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        One picture is worth a thousand words. 

 THE CLIMATE HISTORY OF THE HOLOCENE -  

FROM 10,000 YEARS AGO TO THE PRESENT 

There is a surprising amount of disagreement among scientists about important issues over the last 
10,000 years.  Scientists disagree during this period: (1) whether there have been temperatures high-
er than present temperatures, and (2) whether there have been climate cycles caused by natural vari-
ation or by forces other than greenhouse gases.  If pre-industrial temperatures have been warmer 
than the present, then today’s temperatures are not “unprecedented” as claimed by the IPCC.  If cy-
cles caused by natural variation or by forces other than greenhouse gases exist, then some significant 
amount of the warming over the last 150 years may have been caused by such cycles. 

Scientists agree that from roughly 15,000 years ago 
to 10,000 years ago world temperatures varied dra-
matically and, overall, shot upward as the most re-
cent glacial period came to an end, and as the cur-
rent geological period, the Holocene Interglacial, 
began.  Since 10,000 years ago in this reconstruc-
tion, there have been three named warm periods 
with an overall downward trend towards present 
world temperatures.  The IPCC disputes the exist-
ence of each of these three warm periods. 

The temperature rise was so great from 18,000 
years ago that world sea levels rose about 120 me-
ters, or almost 400 feet, over the next 10,000 years, 
and then in recent millenia have remained relative-
ly stable.  It is agreed that all this temperature and 
sea level rise was caused by natural variability.  
Human activity had nothing to do with it.   As late 
as around 5000 BC the total human population in 
the world may have been only 5 million people 
compared to a present population of over 8 billion. 



The traditional understanding of Holocene tem-
perature is the black line with an “optimum” or 
high point some 8,000 years ago (6,000 BC), 
which was significantly warmer than the pre-
sent.  It is agreed that, since 5,000 years ago, 
CO2 and methane atmospheric concentrations 
have been increasing, but this image shows 
temperatures declining.  The computer climate 
models (green line), relied upon by the IPCC, 
project that temperatures should have been ris-
ing, so neither the models, nor the CO2 Control 
Knob Theory can explain the declining temper-
atures if they existed. 

The IPCC in its First Assessment Report (1990) presented 
this graph (ARI p.202) showing the Holocene maximum 
significantly warmer than the present, but occurring 
around 5,000 years ago rather than 8.000 years ago in the 
prior graph.  In his classic text, Climate History and the 
Modern World (2d ed. 1995), H.H.Lamb opined that be-
tween 5000 and 3000 BC the world was generally warmer 
by 1-3 C than it is today. 

But in AR6 (2021) the IPCC adopted the posi-
tion that Mid-Holocene temperatures (the blue 
vertical line on the right) were lower than mod-
ern temperatures. (AR6 WGI p.316 ).  Thus the 
IPCC claims that present temperatures are 
warmer than any multi-century period in the last 
100,000 years, and hence are “unprecedented.”.  
(AR6 WGI p.6). 

This analysis agrees with the prior image from AR1, show-
ing the Roman Warm Period and the Medieval Warm Peri-
od, as traditionally understood, each were significantly 
warmer than the present, and the Little Ice Age, as tradition-
ally understood, was significantly colder.  Both images sup-
port the theory of warming occurring on a natural climate 
cycle of about 1,000 years. 



During the Roman Warm Period  

wine grapes were grown in England.  Tunisia 
during this period was the “breadbasket” of the 
Roman Empire.  Massive quantities of wheat 
were grown in parts of North Africa that are now 
desert.  Trade on the Great Silk Road prospered 
from about 150 BC to 300 AD, when travel was 

Again during the Medieval Warm Period wine 
grapes were grown in England, and French wine 
producers protested the competition.  When the 
Vikings settled Greenland in 1000, it was, in fact, a 
green land, hence the name.  Settlement was possi-
ble because barley could be grown there at the 
time. 

This image from IPCC AR1 p.202 (1990) clearly 
acknowledges the Medieval Warm Period as signifi-
cantly warmer than today and the Little Ice Age as 
significantly colder than today.  It also shows the 
present warming starting in the 1600s, long before 
humans were emitting  a significant amount of CO2. 

But in 2001 the IPCC pronounced as definitive a 
new study showing world temperatures virtually flat 
and linear from the year 1000 to 1900 and then ris-
ing precipitously.  (AR3 WGI p.3).  This graph is 
colloquially referred to as the “hockey stick graph.”   



Some scienƟsts, 
who support the 
theory of a natural 
1,000 year cycle, 
aƩribute it to the 
solar Eddy Cycle, 
which would explain 
most of the world’s 
warming over the 
last 400 years. 

Roughly 3/4s of the over 100 papers 
that have been published rebut the 
hockey sƟck and support the theory that 
the Medieval Warm Period was signifi‐
cantly warmer than today.  The issue is 
unseƩled, but a clear majority of the 
papers support the existence of a Medi‐
eval Warm Period.  None of this debate 
is acknowledged or discussed in recent 
IPCC reports. 

Supporters of the hockey sƟck graph argue that 
there may have been medieval warming in Europe, 
but that this was not typical of the world as a 
whole.  There are, however, a large number of stud‐
ies from around the world, like this study from In‐
donesia, that support the theory of global periods 
of warming during the Holocene, during the Roman 
Warm Period, and during the Medieval Warm Peri‐
od. 

Part of the dispute over the hockey sƟck graph in‐
volves the reliability of tree ring proxies for temper‐
ature.  One criƟc of tree ring reliability, Craig Loehle, 
published this reconstrucƟon in 2007 based on 18 
non-tree ring proxies, finding  both a Medieval 
Warm Period significantly warmer than today’s tem‐
peratures, and a LiƩle Ice Age, running from around 
1400 to 1700, significantly colder.  ReconstrucƟons 
such as this suggest that the world’s present warm‐
ing is the normal, natural recovery from the unusual 
cold of the LiƩle Ice Age. 



Sea level changes are caused by global 
warming and cooling.  The sea level data 
shown here supports the temperature re‐
construcƟons showing a warm Medieval 
Warm Period and a cold LiƩle Ice Age, 
boƩoming out around 1750. 

The history of seƩlement in Iceland supports 
the theory of a Medieval Warm Period, giving 
way to the LiƩle Ice Age., at least in Western 
Europe.  In England the Thames regularly froze 
in the 1600s, and in some parts  the yearly 
number of burials exceeded the births from 
the 1660s unƟl about 1730. 

This more detailed global sea level graph shows 
the modern rise starƟng about 1790 and then 
becoming linear from around 1870, long before 
human acƟvity or CO2 could have been a signifi‐
cant cause of rising temperatures or rising sea 
levels.  Global sea level rise is driven by global, 
not regional, warming. 

The modern glacier retreat started in the 
1820s, again long before human acƟvity or CO2 
could have been a significant cause.  All of 
these images suggest a mulƟ-century cycle of 
natural temperature change. 



Yet this is the reconstrucƟon that the IPCC chose to 
feature in the AR6 Summary for Policy Makers. [AR6 
WGI p.6 (2021)].  The IPCC may reasonably be ac‐
cused of covering up the extent of the disagreement 
among scienƟsts as to the reconstructed tempera‐
tures of the 1,000 years prior to the beginning of the 
modern temperature record around 1850, when 
temperatures for the first Ɵme were actually meas‐
ured by scienƟfic instruments rather than being esƟ‐
mated from proxies, the accuracy of which are much 
debated. 

This graph of world temperatures from 1850 ap‐
peared in AR6 WGI p.322 (2021).  Even with 
measured temperature data, there are different 
ways to graph the data to suggest different 
trends.  This graph suggests that temperatures 
have been rising in roughly linear way since 
around 1900 with some recent acceleraƟon.  The 
IPCC concluded in 2021 that the world had 
warmed 1.1 C since 1850-1900 (AR6 WGI p.5), so 
the rate of warming has been about 1 C per cen‐
tury. 

By contrast, this graph appeared in IPCC AR3 
WGI p.3 (2001) showing the temperature rise 
from 1860-2000.  It shows three disƟnct peri‐
ods of temperature movement - a rise 1910-
1940, a decline from 1940-1975, and then a rise 
1975-2000. 

Human emissions of CO2 did not become 
significant unƟl roughly the 1940s, and they 
have risen dramaƟcally ever since at a rough‐
ly linear rate.  



The annual global carbon budget shows that soil res-
piration and plant respiration each release per year 
about 6 times the amount of CO2 that is released by 
burning fossil fuels.  Nearly 50 times as much car-
bon is stored in the oceans as in the atmosphere., and 
over 100,000 times as much is stored in the earth’s 
crust 

It is the atmospheric concentration of CO2 that has a 
greenhouse effect, not the total human emissions, 
about half of which are promptly removed from the 
atmosphere by various natural processes.   As of 
1800 the atmospheric CO2 concentration was 280 
parts per million.  By 1960 this had risen only to 
315, much too small an increase to have caused the 
1910-1945 temperature rise.  Since 1960 the CO2 
concentration has increased by 100 ppm. 

Scientists have high quality instrumental meas-
urements of atmospheric CO2 levels since 1958, 
which show a basically linear but slightly accel-
erating rate of rise.  The rate of CO2 rise from 
1800 to 1960 was 0.2 parts per million per year, 
and then 1.7 ppm per year from 1960 to 2020.  
Despite all the past human emissions in 2020 
only about 30% of the CO2 in the atmosphere 
came from human activity. 

The IPCC in AR5 WGI p.17 (2013) conceded that 
the warming 1900-1950 was due to natural causes, 
and that up to half of the post-1951 warming might 
have been due to natural causes.  Then in 2021 the 
IPCC concluded that virtually all of the warming 
since 1900 was “human-caused,” and that green-
house gases were the “main driver of tropospheric 
warming since 1979.”  (AR6 WGI p.5).  In addition 
to CO2 emissions, human causes include urbaniza-
tion and other changes in land use.    



Currently supporters of the CO2 Control Knob Theory dispute the seriousness of the cooling 
period from 1945-1975.  But in 1965-66 the Baltic Sea was completely ice covered.  In 1968 
sea ice surrounded Iceland for the first time since 1888.  As shown by this 1972 letter to Presi-
dent Nixon, scientists took this cooling period very seriously in the 1970s. 

 Time Magazine featured the coming Ice Age on a 
cover in 1977.  Concern about global warming only 
become significant in the 1980s after world temper-
atures had resumed rising.   

From roughly 1945 through 1976 CO2 emissions were 
increasing significantly, but world temperature fell, 
suggesting that the CO2 greenhouse effect is less pow-
erful than the force or forces that were driving the tem-
perature down during this period.   



Solar scientists have published papers noting corre-
lations, such as this one, between various solar cy-
cles and world temperatures, but this is much dis-
puted.  The IPCC routinely denies that solar varia-
tion is at all significant.  (AR6 WGI p.7).  There is 
no agreement among scientists about the contribu-
tion of the sun to climate change in recent centu-
ries, so the science can reasonably be described as 
unsettled. 

Oceanographers have established that two massive 
ocean currents, the Atlantic Multidecadal Oscillation 
(“AMO”) and the Pacific Decadal Oscillation (“PDO”) 
go through surface temperature cycles roughly 60 years 
in length.  These cycles show greater correlation with 
world temperatures during the period 1900-2000 than 
does atmospheric CO2 concentrations, but the IPCC de-
nies that “internal variability,” which includes ocean 
currents, have had any significant effect on tempera-
tures.  (AR6 WGI p.7) 

The US National Oceanography and Atmospheric Ad-
ministration (“NOAA”) has acknowledged the AMO 
effect on heat transfers and hurricane activity.  In 2013 
the IPCC admitted that natural forces had caused the 
global warming between 1900 and 1950. (AR5 WGI 
p.17).  The IPCC in 2021 changed its mind and now 
claims that virtually all of the post-industrial warming 
is caused by “human activity” (which can include ur-
banization and other changes in land use), but the 
IPCC only claims that greenhouse gases were the 
“main driver” of warming since 1979.  [AR6 WGI p.5 
(2021)]. 

 There is a strong correlation between AMO tem-
peratures and surface temperatures in Iceland, 
and it is generally agreed that the PDO strongly 
influences the climate of Western Canada and the 
North-Western US.  So it is clear that ocean cy-
cles can have significant effect on regional cli-
mates. 



Since 1979 scientists have been able to measure 
world temperatures by satellite.  The adjacent graph 
shows such temperatures through 2017 and particu-
larly the impact of El Ninos, an example of how 
ocean currents affect, not just regional, but world 
temperatures.   

This image from AR6 WGI p.934 shows what is 
known as Earth’s Energy Budget.  It shows the cen-
tral importance of clouds.  Earth’s warming is 
caused by the 0.7 watts/square meter net energy 
flow imbalance shown in the lower left corner of the 
image.  A central issue in modern climate science is 
the cause of this imbalance, which is calculated as 
the net of a significant number of large incoming 
and outgoing energy flows.  The IPCC maintains 
that all of these energy flows are remaining relative-
ly fixed, except that the greenhouse effect is in-
creasing, thereby causing most all of the 0.7 w/m2 
imbalance. 

But scientists do not understand cloud for-
mation.  Cloud formation feedback effects 
are crucial.  The IPCC claims that such ef-
fects amplify global warming, but admits the 
the probability that such effects actually re-
duce global warming can not be ruled out.  
(AR6 WGI p.975).  Clouds of different types 
at different altitudes have different effects on 
world temperatures.  

There are 10 different types of clouds, exist-
ing at different altitudes, and each having 
different effects on energy flow both towards 
earth and away from earth.. 



And the distribution of clouds and cloud types var-
ies with latitude. 

Water vapor and clouds have a far more signifi-
cant greenhouse effect than CO2 and methane, 
mostly because there is so much more water va-
por and clouds in the atmosphere than CO2 and 
methane.  One molecule of methane has 20-30 
times the greenhouse effect of one molecule of 
CO2, but, since methane’s atmospheric concen-
tration is so low in relation to CO2, it has a much 
lesser overall effect.  There is significant disa-
greement as to the relative contributions of these 
three greenhouse gases, and the contributions 
vary by region around the world, mainly because 
of varying cloud cover. 

Clouds cover roughly 2/3ds of 
the earth’s surface (AR6 WGI p. 
1022), and there is more cloud 
cover over the oceans than over 
land.  When the PDO and the 
AMO change ocean surface tem-
perature, this has a significant 
effect on the amount and types of 
clouds over the oceans.    

From 1982 to 2019 satellite data shows that global cloud cover has been declining, which would 
allow more solar radiation to reach the earth (see the Earth Energy Balance above), which could 
cause more than the measured 0.7 w/m2 energy imbalance and hence could be the cause of most of 
the global warming over this period.  The IPCC admits that global climate models have disagreed 
on how clouds will change in the future and whether the change will amplify or suppress global 
warming. [AR6 WGI p.1022 (2021)].   Treatment of clouds and their feedback effects is a major 
source of uncertainty for climate science.  



ScienƟsts were confounded by what is now known 
as “The Pause,” a cessaƟon in the rise of world 
temperatures that occurred from the 1998-1999 
El Nino to the 2015-2016 El Nino.  The causes of 
this pause and its significance are disputed, but it 
is clear that during this period any and all green‐
house warming effect was offset by cooling forces, 
suggesƟng that the greenhouse warming effect is 
weak in relaƟon to other forces affecƟng global 
temperatures.  ScienƟsts do not agree on the 
strength of the greenhouse effect. 

The red line shows the rise of atmospheric CO2 
concentration from 1960 to June 2023 versus glob-
al temperature rise..  If anything, the rate of tem-
perature rise appears to be slightly slowing in rela-
tion to the rate of CO2 rise. 

In April 2023 the monthly temperature measure-
ments show the start of a very unusual temperature 
spike that resulted in the year 2023 being the warm-
est year at least since the peak of the Medieval 
Warm Period.  The 2023 temperature spike, which 
is still continuing, has been much commented upon 
in the media. 

Prior to the 2023 spike world temperatures had been 
relatively flat since the 2015-2016 El Nino.  Tem-
perature change over this period shows no correla-
tion with steadily rising CO2 levels.  Scientists do 
not yet agree on the causes of the 2023 spike.  One 
theory was that it was caused by the 2023 El Nino.  
But the El Nino peaked in late 2023, and world tem-
peratures have not started to decline, as would have 
happened if the El Nino was the principal cause of 
the spike. 



Another theory is that  the 2023 spike is due to 
the Hunga-Tonga volcanic eruption in January 
2022, which launched a remarkable and unprece-
dented quantity of water vapor into the strato-
sphere.  The temperature effects of volcanic erup-
tions usually take around one year to appear after 
the eruption and then perhaps 2-4 more years to 
clear.  As yet there is no consensus on this theory.  
The debate reflects, in part, the debate as to how 
strong water vapor is as a greenhouse gas at dif-
ferent altitudes in the atmosphere. 

CONCLUSION 

Temperatures for the Holocene Interglacial are estimated from proxy data through about 1850, the be-
ginning of the instrument period.  Proxy measurement is much more uncertain than instrument measure-
ment.  Contrary to the claims in IPCC AR6, there is significant debate and uncertainty about Holocene 
proxy temperatures.  In particular, there is disagreement among scientists as to the maximum tempera-
tures of the Holocene Optimum, of the Roman Warm Period, and of the Medieval Warm Periods.  
There are also disagreements as to how cold was the Little Ice Age. 

Based on instrumental measurements, scientists agree that over the post-industrial period (since 1850) 
the world has warmed by roughly 1.1 C and at a rate of roughly 1 C per century. [AR6 WGI p.5 
(2021)].   Also based on instrumental measurements, scientists agree that CO2 levels have risen at a 
mostly linear rate since 1958.  But over much of this period the correlation between CO2 rise and tem-
perature rise is disputed.  In particular the CO2 Control Knob Theory has difficulty explaining the tem-
perature decline 1945-1975 and the temperature pause 1999-2015, and it also can not explain the tem-
perature rise 1910-1945.   

The temperature disagreements have a major bearing on theories as to the causes of the modern warm-
ing.  The IPCC asserts that virtually all of the modern warming has been caused by human activity. 
[AR6 WGI p.5 (2021)].  But some scientists support theories that significant amounts of the modern 
warming have been caused by: (1) solar variations, (2) ocean variations, (3) cloud variations and/or 
feedbacks, (4) a 1,000 natural cycle of undermined causation (perhaps solar), or (5) urbanization and 
other human-caused changes in land use. 

While the  IPCC claims that human activity has caused virtually all of the global post-industrial warm-
ing, it only claims that greenhouse gases have been the “main driver” of warming only since 1979  
[AR6 WGI p.5 (2021)].  In AR5 the IPCC admitted that natural forces might have caused some signifi-
cant part of the warming from 1910-1945  [AR5 WGI p.17 (2013)].  But scientists do not agree what all 
these non-greenhouse causes were.  So they can not be excluded as causes of the post-1979 warming. 

There is no agreement yet on the cause of the 2023-2024 temperature spike, but the warming shows no 
correlation with greenhouse gases. 

For a discussion of possible solar variations affecting world temperatures see the Science Topic: Sun on 
the CLISCIPOL website. 
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