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Abstract  

According to the paradigm of the IPCC global warming is solely due to anthropogenic causes. 
Record-high temperatures have been measured for the summer months of 2023 and the anthropo-
genic climate drivers – mainly greenhouse gases - have been named as culprits. Simple analyses 
reveal that the temperature increase of the year 2023 cannot be explained exclusively by anthro-
pogenic climate drivers. The hypothesis of this study is to show that the main climate driver for 
the high temperature of 2023 has been the Absorbed Shortwave Radiation (ASR). The approach 
has been to apply the CERES (Clouds and the Earth’s Radiant Energy System)  satellite radiation 
measurements, which started in March 2001.  Simple climate models have been applied since 
General Climate Models (GCM) cannot simulate cloudiness and shortwave radiation (SW) 
changes properly. The ASR changes are related mainly to cloudiness and aerosol particle changes. 
Since 2014 the global surface temperature growth rate has accelerated but this does not apply to 
anthropogenic climate drivers, and therefore the ASR changes are probably related to external 
forcings. The total Radiative Forcing (RF) according to the AR6 was 2.70 Wm-2 for the period 
1750-2019. This can be compared to the change in the ASR, which was 2.01 Wm-2 from the year 
2000 to the year 2023. This finding means that natural climate drivers have altogether an im-
portant role in recent global warming. 
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1. Introduction 

It looks like researchers have not been willing to simulate the temperature effects of ASR increase. 
A notable step on this issue was the study of Rantanen and Laaksonen (2024).  They have con-
cluded that the warmest September on record globally was September of 2023 by a record margin 
of 0.5°C. They applied the latest generation of GCMs and showed that internal climate variability 
combined with the steady increase in greenhouse gas forcing would be a highly unlikely climate 
driver (p ~ 1%). They suggest further analysis of the impact of external forcings on the global 
climate in 2023. Finally, Rantanen and Laaksonen did not suppose any concrete climate driver 
that could have contributed to the temperature increase.  

Stephens et al. (2022) studied the reasons for the reduced amount of reflected sunlight, and they 
concluded that there is an equal split between cloudiness reduction and aerosol particles. They 
applied six different GCMs for temperature simulations and found that they were rather poor in 
calculating the cloud and aerosol impacts. Another reason is that the present paradigm of climate 
change is almost totally based on Anthropogenic Global Warming (AGW) theory and that is a 
reason why observation-based solar input variations have not been included in the GCMs. 

The objectives of mainstream research studies normally do not cover solar radiation absorption 
impacts on the climate since it is not in line with the AGW (Anthropogenic Global Warming) 
theory of the IPCC. According to the AR6 (IPCC, 2021), the only natural climate driver was solar 
impact with 0,7 % negative impact on warming.  One of the exceptions is Pinker et al. (2005) 
who studied the long-term variations of solar radiation on the Earth’s surface (S) before 2001 
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using the longest available satellite records. They found that the increase of S was 0.16 Wm-2yr-1 
from 1983 to 2001.  

The probable explanation is the 60- and 88-year temperature oscillations of the climate, which 
are usually known as the AMO (Atlantic Multidecadal Oscillation) and Gleissberg cycle (Gleiss-
berg, 1958). Ollila and Timonen (2022) have shown that both climate oscillations are global by 
nature, and the impacts of these cycles have been found employing several proxy temperature 
indicators in different places on the Earth. The mutual positive peak of the 60- and 88-year oscil-
lations was in 1939, the negative peak was around 1975 and the new positive phases started there-
after. The result of Pinker et al. (2005) is in line with this oscillation behaviour of the climate, and 
also the reason is partially the same since the Gleissberg cycle is connected to solar radiation 
variations (Gleissberg, 1958). 

It is well-known that clouds are the main challenge to climate change science. Trenberth and 
Fasullo (2009) concluded that low clouds play an important role as they can reduce ASR while 
having relatively little impact on OLR (Outgoing Longwave Radiation). They also confirmed that 
clouds are the largest source of uncertainty in GCMs. The same applies to state-of-the-art GCMs 
used and referred to in the AR6 of the IPCC (2021). The ERF (Effective Radiative Forcing) of 
the aerosol-cloud in the AR6 had decreased by 50 % from the AR5 (2013) to the value of  
-0.22 Wm-2 with the great uncertainty band of 0.51 Wm-2 describing this problem. 

The CERES satellite radiation measurements started in March 2000, and Loeb et al. (2018) rec-
ognised the increased trend of ASR according to the CERES observations starting after 2015, 
Figure 1.  

 

Figure 1: The ASR, OLR and EEI (Earth Energy Imbalance) trends from 2000 to 2023. 

Figure 1 shows that the OLR level started to deviate from the ASR level after 2003. Loeb et al. 
(2021) have concluded that this increased energy input has mainly warmed the ocean, and it also 
has caused Earth’s Energy Imbalance (EEI) since OLR has not been at the same level as the ASR 
since about 2003. They found that the main reason for increased ASR has been the reduction of 
low-level clouds. 

Kato and Rose (2024) analyzed the EEI and found also a significant SW radiation absorptivity 
rate of 0.68 Wm-2dec-1. In the discussion section, they calculated how much temperature increase 
and precipitation this would cause.  
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CERES instruments (Priestley et al., 2011) were designed to provide 2-4 improvements in accu-
racy and stability over the previous satellite observation system ERBE (Earth Radiation Budget 
Experiment). There are four instruments on two satellites named Terra and Aqua, which cover 
three filtered radiance measurement bands: the shortwave band (0.3 – 5 µm), the total (0.3 – 100 
µm), and the atmospheric window (8-12 µm). There is an Internal Calibration Module (ICM), 
which carries out automatic in-flight calibrations for each instrument. According to Priestley et 
al. (2011), the long-term ICM calibration stability has been better than 0.2 %, and the calibration 
traceability from ground to flight is 0.25 %.  

Matthews has carried out research studies called the Moon and Earth Radiation Budget Experi-
ment (MERBE) applying the albedo measurements of the Moon, whose reflectivity is very cons-
tant. According to Matthews (2021), the MERBE calibration system has revealed instrument te-
lescope degradations, which are undetectable by the CERES calibration system. He has concluded 
that the Earth’s albedo has been constant during his research period from 2001 to 2015, which 
would mean that the ASR variations by CERES instruments have been artifacts. 

The author has not found any comments from NASA for the critics raised by the MERBE results. 
The research study Matthews was conducted in 2020 but it did not cover the period from 2015 
onward, when the ASR variations started to increase significantly, and also the gap between the 
ASR and OLR increased at the same time. If the constant albedo of the Earth would have con-
tinued also during 2015-2020, it would have meant a major failure in the CERES calibration 
system. 

Since mainstream climate scientists have continued to apply the published CERES radiation ob-
servations as noticed in the AR6 (IPCC, 2021), the author thinks that it is still justified to use 
CERES data. On the other hand, the gap between the OLR and the ASR radiation trends can be 
estimated at least partially to originate from the accuracy problems between these measurements. 
It should be noticed that the OLR instrument has a significantly broader measurement span than 
the ASR measuring instruments, which decreases the absolute accuracy of OLR measurements. 
This issue will be also addressed in the Discussion and Conclusion section. 

The purpose and the scope of this study are to carry out analyses on the impact of ASR forcings 
on the temperature since 2000 except in a couple of studies giving perspective.  The present GCMs 
do not apply to the analyses, since they do not utilise direct CERES radiation observations (Ollila, 
2021) and are poor at simulating ASR variations (Trenberth and Fasullo, 2005; Stephens et al., 
2022). The later analyses below reveal that GCMs do not consider indirect aerosols and cloud 
observations or estimates either according to the AR5 and the AR6 (IPCC, 2013; IPCC 2021). 
Therefore, simple climate models have been applied in this study. 

2. Methods 

2.1 Data 

The temperature data are from GISS (2024) and UAH (2024), radiation data are from ERBE/ 
ERBS (Wong et al., 2005) and CERES (2024) satellite observations, and the Oceanic Niño In-
dex (ONI, 2024) from NOAA. Greenhouse (GH) gas concentrations are from NOAA (2024) as 
well as the GH index values (AGGI, 2024).  

2.2 Simple climate models 

The main method is to analyze the impacts of anthropogenic and natural climate drivers by ap-
plying simple climate models and comparing the results to real temperature observations. The 
surface temperature values can be calculated using Eq. (1), as defined by the IPCC (2013)  on 
page 664 

dTs = λ  RF [°C]                                              (1) 

where dTs is the global mean surface temperature change, and λ is the climate sensitivity 



A. Ollila: The 2023 record temperatures: correlation to absorbed shortwave radiation anomaly 

 

Science of Climate Change                                               https://scienceofclimatechange.org 

 77 

parameter.  The temperature impact of effective radiative forcings (ERF) can be analyzed by this 
simple climate model which gives practically the same results as complicated GCMs on the global 
scale.  

A mathematical expression for the climate sensitivity parameter λ can be derived from the Earth’s 
energy balance 

SC  (1- α)  (r2) = εTe
4  (4r2) [Wm-2]                                       (2) 

where SC is the solar constant, α is the albedo of the Earth, ε is emissivity,  is the Stefan–
Boltzmann constant, and Te is the average emission temperature of OLR. The emissivity of the 
Earth's surface can be approximated to be 1, and therefore it can be omitted. From eq. (2) Te = 
(SC(1-α)/(4))0.25 = 255.29 K = -17.87°C.  

The term SC(1-α) is the net radiative forcing RFnet of the Earth and eq. (1) can be written as RFnet 
= Te

4. When this equation is derived, it will be d(RFnet)/dTe = 4Te
3 = 4RFnet/Te. By inverting 

this equation, λ will be 

      λ = dTe/d(RFnet) = Te/(4RFnet) = Te/(SC(1-α)) [K/(Wm-2)]                     (3) 

Using the average CERES (2021) values for the period 2008–2014 (Ollila, 2023), λ = 255.29 K/ 
(1360.04*(1-0.2916) Wm-2) = 0.265 K/(Wm-2). This λ value means no water feedback mechanism 
and it has been applied in the counterfactual simple climate model called the “Ollila model” in 
this article utilising the varying radiation flux observations for SC and α calculations. 

There might be doubts that the IPCC does not use any more so simple climate model as eq. (1). 
The IPCC has reported in chapter 7.4.2.1 of AR6 (IPCC, 2021) the latest results in calculating 
Planck response αP, called also Planck feedback; αP is called Planck feedback parameter. Planck 
feedback plays a fundamental stabilizing role in Earth’s climate, and it is strongly negative: a 
warmer planet's surface radiates more energy to space. The AR6 (IPCC, 2021) defines that the 
equilibrium temperature change ΔTP  is calculated in response to a radiative forcing ΔF like this: 

ΔTP = –ΔF / αP  [°C]                                         (4) 

Eq. (4) is in fact the same as eq. (1),  if we notice that ΔTP = dTs, ΔF is the same as RF with the 
negative sign (RF reduces outgoing OLR), and αP = -1/λ.  

An interesting analysis can be carried out on the greenhouse (GH) effect G, the magnitude of αP, 
and the TCR of the IPCC. The normalized GH effect Gav (IPCC, 2021) has been defined as the 
ratio between G and the upwelling longwave (LW) flux at the surface LWup. Applying the current 
flux estimates of the IPCC, the magnitude of Gav = 159 Wm-2 / 359 Wm-2 = 0.4, and this value can 
be assumed to be fairly constant (IPCC, 2021). LWup can be calculated by the Planck radiation 
law LWup = εTs

4. Planck feedback parameter αP, which is an angle coefficient of a linearized 
Planck equation, can be calculated from equation αP = -1/λ by applying the surface temperature 
Ts temperature 288 K (15 °)  

      αP = -1/ λ = SC(1- α)/Ts = (1360.04*(1-0.2916)/288 = -3.345   [Wm-2K-1]            (5) 

The latest αP value of the IPCC (2021) is -3.22 Wm-2K-1 based on the multi-kernel and multi-
model average.  

The Transient Climate Response (TCR) value of the AR6 (IPCC, 2021) is 1.8 °C caused by the 
RF value of 3.9 Wm-2. The temperature increase of 1.8 °C increases the LWup value by 10 Wm-2. 
It means that the GH effect increase must be 10 Wm-2 – 3.9 Wm-2 = 6.1 Wm-2. The Gav is now 
0.61, which is 52.5 % more than Gav = 0.40 calculated using the flux and temperature values of 
the present climate. The reason can be easily identified. By applying the Planck feedback param-
eter -3.33 Wm-2K-1 (or λ value of 0.3 K/(Wm-2), the temperature impact of 3.9 Wm-2 would be 
only 1.17 °C. This is close to 1.2°C as reported in chapter 8.6.2.3 of the AR4 (IPCC, 2007) without 
water feedback. The LWup value corresponding to the Ts value of 16.3°C + 1.17°C = 17.48° is 
404.6 Wm-2, and the GHE effect is 404.6 - 239 = 165.5 Wm-2. It means that the Gav = 165.5  
Wm-2 / 404.6  Wm-2 = 0.409. It is close to the Gav value in the present climate of 0.40 but using 
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the positive water feedback, the Gav value of 0.61 deviates significantly from 0.40, which should 
not happen according to the AR6 (IPCC, 2021). 

The earlier λ values of the IPCC were taken from the study of Ramanathan et al. (1985), based on 
eight research papers giving an average value of 0.5 K/(Wm-2), varying from 0.47 K/(Wm-2) to 
0.53 K/(Wm-2). When Syuruko Manabe was awarded the Nobel Prize for Physics in 2021, one of 
Manabe’s main credits was that Manabe and Wetherald (1967) were the first to introduce positive 
water feedback. They proposed that water feedback doubles the original RF of CO2, and their λ 
value was 0.53 K/(Wm-2). This quality became one of the essential features of GCMs as early as 
the 1980s.   

The λ value of 0.5 K/(Wm-2) was also specified in assessment reports 3 and 4 of the IPCC (2001, 
2007). The AR5 of the IPCC (2013) did not specify the exact λ value but it can be calculated. The 
RF value of CO2 concentration was 3.70 Wm-2 and the average TCR (Transient Climate Response) 
value was 1.8°C (5% to 95% range 1.2°C to 2.4°C) in the AR5 (IPCC 2013) giving λ value of 
0.49 K/(Wm-2).  

The IPCC (2021) did not report a λ value for ERF in AR6, but it can be calculated from the data 
in Fig. 7.6 and Fig. 7.7 of the AR6, which are based on the GCM calculations. The λ value is 1.27 
K / 2.70 Wm-2 = 0.47 K/(Wm-2), which is applicable for a temperature change calculation accord-
ing to eq. (1).   

Even though eq. (1) looks so simple, it can be applied with astonishing accuracy to the tempera-
ture calculations from 1750 onward for monthly, annual, and decadal temperature changes and 
even to scenario calculations till 2100. Applying eq. (1) gives the TCR value of 1.85°C (= 0.47 
°C/(Wm-2) *3.93 Wm-2), while the best estimate of the AR6 (IPCC 2021) is 1.8°C. The dTs for 
the worst-case Shared Socio-economic Pathway scenario SSP5-8.5 would be according to eq. (1), 
dTs = 0.47 K/(Wm-2) * 8.5 Wm-2 = 4.0°C (IPCC 2021). The average warming value according to 
the AR6 (IPCC, 2021) is the same. These examples show that the average warming values calcu-
lated with the complicated GCMs can be calculated using eq. (1). The explanation is that the 
temperature changes caused by ERF alternations less than 10 Wm-2 depend almost linearly on 
ERFs (Ollila, 2023). Both the TCR and SSP scenario calculations, reported and approved by the 
IPCC, assume that positive water feedback duplicates the warming impacts of CO2. 

2.3 ASR trend and impact on temperatures 

According to the AR5, the total ERF in 2011 was 2.34 Wm-2, which caused a warming of 1.15°C 
per eq. (1). This is 0.3°C more than the observed 0.85°C (IPCC, 2013) meaning a 35% error.  

The IPCC (2021) writes in the AR6 (Figures 7.6, and 7.7) that the global warming calculated by 
GCMs by 2019 was 1.27°C and this was caused by the ERF of 2.7 Wm-2. The ERF was a sum of 
anthropogenic ERF values of 2.72 Wm-2 and an insignificant change in solar activity of  
-0.02 Wm-2. This is an almost perfect result considering IPCC climate models, as the correspond-
ing observed temperature increase in 2020 was 1.26°C  according to Figure 1.12 of AR6 (IPCC, 
2021). Even though this is looking good, a closer analysis reveals discrepancies. 

The observed temperature increased by 0.44°C from 2011 to 2019, and at the same time, the ERF 
increased from 2.34 Wm-2 to 2.70 Wm-2 (IPCC, 2013; IPCC, 2021) meaning an increase of 0.36 
Wm-2. The ERF change of 0.36 Wm-2 from 2011 to 2019 causes a temperature change dTs = 0.47 
K/(Wm-2) * 0.36 Wm-2 = 0.17°C. Since the observed dTs change of this period was 0.44°C, the 
non-anthropogenic (natural) climate drivers have caused the rest of the change of 0.27°C. This 
result is in conflict that the anthropogenic ERF of 2.72 Wm-2 alone can cause global warming of 
1.27°C. It also raises questions about the role of natural climate drivers in global warming during 
the longer period from 1750 to 2100.  

The same analysis can be carried out for the year 2023. The NOAA Greenhouse Index (AGGI, 
2023) collects the annual RF values of GH gases. The annual growth rate has been about 1.8% 
during recent years, and it means that the annual RF increase for the year 2023 has been about 
0.042 Wm-2. The CO2 forcing according to the IPCC has been 0.032 Wm-2 meaning the portion 
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of 79%. The annual temperature increase of 2023 has been 0.28°C (GISS, 2023). Applying eq. 
(1) the RF of 0.042 Wm-2 would mean the temperature impact of 0.47°C/(Wm-2) * 0.042 Wm-2 = 
0.019°C, which is only 6.8% from the observed temperature increase of 0.28°C. This finding is 
in line with the conclusion of Rantanen and Laaksonen (2024) that nonanthropogenic forcings 
must have a significant impact on the September temperatures of 2023. 

ASR is the difference between the total solar irradiance (TSI) and the reflected shortwave radia-
tion upward (SWup) from the Earth. The ASR trend of the 2000s cannot be explained by changes 
in incoming solar radiation, as the TSI trend is negligible (−0.053 Wm-2 per decade). Loeb et al. 
(2021) have concluded that the increase in EEI from 2005 to 2019 is primarily due to an increase 
in ASR and a decrease in OLR. They also conclude that the increased energy input of the Earth 
has warmed the ocean, and the land, and melted ice, and therefore the surface temperature has not 
increased in direct proportion to this energy increase. 

 
Figure 2: The anomaly trends of TSI, SW flux, LW flux, and ASR at the TOA as well as the albedo trend 
of the Earth. The numerical values of the radiation flux trends have been excerpted from the CERES 
(2024) data. 

Figure 2 shows the well-known oscillatory behaviour of the solar cycle, which is now closing its 
maximum peak, which will probably happen in 2024 - 2025. The ASR anomaly (ASRa) trend 
shows that it has increased from 2015 onward but the TSI anomaly marked as TSIa has had only 
a small impact on this increase. It means that the ASRa increase is mainly due to the decrease of 
the Earth’s albedo.  The maximum difference in monthly ASRa values from March 2000 to Oc-
tober 2023 is 3.5 Wm-2. The annual increase from the first year 2000 to 2023 is 2.01  Wm-2, and 
the total RF from 1750 to 2019 has been 2.70 Wm-2. By comparing the magnitude of the ASRa 
signal to the RF value of CO2 forcing, it is easy to notice that it is a very significant climate driver. 
The average value of the LW anomaly for 2001-2023 is 0.00 Wm-2, and the same ASR anomaly 
is +0.05 Wm-2, which is not an essential difference.  The problem between the ASR and LW 
fluxes seems to be in absolute radiation flux observations. 

The main objective of this study is to find out the roles of ASR and ENSO (El Niño Southern 
oscillation) in explaining the high temperatures of the period 2015-2023 and to show that natural 
climate drivers have a significant role in the temperature increase in the recent years. 

3. Results 

3.1 Temperature trend correlation to ASR in the 2000s 

Before analysing these figures more closely, the surface temperature trends and ASRa trends are 
useful to depict together. 
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Figure 3: The trend in UAH (2023) temperature anomaly, ASRa trend, change in radiative forcing (RF) 
of carbon dioxide (NOAA 2023) calculated from 2010 onwards according to the IPCC (2023), and the 
temperature effect of ENSO.  

The growth rates of the temperature trend (GISS 2023) and the ASRa trend (CERES 2023) in 
Figure 3 show a strong correlation after the temperature pause of 2000-2014. During the period 
2011-2019, the ERF value of the IPCC (2021) increased in eight years by 0.36 Wm-2 meaning a 
yearly RF value of 0.045 Wm-2 (= 0.36 Wm-2 / 8), which causes an insignificant average yearly 
temperature growth of 0.021°C (=0.47 K/Wm-2 * 0.045 Wm-2) according to eq. (1). Figure 3 de-
picts the ERF impact of CO2 (IPCC, 2021), which does not correlate to monthly temperature 
changes, since its monthly RF impacts are exceedingly small: about 0.027 Wm-2.  

The ASRa increase from 2011 to 2019 was 1.29 Wm-2 having a global temperature impact of 
0.34°C (= 0.265 K/(Wm-2) * 1.29 Wm-2). Adding this impact to the observed temperature of 
0.85°C in 2011 would give a warming value of 1.19°C leaving only 0.10°C for other climate 
drivers. There is no ASR climate driver among the RF agents in Figures 7.6 and 7.7 of the AR6 
(IPCC, 2021). The ASR impacts should be identified in the RF agent “Aerosols-cloud” and/or 
“Aerosols-radiation”. The sum of the “Aerosols-clouds” has decreased from -0.82 Wm-2 in 2011 
to -1,00 Wm-2 in 2019 per the AR5 and AR6. It means that according to the IPCC science, the 
ASR, aerosols, and clouds have decreased the radiative forcing and they have decreased temper-
ature by -0.085°C. This is not in line with the CERES observations, which show the opposite 
change. 

Record-high temperatures have been measured for the summer months of 2023, Figure 4. The 
temperature increase from January 2023 to October 2023 was 1.02°C (UAH, 2024). According 
to AR6 of the IPCC (2021), global warming is solely due to anthropogenic causes but this rapid 
warming rate is not in line with this theory considering the warming impacts of anthropogenic 
climate drivers as analyzed in the Introduction section. 

The warming impact of the ENSO effect emerged after April 2023 (ONI, 2023), when La Niña 
started to fade, and the present El Niño emerged in May. The positive impact of ENSO on surface 
temperatures started in August-September 2023 since there is a 6-month delay in the temperature 
impact of the ONI index (Trenberth and Fasullo, 2015; Ollila, 2021). The conclusion is that the 
increase in recent temperatures in 2023 has mainly been due to non-anthropogenic causes. 

The ASR signal trend shows a decrease after August 2023, when at the same time the ONI index 
starts to increase. This may be connected to the increased cloudiness in the Niña regions. The 
study of Ollila (2020) found that the cloudiness of Niña regions 3, 4 and 5 increased as the ONI 
index increased. The ASR forcing increase is very probably related to the decrease of low clouds 
in the ocean areas (Loeb et al., 2021). 
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Figure 4: The UAH temperature, ASR, ENSO temperature trends and the Ollilla-model calculated tem-
perature from January 2022 to December 2023. 

The trends in Figures 2 and 3 originate from NASA's measurements by CERES satellites, which 
are also shown in Figure 7.11 of AR6. This issue has been reported or analyzed only in a few 
publications (Loeb et al., 2018; Stephens et al., 2022; Loeb et al., 2021; IPCC, 2021; Ollila, 2022; 
Kato and Rose, 2024) and has not been reported in the media. According to the IPCC, anthropo-
genic radiative forcings for the period 1750 to 2019 were a total of 2.70 Wm-2. The change in 
ASR in August 2023 was about 3.1 Wm-2 more than in 2000 (Figure 2), i.e. more than all anthro-
pogenic factors together from 1750 to 2019 (IPCC, 2021).  

The problem is that the IPCC calculation shows no increase in the ASR of 1.29 Wm-2 from 2011 
to 2019, for which there are direct CERES measurements. It can be estimated that the increase of 
1.29 Wm-2 according to IPCC science corresponds to a temperature increase of about 0.61°C (= 
0.47 K/Wm-2 * 1.29 Wm-2). This temperature effect cannot be found in Figures 7.6 and 7.7 of the 
AR6 (IPCC 2021). A possible explanation is that because climate models cannot reliably calculate 
changes in cloud cover, the IPCC has completely excluded the ASR impact from warming calcu-
lations. 

3.2 Connection between ASR and super El Niños 

Ollila (2020) noticed that during the two very strong El Niños 1997-1998 and 2015-2016 – also 
called super El Niños - the ASR temperature effect was slightly more than the El Niño temperature 
effect. The same phenomenon can be found also during the ongoing El Niño 2023-2024, Fig. 5.  

A closer analysis reveals that in these three cases, the ASR anomaly maximum happens in Sep-
tember-October, which is 2-3 months before the El Niño maximum in December. This is a rather 
strong piece of evidence that the ASR maximum peak may trigger and contribute to El Niño 
becoming a super El Niño.   

An opposite event happened during the strong El Niño 2009-2010. It can be theorized that this El 
Niño did not develop into a super El Niño, since the ASR anomaly was negative, and also its peak 
value did not happen 2-3 months before December.  

It can be noticed in Figure 5 that the GISS temperature started to deviate from the UAH (the 
University of Alabama in Huntsville) satellite observations after 2003. It looks like the UAH 
temperature is more sensitive to El Niño spikes. 

It can be also noticed in Figure 5 that during the ongoing El Niño, the ASR temperature 
effect is about 100% more than the El Niño effect itself. This seems to be related to a higher 

overall ASR anomaly level after El Niño 2015-2016. It means that there has been an enduring 
change in the atmospheric conditions – probably in the reduced amount of low-level clouds. 
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Figure 5: The UAH and GISS temperature trends, ENSO temperature effects and ASR simulated tem-
perature effects according to ERBE and CERES observations. 

3.3 Simple climate model simulations 

The temperature effects from 2001 to September 2023 can be simulated using both the IPCC’s 
simple climate model and the simple climate model of Ollila (2023) by starting temperature 
changes from zero in 2001, Figure 6. In the IPCC model, a λ value of 0.47 Wm-2

 was applied, and 
the CO2 impact was calculated using eq. (1), but the other GHG effects were omitted due to their 
insignificant temperature impact of about 0.02°C in the 21-year simulation period. ERF equation 
of Ollila (2023) was applied for CO2 (ERF = 3.83 * ln(CO2/280)), which gives the ERF value of 
2.65 Wm-2 for 560 ppm. The ASR value was calculated according to CERES observations as a 
difference between TSI and SWup anomalies. The λ value was calculated according to the actual 
CERES observation variations (SWup / TSI).   In both models, the temperature impact dTs of the 
ENSO effect has been calculated from the ONI index by applying an equation dTs = 0.1 * ONI 
with a 6-month delay in temperature impact (Trenberth and Fasullo, 2013; Ollila 2021). The dy-
namical time constants for the ocean were 2.74 months and for land 1.04 months (Stine et al., 
2009).  

 

Figure 6: The results of two simple climate models, considering the increase in absorbed solar radiation 
(ASR) from 2001 onwards.   
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The temperature increase from the reference period 2001-2014 to 2023 was 0.52°C (UAH, 2024). 
The corresponding temperature change according to the IPCC’s simple model is the sum of the 
ASR change of 0.68°C, CO2 forcing 0.22°C, and the ENSO effect, -0.01°C, to give a total of 
+0.89°C, meaning an error of +0.37°C. The Ollila model is the sum of an ASR change of 0.39°C, 
CO2 forcing of 0.09°C, and ENSO effect of -0.01°C, for a total of 0.47°C, meaning an error of 
+0.05°C in respect of UAH temperature. 

The major ASRa increase occurred after the end of the pause of 2014. The average UAH temper-
ature of 2015-2023 is 0.28°C, the Ollila model calculated temperature is 0.39°C and the IPCC-
model calculated average value is 0.85°C. Both models follow the dynamic changes of the tem-
perature very well confirming that the time constants of dynamics are correct. The difference 
between the two models is mainly due to the water feedback mechanism and of course the missing 
ASRa impact in the IPCC model. 

During the simulation period from 2001 to 2024, the albedo value varied from 0.2937 to 0.2819 
(Figure 2). The climate feedback parameter λ varied from 0.262 to 0.266 K/(Wm-2). It means that 
the average λ value 0.265 K/(Wm-2) is applicable in simulations. 

There are justified questions about the homogenisation practises applied in the updating GISS 
temperature data sets, which have decreased the historical temperatures and increased the tem-
peratures of the recent decades. Another problem with global data sets is the UHI (Urban Heat 
Island) phenomenon which has increased the modern time temperatures due to changes in meas-
urement sites from nonurban areas to urban areas. To avoid these problems, the UAH temperature 
data set was applied as a reference. 

Figure 6 shows that changes in global temperature, especially after 2014, are due to the ASR and 
the ENSO effect. Carbon dioxide has an insignificant impact on annual and monthly temperature 
changes. El Niño (ONI, 2023), which has been developing during the summer of 2023, has started 
to have a temperature impact after August 2023, since its global temperature effects will come 
with a delay of about six months. The high temperatures of the recent months of 2023 are almost 
solely due to the increased ASR values, the values of which are currently known only until De-
cember 2023.  

4. Discussion and conclusion 

Some special reasons have been suggested in public discussions as explanations for the high tem-
peratures of 2023, which can be shortly analyzed. The impact of El Niño has been the most pop-
ular explanation but as analyzed in the text, its impact in 2023 has not been significant. 

A positive anthropogenic effect on the ASR anomaly can be expected from the new regulations 
of the International Maritime Organization (IMO 2019) limiting sulphur emissions from the ship-
ping industry since a reduction in sulphur aerosols reduces cloudiness.  Diamond (2023) has stud-
ied the quantitative impacts of sulphur emissions and the result was that the instantaneous radia-
tive forcing on a global scale was at a maximum of 0.1 Wm-2 up to date. Rantanen and Laaksonen 
(2024) have estimated this impact to be from 0.02 to 0.06 Wm-2, and the effects of Hunga Tonga 
volcano eruption to be from 0.02 to 0.07 Wm-2.  These impacts are insignificant in relationship to 
ASR forcing changes. Stephens et al. (2022) estimated that aerosol reductions have a greater im-
pact. 

Hodnebrog et al. (2024) have also concluded that aerosol emission reductions have increased the 
ASR but during the last two decades according to GCM simulations, the major impact has in-
creased EEI. They estimated that accelerated surface warming may be expected in this decade. 
The GCMs could not explain about 40 % of the extra ASR indicating the well-known problems 
of GCMs in aerosol and cloud simulations. The CERES data shows that reflectivity has been 
falling in both hemispheres whereas pollution has fallen mainly in the north.  

Gavin Schmidt, who is the director of the NASA Goddard Institute for Space Studies (GISS), has 
written in the World View article (Nature, 2024) that the anthropogenic drivers have increased 
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the temperature since 2022 by only about 0.02 °C, and even taking all plausible explanations into 
account, the gap between the expected and observed annual mean temperatures in 2023 remains 
about 0.2 °C. This opinion is noteworthy since it may be the first time that an acknowledged 
climate scientist admits that they are confounded since it looks like they are on unchartered terri-
tory. 

Marsh and Svensmark (2000) have found a likely reason for cloudiness changes as they identified 
a relationship between the solar-modulated cosmic rays on global cloud cover (≤ 3 km). The Sun 
itself is also a secondary source of cosmic rays in the form of charged energetic particles known 
as the solar wind. So far there is no generally accepted evidence about the reasons for the changes 
in the Earth’s albedo causing the changes in the ASR. The ASR trends during the last ten years 
urge further research on this subject. 

The analyses of this study show that natural climate drivers have had a significant role in global 
warming after the temperature pause ended in 2014. In September 2023, the radiative forcing of 
ASR anomaly has been greater than the sum of the anthropogenic climate drivers from 1750 to 
2019 according to the IPCC science. The IPCC has omitted the ASR anomaly impacts in the 
summary of the climate radiative forcings in Figure 7.6 and Figure 7.7 of the AR6 (IPCC, 2021) 
even though they have referred to this anomaly in Figure 7.3, which is consistent with the CERES 
observation data and the graphs of Loeb et al. (2018) and Ollila (2021). 

The analysis revealed that the positive water feedback in TCR values - GCM-calculated or by a 
simple climate model - conflicts with the normalized G effect values (Gav) calculated by applying 
the IPCC’s method and numerical values. The temperature simulations by simple climate models 
show that the positive water feedback results in significant errors during the period from 2000 to 
2024. 

Ten researchers of Hadley Center have proposed in their comment article (Betts et al., 2023) a 
new procedure to define the temperature calculation method, which could be used for recognising 
overriding the 1.5°C threshold. They got an incentive since they thought that there was no defi-
nition for the reference period nor the actual temperature measurement period in the Paris Agree-
ment in 2015 (IPCC, 2015). 

Indeed, these definitions cannot be found in the Paris Agreement (COP21, 2015) but they were 
defined later in the document of the IPCC (2018). In this document, the reference period is cal-
culated from 1850 to 1900 representing the preindustrial time. Warming will be calculated for 
any given time as a 30-year average for smoothing out natural variability, which means a period 
starting 30 years before the calculation point. Betts et al. (2023) propose a 20-year period, which 
is a combination of ten historical yearly values concerning the last observation year and ten years 
of forecast values based on estimated emissions used as input in GCMs. This procedure would 
react faster to temperature changes than the IPCC definition giving thus more time for cutting 
emissions. This proposal is based on the IPCC science that global warming is almost solely due 
to anthropogenic causes, and ASR rapid and strong anomalies have no impacts. 

Two observations can be made. CO2 emissions reached the present rate of about 10 GtC (gigatons 
of carbon) during the COVID-19 pandemic. Still, the CO2 concentration has been increasing at 
almost a constant rate. On the other hand, the climate community have closed their eyes to the 
fact that the ASR has increased at a significant rate varying from -1.52 Wm-2 to +1.84 Wm-2 from 
2001 to December 2023. The RF value of the ASR has increased from 2001 to 2023 with the 
value of 2.01 Wm-2, which is 74 % of the total RF value of 2.70 Wm-2 reported by the IPCC from 
1750 to 2019. The ASR variations together with the ENSO effects explain quite well the global 
temperature variations.   

There are scientific groundings to question the accuracy and calibration capabilities of the CERES 
measurements. The analyses and the results of this study show that the ASR based on the CERES 
observations can explain the temperature variations of the 2000s exceptionally well. It is a good 
reason to use the CERES measurements until more evidence can be gathered against the CERES 
calibration deficiencies.  
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Anyway, the temperature simulations by a simple climate model show that the observed and 
model-calculated temperatures have good equivalence. Since the surface temperature is closely 
related to the longwave radiation of the surface and further to the OLR, it raises a justified ques-
tion that EEI may be an artifact based on the accuracy problems between the SW and LW meas-
urements by the CERES instruments. 

It looks like at least one natural climate driver - which has a name and measurable radiative forc-
ing value - has a significant role in the recent high temperatures. Media and politicians are not 
aware of this fact. This also means that the planned and agreed actions on CO2 emissions are not 
based on the real impacts of the anthropogenic climate drivers. 
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