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    One picture is worth a thousand words. 

Ocean Temperatures and Acidity are Rising - How Much?  

The average ocean temperature is about 39 F, and the average atmospheric temperature is about 59 F, so 
the atmosphere is, on average, warming the oceans, and this warming will continue as long as the atmos-
phere is warmer than the oceans.  But how much are the oceans warming?  The heat capacity of the 
oceans is about 1,000 times greater than the heat capacity of the atmosphere.  If the oceans absorb 
enough heat energy to reduce atmospheric temperatures by 10 degrees, the oceans warm only by 0.01 
degrees, a trivial amount. 

Scientists in 2003 launched the Argo Project to ob-
tain comprehensive measurements on ocean tem-
peratures and other variables. There are now over 
3,900 Argo floats in operation throughout all the 
oceans of the world.  Since 2003 for the first time 
scientists have comprehensive data on ocean tem-
peratures down to 2000 meters (1.2 miles), the lim-
it of the Argo floats.  On average the oceans are 
about 2.4 miles deep.  Scientists had relatively lim-
ited data on any ocean temperatures before 2003, 
and they still have relatively limited data on ocean 
temperatures below 2000 meters (the lower half of 
the oceans), which IPCC AR6 admits are “poorly 
sampled.”  (IPCC AR6 WGI p.350) 

AR6 does not cite actual Argo temperature data.  Rather it cites Ocean Heat Content (“OHC”) as in this 
graph showing OHC to be relatively unchanged from 1850 to the present with the rate of rise projected to 
increase by different amounts depending on various assumptions of atmospheric temperature rise.  



Actual Argo data shows ocean temperature 
rising only a few hundreths of a degree per 
decade.  But, as usual with IPCC models, 
the models calculate much greater rise than 
is actually occurring.  The measured temper-
ature rise is much too small to have any sig-
nificant effect on coral or other ocean life 

Beside temperature rise AR6 also discusses “marine 
heat waves,” which AR6 claims “can lead to severe and 
persistent impacts on marine ecosystems” including cor-
al, and which are “increasing” in frequency.  (AR6 WGI 
p.1227).  But the term “heat wave” lacks any clear defi-
nition.  AR6 provides no quantification of the tempera-
tures involved, or the increase in frequency.  There is no 
explanation as to how rising atmospheric CO2 levels 
(CO2 being an evenly distributed gas in the atmosphere) 
and rising atmospheric temperatures can cause a marine 
heat wave as opposed to a general warming of the 
oceans 

AR6 does not discuss heat wave causation.  El Ninos 
can cause heat waves that are hot enough to cause 
coral bleaching on the Great Barrier Reef, e.g. in 
2015-2016, the only coral bleaching incident men-
tioned in AR6.  (AR6 WGI p.1842).  Also underwa-
ter volcanic eruptions can cause “blobs” of very hot 
water that can cause coral bleaching.  The massive El 
Hierro submarine volcano eruption in the Canary 
Islands, which lasted from October 2011 to March 
2012, caused a blob that was still hot enough to melt 
sea ice when it arrived in the Arctic due to ocean 
currents.  One volcanologist estimates that about 
75% of the world total volcanic activity occurs be-
low sea level. 

The pH scale only runs from 0 to 14.  A pH of 7.0 is neu-
tral.  Above 7 is alkaline.  Below 7 is acidic.  But for most 
of the 0-14 scale any effect on the skin is hard to detect.  
Lemon juice has a pH of around 2.  An apple around 3.  
Clean rain is 5.6.  Sea water presently averages around 8.1, 
which is significantly on the alkaline side of neutral, and it 
varies from around 7.8 to 8.5 by location, by depth, and 
from day to day.  As atmospheric CO2 levels rise, the 
oceans absorb more CO2 from the air, and this reduces the 
oceans’ pH. 



Scientists have extraordinarily meager measured 
data on ocean pH.  The existing measured data is 
only from a few locations going back only 30-40 
years or so.  Even today very few of the Argo 
floats measure pH.  This variable (ocean pH) 
was not considered an issue prior to 2003 when 
the phrase “acidification” was coined for its 
shock value.  The oceans are not becoming acid-
ic.  They are becoming slightly less alkaline.  
Such measured data as exists shows only slight 
pH reduction.  For example, the pH of the ocean 
water around Hawaii and around Central Califor-
niahas declined (become more alkaline) from 
about 8.14 to 8.10 over the 30 year period 1990-
2020.   

The British Met Office 
shows ocean pH falling 
from about 8.11 in 1985 
only to about 8.05 in 
2020, a period of 35 
years. 

Proxy data shows that ocean pH varied 
from 7.9 to 8.3 over the last 7,000 years, 
but never approached 7.0, the transition 
to acidic. There is no apparent correla-
tion with atmospheric CO2 levels. 

Here is another study using proxy data 
for the period 1708-1988 also showing 
ocean pH erratically varying from 8.17 
to 7.91 over 280 years with no correla-
tion between ocean pH and CO2 emis-
sions. 

Proxy data from 35-55 million years ago 
suggests that modern pH is unusually high.  
Atmospheric CO2 during this period was 
around 1,000 ppm, much higher than to-
day’s 420 ppm, but pH then was in the 
range of 7.6-7.8, slightly lower than today 
and nowhere near acidic.  Coral existed 
during this period and survived.   



Theoretical calculations show that increasing 
CO2 levels from today’s 420 ppm to 1,000 
ppm will have minimal effect on ocean pH and 
will not bring ocean pH any where near to 7.0 
neutrality, let alone turn the ocean acidic (pH 
below 7.0) 

This graph came from AR6.  (WGI p.22).  It uses the words 
“acidity” and “acidification,” but what the graph actually 
shows is ocean alkalinity declining from about 8.14 in 1950 
to 8.05 in 2015, a 65 year period and a trivial amount that is 
nowhere near turning acidic.  Projections through 2100 are 
shown based on 5 different sets of assumptions.  Scientists 
now generally agree that the assumptions in SSP3-7.0 and 
SSP5-8.5 are implausible, and that the earth is evolving on a 
path causing less chlimate change than the assumptions in 
SSP2-4.5, which puts pH in 2100 around, or slightly above, 
7.9, a number that is far above 7.0 neutrality.  

Increased CO2 concentrations in the oceans is 
beneficial to ocean life in general.  CO2 is plant 
food, so increasing CO2 levels increase the pro-
duction of plankton and algae, which are at the 
base of the ocean food chain.  Coral depends on 
algae for food.  As the amount of food at the 
base of the food chain increases, populations of 
organisms all up the food chain increase.   

Also coral and shelled organisms use the CO2 in the 
ocean to make the calcium carbonate (CaCO3), 
which forms their structures and shells:  CaO + CO2 
= CaCO3.  So increasing CO2 concentrations in the 
oceans can facilitate this process so long as pH lev-
els do not actually fall significantly below 7.0 neu-
trality.  Freshwater lakes commonly have acidic pH 
(between 6 and 7), yet many shelled species, e.g. 
types of clams and mussels, live in such lakes.     



Conclusion as to Ocean Warming and Declining pH 

The oceans are warming at a trivial rate as measured by the Argo project.  Measurements 
show that the ocean pH is in the range of 7.9-8.1, which is alkaline, not acidic. The pH is de-
clining at a slow rate but by the year 2100 pH is predicted to still be far from turning acidic, 
which occurs at pH 7.0 on the pH scale of 0 to 14.  The combined effect of slight ocean warm-
ing and slight pH reduction is more likely to be beneficial than to be harmful for coral and oth-
er shelled organisms, as further discussed below 

Coral 

Scientists have relatively meager data on 
coral.  By far the most studied reef in the 
world is the Great Barrier Reef (“GBR”) off 
the East coast of Australia.  This reef is over 
1,400 miles long, running from North to 
South, and is more accurately described as a 
collection of over 3,000 individual reefs.  
Reefs come and go as ocean levels rise and 
fall.  Most reefs today are only between 
5,000 and 10,000 years old. 

 
 

 

The GBR has been monitored since 1986 by the Aus-
tralian Institute of Marine Science.  (“AIMS”).  The 
most recent AIMS data which covers from 1986 to 
2022 shows that reef coverage presently is the highest 
it has ever been over the 36 year period. 

Coral and algae have a symbiotic relationship.  
Algae lives within the structure of hard corals 
and provides food for the coral and also cre-
ates the apparent color of the coral.  Various 
events cause the coral to eject its resident al-
gae.  This causes the color to become white, 
the color of calcium carbonate or limestone 
(CaCO3) of which hard coral is made.  Such 
coral is commonly referred to as “bleached” 
although this is a distortion of the dictionary 
meaning of “bleach.”  The ejection of algae is 
a voluntary action undertaken by the coral it-
self. 



The image shows some bleached coral.  
Scientists are still trying to understand 
the significance of bleaching.  One theo-
ry (that is often implied, if not stated, in 
the media) is that bleaching is substan-
tially equivalent to death.  Since coral’s 
ejection of its algae is a voluntary ac-
tion, this is equivalent to saying that 
coral commits suicide. 

Scientists are increasingly studying coral recovery 
from bleaching and are documenting dramatic coral 
recovery, as shown here.  Trees shed their leaves in 
response to the cooling stress of fall weather, but trees 
then come back to life in the spring.  Scientists are 
increasingly understanding coral bleaching in these 
terms.  It is the only explanation for the present health 
of the GBR after supposedly suffering four major 
bleaching incidents in recent years, the most recent 
occurring in 2015-2016. 

Scientists are increasingly documenting mas-
sive changes in reef coral cover on particular 
reefs over relatively short periods of time, 
demonstrating both the vulnerability of coral 
to particular events and the ability of coral to 
reestablish itself.  The principal causes of cor-
al death are major storms and predators such 
as the crown-of-thorns starfish. 

Since the GBR is so long (1,400 
miles), the AIMS breaks the data 
down by a Northern, Central, and 
Southern regions.  All three of the 
regions have periods of coral death, 
but the periods are not the same.  
This shows that coral death has re-
gional causes rather than general 
causes, such as gradual ocean warm-
ing or gradual pH decline.  For ex-
ample, the large decline in coral in 
the Southern Region in 2009-2010 
was caused by Tropical Cyclone 
Hamish. 



It is being increasingly documented that algae are more 
sensitive to ocean temperature than coral.  As ocean 
temperature rises or falls, coral may eject its algae and 
then import a different species of algae more suited to 
the new temperature.  Coral reacts to temperature rise 
by growing faster.  One study indicates a 15% greater 
rate of growth per 1 C increase in temperature.  The 
warmer parts of the GBR are growing faster than the 
colder parts.  This contradicts the AR6 projection that a 
further world warming of only 0.4 C will result in the 
decline of 70-90% of coral reefs.  (WGI p.1966). 

The warmest place in the world’s 
oceans, known as the Coral Triangle, 
has the most diverse and the healthi-
est coral reefs in the world.  The wa-
ter there is significantly warmer than 
the water surrounding the GBR. 

The range of coral growth is limited by 
cold water, not by hot water.  Thus as the 
oceans warm, the range of coral reefs 
will grow both North and South away 
from the tropics, thus expanding in total 
area. 

Scientists have only about 25 years of relia-
ble data on the extent of world hard coral 
reef coverage.  Such data as exists shows a 
relatively stable condition.  This contradicts 
the AR6 statement that the scope and sever-
ity of coral bleaching and mortality events 
have increased in recent decades.  (WGI 
p.212).  But AR6 gives no quantification or 
explanation for its claims. 



Conclusion 

Ocean temperature is slightly rising, and ocean pH is slightly declining, but the claims that these 
changes will negatively effect coral growth or other ocean organisms lack significant support, 
and there is much contrary evidence.  There is reason to believe that the net effect of slight tem-
perature increase and slight pH decline will be positive on coral.   
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