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Abstract

Objective: This paper addressed the relationship between two physical quantities of interest in climatology:
the thermal energy present in the upper ocean stratum (UOS) and the oceanic cloudiness (OC), i.e., the one
located above oceans.

Methods: The interplay between these physical quantities was pointed out by analyzing the time series
of seasonal and diurnal anomalies of ocean’s total cloud cover, and the anomalies of the thermal energy
present in the UOS. We examined these time series to identify signals indicative of interactions between the
UOS and OC. We then aimed to explain these interactions at a climatological level. Finally, for validation,
we demonstrated that our explanations are consistent with a global climatological model that we developed.

Results: It was demonstrated that in both cases, the time series could be described as a Markov-1
alternating type, exhibiting similar structures. This led to the conclusion that the OC served as a natural
thermostat in relation to the thermal energy contained in the UOS. By using a simple mathematical model
previously introduced in a recent paper by the author (2023) to account for the thermal exchanges between
the troposphere and the UOS, we confirmed that the OC acted as a natural thermostat for the thermal
energy in the UOS. This “natural thermostat” effect, incorporated in the model, resulted in simulations
projecting significantly less warming by 2095 compared to those from most existing global climate models
(GCMs).

Conclusion: Methodologically, this paper confirmed the interest of using Markov chains to identify
climatological interactions. The developed GCM, utilized for validating hypotheses explaining these
interactions, proved simple and efficient for simulating key climatological parameters in the evolution of
the global climate. On a strictly scientific level, the work’s main contribution lies in providing a definitive
answer about cloud cover feedback in global warming, establishing it as significantly negative.
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1 INTRODUCTION

The role of clouds and their interactions with climate-
influencing factors, especially sea surface temperature (SST)
and thermal energy in the upper ocean stratum (UOS), was
not well understood™'”. A clear example of this situation
is that of the recent historical evolution of the SST and the
low cloud feedback over the Pacific region from the 1980s,
which did not correspond to the response predicted by the
GCMs taking into account the increase in CO, that took
place during this period™'". Indeed, for the period between
1980 and 2014, Myers et al.""’ estimated that the difference
between the cloud feedback arising from increasing abrupt-
4x CO, (i.e. impose an instantaneous quadrupling of the
concentration of CO, from the global annual mean 1850
value, then hold fixed) and the cloud feedback observed
was of 0.78+0.21W-m™K" (90% Confidence Interval).
Numerous hypotheses have been proposed to explain this
significant distortion. Myers et al.!"! linked it to changes
in SST independent of climate change and which are not
taken into account by GCMs. Hartmann"' believed that
it corresponded to the appearance of the ozone hole in
Antarctica from around 1980. Heede et al.”! proposed
the explanation that greenhouse gas-related warming
is temporarily masked in the Pacific by aerosol effects.
Kostov et al.”*) believed that the Southern Annular Mode
(SAM) played an important role ignored by GCMs. For
Rye et al.”, it is the melting of the Antarctic ice sheets
which is the driving force behind the unanticipated
cooling. Seager et al.””! attributed this distortion to a
structural inability of GCMs to capture a correct response
in the many regions sensitive to tropical Pacific Sea surface
temperatures. For Seethala et al.”’ the changes observed
in subtropical stratocumulus since the 1980s were
attributed to natural variability, rather than a systematic
response to climate change. Sherwood et al.”™ proposed
an explanation for this distortion, citing the negative
phases of the Pacific interdecadal oscillation and the
SAM, as well as external forcings not captured by the
models. Wanatabe et al.”’ believed that warming over
this region of the Pacific was limited during this period
from the 1980s onward by past trends in the equatorial
Pacific Sea surface temperature gradient, which were not
considered in the models. Finally, Wills et al."" believed
that the distortion comes largely from systematic biases
of the models, for example in the response to historical
forcing, or in the taking into account of multi-decadal
variability.

There were as many hypotheses as papers, with some
overlap at times. This was expected, as with a single real-
world climate system, robustly identifying the ‘forced
response’ in observations is challenging.

This is why any improvement in the knowledge of the

interactions between the UOS and the oceanic cloudiness
(OC) can only increase the reliability of forecast climatology
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models"'"'". Moreover, one of the major challenges
listed by the World Climate Research Program consisted
precisely in improving the understanding of the role of
clouds in the climate!'”,

This article examined relationships between the OC and
the heat included in the UOS, in order to better understand
the global mechanisms which govern their interaction.

Time series was analyzed concerning these two climatic
entities with the aim of detecting possible “signals” of an
interaction between them, by using a method introduced in
Zeltz"™ for treating a similar climatological problem.

It turned out that they both presented the same pro-
babilistic structure indicating a very precise interaction
between the two entities, which led us to formulate the
following hypothesis: the OC played the role of a natural
thermostat for the UOS.

This explanation was validated with numerical
simulations obtained by adapting the proposed model in
Zeltz"¥. From 250 simulations by taking into account
the natural thermostat effect of the OC, an increase
between 1955 and 2095 in the SST of 0.47£1.6°C
(95% confidence), and an increase in that of the global
atmospheric temperature of 0.40+1.2°C (95% confidence)
were estimated.

This was much lower than the projections obtained by the
GCMs of national or international climatological institutes,
in all the scenarios considered concerning Greenhouse
Gas (GHGs).As for the progression over the same period
of overall cloudiness, it would be 1.48%=x1.4% (95%
confidence).

All three projections were based on continuing GHGs in
the atmosphere continued at the average rate observed over
the historical period 1955-2023. This was incorporated into
the model through the correlation with increased ocean
stratification in the same period!"**”.

In addition to the previous projections, which were
significantly lower than those appearing in the last [IPCC
report”!, our work made it possible to give a global
explanation to phenomena like those reported at the
beginning of this introduction and which, in our opinion,
had until now been explained in ways that are as varied
as they are unsatisfactory. With the simulations from our
model, there is no longer this distortion described above
with historical observations over the Pacific. They are in
good coherence with the natural thermostat phenomenon
of the OC on the UOS which is programmed in the model.
The obtained result was that the oceanic nebulosity played a
mitigation role in the temperature increasing of the SST due
to GHGs in the atmosphere.
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Figure 1. De-seasonalized anomalies of global mean total cloud amount (%) derived from four cloud CDRs as well

as from MODIS-Aqua and CALIPSO. The trends in CLARA-A3, PATMOS-x, ESA-CCI, ISCCP-HGM are —0.76%,

-0.28%,

-0.82% and -1.47% per decade, respectively. All trends are statistically significant based on Mann Kendall test. Source:

Devasthale and Karlsonn®".

2 METHODS
2.1 Description of the Data Processing Method

To analyze the time series involved, we use a data
processing method introduced and implemented recently**”
and of which here are the main steps:

(1) From the initial time series, derive a second one
made up of “gaps”, i.e. the difference of a term of the initial
series with the one which immediately precedes it.

(2) Then ensure that the derived series thus obtained
can be modeled by what is called “white noise”*”, i.e.:
without trend, neither for the expectation nor for the standard
deviation, and having its own empirically calculated
correlations almost zero and independent of their positions
in time.

(3) This being verified, form a third series of 1s and
Os by associating each “gap” with the number 1 if it is
positive, 0 otherwise.

(4) Then ensure that the point frequencies of 0 and 1
are both close to 0.5, which allows us to consider that
the rises or falls of the quantitative character studied are
equiprobable.

(5) This last observation, and the fact that the differences
can be modeled by white noise, allows us to think that
the series of 0 and 1 involved can be modeled by Markov
series™. Given the relatively weak “climatic memory***”
at play in the phenomena studied, this justifies that only
three probabilistic situations will be considered: (a)
Situation where each value of the series of 0 and 1 is
independent of the previous one and where therefore the
series of n elements is governed by a binomial law with
parameters n and p=0.5 (“Markov-0 binomial” case). (b)
Situation where each value in the series depends on the
previous one in the sense that if the value of the previous
one is 0(1), the next one has a greater probability of being
0(1) (“Markov-1 lengtheting “ case). (c) Situation where
each value in the series depends on the previous one in
the sense that if the value of the previous one is 0(1), the
next one has more probability of being 1(0) (“Markov-1
alternating” case).
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In order to make a decision between these three
possibilities, it remains to compare the average lengths of
the “chains of rises” of successive 1s and those of the “chains
of descents” of successive 0s in relation to the theoretical
average length which for a binomial law with parameters
n=100 and p=0.5 is 1.98. The criteria defined under this
situation will be used in Zeltz"**”; If the average length of
the ascending chains and the descending chains is less than
1.80, the initial series is of the “Markov-1 alternating” type;
between 1.80 and 2.10, of “Markov-0 binomial” type;
greater than 2.10, of the “Markov-1 lengthening” type. In
all cases, an estimate of the probability assuming that the
series of 0 and 1 is modelled by a B, binomial distribution.

Finally, if for the two series studied the previous process
comes to an end, which is not obligatory, it will be enough
to compare the signals obtained to check whether there is a
highly probable interaction or not between the two entities
studied. If the answer is positive, all that will remain is to
specify the underlying climatological mechanism.

2.2 Presentation of Data Used for the OC

Although great efforts have been made in recent years
in this area, obtaining reliable data on cloudiness remains
problematic®*". A recent article”™" takes stock of what
several different satellite sources have obtained on this
and Figure 1 presents the graphs of the global cloud cover
anomalies they give for the period 1983-2022. The means
used by the institutes that produced these data are at the
cutting edge of current technologies: NASA’s Aftermoon-
Train (A-Train) sensors with medium-resolution
imaging spectroradiometer (MODIS) on board the Aqua
satellite, cloud-aerosol lidar with orthogonal polarization
(CALIOP), Pathfinder infrared satellite observations
(CALIPSO), cloud profiling radar on board satellites
(CPR), etc.

However, large disparities between the different results
obtained were seen. The optimism expressed a few years ago
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Figure 2. Global Time Series of Seasonal and Diurnal
Anomalies of Total Cloud Cover Calculated for Ocean
Areas Over the Period 1954-2008.

(see for example Bony et al.*”) for the rapid achievement
of convergent and reliable results is therefore not yet fully
validated by the facts.

In addition, all these data concern the cloudiness present
over the entire Earth, and not just the OC. However, it
seemed essential to us that the database would be used met
these two criteria:(1) Focus only on the cloud cover above
the oceans, so that terrestrial influences do not confuse
the analysis of the interactions of the OC with the UOS.
(2) Cover a sufficiently long and at the same time recent
enough period to verify whether the global warming proven
since the 1970s modifies the mechanism of interactions
between the two entities.

A database respecting these two criteria, to our knowledge
there are no others, is from Eastman et al.”*! which
represented by the graph in Figure 2. These are the quarterly
average diurnal OC anomalies for the period 1954-2008
obtained from meteorological reports taken on board ships
and updated to Organization standards. World Weather
Service to form an “Extended Edited Cloud Reports
Archive” (EECRA)™ which corresponds to the criteria
specified above and led us to favor it. Some additional
details about it:

- Its authors did not use the nighttime data available to
them because they were not always numerous enough to
obtain sufficiently reliable results.

- On the other hand, in the 10x10 grid boxes where
there were a sufficient number of them, they were able to
verify their good correlation with the diurnal data.

- Likewise, they found that the results were very similar
to those purely diurnal using the day/night averages where
those of the nights are confused with those of the days in
the cells where the number of nighttime measurements is
insufficient to obtain ‘a reliable.

- Despite certain limitations inherent to the technique
used, for example the fact that medium and high-altitude
clouds are often masked by lower clouds, the authors
estimated the uncertainties in these data to be less than
5%.

In Figure 2, no attempt has been made to eliminate
parasitic variations over the ocean. Over the ocean, seasonal
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anomalies for each season were calculated for each 10x10
grid square. The seasonal anomalies in each box were then
averaged to form overall seasonal anomalies, weighted by
the relative area of the box and the ocean fraction. Source:
Eastman et al”®”.

2.3 Impact of Data Uncertainties on the Signals
Obtained

Therefore, a time series of 220 data points were given
which we will process as we described in paragraph 2.1.
Among the advantages of this method already well
highlighted in Zeltz"**, one will play a crucial role in
relation to the large uncertainties in the initial data: even
if these are provided with a notable uncertainty like this is
the case with the OC data, this uncertainty disappears to a
large extent concerning the signals 0 or 1 attached to the
descents or rises from one quarter to the next. As for the
nature of the signal, the probability that it will change given
the uncertainty in the initial data is tiny. Unless it is “border”,
that is to say the average length of its chains is very close to
1.80 or 2.10.

Indeed, we verified that even if the uncertainty in the
initial data values was 20% (£10%), the signal 0 or 1 will
remain unchanged with a confidence threshold greater
than 94%. If the uncertainty in the data values was 10%
(£5%), the signal 0 or 1 will remain unchanged with a
confidence threshold greater than 96%. If the uncertainty
in the data values was 5% (£2.5%), the signal 0 or 1 will
remain unchanged with a confidence threshold of 98.3%.
However, the uncertainty in the OC data used is evaluated
by Eastman et al.”” less than 5%. So, unless the average
chain lengths are very close to one of the two boundary
values 1.80 or 2.10, the type of signal obtained is very
robust.

2.4 Signal Attached to OC Data

After verified the series derived from its deviations could
be modeled by white noise (steps 1 and 2 of the method
described in paragraph 2.1), then successfully verified the
quasi-probability of the responses 1 and 0 (steps 3 and 4),
we can draw up the table allowing us to identify the signals
carried by the OC data studied (Table 1).

We noted that over the two periods of 100 consecutive
quarters observed, the signals were clearly of the Markov-1
alternating type. The reality of this behavior of forced
alternation is therefore very probable. On the contrary, in
the context of governance by the B,,, binomial distribution,
the probability of having such small values for average
lengths were very low (about one chance in two hundred).
This was confirmed over the total period of 220 quarters
between 1954 and 2009 as shown in Table 2.

Furthermore, we did not note any particular change
between before and after proven warming (1970).

J Inform Anal 2024; 2: 4
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Table 1. Average Frequencies by Length of Chains of OC Anomalies for Series of 100 Quarters

Size
Type of Chains Period Average Length
1 2 3 4 5 6 7 and More
Rises 1959-1984 75% 20% 5% 0% 0% 0% 0% 1.30
Descents 1959-1984 63% 25% 7% 5% 0% 0% 0% 1.55
Rises 1984-2009 60% 28% 9% 3% 0% 0% 0% 1.53
Descents 1984-2009 58% 33% 6% 3% 0% 0% 0% 1.53
Law By, Frequencies 51% 25% 12.5% 6% 3.5% 1.1% 1.1% 1.98
theoretical

Notes: Last line: frequencies and theoretical average length of the chains (rise or fall) for the binomial law By, with

parameters n=100 and P=0.5.

Table 2. Results Between 1954 and 2009

Size
Type of Chains Period Average Length
1 2 3 4 5 6 7 and More
Rises 1954-2009 67% 25% 6% 2% 0% 0% 0% 1.40
Descents 1954-2009 60% 30% 7% 3% 0% 0% 0% 1.55

Notes: Same types of results as for Table 1 but for the entire period 1954-2009 studied, i.e. for 220 consecutive quarters.

Table 3. Average Frequencies by Length of Chains of Diurnal Cloudiness Anomalies for Series of Quarters

i igi Size
;}l’l}:sl;)efrcol;a];r;;Orlgms) Period " > 2 S P o More Average Length
rises (ISCCP) 100 1984-2009 69% 28% 3% 0% 0% 0% 0% 1.36
descents (ISCCP) 100 1984-2009 64% 28% 8% 0% 0% 0% 0% 1.43
rises (PATMOS) 100 1984-2009 51% 34% 9% 6% 0% 0% 0% 1.68
descents(PATMOS) 100 1984-2009 69% 18% 9% 3% 0% 0% 0% 1.46
rises (MODIS) 50 2002-2015 79% 16% 5% 0% 0% 0% 0% 1.26
descents (MODIS) 50 2002-2015 70% 25% 5% 0% 0% 0% 0% 1.35
rises (ISCCP H) 140 1984-2019 74% 24% 2% 0% 0% 0% 0% 1.28
descents (ISCCP H) 140 1984-2019  71.7% 17% 11.3% 0% 0% 0% 0% 1.40
Law By Frequencies  51% 25% 12.5% 6% 3.5% 1.1% 1.1% 1.98
theoretical

Notes: Last line: frequencies and theoretical average length of the chains (rise or fall) for the binomial law By, with

parameters n=100 and P=0.5.

2.5 Robustness of The Signal Attached to Cloudiness
Anomalies

To verify that the signal obtained does not come from
any bias coming from the data themselves collected at
sea level, we tested the type of signals obtained from
four databases from satellite observations of the Daytime
cloudiness between 60°S latitude and 60°N latitude. The
first three are studied by Norris and Evan™ and the last by
Rossow et al®®. Here are the precise origins of this data and
the periods concerned:

-The first concerns the period 1984-2009 and comes from
the ISCCP: https://eosweb.larc.nasa.gov/project/isccp/
isccp_table

-The second, again for the period 1984-2009, comes
from PATMOS-x: http://cimss.ssec.wisc.edu/patmosx/data
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-The third for the period 2002-2015 by Aqua MODIS.
http://ladsweb.nascom.nasa.gov/data/search.html

-The fourth for the period 1984-2018 by ISCCP-H:
https://www.ncei.noaa.gov/access/metadata/landing-page/
bin/iso?id=gov.noaa.ncdc:C00956

We treated these data in the same way as those from
Eastman et al.”” with whom we obtained Tables 1 and 2.
Table 3 presents the results achieved:

We found in all cases the type of signal encountered
for the OC: for the four data series considered, the diurnal
cloudiness anomalies of the portion of the Earth between
60°S latitude and 60°N latitude have “Markov-1
alternating” type well pronounced. Therefore, the change in

J Inform Anal 2024; 2: 4
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Table 4. Average Frequencies of Appearance by Length of UOS Thermal Variation Anomalies Present for

Series of 100 Quarters

Size
Type of Chains Period " > 3 2 5 P ~ond More Average Length
Rises 1959-1984 68.3%  14.6%  14.6% 2.5% 0% 0% 0% 1.51
Descents 1959-1984 68.5%  25.7% 5.8% 0% 0% 0% 0% 1.37
Rises 1984-2009 51.4% 27% 18.9% 0% 2.7% 0% 0% 1.75
Descents 1984-2009 63.6%  27.3% 9.1% 0% 0% 0% 0% 1.45
Law B, Frequencies 51% 25% 12.5% 6% 3.5% 1.1% 1.1% 1.98
theoretical

Notes: Last line: frequencies and theoretical average length of the chains (rise or fall) for thebinomial law By, with

parameters n=100 and P=0.5.

Table 5. Same Types of Results as for Table 3 but for the Entire Period 1955-2009 Studied

Size
Type of Chains Period Average Length
P 1 2 3 4 5 6 7 and More & gt
Rises 1955-2009 61.9% 20.3% 15.5% 1.2% 1.2% 0% 0% 1.59
Descents 1955-2009 66.2% 27% 6.8% 3% 0% 0% 0% 1.40

Notes: for 216 consecutive quarters.

technology, the different periods considered, the fact that
terrestrial parts and not just oceanic parts are considered,
finally the restriction of the study to the part of the planet
between 60°N latitude and 60°S latitude, all this does not
affect the quality of the signal, which therefore appears to
be a very robust characteristic of cloudiness.This means that
the interaction between the OC and the heat of the UOS
has a strong enough impact that it is visible throughout the
nebulosity of the terrestrial globe.

2.6 Signal Attached to UOS Heat Data

For the heat data (thermal energy) present in the UOS,
we used a database from NOAA and already used by a
previous research"®’. The link to download it is: https://
www.climate.gov/media/13603. It only begins with the
year 1955 and therefore covers 216 quarters from 1955 to
2009 in common with the previous OC database.

As Table 4 clearly indicates, we arrive at the same
observation as for the OC, namely a clearly Markov-1
alternating type signal for the two chains of 100 quarters
considered:

Table 5 shows that the same is true for the complete
chain of 216 quarters of the period 1955-2009.

From the same ocean heat anomaly data source, this
Markov-1 alternating type character had already been
identified by Zeltz"* over a longer period (1955-2022) for
the 3 chains of 90 consecutive quarters concerned. Thus,
the reality of this character for the thermal energy of the
UOS is, as for the OC, very highly probable.

On the other hand, the probability of having such small
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average lengths of the three chains would be very low
if they were governed by the By, binomial distribution:
about one chance in five hundred.

2.7 Comparative Trends in the Two Datasets Studied

Figure 3 presents the variation graphs for the common
period 1955-2009 of OC anomalies (%) and UOS heat
(1u.=5%x107).

The correlation between the two series is significant
(0.65). Overall, the two curves show fairly clear growth,
although for OC there was a remarkable decline in the last
decade of the study. (Remarks: The decline over this same
period is also observable in most of the curves in Figure 1.
Then, most of them show an upturn until the present day.)

3 RESULTS AND DISCUSSION
3.1 Climatological Interpretations

As observed, the two “signals” on the quarterly data
studied in the previous paragraph are frankly of the
Markov-1 alternating type and they are also significantly
correlated. It therefore seems natural to us to explain
this by an interaction between the OC and the thermal
energy of the UOS, the mechanism of which would be as
following explanations.

During a quarter the UOS warms up, this causes
additional evaporation which has the consequence of
increasing low and medium cloudiness, either in surface
area or in opacity power by increasing their density, which
in both cases increases their cooling power. So when the
production of this cloudiness develops following this
warming, this new or more opaque cloudiness contributes
to cooling what is under it, therefore the UOS, whose

J Inform Anal 2024; 2: 4
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Figure 3. Variations in OC anomalies in % (red curve) and heat anomalies in UOS (blue curve. 1u.=5x10%J) for the

common study period 1955-2009.

heat ends up starting to decrease with a certain delay. But
then the production of cloudiness also begins to decrease
since there is less evaporation, which in turn leads to
further warming of the UOS, since it is better exposed to
solar radiation. And so on. In our opinion, we are therefore
dealing with an interaction that can be compared to a two-
stroke engine whose pistons would be the heat of the UOS
and the OC. As for the three-month cycles for the heat
present in the UOS, they come from another interaction,
the one that was highlighted by Zeltz'"* with the same
“signal” techniques between the heat of the UOS and
global average atmospheric temperature. Cycles which had
been explained in particular by the cooling of the water
which undergoes evaporation, but which the present study
shows that they are undoubtedly further amplified by the
reciprocal influence between the UOS and the OC.

According to this hypothesis, the clouds of the OC
would therefore have the damping effect of a natural
thermostat: when the heat of the UOS increases, they
tend to reduce it following their increased development;
when on the contrary it decreases, the OC regresses and
therefore filters less solar radiation which therefore reaches
the surface of the UOS more easily, increasing its heat.

3.2 Discussion

This hypothesis of the role of natural thermostat
played by cloudiness has already been formulated in
the climatological literature. In particular to explain
why in tropical zones the impact of global warming is
not as intense as in other regions of the globe (Miller’s
“thermostat” hypothesis"” or that of Pierrehumbert”*)).

And our explanation which goes in the direction of a
negative feedback of the role of clouds in current global
warming is largely confirmed by certain more recent
articles””*. For example, according to Ceppi et al.*), “4
robust feature of global warming model experiments is a
negative shortwave cloud feedback in the middle to high
latitudes, driven by an optical thickening of the clouds
associated with liquid water path (LWP) increases.”
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Or again for Ceppi et al."”, “Using historical CMIP5
model data and satellite retrievals of cloud properties, we
have shown that as the atmosphere warms, cloud liquid
water (and hence optical depth) consistently increase
in middle to high latitudes (poleward of ~45°) in the
Southern Hemisphere, with an additional weak cloud
amount response to warming.” This is consistent with our
hypothesis.

On the other hand, this seems contradictory with other
recent theories and models which predict a drop in low
cloudiness following the warming of the ocean surface
temperature'” ™", The main explanation put forward is that
warming would have the effect of increasing the flow of
latent heat at the surface, which would reinforce vertical
mixing by convection in the lower troposphere and dry out
the lower layers. But for example, Rieck et al."*! remain
very cautious in their conclusions and do not want to
draw definitive conclusions on the fate of the lower layer
following global warming. Because according to these
authors, “the ultimate response of shallow convection in the
trade winds may depend on subtle compromises between
competing effects.”

Our explanation did not take into account many other
phenomena which add up and enormously complicate the
analysis of the evolution of the heat of the UOS and the
OC. Indeed, just for the latter: evolution of atmospheric
circulation, physics of clouds with for example very
different effects depending on their type and altitude,
stability or not of the troposphere, transparency or opacity
of clouds, vertical movements of the humid air, presence or
absence of aerosols, seasonal cycles, etc"’". But the fact
remains that the signals exhibited in the series studied are
real and well marked: they certainly reflect an interaction
that must be made explicit, which is what we therefore
tried to do.

That said, the current research trend suggests that

cloud feedback amplifies global warming”' rather than
moderating it. But the estimates of this feedback remain

J Inform Anal 2024; 2: 4



Table 6. Line 6 of Model Z.1

Line Number Equation Purpose Illustration
6 a,=a,, X {1 Eyolution of
tn the atmospheric
albedo
Table 7. Lines 6, and 6, of Model Z.2
Line Equation Purpose Illustration
Number ! p
6, cl,.,=cl, Evolution of the =2, value of the
+3(0,41-6,,) OC cl, present  constant obtained
over the oceans by "calibrating"
during month n  with the observed
data from Eastman
etal.®
6, a, =Yy Xcl, Atmospheric Y=0.6 measures
albedo the ratio of
atmospheric
albedo to OC
coverage

very imprecise: in 2013 and according Boucher et al.”",
between -0.09 and +0.99 W-m™K" at the 90% confidence
threshold. However, these estimates are obtained by using
all available data sources: theory, modeling, and Earth
observations. The fact remains that despite all these efforts,
a tight constraint on this feedback remains elusive. As
stated in an article by Ceppi and Nowack™, “theory cannot
provide accurate projections, global climate models are
unable to explicitly represent small-scale cloud processes,
and limitations in computing power do not allow high-
resolution models to perform experiments on the climate
change” at the level of the entire planet. To try to overcome
this, the latter authors developed ina statistical learning
method that is said to “significantly improve on previous
estimates and does not require high-resolution simulations
or observations.”" But the range that they obtain at the
90% confidence threshold in their article dated 2021 still
remains very wide: between +0.08et +0.78W-m™-K"'. Far
from completely banning negative feedback.

3.3 Modeling of the Ocean/Atmosphere/Cloudiness
Coupling

The Z.2 model which will be used to validate our
hypothesis on the negative feedback of cloudiness, and to
obtain simulations consistent with our explanations, is built
from the Z.1 model developed by Zeltz!'". Of the 17 lines
of the tables on which the Z.1 model is based, only line 6
concerning the atmospheric albedo an has been modified.
In model Z.1, it was written as in Table 6:

In model Z.2, it splits into the following two sublines 6,
and 6,(Table 7):

The equality cl,,,=cl,+B(0,,,-0,) of 6, reflects the
relationship between the OC and the heat present in the
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UOS explained in section 3.1 and updated in paragraph 2
by the presence of the signals of “Markov-1 alternating”
type on each of their data series. The estimation of the
constant B was made by “calibration” with the data of the
OC anomalies presented in section 2.2 and coming from
the EECRA.

Line 6, makes it possible to evaluate the atmospheric
albedo. It is assimilated to that generated by the OC
because that coming from the ocean surface is negligible
compared to that of the clouds”™". Furthermore, according
to Wen et al.”®!, the reflectance of clouds located above the
oceans, and therefore their albedo, depends linearly on their
coverage [Cf. formula (5a)°"']. This justifies the relation
a,=y Xcl, of line 6,. Konsta"” allowed us to obtain the
provided estimate of the constant y [See 4.2.1(a)"".

The following Table 8 lists the relationships used by the
7.2 model. For the other 16 lines of the table common with
those of model Z.1 (lines 1 to 5 and 7 to 17), the notations
introduced and the relationships used are briefly explained.
More details are given in paragraph3.3 of Zeltz'".

3.4 Simulations
Figure 4 compares simulations obtained using the two
models for the period 1955-2095.

The feedback predicted by our hypothesis is clear in
these graphs since in 2095, the end of the simulation, the
temperatures provided by the Z.2 model are lower than
those provided by the Z.1 model, by about 1.5°C for 6, and
1°C for t,. Table 9 shows the theoretical figures in terms of
mathematical expectation that allow us to compare the two
models and to measure the theoretical feedback predicted
by the Z.2 model for the period 1955-2095.

The expected negative feedback is therefore well taken
into account by the Z.2 model and is not at all negligible.
In Annex, we present two other simulations provided by
our Z.2 model.

3.5 Z.2 Model CI Results

From 250 simulations provided by the Z.2 model, we
constituted three samples of 250 values as follows:

(1)First S1 sample consisting of the 250 cl,q, - cl,
values associated with each of the 250 cl, simulations over
the period 1955-2095.

(2)Second S2 sample consisting of the 250 t,-t,
values associated with each of the 250 t, simulations over
the period 1955-2095.

(3)Third S3 sample consisting of the 250 0,4,-0, values
associated with each of the 250 0, simulations over the
period 1955-2095.

After being able to positively test the normality of
these three samples, we determined the 95% confidence

J Inform Anal 2024; 2: 4
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Table 8. Summary of the Relationships Founding the Model Z.2 and Complementary Relationships

Number

Relations

What is at Stake

Values of Constants, Details and

Complementary Relations

1

10
11

12
13

14
15

16

17

C,=(100-a,)R-b,R,-Re,-K,-K’,-

0.V,

T,=b,R,+Re,+K,+0,IV,
Cn=Cdyn (04:5-0,112)

T.=C 4y (taa-ts)

1
biR,== (100-a,)R,

L =cl, +B(8,1-6,)

a,=Y Xcl,

If 0,>t,, K,=kT(6,-t,),
If 0,<t,, K,=K'T(0,-t,)
_ 6nK'y
e

’

Sn=(1’011/120)n
Re,=Rs,-Ra,

Rs,=at,*

Ra,=Ra, % Fﬁl
vV (3) ()
E.=IV,
o,=-0,1t,+0,8+0,16,

®n+l:®n+c (An+1'An)

Ta,.1=Ta,+(B,.1-B,)

Energy balance of the UOS per m?

Energy balance of the Troposphere per m?

Heat received for a column of 1 m? by
the UOS during month n

Heat received for a column of 1 m? by
the Troposphere during month n

Solar part absorbed through the
Troposphere

Evolution of the OC cl, present over
the oceans during month n

Atmospheric albedo

R,: energy coming from the monthly global

radiation of solar origin

R,=910%/m’

We will take the value of the latent heat around
15°C at atmospheric pressure: [=2470,000] / kg

Cdyn=2.6><10“]/ K (estimate obtained by
"calibrating" the model with the observations)

C’dyn=2.6><10“] /K (estimate obtained
by “calibrating” the model with the

observations)

=2, value of the constant obtained by
"calibrating" with the observed data from

Eastman et al.™

Y=0.6 measures the ratio of atmospheric

albedo to OC coverage

Evolution of exchanges of sensible heat Effusivities expressed in JK'm?s™/? k=6k'=15

from the UOS to the Troposphere

Evolution of exchanges UOS/ lower
layers

Evolution of stratification
Radiation netsolar

Infrared radiation emitted from the
surface of UOS

Infraredtrapping by the Troposphere

Change in quantity of evaporated
water

Energy of vaporization

Share of vaporization energy taken in
the UOS

“Observed” temperature of the UOS

“Observed” temperature of the
Troposphere

90T=3600%24x30=2,592,000s

Initial loss of 10W/m? (estimate obtained by
"calibrating" the model with the observations)

K’;=10xT=25,920,000]

By noting e=t,.;-t,, we will use the

. . €
approximation: Rs,+;Rs (1+ tn—q)

®,=14°C

A,: global mean ocean heat anomaly in month n

c=1/30
Ta,=14°C

B,: global mean atmospheric temperature

anomaly in month n

A‘W ~———anomalies 8n modele Z.1

anomalies tn modele Z.1

anomalies tn modele Z.2
——anomalies 8n modele Z.2

~———anomalies cin modele Z.2

2100 2120

Years

Figure 4. Graphs concerning simulations made on 6,, t, and cl, for the period 1955-2095. Simulations of 8, and t, anomalies
(°C) obtained with the Z.1 model. (respectively green and purple curve). Simulations of 8, and t, anomalies (°C) obtained with the Z.2
model (respectively orange curve and blue curve). Simulations of cl, anomalies (%) obtained with the Z.2 model (light blue curve).
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Table 9. Comparison of the Heoretical Progressions Predicted by The Two Models

Effect on Temperatures of the Feedback

2.1 Model Z.2 Model Caused by OC Over the Period 1955 - 2095
Progression from 0, 1955 to 2095 +2.48°C +0.43°C -2.05°C sur 0, i.e about -0.14°C per decade
Progression from t, 1955 to 2095 +1.42°C +0.49°C -0.93°C sur t, i.e. about -0.07°C per decade

Progression from cl, 1955 to 2095

+0.35% i.e. about+0.03% per decade

Table 10. Normal Distribution Parameters Involved and 95% Confidence Intervals Obtained from

Samples S1, S2 and S3
Progress Over the Period 1955-2095 R o [p-20; p+20]
clyggo-cly +0.35% 0.29% [0.06%; 0.64%]
tesomty +0.49°C 0.16°C [0.33°C; 0.65°C]
1650-01 +0.43°C 0.15°C [0.28°C; 0.58°C]

Table 11. Correlations Between Samples S1, S2 and S3

Correlation Coefficients

Between S1 and S2 0.77
Between S1 and S3 0.84
Between S2 and S3 0.89

intervals for the progressions over the entire period 1955-
2095 of cl,, t, and 0, provided by our Z.2 model.

To do this, we took as parameters 1 and ¢ normal
distributions at play:

(1) For the p means, the mathematical expectations
already indicated in Table 7 (the point averages of S1, S2
and S3 being very close to them, as we have checked).

(2) For standard deviations o, estimates obtained from
the point standard deviations of S1, S2 and S3.

Table 10 specifies these parameters and the corresponding
95% confidence intervals.

3.6 Correlations Between S1, S2 and S3 Samples
According to the hypotheses taken into account by
model Z.2, we should expect significantly positive
correlations between S1 and S2, between S1 and S3 and
finally between S2 and S3. This is what is observed:

Additional remarks on the models and simulations
obtained:

(1) The simulations shown in Figure 4 use the same
values for all constants common to the Z.1 and Z.2 models
for both models of t, and 0,, and the same for the random
coefficients used in both models to account for natural
variability.

(2) The same applies to the simulations shown in
Supplementary Figures 1 and 2.

(3) As shown in Figure 1, the increase in OC predicted
by the Z.2 model is not contradicted by most observations
over the past decade.
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(4) Simulations are very easily and quickly obtained using
a conventional spreadsheet and a simple microcomputer. For
example, we were able to generate the 250 simulations in
less than an hour that allowed us to reach the confidence
intervals for the total changes cl,¢g-cl;, t;eg0-t; and 0,44,-6, of
three variables simulated by the Z.2 model over the period
1955-2095.

(5) The author will send a copy of the Z.1 and Z.2
program free of charge by e-mail for any request that he or
she deems justified.

4 CONCLUSION

The initial aim of this work was to study and clarify
the interactions between the OC and the thermal energy
contained in the UOS. The OC has the role of a natural
thermostat vis-a-vis the UOS and has therefore already
reduced and will further reduce the magnitude of global
warming, which is probably largely anthropogenic and
which has been observed since the 1970s.

For the 140-year period of the study (1955-2095), the
model that was developed during this work and which
is the development of a model introduced in Zeltz!"",
estimates the action of this negative feedback on the
temperature of the UOS at more than 2°C and at more than
1°C that on the global average atmospheric temperature.
This global model is based on the energy equilibria
and exchanges between the UOS, the troposphere, the
stratosphere and solar heat. The exchanges between the
heat of the atmosphere and that of the UOS had already
been specified in Zeltz'"", using a method using “signals”
revealing the processes at play and which appeared on the
time series studied. This is the same technique that was
used here and revealed the natural thermostat role that the
OC played on the UOS. The consideration of everything
else that influences the Earth’s climate (winds, ocean
currents, upward and downward convection, influences
of land and vegetation, etc.) is taken into account in a very
rudimentary but real way, thanks to a concept introduced
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of “dynamic heat capacity”'®’. It is obvious that this work,
with the very modest model that is presented and used, did
not claim to replace the monumental one carried out by the
major International Climatological Institutes, in particular
with the GCMs that they develop and use with the help of
very powerful computers.

However, In our view, this research conclusively resolves
the question of cloudiness feedback (particularly oceanic)
in relation to global warming, showing it to be negative
and significantly impactful. Moreover, it offers global
insights into phenomena not well understood until now.
For instance, as we pointed out in the Introduction, the
significant distortion between historical data and GCM
simulations which concern the SST evolution in the Pacific.
For the simulations obtained by the Z.2 model which
integrates this negative feedback, there is no longer this.

And so, therefore, GCMs, which were much more
elaborate and complex than ours, should take it into account
in order to arrive at more realistic and less imprecise results
than they still are today, despite all the work and technology
involved.

We will conclude by specifying two perspectives on
this work which seem interesting to us: (1) In order to
refine our Z.2 model, study the interaction of ocean
stratification on global warming. (2) Explore the following
hypothesis: The low interannual variability of global cloud
cover™ !, linked according to these authors to an equally
low interannual variability of the Earth’s albedo, perhaps
comes, at least in part of the damping effect that the OC
played on the heat of the UOS.
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Abbreviation List

A-Train, Aftermoon-train

CALIOP, Cloud-aerosol lidar with orthogonal polarization
EECRA, Extended edited cloud reports archive

GCM, Global climate model

GHG, Greenhouse gas

LWP, Liquid water path
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MODIS, Medium-resolution imaging spectroradiomete
OC, Oceanic cloudiness

SAM, Southern annular mode

SST, Sea surface temperature

UOS, Upper oceanic stratum
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