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A b s t r a c t. The natural input of solar energy is transformed by various external and internal factors to modulate climate on the Earth
and there is a close relationship between insolation changes and long-term hydroclimate trends. Latitudinal insolation in the Holocene
depended on the Earth’s orbital parameters (Milankoviè cycles). A train of thought of Summerhayes et al. (2025) is charged
with the concept of the dominant role in climate change of the antrhopogenic emission of greenhouse gases, mostly CO2, and they
reject the evidence on considerably higher temperatures than the current warming in the Early and Middle Holocene, Late and
Middle Pleistocene interglacials and during the Early Pleistocene. Changes in incoming solar radiation during the Northern Hemi-
sphere summers and a general weakening of summer monsoons in the Middle and Late Holocene resulted in a global disaster for ancient
civilizations. Contrary to the hurray optimistic point of view of Summerhayes et al. (2025), much is to be done to understand the modern
climate change, based on the multilateral analysis of geological proxies. It is a reasonable way not to promote the simplistic prognoses
of climate change. The contribution of CO2 to the modern warming is still an open question.
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A response of Summerhayes et al. (2025) to my review
paper (Marks, 2025a) touches several important issues
concerning the Holocene climate change and the supposed
driving forces of the contemporaneous global warming.
Summerhayes et al. (2025) start with a paradigm that the
modern global warming is driven exclusively by the anthro-
pogenic emissions of greenhouse gases, especially of CO2.
A research of the role of greenhouse gases and especially
the atmospheric CO2 has a long history as presented by
my opponents. The Intergovernmental Panel on Climate
Change (IPCC), established in 1988 under the aegis of the
United Nations agency – the World Meteorological Organi-
sation and the United Nations Environment Programme
(UNEP), was the first one that forced the idea of the leading
role of CO2 in the modern warming. The IPCC has been
entrusted with the task of proving the human impact on the
climate as a result of increasing greenhouse gas emissions
(mostly CO2), mainly due to the combustion of fossil fuels.
This idea played a dominant role in all reports of the IPCC,
although no strong evidence has been provided to prove
this hypothesis.

Already in the First Assessment Report (AR1), the focus
was put on …assessing the scientific information that is

related to the various components of the climate change

issue, such as emissions of major greenhouse gases and

modification of the Earth’s radiation balance resulting

therefrom… (IPCC, 1990). Such a restricted approach was
continued by the IPCC (1995, 2001, 2007, 2013, 2021) in
the five following assessment reports (AR 2–6). Many geo-
scientists disagree with this opinion (Easterbrook, 2011),
but it is still very attractive, especially for non-geologists,
politicians and researchers that are not involved in climate
research. The IPCC has formulated guidelines for lead
authors of the assessment reports to ensure a consistent
treatment of uncertainties (Moss, Schneider, 2000; IPCC,
2005; Mastrandrea et al., 2010), but the guidelines had no

scientific foundations and were not supported by any sta-
tistical analysis. This IPCC’s estimate of the likelihood
was based largely on the agreement among the authors
(Mastrandrea et al., 2010) and it was a completely non-sci-
entific approach. The AR4 (IPCC, 2007) was heavily criti-
cized for the unsubstantiated statements, based among
others on unreliable data used in climate change projections
that, in fact, commonly presented a wishful thinking (ex-
pressed by Climategate, Glaciergate, Tempgate, Amazongate
and other …gates), not supported by a proper scientific
basis.

The criticism of Summerhayes et al. (2025) that I neglect
the role of the orbital parameters (Milankoviè cycles) in the
Holocene climate is incorrect. This issue is presented in the
chapter Records of the Holocene climate change (Marks,
2025a) and is based on Beer, Van Geel (2008) and Beer,
Wanner (2012), who postulate a strongly increasing
December insolation in the Northern Hemisphere and in
the intertropical zone since the Middle Holocene (see also
Polissar et al., 2013). The insolation trend in the Late Holo-
cene results in a decreasing seasonality in the Northern
Hemisphere and an increasing seasonality in the Southern
Hemisphere. The climate prediction for the coming 3 kyr is
after Beer, Van Geel (2008) and Beer, Wanner (2012), who
based their proposal on changes in latitudinal insolation as
a function of the Earth’s orbital parameters (Milankoviè
cycles).

The term pre-industrial used by Summerhayes et al.

(2025) is misleading as a benchmark for the modern warm-
ing. The invention of the steam engine by James Watts in
1784 did not immediately resulted in an explosion of in-
dustrial development. In fact, intensive industrialization
began in the last decades of the 19th century. On the other
hand, the minimum temperature occurred in the last decade
of the 18th century and was associated with the final part of
the Little Ice Age (LIA; 1300–1850 A.D.). In AR5 (IPCC,
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2013), the pre-industrial period refers to the period before
1850 A.D. or exactly the 1850 A.D. values. For this reason,
the use of the term pre-industrial for this period (created for
the needs of the social and historical sciences, and the
media) is a manipulation aimed at denying the natural cli-
mate change that started after the LIA and continues to this
day. Climatostratigraphic units such as the Medieval Warm
Period (MWP), LIA and Modern Warming are commonly
used in the Quaternary stratigraphy, and their occurrence
undermines the dogma of the responsibility of increasing
content of greenhouse gases in the atmosphere (especially
CO2) for the modern global warming. It is debatable how
much of the 1.5°C above pre-industrial levels, as men-
tioned by Summerhayes et al. (2025), can be attributed to
greenhouse gases (May, Crok, 2024).

It is a pity that the important chapter Palaeoclimate,
which appeared in AR4 (IPCC, 2007), was considerably
reduced in AR5 (IPCC, 2013) and disappeared completely
in AR6 (IPCC, 2021). In AR6, only 2 pages and 2 figures
(figs. 3.2 and 3.35) are devoted to the pre-1850 A.D. palaeo-
climate, and this best illustrates the IPCC’s respect for
proxy data on past climates.

GREENHOUSE EFFECT

There is obviously a long history of research on the role
of greenhouse gases in maintaining a higher temperature
on Earth. Summerhayes et al. (2025) are right when they
write that Evidence from the geological past is vital to

understanding the relationship between climate change

and greenhouse gases, and this statement is based on
numerous scientific publications. On the other hand, the
statement of Summerhayes et al. (2025) that Contemporary

global warming, driven by anthropogenic greenhouse gas

emissions, began a substantial rise in the late 1970s and

continues unrelentingly repeats the IPCC dogma, but if cor-
rect, then the temperature rise from the pre-industrial level

until the 1970s must have been forced by natural factors
only. Looking at the curve of global mean annual temperat-
ure changes (https://data.giss.nasa.gov/gistemp/graphs_v4/),
either there was no anthropogenic effect on temperature in
1945–1975, or it disguised a natural cooling. Anyway, there
is no reasonable reason why the natural factors have not
played any role in the temperature rise since 1970s.

It is also important to realize that the annual input of
greenhouse gases into the atmosphere, especially of CO2,
is only slightly dependent on human activity (~4%), but
mainly on temperature-dependent exchanges: atmosphere-
/biosphere-soils (~52%) and atmosphere/oceans (44%).

Summerhayes et al. (2025) are right when they write
that the climate signals from the Antarctic ice cores show
that CO2 levels nonetheless rise during the initial increases

in insolation just before an interglacial, released from

the warming ocean surface. Nevertheless, it means that the
temperature rise was the driver and many publications
support this opinion (e.g., Genthon et al., 1987; Fischer et

al., 1999; Petit et al., 1999; Caillon et al., 2003). There are
also papers, data and figures that contradict the conclusion
of Summerhayes et al. (2025) that CO2 was the first
(e.g., Shakun et al., 2012: fig. 5; Judd et al., 2024: fig. 4).
A rise in temperature is followed by a rise in atmospheric
CO2, also in modern times (Humlum et al., 2012; Koutsoyian-

nis, Kundzewicz, 2020; Vinos, 2022; Koutsoyiannis et al.,
2023). An interesting analysis by AI concludes that the an-

thropogenic CO2-global warming hypothesis lacks empir-

ical substantiation and is overshadowed by natural drivers

such as temperature feedbacks and solar variability, and it
requires a fundamental revaluation of the current climate
paradigms (Grok 3 beta et al., 2025).

It is also true that Feedback from water vapour evapo-

rated from the warming ocean further amplifies the warm-

ing signal (Summerhayes et al., 2025). This warming of
the ocean is due to a rise in temperature on the Earth, caused
mainly by increased input of solar radiation. Thus, changes
in atmospheric CO2 are mostly a derivative of tempera-
ture.

I wonder why the retrospection of Summerhayes et al.

(2025) – Atmospheric CO2 levels have now likely exceeded

those at any other time in the past ~14 million years (Mid-

dle Miocene) including all Plio-Pleistocene peak inter-

glacial CO2 concentrations – is so limited in time? Looking
slightly further back in time, to the last 16 million years, the
mean CO2 level 14.5–14 million years ago was as high as it
is today, and at the Miocene Climatic Optimum the CO2

level was over 500 ppm (Hönisch et al., 2023).
The modern greenhouse hypothesis focuses on the leading

role of atmospheric CO2 and its control of climate change,
and is postulated in every IPCC report (1990, 1995, 2001,
2007, 2013, 2021). This approach follows closely and ex-
clusively the views of three influential scientists: Svante
Arrhenius, Guy Stewart Callendar and Charles David
Keeling (cf. Beck, 2007). A respect of IPCC to their ideas
ignores several hundred papers and the standard chemical
methods used to analyse air gas data on the atmospheric CO2

concentrations between 1800 and 1961. Without a thorough
evaluation, Callendar (1938, 1940, 1958) and the IPCC
(both cited by Summerhayes et al., 2025), and Keeling
(1960) discredited these techniques and data, rejecting
most of them as flawed or highly inaccurate and favouring
indirect measurements of air trapped in ice, because they
were consistent with their hypothesis of an induced rise in
CO2 in the air caused by the burning of fossil fuels. Accord-
ing to these authors, the natural concentrations of atmospheric
CO2 were assumed a priori to have been in equilibrium until
disturbed by mankind. Contrary to this unjustifiable view,
thousands of accurate chemical analyses of atmospheric
CO2 since 1812 have revealed that varied concentration of
atmospheric CO2 track changes in temperature and also,
there were three high level maxima of atmospheric CO2

around 1825, 1857 and 1942 (the latter >400 ppm) in the
Northern Hemisphere (Beck, 2007). Together with evidence
from the much more distant geological past (Monnin et

al., 2004; Judd et al., 2024; and others), these historical
measurements make it obvious that climate change does
not follow the dominant paradigm of a monotonically
increasing CO2 trend resulting from fossil fuel burning,
as depicted in the post-1990 literature of the climate
alarmists.

The magnitude of the inferred changes in CO2 radiative
forcing is similar to the variations attributed to other
mechanisms, particularly solar irradiance and volcanic
activity (Hoof et al., 2008). This may therefore call into
question the concept of the IPCC, which assumes an in-
significant role of CO2 as the preindustrial climate forcing
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factor. In general, the role of greenhouse gases in rising
global temperatures cannot be ignored, but it is incorrect to
overlook the fact that greenhouse gases are not the only
factor that steer the temperature at present. Based on evid-
ence from the geological past, it is obvious that a rise in
temperature preceded an increase in CO2 content in the
atmosphere (Genthon et al., 1987; Fischer et al., 1999;
Petit et al., 1999; Caillon et al., 2003).

Contrary to the opinion of Summerhayes et al. (2025),
the role of CO2 is not presented in figure TS.17 of IPCC
(2021). Besides, water vapour is both of natural and anthro-
pogenic origin, as higher temperature evolves more intense
evaporation and subsequently more water vapour in the atmo-
sphere. In no case, it is not the argument that the present-day
slightly increased content of greenhouse gases in the atmo-
sphere, especially CO2, is the main driver of modern tem-
perature rise.

HOCKEY STICK

Summerhayes et al. (2025) are very gentle, writing that
while some of the statistics in the Mann et al. (1998) paper

may have been weak, there really has been a sharp increase

in temperature with time. In fact, Mann et al. (1998) pre-
sented the temperature curve for the last 600 years, pre-
sumably to avoid the problem of the MWP. On the other
hand, the curve for the last millennium by Mann et al.

(1999) fully exposes that the hockey stick is false, because
it completely ignores the presence of the MWP. The hockey
stick of Mann et al. (1999) was constructed as a trick using
tree-ring analysis, erasing thousands of publications with
a solid background for the MWP (900–1300 A.D.) and the
LIA as important climate changes in a global scale (Easter-
brook, 2011). The hockey stick became the official position
of the IPCC (2001), used to persuade the public and the politi-
cians about the exclusive human influence on the modern
warming, assigned arbitrarily to the increasing CO2 emis-
sions.

My adversaries (Summerhayes et al., 2025) overlooked
the papers cited in Marks (2025a), which are critical to the
idea of the hockey stick, including McIntyre, McKitrick
(2003, 2005), Montford (2010) and McShane, Wyner
(2011). These pointed out not only major deficiencies of
the method applied by Mann et al. (1999), but also unreli-
able palaeoclimatic proxies used, incorrect statistical pro-
cessing, and likely political interference. Research based
on thoroughly verified tree rings has proved that summer
temperatures reached today’s levels several times in the
pre-industrial period (Büntgen et al., 2020; Clintel Team,
2023). Tree-ring growth-climate relationships indicate that
tree-ring formation does not depend on a single dominant
factor, but on various combinations of summer precipita-
tion and temperature (Seim et al., 2012). Specifying the
annual temperature sensitivity using tree rings is uncertain
(Büntgen et al., 2012; Seim et al., 2012). However, even
when using this method, a cooling trend is observed over
the last 150 years instead of a warming trend (Clintel Team,
2023). Due to this inconvenience, Mann et al. (1999) re-
placed a cooling trend in their tree-ring temperature curve
data for the last 150 years with observational (instrumental)
temperature data. This approach is methodically incorrect

because there is no proven tight coincidence between tree-ring
and instrumental temperature data.

The hockey stick was partly albeit inconsequently cor-
rected by Mann et al. (2008) who introduced a slightly
warmer Medieval Warm Period (800–1200 A.D.) on their
temperature curve, but depreciated its significance by naming
this period the Medieval Climate Anomaly. The recon-
structions of Ljungqvist (2010) and PAGES 2k Consortium
(2013) have shown that the LIA was colder than suggested
by Mann et al. (2008), whereas the MWP and parts of the
first millennium CE were occasionally as warm as the pre-
sent day. Thus, the temperature difference between MWP
and LIA was found to be considerably larger, significantly
deforming the shaft of the hockey stick shape and, in fact,
completely eliminating it (Clintel Team, 2023).

Actual and well-documented pre-industrial warming
and cooling events are a major challenge for the climate
modellers, but their simulations lack any important natural
forcings that could be responsible for temperature changes.
Then there are climate models that are willingly used in
the IPCC reports to make future temperature projections.
These models are considerably deficient to reproduce a real
climate system (see a detailed discussion in Clintel Team,
2023). The MWP and the LIA have been arbitrarily erased
from the latest IPCC report (2021) and are treated as an
inconvenient truth in the climate history of the last millen-
nium (IPCC, 2021). In fact, the sentence of Summerhayes
et al. (2025) that IPCC (2021) did not reproduce or cite the

original ‘hockey stick’ curve but did include graphs based

on the latest available data and showing changes in global

surface temperature for the past 2000 years is not true
(Fig. 1). A resurrection of the hockey stick in the AR6
(IPCC, 2021) proposes a sick idea that should never have
been published in a peer-reviewed journal. If it happened,
it should be quickly abandoned as a road to nowhere.
Summing up, it is hardly understandable why Summerhayes
et al. (2025) defend a lost cause of the hockey stick.

The belief of Summerhayes et al. (2025) in the wide use
of past temperature reconstructions derived from palaeo-
climate proxies to evaluate modelled past climate temperat-
ure change patterns, as mentioned in the IPCC (2021: sec-
tion 3.3.1.1.1), is generally false. It was perfect that some
comparisons of reconstructed temperatures, based on proxy
data and modifications of the climate models, were con-
sidered, but figs. 3.2 and 3.4 in the IPCC (2021) prove that
it is just a beginning of the road towards a highly reliable
compatibility, even for the period 1850–2019. Taking an
example, I could not find any reasonable explanation in the
IPCC reports for the warming in 1930–1940s. This warm-
ing is very distinct in the official instrumental data
(http://data.giss.nasa.gov/gistemp/graphs/). It was recog-
nized even in the original paper on the ‘hockey stick’ by
Mann et al. (1999) and in the IPCC reports (among others,
see IPCC, 2013: fig. 10.6 and IPCC, 2021: fig. 3.9 and
3.41). In AR5 the presentation of natural, anthropogenic
and global observational data from 1870 to 2010 (IPCC,
2013: FAQ 5.1, fig. 1) are presented in a completely unclear
way to hide the reason for the warming of 1930–1940s,
the occurrence of which could not be neglected. Figure 1 of
Summerhayes et al. (2025) is a copy of fig. SPM.1 in IPCC
(2021): this figure is almost the same as the ‘hockey stick’
of Mann (1999), so nothing has been really modified
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Fig. 1. Millennial temperature reconstruction: A – Northern Hemisphere temperature anomalies (‘hockey stick’ of Mann et al., 1999),
B – Northern Hemisphere temperature anomalies (IPCC, 2001), C – global mean surface temperature anomalies (resurrected hockey stick in
IPCC, 2021) with simulations CMIP5, CMIP6 and PAGES 2k Consortium (2019); notice that the reference levels are not the same in B and C



since the AR3 (IPCC, 2001). The 1930–1940 warming
is indicated by the observational data, but neither Mann
nor any IPCC report has explained it and ascribed either
to natural or human driving forces or both! The same
figure (fig. SPM. 1 in IPCC, 2021) presents a reconstruc-
tion of global temperature during the last 2 millennia, but
the well-known warmings of the MWP and the Roman
Warm Period (250 B.C. to 350 A.D.), as well as the cooling
of the Dark Ages Cool Period (440 to 900 A.D.), are not
indicated (for details see: Moberg et al., 2005; Loehle, 2007;
Mann et al., 2009). The MWP was much warmer than the
modern warming in many regions in the world (e.g., d’Ar-
rigo et al., 2006; Newton et al., 2006; Drake, 2012).

SOLAR RADIATION

In their figure 2, Summerhayes et al. (2025) presented
the solar variability for a very short period of the last 280
years and concluded that it cannot be a significant factor
in the sharp and continuing warming of the Earth in the
late 20th and early 21st centuries. The situation looks com-
pletely different when a longer timeframe is concerned
(Wu et al., 2018) and a rise in solar radiation during the last
few decades does not appear as unprecedented as it seems
(Fig. 2). The Earth’s climate is dependent not only on
sunspot cycles, but also by how much sunlight reaches the
Earth’ surface due to changes in the planet orbit and posi-
tion in space relative to the Sun.

The solar input is the main driver of climate change on
Earth because the greenhouse gases, no matter whether
natural or anthropogenic, would play no role without a solar
radiation. Grand minima and maxima are typical, yet rare
and irregular solar phenomena. Solar activity was very
high after the 1940s, but this prolonged grand maximum
has returned to the normal, moderate level (Usoskin, 2023).
Although sunspot cycles express the primary changes in
solar activity, the solar radiation that reaches the Earth’s
surface is modified by several other factors (orbital para-
meters, cosmogenic radiation, clouds, greenhouse gases,
atmospheric aerosols, etc.). Activity of the Sun is character-
istic for an old star, which is not spot- but faculae-domina-
ted, and is strongly dependent on the rotation period (for
details see Cliver et al., 2022). The role of sunspot cycles
and solar forcing in the Holocene is an important issue.

The 11-year solar cycles represent the lowest (smallest)
level of temperature changes triggered by solar radiation.
These primary cycles are a part of many others, centennial-
to millennial-scale cycles, induced by numerous other
factors. Some of them occur in regular, but longer cycles.
Summerhayes et al. (2025) focused on the short-term
(elementary), 11-year sunspot cycles, minimizing or ignoring
the long-term changes in solar radiation.

The statement of Summerhayes et al. (2025) that
temperature rises depend on an increasing content of atmo-
spheric CO2 is unauthorized (Genthon et al., 1987; Hum-
lum et al., 2012; Koutsoyiannis, Kundzewicz, 2020; Vinos,
2022; Koutsoyiannis et al., 2023). For example, the global
temperature increased in the Early and earliest Middle
Holocene, while the amount of atmospheric CO2 decreased
from 10 to 7 ka BP (Fig. 3) and the CH4 content dropped
from 10 to 4 ka BP (Monnin et al., 2004; Marcott et al.,
2013). The idea that changes in solar radiation are limited
to the effects of single 11-year cycles may be incorrect, as
the clustering of strong cycles over several decades can
play a leading role in the solar forcing on the temperature
on the Earth (Clette et al., 2014). When looking for rela-
tions between temperature and atmospheric CO2, it seems
much more convincing to seek analogues in the geological
past than to repeatedly reconsider climate change over
the last few decades, as Summerhayes et al. (2025) did.

SEA LEVEL CHANGES

Contrary to the opinion of Summerhayes et al. (2025),
the sea level in the Early and Middle Holocene was not
stable. Observation data from areas in the Northern
Hemisphere should be treated with caution due to the glacio-
istostatic rebounds. The global mean sea level changes in
the Holocene were much more complex than presented by
Summerhayes et al. (2025). After 7.5 ka, it could exceed
the early industrial level, reaching even 0.24 m above the
present sea level by 3.2 ka and it presumably reflects after
7 ka the Antarctic ice sheet smaller than the present one
(Creel et al., 2024). There is no evidence for a significant
acceleration in sea level rise during the past 200 years
(Grinsted et al., 2010; Fasullo et al., 2016), as postulated
many times, also in the AR5 (IPCC, 2021).
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Fig. 2. Sunspot number reconstructed for the Mid-Late Holocene (grey shading indicates 68% confidence interval),
the red line depicts the decadally resampled international sunspot number from Clette et al. (2014); after Wu et al.
(2018), modified



PALAEOCLIMATE MODELS

As listed by Summerhayes et al. (2025), the IPCC pro-
jections of global temperature incorporate the effects of CO2,
other greenhouse gases, aerosols and changing land use.
The IPCC completely ignores the natural forcing of modern
warming and underestimates the role of non-greenhouse
agents that have been important amplifiers of temperature
rise since the 1980s (e.g., a decreasing anthropogenic emis-
sion of sulphur compounds). Summerhayes et al. (2025)
rightly noted an observed narrowing of tropical cloud

belts, decreasing the Earth’s ability to reflect sunlight: an

unanticipated positive feedback on an overall warming

world, but neglect the fact that the total cloudiness has

been decreasing since the end of the 1980s, more markedly
over land than over water areas (Pokrovsky, 2019) and oc-
curred also in the intertropical zone (Archibald, 2010). It is
puzzling that the cloud cover decreases in an overall

warming world of Summerhayes et al. (2025), although
evaporation of the warmer surface waters emanates more
water vapour to the atmosphere.

The global carbon cycle was not in a steady state during
the Early Holocene and was divergent from changes in atmo-
spheric CO2 (Jessen et al., 2007). Depletion and restora-
tion of atmospheric CO2 in A.D. 1000–1500 was driven
mainly by short-term perturbations of sea-surface temper-
ature and/or salinity (Wagner et al., 1999). The changing
atmospheric circulation, associated with the positive phase
of North Atlantic Thermohaline Circulation, transformed
presumably the weather structure in subtropical and tem-
perate zones (Marsz, 2023). The share of low-pressure

weathers with extensive layered cloud fields continued to
decrease, and the share of high-pressure weathers with
limited cloudiness and/or cloudless weather was incre-
asing. It was the reason for the increase in insolation, and
thanks to it, without changing the amount of solar radia-
tion, more solar energy could reach the Earth’s surface and
be converted into heat to warm the troposphere. Therefore,
a strong temperature increase occurred due to the contribu-
tion of residual ocean heat, as well as heat from increased
insolation due to reduced cloud cover. When the tempera-
ture rises, the oceans absorb most of the extra heat retained
by the Earth, and at the same time the warmer surface
waters of the oceans release a huge volume of CO2.

I do not know why Summerhayes et al. (2025) see
underestimates in the IPCC projections of global temper-
atures when compared with the observational data. Figure 4
in Marks (2025a) shows that also the last projection of tem-
perature (IPCC, 2021) starts well above the observational
data. On the other hand, a reasonable temperature forecast
for the coming 3 ka was presented by Beer, Van Geel
(2008), based on changes in latitudinal insolation as a func-
tion of the Milankoviè cycles.

FINAL REMARKS

The natural input of solar energy is transformed by
various external and internal factors to modulate climate on
the Earth. Latitudinal insolation in the Holocene depended
on the Earth’s orbital parameters (Milankoviè cycles).
Their analysis shows that in comparison, compared to the
present values, summer temperatures in the Northern
Hemisphere were higher in the Early and Middle Holocene
(Beer, Van Geel, 2008; Beer, Wanner, 2012). Winter tem-
peratures in the Southern Hemisphere were higher in the
Middle Holocene, followed by higher temperatures in
the Northern Hemisphere in the Late Holocene. In Europe,
tree-ring stable isotopes suggest that the climate was wetter
and summers were warmer during most of the Holocene,
with the upper treeline position about 200 m higher than
during the industrial time (Arosio et al., 2025). It implies
a close relationship between insolation changes and
long-term hydroclimate trends. In the coming 3 ka, lower
temperatures are possible everywhere, except for the inter-
tropical zone where higher winter temperatures are expec-
ted (Marks, 2016).
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Fig. 3. Reconstructions of global and regional temperature
in the Holocene: A – temperature history of West Antarctic Divi-
de (red) and central Greenland (blue) after Cuffey et al. (2016);
B – temperature change in Greenland after Vinther et al. (2009);
zonal mean temperature reconstructions for latitude bands
after Marcott et al. (2013): C – 90–30°N, D – 30°N–30°S and
E – 30–90°S; all simplified and modified



A train of thought of Summerhayes et al. (2025) is charged
with the concept of anthropogenic emission of greenhouse
gases, mostly CO2, and considerably higher temperatures
in the Early and Middle Holocene seem to them to be com-
pletely unacceptable. The Middle Holocene climate was
warm and stable, with air temperatures 1.0–3.5°C higher
than today (Fig. 3; Renssen et al., 2012; Kaufmann et al.,
2020). Changes in incoming solar radiation during the
Northern Hemisphere summers in the Holocene first led to
large-scale expansion, followed by the subsequent collapse
of the African monsoon, which was a crucial demand for
Pharaonic Egypt (Bell, 1971; Butzer, 1976, 2001, 2012;
Welc, Marks, 2014). A general weakening of summer mon-
soons in the Middle and Late Holocene resulted in a global
disaster for ancient civilizations (Weiss et al., 1993; Cullen
et al., 2000; deMenocal et al., 2000; Madella, Fuller, 2006;
Schwartz, 2007; MacDonald, 2011; Hamzeh et al., 2016;
and others).

Summerhayes et al. (2025) use the term Anthropo-

cene epoch and it is misleading, both for geological and
non-geological communities. Most of the authors of the re-
sponse prepared by Summerhayes et al. (2025) were deeply
involved in preparing the proposal to establish the An-
thropocene as a geological epoch. They perfectly know that
their Anthropocene proposal was definitely rejected by
the International Commission on Stratigraphy and Inter-
national Union of Geological Sciences. It means that the state-
ment of Summerhayes et al. (2025) we have left the Holo-

cene and entered an Anthropocene epoch is incorrect. We
are still in the Holocene, the modern interglacial that began
11.7 kcal BP (http://quaternary.stratigraphy.org/working-
-groups/anthropocene/; https://stratigraphy.org/news/152;
Marks, 2025b).

The statement of Summerhayes et al. (2025) there is

a serious risk of long-term warming that would bring

Earth’s climate close to temperatures typical of the early

Late Pliocene about 3 million years ago, when Greenland

lost its ice sheet, the West Antarctic Ice sheet disappeared

and the East Antarctic Ice Sheet contracted is completely
wrong. The episodes warmer than the current warming
occurred in the Holocene Thermal Optimum, in the Pleisto-
cene interglacials (e.g., Eemian and Holsteinian) and also
during the Early Pleistocene. We should be aware that sub-

stantial greenhouse gas emissions from deep Arctic lake

sediments, as suggested by Summerhayes et al. (2025),
may not occur, just as they did not occur during all these
warm periods in the Quaternary when there was much less
atmospheric CO2 than in the Pliocene. It is another good
evidence that CO2 is not the main steering force of the tem-
perature changes on the Earth.

Contrary to the optimistic point of view of Summerhayes
et al. (2025), much is to be done to understand the modern
climate change, considering also the multilateral analysis
of the geological proxies, e.g. showing the changes of the
Atlantic Multidecadal Oscillation (Moore et al., 2017).
Interpretation and modelling of the Earth’s climate should
be supported by the real palaeoclimatic proxies and should
not be based on imagination and wishful thinking. Proxies
first, then interpretation and modelling will favour moving
forward our understanding of the driving forces of the Earth’s
climate.

In general, we should take care of the environment on
the Earth. Burning of fossil fuels is certainly not the best
way to use them. But the IPCC and the climate alarmists are
not authorized to demand from the governments and socie-
ties to spend billions of dollars/euros for the political
undertakings that are not supported by the current state of
knowledge and are unlikely to deliver the expected results.

The IPCC Working Groups reports are a valuable source
of data, but their use requires a critical approach, as much
has been left out due to the political incorrectness of the
IPCC-promoted mainstream in the modern climate change.
The selection of data is particularly susceptible to criti-
cism, and it questions the scientific neutrality of the IPCC,
suggesting a dominant political impact on the presented
conclusions (e.g., Cabbolet, 2025). The contribution of
CO2 levels to the modern warming is still an open question,
despite the conclusions of the IPCC reports (Vinos, 2022).
Finally and luckily enough, it seems optimistic that
humans do not have enough power (except for a cata-
strophic nuclear war) to transform substantially the Earth’s
climate and environment.

I am grateful to the editors Ewa D¹browska-Jêdrusik and
Magdalena Mizerska (both Polish Geological Institute – National
Research Institute) for their constructive comments on the primary
draft of the manuscript.
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