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February2019qglobal surface air temperature overview

Surface air temperature anomaly 2019 02 vs last 10yr
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February2019surface air temperature compared to thgerageof the last 10 yearsGreenyellowred colours indicate areas with higher

temperature than thelO-yearaverage, while blue colours indicate lower than average temperatures. Data s@Qa@édard Institute for
Space Studig&ISS)singHadl_Reyn_vBcean surface temperatures
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Comments to theFelruary 2019global surface air temperature overview

General: This newsletter contains graphs showing a
selection of key meteorological variables for the
past month.All temperatures are given in degrees
Celsius

In the above maps showing the geographjuattern
of surface air temperatureshe last previous 10
years areused as reference period

The ationalefor comparing with this recent period
AYyaaSIR 2F GKS 2FFAOALI ¢
1990, is that the latter period is affeateéby the cold
period 19451980.Most comparisos with this time
periodwill automaticallyappear as warm, and it will
be difficult to decide if modern surface air
temperatures are increasing or decreasing
Comparinginsteadwith the last previous 10 years
overcomes thigproblem and displays thenodern
dynamics of ongoing changghis decadal@proach
also corresponds well to the typical memory horizon
for many people.

In addition the GISS temperature data used for
preparing the above diagramglisplay distinct
temporal nstability for data beforghe turn of the
century (see p.7). Any comparison with the WMO
Wy 2 NI Q -1L9SON3\ theReform ihftuenced
by ongoingmonthly mainly administrativechangs
An unstable value is cleanhpt suited as reference
value Simpl comparing with the last previous 10
yearsmakes more sense atisimore usefulSee also
the additionalreflections on page 46.

The different air temperature records have been
divided into three quality classes, QC1, QC2 and
QCS3, respectively, as des@tbon page 7.

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 calaed from values
covering a range from 18months before to

18 months after, with equal weighgiven to all
individual months

The year 1979 has been chosen as starting point in
many diagramsas this roughly correspads to both

the beginning o§atellite observations and the onset
of the late 20" century warming period. However,
several of thalata seriehiave a much longer record
length, which may be inspected in greater detail on
www.climate4you.com

February2019global surface air temperatures
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General: For February2019 GISS supplied5924

interpolated surface aidata points; allvaluesare
used to produce the diagramshownon page 2.
According to the GISS datayet average global
monthly temperature anomalywas slightly higher
than inthe previous month However the overall
decrease of Ipbal surface air temperaturesince
the 2016-17 El Nifio global temperature peak
persists asillustrated by the diagrams on p. 6.

The Northern Hemispheranomality patternwas
characterised bylarge regional contrasts Most of
North Americavere coldcompared to the previous
10 years especially Canadalso,northern Africa
was relatively cold. In contrast, much ofEurope,
parts of Siberia and Alaskeas relatively warm.
Central Arctic remained relatively cold. However,
the GISSurface aitemperatures north of 80N still
appears to have an issue with interpolation
resulting inan unrealisticcircularanomalypattern.

Near the Equatortemperatures werelargely near
the 10year average In the Pacific, however,
temperatures were somewhat above average
signifyingthe initial phase of aveak (?)hew EINifio
episode(seep. 22).

The Southern Hemispheremperatureswere near

or below the average for theprevious 10years.
Especially the ocean SW and S of Australia was
relatively cold. Also, much of South America
remained relatively coldin contrast, the oceans
around New Zealand were relatively warin. the
Antarctica, much of the continent wasrelatively
warm, except for theAntarctic PeninsulaSouth of
80°Sthe GISSanomaly pattern is influenced by an
interpolation artefact.

M
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Temperature quality class 1ower tropospheretemperature from satellites updated toFebruary
2019
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Global monthly average lower troposphere termrgtare (thin line) since 1979 accordingUaiversity of Alabamat Huntsville, USA. The
thick line is the simple runnir8y-month average.
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Global monthly average lower troposphere temperat(thén line) since 1979 according to accordindRemote Sensing Syste(fi¥SS)
USAThe thick line is the simple runni8@monthaverage.
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Temperature aiality class 2: HadCRUTobal surface air temperatue, updated toJanuary 2019
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Global monthly average surface air temperature (thin line) since 1979 according to accordingitatée Centre for Climate Prediction
and Researchnd theUniversity of East Angl@Climatic Research URIERY, UK.The thick line is theimple runnig 37-month average
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Temperature quality class 3: GISS and NCDC global surface air temperature, updéielrtary2019
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Global monthly average surface air temperature (thin line) since 1979 according to accordin@tudtterrd Institute for Space Studies

(GISS)at Columbia University, New York City, WUS#g ERSST_v4 ocean surface temperatliresthick line is the simple runniBg-
month average.

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

1.3 — NCDC global temperature anomaly — 1.3
] Monthly values and running 37-month average —
1.2 — Red = version published May 2015 — 12
—| Blue = most recent published version —
1.1 — — 1.1
o 1= — 1
2 09 — — 0.9
E — —
> 08 — o[— 08
g o074 ] 07
[e] — [~
S 06 — 2 06
0] w
£ 05 i — 05
s oe— | ) 14 - o
£ 03— | s N /‘-"T\, ' — 03
© —1 ¥ Iw;"\\ \ L ‘ |
2 o2 NI A — 02
—AW p il - =
0.1 — J W ¥ C 01
0 — — O
-0.1 — Climated4you graph [ -01

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

Global monthly average surfae@ temperaturesince 1979 according to according to thational Climatic Data CentéKCDC), 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
beginning of the receng¢pisodeof global warming,
after termination of the previougpisodeof global
cooling from about940. 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 records, but
especially NCDC and Gl&8Bninistrative change®
anomaly values are quite often introducesl;en for
observations many years back in time. Some
changes may be due to the delayed addition of new
station dataor change of station locationwhile
others probably have their origin in chargef the
technique adoptedto calculate average values. It is
clearly impossible to evaluate the validity of such
administrative changes for the outside user of these
records it is only possible taote thatsuch changes
appearvery often (se example diagram next page)

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

The satellite temperature recordalso have their
problems, but these are generally of a more
technical nature and therefore 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 on satellites measure
temperature directly by emitted radiation, while
most surface temperature measurements are
indirect, using electronic resistance.

Everybody interested in climate science should
gratefully acknowledge he efforts pt 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 somedegree
differ showsthat they cannotall be correct.

On this backgroundand for practical reasons,
Climate4you operatewith three quality classes {1
3) for global temperature records, with 1
representing the highest quality level:

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

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

While both NCDC and GISS often experiengee
large administrative dinges(seeexample on p.8)
and therefore essentiallgre unstabletemperature
records, the changes introduced to HadCRUT are
fewer and smallerfFor obvious reasonssdhe past
does not changeany recordundergoing continuing
changescannotdescribe thepast correctlyall the
time. Frequent and large corrections a database
alsosignalafundamental doub@about whatislikely

to representthe correct values.

You can find more on the issue of lack of terg
stability on www.climate4you.com(go to: Global
Temperature followed byTemporal Stability
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Diagram showing the adjustmesinade since May 2008 by tii&oddard Institute for Space Stud{@&SS)UR,
in publishedanomaly values fathe months January 1®@and January 2000.

Note: Theadministrativeupsurge of thetemperatureincreasefrom January 191%0 January 2000 hagrown
from 045 (reported May 2008)to 0.68°C (reported March2019). This repesentsan about51% administrative

temperatureincreaseover this period meaning thatnore thanhalf of theapparentglobaltemperature 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 satellite temperaturs;
updated toJanuary 2019
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Plot showing the average of monthly global surface air temperature estimdefQRUT45ISSNdNCDEand
satellite-based temperature estimateRES MSandUAH MSY The thin linesdicate 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.
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Global air temperature linear trendsipdated toJanuary 2019
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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 toJanuary 229
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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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As the base period differs for thmdividualtemperature estimates, they have all beearmalised by comparingith the
average value of the initial 120 monti&0(years) from January 1979 to Decembd@@8. The heavy black line represents the
simple running 37 month (c. 3 year) mean of the averdgaldive temperature records. The numbeshown in the lower
right corner represent the temperature anomaly relative to ithdividual19792008averages.

Please see notes on page 7 relating to the above three quality classes.

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

However, as both types of estimate often are
discussed together, the above diagammay
nevertheless be ofnterest. In fact, the different
types of temperature estimates appear to agree as
to the overall temperature variations onz3-year
scale, alhough on a shosdr 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. 9).

Theaverage of all five global temperature estimates
presently showsan overallstagnation, at last since

2002-2003 There has been rgignificantincrease in
global air temperature since 1998vhich however
was affected by the oceanographic El Nifio event.
Also, the recent (201516) strong El Nifio event
probablyrepresensa relatively shodived spike on

a longer developmeniThe coming years will show if
this is the caser not. Neither has there been a
temperature decreasesinceabout 20022003 See
alsodiagram on pagd7.

The present temperature stagnation does not
exclude the possibility that global temperatures will
begin to incease significantlyagain later. On the
other hand, it alsacemainsa possibility that Earth
just now is passingreoveralltemperature peak, and
that global temperatures will begin to decrease
during the coming yearsAgain, tme will show
which of thesepossibilities is correct.
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Global seasurface temperature updated toFebruary2019

Global Sea Surface Temperature Anomaly (°C) Analysis Valid 00Z 26 Feb 2019

0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W

-5 -4 -3 -2 -1 0 1 2 3 4 5

Plymouth State Weather Center

Sea surface temperature anomain 26 Februarn2019 Map source:Plymouth State Weather CentdReference period:
19771991.

Because of the largsurfaceareasnear Equtor, the be ovestated Whenever Earth experiences cold La
temperature of thesurface watein these regiongs Nifia or warm EI Nifio episodéRacific Oceanmpajor
especiallyimportant for the global atmospheric heat exchanges takes place between the Pacific
temperature(p. 4-6). In fact,p /&2 2 F LJX I y S Oceah | aNdi #& &Atmosphere above, eventually
surface area is located within 30 and 30S. showing up in estimates of the global air
temperature.
A mixture of relatively warm andcold water
dominates much ofthe oceansnear theEquator In However, his does noteflectsimilarchanges in the
addition, parts of the North Atlanticare cooling total heat contentof the atmosphereocean system.
while the South Atlantic is warmingll this will be In fact, global net changescan be smalland such
influendngglobal air temperatures in the mongtio heat exchangemay mainly reflectredistribution of
come. enemgy between ocean and atmospheré/Nhat

matters is the overalltemperature development

However, he significance ofnyshortterm cooling when seen oveseveralyears.

or warmingreflectedin air temperatureshould not


http://vortex.plymouth.edu/sfc/sst/anomaly.html
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NCDC global ocean surface temperature anomaly, May 2015 version
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June 18, 2019NCDC has introduceaveralrather large administrative chages to their sea surface temperature record. The overall
result is to produce a record giving the impression of a continuous temperature increase, also thcm@@y. As the oceans cover
about 71% of the entire surfaof planet Earth, the effect tifis administrative change is clearly seen in the NCDC record for global
surface air temperature ().
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Oceantemperature inuppermost100m, updated toDecember2018
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North Atlantic heat contentuppermost 700 m updated to September 2018
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North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toDecember 2018
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Progress in Oceanograpt82, 8:100.



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

20

Global ocean temperature 4900 m depth summary, updaig to December2018
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Global oceamet temperature change since 2004 at different depths, updatedPecember2018
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La Nina and El Nifio episodaspdated toFebruary2019
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SST anomalies in the Nifio 3.4 ceg{®N-5°S, 120-17C°W)]. Forhistorical purposes cold and warm episodes are defined
when the threshold is met for a minimum of 5 consecutive-tagping seasons. Anomalies are centred otyBbase

periods updated every 5 years.
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Troposphere and stratsphere temperatures from satdlies, updated toFebruary2019

0.9

0.6

0.3

Temperature anomaly (deg.C)

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

Temperature anomaly (deg.C)

-0.6

0.3

0.0

-0.3

Temperature anomaly (deg.C)

-0.6

0.3

0.0

-0.3

Temperature anomaly (deg.C)

-0.6

Global monthly average temperature in differexticording to University of Alabama at Huntsville, UB#e thin lines
represent the monthly average, and the thick line the simple rurifrgonth average, nearly corresponding to a running

0.6 —

0.6 —

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

I UAH Upper Air Temperature

http://vortex.nsstc.uah.edu/data/msu/v6.Obeta/

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

El Chichon

Mt Pinatubo

UAH-MSU tp 10 km
_| Monthly and running 37-month average

February 2019

N
—
=7
= —
=\ -
—"\
;
=
-
=
— ]
=7
February 2019

— UAH-MSU mt 4 km
Monthly and running 37-month average

February 2019

- i § “ e &
:: mmw M%W mﬂf Mﬁq F’ m J i

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

:: h .» Hmwlwm i Iur 'hnfl 'J' p Lﬂu”J il

February 2019

Climate4you graph B

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1998 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

3-yearaverage.

0.9

0.6

0.3

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

-0.6

0.6

0.3

0.0

-0.3

-0.6



24

Zonallower tropospheretemperaturesfrom satellites updated toFebruary2019
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Arctic and Antarctidower tropospheretemperature, updated toFebruary2019
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Temperature over land versus over oceans, updated E@bruary2019
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Global monthly average lower troposphere temperature since 1979 measured over land and oceans, respectively,

according taJniversity of Alabamat Huntsville, USA. Thick lines are the simple runBifagonth average, nearly
corresponding to a runningyearaverage. Reference period 198Q210.

Note: Since 1979, the lower troposphere over land has warmed much more than over psaggsstinghat
the overallwarming mainly is derived from incoming solar radiation.
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Arctic and Antarctic surface air tempetrare, updated toJanuary 2019

5.0 _ | HadCRUT4 area weighted; Arctic 70-90 N = 5o

’ — Monthly and running 37 month average — '

40 — — 40

30 —] — 30
o - =

T 20 —] ‘ \ — 20
1:: - ' i k ,' —
I | R il -

1.0 — 2 10
2 — Wi " ]
< - =y
—] 27

OO i___ - = - = - rr----"-""-"-"-\"-"\ "-""-" """ """ """/ __,_,__ ,__,__,__,_____—__——_—— gj OO

_1_0{ }—1.0

20 — 20
] Climatedyou graph [—
\HH‘H\H‘HHI‘HH\‘H\H‘HIH‘\HH‘\HH‘H\H‘\HH‘\HH‘HH\|\HH‘HH\‘H\H‘HHI‘HH\‘H\H‘HH\H

Dec-2000
Dec-2001
Dec-2002
Dec-2003
Dec-2004
Dec-2005
Dec-2006
Dec-2007
Dec-2008
Dec-2009
Dec-2010
Dec-2011
Dec-2012
Dec-2013
Dec-2014
Dec-2015
Dec-2016
Dec-2017
Dec-2018

Diagram showing area weigéd Arctic (780°N) monthly surface abemperature anomaliesHadCRUTysince January
2000, in relation to the WM@ormal perial 1961-1990. The thin line shows the monthly temperature anomaly, while the

27 thicker line shows the running 3month (c.3 year) average.
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Diagram showing area weighted Antarctic {J0°N) monthly surface air tempature anomaliesfladCRUT)4since
January 2000, in relation to the WM®@rmal period1961-1990. The thin lia shows the monthly temperature anomaly,
while the thicker line shows the running-8ibnth (c. 3 yearpverage.
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Diagram showing area weighted Arctic {30°N) monthly surface air temperature anomalielafiCRUTi4since January
1957, in relation to the WM@ormal periodl961-1990. The thin lia shows the monthly temperate anomaly, while the
thicker line shows the running 3ionth (c. 3 yearpverage.
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Diagram showing area weighted Antarctic {J0°N) monthly surface air temperature anomalieGCRUTHsince
January 1957, in relation to the WM®@rmal period1961-1990. The thin line shows the monthly temperature anomaly,
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Diagram showig areaweighted Arctic (7690°N) monthly surface air temperature anomali¢saflCRUTMsince January
1920, in relation to the WM@ormal period1961-1990. The thin line shows the monthly temperature anomaly, while the
thicker line shows the running 3month (c. 3 yearpverage.

Because bthe relatively small number of Arctic Thisapproachcontrasts withthat adopted byGillet

stations before 1930, montto-month variations in et al. 2008 which cdculated a simple average, with
the early part of the Arctic temperature record no correction forthe significant surface areaffect
19202018 are larger than later (diagram above). of latitudein polar regions

The period from about 1930 saw the establishment

of many rew Arcticmeteorological stations, firgh Literature

Russia and Siberiaand following the 2ndworld

War, also in North America. The period since 2005is  Gijjlett, N.P., Stone, D.A., Stott, P.A., Nozawa, T.,

warm, about as warm as the period 193040. Karpechko, AY., Hegerl, G.C., Wehner, Mdad

As the HadCRUT4 data series has improved high Jones, PD 2008. Atution of p'olar warming to
. human influenceNature Geoscienck, 750754.

latitude coverage data coverage (compared to the

HadCRUT3 serieshe individual 8x5° grid cells has

been weighta according to their surface are@his

area correction is especially important for polar

regions.
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Arctic and Antarctic sea ice, updated teebruary2019

Sea Ice Extent, 26 Feb 2019 Sea Ice Extent, 26 Feb 2019
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30
Sea ice exter26 Februan2019 Themedianlimit of sea ice (orange line) is defined as 15% sea ice cover, accordirgaverage of

satellite observations 1982010 poth years inclded). Sea ice may thereforeell be encountered outside and open water areas inside
the limit shown irthe diagrams above. Map sourdgational Snow and Ice Data Cenf&iSIDC).

AMSR2 Sea Ice Concentration 20180257 AMSR2 Sea Ice Congentration 20190297

Diagrams showing Arctic seaiextent and concentratioB7 February2018 (left) and 203 (right), accoding to theJapan Aerospace
Exploration Agenc(dAXA).
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Diagrams showing Arctic sea ice extent and thick@&dsebruan2018 (left) and 20D (right and above) and the seasonal
cyclesof the calculated total arctic sea ice volume, accordin@ite Danish Meteorological Institute (DMThe mean sea
ice volume and standard deviation for the period 2@043 are shown by grey shading.
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Sea level in general

Global (or eustaticealevel change is measured relativedn water from these basins into the adjoining oceans. Slow
idealised reference level, the geoid, which is a mathematical changes of very big glaciers (ice sheets) and movement®in th
Y2RSt 27F LI FySaG 91 NIKQa &dzNF I Ofantlé wil difech tha @avity Hidldband thevebyotide ritel 2 6
level is a function of the volume of the ocean basins and the position of the ocean surface. Any increase of the total water
volume of water they cotain. Changes in global séavel are mass as well as sediment deposition into oceans increase the
caused byc but not limited to- four main mechanisms: load on their bottom, generating sinking by viscoelastic flow in

the mantle below. The mantle flow is directed towards the

1. Changes in local and regional air pressure and wind,  surounding land areas, which will rise, thereby partly

and tidal changes introduced by the Moon. compensating for the initial sea level increase induced by the
2. Changes in ocean basin volume by tectonic increased water mass in the ocean.
(geological) forces.
3. Changes in ocean water density caused byiatéons Mechanism Jtemperaturedriven expansion) dyg affects the
in currents, water temperature and salinity. uppermost part of the oceans on human tinseales. Usually,
4. Changes in the volume of water caused by changes in  temperaturedriven changes in density are more important
the mass balance of terrestrial glaciers. than salinitydriven changes. Seawater is characterised by a

relatively small coefficient of expansion, but the effect slaoul
In addition to these there are other mechanisms influencing however not be overlooked, especially when interpreting

sealevel; such as storage of ground wategrsige 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 1lis controlling sedevel at many sites on a time potential at thetop of the water column. Temperatuseriven

scale from months to several years. As an example, many ocean waterexpansion will therefore not in itself lead &ny
coastal stations show a pronounced annual variation reflecting ~ lateral displacement of water, but onlpcally lift the ocean

seasonal changes in air presssiand wind speed. Longt#rm surface. Near the coast, where people are living, the depth of

climatic changes playiraut over decades or centuries will also water approaches zercso no temperaturedriven expansion

affect measurements of selavel changesHansen et al. (2011, will take place hergMdrner 2013. Mechanism 3 is for that

2015)provide excellent analyses sealevel changes caused by reason not important for coastal regions.

recurrent changes of the rbit of the Moon and other

phenomena. Mechanism 4changes in glacier mass balance) is gooirtant
driver for global sedevel changes along coastsy human time

Mechanism 2¢ with the important exception of earthquakes scales. Volume changes of floating glacieise shelves; has

and tsunamis- typically operates over long (geological) time no influence on the global sdavel, just like volume changes of

scales ands not significant on humarirhe scales. It may relate floating sea ice has no influence. Only the maakence of

to variations in the sefloor spreading rate, causing volume grounded or lanebased glaciers is important fone global sea

changes in migcean mountain ridges, and to the slowly level along coasts.

changing configuration of land and oceans. Another effect may

be the slow rise of basins due to isostatic offloa by Summing upMechanism 1 and 4 are the most important for

deglaciation after an ice age. The floor of thatl Sea and the understanding sedevel changes along coasts.

Hudson Bay are presently rising, causing a slow net 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 Rese@erisipt of Colorado at Boulder
The blue dots are the individual observations, and the purgeépresents the running 12tonth (ca. 10 gar) average. The two lower
panels show the annual sea level change, calculated find10-yeartime windows, respectively. These values are plotted at the end of
the interval considered. Data from tR@©PEX/Poseidon missiteve been used before 2002, aratalfrom theJasonl mission(satellite
launched December 2001) after 2002.
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Global sea level fronide-gauges updated toDecember 2017
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Holgate9 monthly tide gaugeata fromPSMSL Data Exploretolgate (20073uggested the nine stations listed in the diagram to capture

the variability found ina larger number of stations over the last half century studied previously. Foredstn,average values of the

Holgate9 group of tide gauge stations are interesting to follow. The blue dots are the individual average monthly observatitres, an
purple line represents the running 1-2ionth (ca. 10 gar) average. The two lower panels show the annual sea level change, calculated

for 1 and 16yearwindows, respectively. These values are plotted at the end of the interval considered.
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Northern Hemisphere weeklyand seasonasnow cover, updated td-ebruary2019

Northern hemispher snow cover (white) and sea ice (yell@&)ebruan2018 (left) and 203 (right). Map sourcelNational
Ice Cente(NIC).
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Atmospheric pecific humidity, updated toFebruary2019
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Atmospheric C@ updated toFebruary2019
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The relation between annual change of atmospheric £20d La Nifia and El Nifio episodes, updated

to February2019
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The phase relation between atmospheric €8hd global temperature, updated tdanuary 2019
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Red: Change of global surface air temperature (HadCRUTS3; last 12 months minus previous 12 months)
Blue: Change of global sea surface temperature (HadSST3; last 12 months minus previous 12 months)
07 | Green: Change of atmospheric CO2 (Global; last 12 months minus previous 12 months)

— DIFF12 CO2

January 2019

02 | DIFF12 HadCRUT4 1

12-month change of temperature (deg.C)
12-month change of CO2 (ppm)

January 2019 January 2019

Climatedyou graph

1962

1964

1966 —|
1972 —
1974 —
1976 —
1994 —
2004 —
2006 —
2008 —
2012 —
2014 —
2016 —
2018 —
2020 —

\
o
©
[

12-month change of global atmosphef@ concentration flauna Loagreen), global sea surface temperatuHafSST,dlue) and
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Note: The typical sequence of events is seen to be that changes in the global atmosphefioid®@ changes

in global surface air temperature, which agafollows changesin globalocean surfae temperatures.Thus,
changes in global atmospheric £€fe lagging 9410 months behind changes in global air surface temperature,
andno less tharl1¢12 months behind changes in global sea surface temperature.
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Global air temperature and atmospheric GQOupdated toFebruary2019

Temperature anomaly (deg. C)
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Temperature anomaly (deg. C)
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Temperature anomaly (deg. C)

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
-0.4
-0.5

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
-0.4
-0.5

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Atmospheric COp (Mauna Loa)

Global temperature anomaly (HadCRUT4)

January 2019 —

January 2019

Climatedyou graph

‘ Negative ‘ Positive ‘ Weak |

|

i
_ Tku __ |Q‘u . '*H .w U - | ‘ ____________ HADCRUT average 19511950 :_
il i

— 300

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Atmospheric CO5 (Mauna Loa) |

Global temperature anomaly (GISS)

February 2019 —

February 2019

Climatedyou graph

‘ Negative | Positive ‘ Weak ‘_
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

do o
| ALY
R { H "l“hlﬁ #{ ‘[\l B | IS 5 S GISS average 1951-1980 :_

— 300

410

400

390

380

370

360

350

340

330

320

310

290

410

400

390

380

370

360

350

340

330

320

310

290

Atmospheric CO, (ppm)

Atmospheric CO, (ppm)



45

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
13 L1 | L] | L] | L] | L1 | L] | L] | [ | [ | L] | L1 | L] | L] |
192 _ 7| Atmospheric COp (Mauna Loa) % — 410
i —| Global temperature anomaly (NCDC) : -
1.1 — % — 400
1-0 | w -
— — 390
0.9 — L
—~ 08 — »— 380
2 07 | .
g 07— b §—370 E
T 06 — }r I g | %
% 0.5 — " ‘ - 360 S
£ — !
e 04 — L 1 — %
& . ﬂ i — 350 £
o 03— I y - 9
5 — I o}
® 02 — ‘ ’ '.'ﬂ — 340 9§
g8 01— h\' - £
% ] ‘ | BT NCDC average 1901-2000 — 330
= 0.0 —/==-7 i I -,’1 T 11 1 e -
] |
-0.1 —| f w iy ‘ — 320
-0.2 — q B
— — 310
-0.3 — L
-0.4 — Climatedyou graph [~ 300
-0.5 — Negative Positive ‘ Weak ‘_
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 290
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Diagrams showingg AH, RS${adCRWUA, GISS, andCDGnonthly global air temperature estimates (blue) and the monthly
atmospheric Cgxontent (red) according to thdaunal oa ObservatoryHawaii. The Mauna Loa data series begins in March

1958 and 1958wastherefore chosen as starting year for thtdiagramsabove Reconstructions of past atmosphericzCO
concentrations (before 1958) are not incorporated in this diagesrsuch past G@alues are derived by other means (ice
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atmospheric measurements. The dotted grey line indicates the approximate linear temperature trend, and the boxes in the

lower part of the diagram indicatthe relation between atmospheric £&hd global surface air taperature, negative or

positive

Most climate modelsare programmed to givéhe
greenhouse gas carbon dioxide LC®8ignificant
influence on global temperature. It is therefore
relevant to compre different temperature records
with measurements of atmospheric g@s fown

in the diagrams above.

Any comparison, however, should not be made on a
monthly or annual basis, but for a longéme, as
other effects (oceanographicloud covergtc.) may
override the potential influence of GOn short time
scales such as just a few years.

It is of cause equally inappropriate to present new
meteorological record values, whether daily,
monthly or annual, ademonstrating thdegitimacy

of the hypothesis ascribg high importance of
atmospheric Cefor global temperatures. Any such
meteorological record value may well be the result
of other phenomena.Unfortunately, many news
media repeatedly fall into this trap.

What exactly defines the critical length of aeehnt
period lengthto consider for evaluating the alleged
importance of C@remains elusive anckpresentsa
theme for discussionHowever, thelength of the


http://www.ncdc.noaa.gov/oa/ncdc.html
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critical period must be inversely proportional to the
temperature sensitivity of CQincluding éedback
effects.Thus, fi the net temperature effect of
atmospheric C@s strong, the criticgberiodwill be
short, and vice versa.

However, past climate research history provides
some clues as to what has traditionally been
considered the relevant lengtof perbd over which

to compare temperature and atmospheric £0
After about 10 years of concurrent global
temperature and CQ@increase, IPCC was
established in 1988. For obtaining public and
political support for the C&hyphotesis thelO-year
warmingperiod leading up to 1988nost likely was
consideredimportant. Had the global temperature
instead been decreasirgj that time, politic support
for the hypothesis would have been difficult to
obtainin 1988

Based on the previous 10 years of concurrent
temperature and CQ@increase, many climate
scientistan 1988 presumably felt that their
understanding of climate dynamics wasoughto
conclude about the importance of G@r global
temperature changes. From this it may safely be
concluded that 10 years was considered aiqer
long enough to demonstrate the effect of increasing
atmospheric Coon global temperaturesThe 10
year period is also basis for the anomality d&ags
shown on page 2.

Adopting this approach as to critical time length (at
least 10 years), the varyingelation (positive or
negative) between global temperature and
atmospheric C®has been indicated in the lower
panels of the diagrams above.
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Laest 20-year OQC1lglobal monthly air temperature changes updated toFebruary2019
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(pleasenote that the linear tend is the monthly trend)

In the still ongoing climate debatehe following
about the global surface air temperature is often put
forward: Is the surface air temperature still
increasing or has ibasically remained without
significant changeduring the lastabout15 years?

Thediagramabove may be useful in thi®ntext and
demonstrates the differences between twaften
used statistical approaches to determinescent
temperature trendsPlease also note that such fits
only attempt to describe the past, angsuallyhave
small, if anypredictive power.In addition, bebre
usingany linear trend (or other) analysis of time
series a proper statistical model should be chosen,
based on statistical justification.

For temperaturetime series,there is noa priori
physical reason why the lorigrm trend should be
linear in time. In fact, climatic time series often have
trends for which a straight line is not a good
approximation, assclearlydemonstrated byseveral

of the diagramshownin the present report.

For an exellent description of problems often
encountered by analyses of temperature time series
analysesplease seeKeenan, D.J. 2014tatistical
Analyses of Surface Temperatures in the IPCC Fifth
Assessment Report
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Sunspot activity and QC1 average satellite globaltemperature, updated toFebruary2019
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Variation of global monthlgir temperatureaccording to Quality Class 1 (UAH and RSS; 4g@npl observed sunspot
numberasprovided bythe Solar Influences Data Analysis Center (SHX@e 1979. The thin lines represent the monthly
values, while the thick line is the simple runningn@hth average, nearly corresponding to a runnirgearaverage. The
asymmetrical temperature 'bump' around 1988nfluenced bythe oceanographi€&l Nifiophenomenonin 199§ as is the
case also for 20156.


http://www.climate4you.com/SeaTemperatures.htm#La Niña and El Niño episodes
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Climate and historyone example among many

1840: Louis Agassiz visits the Parallel RoadGleh Roy

P
GLEN Roy — IcE AGE MONUMENT

o L

Popular explanation on the origin tife Parallel Roaslof Glen Rogs displayed at the main parking lot in Glen

Roy, June 2, 2008 (left). The valley Glen Roy is recognized as one of the most important geological sites a

arguably the most famous landform in Great Britain. This is the place where the fexistance ofjlaciers

outside the Alps for the first time in earnest was recognized by scientists. This, in turn, also lead to the conclusio
that Earth had been exposed to large, natural climatic variations. Portrait of Jean Louis Rodolphe Agaksiz (right

Jean Louis Rodolphe Agassiz (:8873) was born

in Métier (now part of Haudully) in the canton of
Fribourg, Switzerland. He studied at the universities
of Zirich, Heidelberg and Munich, extending his
knowledge of natural historygspecially of botay.
Following a subsequent move to the University of
Paris, he became interested in geology and zoology,
especially fish.

In 1832 he was appointed professor of natural
history in the University of Neuchatel in Switzerland.
Here the fos#-rich slates andimestones attracted
his interest, although very littlpreviouslyhad been
accomplished in the way of scientific study of $he
deposits This resulted in a long palaeontological
interest in the classification dbssilfish. Under his
inspiring leadership, the Umiersity of Neuchatel

soon became a leading institution for scientific
research.

In the meantime, the glaciers of the Alps had been
made an object for scientific studies by naturalists
and scientists like De Saussure, Venetz, Charpentier
and Schimper. BotlEharpentier and Schimper had
suggestedhat fragments of alpine rocks scattered
over the slopes and summits of the Jura Mountains
in westernmost Switzerland had been transported
there byformer glaciers.

This scientific issue attracted the attention of
Agassiz, and he hatthe opportunity to discuss it
with both Charpentier and Schimperand
subsequently made successive journeys to the
alpine regions in company with them. He even had
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a hut constructed upon one of the Aar glaciers in
central Switzerland, to investigatke structure and

movement of the glacier. Based on this work,
Agassiz in 1837 became the first to scientifically
propose that the Earth once had been subject to a

past ice age with much cooler climate and more
extensive glaciers.tAhat time this was aold or
even outrageous hypothesis demanding large
climatic danges in the past.

Lake Marjelenseat Grosser Aletschgletscher in Berner Oberland, Switzerland (left). Previously, during the Little
Ice Age, Aletschgletscher was thicker and Marjelensee dammed by the glacier and therefore larger and deeper

than now Grosser Aletschgletscher looking NWh). Lake Marjelensee, including a remnantdeenmed par,
is seen in the lower right corner. Tingper limit of thegrey zoneseenabove the glacier indicate thmosition of
the glacier surface and Marjelensee around 1-:880when the preent period of glacier recession begarthia

Alps.

In 1840 Agassiz published two volumes entitled
Etudes sur les glaciefStudy on Glaciers"). Here he
discussed glacier movement, formation of
moraines, and glacier erosion as demonstrated by
striae ar roches moutonnéeseen in front of many
glaciers in the Alps. As many glaciers at that time
was growing, he had no difficulty in accepting
Charpentier's and Schimper's idea that some of the
alpine glaciers previously had extended across the
wide plains ad valleys, far beynd their
contemporary size.However, Agassiz went still
farther in his conclusions. He concluded that, in the
relatively recent past, Switzerland had been like
Greenland, and that one vast sheet of ice,
originating in the central Alps, had extsd over

the entire lowland of northwestern Switzerland,
reaching theJura mountains.

The publication of this work gave a fresh impetus to
the study of glacial phenomena in all parts of the
world. In addition, it was important to Agassiz to
convince he geological commity in Britain, then
at the forefront of international geological science.
For thatreason,Agassiz in 1842 visited Scotland.

Following a presentation of higutrageous idedst

a meeting of the British Association in Glasgow,
Agasds departed on a touof the West Highlands,
accompanied by the Rev. William Buckland,
professor of Geology and Mineralogy at Oxford
University. Northeast of Fort Williams, Agassiz
visited the already at that time famous Parallel



Roads of Glen Roy. A fewveays before, in 198,
Charles Darwirf1839)had interpreted the Parallel
Roads as former marine shorelines, suggesting that
Scotland since had been exposed to considerable
tectonic uplift because of movements of molten
rock below the surfacgsee Climate4dyou update
Jaruary 2019) The valleyGlen Roy isad to have
made a thorough impression on Agassiz. He

immediately interpreted the terraces as shorelines
formed along a past lake dammed by a now
vanished glacier. In Switzerland, he had seen similar
terraces around preseriay ice dammed lakes,
especiallyat lake Marjelense at the eastern side of
Grosser Aletschgletscher in Berner Oberland (see
photos onthe previouspagse.

Upper end of Glen Roy, looking ENE on September 3, 2000. The uppermost of the former lake shorelines (350

asl.) are seen to fit ialtitude with the pass at the head of the valley. During this maximum sea level, water
from icedammed Loch Glen Roy sglliever in the neighbouring Drummin valley to the east, to continue into
the Spey drainage system further east. After the disappearahthe lake, a major landslide has taken place on
the southernvalley sid€to the right), destroying the old shorelind$e age of this landslide is not known, but it
has been speculated that this and other landslides in the m@ahave beereleased as permedst thawed

after the last glacial periad

After having visited Glen Roy, Agassiz travelled to
Fort Augustus 30 km north of Gl&oy, on way to
Inverness in NE Scotland, before continuing to
Edinburgh. From Fort Augustus Agassiz wrote a
letter about his findings teditor Robert Jameson in
Edinburgh, intending that it be published in the
Edinburgh New Philosophical Jour(MtKirdy et al.
2007). Jameson immediately recognised the
significance of Agassiz' discoveries. As the latest

issue ofhis journal was already in press, Jameson
passed tle letter on to Charles Maclarerglitor of
the still existing newspapdrhe ScotsmarMaclaren
was abo a geologist by training, and equally rapidly
grasped the importance of Agassiz's letfEhus,on

7 October 1840, under the headlin®iscovery of
former glaciers in Scotland, especially in the
Highlands, by Professor Agassibie Ice Age was
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first amounced to the wider publian a daily
Scottishnewspaper

The icedammed lake in Glen Roy and in two other
valleys in the Lochaber region of western Scotland
were produced by theeadvance of glaciers from
west of the Great Glen (thealley containingLoch
Ness) up the lower part @len Spean. These valleys
today drain west, towards the Atlantic Ocean. The
advance of glaciers 12,502,000 years ago blocked
off the drainage outlet, aasing Glen Roy, Glen Glory
and Glen Spean to fill with water, until spilling over

a threshold at 260n altitude into valleys draining
east into the present North Sea area. Further
advance of ice up these glens fragmented this large
water body into three sparate lakes, forcing the
Glen Roy lake to empty over a higher col at 325 m,
eventually to empty diretly into the Spey drainage
system across a col at the valley head at 350 m
altitude. At the glaciers later retreated, each of
these three outlets waspenedin turn, presumably
starting with a flood event, §@kulhlaup and then

for a time stabilisinghe level of the lake surface at
successively lower altitudes.

Fort Augustus at the soutlvestern end of Loch Ness, looking W on June 2, 2008 Tledt)alley bottom is

filled with glaciofluvial sediments, deposited by a large river draining meltwater from glaciers further to the SW.

A thick layer of the glacioflualisediments is very coargeained, with individual clasts up to-3@ cm in size,
and may have been derived fromj@kulhlaupgenerated by sudden drainage of the formerdeeanmed lake in

Glen Roy (right).

The Parallel Roads of léd8 Roy themselves
presumably were eroded by a combination of wave
action and frost weathering of bedrock lake leve]

at any time maintained bythe lowest available
outlet possibility. In Glen Roy there are three main
shorelines, at 350 m, 325 and 260 m abGea level.

At its maximum size the lake in Glen Roy attained a

surface area of c. 73 Khvand a maximum walr
volume of c. 5 kfh

Sissons (1979) suggested that, in common with
many presenday icedammed lakes, this huge
body of water would periodicallgave emptied in a
gigantic flood orjokulhlaup with a discharge of
possibly as much as 22,500/m The eaikst such



