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The Pause End and Major Temperature Impacts
During Super El Niños are Due to Shortwave
Radiation Anomalies
.

ABSTRACT
The hiatus or temperature pause during the 21st century has been the subject of numerous
research studies with very different results and proposals. In this study, two simple climate
models have been applied to test the causes of global temperature changes. The climate
change factors have been shortwave (SW) radiation changes, changes in cloudiness and
ENSO (El Niño Southern Oscillation) events assessed as the ONI (Oceanic Niño Index)
values, and anthropogenic climate drivers. The results show that a simple climate model
assuming no positive water feedback follows the satellite temperature changes very well, the
mean absolute error (MAE) during the period from 2001 to July 2019 being 0.073°C and
0.082°C in respect to GISTEMP. The IPCC’s simple climate model shows for the same
period errors of 0.191°C and 0.128°C respectively. The temperature in 2017-2018 was about
0.2 °C above the average value in 2002–2014. The conclusion is that the pause was over
after 2014, and the SW anomaly forcing was the major reason for this temperature increase.
SW anomalies have had their greatest impacts on the global temperature during very strong
(super) El Niño events in 1997-98 and 2015-16, providing a new perspective for ENSO
events. A positive SW anomaly continued after 2015-16 which may explain the weak La
Niña 2016 temperature impacts, and a negative SW anomaly after 1997-98 may have
contributed two strong La Niña peaks 1998-2001. No cause and effect connection could be
found between the SW radiation and temperature anomalies in Nino areas
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1.

Introduction

During the 21st century, global surface mean temperature (GSMT) change has hardly
increased, thus deviating from the climate models applied by the IPCC. This phenomenon
has been called “a global warming hiatus” or “a temperature pause” or “a slowdown.” In this
study, the term “pause” has been used. Debate among the climate community has resulted
in more than 200 research studies in some cases with opposite results for why the pause
occurred. The underlying question is the anthropogenic warming, which seems to disappear
during the pause even though the concentrations of greenhouse (GH) gases have been
steadily growing.
Knight [1] and Fyfe et al. [2] have shown that the pause is real, and Otto et al. [3] and Fyfe et
al. [4] have concluded that climate sensitivity has decreased. There is a group of studies [512] that approve the existence of the pause, but the GSMT is inside the lower end of the
uncertainty limits of the IPCC’s climate models. The reasons for the pause according to
these studies are variations in solar inputs, volcanic inputs, amounts of aerosols, and ENSO
events.
Many research studies [13-21] have concluded that the warming has continued as predicted
by climate models, but the heat has been absorbed into the oceanic heat sink. Cheng et al.
[22] have found that the opposite phenomenon happens, because there is a strong negative
ocean heat content tendency in the tropical Pacific Ocean during El Niño. The high sea
surface temperatures drive enhanced air-sea heat fluxes into the atmosphere. This proposal
can be criticized because the surface water warms up and the underlying subsurface water
stays cool due to weakened mixing effect in the mixing layer.
Some studies [17,22-23] show that Pacific Decadal Oscillation (PDO) has cooled the
atmosphere. The PDO index indicates cooling since about 2000, and at about 2014, it turned
into warming [24]. Atlantic Multidecadal Oscillation (AMO) has been in warming mode since
2000 [25]. Other proposed reasons for the pause have been a prolonged solar minimum [26]
and tropospheric or stratospheric water vapor [27-29].
Obviously, the largest number of studies have concluded that there is no pause based on
statistical analyses or other analyses of temperature measurements [30-39].
Trenberth et al. [40] examined the results of the complicated three-dimensional Community
Earth System Model (CESM) with respect to the observations from 2000–2014. They found
that the model calculated GSTM increase of 0.4 ⁰ C was significantly greater than the
observed 0.12 ⁰ C, and the ENSO events’ magnitude was about 40% greater than observed.
They concluded that the temperature pause was still a reality at the end of 2015.
Scafetta et al. [41] have shown that the temperature peak in 2015–16 is unrelated to
anthropogenic forcing, and it is simply associated with the ENSO phenomenon. The
researchers removed the ENSO signature from the 2000 to 2016 trend, and thereafter, GCM
(General Circulation Model) simulations diverged from the observations. The authors
concluded that the GCMs used to support the AGWT (Anthropogenic Global Warming
Theory) are very likely flawed.

Yin et al. [42] have proposed that the high temperatures of 2014-2016 were due to the longterm increase of GH gases and the super El Niño event releasing unusually large amounts
of ocean heat from the subsurface layer of the northwestern tropical Pacific. These
proposals can be criticized on the following grounds: 1) The warming effects of GH gases
happen according to the time delays of ocean (3 months) and land (1 month), preventing
accumulation effects. 2) A common explanation for El Niño is the Walker circulation
decrease, which eliminates the upwelling of cold seawater, causing the ocean surface water
temperature to increase. This means that subsurface water cannot release more heat to the
surface water, but it will cool down because there is not enough mixing with warm surface
water. On the other hand, during La Niña the mixing of surface water with colder subsurface
water decreases the temperature. Because of these different mechanisms, El Niño’s peak is
typically higher than that of La Niña, and El Niño peak’s duration is shorter than La Niña’s
peak.

The findings of the studies [40-42] show that the modelling of both the temperature pause
and ENSO events still needs much better understanding. This conclusion is easy to accept
based on the different and even conflicting conclusions of the research studies briefly
referenced in this section.
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Hedemann et al. [43] found out that energy flux deviations as small as 0.08 W m
originating at the top of the atmosphere and/or in the ocean could explain the hiatus.
They suggested that the origin of the recent hiatus may never be identified. The apparent
problem in their conclusion is that they restricted their analysis on the anth ropogenic
climate models excluding the cosmic forces. Despite this issue, the climate researchers
have continued their research work on the pause and published research studies since
spring 2017 at least at the same rate as earlier. This is quite natural b ecause the pause is
real, and the reasons are not generally accepted by the climate science community.
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Loeb et al. [44] found a significant reduction of 0.83 ± 0.41 Wm in global mean reflected
SW flux at the top-of-atmosphere (TOA) flux during the years 2014-2017 after the pause
resulting in an increase in net energy into the climate system. Decreases in low cloud cover
were the primary driver of the decrease in reflected SW TOA flux.

Temperature data sets are not equal, and they show different warming values during the
pause. Two used in this study are the UAH satellite temperature data set, developed by the
University of Alabama in Huntsville [45] and GISTEMP of NASA Goddard's Global Surface
Temperature Analysis, combining land surface air temperatures with sea surface
temperatures [46]. Both temperature curves are depicted in Figure 1. The UAH temperature
is the temperature of the lower troposphere and there is ongoing debate how well its
changes is correlated to the surface temperature changes.

Figure 1. Temperature trend according to GISTEMP [46] and the UAH satellite
temperature [45], and the warming values of the IPCC according to assessment
reports [47-48]. GISTEMP was normalized to be 0.85 ⁰ C in 2012 as reported by the
IPCC [48] (SPM, p.4), and the UAH was normalized to have the same average value as
GISTEMP during 1979–1984.
The IPCC-reported model values in Figure 1 are calculated using the climate sensitivity
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parameter λ value 0.5 K/(Wm ) according to IPCC [49] (chapter 6.2.1). The error in 2011
between the model calculated GSMT and the measured temperature was about 37%. Both
temperature data sets closely follow each other from 1980 to 2000, but the UAH is more
sensitive for ENSO event changes. GISTEMP started to deviate from the UAH in 2000, and
it is now 0.1–0.2 ⁰ C higher than the UAH. Research studies indicating “no pause” have
normally used GISTEMP in their analyses. An increasing trend in GSMT can be noticed in
Figure 1, but this impression is caused mainly by the super El Niño of 2015-16. The GSMT
had not yet returned to the average value during 2000–2014, and the reasons are analyzed
in this study.
The main objective of this study is to analyze the warming effects of shortwave (SW)
irradiance changes, ENSO events, greenhouse gases and cloudiness changes during the
pause and find out how well they can explain the measured GSMT variations. Two simple
climate models have been applied in analyses. Hong et al. [50] have found that Southern
Hemispheric transverse circulation is a prerequisite for extreme magnitude El Niño events. In
this study, the SW irradiance anomaly has been analyzed as a significant contributor to
temperature effects of the super El Niño of 1997-98 and 2015-16.

1.

Material and methods

1.1

Material

The author assesses [45] UAH (2018) as more reliable than the GISTEMP [46] data set for
two reasons. Firstly, the UAH is based on satellite measurements evenly covering the whole
globe, but GISTEMP is based on a sparse and unevenly distributed measurement network.
Secondly, GISTEMP has been continuously updated according to new calculation methods,
leading to a general observation that history is getting colder and that temperatures since
2000 have been getting warmer in comparison to older versions. IPCC’s report AR4 [47]
states: "New analyses of balloon-borne and satellite measurements of lower- and midtropospheric temperature show warming rates that are similar to those of the surface
temperature record and are consistent within their respective uncertainties, largely
reconciling a discrepancy noted in the TAR.” TAR is the third assessment report of the IPCC
[49].
The material for ENSO event analyses is the ONI provided by NOAA [51]. The Clouds and
the Earth's Radiant Energy System (CERES) provides SW irradiance and longwave (LW)
radiation fluxes from CERES satellite measurements maintained by NOAA [52]. The
radiation fluxes before CERES are available from NASA's Earth Radiation Budget
Experiment (ERBE) Research Program providing the Earth's radiation budget information.
There is missing radiation data between the ERBE and CERES from August 1999 to
December 2000, but this is not crucial in analyses. The absolute water humidity values are
from the NOAA data set [53]. The radiative forcing (RF) values of greenhouse (GH) gases
and drivers are from the IPCC’s assessment reports [47-49]. The values after 2011 are from
NOAA’s annual greenhouse index [54].
The IPCC’s total radiative forcing of AR4 [47] for 2005 is calculated in a different way than
the other IPCC values, because its value differs so much from the values of TAR and AR5. It
is not possible that anthropogenic climate forcing would be lower in 2005 than in 2000.
1.2

Simple climate model

The analysis method applies a simple radiative forcing concept as used by the IPCC [49] (p.
664) and thereafter in later reports [47-48] where the surface temperature response depends
linearly on RF:
dT = λ*RF,

(1)
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where dT is temperature change (⁰ C or K), λ is the climate sensitivity parameter (K/(Wm ),
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and RF is radiative forcing (Wm ). This equation is applicable to GH gases as well as SW
irradiance changes. Eq. (1) has been applied in both climate models in this study.
IPCC uses both ECS (Equilibrium Climate Sensitivity) and TCS (Transient Climate
Sensitivity) concepts and summarizes the differences in AR5 [48], (p. 1110): “ECS
determines the eventual warming in response to stabilization of atmospheric composition on

multi-century time scales, while TCR determines the warming expected at a given time
following any steady increase in forcing over a 50- to 100-year time scale.” IPCC has
changed the TCS to TCR (Transient Climate Response). On page 1112 of AR5 [48], IPCC
states that “TCR is a more informative indicator of future climate than ECS.” The TCS
-1
definition resumes that the increase rate of CO2 concentration is of maximum 1%y . This
condition is applicable during the pause.
Because the climate models applied in this study are very simple, a question could be
raised, if they are accurate enough for calculating RF warming impacts. The Transient
Climate Sensitivity (TCS) can be calculated using Equation (1) with λ and RF values
2
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according to the IPCC choices (λ = 0.5 K/(Wm ) and RF = 3.7 Wm ) which gives the value
1.85 ⁰ C. In the IPCC’s report AR5 [48] TCS is between 1.0 ⁰ C to 2.5 ⁰ C and it means the
average value of 1.75 ⁰ C. Two other TCS values can be found in the AR5 [48]. IPCC
reports that “It can be estimated that in the presence of water vapor, lapse rate and surface
albedo feedbacks, but in the absence of cloud feedbacks, current GCMs would predict a
climate sensitivity (±1 standard deviation) of roughly 1.9 ⁰ C ± 0.15 ⁰ C.” In Table 9.5 of AR5
[48] has been tabulated the key figures of 30 GCMs, and the model TCS average of these
GCMs is 1.8 ⁰ C. Ollila [55] has shown that Eq. (1) gives the same average temperature
change values for CO2 concentration from 280 ppm to 1370 ppm as the most complicated
computer models in calculating RCP scenario responses..
In the TCS calculations, the dynamic effects are not needed to consider but during the
pause, they should be included. The GSMT response for RF forcing at the TOA happens
after dynamical delays. These system delays can be approximated by two parallel first-order
dynamic transfer systems of ocean and land.
dTSW = λ * RF * (Ksea * exp(-t/Ƭsea) + Kland * exp(-t/Ƭland))

(2)

where t is time (months), exp is exponent, Ksea is 0.7, Kland is 0.3, Ƭsea is a time constant of
2.74 months, and Ƭland is a time constant of 1.04 months. These values are based on the
studies of [56-58]. The magnitude of time constants implies that the surface temperature has
a settling time about one year to an RF change. This means that equations (1) and (2) can
be applied for interannual variability calculations. The values of the K parameters are the
land and ocean area portions of the Earth.
The dynamic processes according to Eq. (3) are first-order dynamic models, which can be
simulated in the discrete form, enabling continuously changing input variables:

dTSW(n) = Δt/(Ƭ+Δt))/((Ƭ/Δt) * (Out(n-1) + In(n),

(3)

where Out(n) is the output of the process in step n, In(n) is the input of the process of step n,
Ƭ is the time constant, Δt is the simulation step interval (1 month), and n-1 is the previous
step value.

1.3

IPCC model

The temperature change of the “IPCC model” is a combination of three terms
dT = dTSW + dTENSO + dTANTR

(4)

where dTSW is the temperature impact of SW forcing, dT ENSO is the ENSO temperature
impacts, and dTANTR is the temperature impact of anthropogenic RF factors. The calculation
of dTSW and dTENSO terms is explained later. In AR5 of the IPCC [48] the anthropogenic
changes have the main role of 97.9% contribution in long-term GSMT changes.
The IPCC model, TANTR is the same as the total anthropogenic RF of the IPCC [48] including
the GH gases, aerosols and cloud adjustments as well as the albedo changes due to land
use. The solar irradiance changes are not included in Eq. (4) because they are part of SW
radiative forcing. The yearly values of anthropogenic RF-values have been calculated by the
interpolation method from the assessment reports of the IPCC [47-49]. Because the total RF
value of AR4 is an outlier, it has not been used but the yearly values have been interpolated
from 2000 and 2011 values.
Both SW forcing and anthropogenic forcing effects have been calculated by a simple RF
equation [48]
dT = 0.5 * RF

(5)
-2

The λ value 0.5 K/(Wm ) means that positive water feedback has been applied, which is a
common feature in climate models as defined by the IPCC in section 6.2.1 of [49], and in
section 2.2 of [47].
The IPCC [48] keeps the elements of Eq. (4) independent and they can be summarized for
calculating the total RF and warming impact. This assumption will be analyzed later in
Discussion section based on the calculated results.
1.4

Ollila model

In this study, an alternative climate model is called the “Ollila model”, which is a combination
of four different warming processes
dT = dTSW + dTENSO + dTCLOUD + dTGHG

(6)

where dTCLOUD is the temperature impacts of cloudiness changes, and the dT GHG is the
temperature impacts of GH gases.
In the “Ollila model” Eq. (1) has been applied but λ has a different value. The λ value is from
Ollila’s three studies [59-61] showing that there is no positive water feedback in the
atmosphere. This result is based on the λ value calculated by two different methods from the

Earth’s energy balance and from the spectral analysis calculations and λ value is 0.27
-2
K/(Wm ).
Anthropogenic warming includes only carbon dioxide because during the pause methane
and nitrogen oxide forcing impact changes are insignificant (< 0.001 °C). In the Ollila model
the radiative forcing of CO2 is calculated according to the earlier research study [59]
dTGHG= 0.27 * 3.12 * ln (C/280)

(7)

where C is the actual concentration of CO2 (ppm).
1.5

Shortwave forcing

There are two methods for calculating the RF effects of solar irradiance. The simplest way is
to use only SW radiation changes at the TOA (top of the atmosphere). If the SW change or
anomaly (=SW forcing) exists for a longer time, the surface temperature starts to increase,
and it finally comes to a new balance value in about one year. An alternative method called
“instantaneous change in net forcing”, which is SW radiative flux down minus longwave (LW)
radiative flux up at the TOA as defined by the IPCC [48] (ch. 8.1.1.1), and also used by
Trenberth et al. [40]. The TOA in the CERES data sets is the climatological tropopause at
the 20 km altitude because CERES radiation values have been adjusted for this altitude [52].
In this study the SW forcing method has been applied, because the LW radiation upwards
depends strongly on the surface temperature as shown later in Figure 4, and this would
cause the autocorrelation effect.

1.6

The temperature impacts of ENSO events

The main reason for the global temperature effects of ENSO events seems to be the events’
capability to change the absolute water vapor amount in the global atmosphere, as
illustrated in Figure 2.

Figure 2. ONI, detrended UAH temperature anomalies and detrended water vapor
temperature trends on a global scale. The ENSO effect on temperature is abnormal
from 1991 to 1993 because of the Mount Pinatubo eruption effects due to diffuse SW
radiation [58].
The analyses depicted in Figure 2 and Figure 3 are started from the year 1979 by modifying
temperature changes and all warming impacts to start from zero. The warming impacts of
water are calculated based on the absorption calculations by increasing the water content of
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the average global atmosphere conditions (2.6 prcm / 305.978 Wm ) to the TPW (Total
Precipitable Water) value of 2.856 prcm (prcm = precipitable water in centimeters) giving the
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absorption value of 306.709 Wm . By forcing the warming value (T) in Celcius degrees to be
zero in 1979, equation (8) could be concluded [60]:

dT = -6.797 + 2.81 * TPW,

(8)

By comparing the total temperature variations and the simultaneous water vapor effects, it is
easy to conclude that water vapor plays an important role because its contribution to the
ENSO temperature effect is about 50%. The positive temperature effect is based on the fact
that water vapor as a GH gas is about 12 times stronger than CO 2 [59]. This is a perfect
example that positive water feedback is a reality in short-term events like ENSO. The
temperature and the absolute water vapor trend are depicted in Figure 3 [60]. It can be
noticed that for 1982–2003, the global temperature anomaly has been increasing but longterm water vapor amount has been decreasing. This observation does not confirm the
assumption of most anthropogenic climate models that there is permanent positive water
feedback in the atmosphere doubling the warming effects of GH gases. The correct theory
works all the time in all defined conditions and not only occasionally.

Figure 3. Short- and long-term effects of water vapor on global scale.
1.7

The temperature impacts of ENSO events

Even though ENSO events are regional, they have global temperature effects. Regression
analysis revealed a 6-month lag between the ONI and the global 11-month running UAH
temperature. Trenberth and Fasullo [17] have used a 3-month lag in applying GISTEMP data
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without showing any analysis. Ollila [58] has used a parameter value of 0.144 °C ONI in
transforming monthly ONI values into global temperature changes. Foster and Rahmstorf
[62] analyzed the magnitude of this coefficient in respect to the Multivariate El Niño Index
(MEI) [63] and they found that the value is about 0.8 in respect to GISTEMP and about 1.4 to
UAH temperature. The regression analysis was carried out between the ONI values and the
11-month running mean temperature values, the best choice was
dTENSO = 0.1 * ONI

(9)

Equation (9) has been used in the both models. The transformation coefficient is the same
as used by Trenberth and Fasullo [17]. It should be noticed that the global temperature
impacts of ENSO events are based on empirical data. Therefore, this relationship includes
the short-term positive water feedback.
Pacific Decadal Oscillation (PDO) has two general periodicities of 15-20 years and 50-70
years [64] and therefore PDO may have caused cooling or warming during the pause. The
temperature effects of PDO and ENSO are almost identical [24-25] and therefore PDO
effects are not considered in this study. The temperature effects of AMO [64] are restricted
to estimating the temperature changes in the North Atlantic Ocean and therefore the AMO
impacts are not considered in this study.

2.8 Cloudiness change temperature impacts
Changes in cloudiness also produce temperature effects through the GH (greenhouse)
phenomenon. In its fourth assessment report [47], IPCC writes: “Much of this thermal
radiation emitted by the land and ocean is absorbed by the atmosphere, including clouds,
and reradiated back to Earth. This is called the greenhouse effect.” Increasing cloudiness
increases surface temperature through the greenhouse effect but at the same time
decreases incoming solar irradiation and therefore cloudiness changes have two opposite
impacts on surface temperature.
Kauppinen et al. [57] and Ollila [65] have come to the same result using different analysis
methods that the net cloud forcing in the interannual time scale can be calculated by a
simple equation
dTCLOUD = 0.11 * CL-%

(10)

Equation (10) has been used to include the cloudiness change effects on the GSTM in the
Ollila model.
2.
3.1

Results
Flux values during the pause

The first analysis depicts Total Solar Irradiance (TSI) and SW and LW flux values from 2000
to 2018 in Figure 4. The SW flux value is the difference between the TSI/4 and the SW up
flux caused by the albedo of the Earth. The LW flux up depends mainly on the surface
temperature of the Earth, which is the result of SW flux at the surface and LW down flux at
the surface. Therefore, LW flux up includes all the forcing elements of GH gases and other
fluxes causing perturbations in the GH effect.
Because CERES flux values include seasonal variation, centered running averaging (CRA)
methods have been applied. In this way the seasonal variation can be eliminated, and the
results are 12-month running mean values from January 2001 to June 2018 in Figure 4.

Figure 4. The centered 12-month running mean values of TSI, SW, and LW fluxes at
the TOA including linear trend lines.
The graphs in Figure 4 reveal several notable features. About 99.97% of the total energy
maintaining the Earth’s temperature originates from the Sun. The TSI value has been
changing according to the solar cycle, and its trend has been slightly declining. However,
SW and LW radiation have increasing trends from 2000 to July of 2017, and thereafter these
radiation fluxes have been rapidly descending, but they are still at a higher level than in the
beginning of the pause. TSI variation is only 0.1%, but variation in SW radiation is 0.7%,
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from 240.75 to 241.93 Wm . As clearly observed in Figure 4, there is no correlation between
TSI and SW radiation fluxes, which means that SW radiation changes or anomalies are
probably due to the albedo changes of the Earth. The linear trend lines of SW and LW fluxes
show that the RF of SW net forcing has been steadily increasing during the pause, and there
is a clear positive RF value at the end of 2018.
3.2

Model outputs during the pause

The calculated SW change temperature effect has been normalized so that its average value
for 2003–2014 is the same as the average value of UAH temperature change during the
same period in the Ollila model, and analogously SW change temperature effect according
to the IPCC model normalized to GISTEMP temperature. Both UAH and GISTEMP
temperatures have been normalized to be zero at the end of 2000 as well as the GH gas
effects and the RF effects of the IPCC model. The ONI has been applied as it is reported.
Figure 5 depicts the temperature effects of the sum of the ONI, the cloud forcing, and the net
SW forcing by simulation according to the Ollila model (Eq. (3)).

Figure 5. Temperature effects of net radiative forcing factors according to the Ollila
model.
ENSO temperature impacts during El Niño and La Niña can be clearly observed. The linear
trend line of the ONI temperature impact during the pause is practically zero, as it should be
in the long run, because ENSO events do not add long-term warming energy into the
climate. The positive UAH trend is depending on the net SW forcing and the radiative
forcings of GH gases.
It is easy to see from the graphs in Figure 5 that the temperature of the Ollila model follows
the UAH temperature. The temperature effects of cloudiness changes are very small: +0.046
°C during El Niño 2010 and -0.045 °C during El Niño 2015-16. Anyway, these impacts
correct the model-calculated temperature in the right direction in comparison to the observed
value.
The radiative forcings according to the IPCC models (Eq. (4)) are depicted in Figure 6
together with the GISTEMP temperature anomaly graph.

Figure 6. Temperature effects of net radiative forcing factors according to the IPCC
model.
The addition of aerosols and cloud effects into the total anthropogenic RF value decreases
the IPCC model value dramatically. It should be noticed that according to the IPCC, the
confidence levels for the RF values of CO2, CH4, and N2O are very high or high, but the
confidence levels for the RF values of aerosols and clouds are high and low respectively.
This is not easy to understand, because direct aerosol observations are still under
development, and there were no observations of these variables from 1750 up to about
1980.
The accuracy of the simple IPCC climate model can be compared to the three-dimensional
CESM (Community Earth System Model) used by Trenberth et al. [40]. The error in the
simulation between the observed and the CESM-calculated temperature value was 0.12 °C 0.4 °C = -0.28 °C at the end of 2014. The error between the GISTEMP and the IPCC model
temperature of this study without SW impacts for the same period was -0.22 °C showing that
the difference between the models is small.
A good key figure for indicating the estimation accuracy of a model is the Mean Absolute
Error (MAE). In this case the MAE is a mean value of absolute monthly differences between
model values and observations. The MAE value for the Ollila model is 0.075°C in respect to
UAH and 0.082°C in respect to GISTEMP. The MAE values of the IPCC model are
respectively 0.191°C and 0.128°C. It means that the Ollila model estimates the observations
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with better accuracy. The correlation coefficient of determination r of the Ollila model with
the UAH temperature is 0.676, and the same with the GISTEMP is 0.732.

Because it was found that the SW radiation has a major impact on the temperature increase
during the super El Niño 2015-16, analyses were expanded to an earlier period from 1993 to
2000, during which the super El Niño 1997-98 happened. The radiation fluxes for this period
are available from NASA's ERBE information. Actually, the readily calculated net radiation
flux data of Figure 7 by Wong et al. [66] was utilized. The net radiation fluxes of ERBE and
CERES together with the ONI index and UAH temperature trends are depicted in Figure 7.

Figure 7. Net global radiative fluxes are depicted according to ERBE [66] and CERES
[52] data. The net flux anomalies of ERBE impacts are calculated with respect to the
1985–1989 period and the net flux anomalies of CERES have been calculated with
respect to the 2001–2017 period.
It can be noticed that also during the super El Niño 1997-98, the SW forcing has about the
same warming effect as the ONI (the original El Niño effect). The conclusion is that in very
strong (super) ENSO events, SW anomalies have a major effect on the global temperature.
During weaker ENSO effects this phenomenon cannot be identified.
A more accurate analysis reveals that the SW forcing peak has its maximum value about 6
months before the El Niño temperature peak. This happened in connection with the El Niño
peaks of 1997-98 and 2015-16. In 2010 a strong El Niño happened. Otherwise, as in the
super El Niño, the SW forcing peak was in the opposite phase downwards. This situation
may have been a reason why the strong El Niño in 2010 never developed into a super El
Niño.

There is a decisive difference between the ENSO events of 1997-98 and 2015-16. La Niña
was strong and long from June 1998 to December 2002 after the very strong El Niño. Two
peaks of La Niña exceeded the strong definition limit. At the same time, SW forcing was at a
very low level. After the super El Niño 2015-16 there was no strong La Niña but only two
small peaks (2016 and 2017) reaching the low limit definition. This time SW forcing stayed at
a very high level during these two La Niñas, which may be a reason for this situation. These
findings show that SW forcing is an important climate event amplifier when it happens with
an ENSO event being in the same phase. On the other hand, there is no answer so far as to
why a SW anomaly happens sometimes in the same directions with both ENSO phases
amplifying the temperature effects, like in 1997-98 and 1998-2002, and sometimes in the
opposite phase, like El Niño 2010 or La Niña events in 2016-17.
Niño3.4 is the most sensitive area of the ENSO event, and it is a relatively small area in the
region bounded by 5°N to 5°S, from 170°W to 120°W. The ONI is the three-month running
average value of the sea-surface temperature anomaly of this area. In order to find out the
possible relationship between the SW radiation flux and cloudiness, these entities in the
Niño3.4 area have been depicted in Fig. 8 A and the same global entities in Fig. 8B. The
trends illustrate that during the El Niño phase, the cloudiness increases strongly, which has
a strong negative effect on SW radiation in the Niño3.4 area. The reason for the strong
cloudiness increase is a great water evaporation rate, which has a global effect in the
increasing absolute water vapor value in the whole atmosphere during the ENSO events
(Fig. 2 and Fig. 3). In the Niño3.4 area there is a strong anti-correlation between the ONI and
the cloudiness, the coefficient of correlation is 0.69, and the same between the ONI and the
SW anomaly is -0.49, but the same globally is nonexistent 0.036.

Figure 8. a. The SW flux, cloudiness and ONI trends at the Niño3.4 area. b. The global
SW flux anomaly, LW flux anomaly, cloudiness, and temperature trends.
For analyzing the possible relationship between the SW radiation flux, cloudiness and
temperatures, these entities have been depicted in Fig. 9. The Niño areas in Fig. 9 are Niño
3 (90°W - 150°W), Niño 4 (150°W - 30°E), and Niño 5 (30°E - 90°E) having latitude limits of
5°N to 5°S. Niño 5 is not the official area definition, but a definition used in this study.

Figure 9. a. SW radiation anomalies in climate zones. b. Temperature anomalies in
Niño areas. c. SW radiation anomalies in Niño areas. d. Cloudiness anomalies in Niño
areas.
Figure 9a shows that SW radiation anomalies during El Niño 2015-16 have about the same
magnitude in tropics and midlatitudes but in the polar cap, the magnitude is much higher.
According to Fig. 9b, 9c, and 9d the SW radiation, temperature, and cloudiness anomalies
happen simultaneously in Niño 3 and 4. Cloudiness anomalies are positive during El Niño
2015-16 in Niño 3 and 4 but negative in Niño 5.
Loeb et al. [44] have carried out encompassing analyses between the cloud data of CERES
[25] and the SW anomalies and they found that the correlation was 0.66 between the global
SW anomalies and low level cloud variations that supports the cause-and-effect mechanism.
Cloudiness seems to vary independently, and it may have a role in amplifying SW anomalies
and finally also a connection to the development of a super El Niño in a global scale. The
mechanism and process of SW anomaly during the super El Niño are not known, and
therefore it is too early to conclude what is the cause and effect relationship.
These analyses do not reveal a possible mechanism between the global SW flux anomalies
and the ENSO events, because the global SW flux functions in the opposite ways during El
Niño 2010-11 and 2015-16. During El Niño 2010, the SW anomaly was negative, and the
cloudiness anomaly was positive (monthly maximum 68.5 %), and during El Niño 2015-15,
the SW anomaly was positive, and the cloudiness anomaly was negative (monthly minimum
65.9%). The question is whether it is a pure coincidence. Because there is an SW radiation
flux upward anomaly during the El Niño 1997-98 and 2015-16, Bush et al. [67] have
concluded that the SW anomaly in 1997-98 was caused by the ENSO event, but they have

no analysis to support this claim. In Figure 7 it can be noticed that just before super El Niño
1997-98 and 2015-16, SW radiation has reached its maximum value six months before the
temperature maximum, and this extra energy may have triggered the super El Niño
mechanism. The mechanism and process of SW anomaly during the super El Niño are not
known, and therefore it is too early to conclude what is the cause and effect relationship.

3.3

The end of the pause

Because there was no strong or very strong La Niña after the super El Niño 2015-16 (as it
should have been, like in the normal case after the super El Niño 1997-98), the question
about the continuation of the pause of the 21st century has stayed open. From 2002 to 2014
there was practically no decreasing or increasing trend in GISTEMP and UAH temperatures.
The super El Niño 2015-2016 started, according to the ONI, in November 2014 and ended in
May 2016. Because the strong El Niño obscures other underlying climate forcing drivers –
natural or anthropogenic – it has been challenging to define the actual ending point of the
pause or even if it has ended at all. It was in October 2014 when the 11 months running
GISTEMP overran the temperature of May 2010. Using the GSTM values as the only criteria
for determining the pause endpoint, it would remove the ending point to somewhere around
May 2016, when El Niño was over and the GSMT was still above the average pause
temperature.
Trenberth et al. [40] concluded that the pause was still on at the end of 2015. Hu et al. [68]
developed a simple climate model explaining the temperature changes from 1880 onward.
They asserted that the higher temperatures of 2014-2016 ended the pause without
considering that the GSMT could decrease rapidly after a super El Niño as it did after 199798. Their analysis also concluded that ENSO-related anomalous heating modulated GSMT,
creating the pause. Actually, this explanation would mean that ENSO events created fewer
heating effects in the 2000s than normally. By analyzing the magnitudes of ENSO events,
this claim may be justified. This study introduces a new cause for this heating anomaly as
can be seen in Figure 7. There was an unusually deep and long La Niña from June 1998 to
December 2002. At the same time, the SW radiation was at low levels, driving GSMT
downwards.
Su et al. [69] carried out a detailed analysis of the real warming impacts of the super El Niño
effects. Their conclusion was that El Niño provided only one-third of the total GSMT increase
during 2015 and the pause was over around 2014.
The results of this study show that at the end of 2014, the portions of driving forces
measured as temperature effects were SW forcing 45%, El Niño 40%, greenhouse gases
14% and clouds 1%. El Niño’s portion of one-third as reckoned by Su et al. [69] is close to
the 40% of this study. The SW forcing exceeded its maximum pause value of July-October
2012 in November 2014. A retrospective analysis shows that the pause was really over at
the end of 2014 and this study introduces a new natural cause for the ending. This means
that SW forcing is the major reason for the ending of the pause.
ENSO events are relatively short climate phenomena. In the long run, they do not act as
climate drivers because the real climate drivers are anthropogenic drivers and cosmic forces
like the sun.
3.

Discussion

The results of this study show that the simple and robust climate model of Ollila without
positive water feedback explains the temperature changes during the pause with good
accuracy. The most surprising new result is that the major contributor for the temperature
increases of the super El Niño of 1997-98 and 2015-16 is not the natural El Niño effect but a
SW anomaly impact. This is an alternative explanation for the mechanism suggested by
Hong et al. [50] that Southern Hemispheric transverse circulation is a prerequisite for
extreme magnitude El Niño events.
Both models include several components that have been treated as independent variables.
The correlation coefficients of determinations were between ONI and SW radiation 0.017,
between cloudiness and SW radiation 0.017, and between ONI and cloudiness 0.37. This
last correlation may have effects on the results. Ollila model without cloud impacts did not
improve the overall key figures but the MAE in respect to UAH increased from 0.075°C to
0.081°C and the correlation coefficient of determination decreased from 0.676 to 0.626. The
absolute temperature effects of cloudiness changes are very small, but they have an
improving effect on the model output.
In the Niño3.4 area during El Niño 2010 and 2015-16, the SW radiation anomaly was
negative due to the strong positive cloudiness anomalies. On the global scale, cloudiness
and SW anomalies were also in the same phases, but during El Niño 2010, the SW anomaly
was negative, and the cloudiness anomaly was positive, and during El Niño 2015-15, the
SW anomaly was positive, and the cloudiness anomaly was negative. It is logical that
increased cloudiness decreases SW radiation. It is not straightforward to conclude the
cause-and-effect relationship in this case. It is more probable that cloudiness changes first
and it causes a SW anomaly than otherwise. The general reasons for cloudiness changes
are still unknown.
As depicted in Figure 8, the SW radiation anomaly is strongly negative in the Niño3.4 area
during the super El Niño, and at the same time it may be significantly positive on a global
scale like in 2015–16. This finding—that the regional and global effects may be totally
opposite at the same time regarding forcing impacts or forcing magnitudes—is not new
[40,70]. A common explanation for the global effects of regional ENSO events is a
teleconnection mechanism [71]. The SW anomalies related to very strong ENSO events
provide another explanation.
The prevailing explanation of the global warming is the same as the scientific results of the
IPCC reports [47-49]: the reasons are anthropogenic, which are mainly due to the increased
concentrations of GH gases. In the latest assessment report AR5 [48], the RF value of
-2
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anthropogenic forcing elements is 2.29 Wm , which is 97.9% of the total RF of 2.34 Wm .
The results of the two models (IPCC model and Ollila model) show that there is a significant
difference between the anthropogenic forcing values: 0.1°C versus 0.26°C at the end of the
pause.
The UAH temperature in from July 2017 to July 2018 was about 0.19 °C above the average
value for 2002–2014 and the GISTEMP was about 0.3 ⁰ C above the pause average. The
question about the continuation of the pause has been under debate. The conclusion of this

study is that the pause was over at the end of 2014, but the major cause was not the
anthropogenic forcing: it was the SW radiation forcing.
There are alternative theories for the global warming, including cosmic forces. Svensmark
[72] theorizes that cosmic radiation magnifies solar insolation changes through cloudiness.
Ermakov et al. [73] and Scafetta [74] have introduced the theory of Astronomical Harmonic
Resonances (AHR) having a 60-year main cycle. Ollila [62] has combined the Sun theory,
AHR, and anthropogenic impacts in the Semi-Empirical Climate Model (SECM), which can
explain the temperature changes since 1630 with the coefficient of correlation at 0.90. In the
SECM during the pause, the temperature impact of GH gases is +0.1 ⁰ C and the same of
AHR is -0.04 ⁰ C, which means a negligible summary effect of 0.06 ⁰ C. This result fits very
well into the Ollila model-calculated temperature effects, suggesting that the SW anomalies
and ENSO events have major roles in temperature changes during the pause.
A common feature in these cosmic theories is that the influence mechanism of the solar
insolation changes as well as AHR changes happens through the cloudiness changes. In
Figure 8b, the global cloudiness anomaly and SW anomaly trends are depicted. During the
2010 El Niño, the cloudiness has a strong anomaly downward both globally and at the
Niño3.4 area. During the 2015-16 El Niño, the cloudiness has a downward anomaly globally
but an upward anomaly at the Niño3.4 area. There is no logical explanation for this
phenomenon. The 1% cloudiness change causes a 0.1 ⁰ C temperature change according
to two studies [57,65]. The temperature impact of the cloudiness change can explain only
about 10% of the temperature effect of the SW anomaly during the pause.
A more accurate explanation for the temperature effect of cloudiness changes comes from
the recent findings of Loeb et al. [40] that show that SW radiation changes correlate to low
level clouds. A further explantation could be that the low-level clouds actually correlate to
cosmic radiation changes much better than to over-all cloudiness changes [75]. According
to Svensmark [72] the atmosphere modulates the incoming solar radiation in a significant
way through albedo changes. This study shows that the change of albedo from 29.4% to
28.9% has caused 0.26 ⁰ C maximum change during the pause if the SW changes are
caused by the albedo changes. The albedo of the Earth depends on three reflected radiation
fluxes, which form the total albedo: clouds 64.0%, surface 22.7%, and atmosphere 17.4%
[76]. The surface albedo has probably remained constant. Cloudiness is changing all the
time, and it is an imminent contributor for short- and long-term albedo changes, but there
may be other unknown factors in the atmosphere causing albedo changes.
4.

Conclusions

A simulation of the simple Ollila model combining the SW effects, ENSO effects, GH effects
-2
and cloud effects with no water feedback (λ=0.27 K/(Wm )) follows the real UAH
temperature changes with the mean absolute error (MAE) of 0.073°C and the GISTEMP with
0.082°C. This result means that during the pause, there is no long-term positive water
feedback. The mean absolute error of the IPCC model with positive water feedback is
0.128°C in respect to the GISTEMP and 0.191°C in respect to the UAH. Positive water

feedback seems to be the major reason for the error, which amplifies both SW forcing and
anthropogenic forcing values by a factor of about 100% in comparison to the Ollila model.
Along with ENSO events, net SW radiation changes have dominated the temperature
changes during the pause of the 2000s. Especially during the super El Niño of 2015-16, SW
radiation anomaly had a greater impact than the original El Niño warming effect, and the
same effect can be observed during the super El Niño 1997-98. The increasing absolute
water vapor value in the atmosphere should mean higher global cloudiness during the El
Niño phases, but cloudiness trends show that in some cases, such as during the super El
Niño 2015-16, the opposite may happen. These contradictions mean that atmospheric
processes still need basic scientific research work.
The results mean that about the half of the global temperature changes during the super El
Niño events are due to the SW radiation changes. The other half of the changes are due to
the original ENSO impacts. The global water vapor changes originating from ENSO effects
account for about 50% of the global temperature changes that are due to ENSO effects.
SW radiation changes do not correlate with the solar cycle insolation changes, but the SW
perturbations are very probably due to the albedo changes in the atmosphere. There is a
weak correlation to cloudiness anomalies, but they cannot explain the overall changes
during the pause.
The UAH temperature of 2018 was about 0.15°C above the average value for 2002–2014,
the GISTEMP was about 0.27⁰ C above the pause average, and the SW forcing was 0.24°C
during the year 2018. The conclusion of this study is that the pause was over at the end of
2014, and the major cause was not the anthropogenic forcing, but it was the SW radiation
forcing. The present high temperatures from 2017 to 2020 are very probably due to the
positive SW radiation anomaly. If SW radiation forcing happens during a relatively short
period of time, any factors causing SW perturbations may have an even greater role in the
long-term changes. The IPCC has concentrated on anthropogenic climate change issues,
but more efforts should be used for research to find different factors causing changes in the
Earth’s albedo.
An interesting result of this study is that the simple IPCC climate model gave almost the
same warming for the period 2000-2014 as the complicated 3-dimensional Community Earth
System Model (CESM) in the paper of Trenberth et al. [40]. The obvious reason is in the
same physical warming model for anthropogenic climate drivers in both models.
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