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Introduction
The studies on climate change are currently conducted over a 
specific period of time extending back to the industrial era from 
1850 onwards and are intended to comprise the entire Earth’s 
surface. In order to obtain the most recent numerical values of 
the parameters of interest, they are supplied by Climate Science 
and, in particular, by Meteorology Organizations.

A UN Committee, the IPCC, has also been specifically formed to 
propagate the scientific results obtained by the above Organizations, 
but also specifically intended for the political Agencies whose 
function is implementing the consequent necessary actions [1]. 
The language used in its reports for the communication of scientific 
results has been tailored to specific social and economic frameworks, 
rather than employing the technical terminology of science: 
numerical values are not provided for the analysis results [2]. 

Table 1: The Likelihood Scale Introduced in the AR5 Guidance 
Note
Term used Likelihood of the outcome
Virtually certain 99–100% probability
Very likely 90–100% probability
Likely 66–100% probability
About as likely as not 33 to 66% probability
Unlikely 0–33% probability
Very unlikely 0–10% probability
Exceptionally unlikely 0–1% probability

Only a set of qualitative terms is used, forming what in metrology 
is called an “Ordinal Scale” (when not a “Nominal Scale”), 
consisting of words corresponding to ordered steps of increasing 
probability level of importance/urgency-of-action of the observed 
phenomena, here reported in Table 1.

In particular, the specific measurement science numerical terms 
“precision” and “accuracy” (see later) are not used, but only 
“uncertainty” in the generic sense of doubts about the numerical 
values. However, in modern civilization and science, the evaluation 
of acquired knowledge allowing consequent actions, scientific or 
economic, is always based first on empirical/experimental results 
obtained by measurements providing numerical values of the 
relevant physical/chemical/natural

Further, Climate Science is used in modern times to assemble 
new knowledge with the help of informatics in what is called 
Big Data. This term is intended to mean so large datasets that the 
overall state-of-the-art can hardly become accessible to the whole 
scientific Community, especially when intending to draw general 
analyses from these immense and heavily elaborated amounts of 
information—today possibly unless with the help of an indirect 
new tool, the AI [3,4].

The paper aims to attempt to perform a strict and full metrological 
analysis concerning the specific parameter of Earth’s Global 
Mean Surface Temperature (GMST), considered among the most 
important ones, as climate behavior is critically dependent on 
ground temperature. Information on it looks almost invariably to 
be provided by non-metrological Institutions in their published 
analyses on climate. In many respects, that is a reason for having 
failed, as the author suspects, to provide a full and comprehensive 
discussion on the observation’s outcoming from the meteo Stations 
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(see next Section), their physical bases being instead considered 
of more interest—and possibly the main competence/interest of 
most authors in analyzing the observed values.

The Proposed Analysis Method
The author, a metrologist, considered it useful to start attempting 
from the very beginning, before any further elaboration and 
contrarily to most literature, from the specific issues of the 
classical method of knowledge-accumulation process in 
science: the analysis of the numerical values of observations 
quantitatively obtained via calibrated measuring instruments, 
strictly evaluated by means of measurement-science tools and by 
using the metrological method and idiom—in particular, without 
any help from what is commonly considered the complementary/
alternative way to analyse phenomena, their analysis/qualification 
via physical modelling.

Considering the criticality that the results may have on the 
subsequent political choices of the World Societies, superior 
confidence in data accuracy should be ensured in these Natural 
Science studies. The Metrology discipline and process are known 
to provide it, even with respect to Measurement science [5]. In 
fact, metrology aims to push the accuracy level of the experimental 
results obtained in the wider frame of Measurement Science to its 
best and with maximum confidence—i.e. to ensure a minimum 
level of uncertainty that always necessarily affects any observation/
experimental results [6]. 

Its Major Task Is to Explore and Assess an Estimate of All 
Components of Uncertainty
The reproducibility of repeated measured values, assumed to 
be random, basically representing the precision of the results— 
often erroneously considered sufficient to qualify them; —The 
systematic errors, deriving from the process chosen for performing 
the measurements, whose lack of consideration would bring to 
non-random components of uncertainty— so often remaining 
implicit in the resulting data quality.

Consequently, the only possible way to increase accuracy  is 
to perform deeper studies also on the process factors having 
assumed to influence (being the causes of) the measured value. 
This basically requires a deeper understanding of the phenomena 
being measured—also reported in [7-14]. The final result of the 
evaluation process consists of providing full information about 
the components of uncertainty, expressed in a full “uncertainty 
budget” (UB): a list of all the components with an estimate at 
95% (or 97.5%) level of confidence §3.10 in contributing to the 
total uncertainty. Only a UB can provide a way to compute the 
accuracy [32]. The author’s position on the above concepts is 
exemplified in [7-16].

The Organizations Involved in the Studies and their Methodology
Among the several International Organizations performing 
these studies, the World Meteorology Organisation (WMO) is 
specifically dedicated to meteorology [17]. Since its foundation 
by the ONU in 1946, WMO is assumed to act as the reference to 
all the other Organizations. The hierarchical approach becomes 
necessary for these in-depth studies because achieving only good 
data precision— not always easy—is insufficient on its own. 
Additionally, the highest level of accuracy currently available 
must be provided. In this context, the WMO is assumed to be 
responsible for supplying the most accurate meteorological data 
available for the entire Earth's surface. The National Organizations 
should in principle refer their studies to WMO. A network of 
Meteorological Stations ensures the collation of observations on 
the ground surface. In Fig. 1a-d the records obtained from Stations 
from various Organizations are estimated to have been a total of 
81,555 in 2012, while the present number of WMO Stations is 
≈8,000. Fig.1 shows a max of ≈5,000 of them around the ‘70s and 
≈half of them as “recommended” in 2010 [18]. The number of 
“under development” Stations increased too almost 20,000 in the 
same period. The average Station density on the ground has been 
evaluated by the author—using his method of (red)-pixel counting 
(see later) in Fig.1d—to have reached in 2012 an average coverage 
of ≈2/3 of the ground surface, amply not uniformly distributed.

Figure 1: (a–d) Surface Coverage of the Ground Meteorological Stations, from 1850 to 2012 (Lawrimore 2013). See text (e)
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Figure 2: From Fig. 1, the WMO Meteo Stations in a Portion of 
Europe are Shown

In Fig. 2 the distribution of the WMO ground Stations is shown, 
where they are quite variable in density [19,20]. It is the simplest 
way to access the published database (the manipulated one?). The 
meteo Stations comprise quite a variety of technical solutions, 
adopted to try to limit the effect on the accuracy of systematic errors 
affecting the observational data—also depending on their position 
and the age since their installation. Their density on the ground is 
always insufficient to the one required for specific applications (like 
for aviation), but, in general, their distribution is insufficient also 
for an accurate evaluation of the GMST when exclusively using 
the data they are providing. Consequently, various procedures have 
been adopted to make the examined network spatially denser via 
computational means already recalled above [21,22].

The resulting spatial database then used to compute parameters 
and draw overall estimates, is necessarily made of values more 
uncertain than the observational (original) ones—while certainly, 
the uncertainty of a mean value is significant only if computed 
on repeated data, not the case for the GMST observations. In 
all instances, no detailed information is usually available for 
comparing the uncertainty of the original observation set and the 
uncertainty of the manipulated/denser final set. In other words, 
the information to the scientific community is limited to the 
manipulated database, a Big Data one considered to represent 
the global parameter GMST. See later, e.g., Fig. 5, where the 
precision of the physical models can be deduced at least from their 
dispersion, while for the observational data only the annual mean 
values are supplied with not even their s.d. indicated.

The original observational datasets obtained by each Organization 
are normally indicated only by their name: e.g., in Fig. 3a five of 
these sets are reported from—in their usual form of representing 
the trend in time of annual (decadal) mean [23,24].

Figure 3: (a) Decadal Trend of Annual GMST as Reported by 
Five Databases

Many other similar collations can be found in the literature 
concerning other datasets, like the ones in Figs. 2—>3b–d—
relevant differences among them can easily be noticed [23]. Note 
also the lack of indication about data/trend uncertainty, so that the 
precision of the manipulated databases (see later) can be estimated 
only from the variability between series—arising from a different 
reason: the trend in time. Similar lack can be found also in authors 
with different positions, like in [25].

Figure 3: (b) It Reports from a Different Set of Databases: b1); 
b2) ISBN: 0-309-66144-7

Figure 3: (c) It Reports from A Still Different Set of Databases

Figure 3: (d) It Reports from A Still Different Set of Databases

Note in Fig. 3d a few downward peaks ≈ –0.2 °C deep, generally 
due to occasional big vulcanic eruptions [23,24]. Note also 
the less evident linear GMST increase after ≈1970. The main 
purpose of the process evaluation is with respect to its evolution 
in time, i.e. concerning the possibility of predicting a reliable 
climate forecast. However, only data from WMO Stations can 
provide today’s level of data accuracy. For that purpose, the most 
recent advancement has just been recently published as an ISO 
Standard (ISO19289 2014): a Project of classification of siting, 
the WMO Meteorological Stations, in four certified classes of 
GMST accuracy. Specifically, they correspond to four levels of 
accuracy for temperature: Class 1-2 ± 0.2 °C; Class 3 ± 0.6 °C; 
Class 4 ± 1°C [17]. The number of certified Stations is presently 
still quite limited as the certification started only about 10 years 
ago; the previous accuracy was for all ± 1 °C— but probably was 
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even larger than the accuracy not so many previous decades.

Analysis by Using a Metrological Procedure
A metrological analysis of the GMST measured trends should start from the original observational datasets and include their 
uncertainty level. That resulted impossible because the previous analyses do not report nor illustrate them. Instead, it is easy to find 
in the literature indications that the reported results are reported by not using the original daily observations. The measured data have 
usually been amply manipulated by techniques like “data assimilation” and Foot Note 8) or data “homogeneisation”, etc. and by also 
performing an increase of the density of the database by interpolation between Stations, extrapolation in regions where no Stations 
exist, etc., i.e. adding not real stations [21,22]. Each of these manipulations necessarily contributes to increasing total uncertainty, 
but no UB is generally generated nor made available—neither for the actual observational databases. Therefore, there are few—or 
no—means for a reviewer analyzing published data to check the confidence that one can assume to assign to an accuracy evaluation 
because never or very rarely do the papers include (full) information on both random and systematic effects.

In order to try an alternative way to keep evidence of the original Station datasets, the author had recently developed a method of direct 
analysis from Earth maps deploying graphically the distribution of the values of a specific climate parameter on them, by introducing 
a computer graphic method [16]. The superior total amount of information allowed by maps can be appreciated in Fig. 4, comparing 
two total-surface GMST distributions from the same Organization: the complex distribution and some impressing changes for the 
same period of time often occurring in the representations, would be difficult to be perceived from a numerical-only treatment [26].

Figure 4: Maps (of the same type) from different periods: (a) 2022 (1981-2010); (b) 2022 (1991-2020). (NCEI NOOA 2020)

Author’s method basically consists of a quantitative use of Earth maps. The first step is the retrieval from each map of the distribution 
of the numerical values of a given parameter as qualified in narrow ranges by differently coloured regions—each colour representing 
a Δx interval of values x: e.g., for the GMST often steps (t2 – t1) = 0.5 °C. The pixel count within each area of a specific colour allows 
one to retrieve the numerical proportions between the different intervals Δt’s regions and then to compute the GMST mean value (i.e 
at 50% Δt occurrences) for that map [26]. 

In Fig. 4 of this paper, a similar principle and method have been used for comparing instead the GMST values obtained by several 
sources, starting from published figures where data trends are similar to the ones in above providing trends like in Fig. 3 [27,23,28,24]. 
It compares what is assumed to be the set of monthly GMST data for the same period of time, 5 as published by 5 World Organizations: 
HadCRUTS, MSU RSS, JMA, NOAA NCEI and GISS [29]. The full period 1850-2023 is considered and the five trend lines were 
extracted from the publication, as identified by their pixel colours, and compared. All indicate 10-year moving averages. The extracted 
trend lines were first synchronised on the same scalehaving 2023 for the last year and are reported in Fig. 5a. Some differences up 
to ≈0.3 °C between them can be observed. Then, in Fig. 5b the trends were translated with respect to each other to minimise their 
differences for the period starting from about 1980 on, where the precision of the data can be assumed to be the best, while in Fig. 
5c the monthly means are added to the 10-year running mean.
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Figure 5: (a) Five trends synchronised for end at 2023: HadCRUTS, MSU RSS, JMA, NOAA NCEI and GISS (note how well 
the trends reproduce also the same minimal details); (b) Same trends but with differences minimised at >1980 by translation; (c) 
HadCRUTS trend (b) with monthly trends added.

GMST Estimated Models
The elaboration of the published GMST data is also critically confronting with climate physical models, not rarely even superseding 
the analysis of experimental data. In Fig. 6 such a kind of different approach is evident—which may facilitate metrological confusion. 
In such a typical case, in fact, it is quite common to find evaluations of precision possibly only related to the models, arising from 
model-set dispersion 6 —see e.g. [30,31].

This fact can too easily be a reason for confounding model precision evaluation, generally provided for the forcing factors contributions, 
with the observational precision. The number of studies on physical forcing effects is by far larger than the analyses of observational 
precision (accuracy is also too often confused with precision!). In that Figure, while 44 models show a precision range that can even 
exceed a band of 1 °C, the observational means (visually) show a precision of a few tenths of °C, a precision inconsistent with the 
model mean trend—no elaboration is reported of the latter estimate and no information at all about accuracy is supplied [22].

Figure 6: Comparison of 44 physical models for the period 1975-2025, and the annual observational means (the “reality”) of two 
different datasets for the period 1975-2012
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In addition, it is common to find in the literature metrologically 
incorrect information. For example, in a rare study having 
expressed the correct position since its Abstract (“The estimated 
average ± 0.2 (°) C station error has been incorrectly assessed 
as random, and the systematic error from uncontrolled variables 
has been invariably neglected), then in its Ref. 11 reported: “The 
random error in a single thermometer reading is about 0.2 (°) C 
(1σ)”, just disproved [32,23]. Also reported in its Ref. 12: “The 
monthly average will be based on at least two readings a day 
throughout the month, giving 60 or more values contributing to 
the mean. So, the error in the monthly average will be at most 
= 0.03 (°) C”: that is incorrect because these are not repeated 
measurements [33].

It is a typical example of a kind of treatment that is exactly the 
reverse of what a metrological treatment should provide/expect. 
Apparently, much more effort is spent in using mathematical/
physical studies than they would be worth and needed for a 
meaningful comparison of these studies with the experimental 
data: the latter cannot have an accuracy lower than that of the 
WMO-stations period prior to 2015, i.e. ± 1 °C, amply consistent 
with model sets … but, on the other hand, making an accurate 
forecast impossible.

Finally, the author found in the literature explicitly reported the 
GMST numerical uncertainty estimate only in (IPCC 2022) as 
follows:

IPCC AR6 Technical Summary
For the decade 2011–2020, the increase in global surface 
temperature since 1850–1900 is assessed to be 1.09 [0.95 to 
1.20] °C. Throughout the WG1 report and unless stated otherwise, 
uncertainty is quantified using 90% uncertainty intervals. The 
90% uncertainty interval, reported in square brackets [x to y], is 
estimated to have a 90% likelihood of covering the value that is 
being estimated. The range encompasses the median value and 
there is an estimated 10% combined likelihood of the value being 
below the lower end of the range (x) and above its upper end (y). 
Often the distribution will be considered symmetric about the 
corresponding best estimate, but this is not always the case. In 
this Report, an assessed 90% uncertainty interval is referred to 
as a ‘very likely range’. Similarly, an assessed 66% uncertainty 
interval is referred to as a ‘likely range’. (The term “uncertainty” 
is ambiguous, as it does not clarify whether it refers to precision 
or accuracy, however, given its subsequent labelling as “very 
likely”, it can be inferred that it is an assessment of accuracy).

Incidentally, the author performed a fit on a HadCRUTS-published 
numerical database for the same time interval and found its 
standard deviation (s.d.) 0.2-0.3 K, similar to the one reported 
as “uncertainty” in most publications. A fit however only allows 
evaluating the dispersion of the dataset, i.e. the precision of the 
fit, not the accuracy.

GMST Precision and Accuracy Evaluation of Observations 
According to Metrological Analysis
In the following, the case of the GMST parameter will now be 
considered based exclusively on meteo Station observations, in 
order to exemplify the situation for that global parameter—but the 
resulting considerations are possibly valid also for other parameters. 
Instead, the precision/accuracy of climate mathematical models 
will never be considered nor discussed anymore.

Accuracy assessment is the subject matter of the present analysis. 
In line with this aim, the comments provided here are directed 

solely at estimating accuracies, without addressing aspects related 
to (stated) precision, except when strictly related to accuracy. 
The following features can thus be reported (in the absence 
of information about the identity of the used databases), when 
considering the above Fig. 5:
•	 While an exact synchronisation i.e. the consistency of the 5 

sets is difficult, the trends look quite similar even in small 
details, though often showing in some parts a difference with 
each other higher than the reported uncertainty;

•	 The minimisation of the trend differences since about 1980 
up and below 1910 required shifts up to ≈0.3 °C to make all 
trends consistent to within 0.1 °C, while a divergence remains 
higher in the intermediate period;

•	 The bump between ≈1940–1955 of about +0.2 °C is due to 
the effect of II World War, especially evident in Fig. 4b of 
Section 3: if one takes that anomaly due to II World War 
away, the increase between 1980 and 2000 looks basically 
linear, with fluctuations certainly within the true accuracy 
[23]. The period 1945-1975 only shows the recovery from 
the anomaly, making dubious the normally considered size 
of the anthropogenic effect. The bump is less evident only in 
some cases, as HadCRUTS (Fig. 5a), where a mere maximum 
at 1947 is shown, followed by a subsequent decrease until 
1970. However, notice from the monthly data in Fig. 4c that 
the real peak was during the war 1940-45, followed by a 
stepping lowering down to the same pre-war value. That is 
most clear in NOAA NCEI (Fig. 5b), according to the monthly 
data. The following period up to 1970 shows the same trend 
as the period since 1910, the minimum for the full period 
being at -0.6 °C, for a total increase of +0.4 °C

•	 The manipulation of the original databases and the strong 
averaging of short period masks divergences amply within 
the accuracy of the data before 1950 that could have occurred 
related to shorter-term fluctuations and the actual accuracy 
of the data. Account being taken of the latter respect, the full 
period can be subdivided into only three periods: 1855-1910 
decrease –0.3 °C (0.055 °C/decade, oscillations well within 
accuracy); 1910-1975 increase +0.4 °C with only the II World 
war anomaly (0.062 °C/decade, still well within accuracy); 
1975-2023 further +0.7 °C (total +1.1 °C, 0.146 °C/decade).

•	 Considering issue 4), there is no real increase of the GMST 
until about 1975, only fluctuations, excluding the real and 
justified II World War anomaly.

•	 Contrasting with the previous time periods, the almost linear 
increase of the GMST after ≈1975 is basically identical in 
all treatments (but see also Fig.3c), looks as the only clear 
indication of a GMST almost linear real increase since ≈1970 
and up to 2020+ (if real see Footnote 10), i.e. during ≈50 
years, by about 0.8 °C. 

There is no divergence, e.g. in Fig. 3d, between the trends of the 
five organizations from 1970 up. This is a strong indication that 
the manipulations (e.g. see Foot Notes 10-11) 11 performed on the 
original database were determinant in cancelling all information 
about the actual accuracy, which has certainly lowered by a factor 
of at least x10 in 160 years: that consequence looks incorrect from 
a scientific point of view. In fact, the accuracy of most of the 
measurements is necessarily still closer to the original WMO ± 1 
°C accuracy, for the full period until after the ISO/WMO decision 
of ≈10 years ago—where the present dispersion of almost half the 
one measured before ≈1920 [34]. A similar larger data dispersion 
can also be observed from the simple fit of the annual GMST 
observations, as done by the author on a couple of public databases.
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Thermometry Accuracy as a Basic Factor
The Meteo Stations are normally not equipped for only measuring 
temperature. However, from the vast experience of the author on 
this type of metrological measurement, this quantity is probably 
the most difficult to measure accurately. The reason is that in 
temperature measurements systematic errors are probably 
prevailing on any other component of uncertainty. For modern 
thermometers, obtaining a calibration precision better than 0.1 °C 
is no longer a problem, and also the stability in the time of the 
calibration in principle is not difficult to ensure over reasonably 
long periods. However, the required measurements basically 
concern assigning a temperature value to a “portion of air” 
typically that of a small fraction near the ground of the chosen 
location where the Station is

Air Problems
•	 The same air composition “external” and “internal” to the 

calorimeter is not strictly required.
•	 The sample of (calorimeter) internal air, let’s say ≈1 L, must 

have the same temperature of the external atmosphere of the 
station location within, say, ≈0.1 °C, uniformly.

•	 The internal air sample must track, also in time, the 
composition/physical properties of the external air.

•	 Internal air convection should not occur according to correct 
“isothermal” conditions of the calorimeter, i.e. no external 
energy sources should reach the internal volume (thermometer 
dissipation when active can be reduced to low enough value).

•	 Condition also involves calorimeter/thermometer shielding 
from external radiative energy, differently from the external 
air always involving surroundings radiation, one of the major 
causes of temperature systematic errors.

•	 Easier is the exclusion of direct effects of rain/snow/wind 
on the internal air.

•	 Several models of Meteo Stations have been devised in order 
to get much better approximations to the above conditions, 
which are so difficult to obtain, namely b), that the very 
physical- and geo- location of a meteo Station is very critical 
in many respects—one important reason for making necessary 
considering the three Classes of accuracy and to certify it.

Thermometry Problems
•	 Calibration of the thermometer and its stability for a 

reasonably long time are necessary conditions: no problems 
today for up to better than 0.05 °C.

•	 If frequent re-calibration cannot be ensured, stability at 
the time of the calibration cannot be proved. It may be less 
costly to use two thermometers (min), of different models 
(so possibly behaving differently, allowing a cross-check). 
This solution is often used in the field of air pollution for the 
relevant apparatuses, doubled just for that reason.

•	 Thermometers observed to drift in time should be excluded 
temporarily and then replaced.

•	 By using two thermometers one increases confidence in the 
results.

•	 There are pros and cons in placing the two thermometers 
close to each other, as implicit from the above considerations.

However, spatially placing them variously in a different way 
in the calorimeter can increase confidence about a limitation of 
possible systematic errors due to residual systematic temperature 
errors in the Station.
m) 3 thermometers would allow both above checks.

Use of the Temperature Observations
•	 A single measurement made daily is the minimum, if its 

daily time can be considered sufficient to take into account 
the meaning attributed to it, typically the day-mean value; 
increasing accuracy to 0.2 °C makes this choice questionable 
concerning the significance of the daily value.

•	 Repeating the measurements daily does not necessarily solve 
all the problems. In fact, multiple measurements made during 
a single day cannot be considered “replicated measurements”, 
because, differently from the oceans, the air temperature on 
the ground normally changes continuously and naturally. 
Thus, also the mean of these values cannot be treated as 
“replicated measurements” on different days.

•	 Repeated measurements could be obtained only in rapid time 
sequences: actually, their results only check the repeatability 
of the thermometer, basically useful only for detecting 
anomalies due to any deterioration in the apparatus (the author 
would not include natural causes, apart … birds/humans 
interfering with the station, lightning, a wind gust, measuring 
equipment, …).

•	 The number of anomalies may increase in stations also 
depending on their location, e.g., not inhabited, close to 
water/sea, strong-wind location, and in general arising from 
the turbulence level of the external air and its temperature 
gradients—which should be taken into account in estimating 
the actual accuracy.

Comparison of the Analyses & Conclusions
The main problem with the GMST accuracy, arising from the 
above literature analysis, is the fact that there is not a reported 
univocal or clear origin of the precision/accuracy estimate of the 
SAMT value and uncertainty.

In principle, after the ‘50s, the WMO should have been considered 
not only paralleling the local/national organizations but also 
contributing to that estimate with its own Meteo Stations. The 
other organizations should be considered only “participants” with 
their own Stations to the worldwide reference data. The author was 
unable to find a clear and univocal identification of the distribution 
on the surface of different sets of Stations corresponding to the 
reported different sets of data.

The above problem is vital for two reasons: since its foundation 
in 1946 only the WMO is supposed to be universally recognized 
as an International Organization in that respect, so the WMO 
only should be considered to provide an international reference. 
Only the WMO has been responsible since about a decade of the 
Project for assessing in 4 Classes the accuracy of its Stations, 
where their accuracy may result to be substantially better than 
precision—thanks to only the two classes deserving the ± 0.2 °C 
accuracy, probably being at present still a minority—see Section 3.

In addition, it comes quite evident from the literature that the 
original numerical values provided by each Station, forming the 
real observational set, are “as lost”, since they are subjected to 
extremely heavy manipulations, without the details being available 
for independent evaluations. In principle, the reasons for that are 
sound and scientific, as intended to increase the reliability of the 
whole dataset by subtraction of doubtful data and addition of new 
data to obtain a reasonably uniformly dense dataset. However, 
from a metrological viewpoint, any kinds of data manipulation 
concerning single stations/datasets will alter/increase its UB. As 
a minimum requirement, both datasets should be reported: the 
original (“raw”) for the originating set of Stations/organizations, 
and the final after manipulation, intended to be the basis of the 
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published analyses. Otherwise, the accuracy of the information, 
if any, of the original Station will go lost and back-untraceable.

In addition, the geographical distribution of the Stations 
contributing to each GMST estimate must be reported on a map, 
if an estimate of human forcing on the climate is a goal of the 
analysis and would be taken into account.

In fact, one needs to check the numerical consistency of human 
population and its distribution on ground, e.g., as reported in 
Fig. 7 below, where it can be visually compared with Fig. 1 and 
the GMST in Fig. 8—of the same Mercator/Robinson map type: 
see why the same type and the needed best choice of a map type 
[29,19,24,27].

Figure 7: Human Population Distribution on Land

Figure 8: The low resolution is original of the data as reported 
in the map, in small surface regions with the same temperature 
value, according to the colour scale reported at the bottom (t step 
width 0.5 °C)

The main suggestion that arises from the above analysis is that 
the uncertainty attributed (e.g. by IPCC) to the global parameter 
GMST is not scientifically based if intended to report the accuracy 
of the available data, resulting today still being closer to ± 1 °C 
than to ± 0.2 °C (and even to ± 0.64 °C) [35].

This fact makes the reliability of the present forecasts questionable: 
scientists should become more cautious in the prediction of future 
trends, also considering that the constraints to future trends imposed 
by the knowledge of history extend back by max only ≈50 years, 
not by 100-160 years: in fact, the only sufficiently long period of 
time showing a consistent trend, not justified by a mere increase of 
precision of the measurements, possibly started only from ≈1880. 480.

In conclusion, from the previous metrological analysis the author 
is still considering, at least for the next couple of decades, the 
accuracy of the present GMST increase more reliably if limited 
to [+1.1 ± (0.5 to ~1)] °C—also based on WMO indications 
[20,36,37].

The main consequence is that the reliability of the forecasts is 
strongly limited to a band of uncertainty where most of the present 
models are already comprised [38-40]. In all instances, reaching 
the goal of a GMST accuracy of ± 0.2 °C with sufficient confidence 
looks like “a vast programme” as also model precision should 
become higher [41-45]. On the other hand, also in the metrological 
respect, the possible trend of GMST linear increase since 1970-80 
cannot be so far found justified in the literature even by models: 
the author was able to find only a single Reference about that [46-
50]. The author suggests that climate scientists should supplement 
their physical/chemical analyses with shared reasons also for 
such a fact [51].

APPENDIX A (Global Climate Highlights 2023)
The Paris Agreement and uncertainty in the warming from 
1850-1900 to recent decades “It is clear from the report of the 
dialogue and parts of the Working Group I (WGI) and II (WGII) 
contributions to AR5 that it was understood that an average 
temperature for 1850-1900 (or a nominal temperature for 1880) 
had to serve as the pre-industrial reference due to the absence of 
adequate instrumental data back to the start of industrialization in 
the 18th century; the temperature thresholds were based on model 
projections of future change relative to a 1986-2005 baseline; 
there was only one dataset available that related the 1986-2005 
average global temperature to the 1850-1900 temperature; it gave a 
difference between the two periods of 0.61°C, with an uncertainty 
range (90% confidence interval) from 0.55°C to 0.67°C [see this 
paper text].

The Paris Agreement could thus equivalently have been made with 
the aim of “holding the increase in the global average temperature 
to well below 1.39°C above its 1986-2005 level and pursuing 
efforts to limit the temperature increase to 0.89°C above the 
1986-2005 level”. This formulation would have rendered the 
target levels explicitly independent of changes in estimates of the 
(then and now) rather uncertain 1850-1900 “pre-industrial” level.

Since 2015, these targets of the Paris Agreement have generally 
been interpreted literally. In particular, the IPCC’s Sixth 
Assessment Report (AR6) estimated a temperature rise of 0.69°C 
from 1850-1900 to 1986-2005, an increase of 0.08°Cover AR5. 
The uncertainty range was larger than in AR5: 0.52°C to 0.82°C 
for surface air temperature [see this paper text]. WGI of the AR6 
chose to use the 0.69°C value to estimate projected times of 
reaching the 1.5°C threshold, although WGII recognized on page 
142 of its contribution to AR6 that the impacts of climate change 
associated with a given threshold level of warming would change 
due to the changed estimate of temperature rise from 1850-1900 
to the recent past.

C3S has followed the consensus literal interpretation of the targets 
of the Paris Agreement. In particular, it adds 0.88°C to annual-
mean temperatures relative to the 1991-2020 reference period to 
convert them to temperatures relative to 1850-1900. This estimate 
derives from the approach used in the WMO statements on “The 
state of the global climate” from the Preliminary Statement for 
2021 onwards. The value 0.88°C is based on adjusting the AR6 
figure of 0.69°C to account for the difference between 1991-2020 
and 1986-2005 temperatures.

It appears from the above that the intended targets of the Paris 
Agreement have been shifted by 0.08°C, making them more 
stringent, by interpreting the wording of the Agreement literally 
rather than by taking account of its scientific foundation. A further 
important result from AR6 needs to be considered, however. The 
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Summary for Policymakers of the WG II contribution states in 
finding B3.3: “Levels of risk for all Reasons for Concern (RFC) 
are assessed to become high to very high at lower global warming 
levels than in AR5 (high confidence)”. The comparison between 
the AR5 and AR6 assessments presented explicitly in Figure 3.3 
of the AR6 Synthesis Report shows that the two assessments differ 
by several tenths of a °C in their estimates of the temperature 
rise since 1850-1900 that corresponds to a given level of risk, 
with the precise difference dependent on the RFC. The increased 
stringency of the targets of the Paris Agreement that results from 
higher estimates of historical warming thus only partially accounts 
for the need for increased stringency due to the perceived risks of 
global warming being larger now than at the time the Agreement 
was made.

Uncertainty in estimates of recent global-average temperatures 
evidently has to be considered in assessing the approach of the 
atmosphere to the target warming levels of the Paris Agreement. 
However, the considerations presented above, most especially 
those outlined in the WGII contribution to AR6, and an assessment 
of the legal character of the Paris Agreement's 1.5°C temperature 
goal, indicate that the quite large uncertainty in the warming from 
1850-1900 to the recent past need not be taken into consideration, 
as any future revision of this warming should be cancelled by a 
corresponding change in the target warming levels, assuming the 
assessment of risks does not change.”
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