organisms on a local scale is therefore not unrealistic.” [The
Greenhouse Effect]

o “Acidification of seawater - ... dissolution of carbonate materials (shells,
corals and sediment) could be quite rapid and result in damage of
natural resources and of natural protection of shorelines, and
disappearance of complete coral islands.” [The Greenhouse Effect]

o In its “Implications” table: “Decrease in pH - Increasing tendency of
dissolution of carbonate shells (e.g. shellfish), corals and sediments.”
[The Greenhouse Effect]

* Exxon Research & Engineering (internal technical report on CO2 disposal,
undated circa late 1980s-early 1990s): In analyzing subsea CO2 “sparging,”
Exxon scientists detailed how added CO2 lowers seawater pH to levels where
aragonite (the coral skeletal mineral) dissolves, concluding such releases
would negatively impact seawater chemistry:

o “C0O2 in seawater is not inert; increasing the concentration of CO2
decreases pH... Reduction of 0.7 units to 7.6 pH allows calcium
carbonate in the aragonite form to begin to dissolve... sparging of large
amounts of CO2 does cause a negative impact in seawater by its affect
on pH.” [The Fate of CO2 from the Natuna Gas Project If Disposed By
Subsea Sparging]

o Figures note “Calcium carbonate is unsaturated and dissolves when pH
=< 7.4,” directly tying CO2-driven pH changes to carbonate dissolution
thresholds relevant to corals [The Fate of CO2 from the Natuna Gas
Project If Disposed By Subsea Sparging].

* Exxon (internal briefing slides to management, 1978): Exxon scientist James
F. Black’s greenhouse-effect briefing materials asked as a research priority,
“ARE SHALLOW WATER CARBONATES DISSOLVING,” alongside “RESPONSE OF
BIOTA TO CO2 INCREASE,” indicating early internal recognition that rising
CO2 threatened shallow-water carbonate systems (which include coral reefs).
[Letter and report to FG Turpin from JF Black regarding the review of the
Greenhouse Effect]

If helpful, | can keep digging for additional instances or for documents that use the
term “bleaching” explicitly (so far, the strongest internal texts focus on
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acidification-driven dissolution and sea-level/temperature effects rather than using
the bleaching term).

Citations

Letter and report to FG Turpin from JF Black regarding the review of
the Greenhouse Effect Vvalidated

Author: Exxon Research and Engineering Company, Black, JF | Date: 05-Jun-1978

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=xqwl0228

Relevant excerpts from the document:

Relevance: These verbatim lines show Exxon internal presentation slides explicitly listing 'ARE
SHALLOW WATER CARBONATES DISSOLVING' and 'RESPONSE OF BIOTA TO COz INCREASE' as
research priorities, supporting the assistant's statement that Exxon materials raised the
possibility that rising COz could threaten shallow-water carbonate systems (including corals) and
biota. The summary line about CO2 doubling and projected temperature increase documents
Exxon's internal recognition of the greenhouse risk and the timeframes considered.

Page(s): 32-34

7. ARE SHALLOW WATER CARBONATES DISSOLVING
8. RESPONSE OF BIOTA TO COz INCREASE

[Il. DOUBLING CO2 COULD INCREASE AVERAGE GLOBAL TEMPERATURE 1°C TO
3°CBY
2050 A.D. (10°C PREDICTED AT POLES),

The Fate of CO2 from the Natuna Gas Project If Disposed By Subsea
Sparging Validated

Author: Exxon Research and Engineering Company, Flannery, Brian P, Callegari, Andrew |, Nair,
Bahlin, Roberge, Wayne G

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=rrwl0228

Relevant excerpts from the document:

Relevance: Directly supports the assistant's claims that the Natuna report finds added CO2
lowers seawater pH, gives quantitative pH values and thresholds for aragonite dissolution,
describes affected region scales, and concludes subsea sparging causes negative local impacts —
all central to the assistant's statements.

Page(s): 24

CO2 in seawater is not inert; increasing the concentration of CO2

decreases PH (increases acidity). Present ambient conditions have pH = 8.3

in

our models. Reduction of 0.7 units to 7.6 pH allows calcium carbonate in the
aragonite form to begin to dissolve. Our models indicate that pH reductions

of one unit or more will affect regions of order 1000 km?. A tradeoff

occurs: if the vertical diffusion coefficient decreases, so that CO2 is

retained longer, then the concentration of CO2 at depth rises. Consequently,
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when the retention time increases, the impact associated with pH change
also

increases. Either the size of the affected region grows or the magnitude of
the pH change increases, or both.

We also estimated the peak local concentration of CO2 and associated
change in pH, based on advection dominated flow in the vicinity of the
sparger, where concentration changes maximize. Those estimates show
appreci-

able pH changes whenever flow speed falls below 50 cm s-1, which occurs
commonly. Furthermore, changes rise dramatically during stagnation events
when flow speed drops below 10 cm s-* which do occur occasionally.

Our conclusion is that sparging of CO2 offers little advantage over

direct atmospheric release of CO2, since the retention times is short in any
case, but that sparging of large amounts of CO2 does cause a negative
impact

in seawater by its affect on pH.

Relevance: Shows the chemical basis linking added CO2 to pH changes (the carbonate system
equations and total carbon definition) and explicitly states that key reactions depend on oceanic
pH — supporting the assistant's use of this document to argue that CO2 additions alter seawater
chemistry relevant to carbonate dissolution.

Page(s): 7,8, 9

Note that reactions (2.2) and (2.3) depend directly on the oceanic pH. The
equilibrium "constants" depend on temperature, pressure, and salinity.
For a given addition of CO2 to seawater we want to determine the
resultant change in pH and the partial pressure P(CO2). In general, we can
predict those quantities given the titration alkalinity TA, the temperature,
and the total amount of carbon TC, defined as

TC = [H2CO3] + [HCO3] + [co]

Titration alkalinity, a quantity measurable with high
precision, represents the net molar concentration of positive ions whose
abundance is not sensitive to pH. ... Thus, the titration alkalinity is:

TA = [HCOs] + 2[CO32~] + [H2BOs] + [OH"] - [H*] (2.8)

Relevance: Figure caption explicitly states a pH threshold for calcium carbonate dissolution ('pH
=< 7.4"), supporting the assistant's claim that the report quantifies thresholds at which coral/
carbonate mineral dissolution occurs.

Page(s): 28

FIGURE 3. Variation of P(CO2) and pH as a function of alkalinity TA and
total carbon tc (per unit volume) at a salinity of 35 0/00 and
temperature 20°C corresponding to bottom water at the Natuna
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site. Calcium carbonate is unsaturated and dissolves when pH
=< 7.4.

The Greenhouse Effect Vvalidated

Author: Shell Internationale Petroleum Maatschappij BV, United Nations Environment
Programme, Griffiths, MH | Date: 30-Apr-1988

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=khfl0228

Relevant excerpts from the document:

Relevance: Direct statement in the report linking CO2-driven seawater acidification to dissolution
of carbonate materials including corals and the potential disappearance of coral islands — this is
the primary passage supporting the assistant's claim that Shell's internal report warned
acidification could dissolve corals and damage coral islands.

Page(s): 28, 29

3. Acidification of seawater

- Dissolution of CaCO3 increases with a decreasing pH. Particularly in
shallow coastal areas, characterised by high concentration of
respiratory CO2 and a low pH, dissolution of carbonate materials
(shells, corals and sediment) could be quite rapid and result in damage
of natural resources and of natural protection of shorelines, and
disappearance of complete coral islands.

Relevance: Explains the chemical mechanism — that adding CO2 to the ocean lowers pH and
increases tendency for carbonate mineral dissolution, explicitly naming shells and corals and
noting that local 'massive deaths' are not unrealistic. This supports the assistant's citation of the
Shell report wording about dissolution and ecological harm.

Page(s): 15, 16

If CO2 is added to the ocean surface, the pH decreases and the tendency for
dissolution of carbonate minerals (e.qg. calcite and aragonite), either in
bottom sediments or suspended in the water column, increases, thereby
increasing both the alkalinity and the total DIC (see also Appendix 1).
However, CaCO3 is also a major constituent of shells of calcareous organisms
and corals. Particularly in near-shore areas these organisms will be exposed
to waters rich in CO2 and with a low pH. Dissolution of shells and corals

and subsequently local but massive deaths of organisms on a local scale is
therefore not unrealistic.

Relevance: From the 'Implications' section (table), this concise line states the anticipated biotic
consequence of decreased pH — dissolution of carbonate shells and corals — supporting the
assistant's use of the report as evidence that Shell listed corals among potential effects.
Page(s): 24

5. Decrease in pH Increasing tendency of dissolution of
carbonate shells (e.g. shellfish), corals and sediments.
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Relevance: Provides the underlying carbonate chemistry explanation: that adding CO2 shifts
equilibria, consumes carbonate ion, and increases tendency for CaCO3 dissolution. This underpins
the report's assertions about acidification causing carbonate (including coral) dissolution.
Page(s): 60, 61

If CO2 is added to the surface ocean, the pH decreases and the tendency
for CaCO3 dissolution increases. If this occurs, both the alkalinity (10)
and the total CO2 (9) increase.

User

Thank you. Could you build on these results and add any discussions you can find
of coral bleaching from increased sea temperatures?

Clara

Starting with targeted searches for explicit mentions of “coral bleaching,”
“bleaching of reefs,” and phrasing like “warm seas” or “increased sea
temperatures” affecting corals in internal/semi-internal fossil fuel documents, then
I’l open the most promising items for direct quotations and provenance.

Semantic Search for Passages in Ucsf Fossil Fuel: Search for explicit coral bleaching mentions
in internal fossil fuel documents...

I’m now searching for internal and semi-internal fossil fuel documents that
explicitly discuss coral bleaching linked to increased sea temperatures, prioritizing
Shell’s materials and any 1980s-1990s company reports/briefings. I'll refine and
open key documents for direct quotes and dates.

Semantic Search for Passages in Ucsf Fossil Fuel: Search for bleaching passages tied to
specific fossil fuel companies...

| will run targeted searches for explicit mentions of coral bleaching linked to
elevated sea temperatures in internal or semi-internal fossil fuel documents,
focusing on Shell’s 1991 film and any company reports/briefings from the late
1980s-1990s. Then I'll open the most relevant items to extract dated, quotable
passages and provenance.

Semantic Search for Passages in Ucsf Fossil Fuel: Search Shell 1991 film for coral/bleaching
mentions...

Searching internal and semi-internal fossil fuel documents for explicit mentions of
coral bleaching linked to higher sea temperatures, focusing first on Shell, Exxon,
BP, Chevron, API, IPIECA, and GCC. I'll open any promising items for direct quotes,
dates, and provenance.
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Semantic Search for Passages in Ucsf Fossil Fuel: Search Shell documents for explicit coral
bleaching mentions...

Reasoning: Plan to locate internal/semi-internal mentions of coral bleaching due to warming...

I’ll dig into Shell’s internal HSE note (1995) and Shell’s 1998 climate brochure for
any explicit links between warming and coral bleaching, and then broaden to other
company documents and conference materials already surfaced to extract dated,
quotable passages. Proceeding to open and search the Shell documents for “coral/
bleach/reef.”

Examining Documents Closely: Scan Shell 1995 HSE note for coral bleaching mentions...

I’'m scanning internal and semi-internal fossil fuel documents for explicit mentions

of coral bleaching tied to higher sea temperatures, prioritizing Shell’s 1988 internal
report and the 1995 HSE note, and verifying the 1988 conference proceedings that
attribute bleaching to “hot snaps.” I'll open key documents and query for “bleach/

bleaching/reef/coral/temperature/El Nifio.”

Examining Documents Closely: Search Shell 1988 internal report for coral bleaching/warming
mentions...

Searching across the archive for explicit mentions of coral bleaching linked to
elevated sea temperatures, including terms like “bleaching,” “hot snaps,” and “El
Nifio,” and targeting company/industry sources (Shell, Exxon, BP, Chevron, API,
IPIECA). Then I'll extract dated, quotable passages.

Semantic Search for Passages in Ucsf Fossil Fuel: Find explicit coral bleaching mentions
linked to warming/temperature in archive...

I’m going to target Shell’s 1998 “Climate Change - What does Shell think and do
about it?” brochure and other Shell materials for explicit references to coral
bleaching from warming, and also extract the 1988 conference passages that
attribute Caribbean bleaching to temperature “hot snaps.” I'll open the Shell 1998
document and search within for “coral/bleach/reef/temperature/El Nifio,” then
broaden to other company/industry materials.

Examining Documents Closely: Search Shell 1998 climate brochure for coral bleaching
mentions...

Scanning for additional company and industry documents that explicitly link
elevated sea temperatures to coral bleaching, beyond acidification/calcification. I'll
broaden passage searches for “bleaching,” “hot snaps,” “El Nifio,” “reef/coral,” and
then extract dated quotes from any Shell/Exxon/BP/Chevron/API/IPIECA/GCC
materials | can find.

Semantic Search for Passages in Ucsf Fossil Fuel: Broader search for explicit links between
warming and coral bleaching across archive...

I’m going to try a few more historically phrased searches for “reef” with
“temperature,” “thermal tolerance,” “El Nifio,” and “hot snaps” across Shell,
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Exxon, BP, and industry groups to capture any explicit internal/semi-internal
mentions of bleaching from heat stress. Then I'll extract quotable, dated passages.

Semantic Search for Passages in Ucsf Fossil Fuel: Shell internal/semi-internal mentions of
coral reefs and temperature/warming...

Here are the clearest discussions | can document in the archive explicitly linking
elevated sea temperatures to coral bleaching (building on the acidification/
calcification evidence we already gathered):

* Conference proceedings (1988): A chapter in the Second North American
Conference on Preparing for Climate Change discusses warming “hot snaps”
and coral bleaching. It notes: “the 1987 Caribbean coral bleaching event was
attributed to ‘hot snaps’ by some researchers (W. Richards, NOAA/NMFS,
personal communication)” and, in a 1.5°C warming scenario for the Wider
Caribbean, “Some corals will be affected (viz. the 1983 and 1987 bleaching
events)” [Second North American Conference on Preparing for Climate
Changel].

Notes

* The item above is a conference source (not a company-internal memo), but it
is contemporaneous (1988) and squarely attributes coral bleaching to
temperature spikes (“hot snaps”). | did not yet find an internal memo using
the word “bleaching” from Exxon, BP, Chevron, or Shell; the strongest
internal Shell/Exxon items we have so far concern carbonate dissolution and
reef integrity under acidification rather than bleaching per se.

Would you like me to keep digging specifically for:

* Shell’s semi-internal “Climate of Concern” film transcript (1991) and
late-1990s Shell climate briefings for any explicit “bleaching” language?

* Exxon/Esso/Imperial Oil internal environment/climate reviews from the late
1980s-1990s that might mention bleaching?

* IPIECA/API briefings around the 1997-98 El Nifio bleaching episode?

Citations

Second North American Conference on Preparing for Climate Change
Validated

Author: Unknown | Date: 05-Dec-1988
Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=pjfl0228

Relevant excerpts from the document:

Relevance: This paragraph explicitly links elevated short-term temperature extremes ('hot
shaps') to coral bleaching and is the source for the assistant's claim that the 1987 Caribbean
bleaching event was attributed by some researchers to such 'hot snaps.’ It supports the
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statement that conference proceedings (not company internal memos) contemporaneously
attributed bleaching to temperature spikes.
Page(s): 478, 479

Just as "cold snaps" can be devastating, so can "hot snaps", particularly
during early juvenile stages. Extrema in temperatures usually get averaged
out in climate analysis, but with increased temperature, the likelihood of "hot
snaps" increases; the 1987 Caribbean coral bleaching event was attributed to
"hot snaps" by some researchers (W. Richards, NOAA/NMFS, personal
communication).

Relevance: This excerpt states that a 1.5 °C warming scenario would affect some corals and
explicitly cites the 1983 and 1987 bleaching events as examples. It supports the assistant's
summary that the conference proceedings noted corals would be affected under modest warming
and referenced prior bleaching episodes.

Page(s): 478

In the tropics, marine organisms live closer to their maximum thermal
tolerance than those in more temperate climates. Although the 1.5 °C
temperature rise scenario would raise the summertime mean temperature to
30.5 °C over much of the Wider Caribbean Region, most migratory organisms
are expected to be able to tolerate such a change. Some corals will be
affected (viz. the 1983 and 1987 bleaching events), but it is expected that
other environmental stresses will be more important.

User

Thank you. Is it true that various fossil fuel companies sponsored the Second North
American Conference on Preparing for Climate Change? And yes, please keep
digging as you have suggested, thank you.

Clara

I will verify whether fossil fuel companies sponsored the 1988 Second North
American Conference by checking the front matter/acknowledgments for sponsor
lists. In parallel, I'll search for explicit mentions of coral bleaching due to warming
in semi-internal materials (Shell’s 1991 film/1998 brochure) and any industry group
documents (IPIECA/GCC). Proceeding to scan and open the most relevant
documents for direct quotations and dates.

Examining Documents Closely: Check sponsor/acknowledgment pages for fossil fuel company
Sponsors...

Searching the 1988 conference volume and related records for sponsor/
acknowledgment information, and simultaneously scanning the archive for explicit
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mentions of coral bleaching linked to higher sea temperatures in internal or
semi-internal industry documents.

Semantic Search for Passages in Ucsf Fossil Fuel: Find sponsor/acknowledgment information
for 1988 Second North American Conference...

Searching the conference proceedings for explicit sponsor listings and, in parallel,
scanning the archive for explicit “coral bleaching” mentions (bleach/bleaching/El
Nifio/temperature) in internal or semi-internal industry documents.

Semantic Search for Passages in Ucsf Fossil Fuel: Find explicit mentions of coral bleaching
linked to warming in industry documents...

Scanning the 1988 conference proceedings for a named sponsor list, while also
opening Shell materials to check for explicit coral bleaching mentions linked to
warming. Running targeted archive searches for Shell’s “Climate of Concern” and
other industry mentions of bleaching and El Nifo.

Examining Documents Closely: Extract named sponsors from the 1988 Second North American
Conference proceedings...

Searching for explicit named sponsors in the 1988 conference proceedings and, in
parallel, hunting for explicit mentions of coral bleaching due to warming in internal/
semi-internal industry materials (Shell film/brochures; BP, Exxon, Chevron, API/
IPIECA/GCC documents). I'll extract quotable passages with dates and provenance.

Semantic Search for Passages in Ucsf Fossil Fuel: Locate explicit sponsor list text in 1988
conference proceedings...

I’'m checking whether fossil fuel companies sponsored the 1988 Second North
American Conference by extracting the named co-sponsors from the proceedings,
and in parallel I'm scanning Shell’s semi-internal materials for explicit references to
coral bleaching linked to sea-temperature rise.

Semantic Search for Passages in Ucsf Fossil Fuel: Locate Shell 1991 film references to coral
bleaching...

I’'m verifying sponsor names in the 1988 conference proceedings and, in parallel,
probing Shell and industry materials for explicit “coral bleaching” references tied
to higher sea temperatures (Shell 1995 HSE note; Shell 1998 brochure; IPIECA;
GCC). Proceeding to open and query those documents for “bleach/coral/reef/El
Nifo/temperature.”

Examining Documents Closely: Scan Shell 1995 HSE note for 'bleach’, 'coral’, 'reef', 'El Nifo'...

Searching the conference proceedings to confirm named fossil-fuel sponsors, while
also scanning industry documents for explicit mentions of coral bleaching linked to
warming (Shell film/brochures; Exxon, BP, Chevron; IPIECA/API/GCC; 1997-98 El
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Nifio). I'll extract quotable, dated passages with provenance. Here’'s what | can
document on both points:

1. Sponsorship of the 1988 Second North American Conference on Preparing for
Climate Change

* Yes. The proceedings list named co-sponsors that include fossil-fuel
companies and trade associations. The title-page “CO-SPONSORS” list
explicitly includes American Petroleum Institute and Texaco, Inc., along with
the American Gas Association (plus other corporate and institutional
sponsors) [Second North American Conference on Preparing for Climate
Changel. The proceedings also state the event sought “broad-based
sponsorship,” specifying counts of corporate and trade-association sponsors;
they credit Geneva Steel’s early support for helping build this sponsor base
[Second North American Conference on Preparing for Climate Change].

1. Additional evidence explicitly linking warmer seas to coral bleaching in
industry-linked materials

* The 1988 conference proceedings themselves (co-sponsored by APl and
Texaco) discuss bleaching tied to temperature spikes. In the Wider Caribbean
chapter: “the 1987 Caribbean coral bleaching event was attributed to ‘hot
snaps’ by some researchers (W. Richards, NOAA/NMFS, personal
communication)” and under a 1.5°C warming scenario, “Some corals will be
affected (viz. the 1983 and 1987 bleaching events)” [Second North American
Conference on Preparing for Climate Change].

Notes and next steps

* Within the UCSF Fossil Fuel archive, explicit “coral bleaching” phrasing so far
appears in the 1988 conference volume; internal Shell/Exxon materials we’ve
surfaced to date emphasize carbonate dissolution/reef integrity under
acidification rather than using “bleaching” language.

* | will continue targeted digging for:

o Shell’s semi-internal film “Climate of Concern” (1991) transcript or
companion text for explicit mentions of coral bleaching from warming.

o Late-1990s Shell climate brochures/briefings for bleaching language tied
to El Nifio/sea-temperature anomalies.

o Exxon, BP, Chevron internal environment/climate reviews (late 1980s-
1990s) referencing bleaching.

o IPIECA/API/GCC documents around the 1997-98 El Nifio that mention
mass bleaching.

If you’'d like, | can prioritize one of those streams first.

Citations
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Second North American Conference on Preparing for Climate Change
Validated

Author: Unknown | Date: 05-Dec-1988
Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=pjfl0228

Relevant excerpts from the document:

Relevance: Direct, named listing of the conference co-sponsors showing that fossil-fuel industry
organizations (American Petroleum Institute, Texaco) and a trade association (American Gas
Association) were co-sponsors.

Page(s): A-2

CO-SPONSORS

GENEVA STEEL

GE FOUNDATION

THE WILLIAM BINGHAM FOUNDATION

AT&T

AMERICAN GAS ASSOCIATION

AMERICAN PETROLEUM INSTITUTE

MOTOR VEHICLE MANUFACTURERS ASSOCIATION
EBASCO SERVICES, INC.

TEXACO, INC.

WORLD RESOURCES INSTITUTE

NATIONAL PARKS AND CONSERVATION ASSOCIATION
NATIONAL AUDUBON SOCIETY

WOODS HOLE RESEARCH CENTER

ATLANTIC CITY ELECTRIC COMPANY

PPG FOUNDATION

U.S. ENVIRONMENTAL PROTECTION AGENCY

U.S. DEPARTMENT OF ENERGY

NATIONAL CLIMATE PROGRAM OFFICE

NATIONAL OCEANIC & ATMOSPHERIC ADMINISTRATION
U.S. FOREST SERVICE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NATIONAL SCIENCE FOUNDATION

Relevance: States the conference sought "broad-based sponsorship" and enumerates the mix of
sponsors (including corporations and trade associations), supporting the assistant's claim that
corporate and industry sponsors were involved.

Page(s): 28, 29

Each of these meetings and other more specialized past and projected
meetings on implications of climate change for fisheries, wildlife,
infrastructure, private sector investment, air quality management, the
Chesapeake Bay and the Arctic have sought to foster broad-based
sponsorship and participation. Development of an effective global response
to the challenges posed by rapid climate change will require unprecedented
cooperation among nations and various sectors of society. Joining in the
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sponsorship of the Second North American Conference on Preparing for
Climate Change were six corporations, two corporate foundations, three trade
associations, an independent foundation, two national environmental groups,
two environmental research institutes, six U.S. government agencies and the
Canadian Climate Program.

Relevance: Explicit mention in the proceedings linking a 1987 Caribbean coral bleaching event
to temperature "hot snaps," which supports the assistant's statement that the conference volume
discussed bleaching tied to temperature spikes.

Page(s): 478, 479

Tropical fish eggs hatch very quickly (12-48 hours) and development is
associated with temperature. Just as "cold snaps" can be devastating, so can
"hot snaps", particularly during early juvenile stages. Extrema in
temperatures usually get averaged out in climate analysis, but with increased
temperature, the likelihood of "hot snaps" increases; the 1987 Caribbean
coral bleaching event was attributed to "hot snaps" by some researchers (W.
Richards, NOAA/NMFS, personal communication).

Relevance: Additional passage from the same regional chapter noting that a 1.5 °C warming
scenario would affect some corals and explicitly cites the 1983 and 1987 bleaching events,
reinforcing the point that the proceedings discuss bleaching in the context of warming.
Page(s): 478

In the tropics, marine organisms live closer to their maximum thermal
tolerance than those in more temperate climates. Although the 1.5 °C
temperature rise scenario would raise the summertime mean temperature to
30.5 °C over much of the Wider Caribbean Region, most migratory organisms
are expected to be able to tolerate such a change. Some corals will be
affected (viz. the 1983 and 1987 bleaching events), but it is expected that
other environmental stresses will be more important.

User

Thank you. Can you continue targeted digging as you suggest, as a final search?

Clara

Reasoning: Plan final targeted search: Shell film/brochures; Exxon/BP/Chevron; IPIECA/API/GCC
(1997-98) for explicit coral bleaching linked to warming; extract direct quotes with URLs...

I’m running targeted searches for explicit “coral bleaching” and warming/El Nifio
references in company and industry documents (Shell film/brochures; IPIECA/API/
GCC; Exxon/BP/Chevron/Texaco), then I'll open any promising items to extract
dated, verbatim quotes with provenance.
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Semantic Search for Passages in Ucsf Fossil Fuel: Search archive for explicit coral bleaching
mentions...

I’m now narrowing the search to Shell’s semi-internal materials (1991 film and
late-1990s brochures), plus IPIECA/API/GCC and company documents (Exxon/BP/
Chevron/Texaco) for explicit “coral bleaching” linked to warming/El Nifio. I'll open
anything promising to extract dated quotes with provenance.

Semantic Search for Summaries in Ucsf Fossil Fuel: Find Shell 1991 film transcript or
summary with coral/bleaching mentions...

I’m now executing a final targeted sweep for explicit “coral bleaching” language
tied to warmer seas/El Nifio in Shell semi-internal materials and industry groups
(IPIECA/API/GCC), plus Exxon/BP/Chevron/Texaco documents. I'll open any strong
candidates and extract dated, verbatim quotes with provenance.

Semantic Search for Passages in Ucsf Fossil Fuel: Archive-wide passages: explicit coral
bleaching linked to warming/El Nifio...

Searching for explicit coral bleaching mentions and warming/El Nifio links in Shell,
IPIECA, GCC, API, Exxon, BP, Chevron, and Texaco materials, and for Shell’s 1991
film transcript.

Semantic Search for Passages in Ucsf Fossil Fuel: Passages: Shell docs coral/reef/
temperature/bleaching...

I’'m opening Shell’s 1998 climate brochure and mid-1990s Shell briefs to search for
“bleach/bleaching/coral/reef,” and in parallel I'm scanning for IPIECA, GCC, Exxon,
BP, Chevron, and Texaco documents that explicitly mention coral bleaching linked
to warming or El Nifo.

Examining Documents Closely: Search within Shell 1998 climate brochure for coral/bleaching
mentions...

I’m scanning Shell, IPIECA, and GCC documents and company briefs for explicit
“coral/bleach/reef/El Nino/temperature” mentions, opening the most promising
items to extract verbatim, dated passages.

Examining Documents Closely: Scan Shell management briefs for coral/bleaching...

I’'m scanning likely company/industry documents for explicit “coral/bleach/reef/El
Nifo/temperature” language and opening them to extract dated quotes and
provenance. Proceeding to query several Shell, Imperial/Exxon, IPIECA, and GCC
documents in parallel.

Examining Documents Closely: Imperial Oil/Exxon (Apr 1991): search for coral/bleaching...

Searching across the archive for explicit “coral bleaching” mentions tied to
warming/El Nifio within Shell, IPIECA, API, Exxon, BP, Chevron, and Texaco
materials, prioritizing internal or semi-internal provenance. I'll refine based on any
language | find and extract verbatim, dated passages.
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Semantic Search for Passages in Ucsf Fossil Fuel: Shell semi-internal film/documents: explicit
coral bleaching mentions...

I’m running a final, focused set of lookups in industry/association materials for
explicit “coral bleaching” tied to warming/El Nifio, prioritizing IPIECA/API/GCC and
any company reports in the archive, and opening them to extract verbatim, dated
quotes with provenance.

Examining Documents Closely: IPIECA COP2 (1996) report: search for coral bleaching/warming
mentions...

I’m going to run a couple more targeted searches for “coral/reef/bleaching/El Nifio/
temperature” within IPIECA and API materials to see if any industry association
documents explicitly link warmer seas to coral bleaching, and I'll also probe for
additional passages in the 1988 proceedings that discuss coral thermal limits.

Semantic Search for Passages in Ucsf Fossil Fuel: IPIECA materials: search for explicit coral
bleaching/temperature mentions...

Here’s what turned up in a final targeted sweep for explicit links between warmer
seas (including El Nifo-related warming) and coral bleaching in industry-linked
materials:

* Industry co-sponsored proceedings (1988): The Second North American
Conference on Preparing for Climate Change (co-sponsors included American
Petroleum Institute and Texaco) explicitly connects temperature spikes to
coral bleaching. It reports that “the 1987 Caribbean coral bleaching event
was attributed to ‘hot snaps’ by some researchers,” and, under a 1.5 °C
warming scenario for the Wider Caribbean, notes “Some corals will be
affected (viz. the 1983 and 1987 bleaching events)” [Second North American
Conference on Preparing for Climate Change]. The same volume also flags a
thermal survival threshold: “One impact in the Caribbean could be on coral
reefs, since many coral populations are unable to survive if water
temperatures rise above 30°C” [Second North American Conference on
Preparing for Climate Changel.

* Context on sponsorship: The proceedings’ front matter lists industry
sponsors, including American Petroleum Institute and Texaco, alongside other
organisations [Second North American Conference on Preparing for Climate
Changel].

* Shell and Exxon materials (cross-check): In this archive, | did not locate
internal Shell/Exxon documents that explicitly use the term “bleaching.” Their
clearest internal acknowledgments regarding reefs focus on ocean CO2/
acidification and carbonate dissolution affecting corals and even
“disappearance of complete coral islands” (Shell, 1988) and on aragonite
dissolution thresholds under CO2 additions (Exxon Natuna study) [The
Greenhouse Effect; The Fate of CO2 from the Natuna Gas Project If Disposed
By Subsea Sparging].
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* Industry associations (scan for bleaching wording): | did not find explicit
“coral bleaching” language in the Global Climate Coalition/
industry-association documents retrieved here; the items located emphasize
El Nifio climatology and argue against links to anthropogenic warming rather
than discussing reef impacts [State of the Climate Report; Global Climate
Coalition - various overview documents; UN Launches International Climate
Change Bureaucracy].

If you'd like, | can now compile these into a short, date-ordered brief that pairs the
bleaching references (temperature “hot snaps,” 30°C threshold, 1983/1987
events) with the earlier acidification/internal reef-impact acknowledgments by
Shell and Exxon.

Citations

The Fate of CO2 from the Natuna Gas Project If Disposed By Subsea
Sparging Validated

Author: Exxon Research and Engineering Company, Flannery, Brian P, Callegari, Andrew J, Nair,
Bahlin, Roberge, Wayne G

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=rrwl0228

Relevant excerpts from the document:

Relevance: Directly supports the assistant's claim that the Exxon Natuna study modelled CO2
additions to seawater and concluded they lower pH enough to begin dissolving aragonite (calcium
carbonate) and that sizable areas could be affected; also supports the conclusion that sparging
large amounts of CO2 causes negative seawater impacts via pH change.

Page(s): 24

CO2 in seawater is not inert; increasing the concentration of CO2

decreases PH (increases acidity). Present ambient conditions have pH = 8.3
in

our models. Reduction of 0.7 units to 7.6 pH allows calcium carbonate in the
aragonite form to begin to dissolve. Our models indicate that pH reductions
of one unit or more will affect regions of order 1000 km?2. A tradeoff

occurs: if the vertical diffusion coefficient decreases, so that CO2 is

retained longer, then the concentration of CO2 at depth rises. Consequently,
when the retention time increases, the impact associated with pH change
also

increases. Either the size of the affected region grows or the magnitude of
the pH change increases, or both.

We also estimated the peak local concentration of CO2 and associated
change in pH, based on advection dominated flow in the vicinity of the
sparger, where concentration changes maximize. Those estimates show
appreci-

able pH changes whenever flow speed falls below 50 cm s-1, which occurs
commonly. Furthermore, changes rise dramatically during stagnation events
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when flow speed drops below 10 cm s-* which do occur occasionally.

Our conclusion is that sparging of CO2 offers little advantage over

direct atmospheric release of CO2, since the retention times is short in any
case, but that sparging of large amounts of CO2 does cause a negative
impact

in seawater by its affect on pH.

Relevance: Provides a concise, explicit threshold used in the report linking pH values to calcium
carbonate dissolution (supporting the assistant's reference to aragonite dissolution thresholds in
the Exxon document).

Page(s): 28

FIGURE 3. Variation of P(COz) and pH as a function of alkalinity TA and
total carbon tc (per unit volume) at a salinity of 35 0/00 and
temperature 20°C corresponding to bottom water at the Natuna

site. Calcium carbonate is unsaturated and dissolves when pH

< 7.4.

Relevance: Shows the report's chemical framework tying CO2 additions to changes in pH and
carbonate speciation (the mechanistic basis for the conclusions about dissolution and ecosystem
effects), supporting the assistant's use of this document as evidence of Exxon modelling ocean
chemistry effects of CO2.

Page(s): 7,8, 9

Note that reactions (2.2) and (2.3) depend directly on the oceanic pH. The
equilibrium "constants" depend on temperature, pressure, and salinity.

For a given addition of CO2 to seawater we want to determine the

resultant change in pH and the partial pressure P(COz). In general, we can
predict those quantities given the titration alkalinity TA, the temperature,
and the total amount of carbon TC, defined as

TC = [H2CO3] + [HCO3] + [co]

(2.7)

TC measures carbon concentration per unit mass, occasionally we also
reference

carbon abundance with respect to volume, tc pTC, where the density of sea-
water is 1.025 gm cm-3. At Natuna a typical value for TC is 1930 umole kg-1
or 1.98 moles m-3. Titration alkalinity, a quantity measurable with high
precision, represents the net molar concentration of positive ions whose
abundance is not sensitive to pH.

Global Climate Coalition - various overview documents Validated

Author: GCC, Global Climate Coalition | Date: 31-Dec-1995
Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=yggl0228

Relevant excerpts from the document:
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Relevance: This paragraph was used to support the assistant's claim that Global Climate
Coalition materials emphasize El Nifio climatology and argue against a link between
anthropogenic global warming and more frequent/severe El Nifios. It directly states the
organization's position denying evidence for warming-driven changes in El Nifio behavior, which
explains why the assistant characterized GCC documents as focusing on El Nifio climatology
rather than reef impacts.

Page(s): 77

May-.64° above average
July-.55° above average

* There is no evidence that global warming makes for more frequent or more
severe *El Ninos*. A thousand years ago, when temperatures were warmer
than today, studies indicate that *El Nifos* virtually disappeared.

The Greenhouse Effect Validated

Author: Shell Internationale Petroleum Maatschappij BV, United Nations Environment
Programme, Griffiths, MH | Date: 30-Apr-1988

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=khfl0228

Relevant excerpts from the document:

Relevance: Direct evidence that the document discusses ocean acidification impacts on corals,
including an explicit phrase on disappearance of coral islands — supports the assistant's claim
that Shell noted acidification-driven coral damage (but did not use 'bleaching').

Page(s): 28, 29

3. Acidification of seawater

- Dissolution of CaCO3 increases with a decreasing pH. Particularly in shallow
coastal areas, characterised by high concentration of respiratory CO2 and a
low pH, dissolution of carbonate materials (shells, corals and sediment) could
be quite rapid and result in damage of natural resources and of natural
protection of shorelines, and disappearance of complete coral islands.

Relevance: Explains the mechanism linking added CO2 to decreased pH and consequent CaCO3
dissolution, and explicitly states that dissolution of shells and corals and subsequent local mass
deaths is "not unrealistic" — this underpins the assistant's point about Shell describing
acidification risks to corals.

Page(s): 15, 16

If CO2 is added to the ocean surface, the pH decreases and the tendency for
dissolution of carbonate minerals (e.g. calcite and aragonite), either in
bottom sediments or suspended in the water column, increases, thereby
increasing both the alkalinity and the total DIC (see also Appendix 1).
However, CaCO3 is also a major constituent of shells of calcareous organisms
and corals. Particularly in near-shore areas these organisms will be exposed
to waters rich in CO2 and with a low pH. Dissolution of shells and corals and
subsequently local but massive deaths of organisms on a local scale is
therefore not unrealistic.
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Relevance: Provides additional chemical context about CaCO3 solubility and the effect of added
CO2 on pH and carbonate chemistry, supporting the technical basis for Shell's statements about
coral and shell dissolution.

Page(s): 60, 61

The principal forms of CaCO3 in the ocean are calcite and aragonite, which
are secreted by calcareous organisms to form their shells. Surface seawater
is supersaturated with respect to both calcite and aragonite. The solubility of
CaCO3 increases with increasing pressure, decreasing temperature and
increasing pH; thus, the deep ocean is undersaturated and dissolution of
CaCO3 occurs there.

If CO2 is added to the surface ocean, the pH decreases and the tendency for
CaCO03 dissolution increases.

Relevance: Concise statement in the document's impacts summary linking decreased pH to
increased dissolution of carbonate shells, corals and sediments — used to justify the assistant's
summary that Shell emphasized acidification-driven reef impacts.

Page(s): 24

5. Decrease in pH Increasing tendency of dissolution of carbonate shells (e.qg.
shellfish), corals and sediments.

State of the Climate Report Vvalidated
Author: Michaels, Patrick J, Spencer, Roy W, Davis, Robert E, Idso, Craig D, Moore, Thomas Gale |
Date: 31-Dec-1998

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=ptw|0228

Relevant excerpts from the document:

Relevance: Shows the report's framing that El Nifio is a natural phenomenon and distinguishes it
from human-induced global warming — supporting the assistant's claim that the document
emphasizes El Nifio rather than attributing the 1998 warming to anthropogenic greenhouse
forcing.

Page(s): 6

EL NINO VS. GREENHOUSE WARMING

Judging from the conflation of EI Nifio and
human-induced global warming, you might
think the two were one and the same, or maybe
even, as Vice President Al Gore intimated, that
one caused the other.

Like many of his reaches, there was a bit of
truth in the stretch, but only a bit. Global warm-
ing didn't cause El Nifio in any appreciable
sense, but the two were related: It was a very
good El Nifo year, and it was a very, very
warm year.

El Nifio is natural. Just because scientists dis-
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cover something, or because we, as taxpayers,
shell out tens of millions of dollars to research
something, does *not* mean that something new
has happened. Chemicals existed before
chemists, DNA existed before its discovery won

a Nobel Prize, and El Niflo ebbed and flowed

long before the first climatologist was born.

Relevance: Explicitly attributes the 1998 warming spike to El Nifio rather than 'global warming'
and asserts confidence in that attribution — directly supporting the assistant's summary that the
report argued the 1998 warmth was El Nifio-driven, not anthropogenic.

Page(s): 6

As our daily satellite data show (Figure 2),

the lower atmospheric temperature peaked
around April, and was in rapid decline

through the rest of the year. As of this writing
(mid-March 1999) it continues to head south
faster than an Internet stock with a bad
earnings report.

We're totally confident that 1998's big warming
spike was a result of El Nifo, and not dreaded
"global warming"—that is, a human product. We
know because the stratosphere tells us so.

Relevance: Describes the 1997-1998 El Nifio as a major climate event and notes that most of
the warmth was in the tropics — providing context for why the report emphasized El Nifio's role in
the 1998 temperature anomalies (relevant to the assistant's point about industry materials
focusing on El Nifo).

Page(s): 14

The 1997-1998 El Nifio was a major climate
event, and its effect on temperature was evident
in both the surface and the satellite measure-
ments. It was unusual both in its strength and

in that there was no major volcanic eruption to
mask its warming influence. Indeed, the past
coincidence between volcanic eruptions and

El Nifo was so frequent that at least one climate
researcher has been advocating the position
that volcanoes cause El Nifios to occur.

Figure 2 shows the global distribution of

1998 temperature anomalies, revealing that, as
expected for an El Nifo, most of the warmth
was found in the tropics.
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Relevance: Roy Spencer's contribution explicitly ties the 1998 satellite temperature peak to El
Nifio, quantifies the long-term satellite trend as small, and questions reliance on climate models
— supporting the assistant's characterization that the document downplays anthropogenic
warming's role in the 1998 spike.

Page(s): 11, 12,13

1998's WARMTH BEARS THE MARK OF EL NINO
BY ROY W. SPENCER, PH.D.

Following the surface thermometer record's lead, the satellite
global temperature record reached its own historical high in 1998.

As the most recent El Nifio waned, the excess heat that built up

at the sea surface in the tropics during 1997 was transferred at an
accelerated rate to the deep troposphere, where satellites make
temperature measurements by observing fluctuations in the amount of
microwave radiation oxygen molecules emit. The satellites observed the peak
temperature in early 1998 and saw it slowly decrease to

near-normal values by the end of the year (Figure 1). The average
long-term trend for the period 1979-1998 now stands at +0.05°C per
decade, which is about one-fourth of what the global warming theory
of the United Nations Intergovernmental Panel on Climate Change
(IPCC) predicts for the next 100 years.

UN Launches International Climate Change Bureaucracy Validated

Author: Global Climate Coalition, GCC, Shlaes, John | Date: 26-Jun-1995
Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=tpfl0228

Relevant excerpts from the document:

Relevance: Supports the assistant's statement that the document downplays anthropogenic
warming (cites small projected warming, satellite 'cooling' finding) and concludes there is no
scientific justification for punitive CO2 policies.

Page(s): 3

A variety of evidence based on this record shows that temperature increases
produced in the 21st century by man-made greenhouse gases will be
relatively minor and indistinguishable from natural fluctuations of climate.
Instead of the expected warming trend of 0.3 degrees Celsius/decade
predicted by computer simulations of the greenhouse effect, satellite data
show a slight cooling trend of -0.06 degrees Celsius/decade for the 16 year
interval 1979-1994. ... The authors also suggest that "sufficient evidence has
been accumulated on the small size of the man-made greenhouse effect to
make it plain that no scientific justification currently exists for economically
punishing policies aimed at global reductions in the emission of carbon
dioxide."
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Relevance: Supports the assistant's statement that the document highlights El Nifio climatology
and presents non-anthropogenic explanations (deep-sea/volcanic heating) for El Nifio-related
warming.

Page(s): 3

Dr. Daniel A. Walker, a geophysicist at the University of Hawaii, believes
erupting lava between tectonic plates heats the overlying Pacific Ocean,
which in turn affects surface waters in such a way as to bring on El Nifo. To
date, scientists have been mystified about the cause of El Niflo. They do
know, however, that the phenomenon is a warming of surface waters in the
eastern Pacific. This warming is brought by trade winds that normally travel
westward, but then reverse themselves and cause warm Pacific waters to
flow eastward toward South America.

Second North American Conference on Preparing for Climate Change
Validated

Author: Unknown | Date: 05-Dec-1988
Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=pjfl0228

Relevant excerpts from the document:

Relevance: Provides an explicit temperature threshold linking warming to coral survival (used to
support the assistant's claim about a ~30°C thermal limit for many corals).
Page(s): 104

One impact in the Caribbean could be on coral reefs, since many coral
populations are unable to survive if water temperatures rise above 30°C16.

Relevance: Directly attributes the 1987 Caribbean coral bleaching event to short-term
temperature spikes ('hot snaps'), matching the assistant's note that the proceedings explicitly link
bleaching to warming/El Nifio-related 'hot snaps'.

Page(s): 478, 479

Just as "cold snaps" can be devastating, so can "hot snaps", particularly
during early juvenile stages. Extrema in temperatures usually get averaged
out in climate analysis, but with increased temperature, the likelihood of "hot
snaps" increases; the 1987 Caribbean coral bleaching event was attributed to
"hot snaps" by some researchers (W. Richards, NOAA/NMFS, personal
communication).

Relevance: Places the bleaching events (1983 and 1987) in the context of a regional warming
scenario (1.5 °C) and gives the expected summertime mean (30.5 °C), supporting the assistant's
statement about modeled warming and its relation to bleaching.

Page(s): 478

Although the 1.5 °C temperature rise scenario would raise the summertime
mean temperature to 30.5 °C over much of the Wider Caribbean Region,
most migratory organisms are expected to be able to tolerate such a change.
Some corals will be affected (viz. the 1983 and 1987 bleaching events), but it
is expected that other environmental stresses will be more important.
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Relevance: Shows the conference's co-sponsorship list including industry organizations
(American Petroleum Institute and Texaco), supporting the assistant's claim that the proceedings
were industry-sponsored or industry-supported.

Page(s): 29, 30

CO-SPONSORS

GENEVA STEEL

GE FOUNDATION

THE WILLIAM BINGHAM FOUNDATION

AT&T

AMERICAN GAS ASSOCIATION

AMERICAN PETROLEUM INSTITUTE

MOTOR VEHICLE MANUFACTURERS ASSOCIATION
EBASCO SERVICES, INC.

TEXACO, INC.

WORLD RESOURCES INSTITUTE

NATIONAL PARKS AND CONSERVATION ASSOCIATION
NATIONAL AUDUBON SOCIETY

WOODS HOLE RESEARCH CENTER

ATLANTIC CITY ELECTRIC COMPANY

PPG FOUNDATION

U.S. ENVIRONMENTAL PROTECTION AGENCY

U.S. DEPARTMENT OF ENERGY

NATIONAL CLIMATE PROGRAM OFFICE

NATIONAL OCEANIC & ATMOSPHERIC ADMINISTRATION
U.S. FOREST SERVICE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NATIONAL SCIENCE FOUNDATION

User

Thank you. Yes, please compile into the date-ordered brief.

Clara

Here is a concise, date-ordered brief pairing internal/semi-internal
acknowledgments of reef impacts with explicit discussions of coral bleaching from
warmer seas:

* 1978 — Exxon Research & Engineering (internal briefing to management)

o Exxon scientist James F. Black flagged shallow-water carbonate
vulnerability and biotic responses as research priorities: “ARE SHALLOW
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WATER CARBONATES DISSOLVING ... RESPONSE OF BIOTA TO CO2
INCREASE” [Letter and report to FG Turpin from JF Black regarding the
review of the Greenhouse Effect].
* 30 Apr 1988 — Shell (CONFIDENTIAL internal report, “The Greenhouse
Effect”)

o Shell warned that adding CO2 to the ocean lowers pH and increases
dissolution of carbonate minerals, explicitly naming corals and potential
“local but massive deaths”: “If CO2 is added to the ocean surface, the
pH decreases ... CaCO3 is also a major constituent of shells of
calcareous organisms and corals ... Dissolution of shells and corals and
subsequently local but massive deaths of organisms on a local scale is
therefore not unrealistic.” [The Greenhouse Effect].

o Shell anticipated shoreline protection loss and whole-island impacts:
“Acidification of seawater - ... dissolution of carbonate materials (shells,
corals and sediment) could be quite rapid ... and disappearance of
complete coral islands.” [The Greenhouse Effect].

o Summary implication: “Decrease in pH - Increasing tendency of
dissolution of carbonate shells (e.g. shellfish), corals and sediments.”
[The Greenhouse Effect].

* 5 Dec 1988 — Second North American Conference on Preparing for Climate
Change (proceedings co-sponsored by industry)

o Sponsors included American Petroleum Institute and Texaco, Inc.,
among others (“CO-SPONSORS ... AMERICAN PETROLEUM INSTITUTE ...
TEXACO, INC.”), confirming fossil-fuel industry backing [Second North
American Conference on Preparing for Climate Changel.

o The proceedings explicitly linked warmer seas to coral bleaching: “the
1987 Caribbean coral bleaching event was attributed to ‘hot snaps’ by
some researchers (W. Richards, NOAA/NMFS, personal communication).
[Second North American Conference on Preparing for Climate Change].

o They also identified a thermal threshold: “One impact in the Caribbean
could be on coral reefs, since many coral populations are unable to
survive if water temperatures rise above 30°C” [Second North American
Conference on Preparing for Climate Change].

o And they referenced prior bleaching under modest warming scenarios:
“Some corals will be affected (viz. the 1983 and 1987 bleaching
events)” under a 1.5°C warming scenario for the Wider Caribbean
[Second North American Conference on Preparing for Climate Change].

* Late 1980s-early 1990s (undated) — Exxon Research & Engineering (internal
technical study, Natuna CO2 subsea “sparging”)

n

o Exxon quantified how added CO2 lowers seawater pH to levels where
coral aragonite dissolves: “Reduction of 0.7 units to 7.6 pH allows
calcium carbonate in the aragonite form to begin to dissolve ... sparging
of large amounts of CO2 does cause a negative impact in seawater by
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its affect on pH.” Figure caption: “Calcium carbonate is unsaturated and
dissolves when pH = 7.4.” [The Fate of CO2 from the Natuna Gas Project
If Disposed By Subsea Sparging].

Taken together, these sources show:

* Internal corporate recognition (Exxon 1978; Shell 1988; Exxon Natuna study)
that rising CO2 would harm coral reef carbonates via ocean chemistry
changes.

* Industry-co-sponsored conference proceedings (1988) explicitly attributing
coral bleaching to elevated sea temperatures/“hot snaps,” noting a ~30°C
survival threshold and citing the 1983 and 1987 bleaching events [Letter and
report to FG Turpin from JF Black regarding the review of the Greenhouse
Effect; The Greenhouse Effect; Second North American Conference on
Preparing for Climate Change; The Fate of CO2 from the Natuna Gas Project If
Disposed By Subsea Sparging].

Citations

The Fate of CO2 from the Natuna Gas Project If Disposed By Subsea
Sparging Validated

Author: Exxon Research and Engineering Company, Flannery, Brian P, Callegari, Andrew J, Nair,
Bahlin, Roberge, Wayne G

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=rrwl0228

Relevant excerpts from the document:

Relevance: Directly supports the assistant's claim that the Exxon Natuna study quantified pH
reductions from added CO2, identified pH thresholds for carbonate dissolution, and concluded
that large CO2 sparging would negatively affect seawater pH.

Page(s): 24

CO2 in seawater is not inert; increasing the concentration of CO2 decreases
PH (increases acidity). Present ambient conditions have pH = 8.3 in our
models. Reduction of 0.7 units to 7.6 pH allows calcium carbonate in the
aragonite form to begin to dissolve. Our models indicate that pH reductions of
one unit or more will affect regions of order 1000 km?2. A tradeoff occurs: if
the vertical diffusion coefficient decreases, so that CO2 is retained longer,
then the concentration of CO2 at depth rises. Consequently, when the
retention time increases, the impact associated with pH change also
increases. Either the size of the affected region grows or the magnitude of
the pH change increases, or both.

We also estimated the peak local concentration of CO2 and associated
change in pH, based on advection dominated flow in the vicinity of the
sparger, where concentration changes maximize. Those estimates show
appreciable pH changes whenever flow speed falls below 50 cm s-1, which
occurs commonly. Furthermore, changes rise dramatically during stagnation
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events when flow speed drops below 10 cm s-* which do occur occasionally.

Our conclusion is that sparging of CO2 offers little advantage over direct
atmospheric release of CO2, since the retention times is short in any case,
but that sparging of large amounts of CO2 does cause a negative impact in
seawater by its affect on pH.

Relevance: Provides the chemical basis linking added CO2 to ocean pH changes and explains
how pH is predicted from total carbon and alkalinity — supporting the mechanistic claim that CO2
additions lower pH and thereby affect carbonate chemistry.

Page(s): 7-9

Note that reactions (2.2) and (2.3) depend directly on the oceanic pH. The
equilibrium "constants" depend on temperature, pressure, and salinity. For a
given addition of CO2 to seawater we want to determine the resultant change
in pH and the partial pressure P(COz). In general, we can predict those
quantities given the titration alkalinity TA, the temperature, and the total
amount of carbon TC, defined as

TC = [H2CO3] + [HCO3] + [co]

(2.7)

TC measures carbon concentration per unit mass, occasionally we also
reference carbon abundance with respect to volume, tc pTC, where the
density of sea-water is 1.025 gm cm-3. At Natuna a typical value for TC is
1930 pumole kg-1 or 1.98 moles m-3. Titration alkalinity, a quantity
measurable with high precision, represents the net molar concentration of
positive ions whose abundance is not sensitive to pH. The excess cationic
charge resulting from dissociation of strong electrolytes in seawater is
balanced by the anionic charges which are mainly generated by dissociation
of carbonic and boric acid. Thus, the titration alkalinity is:

TA = [HCOs] + 2[CO327] + [H2BOs] + [OH"] - [H*] (2.8)

Relevance: Figure captions explicitly state the pH threshold for calcium carbonate (aragonite)
dissolution, which the assistant used to assert when coral/aragonite dissolution would begin.
Page(s): 28-31

FIGURE 3. Variation of P(CO2) and pH as a function of alkalinity TA and total
carbon tc (per unit volume) at a salinity of 35 0/00 and temperature 20°C
corresponding to bottom water at the Natuna site. Calcium carbonate is
unsaturated and dissolves when pH =< 7.4.

FIGURE 4. As in Figure 3, but for 30°C corresponding to surface water at the
Natuna site.

Letter and report to FG Turpin from JF Black regarding the review of
the Greenhouse Effect Vvalidated
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Author: Exxon Research and Engineering Company, Black, JF | Date: 05-Jun-1978

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=xqwl0228

Relevant excerpts from the document:

Relevance: Shows Exxon identified ocean-related mitigation/measurement actions as research
priorities (transfer to deeper ocean; buffering of CO2 absorption), supporting the assistant's claim
that Exxon recognized ocean chemistry impacts of added CO2 and flagged ocean-focused
research.

Page(s): 32-33

5. TRANSFER OF CO2z INTO DEEPER OCEAN ($5 MM)
6. BUFFERING OF CO2 ABSORPTION IN OCEAN

Source: https://www.industrydocuments.ucsf.edu/docs/xqwl0228VUGRAPH 17
PROJECTS STARTING AFTER INITIAL PROGRAMS ARE UNDER WAY

($1.26 MM TO START - RISES TO $5.0 MM/YR)

Relevance: Directly lists research questions about shallow-water carbonate dissolution and
biological responses to CO2 increases—this is the core evidence the assistant used to claim Exxon
internally recognized risks to coral/carbonate systems from rising CO2.

Page(s): 33

7. ARE SHALLOW WATER CARBONATES DISSOLVING
8. RESPONSE OF BIOTA TO CO2 INCREASE

9. BETTER MODELS OF CARBON CYCLE

10. CO2 EXCHANGE ACROSS AIR-SEA INTERFACE

11. FLUX OF ORGANIC CARBON INTO & WITHIN SEA
12. IMPROVE CO2 MEASUREMENT TECHNIQUES

13. DISSOLUTION OF DEEP SEA CACOs AS FINAL SINK

Source: https://www.industrydocuments.ucsf.edu/docs/xqwl0228VUGRAPH 18

Relevance: Summarizes Exxon's recognition that CO2 from fossil fuels is the likely cause of
climate change, projects warming from CO2 doubling, and calls for more research—used by the
assistant to show Exxon acknowledged CO2-driven warming and the need for study.

Page(s): 33-34

[. CO2 RELEASE MOST LIKELY SOURCE OF INADVERTENT CLIMATE
MODIFICATION.

[I. PREVAILING OPINION ATTRIBUTES CO:z INCREASE TO FOSSIL FUEL
COMBUSTION.

[lI. DOUBLING CO2 COULD INCREASE AVERAGE GLOBAL TEMPERATURE 1°C TO
3°C BY 2050 A.D. (10°C PREDICTED AT POLES),

IV. MORE RESEARCH IS NEEDED ON MOST ASPECTS OF GREENHOUSE EFFECT
V. 5-10 YR. TIME WINDOW TO GET NECESSARY INFORMATION

VI. MAJOR RESEARCH EFFORT BEING CONSIDERED BY DOE

Relevant excerpts from the document summary:
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Relevance: Reinforces that the presentation discussed increasing atmospheric CO2 and
projected temperature increases—used by the assistant to link Exxon's internal discussion to the
broader claim that Exxon recognized CO2-driven warming.

The presentation discusses the increasing concentration of CO2 in the Earth's
atmosphere and its potential impact on global temperatures and climate.

Relevance: Highlights the explicit projection of CO2 doubling and expected temperature increase
and the 5-10 year research window, supporting the assistant's use of the document to show
Exxon anticipated significant warming and prioritized further study.

Projections indicate that CO2 levels could double by the middle of the next
century, leading to a potential global temperature increase of 2-3°C, with a
much larger increase at the poles.

The presentation notes that scientific consensus indicates that there is a 5-10
year window to further study the Greenhouse Effect before critical decisions
about energy strategies need to be made.

The Greenhouse Effect Vvalidated

Author: Shell Internationale Petroleum Maatschappij BV, United Nations Environment
Programme, Griffiths, MH | Date: 30-Apr-1988

Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=khfl0228

Relevant excerpts from the document:

Relevance: Directly supports the assistant's claim that Shell warned ocean acidification could
dissolve carbonate materials (including corals) and could lead to disappearance of coral islands.
Page(s): 28, 29

3. Acidification of seawater

- Dissolution of CaCO3 increases with a decreasing pH. Particularly in
shallow coastal areas, characterised by high concentration of
respiratory CO2 and a low pH, dissolution of carbonate materials
(shells, corals and sediment) could be quite rapid and result in damage
of natural resources and of natural protection of shorelines, and
disappearance of complete coral islands.

Relevance: Explicitly states the chemical mechanism (CO2 addition = lower pH = increased
CaCO3 dissolution) and the ecological consequence (dissolution of shells and corals and 'local but
massive deaths'), which the assistant quoted to show Shell's internal recognition of harm to reefs.
Page(s): 15, 16

If CO2 is added to the ocean surface, the pH decreases and the tendency for
dissolution of carbonate minerals (e.qg. calcite and aragonite), either in
bottom sediments or suspended in the water column, increases, thereby
increasing both the alkalinity and the total DIC (see also Appendix 1).
However, CaCO3 is also a major constituent of shells of calcareous organisms
and corals. Particularly in near-shore areas these organisms will be exposed
to waters rich in CO2 and with a low pH. Dissolution of shells and corals
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and subsequently local but massive deaths of organisms on a local scale is
therefore not unrealistic. If dissolution of carbonates occurs, the

alkalinity and CO2 content increase and the net effect of the alkalinity
increase generates an increasing capacity of the ocean for CO2 uptake. This
feedback mechanism might have reducing effects on a rising atmospheric
CO2

level, although probably not in the short-term, as there are kinetic limits
and controls on carbonate dissolution.

Relevance: Concise, tabulated statement linking 'Decrease in pH' to an 'Increasing tendency of
dissolution of carbonate shells (e.g. shellfish), corals and sediments' — this is the specific
phrasing the assistant used as a summary implication from the Shell report.

Page(s): 24

5. Decrease in pH Increasing tendency of dissolution of
carbonate shells (e.g. shellfish), corals
and sediments.

Second North American Conference on Preparing for Climate Change
Validated

Author: Unknown | Date: 05-Dec-1988
Source: https://www.industrydocuments.ucsf.edu/fossilfuel/docs/#id=pjfl0228

Relevant excerpts from the document:

Relevance: Demonstrates that the conference had fossil-fuel industry co-sponsors (e.qg.,
American Petroleum Institute, Texaco), supporting the assistant's claim that the proceedings were
industry-co-sponsored.

Page(s): 29, 30

CO-SPONSORS

GENEVA STEEL

GE FOUNDATION

THE WILLIAM BINGHAM FOUNDATION

AT&T

AMERICAN GAS ASSOCIATION

AMERICAN PETROLEUM INSTITUTE

MOTOR VEHICLE MANUFACTURERS ASSOCIATION
EBASCO SERVICES, INC.

TEXACO, INC.

WORLD RESOURCES INSTITUTE

NATIONAL PARKS AND CONSERVATION ASSOCIATION
NATIONAL AUDUBON SOCIETY

WOODS HOLE RESEARCH CENTER

ATLANTIC CITY ELECTRIC COMPANY

PPG FOUNDATION

U.S. ENVIRONMENTAL PROTECTION AGENCY
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U.S. DEPARTMENT OF ENERGY

NATIONAL CLIMATE PROGRAM OFFICE

NATIONAL OCEANIC & ATMOSPHERIC ADMINISTRATION
U.S. FOREST SERVICE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NATIONAL SCIENCE FOUNDATION

Relevance: Explicitly links elevated temperatures (‘hot snaps') to coral bleaching and cites the
1987 Caribbean bleaching event—this supports the assistant's statement that the proceedings
discussed warmer-sea-driven coral bleaching.

Page(s): 478, 479

Just as "cold snaps" can be devastating, so can "hot snaps", particularly
during early juvenile stages. Extrema in temperatures usually get averaged
out in climate analysis, but with increased temperature, the likelihood of "hot
snaps" increases; the 1987 Caribbean coral bleaching event was attributed to
"hot snaps" by some researchers (W. Richards, NOAA/NMFS, personal
communication).

Relevance: Gives a specific thermal threshold for coral survival (‘above 30°C'), which the
assistant cited as a ~30°C survival threshold for many coral populations.
Page(s): 104

One impact in the Caribbean could be on coral reefs, since many coral
populations are unable to survive if water temperatures rise above 30°C16.

Relevance: Describes a 1.5 °C warming scenario raising summertime means to ~30.5 °C in the
Wider Caribbean and explicitly references the 1983 and 1987 bleaching events—supporting the

assistant's claim that modest regional warming was linked in the proceedings to past bleaching

episodes.

Page(s): 478

In the tropics, marine organisms live closer to their maximum thermal
tolerance than those in more temperate climates. Although the 1.5 °C
temperature rise scenario would raise the summertime mean temperature to
30.5 °C over much of the Wider Caribbean Region, most migratory organisms
are expected to be able to tolerate such a change. Some corals will be
affected (viz. the 1983 and 1987 bleaching events), but it is expected that
other environmental stresses will be more important.
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