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In this study, we analyse behaviour and trend of several climate change markers through the ECMWF (European Centre for Medium range Weather Forecasts) time series.
Specifically, the CERA-20C dataset was used. CERA-20C is a 10-member ensemble of coupled climate reanalyses of the 20th century (1901-2010) and reconstructs the past climate
of the Earth system including atmosphere, ocean, land, waves and sea ice. It is based on the CERA assimilation system, which assimilates surface pressure and marine wind
observations as well as ocean temperature and salinity profiles. CERA-20C is available on 37 vertical pressure levels and the model spatial resolution is equal to 1.125° (~125 km).

In the present work, we used monthly averaged data from the secular reanalysis to represent the global trend of 109 years of climate observations. In particular, observables sensitive
to ongoing climate change, highlighted by the international scientific community, were analysed: Skin Temperature, Sea Surface Temperature, Sea Ice Fraction, Cloud Coverage and
Ozone. Furthermore, time series of CO, gas concentration (from 1979 to 2018) and CH, gas concentration (by CAMS system from 2003 to 2019) were analysed. Finally, monthly
maps were also generated for each variable, showing the percentage variation between the last and the first year of the series. This is to highlight particular behaviours of the
observables at a spatial level.

4 )
Description of ECMWF time series Methodology
Regarding the CERA-20C datasets, the resolution of the atmospheric model is of 1.125° horizontal grid (~125 The time series processing algorithm is based on two steps: firstly, the monthly data maps are spatially averaged;
km) with 91 vertical levels going up to 0.1 hPa (IFS version 41r2). The CERA-20 provides several parameters secondly, the algorithm removes the long-term trend on the entire data set month by month. This procedure is
such as Skin Temperature, Sea Surface Temperature, Sea Ice Fraction, Cloud Coverage and Ozone. mainly used to remove a possible "global warming" effect, avoiding classifying a more recent year as anomalous
The CH, concentration parameter is from CAMS reanalysis of reactive gases and aerosols. The CAMS precisely because of global warming. To remove this trend, each time series corresponding to the same month over
reanalysis is the latest global reanalysis data set of atmospheric composition (AC) produced by the all the years is analyzed separately, performing a linear fit of the studied CERA-20C variable for the single month of
Copernicus Atmosphere Monitoring Service, consisting of 3-dimensional time-consistent AC fields, including the year along the whole period (for example the temperature on January 1901, January 1902, January 1903, ...,
aerosols, chemical species and greenhouse gases. TheCAMS reanalysis data have a resolution of January 2010). The fit slope g (m) (i.e. the variation of temperature for the same month m, AT, per year) is then used
approximately 80 km with a sub-daily and monthly frequency. to remove the long-term variation of the variable analyzed. A linear fit is a good trend considering the short period
The OCO-2 instrument measures high-resolution spectra of the sun radiance reflected at the Earth's surface analyzed of 109 years in comparison to climate change. Furthermore, monthly maps were also generated for each
or scattered in the atmosphere. These spectra are used to estimate the column integrated CO, dry air mole variable, which express the percentage variation between the last year of the series and the first. This is to highlight
fraction (XCO,). Concentrations are estimated on a 3.75° x 2.5° (longitude-latitude) grid throughout the 40 particular behaviors of the observable at a spatial level in the entire time period.

_ years. Y

" Land Surface Temperature Sea Surface Temperature A

The LST time series is depicted on

The SST time series is depicted on yearly basis. % K
early basis. The time series shows a 2 g . . . . s SeaSu THIOMAOR B O ¢
;eneZaI o e e T ske:1001:2010 ¢ Thetime series shows a constant incrementin 1, i sioeos-csmosss A \_;“A/ﬂy/ ¥
, , , P ot et b s e - S ‘ - the entire time period (109 year) estimated in .|
period (109 year) estimated in about 2 <l 2bout 0.5 K | 1k
" : LTI -2 K. 2665 Vil f o
K. Specrﬂca”y, It reSU|tS d mOderate o 2653 | .x' '”: s , Left-SKT[K]sec.ulartimeseries (year/yaverage) The S at|a| mabns result from ercentage 5?%‘“ T -.I‘I“”\lr-ﬁ':}‘. "; V LTth-Bii:o[rli']_s:rcil:lr/:;;;rlzef:)?;lessc(jyecz'{)clecllv\;i’raegs? -
increasing in 3 flrst perlod (1901_1943) = f ni:“' Top, Bottom - tri-monthly maps of percentage differences p p p g 0 ,;‘;:‘;g' e A 100 1% P y maps of p ge diff
g | " iy , . . . " i f7 iy
"o b difference (on tri-monthly basis) between = i
of about 1 K. A strong decrease occurs ... . i1/4%! - | 2010 and 1901. Th h Id w2l |, BV o o
from 1943 to 1957 with a plateau up to T2l MR e 1 1 an - INE Maps SNow a colder g £ M- P e
264 jit i v 1 G IO AL T e U e . . . pe . 1} T e 7 o ¥ v ¥ )
onificative | . | - I e\ R e A SN\ M. temperature in the equatorial Pacific belts in ™ s A -
1978 A Slgnl |Catlve IncreaSIng resu tS 63'15339 1902 1916 1930 1943 1957 1971 1984 1998 2012 ,‘0 Z z the Anta rCtiC area’ fOr a” months. ngher 28?889 1902 1916 1930 1943T1i:; 1971 1984 1998 2012 ’__;

from 1978 up to 2010 with 1.5 K more. bt
The spatial maps result from

percentage difference (on tri-monthly
basis) between 2010 and 1901.

temperatures are found in the Atlantic area in
the months Jan-Mar and Jul-Sep.

2010-1901 Jan-Mar
500 o
[
p 400 g
c I O u d Cov a g cloud cover : 1901-2010 300 ¥
e I e 0.692 | ‘ . ' . ‘ , . -
£ 00 2
N 200 3
B -
0691 vy =J-§.Hﬁafp?2g’;?7 * x +0.897701 i 100 3
I Y4\ 113 8l § 0
LRI RE g , *

Sea Ice Fraction

The Sea Ice fraction yearly time

Sea Ice : 1901-2010

(M) - e =
% A Sealce [0-1)
N2 BL B e
% A Sealce [0-1]

: : 0.215 6881 & i LisE A
series shows an almost linear T [ e N e e | ‘: ‘ - _ . The Cloud Cover yearly trend shows a :z::: i ,i \ ':“?*L!t
decrease in the entire time period s VRl L constant decrease of 0.012 until 2008 when s, 1 "Vl . -
. . i ¥ *,‘; ¥ ‘._'ﬂ_‘ h . t O 6 8 gomz‘» il . !‘ 5 . | Left - Cloud Coverage (0-1) secular time series (yearly average)
(109 year) estimated in about - | | - there was an increase up to 0.68. 3 "My ] Top, Bottom - tri-monthly maps of percentage differences
& s ; Left - Sea Ice Fraction (0-1) secular time series (yearly average) . g 068/ ,;f, HERY
0.038. - s .‘ Top, Bottom - tri-monthly maps of percentage differences The quarterly mapS Of percentage d|fferences - b : (i'lg i
From the maps, we can see that §0185 1'\5 | reveal a Significant increase in the equatOriaI 0.676 g
the fraction of ice seems s e Pacific belt in the Jan-Mar period and in ™
decreased in the Arctic and 0.01: | | | | | | | lt.' ,“\’,' ; % ) f‘é Australia for the OCt—DeC periOd. 1889 1902 1916 1930 19431.1':)2; 1971 1984 1998 2012 ;
. . . 71889 1902 1916 1930 1943 1957 1971 1984 1998 2012 & L3
Antarctic areas and increased in Time
the west part of Antartic
continent.
- J
/ CO, [ppm] secular time series (yearly average): top-left AGW; bottom-left NO AGW CH, [kg/m2] secular time series (yearly average): top-left AGW; bottom-left NO AGW \
Tri-monthly maps of percentage differences: top-right AGW; bottom-right NO AGW Tri-monthly maps of percentage differences: top-right AGW; bottom-right NO AGW
CO2 CH4
€O, : 1979-2018
: : [ y=4.sa19373e-o3*yx+-3;es.63%;395 ' _20&979-’*'“" g x10°  CH, 20032019
CO, yearly time series (1979-2018) : '§  The yearly time series of CH, show, in the 3 P P i oo
ShOW a Constant Increment Of 70 ppm — 180l 1 % '% period 2003_2019' a Iinear increase from 9.45 E‘: ‘:‘ 2 i,.
since 1979, with a rate of 1.8 ppm per § 9.25 to 9.50 Kg/m? with a rate of 0.016 % - _aeay ).
ye.ar.. If yve consider the trend after ° . . Kg/m? per year. The behavior considering ) )
eliminating the trend due to AGW, we ™' g ¢ the exclusion of AGW reveals an oscillating : P gage i, M
note a decrease until 1998 and thena | 1 s . trend from 9.265x103 up to 9.290x107 1 ] ey i ©
linear increase from here until 2018. T T me Kg/m?2. B oo s am o s ’ *
. _ ) g CH, : 2003-2019
The tn-monthly maps of .percentag.,e O P ozmee..  me  The maps reveal a general percentage 7 ;g gt W
differences highlight an increase in - ** | S roe e e e e increase over the entire Earth surface, " I 2 L Coad ) O 2
CO, concentration in the Northern [ ] . W : il I - mainly in the Boreal and Antarctic belt. The < **
. . . oo £ ‘ "\\ /,i e g 1 P~ == : . . E, 0r7s = i
Hemisphere, with a rather significant &, . 7 maps without AGW show a decrease in the =
: : : o S| b . SR NSNS I . ) . J gayd < WY L G Py
increase in Eastern Asia and Central & s | f;@v—f—? : R current concentration compared to 2003, of ,
. . . . 332 | \ - /3’1 s ';:;@%t.ﬁ‘ P 4N E SRS 5’3;’: BN £ . . . . . o265 Y < £ e o -
South Africa, in particular in the [ e AT Y e e \;:;} i »&\K 1 approximately 4%, in the Antarctic region in L SN
. : _, \‘\."' N ] u": aiw W "‘_.“ o ,'. \;,,?.v x .?,;;,.;r\\_ ; 8 ": o ‘ w‘. S ""“:/l‘ \‘_;7.. 8 . ot ‘ ‘ ‘ ‘ ‘ | £ ; =
penOdS Jan Mar, JUI'Sep and OCt-DEC. e \\&j\‘q_——;;// < .5\\ {}(Af—tfiwj/y : the Jan_Mar and Apr_Jun perIOdS. 2001 2004 2006 2oo$ime201z 2015 2017 2020
Time E: =
O 3 03 [DU] secular time series (yearly average): top-left AGW; bottom-left NO AGW
Tri-monthly maps of percentage differences: top-right AGW; bottom-right NO AGW C o n C I u S i O n S
i ozone : 1901-2010 _ 20101003 jantar_
O. yearly time series (1901-2010 | g T i Ms 5
ﬁ y dy f ( ] ) %141 y -—I; %9‘256(?5 é0; rd'lz 5!5046 : : N % %
Sf oW 3 ec“zase Oh 8 bU Sc'jnce 1;’01- i 8 ! The trend analysis over all years (on monthly basis) of considered variables confirms
If we consider the trend without .. 1§ | i1 7 W ’ : : : : : :
AGW t carly the global warming thesis. First of all, the performed analysis puts into evidence the
., we note a clearly increase . : o -
Ay 2 3 .
from 70’ years. 1 increase of approxmately 1.5 °C in the global average Surface Temperature, compared
The tri-monthly maps of percentage = | - to pre-industrial levels (from 1901 to 1940), as confirmed by the IPCC
differences  highlight a strong (Intergovernmental Panel on Climate Change). These growing trends are attributed to
decrease in Antartic regions in the . emne:voro0 human intervention, the so-called AGW (Anthropogenic Global Warming). Moreover, an
period Jul-Set and Oct-Dec. sef 't AGW removal technique applied to all years of the series allowed to analyse the
= k- variations of parameters due to natural cycles and local or temporally limited anthropic
@ 314 Ar‘f?’! il s .
T activities.
1 g
\ 1889 1902 1916 1930 19};3T1i?r‘5; 1971 1984 1998 2012 e > 40 40 /

ATMOS 2024 | 1-5 July 2024|Bologna,_' aly’ - .' & ; s O T . ‘Contact‘to; ale.ssandro.piscini@ingv.it



