PAST

KNOWLEDGE PEQOPLE

&

Research Article

ISSN: 2996-2498

ISSN: 2996 - 2498

Environmental Science and Climate Research

Climate, Water Vapor, and Volcanic Eruptions

Joseph Higginbotham*

Walker Water LLC, US

*Corresponding Author

Joseph Higginbotham, Walker Water LLC, US.

Submitted: 2025, Sep 01; Accepted: 2025, Oct 20; Published: 2026, Jan 28

Citation: Higginbotham, J. (2026). Climate, Water Vapor, and Volcanic Eruptions. Env Sci Climate Res, 4(1), 01-09.

Abstract

The objective is to stimulate research into alternative mechanisms that might increase sustained water vapor in the
atmosphere and thus drive climate warming. Toward this end a period from the prior interglacial from 130,000 BCE to
110,000 BCE is examined to show that temperature peaks and atmospheric concentration of CO2 reaches its maximum
level, then temperature falls by 7 to 8 degrees C over 13,000 years while atmospheric CO2 concentration remains
high and constant. Mechanisms that might support this cooling while CO2 remains high and constant are considered.
It is noted that the primary assumed source of climate warming is a sustained higher level of water vapor. Current
measurements of water vapor are examined. An apparent connection with volcanic eruptions having Volcanic Explosivity
Index (VEI) of 5 or greater is noted in the water vapor data for the upper atmosphere. This is suggested as a mechanism
that contaminates our atmospheric water vapor measurements to induce a high level of noise from a source disconnected
from climate. This noise interferes with efforts to determine or verify the source of sustained atmospheric water vapor.
Mechanisms that might cause climate warming while bypassing a CO?2 forcing are suggested that involve variations in

cloud cover:

1. Introduction

The discussion will consider Milankovitch orbital cycles, a time
interval of Antarctic ice core data for both temperature and CO2,
CO2 and water vapor calculations leading to climate temperature
rise, and finally water vapor measurements and volcanic eruptions.

The objective is to raise for consideration the possibility that a
sustained concentration of water vapor in our atmosphere is
controlled by mechanisms other than the CO2 greenhouse gas.
The further objective is to stimulate research into other possible
mechanisms for sustained increased atmospheric water vapor.

1.1. A quote from Physical Geology

Climate feedbacks are critically important in amplifying
weak climate forcings into full-blown climate changes. When
Milankovitch published his theory in 1924, it was widely ignored,
partly because it was evident to climate scientists that the forcing
produced by the orbital variations was not strong enough to
drive the significant climate changes of the glacial cycles. Those
scientists did not recognize the power of positive feedbacks.
It wasn't until 1973, 15 years after Milankovitch's death, that

sufficiently high-resolution data were available to show that the
Pleistocene glaciations were indeed driven by the orbital cycles,
and it became evident that the orbital cycles were just the forcing
that initiated a range of feedback mechanisms that made the
climate change [1].

This viewpoint, as well as why water vapor gets downplayed, is
also well represented by the MIT Climate Portal: https:/climate.
mit.edu/ask-mit/why-do-we-blame-climate-change-carbon-
dioxide-when-water-vapor-much-more-common-greenhouse

If we look at Antarctic Ice Core data over the last 800,000 years in
particular, we find this warming process reversed and the climate
falls into deep cooling of the atmosphere — top of Figure 1, showing
this for the prior interglacial warm period. A plot of this same data
over 800,000 years, with apparent smoothing, is found at https://
www.bas.ac.uk/data/our-data/publication/ice-cores-and-climate-
change/ Figure 3, but the reader must zoom in on the specific time
interval to compare (this external figure caption references Par
renin, F. et al., https://doi.org/10.1126/science.1226368 ).
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Figure 1: During the prior interglacial, temperature reached a maximum and atmospheric CO2 peaked. Then CO2 remained constant
for 13,000 years while temperature fell 7 to 8 degrees C. Data was sourced from Jouzel et al. and Bereiter et al. with no smoothing
applied [2,3]. For the interval shown the maximum sigma mean for CO2 is 6.56 ppm for one point with most showing 2.65 ppm, while

for temperature optimal accuracy + 0.5 %o (1 sigma) .

It should be clear that to drive climate into a glacial when all
these feedback mechanisms have been enabled, it is then required
to either find a way to turn them all off when they have reached
their maximum effect or find a forcing that can overcome these
powerful feedback mechanisms when at their maximum.

Data from the prior interglacial shown in Figure 1 will be
considered along with more modern data for water vapor. These
will be somewhat difficult to tie together since water vapor data is
not available for the period shown in Figure 1. However, both sets
of data are important to the objective of this article.

Here, in Figure 1, we see that CO2 maintains its highest level for
that interglacial for 13,000 years while temperature falls 7 to 8
degrees C. If the “power of positive feedback” is required to cause
temperature to rise because the orbital influence is too weak and
the feedback mechanisms have reached their maximum levels
producing peak temperature, then how can temperature fall 8
degrees C under these conditions? A 13,000-year period is unlikely
to be explained by transient events.

1.2. External Forcing’s

1.2.1 Logical Issues

Given the Statement

All cases of high atmospheric CO2 concentration are associated
with rising climate temperature.

This statement is found to be logically false based on the data
shown in Figure 1.

So let’s modify the statement to be correct.

* All cases of high atmospheric CO2 concentration are
associated with rising climate temperature except in special
cases where transient events may cause temperature to fall
when atmospheric CO2 concentration is high.

So now we have to evaluate the data in Figure 1 above to decide
if perhaps some transient event was involved. Exactly what does
“transient” mean when CO2 concentration remained constant for
13,000 years while temperature was falling? Even on the scale of
a climate change event, 13,000 years is a long time. The Younger
Dryas was a major climate event but it happened over a time
interval of less than 2000 years. The entire Holocene (our current
interglacial) is only 11,700 years old.

1.2.2. Ice Sheet Growth and Ocean Current

The period from 130,000 BCE to 110,000 BCE corresponds to the
height of an interglacial period that peaked at about 127,000 BCE
with that interglacial warm period sustained until at least 117,000
BCE. Therefore even though temperature was falling during this
time interval it is unlikely that ice sheets were growing sufficiently
to induce this cooling, especially initiation of this cooling, (https://
www.esd.ornl.gov/projects/qen/nercEUROPE.html ).

Plankton indicators of north Atlantic surface temperatures and
deep Atlantic circulation patterns appear to corroborate this
event, suggesting that the north Atlantic climate experienced a
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sudden cool phase resulting from a weakening of the Gulf Stream
(lasting perhaps several centuries) at about 121,000 or 122,000
v.a. (Maslin 1996). After this the climate never returned to its
previous warmth, although the pollen records seem to suggest
that conditions more similar to those of today, lasting for perhaps
5,000 years up until around 115,000 y.a.

1.2.3. The reference to Maslin [4] Indicates

Based on the absence of IRD and other evidence of melting
icebergs [5, 7] during the peak Eemian, the observed freshening of
the surface waters and the corresponding reduction of deep-water
Jformation cannot be ascribed to a mystical ice surge event, ....

And:

We therefore conclude that the Eemian/M1IS 5e was, at least in
the subtropics, and we infer globally, climatically relatively stable,
the exception being a brief cold event lasting no longer than 400
years, which may have had a profound short-term effect, but no
long-term influence on the climate of the Northern Hemisphere.

“The Gulf Stream is part of a larger circulation system called the
Atlantic Meridional Overturning Circulation (AMOC)” as stated
at https://skepticalscience.com/print.php?n=975 This ocean
current has a role in maintaining a mild climate in Northern
Europe. If this current were interrupted then the North Atlantic
could become colder and induce increased snow and ice in the
north, on Greenland in particular [5,6].

We suggest that low- 6"3C water and slow current speed on Gardar
Drift during the early part of the [Last Interglacial] LIG was related
to increased melt water fluxes to the Nordic Seas during peak
boreal summer insolation, which decreased the flux and/or density
of overflow to the North Atlantic. The resumption of the typical
interglacial pattern of strong, well-ventilated Iceland Scotland
Overflow Water was delayed until ~ 124 ka. These changes may
have affected Atlantic Meridional Overturning Circulation.

And:

Although future greenhouse gas forcing will be different than the
insolation forcing of the LIG, our findings indicate that circulation
on the Gardar Drift was weaker during the earliest part of the
LIG when climate was warmer than present and the Greenland ice
sheet was retreating ....

Since typical interglacial patterns resumed at approximately ~124
ka (~122 BCE), this seems an unlikely mechanism for extended
cooling through 110,000 BCE though it might account for
earlier cooling. Yet during the earliest part of the last interglacial
Greenland’s ice sheet was retreating.

Ice sheet growth and/or a modification of ocean currents are
complex processes and identifying evidence of these and
associating a cause for a time removed from the present by over
112,000 years is a challenge. What can be said is that if these
initiated the cooling shown in Figure 1 then those mechanisms did
so while CO2 was at its highest atmospheric concentration of the
prior interglacial period and constant for 13,000 years presumably

with all feedback mechanisms active.

1.3 Clouds We have the statement [6]:

At any given time, about two-thirds of Earth's surface is covered
by clouds. Overall, they make the planet much cooler than it would
be without them.

Clouds help to keep Earth cool by reflecting sunlight back out to
space before it can reach the ground. But not all clouds are equal.

Shiny, white clouds reflect away more sunlight—especially when
they are closer to the equator, in the parts of Earth that receive the
most sun. Gray, broken clouds reflect less sunlight, as do clouds
closer to the poles where less light falls.

Research published last year showed that Earth has been absorbing
more sunlight than the greenhouse effect alone can explain. Clouds
were involved, but it wasn't clear exactly how.

We have no way of knowing or describing cloud cover between
130,000 BCE and 110,000 BCE. Therefore cloud cover variation,
of the proper type, may have been the cause of cooling seen in
Figure 1. The assumed associated rise in water vapor and CO2
were then overcome by rising cloud cover. Given “rising water
vapor” it seems reasonable to expect rising cloud cover at some
point, though if water vapor is currently rising the above reference
seems to be in conflict, at least in the short term.

1.4. Volcanic Eruptions

A single volcanic eruption might block solar radiation for a few
years at most. Only a sequence of volcanic eruptions, with short
intervals between, over this 13,000 year period might explain the
observed fall in temperature.

The Old Crow eruption ejected ~200 cubic km of ash and was dated
at ~125,000 yr but more recent dating, has indicated an eruption
date of 207 +- 13 kyr [7]. As a result the Old Crow tephra is
not evidence for unusual volcanic activity or direct climate impact
within the 130,000-110,000 BCE interval. Interpretations relying
on the previous ~125,000 year age must be revised.

There is currently no evidence of sustained volcanic activity over
the subject 13,000 year period.

1.5. Meteor or Comet Impacts

What about meteor or comet impacts? No confirmed large meteor
or comet strikes are known to have occurred between 130,000 and
110,000 BCE. Consulting the Earth Impact Database (Planetary
and Space Science Centre (PASSC) University of New Brunswick
Fredericton, New Brunswick, Canada) at http://www.passc.net/
EarthImpactDatabase/New%20website 05-2018/Agesort.html
there are two impacts to consider. (1) Hickman in Australia with
diameter 0.26 km and, (2) Amguid in Algeria with diameter 0.45
km. For comparison, Barringer crater (also known as Meteor
Crater) in Arizona, USA has a diameter of 1.18 km and is 49,000
years old. Hickman and Amguid appear to be too small to have had
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a lasting influence. The world map of identified craters indicates
very few have been identified in the oceans suggesting that many
impacts are unknown.

1.5. A quote from the PASSC web site:

Model calculations indicate that it does not require a K-T-sized
event, which produced the buried 180 km diameter Chicxulub
impact structure in the Yucatan, Mexico, to result in atmospheric
blow-out. Relatively small impact events, resulting in impact
structures in the 20 km size-range can produce atmospheric blow-
out. At present, however, the K-T is the only biostratigraphic
boundary with a clear signal of the involvement of a large-scale
impact event. The involvement of impact in other boundary events
in the terrestrial stratigraphic record has been suggested but little
evidence has been offered.

Impacts may also induce chemical changes in the atmosphere.
These are related to the vaporization of the impacting body and a
portion of the target. Considering only the contribution from the
impacting body, recent calculations indicate that even relatively
small impacting bodies, < 0.5 km in diameter that produce impact
craters on the scale of 10 km in diameter, would inject 5 times
more sulphur into the stratosphere than its present content. Larger
impact events occurring on the time-scale of a million years will
inject enough sulphur to produce a drop in temperature of several
degrees and a major climatic shift.

All major boundary events that might be similar to the K-T
boundary are much older than the event associated with the K-T
boundary.

Unless new evidence is uncovered it is unlikely that impacts
affected the climate during the subject time interval.

1.6. Solar Activity

Grand solar minima can cause increases in cosmogenic isotope
production leaving radiocarbon evidence of the event. Dee et al.
examined. the period 433-315 BCE and identified a grand solar
minima around 400 BCE [8]. Is there any similar evidence for the
period from 130,000 BCE to 110,000 BCE?

The University of Chicago has a web page (https://news.uchicago.
edu/explainer/what-is-carbon-14-dating ) explaining radiocarbon
dating. When discussing the limitations of the method the
statement made is:

Radiocarbon dating works on organic materials up to about
60,000 years of age.

Unfortunately the time interval of interest here is about twice this
60,000 year period.

So changes in solar radiation received by the Earth cannot be
determined for the subject period from cosmogenic isotope
production using radiocarbon dating. Changes in solar activity
remain a possible explanation for the fall in temperature. We have
no data available for verification.

1.7. Water Vapor and CO2

The feedback mechanisms associated with climate warming
require a connection between CO2 and water vapor. Physicists
have performed detailed computations using hundreds of
thousands of absorption lines from a data base, taking into account
absorption line broadening, and using a temperature model of the
atmosphere to 80 km [9]. The resulting computation was compared
with satellite data measurements in the upper atmosphere to verify
their results (see Wijngaarden et al. Figure 15). The computational
method has also been further applied to broaden the understanding
of the greenhouse effect the earth is experiencing now [10,11].

The involvement of water vapor with CO2 is discussed in Section
7.5 entitled Climate Sensitivity [9]. This doesn't explain how, over
millions of years and the last 800,000 years of ice core data in
particular, you find this process reversed falling into deep cooling
of the atmosphere. It should be clear that if you've enabled all
these feedback mechanisms ... you then have to find a way to
turn them all off, when they have reached their maximum effect,
to dive climate into a glacial. This applies for every transition
from interglacial warm period to glacial cold period. However, for
the case shown in Figure 1 the issue is emphasized since the CO2
level remained at it’s max and near constant for 13,000 years while
temperature was falling.

Notes that the warming caused by doubling atmospheric CO2
from 400 ppm to 800 ppm shown in their Figure 4 to result in a
forcing increase of 3.0 W/square meter in the upper atmosphere
while the Earth's atmosphere receives 340 W/m? from the Sun [9].
The Stefan-Boltzmann law suggests that

6T—T5F
T 4F

or

3W/sqm

0T = 293K ———
4%340W /sqm

= 0.65K .

which is not a large temperature change.

The hypothesis that this small increase in temperature will induce
a sustained increase in atmospheric water vapor allows the clear
sky computation to predict temperature increases as high as 2.2 K
for the case of Fixed relative humidity — see table 5 [9]. Warmer
air can hold more water so that fixed relative humidity means more
water vapor — a green house gas.

Thus the feedback mechanism that is assumed to have caused
the rise in temperature to a peak value in Figure 1, involved a
sustained atmospheric water vapor increase but presumably no
increase in cloud cover. If this is correct then the sustained peak
level of atmospheric CO2 should sustain atmospheric water vapor
and hold temperature high. That didn’t happen for 13,000 years
starting in 127,000 BCE.
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It is possible that water vapor condensed out of the atmosphere
as temperature fell but taking that path of reasoning seems to
implicitly declare the innocence of CO2 as a driver of rising
sustained water vapor in the atmosphere.

* As greenhouse gases like carbon dioxide and methane increase,
Earth's temperature rises in response. This increases evaporation
from both water and land areas. Because warmer air holds more
moisture, its concentration of water vapor increases "https://
science.nasa.gov/earth/climate-change/steamy-relationships-how-
atmospheric-water-vapor-amplifies-earths-greenhouse-effect/".

« If the temperature rises, the amount of water vapor rises with
it. But since water vapor is itself a greenhouse gas, rising water
vapor causes yet higher temperatures. We refer to this process
as a positive feedback, and it is thought to be the most important
positive feedback in the climate system "https://climate.mit.edu/
ask-mit/why-do-we-blame-climate-change-carbon-dioxide-when-
water-vapor-much-more-common-greenhouse".

So Milankovitch orbital cycle effects cause a slight warming
releasing CO2 that then causes more warming that releases water
vapor and then water vapor really starts warming the climate to
generate a lot more water vapor.

I I

The problem is that this could be better stated as: Milankovitch
orbital cycle effects cause a slight warming releasing CO2 and
water vapor, then CO2 generates a little warming and water vapor
generates a lot more warming and a lot more water vapor. It’s
not reasonable to assume that warming from orbital forcings
must first cause a rise in CO2 before also causing a rise in
sustained atmospheric water vapor. Higher atmospheric CO2 is
not a prerequisite for higher sustained water vapor. Warming to
any degree should increase both of these and water vapor is the
stronger green house gas.

Theory, observations, and modeling results all show that as global
temperatures warm, the mean atmospheric moisture content
increases .... Coupled with a slower rate of increase of precipitation
(~1%—-3% K—1 for precipitation as compared with the Clausius—
Clapeyron rate of 7% K—1 for lower tropospheric water vapor;
... this leads to the conclusion that the convective mass flux of
moisture from the boundary layer to the free troposphere must
decrease ... while the atmospheric moisture residence time must
increase [12].

There remains the problem we see in the interglacial prior to the
current where CO2 and presumably sustained water vapor reach
their highest level and hold that level for 13,000 years while
temperature falls significantly.
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Figure 2: Stratospheric water vapor mixing ratios measured by the balloon-borne NOAA Frost Point Hygrometer (FPH) over Boulder,
Colorado. Data are averaged in 2-km altitude bins. The long-term net increase through 2013 is approximately 20%. Plot created by Dale
Hurst (dale.hurst@noaa.gov). This figure was found at https://gml.noaa.gov/ozwv/wvap/ of NOAA’s Global Monitoring Laboratory.

1.8. Volcanic Eruptions and Water Vapor

Measurements of water vapor at six different altitude intervals over
Boulder Colorado are shown in Figure 2. These measurements
were made by NOAA’s Global Monitoring Laboratory using the
NOAA Frost Point Hygrometer (FPH). A quote from the web page:
Most relevant to our study is water vapor's effects on the Earth’s

energy budget, influencing both the incoming solar radiation and
outgoing heat (IR). Variations in the amounts of water vapor in
the atmosphere are natural and normal, but changes in its vertical
distribution, especially in the upper troposphere and lower
stratosphere, may be indicative of changes in the Earth's climate.
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In Figure 3 volcanic eruptions have been noted at various dates
and the figure is divided into four time periods labeled A, B, C,
and D. A bold dashed line in black suggests a possible trend
interpretation for the water vapor measurements associated with
the three highest altitude intervals corresponding to the upper
troposphere and lower stratosphere.

Notice that there is a prominent rise in water vapor that appears
to be associated with the Volcanic Explosive Index 5, (VEI 5)

Mt. St. Hellens eruption. If true then it took about four years for
the effect to peak and about three more years for the effect of S.
Hellens to vanish. Notice also that there is a prominent rise of
water vapor that appears to be associated with the VEI 5.5 Tonga-
Hunga eruption — an under water eruption. This eruption was in
January of 2022 and may be peaking now. These strong volcanic
eruptions appear to be changing upper atmospheric water vapor
from equilibrium values that are roughly constant.

Possible influence of Volcanic Eruptions with VEI 5 or greater on Water Vapo
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Figure 3: In this version of the figure volcanic eruptions with Volcanic Explosivity Index (VEI) of 4 or higher are indicated with those
above VEI 4 shown along the top. An increase of 1 index indicates an eruption that is 10 times as powerful. Periods of unusual solar
activity (Proton Flux) have also been indicated. A connected straight line indicates an alternate trend interpretation with four associated

time intervals: A, B, C and D indicated.

The conjecture is that the Pinatubo VEI 6 eruption (10 times larger
than St. Hellens) was so powerful that during period B it raised
the atmospheric water vapor to a new quasi-equilibrium level
over a nine year period that then slowly moved toward the lower
equilibrium level of period A. However, the Tonga-Hunga eruption
occurred before any significant progress toward the equilibrium
level of period A and “injected an estimated 150 Tg [of] water
vapor” pushing water vapor to an even higher level that may be
a new quasi-equilibrium level [13,14]. The eruption also injected
SO2 into the stratosphere with an estimated lifetime of 15 to 18
days [13]. Other effects of water vapor (WV) were “... a cooling
of up to —4 K was observed in the mid-stratosphere, persisting
for over a year since February, with over 60% attributed to WV
radiative cooling [ 14]. Conversely, in the lower stratosphere, ~50%

of the observed 1-2 K warming was attributed to the radiative
heating of large particles that formed in upper layers and settled
down gravitationally.”

Other work particularly supports a cooling of the southern
hemisphere in 2022 and 2023 [15]. However a two year period is
short on the scale of climate events. If increased atmospheric water
vapor is sustained then it may warm the earth for many years (
https://www.space.com/tonga-eruption-water-vapor-warm-earth
and https://news.ucar.edu/132867/volcanic-eruption-dramatically-
increased-water-vapor-stratosphere ).

As shown in Figure 3, there were two periods of unusual solar
activity involving increased proton flux just before and sometime
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after the eruption of Pinatubo. Solar activity has been shown to
have an effect on atmospheric water vapor [16]. A plot of solar

proton activity is shown in Figure 4. However these events are
not expected to have a long lasting effect on reducing water vapor.

Solar Proton Events: 1976-2017
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Source: https://www.ngdc.noaa.gov/stp/satellite/goes/doc/SPE.txt or
https://lumbra.nascom.nasa.gov/SEP/

Figure 4: Solar Proton Events: Plot generated from data at https://www.ngdc.noaa.gov/stp/satellite/goes/doc/SPE.txt .

1.9. Water Vapor from Jet Airplanes

The claim is that aircraft produce 10 trillion cubic feet of water
vapor annually because for every pound of jet fuel burned a pound
of water is produced, https://artificialclouds.com/. Others estimate
1.231 pounds of water per pound of fuel [17-19].

The Vonnegut Climate Change Theory (Dr. Bernard Vonnegut) is
described in a sequence of steps at the above link. Step 6 indicates:
The trillions of cubic feet of frozen water vapor created by jet
aircraft every year (mostly in the northern hemisphere) is in the
form of expanding gaseous clouds of microcrystals which continue
to rise from the lower stratosphere, collecting and building up in
the mesosphere.

Recent estimates of jet fuel use correspond to one day’s worth of
global aviation industry demand of 336 million gal/day or 122
billion gallons per year, https://www.opis.com/blog/2025-likely-
to-bring-lower-jet-fuel-prices-higher-demand/ This would
correspond to 1.231*122 = 150 billion gallons of water or 568
Tg of water. Tonga-Hunga is estimated to have ejected 150 Tg
of water vapor into the upper atmosphere. So these aircraft are
injecting about 3.8 times as much water into the atmosphere as

Tonga-Hunga. This happens over a year rather than over a couple
of weeks. Since aircraft travel year round this is a sustained
injection of water vapor. Does this sustained injection of water
vapor lead to higher sustained atmospheric water vapor or does it
all condense out of the atmosphere? Estimates indicate that only a
few percent of anthropogenic radiative forcing is due to aviation
suggesting that the water vapor is assumed to condense out of the
atmosphere [17].

If water vapor condenses out of the atmosphere linearly over
fourteen days instead of seven, then the amount of sustained water
vapor it supports in the atmosphere is approximately doubled.
Another observation, if the atmosphere is warming then the
amount of water vapor it can hold is increased and these aircraft
are injecting water vapor directly into the atmosphere.

1.10. Climate Models and Glacial Inception

The Earth’s climate is extremely complex. The only way to attempt
to understand the climate is to model the climate using the best
understanding available and test predictions with measurements.
A problem that immediately arises has to do with time scale.
According to the World Meteorological Organization (WMO),
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Background [20].

The general recommendation is to use 30-year periods of reference.
The 30-year period of reference was set as a standard mainly
because only 30 years of data were available for summarization
when the recommendation was first made.

This indicates that the 30 year averaging period often used to define
“climate” data was forced rather than scientifically defined. So
there may be a problem with the standard definition of a “climate”
value for a given measured variable.

Climate models, at least those that try, seem to have difficulty
making the transition from an interglacial to a glacial period. For
example [21].

Fifth, CCSM4 has a cold bias in northern Canada and northern
Siberia41 that predisposes the model toward forming permanent
snow cover in a cooler climate. However, these are mostly cold-
season biases36, in spring-summer, the terrestrial cold bias is
smaller, while the Canadian Archipelago even has a weak warm
bias42. Nevertheless, the model produces too much snow cover
in its 20th century transient simulation over Alaska, the Rocky
Mountains, and much of northern Canada (including Baffin),
which are glacial inception regions in the model42.

Another example [22]. This allows for the to artificial acceleration
of the external forcings, in this case orbital parameters and GHGs
concentration, which, considering that the atmosphere and ocean
are also the most computationally expensive parts of an Earth
system model results in an effective speed-up of the model.

The glacial inception simulations presented here are a first step
towards simulating the full last glacial cycle with CLIMBER-X.

Until climate models can match the prior interglacial into glacial
inception and rise out of that glacial into the current interglacial,
models are still in the development phase and should be used with
considerable caution to predict future climate attributes.

2. Discussion

The Earth climate is complex so the only way to determine if the
climate is understood is through modeling. However, a climate
model that is driven by rising CO2 stimulating rising water vapor
and thereby rising temperature would have difficulty modeling the
interglacial of 127,000 BCE to 114,000 BCE because temperature
was falling while CO2 remained high and constant.

Influences that might account for Figure 1 cooling while CO2
remained high and constant that have been considered are: ice
sheet growth, ocean current change, clouds, volcanic eruptions,
meteor or comet impacts, and solar activity. Among these,
clouds and solar activity remain as possible and most reasonable
explanations primarily because they cannot be discounted due to

lack of available data for the time interval involved. However,
using either cloud variation or solar variation as an explanation
for the cooling immediately discounts the argument that CO2 is
the undoubted major climate driver of the prior interglacial period.

Is it possible that orbital cycles induce initial warming, initial
warming induces increased sustained water vapor and increased
CO2, with sustained water vapor being the primary cause of rising
temperature. As temperature rises and sustained water vapor rises
perhaps cloud cover that would lower temperature initially holds
roughly constant — maybe rising CO2 is responsible ( https://www.
caltech.edu/about/news/high-cosub2sub-levels-can-destabilize-
marine-layer-clouds#:~:text=High%20C02%20Levels%20
Can%?20Destabilize,Environment%20%2D%20www.caltech.edu
). Suppose glacial inception occurs because at some point rising
sustained water vapor triggers clouds that cool even in the presence
of higher atmospheric CO2. This would mark the high temperature
of the last interglacial. From that point forward clouds continue
to lower the temperature. Perhaps once water vapor has triggered
cooling cloud cover it becomes persistent even if sustained water
vapor is lowered. CO2 remains high because it is dispersed evenly
throughout the atmosphere and requires a long interval of time to
approach the ocean surface and be absorbed. The problem with this
conjecture is: (1) can rising sustained water vapor generate cooling
clouds, and (2) can cooling clouds be persistent once formed while
allowing water vapor to be lowered?.

Current variations in water vapor measurements may reasonably
be assumed to be due to volcanic eruptions with VEI above
4 — inserting noise, unrelated to climate, into the water vapor
atmospheric concentration. These eruptions can eject water vapor
very high into the atmosphere where ice crystals are formed and
condensation is inhibited in favor of sublimation. If the eruption
is strong enough to inject very large amounts of water vapor into
very high elevations as ice crystals, the equilibrium of atmospheric
water vapor in the upper atmosphere may be raised to a higher level
“quasi equilibrium” that slowly decreases unless another massive
volcanic eruptions injects more water vapor into high elevations.

One also wonders if all the water vapor, injected into the atmosphere
by jet aircraft, really does condense out and can therefore be
discounted as a source of sustained high atmospheric water vapor.

These possible conjectures and questions are offered to
stimulate critical thought, conversation, and further research into
understanding our complex climate.
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