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March 2020global surface air temperature overviewersus last 10 years

Surface air temperature March 2020 versus last 10yr
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March 2020surface air temperature compad to theaverageof the last 10 yearsGreenryellowred colours indicate areas with higher
temperature than thelO-yearaverage, while blue colours indicate lower than average temperatures. Data sRaemete Sensed Surface
Temperature Anomaly, AIRS/Agu3 Monthly Standard Physical Retrievaegree x 1 degree VOU&tps://airs.jpl.nasa.gov}.


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

Comments to theMarch 2020qglobal surface air temperature overviewersus last 10 years

General: This newslettecontains graphs showing a
selection of key meteorological variabjéspossible
updated to the most recent pasimonth. All
temperatures are given in degrees Celsius.

18 months after, with equal weighgiven to all
individual months

The yar 1979 has been chosen as starting point in
many diagrams, as this roughly corresponds to both

In the above maps showing the geographical pattern  the beginning ofatellite observations and the onset

of surface air temperatures, théast previous 10
years araused as reference period.

The ationalefor comparing with this recent period

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

instead of the official WMOsc-called Wy 2 NXY' I £ Q

period 19611990, is that tle latter period is
affected by the cold period 194%980. Most
comparisors with this time periodwill inevitably
appear as warm, and it will be difficult to decide if
modern temperatures are increasing or decreasing
Comparinginsteadwith the lastprevious 10 years
overcomes this problenand clearer displays the
modern dynamics ofongoing changeThis decadal
approach also corresponds well to the typical
memory horizon formany peopleand is now also
adopted as reference period by other institutigns
e.g. the Danish Meteorological Institute (DMI)

In addition most temperature datdasesdisplay
sometemporal instability for data beforthe turn of
the century(see e.g. p.8). Any comparison with the
WMOreferenceperiod 19611990will therefore be
influenced bysuch ongoing monthly changs of
mainly administrative natureAn unstéle value is
clearly not suited as reference value Simply
comparing with the last previous 10 yeamsakes
more sense ands more useful as reference for
modern changesSee als@dditionalreflections on
page 4.

The different air temperature records haveen

divided into three quality classes, QC1, QC2 and

QC3, respectively, as described on page

In manydiagramsshownin this newsletter the thin
line represents the monthly global average value,
and the thick line indicate a simple running average,
in most cases a simple moving-Bibnth average,
nearly corresponding to three-year average. The
37-month average is calated from values
covering a range from 18months before to

March 2020Remote Sensed Surfademperature

General: For March 2020 AIRSsupplied 5200
interpolated surface aidata points using the GIS
data portal. According to thedata published the
averageglobal March temperature anomaly was
lower than estimated forthe previous month

The Northern Hemispheremperature anomality
pattern was characterised byonsiderableregional
contrasts mainly controlled by the dominant jet
stream configuration Eastern Europe western
Russia and easter@iberiahad temperatures above
the average for the y@vious10 years.The highest
warm anomalywvas insouthern RussiaAlso,eastern
USA was relatively warrm contrast, Alaska andlW
Canadawas relatively cold. Ocean wise,North
Atlantic was near average surface temperatyre
while the southern North Pacift in generalwas
belowthe 10yr averageln the Arcticrelatively low
temperatures dominated,with exception of the
Siberian coastadector.

Near the Equatortemperatures weremostly near
the 10yearaverage

The Southern Hemispheretemperatures were
generallynearor belowthe average for thgrevious
10 years. A zone of relatively low surface air
temperaturesdominated between 20°S and 55
affecting ocean as well as land areasuch as
southern Africa, southern Australia and New
Zealand Argentinahowever was relatively warnin
the Antarctic,surfaceair temperatures werdargely
belowthe 10yearaverage except for theAntarctic
Peninsulawhich was relativelyvarm.



http://www.climate4you.com/

March 2020global surface air temperature compared tdarch 2019

Surface air temperature March 2020 versus March 2019
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March 2020surface air temperature compared March 2019 Greenyellowred colours indicateegionswhere the present month was
warmerthan last year while blue colours indicategions where the present month was cooler than one yearégoations in monthly
temperature from one year to the next has no tangible climatic importance but may neverthelessrbsting to studyData source:

Remote Sesed Surface Temperature Anomaly, AIRS/Agua L3 Monthly Standard Physical Retrieval 1 degree x 1 degree VOO
(https://airs.jpl.nasa.gov}.
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Temperature quality class 1ower tropospheretemperature from satellites, updated toMarch
2020
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Global monthly average lower troposphere temperature (thin line) since 1979 accordingv&sity of Alabamat Huntsvile, USA. The
thick line is the simple runnir8y-month average.
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Global monthly average lower troposphere temperature (thin line) since 1979 according to accolemdte Sensing SystefiSS)
USAThethick line is the simple runnirf87-month average.
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Temperature quality class 2: HadCRUdbal surface air temperature updated toFebruary2020
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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 ReseahcUnit(CRU, UK.The thick line is theimple running7-month average
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Temperature quality class 3: GISS and NCDC global surface air temperature, upddiddh 2020
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Global monthly average surface air temperature (thin line) since 1979 according to accordingodtiard Institute for Space Studies

(GISS)at Columbia University, New York City, US#g ERSST_wdean surface temperaturehe thick line is the simple runniBg-
month average.
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Global monthly average surface s@mperaturesince 1979 according to according to thational Climati®ata Cente(NCDC), USAhe
thick line is the simple runnir@y-month average
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A note ondatarecord stabilityand -quality:

The temperature diagrams shown abowal have
1979 as starting year. This roughly marks the
begnning of the recenepisodeof 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 G888y beginmuch earlier
(in 1850 and 1880respectively, as can be inspected
onwww.climate4you.com

For all three surface air temperature reds, but
especially NCDC and Gl&8Bninistrative change®
anomaly values are quite often introducedyen
affecting observationsmany years back in time.
Some changes may be due to the delayéditon
of new station dataor change of station location,
while others probably have their origin in chasgé
the technigueadoptedto calculate average values.
It is clearly impossible to evaluate the validity of
such administrative changes for the side user of
these recordsit is only possible tmote that such
changesquite 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 meansplus 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 their
instrumentationhave beenchanged and trey are
influenced by changes in theirear surroundings
(vegetation, buildings, etc.)

The satellite temperature recordalso have treir
problems, but these are generally of a more
technical nature and thereforeetter correctable. In
addition, the tempeature sampling by satellites is
more regular andcompleteon a global basithan
that represented bythe surface recordslt is also

important that the sensors on satellites measure
temperature directly by emitted radiation, while
most modern surface tempeature 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 cannotall be correct.

On this backgroundand for practical reasons,
Climae4you therefore operates with three quality
classes (-B) for global temperature records, with 1
representing the highest quality lelz

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 betweethe
three surface records ibe following:

While both NCDC and GISS often experiengee
large administrative changdgseeexample on p.8)
and therefore essentiallgre unstabletemperature
records, the chages introduced to HadCRUT are
fewer and smallerfFor obvious reasonssdhe past
does not changeany recordundergoing continuing
changescannot describe the past correctlgll the
time. Frequent and large corrections a database
of causesignala fundamental doubtabout whatis
likely to representhe correct values.

You can find more on the issue of lack of temporal
stability on www.climate4you.com(go to: Global
Temperatureand proceed taremporal Stabilif).
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Diagram showing the adjustmesinade since May 2008 by tii&ddard Institute for Space Stud{@&SS)USA,
in publishedanomaly values fathe months January 1®@and January 2000.

Note: Theadministrativeupsurge of thetemperature increasefrom January 191%0 January 2000 hagrown
from 045 (reported May 2008)to 0.69°C (reported April 2020. This representan about53% administrative
temperatureincreaseover this period meaning thatnore thanhalf of the apparentglobaltemperature increase

from January 190to January 200Qas reported by GIS8)due to administrativehangesf the original data
since May 2008
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Comparing global surface air temperatusnd lower troposphere sateite temperatures;
updated to March 2020

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

1.2 — UAH lower troposphere temperature, monthly and 37-month running average — 1.2
— Gilobal -
T —
—~ 0.8 — ‘ — 0.8
2 e | B
g 06 — H H of— 06
z 04— ‘ # ‘[jfl'wh\l ‘.l\ |} s 04
5 i L H Imr 14 H‘J ‘” \I =T
g2 02— Ju g AR i i — 0.2
= ] TG lwml ‘ nw u -
5 " " ‘-;. lhﬂm..mlﬂlwll ulHI *l lilll!qm‘ ik .
=}
P i | A
g -0.2 — ‘ — -0.2
E 0.4 — — 04
-0.6 — — -0.6
-0.8 — Red: Lower troposphere temperature measured over land — -0.8
— Blue: Lower troposphere temperature measured over oceans —
A — 1
G. 0.8 — Difference land minus ocean, monthly and 37-month running average — 0.8
g"/ _ L
9 04 — — 04
c _ L
§ 0 —| Al i Ml g ML s A i ) 0
'.6 — —
Z .04 — — 0.4
g N Climate4 ho|
imat
= 08 imate4you grapl

-0.8
|II|II|II|II|II|II|II|II|II|II|II|II| |II|

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

Plot showing the average of monthly global surface air temperature estimdefQRUT45ISSNdNCDEand
satellitebased temperature estimateRES MSBhdUAH MS) The thin lines indicate the monthly value,
while the thick lines represerfteé simple running 3month averge, nearly corresponding to a running13
average. The lower panel shows the monthly difference betaeeragesurface air temperature and satellite
temperatures. As the base period differs for the different temperatuimates, they have all been noalised
by comparing to the average value of 30 years from January 1979 to December 2008.
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Global air temperature linear trendsipdated to February2020
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Diagram showing the latest 5, 10, 20 andy8dinear annual global temperature trend, calated 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 February2020
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Superimposed plot @uality Class 1 (UAH@iRSSjlobal 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 2008hddng/black line 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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Superinposed pot 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 mortis (30years) 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 anomalyla¢ive to the individual 1972008averages.
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Superimposed plot @uality Class 1, 2 andgBbal monthly temperature estimatéds)AH, RSS, HadCRUT4, GISS and NCDC)
As the base period differs for thmdividualtemperature estimates, they have all beearmalised by comparingith the
average value of the initial 120 montt80(years) from January 1979 to Decembd@@3. The heavy black line represents the
simple running 37 month (c. 3 year) mean of the averdgdldive temperature records. The numbeshown in the lower
right corner represent the temperature anomaly relative to ithdividual19792008averages.

Please see notes on pafeelating to the above three quality classes.

Satellite- and surfacebased temperature estimates
are derived fom different types of measurements,
and that comparing them directly as done in the
diagrans above thereforanay bequedionable

However, as both types of estimate often are
discussed together, the above®mpositediagrans
may nevertheless be of interedh fact, the different
types of temperature estimates appear to agree as
to the overall temperature variations onz3-year
scale, although on a shet time scale thereare
often considerable differences between the
individual recordsHowever, since lzout 2003 the
surface recordsare slowly drifting towards higher
temperatures than thecombined satellite record
(see p.10), although this difference recently was
muchreduced by theadjustmentof the RSS satellite
series (see lower diagram on page 5)

There has beeronly modestincrease inthe global
air temperature since 1998which however was
affected by the oceanographic El Nifio evehilso,
the recent(201516) strong El Nifio evenprobably
represens a relatively shorived spike on a longer
develpment. The apparent (visual) temperature
increase since about 2003 is at least partly the result
of ongoing administrative adjustments (pagep
Simultaneously, the avaliée temperature records
do not indicate any temperature decrease over the
last 20 yars See also diagram on pag8.4

The present temperature dynamics does not
exclude the possibility that global temperatumresy
begin to increasesignificantlylater. On the other
hand, it alsodemainsa possibility that Earth just now
is passing @& oveill temperature peak, and that
global temperaturesnay begin to deceaseduring
the coming yearsAgain, tme will show which of
thesepossibilities is correct.
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Global sea surface temperatureipdated toMarch 2020

Global Sea Surface Temperature Anomaly (°C)

Analysis Valid 00Z 29 Mar 2020
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Plymouth State Weather Center

Sea surface temperature anomaly 29 March202Q Map urce:Plymouth StatéVeather CenterReference period: 1977

1991.

Because of the largsurfaceareasnear Equatorthe
temperature of thesurface wateiin these regionss
especiallyimportant for the global atmospheric
temperature (p. 5-7). In fact, no less thar60% of
LX FySia 9FNIKQa
and 30S.

A mixture of relatively warm andcold water
dominates much ofthe oceans but with notable
differences from month to monthAll suchocean
surface temperaturechangeswill be influendng
global air temperatures in the mongtto come.

The significance ofany shortterm cooling or
warmingreflectedin air temperatureshould not be

d dzNF | QS

overstated Whenever Earth experiences cold La

Nifia or warm El Nifio episodé2aciic Oceanjnajor

heat exchanges takes place between the Pacific

Ocean and the atmosphere above&oner or later

- didving A inf estilatésS &  tiieA gldbal yair o n

temperature.

However, his des not necessarilyreflect similar

changes in the totalheat content of the

atmosphereocean system. In factglobal net

changesanbe smalland suchheat exchangemay

mainly reflect redistribution of energybetween

ocean and atmospher&Vhat matters is the overall
temperature development when seen oveseveral
years.


https://vortex.plymouth.edu/mapwall/ssta.png
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Global monthly average sea surface temperature since 1979 according featiienal Cinatic Data Cente(NCDC), USAa&e period:

1901-2000.The thick line is theimple running 3#onth averagelnsert: Argo global ocean temperature anomaly from floaisplaced
vertically to make visual compariseasier.

June 18, 201NCDC has intragtedseveralrather large administrative changes to their sea surface temperature record. The overall
result is to produce a record giving the impression of a continuous temperature increase, also fhcm@@y. As the oceans cover
about 71% of thetire surfae of planet Earth, the effect of thégljustmentis clearlyreflectedin the NCDC record for global surface air
temperature (p-7).



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

Oceantemperature inuppermost100m, updated toDecember2019
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North Atlantic heat contentuppermost 700 m updated toJune 2019
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North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toJuly2019
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Time series epth-temperature diagram along 59 N across tNerth Atlantic Currenfrom 30°W to C°W, from surface to
800 m depthSourceGlobal Marine Argo AtlaSee alsthe diagrambelow.
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20042008 mean and annual cycle of temperature, salinity, and steric height in the global ocean from the Argo Program.
Progress in Oceanograpif2, 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 temperatur 0-1900 m depth summary, updated tduly2019
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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 increagisince about 2011. It is
also seen that this increase since 2013 dominantly is due
to oceanic changes occurring near the Equator, between

30°N and 30S. In contrast, for theircumArctic oceans
north of 5%N, depthintegrated ocean temperatures
have be@& 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, updatedJaly2019
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La Ninaand El Nio episodes updated toMarch 2020
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Warm (>+0.3C) and cold (<0°€) episodes for th@ceanic Nifio IndgfONI), defined as 3 month runningean 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. Anonie$ are centred on 3¢r base

periods updated every 5 years.

The recent 20186 El Nifio episode is among the  variations betweerkl Nifio and La Nifia episodes do
strongest since the beginning of the record in 1950. not appear abnormal in anway.
Considering the entire record, however, recent


http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Troposphere and stratosphere temperatures from satellites, updatedviarch 2020
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Zonallower tropospheretemperaturesfrom satellites updated toMarch 2020
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Global monthly average lower troposphere temperature since 1979 for the tamicthe northern and southern
extratropics, according toniversity of Alabamat Huntsville, USA.hin lines show the monthly temperatuféhick lines
representhe simple runnin@7-month average, nearly corresponding to a runnBwyearaverage. Referare period 1981
2010.

The overdlwarming since 1980 has dominantly been a  subseqent 1997 El Nifio episode. The diagram also
northern hemisphere phenomenon, and mainly played shows the temperature effects of the strong Equatorial El
out as a marked change between 1994 and 1999. This bA 32 Q& Ay M@ dsrwell ag Re modevae El
apparently rapid temperature change is, however, Nifio in 2019, apparently were spreading to higher
influenced by the Mt. Pinatuberuption 199293 and the latitudes in boh hemispheres with some delay.
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Arctic and Antarctidower tropospheretemperature, updated toMarch 2020
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the simple runnin@7-month average, nearly corresponding to a runnBygearaverage Reference péod 19812010.

In the Arctic region, warming mainly took place 198
and less so subsequently. In 2016, however,
temperatures peaked for several months,esumably
because of oceanic heat given off to the atmosphere
during the recent El Nifio 20115 (see also figure on page
23) and then advected to higher latitudes.

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

regions. An overall temperature decrease has
characterised the Arctic since 20(<€ee also diagrams on
page 2830).

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


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

Temperature over land versus over oceangdated toFebruary2020
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Since 1979, the lower troposphere over land has warmed In addition, there may be other reasons for this
much more than over @ans, suggesting that the overall divergence such as, e.g., vations in cloud cover and
warming mainly is derived from incoming solar radiation. land use.


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

Arctic andAntarctic surface air temperaure, updated toFebruary2020
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Diagram showingareaweighted Arctic (7890°N) monthly surface air temperataranomalies HadCRUTMsince January
1920, in relation to the WM@ormal period1961-1990. The thin lie shows the monthly temperature anomaly, while the
thicker line shows the running 3month (c. 3 yearpverage.

Because of the relatively small number of Arctic stations  Thisapproachdiffersfrom the approactadopted byGillet

before 1930, montko-month variations in the early part et al. 2008 which calculated a simple average, vath
of the Artic temperature record 192018 are larger any correction forthe substantialsurface areeeffect of
than later (diagram above). latitude in pola regions

The period from about 1930 saw the establishment of

many rew Arctic meteorological stations, firit Russia Literature

and Siberia and following the ® World War, also in

North America. The period since 2005 is warm, about as  Gillett, N.P, Stone, D.A., Stott, P.A., Nozawa, T.,

warm as the period 1930940. Karpechko, A Y., Hegerl, G.C., Wehner, M.F. and Jones,
P.D. 2008. Attribution of polar warming to human

As the HadCRUT4 daaries has improved high latitude influence.Nature Geoscienck, 750754,

coverage data coverage (compared to the HadCRUT3
series) the individual 8x5° grid cells has beeweighted
according to their surface aredhis area correction is
especially important for polar regions.
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Arctic and Antarctic sa ice, updated toMlarch 2020
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31
Sea ice exter9 March2020. Themedianlimit 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 therefore well be encountered outside and open water areas inside the limit
shown in the diagrams above. Map souridational Snow and Ice Data Cen{&SIDC).

AMSR2 Sea Ice Concentration — AMSR2 Sea Ice Concentration 20200330

Diagams showing Arctic sea ice extent and concentraBonMarch2019 (left) and 2@0 (right), according to theJapan Aerospace
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
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Graphs showing monthly Antarctic, Arctic and global sea ice extent since November 1978
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Diagramshowing daily Arctisea ice extent since June 20@@30 March2020, by courtesy alapan Aerospace Exploration Age(@zyxA)



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

Arctic Sea Ice Volume, 30-Mar-2020
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Diagrams showing Arctic sea ice extent and thickB8dglarch2019 (left) and 2@0 (right and above) and the seasonal
cyclesof the calculated total arctic sea ice volume, accordin@tte Danish Meteorological Institute (DMThe mean sea
ice volume and stadard deviation for the period 2062013 are shown by grey shading.



http://ocean.dmi.dk/arctic/icethickness/thk.uk.php
http://ocean.dmi.dk/arctic/icethickness/images/FullSize_CICE_combine_thick_SM_EN_20200330.png
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http://nsidc.org/data/seaice_index/index.html
http://nsidc.org/data/seaice_index/index.html
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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 of very bigariers (ice sheets) and movements in the
Y2RSt 27F LI I ySdG 9 NI KQlabal&aeNF | Onfantlé wil diech thé @avity Hidldband thevebyotide vErtical
level is a function of the volume of the ocean basins and the position of the ocean surface. Any increase of the tetater
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, genetting sinking by viscoelastic flow in
the mantle below. The mantle flow is directed towards the
1. Changes in local and regional air pressure and wind,  surrounding land areas, which will rise, thereby partly
and tidal chages introduced by the Moon. compensatig for the initial sea level increase induced by the
2. Changes in ocean basin volume by tectonic increased water mass in the ocean.
(geological) forces.
3. Changes in ocean water density caused by variations Mechanism 3(temperaturedriven expansion) only affects the

in currents, water temperature and salinity. uppermost part of the oceans on human time scales. Usually,
4. Changes in the volume of water caused by changesin  temperaturedriven changes in density are mormportant
the mass balace of terrestrial glaciers. than salinitydriven changes. Seawater is characterised by a

relatively small coefient of expansion, but the effect should
In addition to these there are other mechanisms influencing however not be overlooked, especially when interpreting
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. Temperatudeiven
scale from maths to several years. As an example, many ocean water expansion will therefore not in itself leadaioy
coastal stations show a pronounced annual variatieftecting lateral disphcement of water, but onlyocally lift the ocean
seasonal changes in air pressures and wind speed. L-teger surface. Near the coast, where peoglee living, the depth of
climatic changes playing out over decades or centuries will also ~ Water approaches zero, so moeasurabletemperature-driven
affect measurements ofealevel changesHansen et al(2011, expansion will take place her&frner 2015. Mechanism 3 is
2015)provide excellent analyses of sksvel changes caused by for that reason not important for coastal regisn
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 scales. Volume changes of floatingaiérsc ice shelves; has
and tsunamis- typically operates over long (geological) time no influence on the global sdavel, just like volume changef
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 is important for the global sea
changes in migcean mountain rides, and to the slowly level along coasts.
changing configuration of land and oceans. Another effect may
be the slw rise of basins due to isostatic offloading by Summing upPresunably, mechanism 1 and 4 are the most

deglaciation after an ice age. The floor of the Baltic Sea and the  important for understanding sekevel changes alongpasts.
Hudson Bay are presently rising, causing @ siet transfer of
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Global sea levelrom satellite altimetry, updatedto January 2018
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Global sea level since December 1992 according to the Colorado Center for Astrodynamics Rede@erisipt of Colorado at Boulder
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panels show the annual sea level change, calculated for Legydartime windows, respectively. These values are plotted at the end of
the interval onsidered. Data from thEOPEX/Poseidon missizave been used before 2002, and data from3msonl missiorn(satellite

launched December 2001) after 2002.

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 enales calibration of remoteensing

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 satllite 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/
http://topex-www.jpl.nasa.gov/mission/topex.html
http://sealevel.jpl.nasa.gov/mission/jason-1-launch.html
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Global sedevel fromtide-gauges updated toDecember 208
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Holgate9 monthly tide gauge data frofAISMSL Data Exploretolgate(2007)suggested the nine stations listed in thegtam to capture

the variability found in a larger number of stations over the last half century studied previously. Faatbat,average values of the
Holgate9 group of tide gauge stations are ingsting to follow even though Auckland (New Zealahd} not reported data since 2000,
and Cascais (Portugal) not since 1996fortunately, by this data loss the Holgaleseries since 2000 is underrepresented with respect to
the southern hemispher&heblue dots are the individual average monthly obseinrz, and the purple line represents the running-121
month (ca. 10 gar) average. The two lower panels show the annual sea level change, calculated for lyaadwiddows, respectively.

These valuesra plotted at the end of the interval considered.

Data from tidegauges all over the world suggest an
average global seevel rise of 11.5 mm/year, while the
satellitederived record (page 36) suggest a rise of about
3.2 mm/year, or more. The noticeabtlifference (at least
1:2) between the two data sets is remarkable but has no

Referencs:

Holgate, S.J. 2007. On the decadal rates of sea level change during the twentieth century. Geophys. Res. Letters, 34, LO160:

d0i:10.1029/2006GLIB492

broadly accepted explanation. It is however knothiat
satellite observations are facing several complications in
areas near the coasVignudelli et al. (2019) provide an
updated overview of thecurrent limitations of classical
satellite altimetry in coastal regions.

Vignudelli et al. 2019. Satellite Altimetry Measurements of Sea Level in the Coastabdivays in Geophysidsl.40,p. 131%1349.

https://link.springer.com/article/10.1007/s1071219-095691



http://www.psmsl.org/data/obtaining/map.html
http://www.climate4you.com/ReferencesCited.htm
https://link.springer.com/journal/10712
https://link.springer.com/article/10.1007/s10712-019-09569-1
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Northern Hemisphere weeklyand seasonasnow cover, updated tdviarch 2020

fon Mar 30 2

Northern hemisphere snow cover (white) and sea ice (yeBoviylarch2019 (left) and 2@0 (right). Mapsource:National

Ice Cente(NIC).
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Northern hemisphere weekly snow cover since January 2000 accordrutgeers Uniersity Global Snow Laboratorhe thin blue line
is the weekly data, and the thick blue line is the run&iggveekaverage (approximately 1 year). The horizontal red line is the-1972

2019 average.
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Atmospheric pecific humidity, updated toMarch 2020
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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 yeas). Data sourceEarth System Research Laboratory (NOAA)

Water vapor is the most important greenhouse gas in the
Troposphere. The highest concentratioriaand 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 levela the Tropospere (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 epecially by a periodic
variation of about 3.#ear duration.

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


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

Atmospheric C@ updated toMarch 2020
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The relation between annual change of atmospheric £20d La Nifia and El Nifio episodes, updated

to March 2020
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Visual association between anngabwth rate of atmospheric GQupper panel) and Oceanic Nifidéx (lower panel). See also
diagrams on page 40 and 22, respectively.

Changes in the global atmospheric 20© seen to vary
roughly in concert with changes in the Oceaniciidli
Index. The typical sequence of events is that changes in
the global atmosperic CQto a certain degree follows
changes irthe Oceanic Nio Index but clearly not in all

details Many processes, natural as well asinman,
controls the amount of atmospheric @O but
oceanographic processes are clearly importés#e also
the diagam on the following page)
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The phase relation between atmospheric €éhd global temperature, updated téd-ebruary2020
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12-month change of global atmospheric €édncentration flauna Loagreen), global sea surface temperatuafSST,dlue) and
global surface air temperaturéladCRUT4ed dotted). All graphare showing monthly values of DIFF12, the difference between the
average of the last 12 month and the average for the previous 12 months for each data series.

The typical sequence of evenssgeen to be that changes
in the global atmospheric GJollow changes inglobal
surface air temperature, which agafollow changesin
global ocean surface temperaturesThus, banges in

References:

global atmospheric COare lagging 94610 months
behind changes inlgbal air surface temperature, and
11¢12 months behind changes in global sea surface
temperature.

Humlum, O., Stordahl, K. and Solheifk, 2012. The phase relation betareatmospheric carbon dioxide and global

temperature. Global and Platey Change, August 30, 2012.

http://www.sciencedirect.com/science/article/pii/S09218181120016588%

Atmospheric C&and the presentoronaviruspandemic

The amountof atmospheric C®is controlled by many
processes, natural as well as human. Modern political
initiatives usuallyassume the human influence (mainly
the burning of fossil fuelsjo representthe mainreason

for the observedincrease in atmospheric GGince 1958
(seediagrams on page 41).

Thepainfulpresentcoronaviruspandemichasresulted in

a marked reduction in the global consumption of fossil
fuels, as is well reflected by plummetinglue ofoil and
gas In the coming months it will be interestintp
scrutinizethe effect of thisonthe amount of atmospheric
CQ. By the end of Mrch 2020 there is still no clear effect
of this to be seen in the amount of atmosphericaCO


http://www.climate4you.com/GreenhouseGasses.htm#CO2 Since1958
http://www.climate4you.com/SeaTemperatures.htm#HadSST2 diagram
http://www.climate4you.com/GlobalTemperatures.htm#HadCRUT TempDiagram
http://www.sciencedirect.com/science/article/pii/S0921818112001658?v=s5

Global air temperature and atmospheric GQupdated toMarch 2020

Temperature anomaly (deg. C)
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Temperature anomaly (deg. C)
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Temperature anomaly (deg. C)
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atmospheric Cgxontent (red) according to tidauna Loa Obsegatory, Hawaii. The Mauna Loa data series beginMiarch

1958 and 1958vastherefore chosen as starting year for thitdiagramsabove Reconstructions of past atmosphericzCO
concentrations (before 1958) are not incorporated in this diagram, aspasthCQvalues are derived by other means (ice
cores,stomata, or older measurements using different methodo)pggd therefore are not directly comparable witiect
atmospheric measurements. The dotted grey line indicates the approximate linearrtgorpdrend, and the boxes in the
lower part of the dagram indicate the relation between atmospheric2@@d global surface air taperature, negative or

positive

Most climate modelsare programmed to givethe
greenhouse gas carbon dioxide C@nifcant influence
on the modelled global temperature. It is therefore
relevant to compare different temperature records with
measurements of atmospheric gOas shown in the
diagrams above.

Any comparison, however, should not be made on a
monthly or annuabasis, but for a logertime, as other
effects (oceanographialoud cover,etc.) may override
the potential influence of C£on short time scales such
as just a few years.

It is of cause equally inappropriate to present new
meteorological record valuesyhether daily, monlly or

annual, aslemonstrating the legitimacy ofie hypothesis
ascribing high importance of atmospheric 3@ global
temperatures. Any such meteorological record value may
well be the result of other phenomendJnfortunately,
many nevs media repeatedly fall into this trap.

What exactly defines the critical length of a relevant
period lengthto consider for emluating the alleged
importance of C® remains elusive andepresentsa
theme for discussionHowever, thdength of thecritica
period must be inversely proportional to the temperature
sensitivity of C@) including feedback effect$hus, fithe
net temperature effect of atmospheric G strong, the
critical period will be short, and vice versa.


http://www.esrl.noaa.gov/gmd/ccgg/trends/

a7

However, past climate researchstory provides some
clues as to what has traditionally been considered the
relevant length of period over which to compare
temperature and atmospheric GOAfter about 10 years
of concurrent global temperaturend C@-increase, IPCC
was established in BB. For obtaining public and political
support for the C@hyphotesis thel0year warming
period leading up to 1988&nost likely was considered
important. Had the global temperature instead been
decreasingt that time, politic support for the hypothesis
would have been difficult to obtaiim 1988

Based on
temperature  and

the previous 10 years of concurrent
CQ@increase, many climate

scientistsn 1988 presumably felt that their
understanding of climate dynamics wasnough to
conclude about the importaree of CQ for global
temperature changes. From this it may safely be
concluded that 10 years was considered eripd long
enough to demonstrate the effect of increasing
atmospheric C®on global temperaturesThe 1Qyear
period is also basis for the anomgldiagrams shown on
page 2.

Adopting this approach as to critical time length (at least
10 years), the varym relation (positive or negative)
between global temperature and atmospheric £iaas
been indicated in the lower panels of the diagrams above.
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Laest 20-year OQC1lglobal monthly air temperature changes updated toMarch 2020
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Last 208 S I g\aBamonthly average air temperature accordingQaality Class 1 (UAH and RSS; see p.10) global monthly
temperature eimates The thin blue line represents the monthly values. The tiadkline is the linear fit, with 95%
confidence intervals indicated by the two tiilacklines. The thick green line represents@egree polynomial fit, with 95%
confidence intervalindicaed by the two thin green lines. A few key statistics given in the lower part of the diagram

(pleasenote that the linear trend is the monthly trend)

In the enduring scientific climate debate he following
guestion is often put forward: ¢ the surface air
temperature still increasing or has liasicallyremained
without significant changeduring the last 156 years?

The diagramabove may be useful in thisontext and
demonstrates the differences between twaften used
statistical appraches to determineecent temperature
trends. Please also note that such fits only attempt to
describe the past, andusually have small, if any,
predictive power.In addition, before usingany linear
trend (or other) analysis of time series a proper stita

model should be chosen, based on statistical justification.

For temperature timeseries,there is noa prioriphysical
reason why the longerm trend should be linear in time.

In fad, climatic time series often have trends for which a
straight lineis not a good approximation, ds clearly
demonstrated byseveral of the diagramshownin the
present report.

For an excellent description of problems often
encountered by analyses dbmperature time series
analyses please seeKeenan, D.J. 2014Statistical
Analyses of Surface Temperatures in the IPCC Fifth
Assessment Report

See also diagrams on page 11.


http://www.informath.org/AR5stat.pdf
http://www.informath.org/AR5stat.pdf
http://www.informath.org/AR5stat.pdf
http://www.informath.org/AR5stat.pdf
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Sunspot ativity and QC1 average satellite globalr temperature, updated toMarch 2020

Variation of global monthlgir temperatureaccording to Quality Class 1 (UAH and RSS; 4g@npl observed sunspot
numberasprovided bythe Solar Influences Data Analg Center (SIDG)nce 1979. The thin lines represent the monthly
values, while the thick line is the simple runningn@hth average, nearly corresponding to a runnirgeadraverage. The
asymmetrical temperature '‘bump' around 1988nfluenced byhe oceanographi&l Nifiophenomenorin 1998 as is the
case also for 201%6. Temperatures in year 2019 was influenced by a modéthidifio


http://www.climate4you.com/SeaTemperatures.htm#La Niña and El Niño episodes
http://www.climate4you.com/SeaTemperatures.htm#La Niña and El Niño episodes

