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Summary of observations until September 2025:

1: Observed average annual global air temperature change since 1979 (c. 46 years) is +0.015°C (UAH).
If unchanged, additional average global air temperature increase by year 2100 will be about +1.15°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, but with periodic variations.

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 0.037°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: Sources and sinks for CO, are many. However, changes in atmospheric CO, follow changes in global
air temperature, and 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, underlining the fact that natural sinks and sources for atmospheric CO, far outweigh
human contributions. Therefore, any future reductions in the use of fossil fuels are unlikely

to have any significant effect on the amount of atmospheric Co,.
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September2025global surface air temperature overview

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

The global climate system represents a highly
complex system, involving sun, planets, atmosphere,
oceans, land, geological processes, biological life, and
complex interactions between them. Many
components and their mutual coupling are still not
fully  undestood or perhaps not even
recognised. Among all thesefactors human C@
emissions have in all probability contributed only a
little to the current warming. The global climate has
remained in a quasstable condition within certain
limits for millions ofyears, although with important
variations playing out over periods ranging from years
to centuries, or more, but the global climate has never
been in a fully stable state without change. Modern
observations show that this normal behaviour is also
characteizing recent years, and there is no
observational evidence for any global climate crisis.

Traditionally, a 36year reference period is often used
by various meteorological institutions for comparison
purposes and are supposed to be updated through
the end of each decade ending in zero (e.g., 1951
1980, 19611990, 19712000, etc.). The concept of a
normal climate goes back to the first part of the 20th
century. At that time, lasting to about 1960, it sa

unsuited as referencperiod. In the maps on page 4,
showing the geographical pattern of surface air
temperature anomalies, the last previous 10 years are
therefore used as reference period. This decadal
approach corresponds well to the typical memory
horizon for many people and is alsadopted as
reference period by other institutions, e.g., the Danish
Meteorological Institute (DMI).

September2025surfaceair temperature

General:For September2025, the GISS data portal
provided AIRS interpolated surface air data, based on
satellite observations (p-8). According tothe GISS
and NCDGurfacerecords the Septembe2025global
temperatureanomalywashigher than irthe previous
month. In contrast, the HadCRUT record indicates
little change.The UAH lower tropospheresatellite
series Septembertemperature anomalywas higher
than in the previous month However, he AIRS v6
Septembemglobal average temperature anomabkas
clearlybelow theSeptembeiaverage for the previous
10 years (p.4).

The Northern Hemispheresurface temperature

anomality (p4) wasgenerally below the average for
the previous 10 yearsExceptions were Canada
northern Europe and central Greenlar@dcean wise,
alsothe North Atlanticlargely had average surface
temperatures near or belowthe average for the
previous 10 yearsln contrast, he Pacific Ocean

generally believed that for all practicalddzNLJ2 & S digplayediargeregions with above average surface

climate could be considered constant, no matter how
obvious yeatto-year fluctuations mighhave been.
On this basis meteorologist decided to operate with
an average onormal climate, defined by a 3@ear
period, called thenormal period, assuming that it was
of sufficient length to iron out all intervening
variations

PDO (p.20)remains negative The Arctic Ocean
surface air temperatureswere mainly below the 16r
averagein the SiberianrAlaska sector, and relatively
warm in the GreenlandEurope sectors

Near the Equatotemperatures weremainly near or
belowthe 1Gyear average.

In fact, using a 3@ NJ Wy 2 NI list r&xher LIS NRGtRern Hemisphetemperatureswerelargelynear

unfortunate, as observations clearly demonstrate
that various global climate parameters (see, e.g., page
20) are influenced by periodic changess0f70 years
duration. Thefrequentlyused 30yr reference period

is roughly half thisme intervaland is thereforenighly

or belowthe 10yr averageAll major land areas had
below average temperaturesxcept forthe Antarctic
continent (now in winter season) which mainly
displayedaboveaveragesurface aitemperatures



September2025global surface air temperature overviewersusaverageSeptemberast 10 years

Surface air temperature September 2025 versus September last 10yr
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September2025surface air temperature compared to tlawerageof Septembeverthe last 10 yearsGreenyellowred colours indicate
areas with higher temperature than tt-yearaverage, while blue colours indicate lower than average temperatDas. source: Remote
Sensed Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retdegete 1x ddegree V006
(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/

September2025global surface air temperature compared ®eptember2024

Surface air temperature September 2025 versus September 2024
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Septembef025surface air temperature compared 8ptembef024 Greenyellowred colours indicateegionswhere the present month
was warmerthan 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 Restustyurce: Remote
Sensed Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retdegete 1x ddegree V006
(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/

Temperature guality class 10ower tropospheretemperature from satellites updated toSeptember
2025(see page 9 for definition of classes)
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Global monthly average lower troposphere temperature (thin line) since 1979 according to accoRiémydi® Sensing Syste(RSS)USA.
The thick line is the simple runni@@monthaverage.


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

Temperature guality class 2: HadCRU®bml surface air temperature updated toSeptember2025
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Global monthly average surface air temperature (thin line) since 1979 accordingHadhey Centre for Climate Prediction and Reseandh
the University of East AngleClimatic Research UiERY, UK.The thick line is theimple runnin@7-monthaverage



http://hadobs.metoffice.com/
http://www.uea.ac.uk/
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, upd@egdtember2025
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average.



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

A note ondatarecord stabilityand-quality:

Thetemperature diagrams shown aboaé have 1979

as starting year. This roughly marks the beginning of
the recent episode of global warming, after
termination of the previougpisodeof global cooling
from about 1940. In addition, the year 1979 also
represents the starting date for the satellitmsed
global temperature estimates (UAH and RE8).the
three surface air temperature records (HadCRUT,
NCDC and GIS8)ey beginmuch earlier ify 1850 and
1880 respectively, as can be inspected on
www.climate4you.com

For all three surface air temperature records, but
especially NCDC and Gl&&ninistrative change®
anomaly values are quite often introduced, even
affectingobservationgnanyyears back in time. Some
changesfrom the recent pastmay be due to the
delayed addition of new station datar change of
station location, while others probably have their
origin in changs of the techniqueimplementedto
calculate average valuesom 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 tmote that such changes
guite often are introducedse example diagram next

page)

In addition, the three surface records represent a
blend of sea surface data collectbggmoving 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 alschas beenmoved geographically during
their period of operation instrumentationhave been
changed and they are influenced by changes in their
near surroundings (vegetation, buildings, etcThe
surface network is inherently heterogeneous (dense
over continents but sparse over oceans) and probably
contaminated by urbanization surrading many
measurement sites.

The satellite temperature recordslso have their
problems, but these are generally of a more technical
nature andprobablytherefore better correctable. In

addition, the temperature sampling by satellites is
moreregular anccompleteon a global basitanthat
represented by the surface records.lt is also
important that the sensors on satellites measure
temperature directly bynicrowave radiance (thereby
unobstructed by cloudsWwhile mostmodernsurface
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 alsamportant to realisethat all
temperature recordscannot be of equal scientific
quality. The simple fact that they to some degree
differ showsthat they cannotall be correct.

On this background,and for practical reasons,
Climatedyoutherefore operates with three quality
classes (B) for global temperature records, with 1
representing the highest quality level:

Quality class Ifhe satellite records (UAH and RSS).
Quality class 2Zrhe Ha€RUT surface record.
Quality class 3the NCDC and GISS surface records.

The mairreason for discriminating between the three
surface records ithe following:

While both NCDC and GISS often experieaite
large administrative changgsee example on (0),
and therefore essentiallymust be considered as
unstable records, the changes introduced to HadCRUT
are fewer and smallerFor obvious reasons,sahe
past does not change any record undergoing
continuing changesannotdescribe the past correctly
all the time Frequent and large corrections a
database unavoidably 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
Temperatureandthenproceed toTemporal Stability



http://www.climate4you.com/
http://www.climate4you.com/
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Diagram showing thenonthlyadjustmens made since May 2008 by tii&oddard Institute for Space Stud{€dSS)
USAgas recorded byublishedanomaly values fothe two months January 19land January 2000AR5 indicates
timing of publication of IPCC report AR5 Climate Change 2013: The Physical Science Basis.

The administrative upsurge of the temperature
increase from January 19150 January 2000 has
grown from 045°C (reported May 2008) to 0.67°C
(reported September2025. This represents an about
4% administrative temperature increase over this

period, meaning thatabout half of the apparent
global temperature increases from January 1910 to
January 2000 (as reported by GISS)dig to
administrative changes of the original data since May
2008.


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

updated to Auqust2025
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Plot showing the average of monthly global surface air temperature estimdeQRUT, GISSndNCDand
satellite-based temperature estimateRES MSandUAH MSN The thin lines indicate the monthly value, while

the thick lines represent the simple running8@nth average, nearly corresponding to a runnirgr &verage.

The lower panel shows the monthly difference betwaegragesurface 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 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 air temperature linear trendsipdated to Augqust2025
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All in one,Quality Class 1, 2 and 8pdated to August2025

1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

et b b b b b b b bew b B B b bvn e ey,

—| QUALITY CLASS 1 -

1.2 — Climate4you graph — 1.2
1 — \ " — 1
0.8 — [ | w— 0.8

8
— Q-
06 — m 5— 06
| | r }L MI .\J / 2
‘ i o

04 — | |

0.2 — \

Il
—1- P 'LI Il
02 — 1M

R .

Temperature anomaly (deg.C)

7] - I I I |
n | 1 ' 1 QC1:UAHMSU =055 |— -0.2
- 1 i q ‘1 Netchange ~ QC1:RSSMSU=078 |
“ relative to
-04 — [ 30 yr mean — -0.4
1979-2008:

-0.6 [TT T [T T[T T[T [T [ T[T [T [ T[T T[T [T T [rr[T] -0.8
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

Superimposed plot duality 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 tdaak line represents the simple running 37 month (c. 3 year) mean

of the average oboth temperature records. The numbers shown in the lower right corner represent the temperature anomaly
relative to the individual 1972008averages.

1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

14 | 11 I |1 | 11 | L1 | 11 | 11 | 11 I | 1 | L1 | 11 | 11 | 11 | (| | 11 | | 1 | L1 14
— QUALITY CLASS 1+2 —
1.2 —{ Climatedyou graph — 1.2

l
08 —
06 — | : }]P. ) B
| . il L
04 — ‘ L “ J| :[.\II \ .“I'ﬁ l1| i I Nll 0.4
02 — _ . . i,’:.g| g 'll'"'ﬂi 'Il‘. r — 0.2

A | — 0.8

0.6

==

s =

-
——

August 2025

Temperature anomaly (deg.C)

N B Nl
0 —| yl -|,| '_ H“ |'|,|T} h'.' } JI H — 0
—- "lgl 1 [ ,"' I | L
02 — 'Y 'm't- | L,l‘i ‘]|' l”" QC1:UAHMSU=055 — .02
| ? I ,‘ f ‘\I N(letchange QC1:RSSMSU=0.78 |
tive t . -
04 —] ] %eg:yg:"fggg QC2:HadCRUTS =062 | o

-0.6 [TT T [T T[T [ T[T [T T[T [T [ T[T T[T [T T [rr[T] -0.8
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

Superimposed plot of Quality Class 1 and 2 (UAH, RSS and HadCRUT) global monthly temperature estimates. As the base pe
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120 months (30 years) from January 1979 to December 2008. The heavy black line represents the simple running 37 month (c
year) mean of the average of dliree temperature records. The numbers shown in the lower right corner represent the
temperature anomaly relative to the individual 1972008averages.
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represent the temperature anomaly relative to tineividual1979-2008averages.

Please seeeflectionson page9relating to the above three quality classes.

Satellite- and surfacebased temperature estimates
are derived from different types ofmeasurements
andcomparing them directly as in trabovediagrans
therefore may besomewhatambiguous

However, as both types o€stimates often are
discussed togethen various news medjahe above
composite diagrans may nevertheless be ofome
interest.

In fact, the different types of temperature estimates
appear to agree as to the overall temperature
variations on &-3-yearscale, although on a shet
time scale thereare often considerable differences
between the individual record$liowever, since about
2003 the surface recordssed to bedrifting towards
higher temperatures than thecombined satellite
record, but this overall tendencywasmuchremoved
by the major adjustmentof the RSS satellite serigs
2015

The combined records (diagram above suggesta
modestglobal air temperatureéncreaseover the last
40 years about 02°C per decaddt should be noted
that the apparent temperaturéncreasessince about
2003 at least partlyis the result of ongoing
administrative adjustments (pag#10). At the same
time, none of the temperature records considered
here indicates any overall temperature decrease
duringthe last20 years

The current temperature development does not
exclude the possibility that global temperaturemy
begin to increasesignificantly later. On the other
hand, it alsacemainsa possibility that Earth just now
is passing @& overall temperature peak, and that
global temperaturesmay begin to decreasaluring
the coming5-10years.

As alwaystime willtell which of thesepossibilities is
correct.
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Global sea surface temperatureipdated toSeptember2025

Global Sea Surface Temperature Anomaly (°C) Analysis Valid Sep 21 2025
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Because of the largesurfaceareasnear Equatoythe
temperature of thesurface waterin these regionss
especially important for the global atmospheric
temperature (p. 6-8). In fact,p /&2 2 ¥ LJ
surface area is located within 30 and 30S.

A mixture of relatively warm ancbldwater presently
dominates much ofthe globaloceansurface but with
notable variations from month to month All such
ocean surface temperature changesvill be
influendng global air temperatures ithe monthsto
come. A cold La Nifia episod€Pacific Ocean) has
recently ended an#vasfollowedby a warmhowalso
completed El Nifio episodémaps p.15 and diagram
p.25).

1980 1985 1990 1995 2000

The significance ofshortterm cooling orwarming
reflected in air temperatures should never be
overstated Whenever Earth experiences cold La Nifia

Iy S ar wa&rh BNiKo@pisodes major heat exchanigée

place between the Pacific Ocean and the atmosphere
above,sooner or lateishowing up in estimates of the
global air temperature.

However, his does notnecessarilyreflect similar

changes in the totaheat contentof the atmosphere

ocean system. In fagglobalnet changeganbe small

and such heat exchange may mainly reflect
redistribution of energy between ocean and
atmosphere What matters is the overaléemperature

development when seen oveeveralyears.
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Oceantemperature inuppermost100m, updated toJune2025
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Pacific Decadal Oscillation (PD@pdated toSeptember2025
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Monthly values of thé”acific Decadal OscillatigRDO)since January 197Fhe PDO is a lofiiyed El Nifidike pattern of Pacific climate
variability, and the data series goes back to Janu88A1Base period: 1982002. The thin line indicates monthly PDO values, and the thick
line is the simple running 3%onth averageData sourceNOAA Physical Science LaborafeeysionPDO 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
seasoRrto-season and yeao-year climate forecasts
for North America because of its strong tendency for
multi-season and mtityear persistence. The PDO
also appears to be roughly in phase wighobal
temperature change® ¢ KdzA~ FTNRY |
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.

a20AS0al €

The PDO illustrates how global temperatures are tied
to sea surface temperatures in the Pacific Ocean, the
largest ocean on Earth. When sea surface
temperatures are relatively low (negative phase
PDOQ), asit was from 1945 to 1977, global air
temperature often decreases. WherPacific Ocean
surface temperatures are high (positive phase PDO),
as from 1977 to 1998, global surface air temperature
oftenincreases.

. AYLI Ol Qa
A Fourier frequency analysis (not shown here) shows

the PDO record to be influenced by a significant 5.6
year cycle, anfeasiblyalso by a longer 18-gear

long period,matchingthe length of the lunar nodal
tide.


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

North Atlantic heat contentuppermost 700 m updated toJune2021
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North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toDecember 2021
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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 temperature1900 m depth summary, updated t®ecember 2021
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Summary of average temperature in uppermd300m in different parts of the global oceans, ushgo-data. SourceGlobal
Marine Argo AtlasAdditional information can be found in: Roemmich, D. and J. Gilson, 2009. TH0280#%ean and annual
cycle of temperature, salinity, and steric height in the global ocean from the Argo Prdgn@mess in Oceanograpt§2, 81

100.

The temperature of the global oceans down to 1900 m
depth has been increasing since about 20blit with a
possible peak around 202The globalincrease since 2013
is mainly due to changes occurring near the Equator,
between 30N and 30S. In contrast, for the circuArctic

oceans north of 5%, depthintegrated ocean
temperatures have been decreasing since 20dit with a
possible low around 2019Near the Antarctic, south of
55°S, temperatures have essentially been stable. At most
latitudes, a clear annual rhythm ésident


http://www.argo.ucsd.edu/
http://www.argo.ucsd.edu/Marine_Atlas.html
http://www.argo.ucsd.edu/Marine_Atlas.html
http://www.sciencedirect.com/science/journal/00796611
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Global oceamet temperature change since 2004 at different depths, updated@ecember2020
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SourceGlobal Marine Argo AtlasAdditional information can be found in: Roemmich, D. and J. Gilson, 2009. TH202804
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La Nina and El Nifio episodgdceanic Nifio Index (ONWipdated to September2025
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Warm (>+0.8C) and cold 0.5°C) episodes for th@ceanic Nifio IndgXONI), defined as 3 month running mean of ERSSTv4

SST anomalies in the Nifio 3.4 regidhN{5’S, 126-17C°W)]. For historical purposes cold and warm episodes are defined when
the threshold is met for a minimum of 5 consecutive d&pping seasons. Anomalies are centred otyi8Base periods

updated every 5 years.

In the Pacific Ocean, trade winds usualigw west
along the equator, pushing warm water from South
America towards Asia. To replace that warm water,
cold water rises from the depths near South America.
During El Nifio episodes, trade winds weaken, and
warm water is spreading back east, toward South
America. In contrast, during La Nifia episodes, trade
winds are stronger than usual, pushing more warm
water than usual toward Asia, and upwelling of cold
water near South America therefore increases.

The 201516 El Nifio episode is among the strongest
since the beginning of the record in 1950. Considering
the entire record, however, recent variations
between EI Nifio and La Nifia episodes do not appear
abnormal in any way.

A Fourier frequency analysis (not shown here) shows
the ONI record to be influenced by a significant 3.6
year cycle, anfeasiblyalso by a longer 5-@ear

cycle.


http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Zonallower tropospheretemperaturesfrom satellites updated toSeptember2025
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Global monthly average lower troposphere temperature since 1979 for the tropics and the northern and southern extratropics,
according tdUniversity of Alabamat Huntsville, USAhin lines show the monthly temperatufiéhick linesepresenthe
simple running7-month average, nearly corresponding to a runnBwgearaverage. Reference period 198210.

The overall warming since 1980 has dominantly been a G SYLISNJ G dz2NB SFFSOGa 2F (KS 2
northern hemisphergghenomenon andnainly played out 1997 and 2018 6, as well as the moderate El Nifio in 2019

as a marked change between 1994 and 1%8%@wever, his Apparently, these effects were spreading to higher

rather rapid temperature change @obablyinfluenced by latitudes in both hemispheres with some del&ecentlya

the Mt. Pinatubo eruption 19993 and the subsequent new El Niflavasplaying outin the Pacific Oceafp.25) as

1997 El Nifio episode. The diagram also shows the isclearly showrby tropics surface air temperatures.
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Arctic and Antarctidower tropospheretemperature, updated toSeptember2025
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Global monthly average lower troposphere temperature since 1979 for the North Pole and South Pole regions, based on satelli
observations University of Alabamat Huntsville, USAT.hin lines show the monthly temperatufiéhe thick line is the simple
running37-month average, nearly corresponding to a runniBygearaverage Reference period $3-2020.

In the Arctic region, warming mainly took place 1985}

and less so subsequently. In 2016, however, temperatures
peaked for several months, presumably because of oceanic
heat given off to the atmosphere during tH#201515 EI
Nifio (see alsadiagramon page ) and subsequently
advected to higher latitudes.

This underscores how Arctic air temperatures may be
affected not only by variations in local conditions but also
by variations playing out in geographically remote regions.

A slight temperature decrease characterised the Arctic
sincethe marked2016EIl Nifiopeak However the recent
(202324) EI Nifio episode is recorded by Arctic
temperatures in a less pronounced way.

In the Antarctic region, temperatures havbasically
remained stable since the onset of the satellite record in
1979. In 2016L7 a small temperature peak visible in the
monthly record may be interpreted as the subdued effect
of the recent El Nifio episode.


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

Arctic and Antarctic surface air tempetare, updated toDe@mber 2021
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http://www.cru.uea.ac.uk/cru/data/temperature/
file:///C:/Ole/Manus/Climate4you%20Monthly/NormalClimateNormalPeriod.htm
http://www.cru.uea.ac.uk/cru/data/temperature/
file:///C:/Ole/Manus/Climate4you%20Monthly/NormalClimateNormalPeriod.htm
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Diagram showingireaweightedArctic (7090°N) monthly surface air temperature anomaligga CRUT)4since January 1920,
in relation to the WMQhormal period1961-1990. The thin line shows the monthly temperature anomaly, while the thicker line

shows the running 3month (c. 3 yearpaverage.

Because of the relatively small number of Arctic
stations before 1930, monttb-month variations in
the early part of the Arctic temperature record 1920
2018 arehigherthan later (diagram above).

The period from about 1930 saw the establishment of
many new Arctic meteorological stations, first
Russia and Sibefiand following the ® World War,
also in North America explaining the above
difference

The period since 2005 is warm, about as warm as the
period 19301940.

As the HadCRUT4 data series has improved high

latitude coverage data coverage (compared to the
HadCRUT3 serieghe individual 5x5° grid cellshave
been weighted according to their surface arddis
area correction is especially important for polar

regions where longitudes converge rapidlylhis
approachdiffers from the approactlusedby Gillet et

al. 2008 which calculated a simple average, with

correction forthe substantiallatitudinal surface area
effectin polar regions

The area weighted Arctic HadCRUT4 surface air
temperature anomalies(p.28-30) correspond rather
well to the lower troposphere temperatur@nomalies
recorded by satellites (p72.

Literature

Gillett, N.P., Stone, D.A., Stott, P.A., Nozawa, T.,
Karpechko, AY., Hegerl, G.C., Wehner, M.F. and
Jones, P.D. 2008. Attribution of polar warming to
human influenceNature Geoscienck 750754.
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Long Arctiannualsurface air temperature series, updated to year 202
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Long Antarctiannualsurface air temperature series, updated to year 202
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Temperature over land versus over oceans, updated3eptember2025
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University of Alabamat Huntsville, USA. Thick lines are the simple running@nh average, nearly corresponding to a

running 3year average. Reference period 198120.

Since 1979, the lower troposphere over land has

e.g., variations in cloud cover and changes in land use.

warmed considerably more than over oceans, Compare also with cloud cover diagram on page 60.
suggesting that the overall warming is derived mainly

from incoming solar radiation.

However there may be supplementary reasons for

The temperature effect of therecent (202324) El

Nifio episodewas recorded more pronounced over

this rather marked temperaturalivergence, such as,

land regions, compared tine ocean regions.


http://vortex.nsstc.uah.edu/

Troposphere and stratosphere temperatures from satellites, updatedIeptember2025
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Arctic and Antarctic sea ice, updated ®eptember2025
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35
Sea icaverageextent22 Septembef025 Themedianlimit of sea ice (orange line) is defined as 15% sea ice cover, according to the average
of satellite observations 1981010 poth years inclded). Sea ice may therefore well be encountered outside and open water areas inside the
limit shown in the diagrams above. Map souridational Snow and Ice Data CeniISIDC).

AMSR2 Sea Ice Concentration AMSR2 Sea Ice Concentration
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202509230

Sea Ice Con. Efe' ‘ g NJ—EB‘ W Sea Ice Con. [% 1

Diagrams showing Arctic sea ice extent and concentré@2®®eptember2024 (left) and 2@5 (right), according to theJapan Aerospace
Exploration AgencfdAXA).
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Sea Ice Thickness, 22-Sep-2025

Arctic Sea Ice Volume, 22-Sep-2025
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Diagrams showing Arctic sea ice extent and thickB2sSeptembe2024(left) and 2@5 (right and above) and the seasonal
cyclesof the calculated total arctic sea ice volume, accordingitte Danish Meteorological Institute (DMIhe mean sea ice
volume and standard deviation for the period 26213 are shown by grey shadifjease note that DMI on 7 December
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http://ocean.dmi.dk/arctic/icethickness/thk.uk.php
http://polarportal.dk/en/sea-ice-and-icebergs/sea-ice-thickness-and-volume/
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12 month running average sea ice extensgiobal andn both hemispheres since 1979, the sateblite. The October 1979 value

represents thenonthly 12monthaverage of November 197&8ctober 1979, the November 1979 value represents the average of December
1978- November 1979, etdhe stippled lines represent a-6bnth (ca.5 years) averageData sourceNational Snow and Ice Data Center
(NSIDC).


http://nsidc.org/data/seaice_index/index.html
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Sea level in general

Global (or eustatic) sel@vel change is measured relative to an presenty rising, causing a slow net transfer of water from these
idealised reference level, the geoid, which is a mathematical basins into the adjoining oceans. Slow changesxoéssively big
Y2RSt 2F LXFySG 9FNIKQa &dzNF I Odacigrd (iceNshiefis)hnd iiiovdmends in tha mantle will dfécetiae b
level is a function of the volume of the ocean basins and the gravity field and thereby the vertical position of the ocean surface.
volume of water they contain. Changes in global-keeel are Any increase of the total water mass as well as sediment
caused by but not limited to- four main mechanisms: deposition into oceans increase the load on their bottom,
genaating sinking by viscoelastic flow in the mantle below. The
1. Changes in local and regional air pressure and wind, and ~ mantle flow is directed towards the surrounding land areas, which

tidal changes introduced by the Moon. will rise, thereby partly compensating for the initial sea level
2. Changes in ocean basin volume by tectonic (geological) increase induced by the increased water mass in the ocean.
forces.
3. Changes in ocean water density caused by variations in ~ Mechanism 3(temperaturedriven expansion) only affects the
currents, water temperature and salinity. uppermost part of the oceans on human time scales. Usually,
4. Changes in the volume of water caused by changes in  temperaturedriven changes in density are more important than
the mass balance of terrestrial glaciers. salinitydriven changes. Seawater is characterised by a relatively
small coefficienbf expansion, but the effect should however not
In addition to these there are other mechanisms influenceg be overlooked, especially when interpreting satellite altimetry
level,such as storage of ground water, storage in lakes and rivers, data. Temperaturariven expansion of a column of seawater will
evaporation, etc. not affect the total mass of water within the colunwonsidered
andwill therefore not affect the potential at the top of the water
Mechanism 1s controlling sedevel at many sites on a time scale column. Temperatur@riven ocean water expansion will

from months to several years. As an example, many coastal therefore not in itself lead ta@nylateral displacement of water,
stations show a pronounced annual variation reflecting seasonal ~ but only locally lift the ocean surface. Near the coast, where

changes in air pressures and wind speed. Loteyen climatic people are living, the depth of water approaches zero, so no

changes playingut over decades or centuries will also affect measurabletemperaturedriven expansion will take place here

measurements of sekevel changesHansen et al. (2011, 2015) (Morner 2015. Mechanism 3 is for that reason not important for

provide excellent analyses of skmel changes caused by 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 changes along coasts, for human time

Mechanism 2; with the important exception of earthquakes and scales. Volume changes of floating glacigiee shelveg has no

tsunamis- typically operates over long (geological) tirseales influence on the global sdavel, just like volume changes of

and is not significant on human time scales. It may relate to ~ floating ®a ice has no influence. Only the mimdance of
variations in theseafloorspreading rate, causing volume changes ~ grounded or lanebased glaciers is important for the global sea
in micd-ocean mountain ridges, and to the slowly changing  level along coasts.

configuration of land and oceans. Another effect may be the slow

rise of basins due to isostatic offloading by deglaciation after an ~ Summing up:Presumably, mchanism 1 and 4 are the most
ice age. The floor of thdaltic Sea and the Hudson Bay are important for understanding sekevel changes along coasts.
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Global sea levefrom satellite altimetry, updatedto September 2023
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Global sea level since December 1992 according to the Colorado Center for Astrodynamics Résgiseskint of Colorado at Bould@the
blue dots are the individual observations, and the purple line represents the runnimgobh®1 (ca. 10 gar) average. The two lower panels
show the annual sea level change, calculated for 118rgkartime windows, respectively. These values are plotted at the end of the interval

consideredCompare with tidegauge diagram on page 41.

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 to information 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 enablesalibration of remotesensing data, and

aids in the interpretation and analysis 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 classical tide 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 fronide-gauges extended Holgate9, updated to December 2@3

ExtendedHolgate9 monthly tidegauge data frorPSMSL Data Explorkfolgate (20073uggested stations to capture thglobalvariability

found in a larger number of stations over the last half century studied previblesliever, some of the stations suggested by Holgate has not
reported values for several years, leadinghte southerrhemispheraowbeing seriously underrepresentiechis original data sefherefore,

in the above diagrarseveral other long tidgauge series have been included, to provide a more balanced representation of both hemispheres
(15 stations in total) The blue dots are the individual average monthly observations, and the purple line represents the runniogth21

(ca. 10 gan average. The two lower panels show tnerageannual sea level change, calculated fooving 1 and 18year windows,
respectively. These values are plotted at the end ofithe windowconsideregdmonth by month

Data from tidegauges all over the world suggest an several complications in areas near the codsgnudelli et

average global selevel rise of 12 mm/year, while the al. (2019) provide an updated overview of the current
modern satellite-derived record gince 1992,page 40) limitations of classical satellite altimetry in coastal regions.
suggest a rise of about 8.mm/year, or more. The Since2015 asea level increase rate may be suggested by

difference between the two data sets is remarkable. It is  the above composite record.
however knownthat satellite observations are facing
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