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Summary of observations until January 2022:

1: Observed average global air temperature change last 30 years is about +0.17°C per decade.
If unchanged, additional average global air temperature increase by year 2100 will be about +1.3°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 was no perceptible effect on atmospheric CO, due to the 2020-21 COVID-related drop in GHG
emissions. Thus, natural sinks and sources for atmospheric CO, far outweigh human contributions.




Pages:
Pace 4.
Pageb:
Pageo.
Pager.
Pages:
Pagell.
Page 2:
Pagel3:
Pagels:
Page 8:
Page 20:
Page21.
Page?2:
Page 2:
Page 2.
Page 3:
Page26.
Page27.
Page?8:
Page 3.
Page 2:
Page33:
Page 3.
Page38:
Page 3:
Page40:
Paged2:
Paged3:
Page 4:
Page45s:
Paged6:
Pages0:
Pagebl:
Page 2:
Page 3:
Page 8.
Pagebs:

Content:

January 202global surface air temperature overview
January 202global surface air temperature overview verslamuaryast 10 years
January 2028lobal surface air temperature comparedlanuary 2021
Temperature quality class [Lower troposphere temperature from satellites
Temperature quality class 2: HadCRUdbaj surface air temperature
Temperature quality class@tSS anBlCDC global surface air temperature
Comparing global surface air temperature and satebiésedtemperatures
Globalair temperaturelinear trencs
Global temperaturesAll in one Quality Class 1, 2 and 3
Global sea surface temperature
Oceantemperature inuppermost100m
Pacific Decadal Oscillation (PDO)
North Atlantic heat content uppermost 700 m
North Atlantic temperature8-800 m depthalong 59N 30-0W
Global ocean temperatureI®00 m depth summary
Global ocean net temperature change since 2004 at different depths
La Nifia and El Niflo episod@&ceanic Nifio Index
Zonal lower troposphere temperatures from satellites
Arctic and Antarctic lower troposphere temperatures from satellites
Arctic and Antarctic surface air temperatures
Temperature over land versus over oceans
Troposphere and stratosphere temperatures from satellites
Sea iceArctic and Antarctic
Sea level in general
Glohal sea levelrom satellite altimetry
Global sea level from tide gauges
Snow coverNorthern Hemisphere weekpnd seasonal
Atmospheric specific humidity
Atmospheric C®
Relation between annuahange of atm. C{and La Nifia and EI Nifio episodes
Phase relation between atmospheric €ahd global temperature
Global air temperature and atmospheric;CO
Laest 20-yearQClglobalmonthly air temperature change
Sunspot activity and QC1 average satellite glalbéémperature
Sunspot activity and average neutron counts
Sunspot activityON| and change rates of atmospheric@d specific humidity
Monthly lowertroposphere temperature and global cloud cover
Climate and history2002: Newunderstanding of the climatic control &ilimanjaro glaciers




January 2022jlobal 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. Inthe mapson pages4-5, showing the
geographical pattern of surface air temperature
anomalies the last previous 10 years are used as
reference period.

The rationale for comparing with this recent period
instead ofvariousWy 2 NJY I fsdefinedSdd pagsk
of the past centuryis thatsuchreferenceperiods
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 decreasing.
Comparing instead with the last previous y@ars
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 reference 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
changesapparentlyof mainly administrativearigin.
Afluctuatingvalue is clearly not suited as reference
value. Simply comparing with the last previous 10
years is more useful as reference for modern
changes. Please se also additional reflections on
page 8-49. The different air temperature records
have been divided into three quality classes, QC1,
QC2 and QC3, respectively, as described on 9age

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

The year 1979 has been chosen as starting point in
many diagrams, as thepproximatelycorresponds

to both the beginning of satellite observations 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 onwww.climate4you.com

January 2022urfaceair temperature

General: For January 2022the GlSSlata portal
(https://data.giss.nasa.gov/gistemp/)  provided
16200 AIRS interpolated surface air data points,
based on satellite observations, and visualised here
on pages 4. According tothe NCDC and GISS
surfaceair temperature records the January 2022
global temperature anomalyas a bithigherthan in

the previous monthAccording to the UAH and RSS
lower troposphere satellite records the January
2022temperature anomaly waa bit lower than in
the previous monthAccording to AIREanuary 2022
temperaturewasa bit higherJanuanyast year

The Northern Hemispheresurface temperature
anomality pattern (p4) was characterised by
regional contrasts, primarily controlled by the
dominant jet stream configuratianMost of North
America wagold, compared to the average for the
last 10 yearsIn contrast,most of Europe, Russia
(Incl. Siberia), Mongolia and northern Chiware
relatively warm. Ocean wisemuch of the North
Atlantic were relatively warm south of Iceland, but
relatively cold north of IcelandMuch of the Pacific
Ocean waselatively cold, althougla band centred
on 3C°N was relatively warnOvermost ofthe Arctic
Ocearsurface air temperatures wenelativelylow.

Near the Equatotemperatures were mostlpear or
below the 10year average.Especially a region
between 1020°N and 018C°E was relatively cold.

Southern Hemispheriemperatures weregenerally
near the average for the previous 10 yedvkst of
South Arica and eastern Australiahad below
average temperatures,while relatively warm
conditions characterisedwestern Australia and
central South America The Antarctic wasnear
average conditions with some regions being
relatively warm and other being relatively cold



http://www.climate4you.com/

January 2022jlobal surface air temperature overviewersusaverageJanuarylast 10 years

Surface air temperature January 2022 versus January last 10yr
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January 2028urface air temperature compared to thegerageof Januaryoverthe last 10 yearsGreenyellowred colours indicate areas
with higher temperature than th&0-yearaverage, while blue colours indicate lower than average temperatras source: Remote
Sensed Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical | Retleyee x Idegree V007
(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/

January 2022jlobal surface air temperature compared tbanuary 2021

Surface air temperature January 2022 versus January 2021
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January 20238urface air temperature compared January 2021Greenyellowred colours indicateegionswhere the present month was
warmer than last year while blue colours indicateegions 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 V007

(https://airs.jpl.nasa.gov), obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/magiestinv4.html).


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

Temperature quality class 1ower tropospheretemperature from satellites updated toJanuary
2022(see page 9 for definition of classes)
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UAH MSU global temperature anomaly
Monthly values and running 37-month average
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Global monthly average lower troposphere temperature (thin line) since 1979 accordingv&sity of Alabamat Huntsville, USA. The
thick line is the simple runnir8y-month average Referenceeriod 19912020.
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Global monthly average lower troposphere temperature (thin line) since 1979 according to accoemdte Sensing Syste(fi¥SS)
USAThe thick line is the simple runni8@month average.Please note that RSS MSU is not yet updated beyond August 2021.



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

Temperature quality class 2: HadCRUdbal surface air temperature updated toDecember2021
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Global monthly average surface air temperature (thin line) since 1979 according to accordingitaltég Centre for Climate Prediction

and Researchnd theUniversity of East Angl@Climatic Research URiERY, UK.The thick line is theimple runningd7-month average
Please na that HadCRWis not yet updated beyondecembef021



http://hadobs.metoffice.com/
http://hadobs.metoffice.com/
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http://www.cru.uea.ac.uk/
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Temperature quality class 3: GISS and NCDC global surface air temperature, updakaaduary 2022
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Global monthly average surface smperaturesince 1979 according to according to thational Climatic Data CentéKCDC), USAhe
thick line is the simple runnir@y-month average
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Global monthly average surface air temperature (thin line) since 1979 according to accordin@imditesrd 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 stding 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 represents the starting date for the sateHite

based global temperature estimates (UAH and RSS).

For the three surface air temperature records
(HadCRUT, NCDC and G888y beginmuch ealier

(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 changse 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 possile to note 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 stdions alsohas beenmoved geographically
during their period of operation instrumentation
have beenchanged and they are influenced by
changes in theirnear surroundings (vegetation,
buildings, etc.) The surface network is inherently
heterogeneous (deres over continents but sparse
over oceans) and probably contaminated by
urbanization surrounding many measurement sites.

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
microwave radiance (thereby unobstructed by
clouds) 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 reords cannot beof equal scientific
guality. The simple fact that they to some degree
differ showsthat they cannotall be correct.

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

Quality class 1The satellite records (UAH and RSS).
Quality class 2ZThe HadCRUT surface record.
Quality class 3the NCDC and GISS surface records.

The mainreason for discriminating betwee the
three surface records ihe following:

While both NCDC and GISS often experiengee
large administrative changgseeexample on [L0),
and therefore essentiallymust be considered as
unstable records, the changes introduced to
HadCRUT are fewer and smalldfor obvious
reasons, a the pastdoes not changeany record
undergoing continuing changesnnotdescribe the
past correctlyall the time Frequent and large
corrections in a databaseunavoidably 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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(GISS)USAas recorded bpublishedanomaly values fathe two months January 1%and January 2000.

The administrative upsurge of thetemperature

increasefrom January 19150 January 2000 has

grown from 045 (reported May 2008)to 0.66°C
(reported February2022). This representan about
47% administrative temperaturancreaseover this

period, meaning thatnearly half of the apparent
globaltemperatureincreasedrom January 190.to
January 2000(as reported by GISS¥ due to
administrative changesof the original datasince
May 2008


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

Comparing global surface air temperatusnd lower troposphere satellite temperaturs;
updated to Deember 2021
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Plot showing the average of monthly global surface air temperature estimdtefOQRUH, GIS&nd 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 panel shows the monthly difference betweeragesurface ai 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 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
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Global airtemperature linear trendsupdated toDe@mber 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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HadCRUS).



All in one,Quality Class 1, 2 and 8pdated to Deember 2021
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Superimposed plot @uality Class 1 (UAH and R@8bal monthly temperature estimates. As the base period differs for the
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year) mean of the average dfoth temperature records. The numbers shown in the lower right corner represent the
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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 besomewhatambiguaus.

However, as both types oéstimates 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 0.7°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 time none of the temperature records
consideredhere indicates any generaltemperature
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 comingb-10years.

As alwaystime will show which of thesgossibilities
is correct.
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Global sea surface temperatureéipdated toJanuary 2022

Global Sea Surface Temperature Anomaly (°C) Analysis Valid 00Z 28 Jan 2022
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Because of the largsurfaceareasnear Equatorthe
temperature of thesurface watein these regionss
especiallyimportant for the global atmospheric
temperature (p. 6-8). In fact, no less than50% of
LX FySG 91 NIKQa adzNFI°QS
and 30S.

A mixture of relatively warm andcold water
presently dominates much of the global ocean
surface but withnotabledifferences from month to
month. All suchocean surface temperature changes
will be influendng global air temperatures itthe
months to come. Just ow a cold new La Nifa
episodeis playing outin the Pacific Ocea(see p.
24). Relatively warm surface water isainlyfound
two bands centred around 30°N and 3°S
respectively

The significance olhortterm cooling orwarming
reflected in air temperatures should never be
overstated Whenever Earth experiences cold La
Nifia or warm El Nifio episodes major heat

- axdhangedake placeb&wedrSHe Pagific Ddednyind o n

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

However, his does notnecessarilyreflect similar

changes in the totalheat content of the

atmosphereocean system. In factglobal net

changesanbe smalland suctheatexchange may

mainly reflect redistribution of energybetween

ocean and atmospher&Vhat matters is the overall
temperature development when seen oveseveral
years.
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Oceantemperature inuppermost100m, updated toDecenber 2021
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Pacific Decadal Oscillation (PD@)pdated toJanuary 2022
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Monthly values of th&acific Decadal Oscillatig@DO)kince January 197%he PDO is a lodiyed El Nifidike pattern of Pacific climate
variability, and the data series goes back to Janu&%y41Base period: 1982002. The thin line indicates monthly PDO values, and the
thick line is the simple running 3@onth averageDatasourceNOAA Physical Science Laborat®®O ERSST V5 plotted above).

The PDO is a lodiyed El Nifidike pattern of Pacific
climate variability, with data extending back to
January 854. Causes for PDO are not currently
known, but even in the absence of a theoretical
understanding, PDO climate information improves
seasonrto-season and yeao-year climate forecasts
for North America because of its strong tendency for
multi-season and multyear persistence. The PDO
also appears to be roughly in phase witobal
temperature changesThus, frty I &2 OA SO €
perspective, recognition of PDO is important
because it shows that "normal” climate conditions
can vary over time periods comparable to the length
of a human'’s lifetime.

The PDO illustrates how global temperatures are
tied to sea sudce temperatures in the Pacific
Ocean, the largest ocean on Earth. When sea surface
temperatures are relatively low (negative phase
PDO), asit was from 1945 to 1977, global air
temperature decreases. WheRacific Ocearsea
surface temperatures are highdgpitive phase PDO),

as from 1977 to 1998, global surface air temperature
increases.

AYLI OGQa )
A Fourier frequency analysis (not shown here)

shows theentire PDO record since 1854 to be
influenced by a 5-year cycle, and possibly also by a
longer abouts3-year long cycle.


http://jisao.washington.edu/pdo/
https://psl.noaa.gov/pdo/
http://www.climate4you.com/GlobalTemperatures.htm#Global and hemispheric annual surface air temperatures since 1850
http://www.climate4you.com/GlobalTemperatures.htm#Global and hemispheric annual surface air temperatures since 1850
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North Atlantic heat contentuppermost 700 mupdated toJune2021
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North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toAuqust 2020
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Argo-data. SourceGlobal Marine Argo Atla®\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 Oceanograpig?, 81100.



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
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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
average, the temperature dhe global oceans down to

1900 m depth has been increasing since about 2011. It is
also seen that this increase since 2013 dominantly is due
to oceanic changes occurring near the Equator, between

3C°N and 30S. In contrast, for the circufrctic oceans
north of 53N, depthintegrated ocean temperatures
have been decreasing since 2011. Near the Antarctic,
south of 58S, temperatures have essentially been stable.
At most latitudes, a clear annual rhythm is seen.


http://www.argo.ucsd.edu/
http://www.argo.ucsd.edu/Marine_Atlas.html
http://www.sciencedirect.com/science/journal/00796611
http://www.sciencedirect.com/science/journal/00796611
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Global oceamet temperature change since 2004 at different depths, updatedAaqust 2020
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SourceGlobal Marine Argo Atla\dditional information can be found in: Roemmich, D. and J. Gilson, 2009. TH20P804
mean and annual cycle of temperature, salinity, and steric height in the global ocean from the Argo PRroGess in
Oceanography82, 81100.Please note that due to thepherical form of Earth, northern and southern latitudes represent
only small ocean volumes, compared to latitudes near the Equator.
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La Nina and El Nifio episodgdceanic Nifilo Index (ONIypdated toJanuary 2022
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Warm (>+0.8C) and cold (<0°) episodes for th®@ceanic Nifio Indg¥ONI), defined as 3 month running mean of ERSSTv4
SST anomalies in the Nifio 3.4 regidiN{S°S, 120-17C°W)]. For historical purposes cold and warm episodes are defined
when the threshold is met for a minimum of 5 consecutive-tagping seasons. Anomalies are centred otyBbase

periods updated every 5 years.

Thesulrecent 201516 El Nifio episode is among the  variations between El Nifio and La Nifia episodes do
strongest since the beginning of the record in 1950. not appear abnormal in any wa$ee also diagrams
Considering the entire record, however, recent on pages 4and 3.


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

26

Zonallower tropospheretemperaturesfrom satellites updated toJanuary 2022
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Global monthly average lower troposphere temperature since 1979 for the tropics and the northern and southern
extratropicsaccording taUniversity of Alabamat Huntsville, USA.hin lines show the monthly temperatuféhick lines

representhe simple runnin@7-month average, nearly corresponding to a runnBygearaverage. Reference period 1981
2010.

The overall warming since 1980 has dominantly been a
northern hemisphere phenomenon, and mainly played
out as a markedstep change between 1994 and 1999.
However, his rather rapid temperature bange is
influenced by the Mt. Pinatubo eruption 1993 and the

subsequent 1997 El Nifio episode. The diagram also
shows the temperature effects of the strong Equatorial El
bA32Qa Ay M@ dsrwell ag Re modevae El
Nifio in 2019Apparently these effectavere spreading to
higher latitudes in both hemispheres with some delay.
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Arctic and Antarctidower tropospheretemperature, updated toJanuary 2022
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Global monthly average lower troposphere temperataiece 1979 for the North Pole and South Pole regions, based on

satellite observationdyniversity of Alabamat Huntsville, USAThin lines show the monthly temperatuiihe thick line is
the simple runnin@7-month average, nearly corresponding to a runnBwyearaverage.Reference period $3-2020.

In the Arctic region, warming mainly took place 198 regions. A small overall temperature decrease has
and less so subsequently. In 2016, however, characterised the Arctic sindbe 2016 peak (see also
temperatures peaked for several months, presumably  diagrams on pag28-30).

because of oceanic heat given off to the atmosphere

during the201515 EI Nifio (see also figure on pags) In the Antarctic region, temperatures haveasically
andsubsequenthadvected to higher latitudes. remained stable since the onset of the satellite record in

1979. In 2016L7 a small temperature peak visible in the

This underscores how Arctic air temperatures may be  monthly record may be interpreted as the subdued effect
affected not only by variations in local conditions butalso  of the recent EI Nifio episode.

by variations playing out in geographically remote


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

Arctic and Antarctic surfag air temperaure, updated toNovenber 2021
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Diagram showig areaweighted Arctic (7690°N) monthly surface air temperature anomali¢salCRUTMsince January
1920, in relation to the WM@ormal period1961-1990. The thin line shows the monthly temperature anomaly, while the
thicker line shows the running 3month (c. 3 yearpverage.

Because of the relatively small number of Arctic regions where longitudes converge rapidlyhis

stations before 1930, montto-month variations in approachdiffers from the approachisedby Gillet et
the early part of the Arctic temperature record al. 2008 which calculated a simple average, with
19202018 arebiggerthan later (diagram above). correction for the substantial latitudinal surface

, _ areaeffectin polar regions
The period from about 1930 saw the establishment

of many rew Arctic meteorological stations, first
Russia and Siberiand following the Z World War,
also in North America explaining the above
difference

The area weightedArctic HadCRUT4 surface air
temperature records (p.2-30) correspond rather
well to the lower troposphere temperature records
recorded by satellites (p6).

The period since 2005 is warm, about as warm as the

period 19301940. Literature

As the HadCRUT4 data series has improved high . .\ 5 gione. DA Stott, P.A., Nozawa, T.

latitude coverage data coverage (compared to the Karpechko, AY., Hegerl, G.C., WehneVl.F. and

HadCRUT3 serieshe individual 3x3 grid cells Jones, P.D. 2008. Attribution of polar warming to
havebeen weighted according to their surface area.  human influenceNature Geoscienck, 756754.

This area correction is especially important for polar
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Temperature over land versus over oceans, updatedJamuary 2022
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Global monthly average lower troposphere temperature since 1979 measured over land and oceans, respectively,
according taJniversity of Alabamat Huntsville, USA. Thick lines are the simple runBifagonth average, nearly

corresponding to a runningBear average. Reference period 198120.

Since 1979, the lower troposphere over land has
warmed much more than over oceans, suggesting
that the overall warming is derived nmdy from

incoming solar radiation. In addition, there may be

supplementary reasons for this divergence, such as,
e.g., variations in cloud cover and changes in land
use.


http://vortex.nsstc.uah.edu/
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Troposphere and stratosphere temperatures from satellitagppdated toJanuary 2022

0.9

0.6

0.3

Temperature anomaly (deg.C)

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

Temperature anomaly (deg.C)

-0.6

0.6

0.3

0.0

-03

Temperature anomaly (deg.C)

-0.6

0.6

0.3

0.0

-0.3

Temperature anomaly (deg.C)

Global monthly average temperature in different according to University of Alabama at Huntsville, USA. The thin lines

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

UAH Upper Air Temperature

http:/Ivortex.nsstc.uah.edu/data/msu/v6.0beta/

UAH-MSU Is 17 km
Monthly and running 37-month average

El Chichon

Mt Pinatubo

UAH-MSU tp 10 km

_| Monthly and running 37-month average

06 —

(N ]“N f ]l,l i J‘ﬂ'ﬂ s
1 rlﬁ[‘ H“ "l]ﬂ 'P

"] UAH-MSU mt 4 km

Monthly and running 37-month average
LA

UAH-MSU It 2 km
Monthly and running 37-month average
‘I

January 2022

January 2022

January 2022

January 2022

Climate4you graph |

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

0.9

0.6

0.3

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

-0.6

represent the monthly average, and the thick line the simple running@nh average, nearlgorresponding to a running
3-year average. Reference period 198120.



33

Arctic and Antarctic sea ice, updated tlanuary 2022
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Sea ice exten?8 January 2022Themedianlimit of sea ice (orange line) is defined as 15% sea ice cover, according to the average of
satellite observations 1982010 poth years inclded). Sea ice may thereforeell be encountered outside and open water areas inside
the limit shown in the diagrams above. Map souidational Snow and Ice Data Cenf&iSIDC).

AMSR2 Sea Ice Concentration AMSR2 Sea Ice Concentration 20220127D

20210127D

Exploration Agenc(AXA).


http://nsidc.org/data/seaice_index/baseline-change.html
http://nsidc.org/data/seaice_index/index.html
http://www.jaxa.jp/index_e.html
http://www.jaxa.jp/index_e.html

NSIDC sea ice area; monthly and13-month average. Red line represents average 1979-2021.
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Graphs showing monthly Antarcti&rctic,and global sea ice extent since November 1978, according tddtienal Snow and Ice data
Center(NSIDC).
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http://nsidc.org/data/seaice_index/index.html
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Arctic Sea Ice Volume, 29-Jan-2022
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Sea level in general

Global (or eustatic3ealevel change is measured relative to an water from these basins into the adjoining oceans. Slow
idealised reference level, the geoid, which is a mathematical changes oExcessively biglaciers (ice sheets) and movements
Y2RSt 2F LI FySaG 91 NIKQa & dzNF I QrthednanileNdil Sftedt tBelgravity fidld andithenelhedvertizdl 2 6 |-
level is a function of the volume of the ocean basins and the position of the ocean surface. Any increase of the total water
volume of water they cotain. Changes in global séavel are mass as well as sediment deposition into oceans increase the
caused by but not limited to- four main mechanisms: load on their bottom, generating sinking by viscoelastic flow in
the mantle below. The mantle flow is directed towarthe
1. Changes in local and regional air pressure and wind,  surrounding land areas, which will rise, thereby partly
and tidal changes introduced by the Moon. compensating for the initial sea level increase induced by the
2. Changes in ocean basin volume by tectonic increased water mass in the ocean.
(geologicalforces.
3. Changes in ocean water density caused by variations =~ Mechanism Jtemperaturedriven expansion) only affects the

in currents, water temperature and salinity. uppermost part of the oceans on man time scales. Usually,
4. Changes in the volume of water caused by changes in  temperaturedriven changes in density are more important
the mass balance of terrestrial glaciers. than salinitydriven changes. Seawater is characterised by a
relatively small coefficient of expansion, but the effect should
In addition to these there are other mechanisms infiaing however not be overlooked, especially when imieeting
sealevel,such as storage of ground water, storage in lakes and  satellite altimetry data. Temperaturdriven expansion of a
rivers, evaporation, etc. column of seawater will not affect the total mass of water within
the column considered andwill therefore not affect the
Mechanism 1is controlling sedevel at many sites on a time potential at the top of the water column. Temperatudgiven
scale from months to several years. As an examp|e’ many ocean water expansion will therefore not in itself lead amy
coastal stations show a pronounced annuatiation reflecting lateral displacement of water, but onlipcally lift the ocean
seasonal changes in air pressures and wind speed. L-ozger surface. Near the coast, where people are living, the depth of
climatic changes playing out over decades or centuries will also ~ water approaches zero, so moeasurabletemperaturedriven
affect measurements of sdavel changesHansen et al. (2011, expansion wi take place hereMdrner 2013. Mechanism 3 is
2015)provide excellent analyses of sksvel changes caused by for that reason not important for coastal regions.
recurrent changes of the orbit of the Moon and other
phenomena. Mechanism 4changes in glacier mass balance) is an important
driver for global sedevel clanges along coasts, for human time
Mechanism 2¢ with the important exception of earthquakes scales. Volume changes of floating glacigise shelves; has
and tsunamis- typically operates over long (gedial) time no influence on the global sdavel, just like volume changes of
scales ands not significant on human time scales. It may relate ~ floating sea ice has no influence. Only the maatance of
to variations in theseafloor spreading rate, causing volume grounded or lanebased glaciers important for the global sea
changes in migcean mountain ridges, and to the slowly level along coasts.

changing configuration of land and oceans. Another effect may

be the slow rise of basins due to isostatic offloading by Summing up:Presumably, rechanism 1 and 4 are the most
deglaciation after an ice age. The floor of Baltic Sea and the important for understanding sekevel changes along coasts.
Hudson Bay are presently rising, causing a slow net transfer of
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Global sea levelrom satellite altimetry, updatedto Auqust 2021
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the interval considered.

Ground truthis a term used in various fields to refer to
information provided by direct observation as opposed to
information provided by inference, such as, e.g., by
satellite observations.

In remote sensing using satellite observations, ground
truth data refers toinformation collected on location.
Ground truth allows the satellite data to be related to real
features observed on the planet surface. The collection of
ground truth data enables calibration of remesensing

data, and aids in the interpretation and dgsis of what

is being sensed or recorded by satellites. Ground truth
sites allow the remote sensor operator to correct and
improve the interpretation of satellite data.

For satellite observations on sea level ground true data
are provided by the classicdide gauges (example
diagram on next page), that directly measures the local
sea level many places distributed along the coastlines on
the surface of the planet.


http://sealevel.colorado.edu/
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Global sea level froniide-gauges updated toDecember 2Q0
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Holgate9 monthly tide gauge data frofAISMSL Data Exploretolgate (20073uggested the nine stations listed in thegtam to capture

the variability found in a larger number of stations over the last half century studied previously. Feratbat,average values of the
Holgate9 group of tide gauge stations are interesting to foll@ven though Auckland (New Zealahd} not reported data since 2000,
and Cascais (Portugal) not since 1996fortunately, by this data loss the Holgaeseries since 2000 is underrepresented with respect to
the southerrhemisphere andhould therefore not be overinterpretethe blue dotare the individual average monthly observations, and
the purple line represents the running i@ibnth (ca. 10 gar) average. The two lower panels show the annual sea level change, calculated
for 1 and 16yearwindows, respectively. These values are ptbaethe end of the interval considered.

Data from tidegauges all over the world suggest an
average global selevel rise of 122 mm/year, while the
satellitederived record (page?@ suggest a rise of about
3.3 mml/year, or more. The noticeable differencebfaut
1:2) between the two data sets is remarkable but has no
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Northern Hemisphee weeklyand seasonasnow cover, updated tQJanuary 2022

Northern hemisphere snow cover (white) and sea ice (ye®@®eember2020(left) and 2@1 (right). Map sourcelNational
Ice Cente(NIC).
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is the weekly data, and the thick blue line is the run&iggveekaverage (approximately 1 year). The horizontal red igthe 1972
2021 average.
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Atmospheric pecific humidity, updated toJanuary 2022

Specific atmospheric humidifg/kg) at three different altitudes in the lower part of the atmosphéhe (Tropospheresirce January
1948 Kalnay et al. 1996 The thin blue lineshowmonthly values, while the thick blue lines show the run@ifrgnonth average (about

3 years). Data sourc&arth System Research Laboratory (NOAA)

Water vapor is the most important greenhouse gas in the
Troposphere. The highest concentration is found within a
latitudinal range from 58N to 60S. The two polar regions
of the Troposphere are comparatively dry.

The diagram above shows the specific atmospheric
humidity to be stable or slightly increasing up to about 4
5 km altitude. At higher levels in the Tropbspe (about

9 km), the specific humidity has been decreasing for the
duration of the record (since 1948), but with shorter

variations superimposed on the falling trend. A Fourier
frequency analysis (not shown here) shows these
variations to be influenced specially by a periodic
variation of about 3.#ear duration.

The persistent decrease in specific humidity at about 9 km
altitude is particularly noteworthy, as this altitude
roughly corresponds to the level where the theoretical
temperature effect of inogased atmospheric GOs
expected initially to play out.
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