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Figure 4: 1960-2020 ensemble mean time series and ensemble standard deviation (2-standard deviations, shaded) of global
ocean heat content (OHC) anomalies relative to the 2005-2017 average for the 0-300m (grey), 0-700m (blue), 0-2000m
(vellow) and 700-2000m depth layer (green). The ensemble mean is an outcome of a concerted international effort, and all
products used are listed in von Schuckmann et al., 2020. Note that values are given for the ocean surface area between
60°S-60°N, and limited to the 300m bathymetry of each product. Updated from von Schuckmann et al. (2020). The
ensemble mean OHC (0-2000m) anomaly (relative to the 1993-2020 average) has been added as a cross, together with its
ensemble spread, and is based on the 7 products listed in Ocean heat content data.
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Figure 5: Global mean sea level evolution from January 1993 to September 2021 (black curve) based on high precision
satellite altimetry. The coloured straight lines represent the average linear trend over 3 successive time spans (January
1993-December 2002; January 2003-December 2012; January 2013-September 2021). The thin vertical dashed line
separates 2021 from previous years. Data source: AVISO altimetry (https://www.aviso.altimetry.fr)
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Figure 6: Regional trend patterns in sea level after the global mean trend has been removed, over 1993-2020 based on
satellite altimetry. Unit: mm/yr. Data source: Copernicus Climate Change Service (https://climate.copernicus.eu). Note that
the actual sea level has increased almost everywhere.
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MHW categories of 2021 (so far)
NOAA OISST; Climatogy period: 1382-2011

———— T

-A» -

——
2 €

2
e

B) D)
g g 8 o7
29 5 B
o8 2s - _~
g3 8" ]
g8 23 =3
33 88, is
35 =8 g
< o
- S z -3
> 20 204 5
g pr——— - _N\/‘j g 3
|
K2 202104 2021204 xarie X 20 -0e 02104 K010 N X N 200104 202106 2146 1-1(
Day of the year Dary of first eccurronce Day of the year

Category 1 Modarata [l 1 svoog | 1 ssvere [ v exreme

Figure 7: (a) Global map showing the highest MHW category (for definitions, see Marine heatwave and marine cold spell
data) experienced at each pixel from 1 January to 14 October 2021 (reference period 1982-2011). Light grey indicates that
no MHW occurred in a pixel over the entire year; (b) Stacked bar plot showing the percentage of the surface of the ocean
experiencing an MHW on any given day of the year; (c) Stacked bar plot showing the cumulative percentage of the surface
of the ocean that experienced an MHW over the year. Note: These values are based on when in the year a pixel first
experienced its highest MHW category, so no pixel is counted twice. Horizontal lines in this figure show the final
percentages for each category of MHW; (d) Stacked bar plot showing the cumulative number of MHW days averaged over
the surface of the ocean. Note: This average is calculated by dividing the cumulative sum of MHW days per pixel weighted
by the surface area of those pixels. Data are from NOAA OISST. Source: Robert Schlegel



MCS categories of 2021 (so far)
NOAA DISST; Climatogy period: 1982-2011
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Figure 8: as for Figure 7 but showing Marine Cold Spells rather than Marine Heat Waves. Data are from NOAA OISST.
Source: Robert Schlegel
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Figure 11: Sea-ice extent difference from the 1981-2010 average in the Arctic (left) and Antarctic (right) for the months
with maximum ice cover (Arctic: March; Antarctic: September) and minimum ice cover (Arctic: September; Antarctic:
February). Source: Data from EUMETSAT OSI SAF v2p1 and National Snow and Ice Data Centre (NSIDC) v3 (Fetterer et al.,

2017) (see reference details in Sea-ice data).
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Figure 12: Arctic sea-ice concentration anomaly for July 2021 (difference from the 1981-2010 average). Red represents
areas with less ice than normal, blue means more ice. Source: EUMETSAT OSI SAF data with research and development

input from ESA CCl.

11



2.2 561g 3030l 36mTsgrogdo

2021 fiewols 3sobdo 96dGH03wo 4obremob i39bol (Lodwomm mM30M0) BsOM™MdO oym 12,6
doombo 33?2 g.0. 0,2 dowombo 3d2-om (2%) bszwgdo, 3069 1991-2020 dsoldo.
9099599350 030Ls, O™ gl LoEOY LETYSEXMDBY IBIWOY, 0L 5TZFMOP 50933 YdS dsolols
30L LoEOEIBL, MO0 sB0JLoMmEs 2014 - 2020 {§ (b©.7).

July Arctic sea ice extent anomalies
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(Data: OS| SAF Sea lce Index v2.1. Reference period: 1891-2020. Credit: C3S/ECMWF/EUMETSAT)
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Time series of monthly mean Arctic sea ice extent anomalies for all July months from 1979 to 202 1. The anomalies are expressed as a
percentage of the July average for the period 1991-2020. Data source: EUMETSAT OSI SAF Sea Ice Index v2.1. Credit: Copernicus Climate
Change Service/ECMWF/EUMETSAT.
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Time series of monthly mean Arctic sea ice extent anomalies for all July months from 1979 to 2021. The anomalies are expressed asa
percentage of the July average for the period 1981-2010. Data source: EUMETSAT OSI SAF Sea Ice Index v2.1. Credit: Copernicus Climate
Change Service/ECMWF/EUMETSAT.

12



ds0bdo  56JBH03Mwo B30l yobmwol bmds gMmdgargds. Yobowols 3mbigbdMmogool
9bmBoer0gdol 135 5MJEH030L Mgaombdo 2021 {erols dsolbolmgol sB3969dL, MHMA Bmyswsw

5bmBoe0gd0 563 ) 0bg OO 0Ym. J0vbgEs35@ 0oL, HMI EMINBOMYOES BodwsEMBY
Q90500 56M35¢0900. 39MHIME LBSTMOSWMDBY OO SbMT0gdO IROJBOMES SOJEH03IoL
06330003, E3dMSMMOLY s BOHPOMMI 3569630l Dw3sdo.

16.8. Fodbbog: bdgeo bseobxolxrgmo bBsBo s0bodbogl 3e0ds@MeEmaowe b®30L
g4obmols Bp3smL dsobobmgol 1991-2020 §F. ds6x3b603: sOJBHo3zmwo Dp3zol yobwmwol

3M6396GHM300L s6Mmdorogdo 2021 {erol dsolobmzgol, dsobol Lsdwsem dsB396909wm9b
d9s69gd0m 1991-2020 §F .

1991-2020 1981-2010

Arctic sea ice concentration for July 2021
Average concentration Anomaly

100 100
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25
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% | 0 %
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4
& -50
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B : -75
g Average ice edge July 1991-2020 0 ", -100
(Data: ERAS. Reference period: 1991-2020. Credit: C3S/ECMWF)
m (opernicus £ ECMWF G

Left: Average Arctic sea ice concentration for July 2021. The thick orange line denotes the climatological sea ice edge for July for the period
1991-2020. Right: Arctic sea ice concentration anomalies for July 2021 relative to the July average for the period 1991-2020. Data
source: ERAS. Credit: Copernicus Climate Change Service/ECMWE.
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2.3. 6¢s®IEows

3b6G9MJBH0OL 3600T5¢0 ©YIFOFIBY Y39wsDY (30300. 3BEHIMJEH0IYY ROJLOMGIOS
B30bL  3eobg@oBg  Yz9wsbg  odso  8bgdMm030 BHgd3geed My —89.2°C  (-128.6°F)
Lo@RMO 3MbBHMZ0. oL 8lg3g dowosh  FIMoos  (Bod@BHMOMm035  Yobmerol Msdbms),
bodmoem 166 dowodgdMo (6.5 0bbo) boergdo dmol  fgerofiodo, ®oysb §300s
0030505 50f93L 3mbGH0b76EHOL Fos Boffodo.BsdmEmol m399d0L (03b0bo, 0gwobo,
5330L3™) BodsMm 398396M5GHwMss 0(33wds -60-sb -70°C-dy, Boxbrwdo (93900960,
05635600, 0989MH35¢00) -30-sb -50°C-0g; LsbsdoMmby Bsdms®mdo -8-sb -35°C-dy),
bogbywdo 0-5°C-00g. 3063H0bgbEHOL BsGINMBdOs ssbermgdom 14,107,000 39?2 (sJgwsb
4obmeols 39bgd0, IMggdo - 930,000 392, 3996dmwgdo - 75,500 302).

2021 Gorol 96353e0mdsdo  gobmeol 139boll dobodsery®o Loowg sxzgodoMs 19
090960350, HMEILsE D30l yobmeds oRsGs 2,6 owombo 382, M3 Y39wsHg OO
93000 LoE0Js 1979 Fwowsd M9dg. 1990-0560 Fargdol slisfigolido yobwmarols
5396000035 0fYm B s 2013 fgerl dosmfos doduodmal - 3,68 doeromb 332-U. dsbsdg
30 2017 §oeb 833000050 @93 2,08 dogromb 302009, ®o;3 yobmerols 3960l gsOm™MdOL

439D 050 LoEOYs. bmeem 2018 {erosb yobmwols gggbols Heromemo dobodwdols
509bMds 356@056MdOM Zo0DMIQS.

2021 Gerol 30 5330LGHML 9B6EGHMJEH0OL B30l Yyobrards Fospfos mogols dogdlodserm®
Peron® Bmasl 18,80 dogrombo 382 093y, gU 0gm 89-2 439wsBHg 9o dsdboddo,
MM39o3 s530gdBoMEs 2016 Herob sa3mliEmb doglodwmdols 9dyma.

36396 d3H0ol Yyobrmeols LogsMo 5355850 obogol Mdbodzbgerm BgsdoMe ©bMdLL,
309656@0slmsb  Fgstmgdom. 2021 Ferols Bogbmwol gobomwol @bmdols Lbgbmbo
3b6GOJBH0osdo BmTogho ogm. 2020 Herol ©939906M0L Fs HoEbzgddo BOowMmgm
130ebbyMol yobmerol dgengds ggeol Be35do 4oboEss derog®o, doa®sd bsbdmzwg
bmd0L 3MMm3gL0. BoxbMwol bMdOL BYHBMbo sbEIMIBH0ITo ILlOWWs 2021 ol
09096M3ob 8995 ®oEbgzgddo. ferol y39wsbg deogMo ©IEId0mo EbMBOL sbMmdswrogdo
04 36@GHsMJBHool  bsbgz96m3Mbdmbg; Lbgs @wm3s30gdol  MBgGHgLmdsd  goboisws
00mgdol bemMdoemMo bmdols 3MmiEgbo 1990-2020 Hargdol Lsdmowm  3060HMdYdMb
3905609d00m.

2021 Herol Bosgbmwdo s6EHIMJEH0©Ido 4obmeol 3960l momddol bm®mdsery®o bmdols
90b99350, GRACE-FO 056533b5300L 365303930990 dmbszgdgdo s304locmgdl, ¢mad
3b6EMIBH0OL  yobamol 3qbs  s3MIgEgd©s yobwyemols dsbols JqdioMgdsl 2021 Ferols
sboPgoldo.  9BFGHIMJEHOOL goboemol dsbol dgdzomgds 2010 Herosbh doMHomswo
3930639005 G¥)o0GLoL 84obzsm0L 53gbols gombgwrgdom, Mo 259m{)39reos yobwmarols
59 b9dBH™Oo M39560L MdIMBOM (1496.9).
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Antarctica Cumulative Melt Days, Antarctica Cumulative Melt Days
2020 to 2021 Melt Year Difference from Average, 2020 to 2021

Antarctica Melt Extent 2020 - 2021
=== 1990 - 2020 Median Interdecile Range
—— 2020-21 Melt Percentage 00 Interquartile Range

Cradit: M MacFerin CIRES md T Mole, University of Gacrgin

Oct Nov Dec  Jan Fe Mar Apr

10 Apr 2021

Figure| 17: The 2021 melt season on the Antarctic ice Sheet. Images courtesy of Michael MacFerrin and Thomas Mote,
available from the NSIDC.
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Figure 18: Antarctic ice Sheet mass change measured by the GRACE and GRACE-FO satellite gravity missions, 2002-2021.
The lines indicate different interpretations of the GRACE data (Groh and Horwath, 2021)%.
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2.4 56¢s6gBHool s6mdsgrogdo
2021 ol 35080, 96GHMIBH0oL B30l yobywol BsGMMdO dowosh sbermls ogm 1991-
2020 Hengdol Lsdmoem 35396909096, Lodwmsewme 10,4 dogrombo 332, Moz dsolol
L5 353969090l 0,1 ogromb 30%-00 BsdmEBRGdS (bvM.10).

1991-2020 1981-2010

July Antarctic sea ice extent anomalies

Yo

i
, N ;
4.6 1981-2028 July dferage sea ice extent: 16.5 million sd. km g
T T T T T T T L — T T T LU | T T T T L
1980 1985 1990 1995 2000 2005 2010 2015 2020
(Data: QS| SAF Sea lce Index v2.1. Reference period: 1991-2020. Credit: C3S/ECMWF/EUMETSAT)
. ST EUMETSAT
[ (opemors ~ SEcMwr  G=- @ 0sisar

Time series of monthly mean Antarctic sea ice extent anomalies for all July months from 1979 to 202 1. The anomalies are expressed as a
percentage of the July average for the period 1991-2020. Note that the value for July 2016 is very close to zero, which is why it is not
visible in the plot. Data source: EUMETSAT OSI SAF Sea lce Index v2.1. Credit: Copernicus Climate Change Service/ECMWF/EUMETSAT.

1991-2020 1981-2010

July Antarctic sea ice extent anomalies

%

E
g
-3.6 1981-2010July #¥erage sea ice extent: 16.3 million sd. km g
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(Data: OS| SAF Sea Ice Index v2.1. Reference period: 1981-2010. Credit: C3S/ECMWF/EUMETSAT)
. e -1y (‘7\ EUMETSAT
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Time series of monthly mean Antarctic sea ice extent anomalies for all July months from 1979 to 2021. The anomalies are expressed as a
percentage of the July average for the period 1981-2010. Note that the value for July 2016 is very close to zero, which is why it is not
visible in the plot. Data source: EUMETSAT OSI SAF Sea Ice Index v2.1. Credit: Copernicus Climate Change Service/ECMWF/EUMETSAT.

Ub.11. ds6Ebbog: 9B6GHIMJEH0OL B30l yobryerol Lodwowm 3mb3gb@®msgos 2021 fierol
950LoLOM30UL. bgaro BoebxolEggHO bsHo 50bodbsgl solol yobeol 3c0dsEMEMA0©
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B350 1991-2020 Fergdol 3gHom@obmgol. ds6rxgb03: sbGHsMJEH0ol br3ol yobmarol
3063963300l 5bmTseogdo 2021 {iewols dsololimgol,1991-2020 dsoliols mzol Lsdrswm
956396909356 G9sM9gdom.

1991-2020 1981-2010

Antarctic sea ice concentration for July 2021

Average concentration Anomaly
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(Data: ERA5. Reference period: 1981-2010. Credit: C3S/ECMWF)
(opemicus S ECMWF G

Left: Average Antarctic sea ice concentration for July 2021. The thick orange line denotes the climatological ice edge for July for the period

1981-2010. Right: Antarctic sea ice concentration anomalies for July 2021 relative to the July average for the period 1981-2010. Data
catirrer EDAL Cradit Canernicne (limate (Thanas Qervics /IECMWE
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1991-2020 1981-2010

Antarctic sea ice concentration for July 2021

Average concentration Anomaly
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(Data: ERAS5. Reference period: 1991-2020. Credit: C3S/ECMWF)
[£3] (opericus SCECMWF (e

Left: Average Antarctic sea ice concentration for July 2021. The thick orange line denotes the climatological ice edge for July for the period
1991-2020. Right: Antarctic sea ice concentration anomalies for July 2021 relative to the July average for the period 1991-2020. Data
source: ERAS. Credit: Copernicus Climate Change Service/ECMWEF.

2.5. 3(96e3sbg0s, 56MmIsgogdols 3gdmbggzgdo

3096560530  DodmMHOLIMZ0L  EsdobsLosMGdJ0s FMT030 (303¢™mbgdo s FoMdO
Boangdo. 585bmab, (3H9d3gemoGes ©9399096HT30 08300m0@ 93gds -8°C-80g, 0563560
Uobodommbyg -7°C. Lbgs 3000069055 LodbMgom bsfowdo, Losg Bosdms®do dmdogzs
1304LoMEYds -36°C  3H9a39MsGHMEs. 19dxM35wdo  5Tobol s9gHMME 9O 033WYds o
530gLoMEYds -47°C 3H9a396M9GIMS. FoOMMdO F95009bL  2.17 dgn.33. 30. 3M9besbools
4obmol dme0sb0 GoLols doesbliols (33e0wgdgdo sbobogl Bgsdomero Fsliol dogrsbliol
96M0Md03 9589JAL, H™IJOoE 2obolsBLZMGds, MMaM®mE 2oblibgo3gds M3l HMBSLY
Bodmbogbls dMols;

3M9besboobmzol, dowosbo gobmarmgsbo dstol bsdmo 2020-2021 §f. (2020 ferol 1
L9dB9ddgemo — 2021 Gerolb 31 sa30LE™M) 0ogm -166 2@, Mog sbErmbos 1987-2021 fengdols
L53PWMm  BLOEOEILMSL. Loosg  BgoBg 25 Hogwo Yobmemzgsbo dsbol doersblo
693930960 ogm. 1986 {erob bgdGHgddcosb 2021 ol s330L¢HMI©Y 3900M©A0, Lo

3399436 Y39 oMo dmbs3zgd900, M gbwsbool 4obryeol Logs®mds bvyew o3sMs 5 511
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3® Y4obmo. $39999o30)M0 Fslol sbs3oMmP0 ogm 4 261 4@ 2002 fierols s360wosb 2021
ferol 0360L599 39M0m©do (GRACE 056533D5360930b 05330603909000).

GRACE s GRACE-FO 05b6533036090L 8999de0050 250m3mb goboyemol dslols dogrsbliols
33w0gd900 03  (Mmogho  586M93wsEm™dgOol  godmygbgdom, MMAwIdLsg  olbobo
3Po63mgdgb  gM930@ 030  39wdo. gl MBOMB3gEYmBL FErosbo  FsLols  doEsbLol
©59M)3000939  4oHBAMZSL. 58 dMb5(39990Dg oYMHbMBdOm, M9besbool  yobmwrols
Logga®ds (2002 - 2021 §F) ©939035 @osbermgdom 4 473 @F. g4obmeool dobs, Moo
3965300035 B30l MHBOL 5935 ssbMgdom 1.2 L3-om.

2020-2021 §argdol dsbob dosblbols Lybmbolmgol 4Mm9bwsbosdo ogm +357 @@, 6o
M©bs3 509353905 35-H0sb Lsdmogoml (1986-2020 fiewgddo +326 @), 0933s, yobwmwrol
153569 M 63500 50LBdYMYOL s FY0b35M0L 9boll HMBdOL Asdm  (-500 4B)), yz9wsbY
95050 0gm 00 396H0mEdo (bve.12).

Greenland mass balance (Gt/yr) 1987-2021 (hydrological year)

500

Mass balance (Gt/fyr)

500
1900 1995 2000 2005 2010 2015 2020 2025

Year

Basal Mass Balance = Marine Mass Balance — Surface Mass Balance — Total Mass Balance

Figure 15: Components of the total mass balance of the Greenland Ice Sheet 1987-2021. Blue: Surface mass balance SMB,
green: marine mass balance MMB (also referred to as discharge), orange: basal mass balance BMB, red: total mass balance
TMB, the sum of SMB, MMB and BMB%.
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Greenland Melt Extent 2021
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2.6 om3ol Lsgs®o BMHomwMgm BsbgzsOLBgH™To

BOowmgm bobg3smLx3geHmdo mm3wol Boxs®o J30MmEgds 23056 oBIRLMWDBY ©s
Dogbmerdo. 030l bogs®ol InEremds (SCE) 2021 Fgwl 99L505390Mm©s 3MIJ3500056
A9b69b3090L o FoboEOEs T9930MHGIL (M3l LogsMol sbmdseroom -2 dowombo
30%). 9U 39bsgm dqLsdg Y39wsDY B0 MMZoL LsgsMOL dmwermds (SCE) 1970-2021
fergdol  496353c0mdsd0.  4oBOBbMEol M3l LygsMol  FgdEoMgds  goblbgzozgds
33903500560 FH9gbwgbgools s mdEHmAdOHOL dmenm dmbo3999d0Lysb (dmeom dmbsggdo
9mfim©g0o  sOol  Mmg@™adgMdo). 0d3s, 899amdo  0bxm®dszoom  dgdmepmdols
™30l BBIMOL SIOOO FHYbIBE0YOO 56 gobdgmMgdmEs (bwyM.13).
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May NH Snow Cover Anomalies (1970-2021)
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Figure 19: May snow-cover extent (SCE) anomaly in the Northern Hemisphere for the period 1970-2021, relative to the
1991-2020 average.

Bo0gd)ero 90gagdo:
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