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Year2023 global surface air temperature overview versus averdast 10 years

Surface air temperature anomaly YEAR 2023 vs last 10 yr
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FIGURE Jnnual2023 average surface air temperature compared to the annual average of the last 10 years:yélieerred colours

indicate areas with higher temperature than the-f#€ar average, while blue colours indicate lower than average temperatures. Data

source: Remot&ensed Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Reteignes & idegree V06
(https://airs.jpl.nasa.govy, obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/maps/index_v4.html).


https://airs.jpl.nasa.gov/

Year 203 global surface air temperature overview versus year 202

Surface air temperature anomaly YEAR 2023 vs YEAR 2022
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FIGURE 2023 annual surface air temperature compared to y2ae2. Greenyellowred colours indicate regions where the presgrdr
was warmer than last year, while blue colours indicate regions where the prgs@nivas cooler than last yea¥ariations inannual
temperature from one year to the next has no tangible climatic importance but may nevertheless be interesting tDattudypurce:
Remote Sensed Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retigeal 1 idegree V0O

(https://airs.jpl.nasa.govy, obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/maps/index_v4.html).


https://airs.jpl.nasa.gov/

Comments to theYear2023 global surface air temperature overview

The presentnewsletter contains graphs showing a
selection of key meteorological variables ftire
year 2023. All temperatures are given in degrees
Celsius.

In the above maps showing tigeographical pattern
of surface air temperatures, the last previous 10
years (2@3-2022) are used as reference period.

The rationale for comparing with this recent period
AYyaagSIFR 2F @F NA 2 dza
of the past century, is that such reference periods
often will be affected by past cold periods, like, e.g.,
19451980. Most modern comparisons withugh
reference periods will inevitably appear as warm,
and it will be difficult to decide if modern
temperatures are increasing or decreasing.

Comparing instead with the last previous 10 years
overcomes this problem and clearer displays the
modern dynamics of ongoing change. This decadal
approach also corresponds well to thasual
memory horizon for many people and is now also
adopted as reference period by other institutions,
e.g., the Danish Meteorological Institute (DMI).

Traditionally, a 30year reference period is often
used by variousmeteorological institutions for
comparison purposesHowever, his is a most
unfortunate time interval asobservations clearly
demonstratethat variousglobal climategparameters
(see, e.g., page 15) armfluenced by periodic
changes of 600 years. The often used 30
reference period is roughly half thjgeriod andis
therefore extremely unsuited as aood reference
time interval.

The average Igbal surface air temperaturefor
2023.

According © the AIRSremote sensed surface
temperatureanomaly the ¢pbalaveragesurface air
temperature for year 283 wasvery high. The year
2023 was affected bya strong El Nifio episode
(Pacific Ocearsee diagrams (8,11and 13.

In the Northern HemisphereCanada and western
Russiawas characterised bgnnual temperatures

Wy 2NXIFEQ LISNR2RA

above the average for the last 10 years, while
northern Europe SiberiaAlaska,and western USA
had annual temperaturebelow the 10yr average.
Ocean wise The North Atlantic was relatively cold
north of 15-25°N, but relatively warmwest of
northern Africa In the Pacific the annual surface air
temperature was relatively higaround 33N, but
cold north of this In the Arctic, the Europmn and
Siberian sectors vere relatively cold, while the
Canadian an®Russian sectors were relatively warm.

Near the Equator surface air temperatures were
generallynear or abovehe average for the previous
10 years. Especially in Pacific Oceanwarm
conditions reflect the ongoin&!Nifio episode.See
also eflections on p.7.

In the Southern Hemispherannual surface air
temperatures in 2023 were near or below the
average for the previous 10 yeaEspecially South
America and most of southern Africa and Australia
werecoolcompared tahe previous 10 year©cean
wise, temperatures were near or below the -¢0
average with exception of the southern parts of the
South Atlantic, which were relatively warm

The ocean around theAntarctic continent was
generally characterised byrelatively high annual
surfaceair temperaturesin 2@3. Only the ocean
beyond parts of West Antarctic was relatively cold.
Most of the Antarcticcontinent wasrelatively cold.
Only parts of the Atlantic sector of East Antarctic
wererelatively warm

Summing up for 22B, using AIRSremote sensed

surface temperatures the global average air
temperatureswere very high when seen in a long
instrumental time scale (150 years) In fact,

according toall temperature databaseseferred to

in this newsletterthe year 203 was the warmest
year on recordln contrastthe two previous years
2021 and 2022were influencedby acold La Nifia
episode in the Pacific OceanThus, the global
surface air temperatureecordin 2@3 continues to

be substantially influenced by oceanographic
phenomera.

RSTAYSR T2NJ LI



Lower tropospheretemperature from satellites updated to year2023
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FIGURE 34eanannuallylower troposphere temperaturgnomaly(thin line) since 1979 accordingtmiversity of Alabama
at Huntsville, USA he average for 1979008(30 years) has been set to zeydo make comparison with other temperature
data series easy.
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FIGURE Mean annual dwer troposphere temperaturanomaly(thin line) since 1979 according to accordindRiemote
Sensing Systen{RSS)USAThe average for 1972008 (30 years) has been set to zero, to make comparison with other
temperature data series easy.


http://www.atmos.uah.edu/atmos/
http://www.remss.com/
http://www.remss.com/

Global sirface airtemperature, updated toyear 2023
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FIGURE B™Mean annual ¢pbal surface air temperature (thin line) sin@50according to according to thdadley Centre for
Climate Prediction and Reseaintd theUniversity of East Angl&Climatic Research URERY, UK. The average for 1979
2008 30 years) has been set to zero.
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FIGURE 6viean annual tpbal surface aitemperaturesince 880 according to according to thEational Climatic Data
CentefNCDC), USAhe average for 1972008 (30 years) has been set to zero, to mat@mparison with other temperature
data series easy.
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FIGURE Mean annual global surface air temperature (thin line) since 1880 according to accordingXodtard Institute
for Space Studig$1SS)at Columbia University, New York City, US¥ average for 1972008 (30 years) has been set to
zero, to make comparison with other temperature data series easy.

Rdlectionson the significance of the2023 global annualsurface aitemperature

According to thesurface stations 2ZB (initiating
1850 and1880) ranksasa recordwarm year. Also,
according to the satellite recordsince 1979) 22
wasa record warm year

The last strong El Nifioterminated during2017.
Often a warm EI Nifi@pisodeis followed by a cool
oceanographic reversal, known as La Nifdich
also willinfluenceglobalair temperatures butthen
towards lower valuesin fact, a La Niia episode
established itself in late 2017, lasting until early
2018 Towards the end of 2018, however a new
moderate El Nifoinitiated and affeceéd global air
temperatures towardtheir high averagevalues in
2019 and 2020 Towards the end of 2020, a new as
La Nifia episode established itself, influencing global
air temperatures toward lower values both 2021
and 2022 In 2023 a new and strong El Nifio
established itself (Fig. 12 and 14), causing the
average global air temperature to increase. The
temperature effect of this oceanic phenomenon is
clearly seen on figure 1 and 2.

El Nifloand La Nifa is playing near the Equator,
which explains the large effect on the average global
air temperature also in 2023In fact,no less than
prE: 2F LA FYySd 9FNIKQa
30°N and 30S.In contrast to this, relative cooling
has played out during 2023 in the North Atlantic
along the main track of th&ulf Stream and the
North Atlantic Current.

a dzN

Air temperature changes do not only play out at the
surface but also at higher levels in the atmosphere
(see Fig. 11)The current C®hypothesis projects
that the initial temperature increase should affect
the upper Troposphere, at6-8 km altitude.
However, since 1979 the earth's surface has
warmed faster than the upper Troposphere,
implying that the surface heating observed is not
predominantlydue to added atmospheric G@ut is
largely caused by variations in other factors
(insolation,cloud coverpceansjand use etc.)


http://www.giss.nasa.gov/
http://www.giss.nasa.gov/

Comparing surface atemperatures with data from satellites at the end of 23
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FIGURE ®lot showing the average of monthly global surface air temperature estimdeefQRUT451S%&nd
NCDCand satellitebased temperature estimateRES MSandUAH MSW The thin lines indicate the monthly
value, while the thick lines represent the simple runningW®rith average, nearly corresponding to a running

3-yr average. The lower panel shows the monthly difference between surface air temperature and satellite
temperatures. As the base period differs for the different temperature estimates, they have all been normalised

by comparing to the average value of 3€ays from January 1979 to December 2008.


http://www.climate4you.com/GlobalTemperatures.htm#HadCRUT TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#GISS TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#NCDC TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#RSS MSU TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#UAH MSU TempDiagram

Global satellite temperature trends calculated for different periodmtil end of 2023
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FIGURE ®iagram showing the latest 5, 10, 20 and 3@inear annual global temperature trend, calculated as
the slope of the linear regression line through the data points, for two satieided temperature estimates
(UAH MSU and RSS MSU).

Global surface air temperature trends calculated fdifferent periodsuntil end of 2023
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FIGURE 1M@iagram showing the latest 5, 1@5, 20, 30, 50, 70 and 16¢earlinear annual global temperature trend,
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(GISS, NCDC and HadCRUT3).
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Troposphere and stratosphere temperatures from satellites at the end 0220
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FIGURE 1Global monthly average temperature in different according to University of Alabama at Huntsville, USA. The thin
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Sea surface temperature anomaly at the end of year23@&nd 232

Global Sea Surface Temperature Anomaly (°C) Analysis Valid Dec 29 2023
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FIGURE 12Sea surface temperature anomaly lete December 223 and 2@2, upper and lower panel,
respectivelyReference period: 1971091. Map source: Plymouth State Weather Center.



Ocean temperatures, uppermost 1900m, updated Beecember2021
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FIGURE 13. Diagram showing averad®@m depth ocean temperatures in selected latitudinal bands, using
Argo-data. The thin line shows monthiglues,and the stippled line shows the runningm®nth average.
SourceGlobal Marine Argo Atla®lease note that the Argo data series is not yet updated bepecémber
2021.



http://www.argo.ucsd.edu/
http://www.argo.ucsd.edu/Marine_Atlas.html
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La Nifia and El Nifio episodes, updated to Octolecember 2@3
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FIGURE4L Warm (>+0.%C) and cold (<0°€) episodes for th®@ceanic Nifio IndgfONI), defined as 3 month running mean
of ERSST.v3b SST anomalies in the Nifio 3.4 retfibsPE 120-170°W)]. Base period: 1972000. For historical purposes
cold and warm episodes are defined when the threshold is met for a minimum of 5 consecutiappngrseasons.

Year 2@3 was characterized by sirongEINifio episodedevelopingn the Pacific Ocear\t the end othe

year, the indexpersists ahighvalues as shown by Figuredlabove.This diagramalsoshowsthat the previous

201516 EIl Nifio is among the strongest El Nifio episodes since the beginning of the record in 1950. Considering
the entire record, however, recent variations between EIl Nifio and La Nifia episodes areisotl


http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml

PDO- Pacific Decadal Oscillatiompdated to 2@3

Pacific Decadal Oscillation

positive phase negative phase

Typical wintertime Se&urface Temperature (colors),Sea Level Pressure (black lines) and surface wind stres
(arrows) anomaly patterns during warm and cool phases of PDO.
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FIGURESL Annual values of th€acific Decadal Oscillatidf?DO) according to théoint Institute for the Study of the
Atmosphere and OceddISAO), a Cooperative Institute betweenNlagional Oceanic and Atmospheric Administratiormd

the University of WashingtariThe PDO is a lofiyed El Nifidike pattern of Pacific climate variability, and the data series
goes back to January 1900. The tirie indicatesannual PDO values, and the thick line is the simple runry@gi7average.


http://jisao.washington.edu/pdo/
http://jisao.washington.edu/
http://jisao.washington.edu/
http://www.noaa.gov/
http://www.washington.edu/
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AMO (Atlantic Multidecadal Oscillation) Indexipdated to 2@2
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FIGURESL Annual Atlantic Multidecadal Oscillation (AMO) detrended index values since 1856. The thin line indicates the
annual values, and the thick line is the simple runningddr average. Data sourcEarth System Research Laborataty

NOAA.

TheAtlantic Multidecadal OscillatiofAMO; Fig. 40)

is a mode of variability occurring in the North
Atlantic Ocean sea surface temperature field. The
AMO is basically an index of North Atlantic Sea
surface temperatures (SST).

The AMO index appears to beorrelated to air
temperatures and rainfall over much of the
Northern Hemisphere. The association appears to
be high fomortheastern Brazil, African Sahel rainfall
and North American and European summer climate.
The AMO index also appears to be associated with
changes in the frequency of North American
droughts and is reflected in the frequency of severe
Atlantic hurricanes.

As one example, the AMO index may be related to
the past occurrence of major droughts in the US
Midwest and the Southwest. When the AMO is high,
these droughts tend to be more frequent or
prolonged, and viceersa for low values of AMO.
Two of the most seare droughts of the 20century

in US occurred during the peak AMO values between
1925 and 1965: The Dust Bowl of the 1930s and the
1950s droughts. On the other hand, Florida and the
Pacific Northwest tend to be the opposite; high
AMO is here associated it relatively high
precipitation.

A Fouriefranalysis (not shown here) show the AMO
record to be controlled by an about §&ar long
cycle, and to a lesser degree by a-ar cycle.


http://www.esrl.noaa.gov/psd/data/timeseries/AMO/
http://en.wikipedia.org/wiki/Atlantic_Multidecadal_Oscillation

Tropical storm and hurricane accumulated cyclone energy (ACE), updated to 2020

Accumulated cyclone energy (AGEX measure used by thidational Oceanic and Atmospheric Administration
(NOAA) to express the activity of individuabpical cyclonesand entire tropical cyclone seaso#sCE is
calculated as the square of the wind speed every 6 hours and is then scaled by a factor of 10,000 for usability
using a unit of 16knots’. The ACE of a season is the sum of the ACE for each storm and considers the number
strength, and duration of all the tropical storms in the season.
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FIGURE 17: The diagram above shows the annual global tropical storm and hurricane accumulated cyclone ener
(ACE) 10Knotg, since 1970. Data source: Maue ACE data.

The damage potential of a hurricane is proportional to the square or cube of the maximum wind speed, and thus
ACE is therefore not only a measure of tropical cyclone activity, but also a measure of the damage potential of


http://en.wikipedia.org/wiki/Accumulated_cyclone_energy
http://en.wikipedia.org/wiki/National_Oceanic_and_Atmospheric_Administration
http://en.wikipedia.org/wiki/Tropical_cyclones
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an individual cyclone or a season. Existing records (Fig. 17) do not suggest any abnormal cyclone activity in rece
years.

The global ACE data since 1970 display a variable pattern over time (Fig. 17), but without any clear trend, as ar
the diagrams for the Northerrand Southern Hemisphere (panels in Fig. 17). A Fourier analysis (not shown here)
shows a significant period about 3.6 year in the ACE data, and furthermore suggests the existence ofa 11.5
year period, but the data series is still too short to conclude anything decisively on this.

The period 1989998 was characterised by high values, other peaks were seen 2004, 2015 and 2018, while the
periods 19731988, 19992003 and 200&014 were characterised by low values. The peaks in 1997/98 and 2016
coincide with strong El Nifio events iretPacific Ocean (Fiti4). The ACE data and ongoing cyclone dynamics
are detailed in Maue (2011). The Northern Hemisphere ACE values (central panel id T)gdoeninates the

global signal (lower panel in figut&) and therefore show similar peaks awoavks as displayed by the global data,
without any clear trend for the entire observational period. The Northern Hemisphere main cyclone season is
JuneNovember. The Southern Hemisphere ACE values (upper panel in Fig. 17) are generally lower than for th
Northern Hemisphere, and the main cyclone season is Decewipgt.
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FIGURE 18: Accumulated cyclonic energy (ACE; Atlantic basin) per year since 1850 AD. Thin lines show annual
values, and the thick line shows the runningear average. Data sourcétlantic Oceanographic and
Meteorological Laboratory (AOML), Hurricane research DiviBiease note that these data are not yet updated
beyond 2018.


http://www.aoml.noaa.gov/hrd/tcfaq/E11.html
http://www.aoml.noaa.gov/hrd/tcfaq/E11.html
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The Atlantic Oceanographic and Meteorological Laboratoryda@Eseries goes back to 1850. A Fourier analysis

for the Atlantic Basin (Fig. 18) show the ACE series to be strongly influenced by a periodic variation of about 6(
ESINEQ Rdz2NI GA2y® ' LINBaSyidz aAyOS HeslinimgIrend, KuBwith G |
large interannual variations. The North Atlantic hurricane season often shows above average activity when L
Nina conditions are present in Pacific during late summer (AuQukiber), as was the case in 2017 (Johnstone
and Curry2017).

Golany (2021) presents many additional observations and reflections on recent storm and hurricane activity.

Golany, .M. 20212impacts of Climate Change Perception and Redlltg Global Warming Policy Foundation,
report 46, 44pphttps://www.thegwpf.org/content/uploads/2021/02/GoklarWEmpirical Trends. pdf



https://www.thegwpf.org/content/uploads/2021/02/Goklany-EmpiricalTrends.pdf

Arctic and Antarctic se&e extension, updated to December 28
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FIGURE4 Global and hemispheric 12 month running average sea ice extension since 1979, the-seellite
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http://nsidc.org/data/seaice_index/index.html

Northern Hemisphere snow cover, updated to December230
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FIGURRO. Northern Hemisphere seasonal snow cover since 1972 accorditwgders University Global Snow
Laboratory



http://climate.rutgers.edu/snowcover/index.php
http://climate.rutgers.edu/snowcover/index.php
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Atmospheric specific humidityupdated to December 223

FIGUREL2 Specific atmospheric humiditg/kg) at three different altitudes in the lower part of the atmosphere
(the Tropospheresince January 194Bdlnay et al. 1996 The thin blue lines show monthly values, while the
thick blue lines show the running-8Yonth average (about 3 years). Data souf€arth System Research

Laboratory (NOAA)
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http://en.wikipedia.org/wiki/Humidity
http://en.wikipedia.org/wiki/Troposphere
http://www.climate4you.com/ReferencesCited.htm
http://www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/timeseries1.pl
http://www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/timeseries1.pl

