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7% 7|2HBaselines)2 $1xY 3 Ofzho] 7|3 X218 dlmopy| 9ist DHE J|FHOR ALRE|= HE 30
OlAtol 7|7t WHILICH IpSHE, HHM ARHOI 0|92 0| HUAMOAS K JHX| k2 J|E J]210)
AL E|D, 2E2to] Bl AEQ T LHO| WA QUBLICE JHseh B, JHE A|20] WMO 7|3 BE Jj2te
1991-20200] YTE B TZ Y3t I|EHOZ AFBELICY

B2, oy 2I2t REte| 25 Xpg BEC R Qs ®E V& ?|2H(standard normal)&

fofEob SOEA| =2 o2PF USLICE AW, AT Bt 712 AHZe| =002k 1850-

O 2 AFZELICE 0] 7|&2 IPCC MI6AF HItE DM H1HRTE0| ¢Hget O 2As

LIEHLHD| @I8H ArgTt 422, T gt UNFCCCel B0l ZIN &2h& Ofalist= Ol St 2I&YLIC

=M, 2HtA k= 1850'-“3[1 M O|HVEX| = &St F0(ice cores)of| 231 J[H| U2 S Sof FHE ¢

USLICE W2t o] EnMO|M= Atget OS] 240tA s & LIEHHY| f8H 175088 2|&E A==
AH2SHH, 0= IPCC AR6 WG | 7| &2 LX[SfL|CE

of O dets LIEILD] ?8H 1750 =8 =57t ABEASLICE A2 st o CO2

AF
pll oc&= TS S

o

=] —
=E20] 2783 ppm, CH:2l 2280| 729.2 ppb, N,02| 2E&0| 270.1 ppbetdl gL
OB & =4 A

World Data Centre for Greenhouse Gases operated by the Japan Meteorological Agency, https://gaw. kishou.go.jp/
World Meteorological Organization (WMQ). WMO Greenhouse Gas Bulletin - No. 20: The State of Greenhouse
Gases in the Atmosphere Based on Global Observations through 2023. Geneva, 2024.

x| B2 0|2 AE|=

1850-1900F 2|&440f| CHeh MX|F I XHEMH 22X 2% O[¢X|E At ¥WE2, IPCC AR6 WG
0| Q] 2 |Hstet 1 %ﬁqggw OIS RO 2 gLt 20271H0| IPCC AR6 WG 2 1850-1900E
7|2k CHE 2|25 242 il IIFSE2| @fof Wl 2FX] HIO|H M E B gt AFBIISLICE O] 4l 2HX|
HO[HMEE Cr21t 220, 1850\ 2 Ef A[XE[0 PALHO| O| 2D IHX] MX|THML 2 E= He| MX|AHo =
et Xt2E NS RLICE - HadCRUTS, Berkeley Earth, NOAA Interim, Kadow et al. (2020). O|2{gt
HIO[HMES| HES Soff, Afet O CHH| 2iCHe| 7|2 &5 YAt 22y HRE AFgELICh
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O 2024H9| 2k O[¢X|E 1850-1900F 7|& CHH|Z AFEIWSLICE IPCCOL gt 1850-
1981-2010 AfO|9] @& Hi3}2FS X A28t 0|0fA] 1981-2010E Dt SHXH(2024)
=2 HolFE oA JHe| LIO|HMES Sdll =Tl 2R LICH ARSEl o4 OFA| CIO|EM E = Ctaat
ICt. - HadCRUTS, Berkeley Earth, NOAAGlobalTemp v6, GISTEMP, ERAS, JRA-3Q (Of2f A=) -
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https://gaw.kishou.go.jp/
https://gaw.kishou.go.jp/
https://library.wmo.int/idurl/4/69057
https://library.wmo.int/idurl/4/69057
https://library.wmo.int/idurl/4/69057

1850-1900F 7|4 CHH| X[ Hit 7|2 0|4 K= CHe 1 22 EXE Sl HA=EUSLICE O] ALt 2t
HIO|EMIE & X7 2t HF I 2 AAHLS 7|80 2 +EHE G L|CH
1. 2f HO|E{M[E0]f CHBl, 1981-2010F H

2
H.
2010 B S M F2E Oldgls AuRSLIC

g

2. O] e 2B 0ldg

>~

3. O|= 1850-1900'F1t 1981-2010'F At0|2| 2% X}0[(0.69°C)E 2

= |2|=0f A= LICE O gf2 IPCC
ARG WG | ETIA (D2 1.12 Z=M)0) M KA|SH IO 2 2HT|9f & LICt

HATC

4. oA OH GIO[HME 2f2fef Zofo| M Brt et BEEHAES AHlLisLCh
5. IPCCel ==tdd F8X(054°C-079°0)5 90% AZFHF, 1 H
HRAOM AL IPCC 228 S HIO[EME 2F EEHARN SEAQ A2 2153 4510 0| Sol
A5 2de =Es U
ZIAHOZ 0] ENMOIM MAlSH 20249 X|z, Bx2|2 Oldgh 155 °C, =2tdd(#EE A X))
0.13°CRLICE (214 0.05°Cz CIO|HMIEZN HEHAO|H, LIHX|l= IPCC =F S=fedd 2t
7%0||_||:|..)
BA H

o1z 7|e x|

2024 212 Ol XTole 67 CIOIEHES] BURS ABSlof I W HNES| HOEHE
(NOAAGIobalTemp % HadCRUTS)2| 2F24x10 24 H24X1et #ALICE O] HOIEMESS 9% 5 x B
5 2{xt2 EHE(0] UBLICH FYYUS BRHCE SUHOR ALGE|T, 0] I 24X} o] A 0|4X|
WSS HABIP| ABULICL HIOIEHES| et Hol Berag LIERALICE CIOJEME 2to 2xs

(D6 [ =
TRt SY OFZEFE X0 2 20, & X 2% H0|H 2= H|0[E7t £55| 2 & LIC.

Et 712t CHH] 2024'E HX| 7 G# 7|2 0| %[ (0F=H2)

H 12 20243 i HO|EHMEY CHRE X[ HHF 7|2 O|&X|E Y| 24X 2|&=M1F H| WSt 2ELICEH A
JFX| A& 212AM(1981-2010E, 1991-2020'H, 1961-1990'F)0]| CHaH LIEft E2tAMH S 90y S3FalA
HRS LIEHLHD| RI6] AFE Otset 38X HZ TAN| 1.6458 &9 HLICH

= H L HAH

H 1. 474 2|F 240l T 20243 JHE HIO[H M EQ| TX| 7L B7 7|2 Ot T2

1850-1900 1981-2010 1991-2020 1961-1990

HadCRUT5 1.52 0.83 0.63 1.17
NOAA GlobalTemp 1.53 0.84 0.66 1.15
GISTEMP 1.55 0.86 0.67 1.18
Berkeley Earth 1.54 0.85 0.65 1.20
ERA5 1.60 0.91 0.72 1.24
JRA-3Q 1.57 0.88 0.69 1.21

Mean of the six datasets 1.55+ 0.13 0.86 £ 0.05 0.67 + 0.05 1.19 £ 0.05
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ZEEQI A0 HIO|HM E S Z2f5H0] Of2iQ] 671 HIO|H M ED AFE A& LICE
Berkeley Earth: Rohde, R. A.; Hausfather, Z. The Berkeley Earth Land/Ocean Temperature Record. £arth
System Science Data 2020, 72(4), 3469-3479. https://doi.org/10.5194/essd-12-3469-2020.
GISTEMP v4: GISTEMP Team, 2022: GISS Surface Temperature Analysis (GISTEMP), version 4.
NASA Goddard Institute for Space Studies, https://data.giss.nasa.gov/gistemp/. Lenssen, N,;
Schmidt, G,; Hansen, J. et al. Improvements in the GISTEMP Uncertainty Model.
Journal of Geophysical Research. Atmospheres 2019, 724(12), 6307-6326. https://doi.
0rg/10.1029/2018JD029522.
HadCRUT.5.0.2.0: Morice, C. P.; Kennedy, J. J.; Rayner, N. A. et al. An Updated Assessment of Near-
Surface Temperature Change From 1850: The HadCRUT5 Data Set. Journal of
Geophysical Research. Atmospheres 2021, 726(3), e2019JD032361. https://doi.
0rg/10.1029/2019JD032361. HadCRUT.5.0.2.0 data were obtained from http://www.
metoffice.gov.uk/hadobs/hadcruts on 19 January 2025 and are © British Crown
Copyright, Met Office 2025, provided under an Open Government Licence, http://www.
nationalarchives.gov.uk/doc/open-government-licence/version/3/.
NOAA v6: Huang, B.; Yin, X.; Menne, M. J. et al. NOAA Global Surface Temperature Dataset (NOAAGIobalTemp),
Version 6.0.0. NOAA National Centers for Environmental Information, 2025.
https://doi.org/10.25921/rzxg-p717.

12|22 2909 MEA Ar= ot A E B ASLIC

ERAS: Hersbach, H.; Bell, B.; Berrisford, P. et al. ERAS Monthly Averaged Data on Single Levels from 7940 to
Present, Copernicus Climate Change Service (C3S) Climate Data Store (CDS), 2023.
https://doi.org/10.24381/cds.f17050d7.

JRA-3Q: Kosaka, Y.; Kobayashi, S.; Harada, Y. et al. The JRA-3Q Reanalysis. Journal of the Meteorological
Society of Japan, Ser. /2024, 702(1), 49-109. https://doi.org/10.2151/ jmsj.2024-004.

IPCCE= 20PX91 CIO|EME S ALRYBLICH

Kadow et al.: Kadow, C.; Hall, D. M,; Ulbrich, U. Artificial Intelligence Reconstructs Missing Climate

Information. Nature Geoscience 2020 73, 408-413. https://doi.org/10.1038/ s41561-
020-0582-5.

X7t oY B 82 g9 60° ~ 5| 60 ° AH0|2] o ~0i| CHol NS =M, 4 300mELf €2 XHe=
MoHEILICE OF2 1 X[ £RM| HERIZ H=20i| 0 72 S Hel H XM HO|EE 0|8 = U=
20052 H 2021E7HX|2] oY B 8F AIHE S 7|22 2fLL) ME0IEHY AE T2 2 H2tE2 oY
HUEXNS LIEFGLICE X TH B RUIAZ o1 g 210M)0l Bt +XI12 H22{H 0.715

oY & 8 Hets MIUIEY AES ALt MEE(2))°] F MK B2 MSELLL (1 W m? = 22

11.35 ZJ of 8.

o
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-
7o

20243 B t= O3 M| 2HX HIO[HNEE D [BIQ 2 gfL|Ch

Cheng, L.; Pan, Y.; Tan, Z. et al. IAPv4 Ocean Temperature and Ocean Heat Content Gridded Dataset.
Earth System Science Data 2024, 76 (8), 3517-3546. https://doi.org/10.5194/ essd-16-
3517-2024.
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https://doi.org/10.5194/essd-12-3469-2020
https://data.giss.nasa.gov/gistemp/
https://doi.org/10.1029/2018JD029522
https://doi.org/10.1029/2018JD029522
https://doi.org/10.1029/2019JD032361
https://doi.org/10.1029/2019JD032361
http://www.metoffice.gov.uk/hadobs/hadcrut5
http://www.metoffice.gov.uk/hadobs/hadcrut5
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://doi.org/10.25921/rzxg-p717
https://doi.org/10.24381/cds.f17050d7
https://doi.org/10.2151/jmsj.2024-004
https://doi.org/10.2151/jmsj.2024-004
https://doi.org/10.1038/s41561-020-0582-5
https://doi.org/10.1038/s41561-020-0582-5
https://doi.org/10.1038/s41561-020-0582-5
https://doi.org/10.5194/essd-16-3517-2024
https://doi.org/10.5194/essd-16-3517-2024
https://doi.org/10.5194/essd-16-3517-2024

Miniere, A.; von Schuckmann, K,; Sallée, J.-B. et al. Robust Acceleration of Earth System Heating Observed
over the Past Six Decades. Scientific Reports 2023, 73 22975. https://doi.
0rg/10.1038/s41598-023-49353-1.

von Schuckmann, K.; Le Traon, P.-Y. How Well Can We Derive Global Ocean Indicators from Argo Data?
Ocean Science 2011, 7(6), 783-791. https://doi.org/10.5194/0s-7-783-2011.

GMSL from CNES/Aviso+, https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/ mean-
sea-level/data-acces.html#c12195.

Ol A B ZAHZLF A SHYS MB|A0M HMZE|USLHEL HDES

ro

Cr=2t 5L

Chauy, T. T. T.; Gehlen, M,; Chevallier, F. A Seamless Ensemble-based Reconstruction of Surface Ocean pCO2 and
Air-Sea CO2 Fluxes over the Global Coastal and Open Oceans. Biogeosciences 2022, 79, 1087-11009.
https://doi.org/10.5194/bg-19-1087-2022.

Gehlen M,; Chau, T. T. T.; Conchon, A. et al. Ocean Acidification. Journal of Operational Oceanography
2020, 73(sup1), s88-s91. https://doi.org/10.1080/1755876X.2020.1785097.

M or 2LIER M| X7 ot ZLEE §ES MS YL

World Glacier Monitoring Service (WGMS), 2024: Fluctuations of Glaciers Database.\WGMS, Zurich, Switzerland.
https://doi.org/10.5904/wgms-fog-2024-01.

CIOIEE RF JI4AGHUTI(EUMETSAT) iy 2 s ?/4d S8 AIE(0SI SAF) oidl Xl
V2.2(Lavergne et al, 2019; https://osisaf-hl.met.no/v2p2-sea-ice-index) & =7t A& H|O|E AIE
(NSIDC) v3 olfdX|==(Fetterer et al, 2017)0l|A IS LICE i stEs Pld0llAM =3¢ 00| 20f
SAFS S0l FEELICE Hele ol 5291 15% S £0fh= sy AAF A4 SLYYLICE TIO|HAME 2H0l=
HOH HR ol 2F 2] Xjo[2F QUX|TH, A= B Hof 8l =M= & LX|LL(CE O] E1Me 2E0|M= NSIDC g2
Ao Helef =& B0LICE OSI SAFO]| CHot H|w =X|i= H20] H|A|=[0] UAZLIC.

H 2.2024'3 EUMETSAT 8| 2 alitll °d S8 Al X[+ H| ot NSIDC 2}

Arctic daily minimum 4.28 million km?, 11 September  4.64 million km?, 13 September
Arctic daily maximum 15.01 million km?, 14 March 15.02 million km?, 11 March
Antarctic daily minimum 1.99 million km?, 20 February 2.24 million km?, 18 February

Antarctic daily maximum  17.16 million km?, 19 September  17.65 million km?, 28 September
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https://doi.org/10.1038/s41598-023-49353-1
https://doi.org/10.1038/s41598-023-49353-1
https://doi.org/10.5194/os-7-783-2011
https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/data-acces.html#c12195
https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/data-acces.html#c12195
https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/data-acces.html#c12195
https://doi.org/10.5194/bg-19-1087-2022
https://doi.org/10.1080/1755876X.2020.1785097
https://doi.org/10.5904/wgms-fog-2024-01
https://osisaf-hl.met.no/v2p2-sea-ice-index

European Organization for the Exploitation of Meteorological Satellites (EUMETSAT) Ocean and Sea Ice
Satellite Application Facility (OSI SAF). Sea /ce Index 1978-Onwards, Version 2.2, OSI-
420 EUMETSAT OSI SAF, 2023. Data extracted from OSI SAF FTP server: (1978-2025). Fetterer,
F., Knowles, K;; Meier, W. N. et al. Sea Ice Index, Version 3. National Snow and Ice Data

Center (NSIDC): Boulder, USA, 2017. https://nsidc.org/data/G02135/versions/3.
Lavergne, T.; Sarensen, A. M.; Kern, S. et al. Version 2 of the EUMETSAT OSI SAF and ESA CCl Sea-ice Concentration Climate

Data Records. 7he Cryosphere 2019, 73(1), 49-78. https://doi.org/10
5194/tc-13-49-2019.

EA0ll= CHS2t 22 X2 [2AE(GPCC) HOIEIME2E AFZ EIRASLICE

First Guess Monthly, https://doi.org/10.5676/DWD_GPCC/FG_M_100
¢+ Monitoring Product (Version 2022), https://doi.org/10.5676/DWD_GPCC/MP_M_V2022_100
¢+ Full Data Monthly (Version 2022), https://doi.org/10.5676/DWD_GPCC/FD_M_V2022_100

¢ Precipitation Climatology (Version 2022), https://doi.org/10.5676/DWD_GPCC/CLIM_M

_V2022_100
ENSO X| &
2e0f) LS HERO! ALk FSH0f ChSF K| T = LHSS TSt st ZX{0| HEE Ifuoz
M| LICH

https://iridl.Ideo.columbia.edu/maproom/IFRC/FIC/EINinoandRainfall.pdf

¢ https://interagencystandingcommittee.org/sites/default/files/migrated/2019-02/inter
_agency_sops_for_early_action_to_el_nino_la_nina_episodes.pdf

¢ https://www.metoffice.gov.uk/binaries/content/gallery/metofficegovuk/images/
research/climate/global/el-nino-precip.jpg

¢ https://climexp.knmi.nl/effects.cgi?id=someone@somewhere#precipitation
+  https://ds.datajma.go.jp/tcc/tcc/products/climate/ENSO/elnino.html
¢ https://confluence.ecmwf.int/display/COPSRV/ENSO-+impacts+on+Europe

¢ Famine Early Warning Systems Network (FEWS NET). £/ Niiio and Precipitatior,
Agroclimatology Fact Sheet Series; Vol. 1; 2020.
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https://doi.org/10.5676/DWD_GPCC/CLIM_M_V2022_100
https://iridl.ldeo.columbia.edu/maproom/IFRC/FIC/ElNinoandRainfall.pdf
https://interagencystandingcommittee.org/sites/default/files/migrated/2019-02/inter_agency_sops_for_early_action_to_el_nino_la_nina_episodes.pdf
https://interagencystandingcommittee.org/sites/default/files/migrated/2019-02/inter_agency_sops_for_early_action_to_el_nino_la_nina_episodes.pdf
https://www.metoffice.gov.uk/binaries/content/gallery/metofficegovuk/images/research/climate/global/el-nino-precip.jpg
https://www.metoffice.gov.uk/binaries/content/gallery/metofficegovuk/images/research/climate/global/el-nino-precip.jpg
https://climexp.knmi.nl/effects.cgi?id=someone%40somewhere&precipitation
https://ds.data.jma.go.jp/tcc/tcc/products/climate/ENSO/elnino.html
https://confluence.ecmwf.int/display/COPSRV/ENSO%2Bimpacts%2Bon%2BEurope
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25Tl EfY0 = OIS0 of2h S AL, O HCH, 20239 & EIY SAKHTS)) OlXt
X't 20 H*Eﬂf |E6f04 097 W ~2E9] AU 2 XA B Pt 2|20 0.07 °C

m 2 1
& OB FEAELICL e T2tk 20231t 20240] OX|s Y 242t of

SOrA[Ore] 2 Ofo{=2F HIEZ2 2006 FH (A2F 38 TgSO)0IM =25] LHAMSLICL 2014
(12t 23 TgS0,)0| AR, 1 0[F 2= 50%7t FIH2 LAMSLICE (2022E0= @12t 11 TgS0,)
Ol2fet Zae= SOHAOF o2& HIEZ0| 2006 =& |XAIME HMA < H|weis I, 2023H0]= 0.14
: MOl SAF ZXHZ1t 0.06 °C (£0.04 °C )of 2LfetE Xefie HYLICh 2Lt o[2eh g &
0 F21H0l =Mol g2 DjAe 20[2=, 2020 ChH| 2023H2| O|¢X|= 0.01 °Cofl
t. (Finite Amplitude Impulse Response (FalR) 22532 AL SH0 HAH(Leach et al, 2021)).

HTHH Sttt 2502 QI8 gS 2 E Z[H 56km)oi| SO.2F =& 2|7t 25 FItEIUSLICE SOt i
A =5

OOZ2E 2 WEH tetzl= 20| 25 & A 23 S0t 2AF ZHHEZ X[Ei3Y| TR0 CHEHH T == At
HHEE S+Y 7Hs90| 5L 20223 10F 2023H0{%4 212 —0.04 Wm™?2t —0.15 Wm? U &LICE Ol=
FalR RIS AFRSHY AlAtet —0.02 °C[—0.01 °C to -0.03 °C]Q| L& ¥k= o|OjgfL|C,
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Algeria, Argentina, Armenia, Australia, Azerbaijan, Bahrain, Bangladesh, Barbados, Belgium, Belize, Benin,
Bosnia and Herzegovina, Botswana, Brazil, Brunei Darussalam, Bulgaria, Cameroon, Canada, Chile, China,
Comoros, Costa Rica, Céte d'lvoire, Croatia, Cuba, Cyprus, Czechia, Denmark, Democratic Republic of the
Congo, Dominica, Dominican Republic, Ecuador, Egypt, El Salvador, Estonia, Eswatini, Finland, France,
Germany, Ghana, Greece, Guatemala, Guinea-Bissau, Hong Kong, China; Iceland, India, Islamic Republic of
Iran, Irag, Ireland, Israel, Italy, Japan, Kazakhstan, Kenya, Latvia, Libya, Lithuania, Macao, China; Malawi,
Malaysia, Mali, Mauritius, Monaco, Morocco, Mozambique, Myanmar, Namibia, Kingdom of the Netherlands,
New Zealand, Norway, Pakistan, Paraguay, Peru, Philippines, Poland, Portugal, Republic of Korea, Republic
of Moldova, Russian Federation, Rwanda, Saint Vincent and the Grenadines, Saudi Arabia, Senegal, Serbia,
Singapore, Slovakia, Slovenia, South Africa, Sudan, Sweden, Switzerland, Syrian Arab Republic, Thailand,
Trinidad and Tobago, Tunisia, Turkiye, Ukraine, United Kingdom of Great Britain and Northern Ireland,
United Republic of Tanzania, United States of America, Uruguay
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Food and Agriculture Organization of the United Nations (FAQ), International Organization for Migration
(IOM), United Nations High Commissioner for Refugees (UNHCR)
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Archiving, Validation and Interpretation of Satellite Oceanographic data (AVISO), France; Berkeley Earth,
USA; Bureau of Meteorology (BOM), Australia; CELAD, France; Climatic Research Unit (CRU), University of
East Anglia, UK; Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia;
Cooperative Institute for Research in Environmental Sciences (CIRES), University of Colorado, Boulder,
USA; Copernicus Marine Environment Monitoring Service (CMEMS); Ecole Nationale Supérieur (ENS),
France; Egyptian Meteorological Authority; Environment and Climate Change Canada (ECCC); European
Centre for Medium-Range Weather Forecasts (ECMWEF); European Organization for the Exploitation of
Meteorological Satellites (EUMETSAT) Ocean and Sea Ice Satellite Application Facility (OSI SAF); Global
Precipitation Climatology Centre (GPCC), Germany; Graduate School of International Studies (GSIS), Korea
University; Institute of Atmospheric Physics (IAP), Chinese Academy of Sciences (CAS); Instituto
Portugués do Mar e da Atmosfera (IPMA); Integrated Carbon Observation System (ICOS) - European
Research Infrastructure Consortium (ERIC)/Lund University, Sweden; Internal Displacement Monitoring
Centre (IDMC); Japan Meteorological Agency (JMA); Laboratoire de Météorologie Dynamigue (LMD),
France; Laboratoire des Sciences du Climat et de 'Environnement (LSCE), France; Max Planck Institute
(MPI) for Biogeochemistry, Germany; Mercator Ocean International, France; Met Office Hadley Centre, UK;
National Aeronautics and Space Administration (NASA) Goddard Institute for Space Studies (GISS), USA;
NOAA Global Monitoring Laboratory (GML), USA; NOAA National Centers for Environmental Information
(NCEI), USA; National Snow and Ice Data Center (NSIDC), USA; Scripps Institution of Oceanography,
University of California, San Diego, USA; Stripe, Inc.,, USA; Turkish State Meteorological Service (TSMS);
Universidade Estadual Paulista/Centro Nacional de Monitoramento e Alertas de Desastres Naturais
(UNESP/CEMADEN), Brazil; Universidade Federal do Rio de Janeiro (UFRJ), Brazil; University of Bremen,
Germany; University of California, Los Angeles (UCLA), USA; Wageningen University and Research,
Kingdom of the Netherlands; World Data Centre for Greenhouse Gases (WDCGG);, World Glacier
Manitoring Service (WGMS)
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Lead author and scientific coordinator - John Kennedy (WMO)

Carbon dioxide - Oksana Tarasova (WMQO), Alex Vermeulen (ICOS ERIC), Xin Lan (NOAA GML, CIRES),
Kazuhiro Tsuboi (JMA, WDCGG), Andrew Crotwell (NOAA GML, CIRES), Christoph Gerbig (MPI), Armin
Jordan (MPI), Zoé Loh (CSIRO), Ingrid Luijkx (Wageningen University and Research), John Miller
(NOAA GML), Ray Weiss (Scripps Institution of Oceanography), Thorsten Warneke (University of
Bremen, Germany), Camille Yver (LSCE)

Global mean temperature - John Kennedy (WMO)

Ocean heat content - Karina von Schuckmann (Mercator Ocean international), Audrey Miniere (ENS,
LMD), Lijing Cheng (IAP/CAS), Flora Gues (CELAD)

Global mean sea level - Anny Cazenave (Laboratoire d'Etudes en Géophysique et Océanographie
Spatiales (LEGOS)), Lancelot Leclerq (LEGOS)

Ocean pH - Karina von Schuckmann (Mercator Ocean international), Flora Gues (CELAD)
Glacier mass balance - Shawn Marshall (ECCC)

Sea-ice extent - Shawn Marshall (ECCC)

El Nifio-Southern Oscillation - Jessica Blunden (NOAA NCEI)

Global patterns of temperature and precipitation - Markus Ziese (GPCC, DWD), John
Kennedy (WMO)

High-impact events - Blair Trewin (BOM), Jorge Alvar-Beltran (FAO), Arianna Gialletti (FAQ), Jana
Birner (UNHCR), Rosi-Selam Reusing (UNHCR), Elisabeth du Parc (IOM), Vicente Anzellini (IDMC),
Sylvain Ponserre (IDMC)

Monitoring global temperature for the Paris Agreement - Richard Betts (University of Exeter and
Met Office Hadley Centre), Fatima Driouech (University Mohammed VI Polytechnic (UM6P)), Robert
Dunn (Met Office Hadley Centre), Piers Forster (University of Leeds), Yu-Kyung Hyun (Korea
Meteoralogical Administration), Jose Marengo (UNESP/CEMADEN, GSIS), Karen McKinnon (UCLA),
Colin Morice (Met Office Hadley Centre), Matthew Palmer (Met Office Hadley Centre and University of
Bristol), Chris Smith (Vrije Universiteit Brussel), Peter Thorne (Irish Climate Analysis and Research
UnitS (ICARUS) Climate Research Centre, Maynooth University), Blair Trewin (BOM), Tristram Walsh
(University of Oxford), Jonathan Winn (Met Office Hadley Centre), Panmao Zhai (Chinese Academy of
Meteorological Sciences)

Sidebar: Global mean temperature anomalies in 2023/2024 - Gavin A. Schmidt (NASA GISS), Zeke
Hausfather, (Stripe, Inc.)
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