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Juy 2020 global surface air temperature overview

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

In the mapon pages 31, showing the geographical
pattern of surface air temperaturanomalies the
last previous 10 years are used as reference period.

The rationale for comparing with this recent period
instead of the official WMO s@I f f SR
period 19611990, is that the latter period is
affected by the cold period 194%980. Most
comparisons with this period will inevitably appear
as warm, andt will be difficult to decide if modern
temperatures are increasing or decreasing.
Comparing instead with the last previous 10 years
overcomes this mblem and clearer displays the
modern dynamics of ongoing change. This decadal
approach also correspondsvell to the typical
memory horizon for many people and is now also
adopted as reference period by other institutions,
e.g. the Danish Meteorologicaldtitute (DMI).

In addition, most temperature databases display
temporal instability for data before thaurn of the
century (see, e.g., p. 8). Any comparison with the
WMO reference period 1961990 will therefore be
influenced by such ongoing monthly clyms of
mainly administrative nature. An unstable value is
clearly not suited as reference value. Simply
comparing with the last previous 10 years is more
useful as reference for modern changes. See also
additional reflections on page 47.

The different airtemperature records have been
divided into three quality classes, QC1, QC2 and
QC3, respectively, as deibed on page 8.

In many diagrams shown in this newsletter the thin
line represents the monthly global average value,
and the thick line indicate draple running average,
in most cases a simple moving-Bibnth average,
nearly corresponding to a thregear average. The
37-month average is calculated from values
covering a range from 18 months before to
18 months after, with equal weight given to all
individual months.

The year 1979 has been chosen as starting point in
many diagrams, as this roughly coppesds 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 on
www.climate4you.com

Juy 2020 Remote Sensed Surface Temperature

wy SeperaliFor Juy 2020 AIRS  supplied 16200

interpolated surface air data pointeptained from
the GISS data portal. According to mieshperature
databases, theJuy 2020 glolal average air
temperature anomaly wasa little lower than
estimated for the previous month.

The Northern HemispherelO-yr temperature
anomality pattern (p.3) was characterised by
regional contrasts, mainly controlled by the
dominant jet stream configutagon. Eastern Canada
and central Russia wereelatively warm, while
Alaska, western Canada, central USA, most
Europe and wstern Siberiawere relatively cold,
compared to the averag®r the previous 10 years.
Ocean wisepartsof northern Pacifiand the North
Atlantic, both around 3TN, wererelatively warm. In
contrast parts of the North Atlantic and the
Greenland Seavere relatively cold In the Arctic
relatively low temperatures dominated the Alaska
and parts of the Canadian sectonghile most d the
remaining central arctic regions were relatively
warm.

of

Near the Equatotemperatures were mostly near or
slightlybelowthe 10year average.

The Southern Hemispher¢égemperatures were
largelynear or below the average for the previous
10 yers. Western Australia andparts of central
South America were relatively warmnwhile most
other regions were relatively cold or near the-§0
average. A zone of relatively low surface air
temperatures dominated between 28 and50°S,
affecting ocean as @l as land areassouth of 50S
the South Atlanticsurface was very coldIn the
Antarctic, regional surface air temperatures were
mainy above the 16/ear average althoughthe
Atlantic sectohad below average temperatures



http://www.climate4you.com/

Juy 2020qlobal surface aitemperature overviewversusaverageJuy last 10 years

Surface air temperature July 2020 versus July last 10yr
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Juy 2020surface air temperature compared to tlawerageof JUy overthe last 10 yearsGreenyellowred colours indicate areas with
higher temperature than th&0-yearaverage, while blueolours indicate lower than average temperatures. Data solreeoteSensed
Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retrieval 1 degree x 1 dedriesV@0& (pl.nasa.gov),
obtained from the GISS data por{aktps://data.giss.nasa.gov/gistemp/maps/index_v4.html).


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

Juy 2020qlobal surface air temperature compared thdy 2019

Surface air temperature July 2020 versus July 2019
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Surface air temperature July 2020 versus July 2019
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Juy 2020surface air temperature compared doy 2019 Greenyellowred colours indicateegionswhere the present month was warmer

than last year while blue colours indicateegions where the present month was cooler than one year ¥goations in monthly
temperature from one year to the next has no targiblimatic importance but may mertheless be interesting to studyata source:

Remote Sensed Surface Temperature Anomaly, AIRS/Agua L3 Monthly Standard Physical Retrieval 1 degree x 1 degree VC
(https://airs.jpl.nasa.gov}, obtained from theGISS data portghttps://data.giss.nasa.gov/gistemp/maps/index_v4.html).


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

Temperature quality class 1ower tropospheretemperature from satellites updated toJuy 2020
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Global monthly average lower troposphere temperature (thin line) since 120@ditg toUniversity of Alabamat Huntsville, USA. The
thick line is the simple runnir8y-month average.
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Global monthly average lower troposphere temperature (thin line) since 1979 acctwdingording toRemote Sensing Syste(fi¥SS)
USAThe thick line is the simple runni8@monthaverage.



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

Temperature aiality class 2: HadCRUTobal surface air temperature updated toJune2020

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

1.1 — HadCRUT4 global temperature anomaly — 1.1
| Monthly values and running 37-month average _
1 — Red = version published May 2015 — 1
0.9 — Blue = most recent published version — 0.9
G 08 — Jl — 08
4 l ‘. L
g 07 | J ™ o 07
> 06 — T ‘ \'\ w S 0.6
g 0 e (L r
g 05— \ “ i ‘ H‘ ] i‘\ ™I "I‘FHI cp9s
— | T i ] i 11 (—
& 04 — ‘ 1‘ ﬂ ’ FH l 1 ’ — 0.4
2 — ! —
5 03— k ‘|\ MI : — 03
@ — ] —
o 02 — \‘ i ) — 0.2
1 m L -
0.1 — — 0.1
Sl M l — 0
0.1 — — 0.1
-0.2 — — -0.2
_ Climatedyou graph [

'0-3| I A O O R R A -0.3

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

Globd monthly average surface air temperature (thin line) since 1979 according to accordingHadtey Centre for Climate Prediction
and Researchnd theUniversity of East Angl@Climatic Research URIERY), UK.The thick line is theimple runnin@7-month average



http://hadobs.metoffice.com/
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, updaldd 2020
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Global monthly average surface smperaturesince 1979 according to according to iational Climatic Data CentéNCDC), 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 accordingtudtted Institute for Space Studies

(GISS)at Columbia University, New York City, USfg ERSST_wdean surface temperature¥he thick line is the simple running- 37
month average.



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

A note ondatarecord stabilityand -quality:

The temperature diagrams shown abowdl have
1979 as starting year. This roughly marks the
beginning of the receng¢pisodeof global warming,
after termination of the previougpisodeof global
cooling from about 1940. In addition, the year 1979
alsorepresents the starting date for the satedit
based global temperature estimates (UAH and RSS).
For the three surface air temperature records
(HadCRUT, NCDC and G188y beginmuch earlier

(in 1850 and 1880respectively, as can be inspected
on www.climate4you.com

For all three surface air temperature records, but
especially NCDC and Gl&8ninistrative change®
anomaly values are quite often intlaced, even
affecting observationsmany years back in time.
Some changes may be due to the delayed addition
of new station dataor change of station location,
while others probably have their origin in chasgé

the techniqgueadoptedto calculate averaggalues.

It is clearly impossible to ekste the validity of
such administrative changes for the outside user of
these recordsit is only possible tmote that such
changesquite often are introduced(se example
diagram next page)

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

The satellite temperature recordalso have their
problems, but these aregenerally of a more
technical nature ad thereforebetter correctable. In
addition, the temperature sampling by satellites is
more regular andcompleteon a global basithan
that represented bythe surface recordslt is also

important that the sensors orsatellites measure
temperature directly by emitted radiation, while
most modern surface temperature measurements
are indirect, using electronic resistance.

Everybody interested in climate science should
gratefully acknowledgethe 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,
Climate4youtherefore operates with three quality
classes (-B) for global temperature records, with 1
representing the highest quality level:

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

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

While both NCDC and GISS often experiengee
large administrative chages(seeexample on p.8)
and therefore essentiallgre unstabletemperature
records, the chnges introduced to HadCRUT are
fewer and smallerfFor obvious reasonssdhe past
does not changeany recordundergoing continuing
changescannotdescribe the pst correctlyall 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
Temperature and then proceed to Temporal
Stability).



http://www.climate4you.com/
http://www.climate4you.com/
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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.

Theadministrativeupsurge of theemperatureincreasgrom January 191% January 2000 hagrownfrom 045
(reported May 2008)to 0.66°C (reported August 2020. Ths representsan about 47% administrative
temperatureincreaseover this period meaning thatalmosthalf of the apparentglobaltemperature increase
from January 190to January 200Qas reported by GIS8)due to administrativehangesf the original déa
since May 2008


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

10

Comparing global surface air temperatusnd lower troposphere satellite temperaturs;

updated toJune 2020
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Plot showing the average of monthly global surface air temperature estimdtefQRUT451SNnd NCDEand

satdlite-based temperature estimateRES MSand UAH MSWU The thin lines tlicate 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

11

Global air temperaturdinear trendsupdated toJune2020
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Diagam showing the latest 5, 10, 20 and-g0linear 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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slope of the linear regression line through the data points, for three subfased temperature estimates (GISS, NCDC and
HadCRUT4).



All in one,Quality Clas 1, 2 and updated toJune2020
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Superimposed plot @uality Class 1 (UAH and R@8bal monthly temperature estimates. As the base period differs for the
individual temperature estimates, they have all been normalised by comparing with the awedageof the initial 120
months (30 years) from January 1979 to December 2008. The blaakyine represents the simple running 37 month (c. 3
year) mean of the average dfoth temperature records. The numbers shown in the lower right corner represent th
temperature anomaly relative to the individual 19Z008averages.
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Superimposed plot of Quality Class 1 and 2 (UAH, RSS and HadCRUT4) global monthly temperature estimates. As the b
period differs for the individual temperature estimates, theyéall been normalised by comparing with the average value

of the initial 20 months (30 years) from January 1979 to December 2008. The heavy black line represents the simple runnin
37 month (c. 3 year) mean of the average oftladee temperature recordsThe numbers shown in the lower right corner
represent the temperature amoaly relative to the individual 1972008averages.
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As tre base period differs for thadividualtemperature estimates, they have all been normalised by compavitigthe
average value of the initial 120 monti&0(years) from January 1979 to Decembd@@8. The heavy black line represents the
simple running 3month (c. 3 year) mean of the averageadl five temperature records. The numbers shown in the lower
right corner represent the temperature anomaly relative to ithdividual19792008averages.

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

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

However, as both types of estimate oftenear
discussed together, the abov@mpositediagrans
may nevertheless be of interest. In fact, the different
types of temperature estimates appear to agree as
to the overall temperature variations onz3-year
scale, although on a shent time scale thereare
often considerable differences between the
individual recordsHowever, since about 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)

Thecombinedrecords(diagram on p. 133uggesta
modestglobal air temperaturancreasesince 1998

about 0.18C per decade. The year 1998 was,
however, affected bya strongoceanographic El Nifio
event.Likewise, lhe recent(201516) strongEl Nifio
event probably also represent a relatively shor
lived spike on a longer developmetit.should also
be noted that he apparent temperature increase
since about 2003 at least partig the result of
ongoing administrative adjustments (page9p At
the same timethetemperaturerecordsconsidered
heredo not indicate any temperature decrease over
the last 20 yearsSeealso diagram on page4

The presenttemperature developmentdoes not
exclude the possibility that global temperatumresy
begin to increasesignificantlylater. On the other
hand, it alsademainsa possibility that Earth just now
is passing @& overalltemperature peak, and that
global temperaturesnay begin to decreas during
the coming yearsAs alwaystime will show which of
thesepossibilities is correct.
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Global seasurface temperature updated toJuy 2020

Global Sea Surface Temperature Anomaly (°C)

Analysis Valid 00Z 29 Jul 2020
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Plymouth State Weather Center

Sea surface temperature anomain 29 July2020 Map urce:Plymouth State Weather CentdReference peod: 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 tharb0% of
LX FySh 9 NI KQ xated dathiii BOR S
and 30S. At the moment relatively warm surface
water is mainlyfound in the nothern hemisphere

A mixture of relatively warm andcold water
dominates much of the ocean surface but with
notable differences from month to monthAll such
ocean surface temperature changewill be
influendngglobal air temperatures ithe morthsto
come.

The significance ofany shortterm cooling or
warmingreflectedin air temperatureshould not be

overstated Whenever Earth experiences cold La
Nifia or warm El Nifio episodéBacific Ocegnsee
p.23) major heat exchangeske place between te
Pacific Ocean and the atmosphere abos@yner or

- 18 Ishowking ud i® estimates of the global air

temperature.

However, his does notnecessarilyreflect similar

changes in the totalheat content of the

atmosphereocean system. In factglobal net

changescanbe 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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June 18, 201NCDC has introduceaveralrather large administrative changes tbdir 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 the entire surfaof planet Earth, the effect of thégljustmentis clearlyreflectedin the NCDC record for global surface air
temperature (p7). The preadjustment record is shown in red in the above diagram.
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Oceantemperature inuppermost100m, updated toMarch 2020
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North Atlantic heat cantent uppermost 700 mupdated toMarch 2020
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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
800m depth SourceGlobal 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.
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Global oceanémperature 31900 m depth summary, updated tduly2019
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Argo ocean temperature 0-1900 m depth since January 2004
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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 fourid: Roemmich, D. and J. Gilson, 2009. The -2008 mean
and annual cycle of temperature, salinity, and steric height in the global ocean from tbePAogram.Progress in
Oceanography82, 81100.

The global summary diagram above shows that, on
average, the temperature of the global oceans down to
1900 m depth has beeimcreasing since about 2011. Itis
also seen that this increase since 2013 domihaist due

to oceanic changes occurring near the Equator, between

3C°N and 30S. In contrast, for the circufrctic oceans
north of 5%N, 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.
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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 Nifio episodesipdated toJuy 2020
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Warm (>+0.8C) and cold (<0°€) episodes for th@ceanic Nifio IndgfONI), defined as 3 monthnning mean of ERSSTv4
SST anomalies in the Nifio 3.4 regidiN{5°S, 120-17C°W)]. For historical prposes cold and warm episodes are defined
when the threshold is met for a minimum of 5 consecutive-tagping seasons. Anomalies are centred otyiBbase
periods updated every 5 years.

The recent 20186 El Nifio episode isreong the variations between El Nifio and La Nifia episodes do
strongest since the beginning of the record in 1950. not appear abnorral in any way.
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, updatedlidy 2020
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Zonallower tropospheretemperaturesfrom satellites updated toJuy 2020
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Global monthlyaverage lower troposphere temperature since 1979 for thpits and the northern and southern
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The overall warming since 1980 has dominantly been a  subsequent 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. b A 32 Q& Ay M@ dsrwell ag Re modevae El
However, his rather rapid temperature change is Nifio in 2019, apparently were spreading to higher
influenced by the Mt. Pinatwo eruption 199293 and the latitudes in bah hemispheres with some delay
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Arctic and Antarctidower tropospheretemperature, updated toJuy 2020
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the simple runnin@7-month average, nearly corresponding to a runnBygearaverage Referenceeriod 19812010.

In the Arctic region, warming mainly took place 198
and less so subsequently. In 2016, however,
temperatures peaked for several months, presumably
because of oceanic heat given off to tlamosphere
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 local conditions but also
by variations playing out in egpgraphically 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 since the onset of the satellite record in
1979. In P16-17 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/
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Temperature over land versus over oceans, updatedltby 2020
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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 oceans, suggesting that the overall  divergence such as, e.g., variatis in cloud cover and
warming is deriveanainly from incoming solar radiation. land use.


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

Arctic and Antarctic surface air tempetare, updated toJune2020
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Diagram showing area weighted Arctic {90°N) monthly surface air temperature anomalielaiCRUT}4since January
2000, in relation to the WM@ormal period1961-1990. The thin line shows the monthly temperature anomaly, while the

28 thickerline shows the running 3month (c.3 year) average.
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Diagram showingareaweighted Arctic (7690°N) monthly surface air temperature anoried HadCRUT)Msince January
1920, in relation to the WM@ormal period1961-1990. Thelin 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 stations
before 1930, montko-month variations in the early part
of the Arctic tenperature record 1922018 arebigger
than later (diagram above).

The period from about 1930 saw the establishment of
many rew Arctic meteorological stations, firgt Russia
and Siberia and following the ® World War, also in
North America. The period since 2005 is warm, about as
warm as the period 1930940.

As the HadCRUT4 data sefies improved high latitude
coverage data coverage (compared to the HadCRUT3
series) the individual 8x5° grid cellshavebeen weighted
according to their surface aredhis area correction is

especially important for polar regionshis approach
differs from the approactusedby Gillet et al. 208, which
calculated a simple average, witlit any correction for

the substantialsurface areaeffect of
regions
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Arctic and Antarctic sea ice, upded to Juy 2020

Sea Ice Extent, 29 Jul 2020 Sea Ice Extent, 29 Jul 2020

Russia

East
b Antarctica
Alaska

©
g
=
g
<C
e
(=3
v

West
Antarctica

Europe

median-ice edge 1981-2010

National Snow and Ice Data Center, University of Colorado Boulder

near-real-time data

median ice edge 1981-2010

near-real-time data

31
Sea ice exter?9 July2020. 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 thereforeell be encountered outside and open water areas inside the limit
shown in the diagrams above. Map soursiational Snow and écData CentefNSIDC).

AMSR2 Sea Ice Concentration 20180730 AMSR2 Sea lce Concentration 20200730

Diagrams showing Arctic sea ice extent and concentrad@nluly2019 (left) and 2@0 (right), according to theJapan Aerospace
Exploration AgencgdAXA).
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NSIDC seaice area; monthly and13-month average. Red line represents average 1979-2019.
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Sea Ice Thickness, 30-Jul-2020
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Sea level in general

Global (or eustatic) selevel change is measured relative to an
idealised reference level, the geoid, which isnathematical
Y2RSt 2F LIXIyYySG 9 NIKQa
level B a function of the volume of the ocean basins and the
volume of water they contain. Changes in global-s®| are
caused by but not limited to- four main mechanisms:

1. Changes in local and regional air pressure and wind,
and tidal changes introduced ltiye Moon.

2. Changes in ocean basin volume by
(geological) forces.

3. Changes in ocean water density caused by variations
in currents, water temperature and salinity

4. Changes in the volume of water caused by changes in
the mass balance of terresttiglaciers.

tectonic

In addition to these there are other mechanisms influencing
sealevel; such as storage of ground water, storage in lakes and
rivers, evaporation, etc.

Mecharism 1is controlling sedevel at many sites on a time
scale from months to severalegrs. As an example, many
coastal stations show a pronounced annual variation reflecting
seasonal changes in air pressures and wind speed. Losger
climatic changes piang out over decades or centuries will also
affect measurements of sdavel changesHansen et al. (2011,
2015)provide excellent analyses of skavel changes caused by
recurrent changes ofthe orbit of the Moon and other
phenomena.

Mechanism 2¢ with the important exceptio of earthquakes
and tsunamis- typically operates over long (geological) time
scales ands not significant on human time scales. It may relate
to variations in theseafbor spreading rate, causing volume
changes in mibcean mountain ridges, and to thdowly
changing configuration of land and oceans. Another effect may
be the slow rise of basins due to isostatic offloading by
deglaciation after an ice age. The floor bétBaltic Sea and the
Hudson Bay are presently rising, causing a slow net transfer of

References:

water from these basins into the adjoining oceans. Slow
changes of very big glaciers (ice sheets) and movements in the

& dzNJF I Onfantlé ivill difecE @ @avity Hidlobandi thevebylaiwvertodl 2 6 |

position of the ocean surface. Any increase of the total water
mass as welas sediment deposition into oceans increase the
load on their bottom, generating sinking by viscoelastic flow in
the mantle below. The mantle flow is directed towardsth
surrounding land areas, which will rise, thereby partly
compensating for the initlasea level increase induced by the
increased water mass in the ocean.

Mechanism Jtemperaturedriven expansion) only affects the
uppermost part of the oceans on humame scales. Usually,
temperaturedriven changes in density are more important
than slinity-driven changes. Seawater is characterised by a
relatively small coefficient of expansion, but the effect should
however not be overlooked, especially when interimg
satellite altimetry data. Temperaturdriven expansion of a
column of seawater Wl not affect the total mass of water within
the column considered andwill therefore not affect the
potential at the top of the water column. Temperatudgiven
ocean water expansion will therefore not in itself leadaioy
lateral displacement of waterhut only locally lift the ocean
surface. Near the coast, where peogee living, the depth of
water approaches zero, so moeasurabletemperaturedriven
expansion will take place her&frner 2015. Mechanism 3 is
for that reason not important for coastal regisn

Mechanism 4changes in glacier mass balance) is an important
driver for global sedevel changes along coasts, for human time
scales. Volume changes of floating glacieise shelesg has

no influence on the global sdavel, just like volume changef
floating sea ice has no influence. Only the miaaknce of
grounded or lanebased glaciers is important for the global sea
level along coasts.

Summing up:Presumably, rachanism land 4 are the most
important for understanding sebevel changes alongpasts.
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Global sea levelrom satellite altimetry, updatedto Jaruary 2018
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Global sea level since December 1992 according to the Colorado Center for Astrodynamics Rede@erisipt of Colorado at Boulder
The blue dots are the individual observationg] #re purple line represents the running ¥bnth (ca. 10 gar) average. The two lower
panels show the annual seavkl change, calculated for 1 af@-yeartime windows, respectively. These values are plotted at the end of
the interval considered. Dataoim the TOPEX/Poseidon missizave bea used before 2002, and data from thasonl missior(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 senig 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 calibratiorf ctemote-sensing

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 observatizs 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 sea level fronide-gauges updated toDecember 208
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Holgate9 monthly tide gauge data frofiISMSL Data Exploretolgate (20073uggestedhe nine stations listed in the djeam 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 interesting to foll@ven though Auckland (New Zealahdfs 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 southern hemispher@he blue dots are thiadividual average monthly obsenwans, 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 values are plotted at tkad 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 noticeable differencelésst
1:2) between the two data sets is remarkable but has no

Referencs:

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

Holgate, S.J. 2007. On the decadal rates of sea level change during the twentieth centurlysGédgs. Letters, 34, L01602,

doi:10.1029/2006GL028492

Vignudelli et & 2019. Satellite Altimetry Measurements of Sea Level in the CoastalZiaveys in Geophysidsol.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 taJuy 2020

Thu Jul

Northern hemisphere snow cover (white) and sea ice (yeB6wuly2019 (left) and 2@0 (right). Map sourceNational Ice
Center(NIC).
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Northern hemisphere weekly snow cover since January 2000 accordrutgers University Global Snaaboratory The thin blue line
is the weekly data, and the thick blue line is thnning53-weekaverage (approximately 1 year). The horizontal red line is the-1972
2019 average.


http://www.natice.noaa.gov/ims/
http://www.natice.noaa.gov/ims/
http://climate.rutgers.edu/snowcover/index.php
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Northern hemisphere weekly snow cover sidmeuary 1972ccording taRutgers University Global Snow Laboratdiye thin blue line
is the weekly data, and the thick blue line is the runBiBgveekaverage (approximately 1 year). The horizontal redifrthe 1972

2019 average.
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http://climate.rutgers.edu/snowcover/index.php
http://climate.rutgers.edu/snowcover/index.php
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Atmospheric pecifichumidity, updated to Juy 2020
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Atmospheric specific humidity at 300 mb (ca. 9 km altitude)
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Specific atmospheric humidifg/kg) at three different altitudes in the lower part of the atmosphehe (Troposphenesince January
1948 Kalnay et al. 196). The thin blue lineshowmonthly values, while the thick blue lines show the run@irrgnonth average (about

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

Water vapor is the most important greenhouse gas in the
Troposphere. The highest concentratigrfound within a
latitudinal range from 5N to 6(0S. 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 lels in the Tropospherébout

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 espeally 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 increasedatmospheric C® 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 toJuy 2020
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http://www.esrl.noaa.gov/gmd/ccgg/trends/
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The relation between annual change of atmospheric £20d La Nifia and El Nifio episodes, updated
to Juy 2020
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Visual association between annual growth rateatthospheric C&{upper panel) and Oceanic Nifio Index (lop&nel). 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 Oceanicfidli
Index The typical sequence of events is that changes in
the global atmospheric GQo a certain degree follows
changes irthe Oceanic Nio Index but clearly not in all
details Many processes, natural as well as
anthropogenic controls the amount of atmospheriCQ,

but oceanographic processes are cledilyhlyimportant
(see also diagra onnextpage)

the corereason for the observed increase in atmospheric
CQ since 1958see diagrams on page 41).

The presenf(since January 202@pronavirts pandemic
has resulted in a marked reduction in the global
consumption of fossil fuels, as is well reflected by
plummeting value of oil and gas. It is interestinddtbow
the effectof this on the amount of atmospheric O

By the end ofJune2020 there is still no clear effect to be

Atmospheric C&and the present coronavirus pandemic

Modern political initiatives usually assume the human
influence (mainly the burning of fossil fuels) to represent

seen. The simplest explanatidor thisis that the human
contribution istoo small compared to the numerous
natural sources and sinks for atmospheri@.@ appear
in diagrams showing themount of atmospheric GO
(diagrams on p. 4143).
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The phase relation between atmospheric €@nhd global temperature, updated tdune2020
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average of the last 12 month and the average for thevipus 12 monthfor each data series.

The typical sequence of events is seen to be that changes global atmogheric CQ@ are lagging 9410 months

in the global atmospheric G@ollow changes inglobal
surface air temperature, which agafollow changesin

global ocean surface temperaturesThus, banges in

References:

behind changes in global air surface temperature, and
11¢12 months behind changes in global sea surface
temperature.

Humlum, O., Stordahl, K. and Solheir&, 2012. The phase relation between atmospherrbon dioxide and global
temperature. Global and Planetary Change, August 30, 2012.
http://www.sciencedirect.com/science/article/pii/S0921818112001658?v=s5



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

Gobal air temperature and atmospheric GQupdated toJuy 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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Diagrams showing AH, RS$adCRUA, NCDC an&IS3nonthly global air temperature estimates (blue) and the monthly
atmospheric Cgxontent (red) according to thdauna Loa ObservatoryHawaii. The Mauna Loa data series egin March

1958 and 1958vastherefore chosen as starting year for thitdiagramsabove Reconstructions of past atmosphericzCO
concentratios (before 1958) are not incorporated in this diagram, as such pastali@s are derived by other means (ice
cores, stomata, or older measurements using different methoddlagyl therefore are not directly comparable witiect
atmosphert measuremers. The dotted grey line indicates the approximate linear temperature trend, and the boxes in the
lower part of the diagram indicate the relation between atmospherie &1 global surface air taperature, negative or

positive

Most climate modelsare pogrammed to givethe
greenhouse gas carbon dioxide C@nificantinfluence
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 ®mparison, however, should not be made on a
monthly or annual basis, but for a longéme, as other
effects (oceanographialoud cover,etc.) may override
the potential influence of Oz on short time scales such
as just a few years.

It is of cause equbl inappropriate to present new
meteorological record values, whether daitgonthly, or

annual, aslemonstrating the legitimacy ofie hypothesis
ascribing high importance of atmospheICQ for global
temperatures. Any such meteorological record valug/ma
well be the result of other phenomendJnfortunately,
many news media repeatedly fall into this trap.

What exactly defines the critical length of a relevant
period lengthto consider for evaluating the alleged
importance of C® remains elusive andepresents a
theme for discussion

Nonetheless the length of thecritical period must be
inversely proportional to the temperature sensitivity of
CQ, including feedback effesiThus, fi the net
temperature effect of atmospheric GQs strong, the
critical period will be short, and vice versa.


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

