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Forword: A Policy Perspective

Imagine, if you will, that you and your friends are on a picnic, in the woods perhaps during some pleasant late 
spring weather. You're happily munching away at sandwhiches and looking at scenery through binoculars, when 
a flock of velociraptors appears in the distance. Snarling and frothing with hunger, they descend while the group 
argues: Should you stand your ground and fight? Run? Hide? There may well be meaningful debate about such 
topics, but surely we can recognize that some topics - the existence of the charging velociraptors and their intent 
upon arrival - are indisputable. Debate on such topics serves no productive purpose, and delays useful action. 
The significance of approaching predators is a matter of common sense.

If everything about the world could be understood through common sense, there would be no need to 
systematically investigate nature in order to understand it. There would be no need for science to tell us about 
the things that are too small to see, or too fast, or too slow, because understanding of any such things that existed 
would be common. Science shows us the parts of the world that aren't obvious, which is important, because 
sometimes things that aren't obvious are still dangerous. It's because of science that we can detect the odorless 
poison carbon monoxide, and it is with science that we can find cholera contaminated water pumps. When our 
scientific understanding of the world tells us that there may be a velociraptor hiding in the woods, we should pay 
attention.

The world has been fundamentally transformed by technology; making informed decisions about how to 
approach the 21st century necessarily requires undestanding the science behind this transformation.This is 
especially true of the legislators who will be shaping the years to come. How can we expect high quality 
bioethics or environmental policy to come from policy makers who are not informed about biology or 
environmental science? For this reason, it is imperative that the scientific advisors who help legislators provide 
only high quality advice. 

Unfortunately, there are examples of poor scientific advice, particularly when the science in question is 
politicized. The routine inclusion of such misinformation appears to stem from a combination of ideological 
precommitment, industrial influence, genuine ignorance, and the pervasive notion that any and every issue has 
two 'sides' which can be meaningfully debated.The following report demonstrates the low quality of some 
congressional testimony regarding ocean acidification, which is an effect of carbon dioxide pollution. Although 
it is not common sense that our car exhaust could change the chemistry of the the oceans, it is a prediction based 
upon scientific principles. And although its effects may be invisible to us, acting slowly and on scales beyond 
our senses, scientific methodology has shown it to be a reality. 

You can't see what's rustling in the underbrush, but your IR camera can pick up something warm circling the 
group. Two somethings. 

'We should run!'
'We should hide!'
'We should get out an automatic shotgun!'
'Maybe there really aren't any velociraptors out there after all? The pack might have decided to go away. Dogs 
and pandas also are warm and rustle in the underbrush, so we can't be sure that the noise is from a raptor. 
Besides, even if it is velociraptors, what if they're coming to offer us cookies? Mmmm cookies.'

The rustling stops circling and begins to stalk towards the group. The warm things in the screen of the IR camera 
are approaching from opposite sides...
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* In a world as fundamentally transformed by science as ours, high-quality scientific advice is necessary for forming 
high-quality public policy. 

* A chemical’s toxicity depends strongly on context; in the current environmental context, it is indeed meaningful to 
describe carbon dioxide as a pollutant.

* Dr. Everett’s analysis repeatedly slurs the distinction between quantities and the rates at which they change; this is 
like comparing miles to miles per hour. Specific examples include:

** His claim that, because oceans are actually alkaline, the term ‘ocean acidification’ is a misnomer and a 
scare tactic.
** His comparison between graphs of CO2 concentrations and CO2 emission rates.

* There does not appear to be any serious contradiction between measured rates of carbon dioxide change and the 
IS92a emissions scenario, nor do those measurements justify concluding that the rate of CO2 accumulation is 
constant or declining. 

* If the oceanic carbon sink is stable, as Dr. Knorr's work has suggested, ocean acidification will continue as at 
present.

* The published literature does not seem to support the idea that a rapid-onset high-CO2 world is good for calcifiers, 
or anyone else for that matter. Dr. Everett is only able to make this claim by misrepresenting the literature so badly 
that several of the authors he cites have clarified that their results don't support his position.

* Because rates of environmental change are as ecologically important as the quantities themselves, the graphs of 
CO2 over time which Dr. Everett presents do not make the current ecological episode precedented. Considering the 
rate of change in atmospheric CO2, it is difficult to find historical analogs for today, but the closest matches involved 
mass extinctions, particularly of corals and other calcifiers.

* Dr. Everett’s presentation contains numerous ‘dirty tricks’ in addition to its faulty reasoning and outright 
misrepresentation. These include:

**Scientifically vapid but PR-friendly talking points
**A graph stretched in such a way that its slope is deemphasized
**A citation botched in way that significantly changes its emphasis. 

Executive Summary
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Background
April 22, 2010 was the 40th aniversary of the founding of Earth Day; it was also the date of a Senate hearing 

regarding ‘The Environmental and Economic Impacts of Ocean Acidification’. Members of the Subcommittee on 
Oceans, Atmosphere, Fisheries, and Coast Guard heard testimony explaining that human carbon dioxide emissions 
are rapidly altering ocean chemistry, with serious, perhaps dire consequences. They heard from Dr. Barry of the 
Monterey Bay Aquarium Research Institute, two representatives from oceanic industries, and actress Sigorney 
Weaver, speaking as 'a concerned citizen' 1 

They also heard from Dr. John Everett, former NOAA fisheries expert, 
president of Ocean Associates, Incorporated, and owner of the website, 
ClimateChangeFacts.info. Dr. Everett’s understanding of the issue, by his own 
account, was based on less than two weeks’ research into the subject.2 He was 
introduced by Senator James Inhofe; Senator Inhofe had in 2005 invited 
physician and science fiction writer Dr. Michael Crichton to dispute the reality of 
anthropogenic global warming.3 Dr. Crichton's stance has been shown to be 
badly flawed.4 On Earth Day 2010, Senator Inhofe looked forward ‘to his 
testimony and his broader points that open-minded research is needed to keep 
this issue in perspective’. He was referring to Dr. Everett’s minority position on 
ocean acidification: 'I will be swimming against the flow. [...] there is not a 
problem with increased acidification’.5 Is it true that Dr. Everett’s testimony 
supports his opinion, or Senator Inhofe’s claim that ‘there is scientific uncertainty 
as to whether, in general, oceans are actually becoming more acidic, and, if so, 
what that means and what is the cause’? 

Not at all. In this report, Dr. Everett’s testimony is critically examined, and found to be riddled with 
elementary arithmetic mistakes, extrapolations of blatantly insignificant trends, misleading visual aids, irrelevent 
word games, and such gross misrepresentations of the scientific literature that the authors he cites have since 
formally clarified that their work does not support his claims.

Dr. Everett also presented a broader version of his testimony at a May 11, 2010 Senate hearing on 'EPA's Role 
in Protecting Ocean Health'. This report generally follows the organization and wording of the written testimony 
from this later  hearing6, which is covers much the same points and presents additional information (e.g., the Little 
Rock Lake discussion in part V.) Minor points which come up repeatedly may be rearranged or consolidated. 

[1] Sigourney Weaver. Written Testimony of Sigourney Weaver, Hearing on the Environmental and Economic Impacts of Ocean Acidification. April 22, 2010. 
Text Available: http://www.climatechangefacts.info/ClimateChangeDocuments/TestimonyOceanAcidificationWrittenStatement/SigourneyWeaverTestimony.pdf or from 
commerce.senate.gov. [2] Hearing on the Environmental and Economic Impacts of Ocean Acidification. April 22, 2010. Video Available at 
http://commerce.senate.gov/ [3] Michael K. Janofsky. Michael Crichton, Novelist, Becomes Senate Witness. New York Times, September 29, 2005. Available: 
http://www.nytimes.com/2005/09/29/books/29cric.html.[4] E.g., Chris Mooney. Checking Crichton's Footnotes. Boston Globe, February 6, 2005. Available: 
http://www.boston.com/news/globe/ideas/articles/2005/02/06/checking_crichtons_footnotes/ . [5] John Everett. Ocean Acidification Testimony, Oral Statement. April 
22, 2010. Text Available: http://www.climatechangefacts.info/ClimateChangeDocuments/TestimonyOralJohnEverettOceanAcidification22Apr2010.html. [6] John Everett. 
Statement Available from. http://epw.senate.gov

Figure 1. Dr. John Everett at the Senate 
hearing on 'The Environmental and 
Economic Impacts of Ocean Acidification'.

Part 0: Introductions
The first part of Dr. Everett’s testimony is his introduction, in which he provides some biographical 

information and presents his thesis. His expertise is in fisheries, not geochemistry. This itself doesn’t invalidate what 
he has to say: a contrary non-expert can have a valid opinion (and from a standpoint of experience and qualification, 
his opinion is more relevant than that of Sigorney Weaver, who also testified.) But when a non-expert disagrees with 
the opinions of most experts, we should at least take a critical look at the basis for their opinion.
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Box 1: What is ocean acidification?
Each year, human activity (primarily the burning of fossil fuels) pumps 
about 27 billion tonnes of carbon dioxide into the atmosphere. Most people 
are at least familiar with the concepts of global warming and climate 
change, which result from the fact that increased carbon dioxide alters the 
thermal properties of the atmosphere. A less appreciated fact is that carbon 
dioxide, in addition to being a greenhouse gas, is acidic. When carbon 
dioxide (CO2) dissolves in water (H2O) the carbon atom in CO2 has a slight 
positive charge, while the oxygen atom in water has a slight negative 
charge. Just like your hair and a balloon stick to each other after you rub 
them together, the two molecules stick together. The result is a single 
molecule called carbonic acid (see Figure 2.) 
As we pump more carbon dioxide into the air, we are indirectly pumping 
more carbon dioxide into the ocean and in the process we’re making it 
more acidic. This can have several ecological effects; the most obvious is 

on calcifying organisms like corals. An acid is a substance 
which generates hydrogen ions, H+ When carbonic acid 
forms and releases H+, some of those hydrogens recombine 
with carbonate to form bicarbonate (see Figure 3.) Since 
corals’ exoskeletons are made of calcium carbonate, 
acidification poses a threat to them and the ecosystems that 
they harbor.

Figure 2. The atoms in carbon dioxide and water have 
partial charges, which make them reactive. They react to 
form an acid, called carbonic acid.

Figure 3. Being an acid, carbonic acid has a 
tendency to release hydrogen ions (H+) into its 

surroundings. It exists as a mixture of three forms: the undissociated acid, the bicarbonate ion (which has lost one H+) 
and the carbonate ion (which has lost two H+s). When carbonic acid is added to the oceans, it releases H+, forming 
bicarbonate ion. The H+ thus generated can combine with carbonate ion, forming another bicarbonate. This is a problem if, 
for example, the carbonate ion was part of a coral's exoskeleton.

BP’s Deepwater Horizon well was gushing crude oil into the Gulf of Mexico at the time of the latter hearing; 
Dr. Everett illustrates his view of the environmental effects of carbon dioxide by comparing it to the 'many insidious 
contaminants entering our estuaries, causing genetic harm and poisoning our birds, turtles, and seafood. [...] CO2 is 
not a pollutant or contaminant.' It’s certainly true that toxins are a serious concern, but he’s setting up a false 
dichotomy. He’s pitting fast, visible pollution against slow, invisible pollution. This is a little silly: the fact that a 
process is imperceptible doesn’t mean that it is negligible. The neurological damage from a childhood in substandard 
lead-painted housing is less tangible, but no less real than that coming from a single traumatic blow to the head.

Pollutants are substances which, by virtue of their chemical activity, interfere with the functioning of an 
ecosystem.  Arguments that carbon dioxide is not a pollutant generally involve pointing out that it is a natural 
substance with important natural roles; Dr. Everett’s objections fit this description. It’s not a very good argument. 
There are plenty of chemicals which in some situations are essential, but poisonous in others. Nitric oxide, carbon 
monoxide, and hydrogen sulfide are all essential signalling molecules in our nervous system- but they’re also all 
quite poisonous. Stratospheric ozone protects me from ultraviolet light, which causes skin cancer. But near the 
surface, ozone is a component of photochemical smog, interferes with photosynthesis, and causes respiratory illness. 
Mustard gasses can be used as horrific weapons, or as chemotherapy agents. Tropane alkaloids are what make deadly 
nightshade deadly, but they’re the antidote to Sarin nerve gas. Hydrochloric acid is important in my stomach, where it 
helps me digest food- but I don’t want to get it in my eyes.

A pollutant is an ecophysiological poison, and poisons are contextual: whether or not a substance is poisonous 
depends upon its amount, the rate it’s encountered, and other factors. The reality of ocean acidification justifies 
describing CO2 as a pollutant in the current environmental context.
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In this part, Dr. Everett lays out some of the concerns about the 
environmental effects of ocean acidification. He leaves off his list such 
items as copper toxicity7 but does find room to include jellyfish 
invasions. Since many of the items in this section will be addressed in 
detail later, there is only one point which needs to be addressed. It’s 
important, though, because it forshadows much of the rest of his 
testimony. Here it is:

To Dr. Everett’s credit, this is great PR. It’s snappy, it’s to the point, it 
sounds nice, it’s easily remembered and repeated. But it’s scientifically 
vacuous. If a solution has a pH above 7, it is basic. If its pH drops, it has 
become more acid- acidified- even if the solution remains a base. If the 
pH of a solution changes from 9 to 8, the solution has acidified, even 
though it is still basic.8 If someone who’s fallen off a bridge says, 'I’m 
falling dooooooooooooooown', Everett’s response would be akin to 
saying, 'You’re not falling down! You’re still way, way up in the air!' The 
most charitable explanation I can come up with is that Everett is 
confusing a quantity (acidity) with its rate of change (acidification); he’s 
comparing miles to miles per hour (indeed, he plays fast and loose with 

the distinction between quantities and rates throughout his testimony). Less charitably, he’s more interested in 
playing word games than helping the Environmental Protection Agency protect the environment. Dr. Barry agreed at 
the hearing, dismissing the remark a a game of semantics.9

Part I: The Concerns

[7] Millero et al. Effect of Ocean Acidification on the Speciation of Metals in Seawater. Oceanograph Vol. 22, No. 4, 2009. Available: 
http://www.tos.org/oceanography/issues/issue_archive/issue_pdfs/22_4/22-4_millero.pdf  [8] See Appendix A for more detail. [9] Video of April 22 
Hearing; see [2] 

Box 2: Winning.
Dr. Everett contrasts the effects of ocean 
acidification with those of toxics and oil slicks: 
‘contaminants create only losers and directly 
impact us as well. There are no winners.’ 
However, this is simply not true; in fact, the 
winners which pollution creates can be a part of 
the problem. Bacteria flourished in the wake of 
the BP spill by using the oil for food. They are 
the ones who consumed all the oxygen in the 
area, creating  anoxic dead zones. For another 
counterexample, consider the ferns that thrive in 
soil contaminated with heavy metalsa. Surely he 
recognizes arsenic as a pollutant?

Figure 4. The fern Pteris 
vittata is a winner in soils 
laced with arsenic.

[a] Ma et al. A fern that hyperaccumulates arsenic. Nature, Vol 
409, February 1, 2001. p. 579. Available: 
http://lqma.ifas.ufl.edu/PUBLICATION/Ma-01a.pdf

Part II: The Physics
Dr. Everett never seriously challenges the 0.1 pH of acidification which has already occurred, or that human 

CO2 emissions are the cause (though he will in later sections challenge its impact). His purpose in this section is to 
challenge projections for future acidification. He bases this challenge on two claims:

1) Less carbon dioxide will be emitted than is projected in the models used. 
His evidence? He claims that measured CO2 growth rates are inconsistent with emissions scenarioes 
used to force geochemical models. This claim is based upon an extrapolation of a clearly
insignificant trend.

2) The carbon cycle has been incorrectly modeled.
His evidence? A recent analysis of carbon sinks by Dr.Wolfgang Knorr found that the airborne fraction 
of carbon dioxide hasn’t significantly changed in the last 160 years. But even if this is true, it 
doesn’t help his case- in fact, it would seem to imply that ocean acidification will continue unabated!

Dr. Everett is concerned that geochemical models are being forced with an unreasonable projection for future 
carbon dioxide levels:
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Strictly speaking, IS92a is an emissions projection, not a model. It’s one possible route that we can take as a 

carbon-emitting global society, based in particular on the assumption that we simply continue current trends in 
carbon use. It’s called the 'Business As Usual' scenario. Everett’s main claim in this section is that 'the Business as 
Usual scenario has been overtaken by events' and that we aren’t going to go that route; one line of evidence he offers 
is a series of data tracking the rate of change in atmospheric carbon dioxide:

There’s a lot going on here, and much of it is characterized by Dr. Everett’s widespread confusion regarding 
quantities and their rates of change. This confusion extends even to the numbers he presents: he describes a 'growth 
rate of CO2' as '3.05 ppm'. Parts per million, or ppm, are units of concentration, not of growth. He means 3.05 
ppm/year. Later in his testimony, he gives an average rate as '1.87/year'. I know that he means 1.87 ppm/year, but a 
lot of people wouldn’t, and I shouldn’t have to make assumptions. If Dr. Everett is being sloppy with his units, he’s 
being sloppy with his science. 

He’s also being sloppy with his arithmetic: if the current rate must double to reach 3.05 ppm/year, then the 
current rate must be about 1.53 ppm/year. But according to the rate data Dr Everett presents, the yearly rate hasn’t 
been that low since 2000, and the average rate of change hasn't been that low since 2002 at the latest10.

The chart of measured CO2 rate changes, as he presents it, is shown in Figure 5.
Dr. Everett has done some interesting things here: First of all, he’s stretched his graph so that it’s three times 

as long as it is tall. This makes the upward trend in the data look smaller, nay, nonexistent. In Figure 6 I replot the 
data with a 1:1 aspect ratio (the graph is as wide 
as it is tall) the trend sticks out, clear as day. It 
may have just been an unfortunate formatting 
decision, but presenting the data in this way, 
intentionally or not, hides the incline. (It’s even 
more obvious if you use a much longer data 
series, stretching back to 1959; this is available 
in Appendix B. But for now we can just focus on 
the evidence which Everett shows us.)

He does something else interesting: He 
presents, on the one hand a graph of carbon dioxide growth rates and on the other hand a graph of carbon dioxide 
concentrations (Figure 7.)

And he switches back and forth between them almost without comment, as though they were graphs of the 
same thing. They’re graphs of related quantities, certainly, and they can be compared if you’re careful. But when 
you’re presenting to an audience of non-experts, rapidly switching between a quantity and its derivative is begging 
for misinterpretation. Surely someone, maybe even a Senator, has looked uncritically at these graphs and thought 
they were comparing the same quantity.

[10] See Appendix B for more detail.

Figure 5. Global CO2 rate measurements, as presented by Dr. Everett. The 
red points are measured rates of change in atmospheric CO2 levels; the 
black line is apparently an exponential trend line.
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In fact, a lot of what he says doesn’t make much 

sense at all, unless he’s expecting you to make that 
mistake. Here’s an example:

It is? There’s a clear upward trend in the NOAA data 
(Figure 6.) The data measure the rate of change in CO2 
concentration per year, and an upward trend in the rate 
means an acceleration of concentrations- just as in IS92a. 
(It may be that the key word is 'rapid', that Dr Everett is 
claiming that these data don’t show a sufficiently strong 
upward trend. However, supporting that claim would take 
a more quantitative argument than merely directing our 
attention to a graph. Furthermore, these data actually agree 
relatively well with IS92a- see Figure 10)

Here’s another example:

The observational trend line of what? Of the 
concentrations, or of their rate of change? They’re two 
different things. We certainly do see long-term monotonic 
growth in the rate (monotonic means that it either always 
increases or always decreases.) But that doesn’t help Dr. 
Everett’s case any, because any growth in the rate (even if 
it’s a 'straight line') means that the concentration is 
accelerating. It’s not at all clear how these two graphs are 
supposed to contrast.

There is another erroneous conclusion Dr. Everett 
draws from this data:

Look at the graph of the growth rate (Figure 6) again. It goes up and down- a lot. This time series has a lot of 
variation. With a lot of data, you can see the long-term trend, but if you only look at a small selection, you can’t see 
anything- or worse, the noise will coincidentally line up to create a trend that doesn’t actually exist. Here’s an 
example. I’ve taken the data and plotted the 12-year trend lines, since that’s what Dr. Everett bases his analysis on 
(Figure 8.)

Figure 6. Global CO2 rate measurements (red) plotted with an 
equilateral aspect ratio. The linear regression (green) has a slope 
of about 0.02 ppm/year2. and a p value of about 0.061.

Figure 7. The graph Dr. Everett uses to illustrate the IS92a 
'Business as Usual' scenario, which he disputes. IS92a is the black 
line in the figure; the vertical axis is in units of ppm.
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Figure 8. The global CO2 growth rates are replotted; the thick 
green line is the trend for the data as a whole (slope ~ 0.02 
ppm/year2; p ~ 0.06), while the thin black lines are the trend 
lines for 12-year periods.

Figure 9. Same as Figure 8, but the black lines are 8-year 
trends.

Technically, Dr. Everett is correct that the last 12 years show a very slight downward trend. The problem is 
that it’s almost certainly not a long-term trend. For one thing, its statistical significance is low – the p value for the 
last 12 years of data is about 0.93 That means that there’s a 93% chance that a trend this small could be generated just 
by random noise. For another thing, it’s not that impressive that the last decade or so is slightly declining when you 
take the data as a whole into account. There are several 12-year periods in this time series which have a more or less 
flat trend. There are some such periods that have a negative trend. And there are some that have a positive trend. 
Nonethess, the rate continues to increase throughout the time series.

What does this mean? It means that just 12 years of this data aren’t enough to tell us much. There’s just too 
much noise at that timescale to accurately measure the signal. And if 12 years of data aren’t enough to measure the 
underlying signal, 8 years definitely aren’t either (Figure 9).

The last decade or so don’t show a clear trend- they could well be completely flat. On this basis, Dr. Everett is 
proposing to extrapolate the flat trend in the rate to the end of the 21st century. This is unreasonable; at these time 
scales, linear trends are too noisy to extrapolate very far. Look again at Figure 9- would extrapolating the sharp 
upswing in 1991-1999 have been a good idea? Would it have been justified? What about the sharp downswing in 
1986-1994? It’s pretty clear that projecting patterns from a decade of this data a century into the future is risky at 
best. And he’s doing it in the face of a clear upward trend at longer timescales!

So the evidence Dr. Everett presents doesn’t actually support his first point. What about his second point, that 
the carbon cycle has been incorrectly modelled? Here’s what he has to say:

11 00
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I noticed that this is one of only two times that he cites a news item rather than a journal article, so I decided 
to take a closer look. The citation he gives for this paper, (3),  is actually to the paper itself, rather than the news item:

However, Knorr’s paper is actually:

Citation (3) has been botched - someone changed the title of Knorr’s paper; it’s been replaced with a headline 
popular amongst bloggers (the phrase does not even appear in the ScienceDaily news item). It may have been a mere 
clerical error, but the psychological impacts of the two titles are quite different. The title of the original paper (and the 
ScienceDaily item) suggests that Dr. Knorr is presenting his work on a difficult and open problem. In Everett’s 
bibliography, the question has been resolved, case closed. Even if the incorrect citation is an honest mistake, it makes 
his charge that scientists use manipulative language seem a bit 
hypocritical.

But what about Dr. Knorr’s paper- what does it say?

When you burn a tank of gas or a pile of coal, you produce 
carbon dioxide. And the CO2 doesn’t just disappear once the 
plume of smoke blows away. Some of it gets absorbed by soils 
and organisms on land, spurring plant growth (the land fraction), 
some by the ocean, causing acidification (the oceanic fraction), 
and the rest remains in the atmosphere, causing climate change 
(the airborne fraction). Obviously, understanding where carbon 
emissions end up is an important part of understanding the climate 
system. In particular, there have been some studies which suggest 
that the ocean carbon sinks are becoming saturated, that is to say, 
they are losing the ability to pull CO2 out of the air. (Box 3) The 
airborne fraction is a measure of how much of the carbon we emit 
remains in the atmosphere. Dr. Knorr’s analysis found that the 
partitioning of carbon emissions hasn’t changed significantly over 
the last century and a half. 

To his credit, Dr. Everett is conscientious to point out that the airborne fraction is a fraction of the total 
emissions; the total amount of carbon in the atmosphere is still rising. But if his position is that predictions of future 
acidification are overestimates, then it’s hard to see how Knorr’s paper supports him. Acidification is caused by the 
amount of CO2 dissolved in the ocean, not the fraction of the total carbon that is in the ocean. It’s like pie: the size of 
a slice of pie depends on the angle it’s cut at (the atmospheric fraction) and the size of the pie (the amount of CO2 
emitted). If you keep the angle the same, but you cut up a bigger pie, you still get a bigger slice of pie. Even Everett’s 
conservative projections entail significant further emissions- a bigger carbon pie. Under his projection, the ocean will 
continue to absorb slices of a bigger carbon pie, with continued acidification as a result.

Does that mean that Dr. Everett is necessarily wrong about what CO2 levels will be a century from now? No- 
the future is unwritten. Maybe we’ll develop effective climate legislation over the next hundred years. Maybe the 

Box 3: Is the airborne 
fraction changing?
Although Dr. Knorr's study found no significant rise in the 
airborne fraction, some studies havea and other studies 
have directly gathered evidence of declining carbon sink 
efficiencyb. Although it's an open question where 
emissions are going, Dr. Knorr's findings do not challenge 
the basic premise of anthropogenic climate change. Indeed, 
he has criticized such misrepresentations, and stated that 
'there is no other way' to avoid climate change than to curb 
carbon emissions.c 
[a] eg Canadell, Josep. G, et al.(2007), Contributions to accelerating 
atmospheric CO2 growth from economic activity, carbon intensity, and 
efficiency of natural sinks, PNAS., vol. 104,  No. 47, p. 18,866 – 18,870. 
 doi:10.1073/pnas.0702737104 [b] eg, Le Quere, C., et al. (2007), 
Saturation of the Southern Ocean CO2 sink due to recent climate change, 
Science, 316, 1735 – 1738, doi:10.1126/ science.1136188. [c] Jones, 
Martin. Bristol research does not support climate change denial Jones The 
News, November 10, 2009. http://jonesthenews.wordpress.com/2009/11/10/ 
bristol-research-does-not-support-climate-change-denial/
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concentration will be 560 ppm, rather than 650 or 700. The point is that his evidence doesn’t support this claim. 
Conversely, should we necessarily believe that the concentration will be in the high 600′s? Is it necessarily a good 

idea to project the growth rate data a 
century into the future? No- but it’s a 
much better idea than extrapolating 
just the last handful of that data. The 
point is that even the evidence which 
Dr. Everett presents in this section 
doesn’t support his position; he’s 
thusfar not given us any good reason 
to accept his contrary opinion. And 
even under the scenario he’s 
promoting, with a constant CO2 
growth rate of 1.87 ppm/year and 
stable carbon sinks, there will be 
significant amounts of carbon dioxide 
flowing into the ocean, and thus 
significant ocean acidification. 

The next part of Dr. Everett’s 
testimony regards the effects of ocean 
acidification on ocean life.

Figure 10. Carbon dioxide levels, past and future. Direct, high-quality measurements exist from 1959 to present thanks to the Mauna 
Loa Observatory (MLO, red.) Concentrations prior to this have been reconstructed in the IS92a emissions scenario (blue). 
Extrapolations of measured rates agree relatively well with IS92a, giving slightly different results depending on whether you 
extrapolate local data from MLO (green) or global data from ESRL (black). Dr. Everett's projection (purple) assumes a constant 
accumulation rate; it still requires signifant increases in CO2 over the 21st century, which will necessarily cause significant 
acidification.

Part III: The Biology
As in his opening of his testimony. Dr. Everett seems to have the attitude that, because carbon dioxide has an 

important natural role, it is good in all circumstances. In particular, he seems to be arguing that if some CO2 is good, 
then more must be better: Here’s an example from part I of his testimony:

'

But in general, this just isn’t true. In the oceans, where much of the world’s photosynthesis takes place, iron is 
relatively insoluble: it’s the limiting nutrient11. This is especially true in the tropics, where the surface stays warm, 
preventing convection from bringing nutrient-rich water up from below. That’s why tropical oceans are so clear and 
blue: there’s nothing growing in them. And as carbon emissions cause global temperatures to rise, this desertification 
is likely to spread from the tropics.12

On land, plant growth is limited by soil nutrients: phosphorus, potassium, and nitrogen are the big three. 
Plants also require water, and increased global temperatures will alter the water cycle. It is likely the global area 
afflicted with drought has increased since the 1970's, and this trend is projected to increase.13 Increased carbon 
dioxide may spur growth in some plants under some conditions, but it’s unlikely to be sufficient to offset human 
emissions14, and may come with other undesirable effects, such as changes in the nutritional content of crop plants.15

[11] Coale, Kenneth H., et al. 1996 A massive phytoplankton bloom induced by an ecosystem-scale iron fertilization experiment in the equatorial 
Pacific Ocean. Nature, 383, 496-501. [12] Tibbetts, John H. Climate change and ocean health. Coastal Heritage, Vol. 23, No. 1. Summer 2008. 
Available: http://www.scseagrant.org/Content/?cid=346 [13]  IPCC AR4 Synthesis Report, Section 1.1 and Table 3.2, Available from www.ipcc.ch  [14] 
Mann, Michael. CO2 Fertilization. RealClimate, November 28, 2004. Available: http://www.realclimate.org/index.php/archives/2004/11/co_2-
fertilization/ [15] Chameides, Bill. CO2 Fertilization May Be a Mixed Blessing. The Green Grok, August 26, 2009. Available: 
http:/www.nicholas.duke.edu/thegreengrok/fertilizationeffect
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Part III of Dr. Everett’s testimony is devoted to dismissing concerns about the effects of carbon dioxide on sea 

life, particularly calcifiers. To support his contention that a high-CO2 world would if anything be better, he reviews 
the literature and claims that its results are weak:

The 'first paper'  in question is 'Phytoplankton Calcification in a High-CO2 World' by Dr. Iglesias-Rodriguez 
and colleagues.16 What they found was that certain coccolithophores (calcifying phytoplankton) build thicker shells 
in response to increased carbon dioxide (momentarily, we’ll see that this doesn’t mean that acidification is “good” for 
them- or anyone else). This is interesting, but by itself it doesn’t necessarily tell us much: it’s only one study, looking 
at a single species of a single calcifying organism. To talk about the effects of acidification on calcifiers, we need to 
look at all of the information that we have. Figure 11 shows a chart summarising the effects of increased carbon 

dioxide on various organisms. 
Coccolithophores, like those studied by 

Dr. Iglesias-Rodriguez and colleagues, have a 
variety of responses to increased carbon 
dioxide. However, the available data, as a 
whole, tell us what we already suspected: 
acidification negatively impacts calcifiers.

He presents this straightforward episode 
of peer review as a soap opera: one group 
'vigorously attacked' a second, and the second 
'get the last word'. He also presents this as 
evidence that '[t]he peer review process has 
warts' (and that peer reviewed research therefor 
cannot be trusted), but it’s hard to see how. One 
group published some research. Another group 
reviewed it and raised potential issues. The first 
group responded with an explanation of why the 
issues raised didn’t invalidate their study.  
Where are the warts?

Dr. Everett makes a big deal about one 
study getting “the last word” in a peer-review 
exchange. Ironically, the authors have also 
gotten the last word in another peer-review 

exchange- one in which they review Everett’s 
science! After his testimony, the first authors for 

two of the main papers Dr. Everett cites responded with a clarification of their research. The whole thing is worth 
reading, but there are large chunks that should be mentioned (emphasis theirs). For example, remember how I said 
that inducing a thicker shell doesn’t necessarily mean that more CO2 is a good thing for plankton?

Figure 11. Acidification effects different organisms in different ways, but 
it especially impacts calcification. 'The published variability in responses 
of marine organisms to ocean acidification should not be misconstrued as 
evidence of their immunity to it.' - Drs. Iglesias-Rodriguez and Ries.

[16] Iglesias-Rodriguez, et al.(2008) Phytoplankton Calcification in a High-CO2 World.  Science vol. 320, p. 336; DOI: 10.1126/science.1154122
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17

What’s worse is the implications for the carbon cycle:

In other words, if Dr. Everett wants to use this paper as a whole, rather than just picking out the parts he likes, 
he’s going to have to reconcile it with his earlier claim that the oceanic carbon sink is stable. The authors continue:

In actuality, 

We saw other examples in Figure 11, such as then negative impact of acidification on mollusc and 
echinoderm reproduction.

'

[17] Until further notice, all quotes taken from Iglesias-Rodriguez and Ries. Clarification of the Iglesias-Rodriguez et al. (2008) and Ries et al. 
(2009) studies. May 4, 2010. Available from commerce.senate.gov. All emphasis appears in the original. 



CO2 Troubles: The Biology 11 55
'

And finally:

Dr. Everett’s other objections are equally faulty. For 
example, although he claims that experiments don’t 
continue long enough to allow adaptation to more acidic 
conditions, another group of scientists which he cites 
suggest the opposite is true:

In other words, the experiments may not be continuing 
long enough to show the full severity of the problem! 

That ocean life is not infinitely plastic and cannot adapt 
beyond certain limits is confirmed by a study of 
underwater volcanic vents which release CO2 and acidify 
their surroundings.19 Although the organisms involved 
have had plenty of time to adapt, the local environment is 
still hostile to calcifiers, with the authors concluding that 
'ocean acidification may benefit highly invasive non-

Box 4: What does the IPCC say?

Referencing a chapter of the IPCC-AR4, Dr Everett says:

What the IPCC report actually says is:

In other words, there is empirical evidence for the effects of 

acidification on corals, in the form of controlled laboratory 

experiments. It’s not that data from the wild disconfirm the predicted 

effects, it’s that data from the wild didn’t exist yet. On the other 

hand, the IPCC-AR4 lists changes in acidity (albeit natural ones) as a 

confounding factor in studying the effects of climate change on coral 

reefs, so we can at least agree that it acknowledges the dependence 

of coral communities on pH:

.

One such effect of climate change is coral bleaching, which is 

discussed in the IPCC-AR4:

Research, available to Dr. Everett at the time of his testimony, has 

shown that ocean acidification exacerbates coral bleaching.b

[a] Rosenzweig, C., G. et al. 2007: Assessment of observed changes and responses in 
natural and managed systems. Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, M.L. Parry, et al., Eds., Cambridge 
University Press, Cambridge, UK, p. 94 (Section 1.3.4.1). [b] Anthony et al., (2008) 
Ocean acidification causes bleaching and productivity loss in coral reef builders PNAS 
vol. 105 no. 45 17442-17446 

[18] Fabry et al. 2008. Impacts of ocean acidification on marine fauna and ecosystem processes. – ICES Journal of Marine Science, 65: 414 – 432. 
[19] Hall-Spencer et al. 2008. Volcanic carbon dioxide vents show ecosystem effects of ocean acidification. Nature Vol. 454 p. 96-99. 
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native algal species'. 

Dr. Everett also complains that negative effects only appear at unrealistically high levels of CO2. However, it 
is not at all difficult to find counterexamples: a paper discussed in Box 4 finds exacerbated coral bleaching; another 
finds decreased calcification in mussels and oysters20 Granted, these were done at IS92a levels, which he believes to 
be unrealistic- but we have already seen that he has no real basis for this belief. And another study finds that even at 
levels which Dr. Everett considers likely, increased carbon dioxide 'adversely affects the growth of both gastropods 
and sea urchins. Thus even moderate increases in atmospheric CO2 [...] will adversely affect shallow water marine 
benthic organisms'21.

In short, Dr. Everett’s central claim, that ocean acidification will not harm marine life, is not only unsupported 
by the literature but flatly contradicted.

[20] Gazeau et al. 2007, Impact of elevated CO2 on shellfish calcification, Geophys. Res. Lett., 34, L07603, doi:10.1029/2006GL028554 [21] 
Shirayama, Y., and H. Thornton (2005), Effect of increased atmospheric CO2 on shallow water marine benthos, J. Geophys. Res., 110, C09S08, 

Part IV: Has This Happened Before?
People who minimize or deny the 

threat of climate change or ocean 
acidification will often demand that the 
change be unprecedented – that nothing like 
it has ever happened before in Earth history. 
The reasoning seems to be that if there have 
been ecological events like anthropogenic 
climate change in the past, then current 
events must not be alarming, since life on 
earth has each time survived and recovered. 
Dr. Everett writes, 

This has always seemed to me like 
it’s setting the bar a bit low: Do we only 
become alarmed when faced with the 
possibility of sterilizing the planet? And 
considering the amount of violence which 
Earth life has withstood over the ages, it 
doesn’t seem a very strong statement that 
human impact is unlikely to wipe it out 
entirely.

To back up his claim that ocean 
acidification is not a concern because high-
CO2 worlds have existed in the past, Dr. 
Everett presents a graph of atmospheric 
carbon dioxide concentration over time, 
taken from the IPCC (Figure 12).

Figure 12. Atmospheric carbon dioxide levels over deep time - the past 
400 million years in the top graph, the past 70 million in the bottom 
two. The long time scales mean that the changes shown are actually quite 
slow. Note that the Paleocene-Eocene Thermal Maximum is highlighted in 
red on the middle graph.
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This graph does indeed show, in the IPCC’s words, 'Pre-Quaternary climates prior to 2.6 Ma … were mostly warmer 
than today and associated with higher CO2 levels.' Does this mean that current increases in CO2, and their associated 
warming and acidification, are not alarming? Not at all.

We’ve already seen Dr. Everett slurring the distinction between quantities (like the concentration of CO2 in 
the air) and their derivatives (the rate at which a quantity like concentration changes). Here the distinction shows up 
again, because it is not merely the concentration of greenhouse gasses or the temperature of the earth or the pH of the 
oceans that is important to ecosystem health, but the rate at which those things change as well. The reason is that 
organisms are adapted to their environments, and when their environments change, the organisms must re-adapt. But 
adaptation isn’t instantaneous; there is an upper limit to the rate at which organisms can evolve; Dr. Everett himself 
points this out in part III of his testimony, albeit as criticism of ocean acidification experiments. Current rates of 
environmental change may well exceed organisms’ ability to adapt22 ; Dr. Everett asserts that '[t]he animals of 
concern all should [...] respond to the relatively modest changes of even the most unlikely scenarios', but offers no 
support for this assertion.

A hazard of graphs which span long time frames, such as the graph which Dr. Everett presents, is that they 
obscure the rates at which quantities change. It’s obvious from Figure 13 that carbon dioxide levels have changed 
over time - but is it obvious from this graph how quickly they’ve changed? 

[22] E.g., Chevin L-M, Lande R, Mace GM (2010) Adaptation, Plasticity, and Extinction in a Changing Environment: Towards a Predictive Theory. PLoS Biol 
8(4): e1000357. doi:10.1371/journal.pbio.1000357).

Figure 13. Atmospheric carbon dioxide levels over the last glacial-interglacial cycle. High-quality direct measurements 
from the Mauna Loa Observatory cover the last 50 years (red); before this, the carbon dioxide levels are inferred from 
gas bubbles trapped in ice cores gathered at Law Dome (blue), Taylor Dome (green), and Vostok (black). Our current CO2 
concentration is far outside the range of the last interglacial - and then there's its rate of change to consider!



CO2 Troubles: Has This Happened Before? 11 88

[23] Everett, John. Witness Follow-up Questions. House Subcommittee on Fisheries, Wildlife and Oceans, April 17, 2007. Available: 
http://www.climatecooling.org/globalcoolingdocuments/FollowupQuestionsAnswers.htm [24] Kump et al. (2009). Ocean acidification in deep time. 
Oceanography, 22 (4), 94-107 

The plot in Figure 13 shows atmospheric CO2 levels for the last glacial-interglacial cycle. It doesn’t go back 
as far as the figure from the IPCC, but it illustrates the point (and Dr. Everett has elsewhere taken polar bears' 
survival of glacial-interglacial cycles as evidence that global warming will be of 'little consequence' to them23). It’s 
obvious that carbon dioxide levels fluctuate over long time scales. The current concentration of CO2 is clearly outside 
historical bounds, but it’s only when we consider how quickly they are currently changing that we see the true gravity 
of the situation (Figure 14).

Dr. Everett tries to dismiss concerns over ocean acidification by pointing to historic periods of high carbon 
dioxide levels. However, the sheer speed of current change makes it difficult to draw analogies with past events. A 
recent review (published in 2009 and thus available to Dr. Everett before his testmony) writes:

Another review, taking a 'paleoperspective' on ocean acidification, writes:

Figure 14. The rates at which atmospheric CO2 has changed over time - the last 50 years are the red line. Is it now clear 
what a geochemically anomalous situation we are in?
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Some researchers26 go farther, estimating that environmental pressure on vulnerable organisms is at the 
greatest point in the last 65 million years. Paleodata also tell us that, rates aside, the size of the change is geologically 
quite large: already ocean pH is well outside the variations due to glacial-interglacial cycles.27 And even under Dr. 
Everett’s conservative projections, the pH will continue to drop (Figure 10).

The current ocean acidification event is so big, and so fast, that past events may not necessarily be an accurate 
guide to the present and the future. It doesn’t look like anything quite like it has happened before. But given that 
caveat, what does the geological record lead us to expect?

There have been a handful of geologically rapid acidification events- generally associated with atmospheric 
CO2 events. A canonical example (and arguably the best analog to today) is the Paleocene-Eocene Thermal 
Maximum, or PETM. Occurring about 56 million years ago and lasting for about 200,000 years, PETM temperatures 
spiked by 5-9 degrees C and the ocean became chemically hostile to carbonates. What happened to ocean life during 
this period?

PETM, and its effect on carbonates, is discussed in the IPCC AR4 only a few pages after the graph Dr. Everett 
presents; it's even highlighted in that graph. He ignores it.

[25] Pelejero et al (2010). Paleo-perspectives on ocean acidification. Trends in ecology & evolution, 25 (6), 332-44 PMID: 20356649 [26] Past 
constraints on the vulnerability of marine calcifiers to massive carbon dioxide release by Andy Ridgwell and Daniela N. Schmidt. Nature 
Geoscience, published online: 14 february 2010, doi:10.1038/ngeo755 [27] Pelejero et al 2010, Fig.2. [28] Kump et al. 2009. 

Box 5: How does a high-CO2 world create carbonate deposits?
Limestone and chalk, like corals and coccoliths, are made out of calcium carbonate. Many deposits of calcium carbonate occurred when there was 
much more carbon dioxide in the air. The Cretaceous is named after chalk deposits like the White Cliffs of Dover; CO2 levels during the Cretaceous 
were over 1000 ppm, compared to current levels around 390 ppm. If the ocean deposited calcium carbonate en masse during the high-CO2 
Cretaceous, Dr. Everett asks, why should we expect it to become hostile to carbonates now? The answer lies, again, in time scales.

Over short time scales, like those on which acidification is currently occurring, the saturation state of calcium carbonate is determined by pH, which 
is controlled by CO2. However, on longer time scales, it’s controlled by another factor.

In other words, over a long timeline, it’s the calcium that determines calcium carbonate favorability. Over short timelines, it’s the pH... and CO2 
emissions are altering the pH on a short timeline.

[a] Kump et al. (2009).
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There are other examples29. 'Has this happened before?' Not exactly, no- but based on similar events in the 
past, the outlook is bleak.

Part V: Is This Bad, or Good, or Just Different?
Part V of John Everett's testimony repeats several claims that we've already seen to be simply incorrect. The 

only new evidence he presents in this section regards a different pH problem: acid rain. He writes:

His reference for this claim is a news item from ScienceDaily.30 To clarify, when Little Rock Lake was 
'allowed to recover', acidification was halted and its pH was allowed to rise to its previous levels. The news item is 
reporting on the slow recovery, which only took place once the acidification ceased. Dr. Everett presents a quote from 
this news item, which would seem to suggest that things were just fine in the acidified lake. In fact, the quote in its 
entirety refers to the lake’s recovery, rather than its acidified state:

By presenting only this quote, and only in a very selective way, Dr. Everett has selected the only part of this 
news item which doesn't point to the critical importance of pH in lakes. A few things he omits:

So the results of this lake acidification experiment don’t support Dr. Everett’s rosy outlook for oceanic pH 
changes. It’s not clear why he cited it, unless he just wanted a optimistic soundbite. 

It’s also not clear why he’s comparing saltwater and freshwater ecosystems. He does so elsewhere in his 
testimony, writing in part III:
[29] Pelejero et al. 2010. [30] Wisconsin Lake Study Shows Persistence Of Acid Rain Effects. August 23, 2000. ScienceDaily. Available: 
http://www.sciencedaily.com/ releases/2000/08/000814021041.htm. Until further notice, all quotes in this section are from this reference.
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Both lake and ocean ecosystems are filled with organisms which have adapted to their environments over 
long time periods. The differences between fresh- and saltwater ecosystems are obvious to any aquarist. It seems 
risky at best to draw naive analogies between them. I contacted Dr. Carl Watras, coordinator of the Little Rock Lake 
Experiment. He agreed that use of a freshwater acid-rain study is specious, writing 'the comparison between lakes 
and oceans is "apples to oranges."'31

The similarity between the two cases, he agrees, is that they both involve environmental pH changing faster 
than populations and ecosystems can adapt.

[31] Dr. Carl Watras, Personal Communication. January 31, 2011. 

Part VI: What Can Be Done About It?
This part of Dr. Everett’s testimony is a discussion of a geoengineering proposal for dealing with ocean 

acidification, in which limestone is added to the oceans to raise their pH. Although a complete discussion of the pros 
and cons of geoengineering is beyond the scope of this report, I tend to concur with his negative: not only is this 
scheme impractical, it does nothing to solve the ultimate problem of rising CO2 levels, while raising a number of 
messy legal, polictical, and ethical issues. 

It should be kept in mind that the limestone in question originated from exactly this sort of addition of 
alkalinity to CO2-rich oceans (see Box 5). Part VII: Research Suggestions

In the penultimate section of his testimony, Dr. Everett presents a collection of research suggestions 'that 
would go a long way toward establishing the likely effects of an increased CO2 world.' On the surface, it’s hard to 
take issue with his suggestions, but in the context of the rest of his testimony, they ring rather hollow. Given his 
treatment of existing research, his appeals for further research seem to be disingenuous. It looks to me like he is 
emphasizing the unknowns in carbon geochemistry as though they somehow invalidate the knowns.

Part VIII: Concluding Remarks
The last part of Dr. Everett’s testimony presents his conclusions. Much of it is simply reiteration of claims he 

has already made, but what new information he presents thickens the smoke screen just a little bit more.  Experiments 
demonstrating the negative effects of ocean acidification, he writes, 'would be suspect because there is insignificant 
change relative to past climates of the Earth.' We have seen this statement to be simply incorrect. He fails to give 
further support for this position, stating that 'Scientific studies, and papers reviewing science studies, have similar 
messages', but not providing any examples.

He briefly acknowledges the ecological importance of rates of change, but dismisses it by appealing to the 
concept of genetic plasticity:
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But we haven’t yet seen genetic plasticity send corals32, pine trees33, or sticklebacks34 into the warp-speed 

adaptation necessary to cope with environmental changes of this magnitude. Why should we expect it to do so under 
future environmental changes?

Dr. Everett questions observations of anthropogenic ocean acidification:

Based upon the theoretical chemical behavior of CO2 (Box 1) and the observation of rising CO2 (Figure 10, 
red line), neither of which are especially controversial, as well as well-studied datasets25 showing the correlation 
between pH, oceanic carbon dioxide, and atmospheric carbon dioxide, it would seem that ocean acidification would 
be the default assumption. You’d need to have a pretty good reason to think that it isn’t happening. Dr. Everett 
doesn’t give us a pretty good reason, or any other kind of reason for that matter, except for his say-so.

At several points throughout the testimony he emphasizes natural variation in the environment; here he writes:

But environmental variation occurs around a central tendency, in this case, the globally averaged ocean pH, 
and it is this average pH which human activity alters. When the central tendency changes, the range of variation also 
changes - and even if the change in the 
average pH is small compared to its 
variation, the effects can be drastic. At the 
April 22 hearing, Dr. Barry drew an 
analogy with temperature. Restated 
slightly, imagine you live in an area where 
the temperatures generally range from 20 
ºF to 90 ºF, and an average temperature of 
about 60 ºF. Now imagine that the average 
temperature increases by 10 F. Compared 
the the 70º range, that doesn't look like a 
big change- but think about its impact! 
The temperature now ranges from 30º to 
100º. It's below freezing a lot less in the 
winter; now it rains more than it snows 
and the snow that falls melts faster and 
doesn't build up- less meltwater feeds the 
rivers in the spring. Your hot summer days 
are in the 90's rather than the 80's; water 
evaporates faster. The occaisonal blistering 100+º days happen more often. Dr. Everett is entitled to believe whatever 
he wants, but he has given us no particular reason to trust his beliefs. He continues:

[32] Veron et al., 2009. The coral reef crisis: The critical importance of <350 ppm CO2. Marine Pollution Bulletin 58. p 1428–1436. Available: 
https://static.zsl.org/files/1c-the-coral-reef-crisis-the-critical-importance-of-350-ppm-co2-967.pdf [33] Bentz, Barbara. 2008. Western U.S. Bark Beetles and 
Climate Change. (May 20, 2008). U.S. Department of Agriculture, Forest Service, Climate Change Resource Center. http://www.fs.fed.us/ccrc/topics/bark-
beetles.shtml [34] Barrett, R., et al. (2010). Rapid evolution of cold tolerance in stickleback Proceedings of the Royal Society B: Biological Sciences DOI: 
10.1098/rspb.2010.0923 [35] E.g., Dore et al. (2009). Physical and biogeochemical modulation of ocean acidification in the central North Pacific. 
Proceedings of the National Academy of Sciences vol. 106  no. 30 p. 12235–12240

Box 6: Is it fraudulent to use strong acids?
Disputing the results of ocean acidification experiments, Dr. Everett writes:

This is a strangely worded statement; carbon dioxide is an acid. It’s also not necessarily 
inappropriate to use strong acids like hydrochloric acid in experiments: the Cretaceous-
Tertiary extinction event involved substantial ocean acidification, attributed to the 
release of sulfuric acid by a meteor impact.a If nothing else, the use of strong acids may 
help understand this historical acidification scenario. At any rate, it is sobering to 
consider that we have to look as far back as the death of the dinosaurs to find changes in 
ocean chemistry comprable to today.b

[a] Caldeira, Ken. (2008). What Corals are Dying to Tell Us About CO2 and Ocean 
Acidification. Oceanography, Vol. 20 No. 2 p. 188 - 195. Available from tos.org [b] 
 Ridgewell and Schmidt (2010).
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It’s hard to tell what his point is here. Does he think that the existence of more acidic rainwater and deep 
ocean water makes the pH of the ocean’s surface irrelevant? Rainwater is one route through which CO2 enters the 
ocean; more CO2 means more acidic rainwater.

Then there is this, which looks to me like an oblique reference to the ’global warming stopped in 1998‘ 
talking point: 

'

Like Dr. Everett’s discussion of CO2 accumulation rates, the idea that global warming has stopped in recent years is 
based upon the extrapolation of meaningless trends.36 His description of a multidecade 'cooling cycle' as a realistic 
scenario is left without any justification or supporting evidence.

Finally:

'

I completely agree; but Dr. Everett has shown that he actually has no interest in doing any of this.

[36] Easterling, D. R., and M. F. Wehner (2009), Is the climate warming or cooling?, Geophys. Res. Lett., 36, L08706, doi:10.1029/2009GL037810.



Appendix A: Ocean Acidification FAQs
What is an acid? 
For our purposes, an acid is any substance which increases the concentration of hydrogen ions (H+) in the solution 
containing it. For example, when hydrochloric acid, HCl, dissolves in water, it breaks down into H+ and Cl- 
(chloride). As discussed in Box 1, carbon dioxide is an acid. Its chemistry is somewhat more complicated than that 
of HCl, but is fairly straightforward and not at all controversial.

What is acidity?
Acidity of a solution is it's concentration of hydrogen ion. More acidic solutions have more hydrogen ions (a strong 
HCl solution might be 10% H+) whereas less acidic solutions have less (a strong solution of a base like lye might be 
0.000000000001% H+). 

What is pH?
Because hydrogen ion concentration (acidity) can vary over 14 orders of magnitude, acidity is measured on the pH 
scale, in which the pH of a solution is the logarithm of H+ concentration. A logarithm is a mathematical function 
which has the compressing orders of magnitude to the same size - that is to say, the difference between the 
logarithms of 10 and 100 is the same as the difference between the logarithms of 1 and 10. A strong solution of HCl 
might have a pH of 1; a strong solution of lye might have a pH of 13. 

What is acidification?
Acidification is the addition of an acid to a solution, which results in a drop in pH. Because it is defined by the 
change in solution composition, not by initial or final states, a solution may be acidified even while remaining basic. 

It's only a change of 0.1. or 0.2, or 0.35 pH. What's the big deal? 
pH is a logarithmic measure, so small changes in pH are still large changes in acidity. An 0.1 pH change is a 130% 
increase in hydrogen ion concentration.

How do we know it's occurring? How do we know it's due to our fossil fuel usage?
A full discussion of the observation and attribution is beyond the scope of this report, but this is a quick answer. 
Based on pretty simple and uncontroversial first principles (themselves abstracted from solid, readily recreated 
observations), we would expect from the start that if carbon dioxide flows into the air, ocean acidification will 
occur. The level of carbon dioxide has been uncontroversially observed to rise over the last several decades by 
programs like the Earth Science Research Laboratory. Time series of ocean chemistry (such as those taken at 
ALOHA station in Hawai'i) show both a longterm increase in dissolved carbon dioxide and a longerterm decrease in 
pH near close to the surface - as we would expect if our starting principles were correct and acidic carbon dioxide 
were flowing down from the surface. How do we know the carbon dioxide is ours? In addition to the observed 
burning of massive amounts of fossil fule, the isotopic makeup of atmospheric, dissolved, and calcified carbon 
dioxide is a good clue. However, I think the most striking piece of evidence is a small but measurable decrease in 
the amount of atmospheric oxygen which tracks the buildup of carbon dioxide. What is burning, and why does it 
look exactly like our fossil fuels?

How do we know what the pH was, so far back in the past?
There are a number of geologic proxies which can be used. For example, in addition to salt and carbon dioxide, the 
ocean stores boric acid in its various ionic states. The ocean pH controls how much of each state is present, and in 
turn, how they get incorporated into the shells of calcifiers. 



Appendix B: Recent CO2 Trends
It is not entirely clear what dataset Dr. Everett is using as the basis of his discussion in part II. His graph is titled 
'Global Surface CO2 Growth', and the time series begins around 1980, suggesting that the data comes from the ESRL 
global CO2 monitoring network; his citation confirms this. However, the URL he provides 
(http://www.esrl.noaa.gov/gmd/ccgg/trends/#global) directs us to growth rate data from Mauna Loa Observatory 
(MLO); the global data is available elsewhere (http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html). Global and 
MLO growth rate data are similar, but not identical and the slight discrepancy led to some confusion during analysis. 
Accurate citation of source data is imperative. It was the global data data which was used here and in part II. Rates 
are all in ppm/year.

Year  | Rate
1980 1.71
1981 1.05
1982 1
1983 1.85
1984 1.21
1985 1.75
1986 1.03
1987 2.65
1988 2.22
1989 1.41
1990 1.25
1991 0.73
1992 0.67
1993 1.21
1994 1.64
1995 1.97
1996 1.1
1997 1.99
1998 2.89
1999 1.36
2000 1.23
2001 1.88
2002 2.4
2003 2.2
2004 1.58
2005 2.39
2006 1.83
2007 2.11
2008 1.81
2009 1.62
2010 2.46

12-Year Window | Average Rate
1980 to 1992               1.49  
1981 to 1993        1.40
1982 to 1994        1.42    
1983 to 1995        1.47    
1984 to 1996        1.48
1985 to 1997        1.47
1986 to 1998        1.49
1987 to 1999        1.64
1988 to 2000        1.54
1989 to 2001        1.45
1990 to 2002        1.49
1991 to 2003        1.59
1992 to 2004        1.71
1993 to 2005        1.79
1994 to 2006        1.89
1995 to 2007        1.90
1996 to 2008        1.91
1997 to 2009        1.97
1998 to 2010        1.94

10-Year Window | Average Rate
1980.0 to 1990.0         1.59    
1981.0 to 1991.0         1.54    
1982.0 to 1992.0         1.51    
1983.0 to 1993.0         1.48    
1984.0 to 1994.0         1.41    
1985.0 to 1995.0         1.46    
1986.0 to 1996.0         1.48    
1987.0 to 1997.0         1.49    
1988.0 to 1998.0         1.42    
1989.0 to 1999.0         1.49    
1990.0 to 2000.0         1.48    
1991.0 to 2001.0         1.48    
1992.0 to 2002.0         1.59    
1993.0 to 2003.0         1.77    
1994.0 to 2004.0         1.87    
1995.0 to 2005.0         1.86    
1996.0 to 2006.0         1.90    
1997.0 to 2007.0         1.98    
1998.0 to 2008.0         1.99    
1999.0 to 2009.0         1.88    
2000.0 to 2010.0         1.91

8-Year Window | Average Rate
1980.0 to 1988.0         1.53    
1981.0 to 1989.0         1.60    
1982.0 to 1990.0         1.64    
1983.0 to 1991.0         1.67    
1984.0 to 1992.0         1.53    
1985.0 to 1993.0         1.46    
1986.0 to 1994.0         1.40    
1987.0 to 1995.0         1.47    
1988.0 to 1996.0         1.39    
1989.0 to 1997.0         1.25    
1990.0 to 1998.0         1.32    
1991.0 to 1999.0         1.53    
1992.0 to 2000.0         1.60    
1993.0 to 2001.0         1.67   
1994.0 to 2002.0         1.76    
1995.0 to 2003.0         1.85
1996.0 to 2004.0         1.88
1997.0 to 2005.0         1.94
1998.0 to 2006.0         1.99
1999.0 to 2007.0         1.86    
2000.0 to 2008.0         1.95    
2001.0 to 2009.0         2.03    
2002.0 to 2010.0         1.99

As is highlighted, the 'present rate' of 1.53 ppm/year which Dr. Everett quotes actually last 
occurred in 2002 at the outside. The windows which were used to average this data mirror the 
8, 10, and 12 year windows on which he bases his extrapolation. To be fair, he did not have 
access to the 2010 global rate at the time of his testimony. However, it is one of the largest 
values in the time series, casting further doubt on the significance of the recent 'downward 
slope' which he extrapolates. Inclusion of this datum also increases the significance of the 
1980-2010 trend, dropping the p-value to 0.026.

While the global CO2 data extend back to 1980, high quality measurements from Mauna Loa Observatory go back 
to 1959; as noted above, these rate measurements agree with the global measurements very well over their period 
of overlap, strongly indicating that MLO data is a good global proxy (See Figure B1). The MLO rate data clearly 
show a long-term increase; this is confirmed by the upward curvature of the MLO concentration data. (See Figure 
B2.)



Figure B1: A side-by-side comparison of the ESRL's global CO2 rate data (red dots) and the local rate data 
measured at Mauna Loa Observatory (green dots), with long term trends. The global trend (red line) has a slope of 
about 0.025 ppm/year2 and a p-value of about 0.026; the MLO trend has a slope of about 0.026 ppm/year2 and a p-
value of 1.66 * 10-7. 

Figure B2. The 'Keeling Curve', showing CO2 concentrations over the past half century. The least-
squares trend line is an underestimate at the beginning and the end of the time series, and an 
overestimate in the middle, showing that the data have an upward curvature. The global CO2 data 
are included to show their good agreement with the MLO data, again justifying its use as a global 
proxy.



Appendix C: Image and Data Credits
Unless otherwise noted, all images are by the author, who has released them into the public domain.
Cover Image. "Coral Angst". Based off an image by Toby Hudson via Wikimedia Commons 
(http://commons.wikimedia.org/wiki/File:Folded_Coral_Flynn_Reef.jpg)
Figure 1. Image from www.epw.senate.gov
Figure 4. Image by Dr. Lena Ma. 
Figure 5, 7. Images taken from Dr. Everett's written testimony from the  May 11, 2010 hearing.
Figure 6, 8, 9. Global CO2 rate data taken from Thomas Conway and Pieter Tans, Annual Mean Carbon Dioxide 
Growth Rates NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/global.html)
Figure 10. MLO data from Pieter Tans and Ralph Keeling. Mauna Loa Annual Mean Data, NOAA/ESRL/Scripps 
(ftp://ftp.cmdl.noaa.gov/ccg/co2/trends/co2_annmean_mlo.txt). IS92a Scenario from IS92a CO2 concentrations 
(http://www.cgd.ucar.edu/vemap/supplemental/IS92a.dat). Dr. Everett's projection (described in his remarks in part II) 
is based upon the assumption of a constant accumulation rate of 1.87 ppm/year; the extrapolations based on MLO and 
global rate data are calculated by integrating the least-squares linear fit with the 2009 CO2 concentration as an initial 
condition. 
Figure 11. Based upon Figure 4 from Doney et al. (2009). Ocean Acidification: The Other CO2 Problem . Ann Rev. 
Mar. Sci. Vol 1, p. 169-1992.
Figure 12. Image taken from Dr. Everett's written testimony from the May 11 2010 hearing; the original image is from 
the IPCC AR4 Working Group I, figure 6.1. (http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch6s6-3.html)
Figure 13. MLO data  as with Figure 10; all others from the Paleoclimatology archive of NOAA's National Climatic 
Data Center. 

Law Dome data were the 75-year smoothed series from Etheridge, D.M., et al., 2001, 
Law Dome Atmospheric CO2 Data, IGBP PAGES/World Data Center for Paleoclimatology Data Contribution Series 
#2001-083. NOAA/NGDC Paleoclimatology Program, Boulder CO, USA. 
(http://www.ncdc.noaa.gov/paleo/metadata/noaa-icecore-2455.html) 

Taylor dome data were from Indermühle, A., B. Stauffer, T.F. Stocker and M. Wahlen, 1999,Taylor Dome Ice 
Core CO2 Holocene Data. IGBP PAGES/World Data Center-A for Paleoclimatology  Data Contribution Series #1999-
021 NOAA/NGDC Paleoclimatology Program, Boulder CO, USA. (http://www.ncdc.noaa.gov/paleo/metadata/noaa-
icecore-2419.html) 

Vostok data were originally published in Barnola, J.-M., D. Raynaud, Y.S. Korotkevich, C. Lorius. 1987. Vostok 
ice core provides 160,000-year record of atmospheric CO2. Nature 329:408-414; the data were retrieved from the 
NCDC archives (http://www.ncdc.noaa.gov/paleo/metadata/noaa-icecore-2442.html).
Figure 14. Same data as Figure 13; rates have been calculated by dividing the difference between successive 
concentrations by the length of time between them, and assigning the resulting rate to the midpoint of the time interval 
(ie, given a time series [Ti, Xi], a new time series is constructed [ti, Yi] where ti = (Ti + Ti+1)/2 and Yi = (Xi+1 - Xi) / (Ti+1 -
 Ti))
Figures B1, B2. MLO data from Mauna Loa CO2 Annual Mean Data and Annual Mean Growth Rate for Mauna Loa, 
Hawaii. Pieter Tans and Ralph Keeling (http://www.esrl.noaa.gov/gmd/ccgg/trends/mlo.html). Global data from Annual 
Mean Global Carbon Dioxide Growth Rates and Globally Averaged Marine Surface Annual Mean Data. Thomas 
Conway and Pieter Tans, NOAA/ESRL (http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html).
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The government of the United States relies on expert testimony... but are they actually getting it? Ocean acidification 
is a pressing environmental issue... but are our leaders hearing accurate information about it?

Dr. John Everett has been telling the US Senate that ocean acidification is 'not a problem'. In this report, his evidence 
and arguments are examined. They don't support his position.

Charlie Soeder grew up in the mountains of North Carolina and has a Bachelor's degree in mathematics and a minor 
in chemistry from the University of North Carolina at Chapel Hill. His interests are in biogeochemistry, 
environmental issues, and citizen science. When he is not in the lab or analyzing the role science in the public sphere, 
he plays guitar and programs in Python.

Liam Rattray had a degree in public policy from Georgia Tech; he was an Atlanta native. He was interested in 
permaculture and mycology, and enjoyed the fine art of urban agriculture. Before he could finish writing the forward 
for this report, he was hit by a drunk driver. Please don't do stupid things that endanger other people, like driving 
drunk or polluting.

ArkFab is an Atlanta-based scientists' collective devoted to open source and community-based research, technology, 
and subsistence for the twenty first century.




