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Summary of observations until May 2021:

1: Observed average global air temperature change last 30 years is about +0.15°C per decade.
If unchanged, additional average global air temperature increase by year 2100 will be about +1.2°C.

2: Tide gauges along coasts indicate a typical global sea level increase of about 1-2 mm/yr.

Coastal sea level change rate last 100 year has essential been stable, without recent acceleration.

If unchanged, global sea level at coasts will typically increase 8-16 cm by year 2100, although many
locations in regions affected by glaciation 20,000 years ago, will experience a relative sea level drop.

3: Since 2004 the global oceans above 1900 m depth on average have warmed about 0.07°C.
The maximum warming (about 0.2°C, 0-100 m depth) mainly affects oceans near Equator,
where the incoming solar radiation is at maximum.

4: Changes in atmospheric CO, follow changes in global air temperature.
Changes in global air temperature follow changes in ocean surface temperature.

5: There is no perceptible effect on atmospheric CO, due to the COVID-related drop in GHG
emissions. Natural sinks and sources for atmospheric CO, far outweigh human contributions.
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May 2021 global surface air temperature overview

General: This newsletter contains graphsnd
diagramsshowing a selection of key meteorological
variables, if possible updated to the most recent
past month. All temperatures are given in degrees
Celsius.

In the mapon pagedt-5, showing thegeographical
pattern of surface air temperaturanomalies the
last previous 10 years are used as reference period.

The rationale for comparing with this recent period
instead ofvarious¥y 2 NJY I fsdefinedSdd pagsk
of the past centuryis thatsud referenceperiods
often will beaffected bypast old periods, like, e.g.,
19451980. Mostmodern comparisons withsuch
reference periods will inevitably appear as warm,
and it will be difficult to decide if modern
temperatures are increasing or decreagi
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 the typical
memory horizon for many people and is now also
adopted as ré&erence period by other institutions,
e.g.,the Danish Meteorological Institute (DMI).

In addition, most temperature databases display
temporal instability fopastdata (see, e.g., ©). Any
comparison with such reference period will
therefore be influenced by ongoing monthly
changes of mainly administrative nature. A
fluctuating value is clearly not suited as reference
value. Simply comparing with the last previous 10
years is more useful as reference for modern
changes.Pleasesee also additional reflections on
page 4748.

The different air temperature records have been
divided into three quality classes, QC1, QC2 and
QC3, respectively, as described on page

In many diagrams shown the presentnewsletter
the thin line represents the monthly global average
value, and the thick line indicate a simple running
average, in most cases a simple movingn&hth
average, nearly corresponding to a thrgear
average. The 3rmonth average is calculatedoim
values covering a range from 18 months before to
18 months after, with equal weight given to all
individual months.

The year 1979 has been chosen as starting point in
many diagrams, as this roughly corresponds to both
the beginning of satellite obsertians and the onset

of the late 20" century warming period. However,
several of the data series have a much longer record
length, which may be inspected in greater detail on
www.climate4you.com

May 2021 surfaceair temperature

General:For May 2021, the GISSportal supplied

16200 AlRSinterpolated surface air data points
based on satellit®bservationsand visualisedhere

on pages 4%b. According to mostglobal surface

temperature databases, theMay 2021 global

average air temperature anomaly wadittle higher

than in the previous month.

The Northern HemispherelO-yr temperature
anomality pattern (p¥) was characterised by
regional contrastsas usuallymainly controlled by
the dominant jet stream configuratiotNW Canada,
Europe southern Siberia China and Indiahad
temperaturesbelow the 10yr averageln contrast,
western Russia and northern Siberidad
temperaturesabovethe 10yr averageOcean wise,
most of theNomwegian Sea and Greenland Sea had
below average surfacéemperatures. The central
Atlantic was a little above the averada.the Arcti¢
relatively cold conditions characterised the
European and Cadan sectors while the
remainingArctic regiors were relatively warm

Near the Equatotemperatures were mostlpelow
(especially in the Pacific Oceding 10-year average.

The Southern Hemispher¢égemperatures were
largelybelow ornear the average for the previous
10 yearsMostmajor land areas were relatively cold
except forAustralia and New Zealand, which was
near averagetemperature conditionsMost ocean
regions around Antarctica were relatively cold.
the Antarctic conditions weralsomainlycold, with
only comparatively small regions around the
WeddellSeabeingrelatively warm



http://www.climate4you.com/

May 2021 global surface air temperature overviewersusaverageMay last 10 years

Surface air temperature May 2021 versus May last 10yr
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May 2021 surface air temperature compared to theerageof May overthe last 10 yearsGreenyellowred colours indicate areas with
higher temperature than th&0-yearaverage, while blue colours indicate lower than average temperatDas source: Remote Sensed
Surface Temperature Anomaly, AIRS/Agqua L3 Monthly Standard PReditaval idegree x idegree VOB (https://airs.jpl.nasa.gov),
obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/maps/index_v4.html).


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

May 2021 global surface air temperature compared tday 2020

Surface air temperature May 2021 versus May 2020
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May 2021 surface air temperature compared tday 2020 Greenyellowred colours indicateegionswhere the present month was
warmer than last year while blue colours indicategions where the present month was cooler tHast year Variations in monthly
temperature from one year to the next has no tangible climatic importance but may nevertheless be interesting tOataudpurce:
Remote Sensk Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retdegatel x idegree VOB
(https://airs.jpl.nasa.gov), obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/magestinv4.html).


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

Temperature quality class 1ower tropospheretemperature from satellites updated toMay 2021
(see page 9 for definition of classes)
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Global monthly average lower troposphere temperature (thin line) since 1979 according/&rsity of Alabamat Huntsville, USA. The
thick line is the simple runnir8y-month average Reference period 1994020.
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Global monthly average lower troposphere temperature (thin line) since 1979 according to accoiemdte Sensing Syste(fi¥SS)
USAThe thick line is the simple runni8@monthaverage.



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

Temperature aiality class 2: HadCRUTobal surface air temperature updated toMarch 2021
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Global monthly average surface air temperature (thin line) since 1979 according to accordingitalbg Centre for Climate Prediction
and Researchnd theUniversity of East Angl@Climatic Research URiERY, UK.The thick line is theimple runningd7-month average
Please note that HadCRUT4 is not yet updated beyandary 2021



http://hadobs.metoffice.com/
http://hadobs.metoffice.com/
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http://www.cru.uea.ac.uk/
http://www.cru.uea.ac.uk/cru/bground/

Temperature quality class 3: GISS and NCDC global surface air temperature, upddin/ 2021
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Global monthly average surface smperaturesince 1979 according to according to iiational Climatic Data CentéKCDC), USAhe
thick line is the simple runnir@y-month average
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Global monthly average surface air temperatgiigin line) since 1979 according to according to @mddard Institute for Space Studies

(GISS)at Columbia University, New York City, USfg ERSST_v4 ocean surface temperatilifes thick line is the simple running- 37
month average.



http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.giss.nasa.gov/

A note ondatarecord stabilityand -quality:

The temperature diagrams shown abowdl have
1979 as starting year. This roughly marks the
beginning of the receng¢pisodeof global warming,
after termination of the previougpisodeof global
cooling from about 1940. In addition, the year 1979
also represats the starting date for the satellite

based global temperature estimates (UAH and RSS).

For the three surface air temperature records
(HadCRUT, NCDC and G188y beginmuch earlier
(in 1850 and 1880respectively, as can be inspected
on www.climate4you.com

For all three surface air temperature records, but
especially NCDC and Gl&8ninistrative change®
anomaly values are quite often introduced, even
affecting observationsmany years back in time.
Some changeBom the recent pasitay be due to
the delayed addition of new station data change

of station locationwhile others probably have their
origin in danges of the techniqueimplementedto
calculate average valugsom the raw data It is
clearly impossible to evaluate the validity of such
administrative changes for the outside user of these
records it is only possible taote thatsuch changes
guite often are introduced(se example diagram
next page)

In addition, the three surface records represent a
blend of sea surface data collectbg moving ships
or by other means, plus data from land stations of
partly unknown quality and unknown degree of
representativeness for their region. Many of the
land stations alsdias beenmoved geographically
during their period of operation instrumentation
have beenchanged and they are influenced by
changes in theirnear surroundings (vegetation,
buildings, etc.)

The satellite temperature recordalso have their
problems, but these are generally of a more
technical nature andprobably therefore better
correctable. In addition, the temperature sampling
by satellites is moraegular andcomplete on a
global basighan that represented bythe surface
records. It is alsoimportant that the sensors on

satellites measure temperature directly by emitted
radiation, while mostmodern surface temperature
measurements are indirect, using electronic
resistance.

Everybody interested in climate science should
gratefully acknowledge hie big efforts put into
maintaining the different temperature databases
referred to in the presentnewsletter. At the same
time, however, it is alsomportant to realisethat all
temperature recordscannot beof equal scientific
quality. The simple fact that they to some degree
differ showsthat they camot all be correct.

On this backgroundand for practical reasons,
Climate4youtherefore operates with three quality
classes (-B) for global temperature records, with 1
representing the highest quality level:

Quality class IThe satellite records (UAH and RSS).
Quality class 2ZThe HadCRUT surface record.
Quality class 3the NCDC and GISS surface records.

The mainreason for discriminating between the
three surface records ibe following:

While both NCDC and GISS often experiengee
large administrative changdseeexample on fL0),
and therefore essentiallynust be considered as
unstable records, the changes introduced to
HadCRUT are fewer and smalldfor obvious
reasons, a the pastdoes not chang, any record
undergoing continuing changesannotdescribe the
past correctlyall the time Frequent and large
corrections in a database inevitably signal a
fundamental uncertainty about what is likely to
representthe correct values.

You can find more on the issue of lack of temporal
stability on www.climate4you.com(go to: Global
Temperature and then proceed to Temporal
Stability).



http://www.climate4you.com/
http://www.climate4you.com/
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Diagram showing thenonthly adjustmens made since May 2008 by thl&oddard Institute for Space Studies
(GISS)USAas recorded bpublishedanomaly values fathe two months January 1%and January 200.

Theadministrativeupsurge of theemperatureincreasgrom January 191% January 2000 hagrownfrom 045

(reported May 2008)o 0.65°C(reported June2021). This representan about44%administrative temperature
increaseover this period meaning thatalmosthalf of the apparentglobaltemperatureincreasesrom January
1910to January 200Qas reported by GISEB)due to administrativehangef the original datasince May 2008


http://www.giss.nasa.gov/
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Comparing global surface air temperatusnd lower troposphere satellite temperaturs;

updated to March 2021
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Plot showing the average of monthly global surface air temperature estimdtefQRUT451SNnd NCDEand
satellite-based temperature estimateRES MSand UAH MSWU The thin lines indicate the monthly value,
while the thick lines represent the simple runningn®mnth average, nearly corresponding to a runnirg 3

average. The lower pahshows the monthly difference betweaveragesurface 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 30 years from Janl@r9 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 air temperature linear trendsipdated toMarch 2021
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Diagram showing the latest 5, 10, 20 andy8dinear annual global temperature trend, calculated as the slope of the linear
regression line through the data points, for two satelb&sed temperature estimates (UAH MSU and RSS MSU).
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All in one,Quality Class 1, 2 and 8pdated to March 2021
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Superimposed plot @uality Class 1 (UAH and R@8bal monthly temperature estimates. As the base period differs for the
individual temperature estimates, they have all been normalised by comparing with the average value of the initial 120
months (30 years) from January 1979 to December 2008. The blaakyine represents the simple running 37 month (c. 3
year) mean of the average dfoth temperature records. The numbers shown in the lower right corner represent the
temperature anomaly relative to the individual 19Z008averages.
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SuperimposedIpt of Quality Class 1 and 2 (UAH, RSS and HadCRUT4) global monthly temperature estimates. As the bas
period differs for the individual temperature estimates, they have all been normalised by comparing with the average value
of the initial 120 months (3@ears) from January 1979 to December 2008. The heavy black line represents the simple running
37 month (c. 3 year) mean of the average oftlalee temperature records. The numbers shown in the lower right corner
represent the temperature anomaly relatiteethe individual 1972008averages.
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right corner represent the temperature anomaly relative to ithdividual19792008averages.

Please seeeflectionson page9 relating to the above three quality classes.

Satellite- and surfacebased temperature estimates
are derived from different types aheasurements
and comparing them directly as in thabove
diagranstherefore may besomewhatambigious

However, as both types of estimate often are
discussed togetherin various news medjathe
abovecompositediagrans may nevertheless be of
someinterest.

In fact, the different types of temperature estimates
appear to agree as to the overall temperature
variations on &-3-yearscale, although on a shext
time scale thereare oftenconsiderable differences
between the individual recordsHowever, since
about 2003 the surface recordssed to bedrifting
towards higher temperatures than theombined
satellite recordbut this overall tendencyasmuch
removed by the major adjustment of the RSS
satellite seriegn 2015(see lower diagram on page
6).

The combinedrecords (diagramabove suggesta

modestglobal air temperaturencreaseover the last
30 years about 0.5°C per decadelt should be
noted that the apparent temperatureincreases
since about 2003 at least partig the result of
ongoing administrative adjustments (pagel0). At

the same timethetemperaturerecordsconsidered
here do not indicate anygeneral temperature
decreasaluringthe last 20 years

The presenttemperature developmentdoes not
exclude the possibility that global temperatumresy
begin to increasesignificantlylater. On the other
hand, it alsodemainsa possibility that Earth just now
is passing @& overalltemperature peak, and that
global temperaturesnay begin to decrease&uring
the coming years.

As alwaystime will show which of thesgossibilities
is correct.
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Global sea surface temperatureipdated toMay 2021

Global Sea Surface Temperature Anomaly (°C)

Analysis Valid 00Z 25 May 2021
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Plymouth State Weather Center

Sea surface temperature anomain 25 May 2021 Map urce:Plymouth State Weather Centdteference period: 1977

1991.

Because of the largsurfaceareasnear Equatorthe
temperature of thesurface wateiin these regionss
especiallyimportant for the global atmospheric
temperature (p. 6-8). In fact, no less tharb0% of
LI I ySid 9FNIKQa
and 30S.

A mixture of relatively warm andcold water
dominates much of the ocean surface but with
notable differences from month to monthAll such
ocean surface temperature changewill be
influendngglobal air temperatures ithe monthsto
come.Nowacoldnew La Nifia episods playing out
in the Pacific Ocedsee p. 24)In contrast, relatively

ddzNF | QS

warm surface water is found two bands in both

hemispheres, centred around 99 and 30S,
respectively.

The significance ofany shortterm cooling or
warmingreflectedin air temperatureshould notbe

overstated Whenever Earth experiences cold La
Nifio episodes major heat
- ddhangedake placebEwednSHe Pagific Ddeanyind o n

Nifa or warm El

the atmosphere abovesooner or latershowing up
in estimates of the global air temperature.

However, his does notnecessarilyreflect similar
changes in the total heat content of the
atmosphereocean system. In factglobal net
changescanbe smalland suchheat exchangemay
mainly reflect redistribution of energybetween
ocean and atmospher&Vhat matters $ the overall
temperature development when seen oveseveral
years.
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Global monthly average sea surface temperature since 1979 according featiienal Climatic Data CentéNCDC), USAa& period:
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Oceantemperature inuppermost100m, updated toDecember2020
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World Oceans vertical average temperatur&@ m depth since 1955. The tlime indicates8-month values, and the thick line represents
the simple running 3®nonth (c. 3 year) average. Data sourb&AA National Oceanographic Data CentdODC). Base period 1955

18 2010.
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Pacific Ocean vertical average temperatur#0® m depth since 1955. The thin line indis&enonth values, and the thick line represents
the simple running 3#nonth (c. 3 year) averay Data sourceNOAA National Oceanographic Data Cerfiid®DC)Base period 1955

2010.
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Indian Ocean vertical average temperatur@@ m depth since 1955. The thin line indis@&enonth values, and the thick line represents

the simple running 3®nonth (c. 3 year) average. BasourceNOAA National Oceanographic Data Cerfd¢®DC)Base period 1955
2010.
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North Atlantic heat contentuppermost 700 mupdated toMarch 2020
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Global monthly heat content anomal¥(8 Joule$ in the uppermost 700 m of thdorth Atlantic (660W, 3065N see map aboveocean
since January B5. The thirline indicatesmonthly values, and the thick line represents the simple ngif-month (c. 3 year) average.
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http://www.nodc.noaa.gov/cgi-bin/OC5/3M_HEAT/heatdata.pl?time_type=3month700

North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toAuqust 2020

Time series of Argo Temperature (°C)
59.0°N 330.0°E—-360.0°E
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Time series epth-temperature diagram along 59 N across tNerth Atlantic Currenfrom 30°W to W, from surface to
800 m depthSourceGlobal Marine Argo AtlaSee alsthe diagrambelow.
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Average temperature along 59 N,-B9V, 3800m depth, corresponding to the main part of the North Atlantic Current, using
Argo-data. SourceGlobal Marine Argo Atlag\dditional information can be found in: Roemmich, D. and J. Gilson, 2009. The
20042008 mean and annual cycle of temperature, salinity, and steric height in the global ocean from the Argo Program.
Progress in Oceanograptg8?2, 83100.



http://www.argo.ucsd.edu/Marine_Atlas.html
http://www.argo.ucsd.edu/
http://www.argo.ucsd.edu/Marine_Atlas.html
http://www.sciencedirect.com/science/journal/00796611
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Global ocean temperature {1900 m depth summary, updated tdugust 2020

Summary of average temperature in upperm@900m in different parts of the global oceans, usidggo-data. Source:
Global Marine Argo AtlasAdditional information can be found in: Roemmich, D. and J. Gilson, 2009. Th20P80hean
and annual cycle of temperature, salinity, and steric height inglebal ocean from the Argo PrograrRrogress in
Oceanography82, 81100.

The global summary diagram above shows that, on  30°N and 30S. In contrast, for the circuArctic oceans
average, the temperature of the global oceans down to north of 5%N, depthintegrated ocean temperatures
1900 m depth has been increasing since about 2011. Itis have been decreasing since 2011. Near the Antarctic,
also seen that this increase since 2013 dominantly is due south of 58S, temperatures have essentially been stable.
to oceanic changes occurring near thgugtor, between At most latitudes, &lear annual rhythm is seen.
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