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Juy 2019qlobal surface air temperature overview

Surface air temperature anomaly 2019 07 vs last 10yr
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Juy 2019 surface air temperature compared to tleverageof the last 10 yearsGreenyellowred colours indicate areas with higher
temperature than thelO-yearaverage while blue colours indicate lower than average temperatures. Data so@amdard Institute for
Space Studig&I1SS)singHadl_Reyn_vacean surface temperatureand GHCNv4 land surface temperatures.
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Comments to theJuy 2019qglobal 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 showirlge geographical pattern
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 affeatt by the cold
period 19451980.Most comparisoswith 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 this problenand displays thenodern
dynamics of ongoing chge This decadal approach
also corresponds well to the typical memory horizon
for many people.

In addition the GISS temperature data used for
preparing the above diagramslisplay distinct
temporal instability for data befor¢he 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 referace
value Simply omparing 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
QC3, respectily, as described on 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 correspondingat athree-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 oughly corresponds to both
the beginning ofatellite observations and the onset
of the late 20" century warming period. However,
several of thalata seriehave a much longer record
length, which may be inspected in greater detail on
www.climate4you.com
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Juy 2019global surface air temperatures

General: For Jly 2019 GISS supplied 5845

interpolated surface aidata points; allvaluesare

used to produce the diagramshown on page 2.
According to the GISSath, the average global

monthly temperatureanomalywasnearly the same
as inthe previous month

The Northern Hemispheranomality patternwas
characterised byargeregionalcontrasts Especially
large parts of Canada and USA, Europe and western
Russia and eastern Siberiavere relatively cold,
while Alaska, Greenland and western Sibesiare
relativelywarm. In the Arctic, especially the Alaska
sector was relatively warm, while most of the
remaining region was near the 40 average or
relatively cold

Near the Equatortemperatures werelargely near
the 10yearaverage

The Southern Hemispheremperatureswere near

or below the average for theprevious 10years.
Southern Africa as relativelywarm, while much of
South America was relativelgold. Most of the
ocean surface in the Southern Hemisphere was
relatively cold or near the 19r average.ln the
Antarctica, surface temperatures were relatively
low in the 30°W-90°E sector, while the remaining
regions had relatively high surface tempenas.
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Temperature quality class 10ower tropospheretemperature from satellites updated toJuy 2019
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Global monthly average lower troposphere temperature (thin line) since 1979 according/&ssity 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 according to accoiemdie Sensing Syste(fi¥SS)
USAThe thick line is the simple runni8@month average.
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Temperature quality class 2: HadCRUdbal surface air temperature updated toJune2019
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Temperature quality class 3: GISS and NCDC global surfacenaetature, updated toJuy 2019
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Global monthly average surface air temperature (thin line) since 1979 according to accordin@tudtterrd Institute for Space Studies
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month average.
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A note ondatarecord stabilityand -quality:

The temperature diagrams shown abowal have
1979 as startig year. This roughly marks the
beginning of the receng¢pisodeof global warming,
after termination of the previougpisodeof global
cooling from about 1940. In additipthe year 1979
also represents the starting date for the satellite

based global temgrature estimates (UAH and RSS).

For the three surface air temperature records
(HadCRUT, NCDC and G888y beginmuch earlier
(in 1850 and 1880respectively, as can éinspected
onwww.climate4you.com

For al three surface air temperature records, but
especially NCDC and Gl&8Bninistrative change®
anomaly values are quite often introduced, even for
observations many years back in time. Some
changes may be due to the delayed addition of new
station dataor change of stion location, while
others probably have their origin in chargef the
techniqueadoptedto calculate average values. It is
clearly impossible to evaluate the validity of such
admiistrative 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 collecteg moving shig

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 their
instrumentation have been changed 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 aad completeon a global basithan
that represented bythe surface recordslt is also

important that the sensors on satellites measure
temperature directly by emitted radiation, while
most surfae temperature measurements are
indirect, using electronic sestance.

Everybody interested in climate science should
gratefully acknowledge he efforts put into
maintaining the different temperature databases
referred to in the presentnewsletter. At the ame
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,
Cimate4you operats with three quality classes {1
3) for global temperature records, with 1
representing the highest quality level:

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

The mainreason for discrinmating between the
three surface records the following:

While both NCDC and GISS often experiengee
large administrative changdgseeexample on p.8)
and therefore essentiallgre unstabletemperature
records, the changes timduced to HadCRUT are
fewer and smallerfFor obvious reasonssdhe past
does not changeany recordundergoing continuing
changescannot describe the past correctlgll the
time. Frequent and large corrections a database
alsosignalafundamental dabt about whatis likely
to representthe correct values.

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

Note: Theadministrative upsurge of thetemperatureincreasefrom January 191%0 January 2000 hagrown

from 045 (reported May 2008)to 0.67°C(reported August2019. This representan about49%administrative
temperature increaseover this period meaning thatabout half of the apparentglobaltemperature increase
from January 190to January 200Qas reported by GIS8)due to administrativehangesf the original data
since May 2008
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Comparing global surface air temperatusnd lower troposphere satellite temperaturs;

updated toJune2019
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Plot showing the average of monthly global surface air temperature estimdefQRUT45ISSNdNCDEand
satellite-based temperature estimateRES MSand UAH MSWU The thin lines indicate the monthly value,

while the thick lines represent the simple runningn®hnth average, nearly corrpending to a running-3r

average. The lower panel shows the monthly difference betaeeragesurface air temperature and satellite
temperatures. As the base period differs for the different temperature estimates, they have all been normalised
by companig to the average valuef 30 years from January 1979 to December 2008.
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Global air temperature linear trendsipdated toJune2019
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All in one,Quality Class 1, 2 and 8pdated toJune2019
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Superimposed plot @uality Class 1 (UAH and R@8bal monthly tenperature estimates. As the base period differs for the
individual temperature estimates, they have all been normalised by comparing with the average value of the initial 120
months (30 years) from January 1979 to December 2008. The blaakyine repreants 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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SuperimposedIpt of Quality Giss 1 and 2 (UAH, RSS and HadCRUT4) global 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 (3@ears) from Janug 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 anomaly relatiteethe individuall9792008averages.
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As the base period differs for tlimdividualtemperature estimates, they have all been normalised by compavitigthe
average value of the initial 120 monti&9(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 numbers shown in the lower
right corner represent the temperature anomaly relative to itgividual19792008averages.

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

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

However, as both types of estimate often are
discussed togdier, the above diagram may
nevertheless be of interest. In fact, the different
types oftemperature 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. 9).

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

2002-2003 There has been rgignificanincrease in
global air temperature since 1998yhich 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 he caseor not. Neither has there been a
temperature decreasesinceabout 20022003 See
also diagram on page 47.

The present temperature stagnation does not
exclude the possibility that global temperatures will
begin to increasesignificantlyagain 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, ime will show
which of thesepossibilities is correct.
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Glohal seasurface temperature updated toJuy 2019

Global Sea Surface Temperature Anomaly (°C) Analysis Valid 00Z 28 Jul 2019
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Sea surface temperature anomaiyn 28 July2019 Map urce:Plymouth State Weather CentdReference period: 1977
1991.

Because of the largsurfaceareasnear Equatorthe be ovestated Whenever Earth experiences cold La
temperature of thesurface wagr in these regionss Nifia or warm El Nifio episodéacific Oceanpajor
especiallyimportant for the global atmospheric heat exchanges takes place between the Pacific
temperature (p. 4-6). In fact,p /&2 2 F LI | y S Oceah | anNdi & &tmosphere above, everilyia
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 the Equdor, However, his does noreflectsimilarchanges in the
although with dominance of warm water In total heat contentof the atmosphereocean system.
addition, parts of the North Atlanticare cooling In fact, global net changescan be smalland such
while parts ofthe South Atlantic is warming\l this heat exchangemaymainly reflectredistribution of
will be influendng global air temperatures in the energy between ocean and atmospheré/NVhat
monthsto come. matters is the overalltemperature development

o _ when seen oveseveralyears.
However, he significance oanyshat-term cooling

or warmingreflectedin air temperatureshould not


https://vortex.plymouth.edu/mapwall/ssta.png
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Junel8, 2015NCDC has introduceaveralrather large administrative changes to their sea surface temperature record. The overall
result is to produce a record giving the impression of a continuous temperature increase, also thcve@d. Ashe oceansover
about 71% of the entire surface of planet Earth, the effect of this administrative change is clearly seen in the NCCgletald
surface air temperature ().



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

Oceantemperature inuppermost100m, updated toJune2019
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North Atlantic heat contentuppermost 700 m updated toDecember2018
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North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toMarch 2019

Time series of Argo Temperature (°C)

59.0°N 330.0°E—360.0°F
u w q w V w u ‘\J w Q 14
| = © L 13
o - (=] ‘a
R E - o
200 — ® Bt -
~ y w
& S © S
_.q_) — o o g — 11
o o 2’; it 5 © g 2
é 400 4 " @ = o
<
a . s
8 o
600 N ;
‘©

800
2004 2006 2008 2010 2012 2014 2016 2018

Time series epth-temperature diagram along 59 N across tNerth Atlantic Currenfrom 30°W to (W, from surface to
800 m depthSourceGlobal Marine Argo AtlaSee alsdhe diagrambelow.

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

T T T T S T T T T

N Climate4you graph [~
9.0 — — 9.0
8.8 —] — 8.8
N
| . \ -
’ \
4
86 —| \| f N L 86
v ~ VA
N N
— . \ -
3 T’ \
84 — S \ — 8.4
N flw
> N 11N
— g ™~ . ~ —
c ~
(1] L}
°
8.2 —] \ — 8.2
\
\
‘\
8.0 —j \ A — 8.0
\
_ \ Pl S ™ -
I‘ r
7.8 — = @ — 78
“Nov I
— - < —
o
©
76 — e —
. North Atlantic Current temperature transect at 59N, 30-0W, 0-800m depth .
Monthly values and running 12-month average; Argo data

rtrerrrrrererrrrrrr e e e e

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Average temperature along 59 N,-80V, 0800m depth, corresponding to the mainrpaf the North Atlantic Current, using
Argo-data. SourceGlobal Marine Argo Atla®\dditional information can be found in: RoernmiD. and J. Gilson, 2009. The
20042008 mean and annual cycle of temperature, salinity, and steric height in the global ocean from the Argo Program.
Progress in 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, updated tdMarch 2019
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Oceanography82, 81100.
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Global oceamet temperature change since 2004 at different depths, updatedMarch 2019
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La Nifa and El Nifio episodesipdated toJuy 2019
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Troposphere and stratosphere temperatures from satellites, upddt® Juy 2019
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Zonallower tropospheretemperaturesfrom satellites updated toJuy 2019
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extratropics, according toniversity of Alabamat Huntsville, USA.hin lines show the monthly temperatuféhick lines
representhe simple runnin@7-month average, nearly corresponding to a rungiByyearaverage. Reference period 1981
2010.
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Arctic and Antarctidower tropospheretemperature, updated toJuy 2019
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Temperature over land versus over oceans, updatedltby 2019
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Arctic and Antarctic surface air tempetrare, updated toJune2019
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Diagram showingareaweighted Arctic (7890°N) monthly surface air temperature anomaliésa CRUTMsince January
1920, in relation to the WM@ormal period1961-1990. The thin lia shows the monthly temperature anomaly, while the
thicker line shows the running 3month (c. 3 yearpverage.

Because of the relatively small number of Agcti Thisapproachcontrasts withthat adopted byGillet

stations before 1930, montto-month variations in et al. 2008 which calculated 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 Arctic meteorological stations, first Literature

Russia and Siberiaand following the 2ndworld

War, also in North America. The periodca 2005 is Gillett, N.P., Stone, D.A., Stott, P.A., Nozawa, T.
warm, about as warm as the period 193040. Karpe’chko,’AM., I—’Iegerl’, G.C.’, Wer;r;eM.F. ar;d ’

Jones, P.D. 2008. Attribution of polar warming to

As the HadCRUT4 data series has improved high human infuence.Nature Geoscienck 750754

latitude coverage data coverage (compared to the
HadCRUT3 serieshe individual 8x5° grid cells has
been weighted according to their surface ardanis
area correction is especially important for polar
regions.
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Arctic and Antarctic sea ice, updated thly 2019
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30
Sea ice exter?9 July2019 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 Ice Data CenfsiSIDC).

AMSR2 Sea Ice Concentration 20180729 AMSR2 Sea Ice Concentration 20190729

Diagrams showing Arctic seaei@xtent and concentratio@9 July2018 (left) and 208 (right), according to theJapan Aerospace
Exploration Agenc(dAXA).
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NSIDC seaice area; monthly and13-month average. Red line represents average 1979-2018.
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Sea level in general

Global (or eustatic3ealevel change is measured relative to an water from these basins into the adjoining oceans. Slow
idealised reference level, the geoid, which is a mathtoal changes of very biglaciers (ice sheets) and movements in the
Y2RSt 2F LI FySG 91 NIKQa &dzNF I Onfantlé wil diiecs the @avity figldbandi thevebyOtide tibel 2 6 |- €
level is a function of the volume of the ocean basins and the position of the ocean surface. Any increase of the total water

volume of water they cotain. Changes in global séavel are mass as well as sediment deposition into oceans increase the
caused by but not limited to- four main mechanisms: load on their bottom, genating sinking by viscoelastic flow in
the mantle below. The mantle flow is directed towards the
1. Changs 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 by variations Mechanism 3(temperaturedriven expansion) only 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 temperature-driven changes in density are more important
the mass balance of terrestrial glaciers. than salinitydriven changes. Seawater is characterised by a

relatively small coeitient of expansion, but the effect should
In addition to these there are other mechanisms influencing however not be overlooked, especially when interpreting
sealevel; such as storage of ground water, storage in lakes and  satellite altimetry data. Temperaturdriven expansion of a

rivers, evaporation, etc. column of seawater will not affect the total mass of water within
the column considered andwill therefore not affect the
Mechanism 1lis controlling sedevel at many sites on a time potential at the top of the water column. Temperatudeiven
scale from months to several years. As an example, many ocean water &pansion will therefore not in itself lead tany
coastal stations show a pronounced annual variatieftecting lateral displacement of water, but onlpcally lift the ocean
seasonal changes in air pressures and wind speed. L-teger surface. Near the coast, where people arenig, the depth of
climatic changes playingibover decades or centuries will also water approaches zero, so no temperatetgven expansion
affect measurements of selavel changesHansen et al(2011, will take place hereMdrner 2013. Mechanism 3 is for that
2015)provide excellent analyses of sksvel changes caused by reason not important for coastal regions.
recurrent changes of the bit of the Moon and other
phenomena. Mechanism 4changes in glacier mass balance) is an important
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 human time scales. It may relate ~ floating seaice has no influence. Only the masalance of
to variations in the sefloor spreading rate, causing volume grounded or lanebased glaciers is important foretglobal sea
changes in migcean mountain ridges, and to the slowly level along coasts.
changing configuration of land and oceans. Another effect may
be the sbw rise of basins due to isostatic offloading by Summing upMechanism 1 and 4 are the most important for
deglaciation after an ice age. The floor of thétBz5ea 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 Rései@erisint of Colorado at Bler.

Theblue dots are the individual observations, and the purple line represents the runnimgobi#ii (ca. 10 gar) average. The two lower
panels show the annual sea level change, calculated for Llagydartime windows, respectively. These valaes plottedat the end of
the interval considered. Data from tR@©PEX/Poseidon missiteve been used before 2002, and data fromdasonl 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 gauge data frofRSMSL Data Exploretolgate (20073uggested the nine stations listed in the diagram to capture

the variability found ira larger number of stations over the last hedintury studied previously. For thegason,average values of the

Holgate9 group of tide gauge stations are interesting to follow. The blue dots are the individual average monthly observatitres, and
purple line represents the running 1-2ionth (ca. 10/ear) 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.

Reference:

Holgate, S.J. 2007. On the decadal rates of sea léaige during the twentieth century. Geophys. Res. Letters, 34, L01602,

d0i:10.1029/2006GL028492
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Northern Hemisphere weeklyand seasonasnow cover, updated taJuy 2019

Sun Jul 29

Northern hemisphere snow cover (white) and sea ice (yeB®wly2018 (left) and 20D (right). Map sourceNational Ice
Center(NIC).
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Atmospheric pecific humidity, updated toJuy 2019
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Atmospheric C@ updated toJuy 2019
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Monthly amount of atmospheric GQupper diagram and annual growth ratel¢wer diagram) average last 12 months minus average
preceding 12 monthghin line) of atmosphere CQ since 1959, according to data provided by Mauna Loa ObservatoryHawaii, USA.
Thethick, stippledine is the simple running7-observatioraverage, nearly correspoimd) to a unning 3year average.



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

The relation between annual change of atmospheric £20d La Nifia and El Nifio episodes, updated
to Juy 2019

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

E 354 — 35
R -4 12-month change rate atmospheric CO,; Mauna Loa Hawaii -
[\
o 3.0+ — 3.0
o i > F
L =
& 25 Q25
E 2.0 — 2.0
@ b L
T 15— — 15
o | L
2
g 1.0+ — 1.0
o J L
L
T 05 — 0.5
£ 4 L
& 00 - — 00
25 — — 2.5
4 NOAA CPC; ONI -
2.0 — 2.0
15 -1
> 4 © -
[} =
g 107z oo
R o |05
z 1 o0 g
L 0.0 g > 0.0
s 1® 3t
8 05 4-——--——- - ®r 05
(e} 18 =L
1.0 4 3 — -1.0
1s L
1.5 - ~ -1.5
b Climate4you graph r

2.0 |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||-2.0
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Visual association between annual growth rate of atmospherid@per panel) and Oceanic Nifio Indiexver panel). & also
diagrams on page 40 and 22, respectively.
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Oceanic Nio Index.



42

The phase relation between atmospheric €@nhd global temperature, updated tdune2019
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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)
Green: Change of atmospheric CO2 (Last 12 months minus previous 12 months)
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12-month change of global atmospheric £fncentration flauna Loagreen), global sea surface temperatuHafSST,dlue) and
global surface air tmperature HadCRUT4ed dotted). All graphs are showing monthly values of DIFF12, the difference between the
average of the last 12 month and the average for phevious 12 months for each data series.

Note: The typical sequemcof events is seen to be that changes in the global atmospheriéof@vs changes

in global surface air temperature, which agafollows changesin global ocean surface temperatureg.hus,
changes in global atmospheric £€8e lagging 9.610 months bemd changes in global air surface temperature,
andno less tharl1¢12 months behind changes in global sea surface temperature.

References:

Humlum, O., Stordahl, K. and Solheir&, 2012. The phase relation between atmospheric carbon dioxide and
global emperature. Global and Planetary Change, August 30, 2012.
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Global air temperature and atmospéric CQ, updated toJuy 2019

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$adCRW, GISS, andCDGnonthly global air temperature estimates (blue) and the monthly
atmospheric Cgxontent (red) acording to theMaunal oa ObservatoryHawaii. The Mauna Loa data series begins in March

1958 and 1958vastherefore chosen as starting year for thitdiagramsabove Reconstructionsf past atmospheric GO
concentrations (before 1958) are not incorporated in this diagesrsuch past G@alues are derived by other means (ice
cores, stomata, or older measurements using different methoddlagyl therefore are not directly comparabiéth direct
atmospheric measurements. 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

postive.

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

It is of cause equally inappropriate to present new
meteorological record values, whether daily,
monthly or annual, ademonstrating the legitimacy
of the hypothesis ascribing high importance of
atmospheric Cefor global temperatures. Any such
meteordogical record value may well be the result
of other phenomena.Unfortunately, many news
media repeatedly fall into this trap.

What exactly defines the critickdngth of a relevant
period lengthto consider for evaluating the alleged
importance of C@remains elusive antepresentsa
theme for discussionHowever, thelength of the


http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
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critical period must be inversely proportional to the
temperature sensitivity of G, including feedback
effects.Thus, fi the net temperature effect of
atmospheric C@s strorg, the criticaperiodwill be
short, and vice versa.

However, past climate research history provides
some clues as to what has traditionally been
considered theelevant length of period over which
to compare temperature and atmospheric £0
After about D vyears of concurrent global
temperature and CQ@increase, IPCC was
established in 1988. For obtaining public and
political support for the C&hyphotesis thelO-year
warming period leading up to 1988ost likely was
consideredimportant. Had the globalemperature
instead been decreasirgj that time, politic support
for the hypothesis would have been difficult to
obtainin 1988

Based on the previous 1@ears of concurrent
temperature and CQ@increase, many climate
scientistan 1988 presumably felt hat 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 a period
long enough to demonstrate the effect of increasing
atmospheric C@on global temperaturesThe 10
year period is also basis for the anomality diagrams
shown on page 2.

Adopting this approach as to critical #nength (at
least 10 years), the varying relation (positive or
negative) between global temperatureand
atmospheric C®has been indicated in the lower
panels of the diagrams above.
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Laest 20-year OC1lglobal monthly air temperature changes updated toJuy 2019
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(pleasenote that the linear trend is the monthly trend)

In the still ongoing climate debatehte 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 thiontext and
demonstrates the differences between twaften
used statistical approaches to determinescent
temperature trendsPlease also note that such fits
only attempt to describe the past, anguallyhave
small, if anypredictive power.In addition, before
usingany linear trend (or other) analysis of time
series a proper statistical model should be chosen,
based on statistical justification.

For temperature timeseries,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 excellentdescription of poblems often
encountered by analyses of temperature time series
analysesplease seeKeenan, D.J. 2014&tatstical
Analyses bSurface Temperatures in the IPCC Fifth
Assessment Report
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Sunspot activity and QC1 average satellite globaltemperature, updated toJuy 2019
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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 runningeéaraverage. The
asymmetrical temperature 'bump' around 1988nfluenced bythe oceanographi€&l Nifiophenomenorin 199§ as is the
case also for 20156.


http://www.climate4you.com/SeaTemperatures.htm#La Niña and El Niño episodes
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Climateand history, one example among many

1817:Sir Joseph Bank#ioughtson the Arctic Ocean

Sea icand cloudsTheFram Strait betweeNE Greenland anfipitsbergen, looking south, February 18, 2015.

The President of the Royal Sociebyr Joseph Banks, barrier of ice has been durinfpe last two years,
1¢ Baronet London, in 1817 (20th November) greatly abated.Mr. Scoresby, a very intelligent

wrote a letter to the British Admiralty (Roy@&bciety young man who commands a whaling vessel from
of London 1817), stating: Whitby observed last year that 2000 square leagues
(a leagwe is 3 miles) of ice with which the Greenland
The Royal Society, 20 November 1817 Seas between the latitudes of 74° aB@°N have
been hitherto covered, has in the last two years
My Lord, entirely disappeared. The same person who has

never been before able to penetrate to the westward

of the Meridianof Greenwich in these latitudes was
GKAa @SIENIFofS G2 LINBWOSSR
the coast of East Greenland and entertained no
doubt of being able to reach the land had not his
duty to his employers made it necessary for him to
abandon the undertking.

It will without doubt have come to your Lordship's
knowledge that a considerable changé climate,
inexplicable at present to us, must have taken place
in the Circumpolar Regions, by which the severity of
the cold that has for centuries past enclosed thessea
in the high northern latitudes in an impenetrable
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This, with information of a similar nature derived
from other sources; the usual abundance of ice
islands that have during the last two summers been
brought by currents from Davies &ts into the
Atlantic;, the ice which has this year surroundéee t
northern coast ofdelandin unusual quantity and
remained there unthawed till #8amiddle of August,
with the floods which have during the whole summer
inundated all those parts of Germany where rivers
have their sources in snowy mountainsafford
ample proof that new sources of warmth have been
opened and give us leave to hope thae tArctic Seas
may at this time be more accessible than they have
been for centuries past, and that discoveries may
now be made in them not only interesting to the
advancerent of science but also to the future
intercourse of mankind and the commerce ofatis
nations.

¢tKS t NAYyOS wS3aSyidQa
abundant proof of its disposition to follow up the
plan of prosecuting discoveries for the extension of
usefd knowledge and the general benefit of
mankind (which has so eminently distinguistiee
reign of his present Majesty). We cannot therefore
entertaindoubt that it will be ready to avail itself of
the favourable opportunity which now appears to
have occured; toendeavourto correct and amend
the very defective geography of the Arctic ioets,
more especially on the side of America; to attempt
the circumnavigation of Old Greenland, if an island
or islands, as there is reason to suppose; to prove the
existerte or norexistence of Baffin Bay, and to
endeavour to ascertain the practicabilityof a
passage from the Atlantic to the Pacifoast along
the northern coast of North Americ&hese are
objects which may be considered as peculiarly
interesting to Great Britain, not only for their
proximity and the great national advantages which
they nvolve, but also for the marked attention they
called forth, and the discoveries made in
cons@uence thereof in the very earliest periods of
our foreign navigation.

D 2 & S NayhY&S.yJdsepk Baaks. I f NB | R&

We have been induced to take the liberty of making
this communication to your Lordship anding, by a
reference to our Minutes, that the voyage of
discovery towards the North Pole, wh was
entrusted to the late Captain Phipps, afterwards
Lord Mulgrave, was first suggested by the President
and Council of the Roy&bcietyin a communication
made to Lord Sandwich, then first Lord
Commissioner of thAdmiralty, on the ground that
such avoyage might be of service to the promotion
of natural knowledge, which is the proper object of
the Institution under the patronage of his Majesty.
We thereforebeg leave, in the event of one or more
expeditions being fitted out on thgresent occson,

to make an offer of our services in any way that may
be thought useful in the preparation thereof, or
conductive to the accomplishment of the objects
which such epeditions may have in view.

IAQSyYy

This 1812 print depictSir JosepBanks as president
of the Royal Society, wearing the insignia of the
Order of Bath.



