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September2019global surface air temperature overviewersus last 10 years

Surface air temperature September 2019 versus last 10yr
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SeptembeR019surface air temperature compared to theerageof the last 10 yearsGreenyellowred colours indicate areas with higher
temperature than thelO-yearaverage, while blue colours indicate lower than average temperatures. Data s@a@éard Institute for
Space Studig&1SSyisingHadl_Reyn_vRcean surface temperatureand GHCNv4 land surface temperatures.


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

Comments to theSeptember2019global surface air temperature overviewersus last 10 years

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 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 affeateéby 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 changkhis decadal@proach
also corresponds well to the typical memory horizon
for many people.

In addition the GISS temperature data used for
preparing the above diagramsglisplay distinct
temporal instability for data befor¢he turn of the
century (see p.8). 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 Simply omparing with the last previous 10
yearsmakes more sense atisimore usefulSee also
the additionalreflections on page?

The different air temperature records have been
divided into three quality classes, QC1, QC2 and
QC3, respectively, as describaal pages.

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 calafed 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 corresponds to both
the beginning o§atellite 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

Septémbe2g1B diblval surface hilSendpedaRiresu dhc M

General:For September2019 GISS supplied5956

interpolated surface aidata points; allvaluesare

used to produce the diagramshown on page 2.
According to the GISS datayet average global

monthlytemperatureanomalywasnearly the same
as inthe previous month

The Northern Hemisphemnomality patternwas ¢
as usual characterised byargeregionalcontrasts
Especiallyarge parts oEurope, eastern Siberia and
parts of NorthAmericawere relativelycold, while
Alaska,northern Canada, Greenlap@éastern USA
andregionsaround Mongoliavere relativelywarm.

In the Arctic especially theEuropeansector and
parts of Siberiavas relativelycold, while theentire
North America sector (with Greenland) was
relativelywarm.

Nearthe Equatortemperatures werdargelynearor
belowthe 10yearaverage

The Southern Hemispheremperatureswere near

or below the average for theprevious 10years.
Southern Africa as relativelywarm, as was western
Australia, while most other land areas were
relatively cold or near the averageMost of the
ocean surface in the Southern Hemisphere was
relatively cold or near the 19r temperature
average.In the Antarctica,surface temperatures
were mainly below the 16/ear average, with only
parts of West Antarctica being relatively warm
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September2019 global surface air temperatureompared to Sptember 2018

Surface air temperature September 2019 versus September 2018
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September2019 surface air temperature compared ®eptember 2018Greenyellowred colours indicateegionswhere the present
month was warmethan last year while blue colours indicategions where the present month was cooler than one year\dggations
in monthly temperature from one year to the next has no tangible climatic importance but may nevertheless be intersstohgData

source: Goddard Institute for Space StudiéSISS) usin Hadl_Reyn_v2 ocean surface temperatures, and GHCNv4 land surface
temperatures.
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Temperature guality class 1ower tropospheretemperature from satellites updated toSeptember
2019
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Global monthly average lower troposphere temperature (thin line) since 1979 accordingv&sity 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 accoiemdte Sensing SystefiSS)
USAThe thick line is the simple runni8@month average.
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Temperature quality class 2: HadCRUdbal surface air temperature updated toAugust2019
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Global monthly average surface air temperature (thin line) since 1979 according to accordingitatég Centre for Climate Prediction

and Researchnd theUniversity of East Angl@Climatic Research URiERY, UK.The thick line is theimple running37-month average
Please note that the HadCRUT series is not yet updated bAymust2019.
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Temperature quality class 3: GISS and NCDC global surface air temperature, upda&sptember
2019
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Global monthly average surface air temperature (thin line) since 1979 according to accordingtudttesrd Institute for Space Studies

(GISS)at Columbia University, New York City, USfkg ERSST_wdean surface temperatureShe thick line is the simple runnig-
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 recen¢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 temperature estimates (UAH and RSS).

For the three surface air temperature records
(HadCRUT, NCDC and G888y beginmuch earlier
(in 1850 and 188(espectively, as can be inspected
on www.climate4you.com

For all three surface air temperature records, but
especially NCDC and Gl&8Bninistrative chagesto
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 station locationwhile
others probably have their origin in chargef the
techniqueadoptedto 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 nexge)

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 stations alsdhas 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 representel by the 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 scienceshould
gratefully acknowledge he 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,
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 ZFhe HadCRUT surface record.
Quality class 3the NCDC and GISS surface records.

The mainreason for discriminating between the
three surface recorslisthe following:

While both NCDC and GISS often experiengee

large administrative changdgseeexample on p.8)
and therefore essentiallgre unstabletemperature

records, the changes introduced to HadQRare
fewer and smallerfFor obvious reasonssdhe past
does not changeany recordundergoing continuing
changescannot describe the past correctlgll the

time. Frequent and large corrections a database
alsosignala fundamental doub@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
Temperatureand proceed taremporal Stability
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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@land January 2000.

Note: Theadministrativeupsurge of thetemperatureincreasefrom January 191%0 January 2000 hagrown

from 045 (reported May 2008)o 0.67°C(reported October2019). This representan about4%%administrative
temperature increaseover this period meaning thatabout half of the apparentglobaltemperature increase
from January 190 to January 200@Qas reported by GIS)due to administrativehangesof the original data
since May 2008
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Comparing global surface air temperatusnd lower troposphere satellite temperaturs;
updated to August2019
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Plot showing the average of monthly global surface air temperature estimdefQRUT45ISNdNCDEand
satellitebased temperature estimateRES MSEhdUAH MSY The thin lines indicate the monthly value,

while the thick lines represent the simple runningn®mth average, nearly corresponding to a running 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 airtemperature linear trendsupdated to Auqust2019
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Diagram showing the latest 5, 10, 20 andyddinear 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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All in one,Quality Class 1, 2 and 8pdated to August2019
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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 average value of 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 the
temperature anomaly relative to the individual 192008averages.
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SuperimposedIpt 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 months (3@ears) 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 anomaly relatitethe individual 1972008averages.
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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 monti0(years) from January 1979 to Decemd@®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 ithdividual1979-2008averages.

Please see notes on pafeelating to the above three quality 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 often are
discussed together, the above diagsmmay
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 pl0).

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

2002-2003 There has been rgignificanincrease 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
also diagram on pages4

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 begito decrease
during the coming yearsAgain, ime will show
which of thesepossibilities is correct.
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Global sea surface temperatureipdated toSeptember2019

Global Sea Surface Temperature Anomaly (°C) Analysis Valid 00Z 25 Sep 2019
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Plymouth State Weather Center

Sea surface temperature anomain 25 SeptembeP019 Map source:Plymouth State Weather Centé&teference period:
19771991.

Because of the largsurfaceareasnear Equatorthe be ovestated Whenever Earth experiences cold La
temperature of thesurface watein these regionss Nifia or warm El Nifio episodé2acific Oceanpajor
especiallyimportant for the global atmospheric heat exchanges takes place between the Pacific
temperature (p. 5-7). In fact,p /&2 2 F LI | y S Gceah | aNdi & &tmosphere above, eventually
surface area is located within 39 and 30S. showing up in estimates of the lapal air
temperature.
A mixture of relatively warm andcold water
dominates much ofthe oceansnear the Equator However, his does noteflectsimilarchanges 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 exchangemay mainly reflectredistribution of
will be influendng global air temperatures in the energy between ocean and atmospheréNhat
monthsto come. matters is the overalltemperature development

o _ when seen oveseveralyears.
However, he significance oanyshortterm cooling

or warmingreflectedin air temperatureshould not


https://vortex.plymouth.edu/mapwall/ssta.png
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Global monthly average sea surface temperature since 1979 according Matfomal Climatic Data CentéNCDC), USAa&e peiod:
1901-2000.The thick line is the simple running-Bibnth averagelnsert: Argo global ocean temperature anomaly from floats.

June 18, 2019\NCDC has introducaeéverarather 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 thcvg@y. As the oceans cover
about 71% of the entire surfa®f planet Earth, the effect of this administrative change is clearly seen in the NCDC record for global
surface air temperature (7).
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Oceantemperature inuppermost100m, updated toJune2019
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the simple running 3#nonth (c. 3 year) average. Data sourbEDAA National Oceanographic Data Cerfd®DC)Base period 1955

2010.
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North Atlantic heat contentuppermost 700 m updated toJune 2019
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North Atlantic temperatures0-800 m depthalong 59N, 30-0W, updated toMarch 2019

Time series of Argo Temperature (°C)
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Average temperature along 59 N,-80V, 0800m depth, corresponding to the main part of the North Atlantic Current, using
Argo-data. SourceGlobal Marine Argo Atla®\dditional information can be found in: Roemmich, D. 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 Oceanograpig§?2, 81100.
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Global ocean temperature 4900 m depth summary, updated tdMarch 2019
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Summary of average temperature in upperm@900m in different parts of the global oceans, usidggo-data. Source:
GlobalMarine Argo AtlasAdditional information can be found in: Roemmich, D. and J. Gilson, 2009. Th20R80hean
and annual cycle of temperature, salinity, and steric height in the global ocean from the Argo Pr&goamess in

Oceanography82, 81100.
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Global oceamet temperature change since 2004 at different depths, updateditarch 2019
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SourceGlobal Marine Argo AtlasAdditional information can be found in: Roemmich, D. and J. Gilson, 2009. TH20P804
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La Ninaand El Nifio episodesipdated toSeptember2019
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Warm (>+0.8C) and cold (<0°0) episodes for th®@ceanic Nifio Indg¥ONI), defined as 3 month running mean of ERSSTv4
SST anomalies in the Nifio 3.4 regidiN{G°S, 120-17C°W)]. For historical purposes cold and warm episodes are defined
when the threshold is met for a minimum of 5 consecutive-tagping seasons. Anonie$ are centred on 3¢r base

periods updated every 5 years.
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Troposphere and stratosphere temperatures from satellites, updated3Ieptember2019
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Zonallower tropospheretemperaturesfrom satellites updated toSeptember2019
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Global monthly average lower troposphere temperature since 1979 for the tropics and the northern and southern
extratropics, according toniversity of Alabamat Huntsville, USA.hin lines show the monthly temperatuféhick lines

representhe simple runnin@7-month average, nearly corresponding to a runnBwgearaverage. Reference period 1981

2010.
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Arctic and Antarctidower tropospheretemperature, updated toSeptember2019
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Temperature over land versus over oceans, updatedeptember2019
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Note: Since 1979, the lower troposphere over land has warmed much more than over oceans, sugbasting t
the overall warming mainly is derived from incoming solar radiation.
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Arctic and Antarctic surface air tempetrare, updated toAugust2019
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Because of the relatively small number of Arctic  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 areeffect
19202018 are larger than later (diagram above). of latitudein polar regions

The period from about 1930 saw tlstablishment

of many new Arctic meteorological stations, finst Literature

Russia and Siberiaand following the 2nd World

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

warm, about as warm as the period 193040. Karpechko, A Y., Hegerl, G.C., Wehner, M.F. and

As the HadCRUT4 data series has improved high Jones, PD 2008. Attribution O.f polar warming to
) human influenceNature Geoscienck 750754.

latitude coverage data coverage (compared to the

HadCRUT3 serieshe individual5°x5° grid cells has

been weighted according to their surface ar@ais

area correction is especially important for polar

regions.
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Arctic and Antarctic sea ice, updated ®eptember2019
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Sea ice exter?5 SeptembeR019 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 souidational Snow and Ice Data CenfSISIDC).

AMSR2 Sea Ice Concentration 20180926 AMSR2 Sea Ice Concentration 20190926

Diagrams showing Arctic sea ice extent and concentré&®®eptembeR018 (left) and 203 (right), according to thelapan Aerospace
Exploration AgencfdAXA).
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NSIDC seaice area; monthly and13-month average. Red line represents average 1979-2018.
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Sea Ice Thickness, 26-Sep-2019
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Arctic Sea Ice Volume, 26-Sep-2019
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Sea level in general

Global (or eustatic) selevel change is measured relative to an water from these basins into the adjoining oceans. Slow
idealised reference level, the geoid, which isnathematical changes of very big glaciers (ice sheets) and movements in the
Y2RSt 2F LI FySG 91 NIKQa &dzNF I Ofantlé wil diiecs the @avity [idldband: ehefayn thedverfichl 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 contain. Changes in global-s®| are mass as well as sediment deposition into oceans increase the
caused by but not limited to- four main mechanisms: load on their bottom, generating sinking by viscoelastic flow in
the mantle below. The mantle flow is directedwards the
1. Changes in local and regional air pressure and wind,  surrounding 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 Jtemperaturedriven expansion) only affects the

in currents, water temperature anshlinity. uppermost part of the oceansnohuman time scales. 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 should
In addition to these there are other mechanisms influencing however not be overlooked, especially whénterpreting
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 expansion will therefore not in itself leadawy
coastal stations show a pronounced annual variation reflecting  lateral displacement of water, but onlipcally lift the ocean

seasonal changes in air pressures and wind speed. Loerger surface. Near the coast, where peopee living, the depth of
climatic chages playing out over decades or centuries will also ~ Water approaches zero, so no temperatttéven expansion
affect measurements of selavel changesHansen et al. (2011, will take place hereNorner 2015. Mechanism 3 is for that
2015)provide excellent analyses of sEsvel changes caused by reason not important for coastal regions.
recurrent chages of the orbit of the Moon and other
phenomena. Mechansm 4(changes in glacier mass balance) is an important
driver for global sedevel changes along coasts, for human time
Mechanism 2¢ with the important exception of earthquakes scales. Volume changes of 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 sea ice has no influence. Only the mbatance of
to variations in he seafloor spreading rate, causing volume grounded or lanebased glaciers is important for the global sea
changes in micean 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 offloading by Summing upMechanism 1 and 4 are the most important for
deglaciation after an ice age. Thedt of the Baltic 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 fronide-gauges updated toDecember 2017
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Holgate9 monthly tide gauge data frofiISMSL Data Exploretolgate (20073uggested the nine stations listed in the diagram to capture

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

Holgate9 group of tide gauge stations are interesting to follow. The blue dots are the individual average monthly observatithres, and
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 t&September2019

Northern hemisphere snow cover (white) and sea ice (yelk6wHeptembe018 (left) and 209D (right). Map source:
National Ice CentdiNIC).
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Northern hemisphere weekly snow cover since January 2000 accordruggters University Global Snow Laboratditye thin blue line
is the weekly data, and the thick blue line is thinning53-weekaverage (approximately 1 year). The horizontal red line is the-1972
2018 average.


http://www.natice.noaa.gov/ims/
http://climate.rutgers.edu/snowcover/index.php

39

60,000,000
55,000,000
50,000,000
45,000,000
40,000,000
35,000,000
30,000,000

25,000,000

Snow cover (km?)

20,000,000
15,000,000
10,000,000

5,000,000

0

N o w0 ~ () - « 0 ~ (=23 - @ [Ted ~ [ - [52] 0 ~ (o2} -~ @ el © © o
~ ~ ~ ~ ~ @ @® @ @© @ (o] (o2} (o] [e2] (2] o o o o o - - - - - o™
o0 (o2 L2 o (=2 (=l > (=l (o2 (=2 o (=2 o (=2 (2 o o o o o o o o o o o
- - -~ - - - - - - - - - - - - 3] « 3 3 « « S 13 3 31 3
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
= Northern Hemisphere snow cover; Rutgers University; weekly and 53-week average. Red line represents 1972-2018 average. Climatedyou graph [ —
= LV/JM‘ N P - = =
—_ ™ A = N JAM“JP\N > w ~ N - - S E
= =
] Py
— 5
— SE
j— £ =
— _Q —
— = =
= o
= o=
= o E
- h L U U L u ké
| l | l | l | l | l | l | l | l | ! | l | l | l | l | l | l | l | l | l | l | l | ! | l | l | l | l |
N [l el ~ [=2d - ™ 0 N~ D - [se] 0 N~ D - [se] 0 M~ (2] -~ el 0 [} 0 o
~ ~ ~ ~ ~ © «© «© © @ o0 (= [ (o2 [ o (=3 o o o - - - — - o~
o0 (=2 (2 o (=2 o0 > o0 (o2 (=2 o0 (=2 o0 (=2 L2 o o o o o o o o o o o
-~ -~ ~ -~ -~ -~ -~ - -~ -~ - -~ - -~ ~ I I3 I ~ Y ~ I3 I 3 « Y

60,000,000
55,000,000
50,000,000
45,000,000
40,000,000
35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000
5,000,000

0

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 runmBgveekaverage (approximately 1 year). The horizontal red isthe 1972

2018 average.
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Atmospheric pecifichumidity, updated toSeptember2019
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Atmospheric C@ updated toSeptember2019
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The relation between annual change of atmospheric £20d La Nifia and El Nifio episodes, updated

to September2019
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Visual association between annual growth rate of atmospheriq@Per panel) and Oceanic Nifio Index (lower panel). See also

diagrams on page 40 and 22, respectively.

Note: Changes ithe global atmospheric G@ seen to varyoughlyin concert with changes in the Oceani€idNi
Index. The typical sequence of events is that changes in the global atmosphericll®@s changes irthe

Oceanic Nio Index.



The phase relatiobetween atmospheric C&and global temperature, updated tA\ugust2019
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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 surface temperature§hus,
changes in global atmospheric £€fe lagging 9410 months behind changes in global air surface temperature,
and 1X12 months behind changes in global sea surface temperature.
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Global air temperature and atmospheric GQOupdated toSeptember2019

Temperature anomaly (deg. C)
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atmospheric Cgxontent (red) according to tHdauna Loa ObservatoryHawaii. The Mauna Loa data series begins in March

1958 and 1958vastherefore chosen as starting year for thitdiagramsabove Reconstructions of past atmosphericzCO
concentrations (before 1958) are not incorporated in this diagram, as such pagald€s are derived by other means (ice
cores, stomata, or older measurements using different methoddlagyl therdore are not directly comparable wittirect
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 surfacair temperature, negative or

positive

Most climate modelsare programmed to givéhe
greenhouse gas carbon dioxide C®8ignificant
influence on global temperature. It is therefore
relevant to compare differentemperature records
with measurements of atmospheric g@s shown
in the diagrams above.

Any comparison, however, should not be made on a
monthly or annual basis, but for a longeme, as
other effects (oceanographicloud covergtc.) may
override thepotential influence of C&bn 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 the legitimacy
of the hypothesis ascribing highmportance 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 a relevant
period lengthto consider for evaluating the alleged
importance of C@remains elusive anckpresentsa
theme for discussionHowever, thelength of the


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

a7

critical period must be inversefyroportional to the
temperature sensitivity of CQincluding feedback
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 cluesas to what has traditionally been
considered the relevant length of period 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 dan
political support for the C&hyphotesis thelO-year
warming period leading up to 1988ost 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 CG@increase, many climate
scientistan 1988 presumably felt that their
understanding of climate dynamics wasoughto
conclude about the importance of G@r global
temperaure 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 time length (at
least 10 years), the varying relation (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 toSeptember2019
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Last 208 S I g\aBamonthly average air temperature accordingQaality Class 1 (UAH and RSS; see p.10) global monthly
temperature estimatesThe thin blue line represents the monthly values. The thadkline is the linear fit, with 95%
confidence intervals indited by the two thirblacklines. The thick green line represents@egree polynomial fit, with 95%
confidence intervals indicated by the two thin green lines. A few key statisiggven in the lower part of the diagram

(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 lastbout 15 years?

Thediagramabove may be useful in thi®ntext and
demonstrates the differences between twaften
used statistical approaches to determinescent
temperature trends.Please also note that such fits
only attempt to describe the past, anduallyhave
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.

Fa an excellent 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 toSeptember2019

Variation of global monthlgir temperatureaccording to Quality Class 1 (UAH and RSS; 4g@npl observed sunspot
numberasprovided bythe Solar Influences Data Analysis Center (SHX@g 1979. The thin lines represent the monthly
values, while thehick line is the simple running 3@onth average, nearly corresponding to a runnirgedraverage. The
asymmetrical temperature '‘bump’ around 19838nfluenced bythe oceanographi&l Nifiogphenomenorin 1998 as is the
case also for 201%6.
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