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.H\�0HVVDJHV�

*OREDO�&OLPDWH�LQ�����±�����±�:02�
• The 5-year period from 2016±2020 is expected to be the warmest on record with an average global�PHDQ�VXUIDFH

temperature of�1.1�°C above pre-industrial era������±�����.

• $UFWLF�VHD�LFH�FRQWLQXHV�LWV�ORQJ�WHUP�GRZQZDUG�WUHQG��*OREDO�PHDQ�VHD�OHYHO�KDV�EHHQ�ULVLQJ�IDVWHU�WKDQ�WKH
ORQJ�WHUP�WUHQG��$�JUHDWHU�ORVV�RI�LFH�PDVV�IURP�WKH�LFH�VKHHWV�FRQWULEXWHG�WR�DQ�LQFUHDVHG�VHD�OHYHO�ULVH�

• Major impacts have been FDXVHG�E\ extreme weather and climate events. $�FOHDU�ILQJHUSULQW�RI�KXPDQ�LQGXFHG
FOLPDWH�FKDQJH�KDV�been identified on many of theVH�H[WUHPH�HYHQWV.

*OREDO�)RVVLO�&2��(PLVVLRQV�
± *OREDO�&DUERQ�3URMHFW

*UHHQKRXVH�*DV�&RQFHQWUDWLRQV�LQ�WKH�$WPRVSKHUH�±�*OREDO�$WPRVSKHUH�:DWFK�

• &RQFHQWUDWLRQV�RI�WKH�PDMRU�JUHHQKRXVH�JDVHV��C2���&+���DQG�1�2
FRQWLQXHG�WR�LQFUHDVH�LQ������DQG�����.

• Overall emissions reductions�in 2020 ZLOO�OHDG�WR
D�VPDOO�UHGXFWLRQ�LQ�WKH�DQQXDO�LQFUHDVH�RI
WKH�DWPRVSKHULF�FRQFHQWUDWLRQV�RI
ORQJ�OLYHG�JUHHQKRXVH�JDVHV�

• 6XVWDLQHG�UHGXFWLRQV�LQ�HPLVVLRQV
DUH�UHTXLUHG�WR�VWDELOL]H�JOREDO
ZDUPLQJ�

• Global fossil CO2  emissions
reached a�new record high
of 36.7 Gigatonnes (Gt)�in
2019, 62% higher WKDQ�LQ
1990.

• CO2  emissions ZLOO�decline
in�2020 due�to�confinement
policies�imposed in many
countries. At their�lowest point,
in�April, GDLO\�CO2  emissions�were
approximately at the level they were
in�2006,�and 2020 emissions overall are
estimated to�decline by 4% to 7% compared to
2019 levels.

• *OREDO�&+��HPLVVLRQV�IURP�KXPDQ�DFWLYLWLHV�KDYH�FRQWLQXHG�WR�LQFUHDVH�RYHU�WKH�SDVW�GHFDGH��&XUUHQW�HPLVVLRQV�RI
ERWK�&2��DQG�&+��DUH�QRW�FRPSDWLEOH�ZLWK�HPLVVLRQV�SDWKZD\V�FRQVLVWHQW�ZLWK�OLPLWLQJ�JOREDO�ZDUPLQJ�DW������&�RU
ZHOO�EHORZ����&�DERYH�SUH�LQGXVWULDO�OHYHOV��WKH�JRDO�RI�WKH�3DULV�$JUHHPHQW�
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7KH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�±�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�

• Human-induced climate change is affecting life-sustaining systems, from the top of the mountains to the�GHSWKV�of
the�ocHDQV, leading to accelerating sea-level rise, with cascading effects for ecosystems and human security.

• Impacts from climate-related changes in the ocean and cryosphere increasingly challenge efforts to develop and
implement adaptation and integrated risk management responses.

:DWHU�DQG�&U\RVSKHUH�±�:02�

• :DWHU�LV�D�NH\�FRPPRGLW\�WKDW�VXVWDLQV�OLYHOLKRRGV�±�Zater shortageV for human consumption, food production and
energy supply are major roadblockV�IRU�the�6ustainable 'evelopment $genda.

• Water�LV�D�WKUHDW�±�IORRGV�DQG�GURXJKWV�SURGXFH�WKH�PRVW severe LPSDFWV�of all disasters�worldwide.

• :DWHU�LV�NH\�IRU�DGDSWDWLRQ���climate change impacts are most felt through changing hydrological�conditions
including changes in�snow and ice dynamics.

*OREDO�&OLPDWH�LQ�����±�����±�:02�*OREDO�$QQXDO�WR�'HFDGDO�&OLPDWH�8SGDWH�

• 7KHUH�LV�D�JURZLQJ�FKDQFH�RI�DQQXDO�JOREDO�PHDQ�QHDU�VXUIDFH�WHPSHUDWXUH�WHPSRUDULO\�H[FHHGLQJ������&�DERYH
WKH�����±�����SUH�LQGXVWULDO�OHYHO��EHLQJ�a����LQ�WKH���\HDU�SHULRG�HQGLQJ�LQ������

• 7KHUH�LV�D�KLJK�ULVN�RI�XQXVXDO�UHJLRQDO�UDLQIDOO�RYHU�WKH�SHULRG��ZLWK�VRPH�UHJLRQV�H[SHULHQFLQJ�LQFUHDVLQJ�GURXJKW�
UHODWHG�ULVNV�DQG�RWKHUV�LQFUHDVHG�ULVNV�DVVRFLDWHG�ZLWK�KHDY\�UDLQIDOO�

• Within the next 5 years, the Arctic is predicted to continue to warm at more than twice the overall global rate.

(PLVVLRQV�*DS�±�81�(QYLURQPHQW�3URJUDPPH�
• 7KH�(PLVVLRQV�*DS�LQ������LV�HVWLPDWHG�DW���±���*LJDWRQQHV��*W��&2�H�WR�OLPLW�JOREDO�ZDUPLQJ�WR�EHORZ����&
DERYH�SUH�LQGXVWULDO�OHYHOV�E\�WKH�HQG�RI�WKLV�FHQWXU\��)RU�WKH������&�JRDO��WKH�JDS�LV�HVWLPDWHG�DW���±���*W&2�H�
URXJKO\�HTXLYDOHQW�WR�WKH�FRPELQHG�HPLVVLRQV�RI�WKH�VL[�ODUJHVW�HPLWWHUV�

• It is still possible to bridge the Emissions Gap – but this will require urgent and concerted�action by all countries
and�across all sectors.

• Looking beyond the 2030 timeframe, new technological solutions and gradual change in�consumption patterns are
needed at all levels. Transformational action can no longer be�postponed�

(DUWK�6\VWHP�2EVHUYDWLRQV�GXULQJ�&29,'����±�81(6&2�,2&�DQG�:02�

• The COVID-19 pandemic caused significant impacts on land-based, marine and air observing systems, which is
affecting the quality of forecasts and climate services.

• 7KH�SDQGHPLF�GHPRQVWUDWHG�WKH�YXOQHUDELOLW\�RI�FRPSRQHQWV�RI�WKH�JOREDO�REVHUYLQJ�V\VWHP�IRU�ZHDWKHU��ZDWHU�
FOLPDWH�DQG�HQYLURQPHQW�DQG�WKH�QHHG�IRU�LQYHVWPHQW�WR�DGGUHVV�WKLV��LW�DOVR�GHPRQVWUDWHG�WKH�UHVLOLHQFH�RI�D
V\VWHP�RI�V\VWHPV�DSSURDFK�
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*OREDO�OHYHOV�RI�JUHHQKRXVH�JDVHV�

Levels of atmospheric carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) continue to rise. Preliminary analysis of 
the data from a subset of the global greenhouse gas (GHG) observational network of the WMO Global Atmosphere Watch 
(GAW) Programme demonstrated that CO2 concentrations in the Qorthern Kemisphere exceeded 410 parts per million (ppm)�
GXULQJ�WKH�ILUVW�KDOI�RI�����.    

A full analysis of the three main GHGs (Figure 1) shows the globally averaged atmospheric concentrations1 of CO2 at 
407.8 ±0.1 ppm, CH4 at 1869 ±2 ppb and N2O at 331.1 ±0.1 ppb for 2018. The annual increases of the three GHGs (147% 
for CO2, 259% for CH4 and 123% N2O relative to pre-industrial, 1750) were larger in 2018 than the increases in the previous 
year and the 10-year averaged rate of increase (WMO, 2019).  

Figure 1. (upper row) Globally averaged CO2, CH4 and N2O mole fraction in ppm (CO2) and ppb (CH4; N2O, respectively) and its growth rate (lower row) from 
1984 to 2018. Increases in successive annual means are shown as the shaded columns in (lower row). The red line in (upper row) is the monthly mean with 
the seasonal variation removed; the blue dots and line depict the monthly averages.   

*UHHQKRXVH�*DV�&RQFHQWUDWLRQV�LQ�WKH�$WPRVSKHUH���
*OREDO�$WPRVSKHUH�:DWFK��*$:�

Global average figures for 2019 will not 
be available until late 2020, but data 
from all global locations,  including 
flagship observatories – GAW Global 
stations Mauna Loa (Hawaii) and Cape 
Grim (Tasmania) – indicate that levels of 
CO2, CH4 and N2O continued to 
increase in 2019 and 2020 (Figures 2 
and 3). In July 2020, CO2 concentration 
at Mauna Loa� DQG� Cape Grim 
reached 414.38� ppm�DQG�4��.04� SSP��
UHVSHFWLYHO\�� LQ� FRPSDULVRQ� ZLWK� 411.74 
ppm��DQG�407.83 ppm in July 2019.  

Figure 2. Monthly mean CO2 
mole � f r ac t i on i n ppm a t 
Mauna Loa observatory from 
March 1958 to July 2020. The 
dashed red line represents the 
monthly mean values, centered on 
the middle of each month. The 
black l ine represents the 
same, af ter correction for the 
average seasonal cycle. Source:�
ZZZ�HVUO�QRDD�JRY�JPG�FFJJ�WUHQGV�
POR�KWPO 

�)RU� VLPSOLFLW\� RI� FRPPXQLFDWLRQ� WKH� SK\VLFDO� TXDQWLW\� UHODWHG� WR� WKH� DPRXQW� RI� JDVHV� LQ� WKH� DWPRVSKHUH� �GU\� PROH� IUDFWLRQ�� LV� UHIHUUHG� WR� LQ� WKH� WH[W� DV�
FRQFHQWUDWLRQ
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*UHHQKRXVH�*DV�&RQFHQWUDWLRQV�LQ�WKH�$WPRVSKHUH���
*OREDO�$WPRVSKHUH�:DWFK��*$:�
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CO2 mole fraction at Cape Crim, Tasmania&RQFHQWUDWLRQ�YDULDELOLW\�DQG�&29,'����
There is substantial variability in the levels of GHGs within 
individual years (seasonal cycle), between years and 
across geographical regions. The seasonal cycle in the 
Qorthern Kemisphere is mainly dominated by the land 
biosphere, and it is characterized by rapid decreases –  
down to 5 to 20 ppm from June to August – and equally 
rapid increases from September to December.� The�
Yariabilit\�Rf CO2 in the�Qorthern�Kemisphere�Ls�Oarger�Whan�Ln�
Whe Vouthern� KHPLVSKHUH� � EHFDXVH� PRVW� &2�� VRXUFHV� DQG�
VLQNV� DUH� ORFDWHG� Ln� WhH�QRrthern Kemisphere. The seasonal 
cycle is larger � in � amplituGH� LQ�� WKH��northern�Kigh�Dnd�Pid-
latitudes� Rf� Whe� Qorthern Kemisphere� Dnd smaller� Ln� Whe 
Vouthern Kemisphere due to� Whe� Oarge variability in the 
natural� Farbon� Fycle� Ln northern latitudes. Large-scale 
spatial gradients exist for CH4 and N2O as well.   

Figure 3. Monthly mean CO2 mole fraction in ppm from May 1976 to July 
2020 at Cape Grim observatory.  

The Global Carbon Project (Friedlingstein� et al., 2019) estimated that total emissions were partitioned in the atmosphere 
(44%), ocean (23%) and land (29%), with an unattributed budget imbalance (4%)� RYHU� WKH� GHFDGH� RI� ����±������
:KLOH� WKH� LQFUHDVH�RI�*+*� FRQFHQWUDWLRQV� LQ� WKH�DWPRVSKHUH� LV�GULYHQ�E\�KXPDQ�HPLVVLRQV�� WKH� LQWHUDQQXDO�FKDQJHV�LQ�WKH�
DWPRVSKHULF�&2��LQFUHDVH�UDWHV�DUH�PRGXODWHG�E\�WKH�YDULDELOLW\�RI�WKH�VLQNV��DQG�HVSHFLDOO\�RI�WKH�ODQG�EDVHG�ELRVSKHUH��&2��
JURZWK�UDWH�ZDV�EHWZHHQ���DQG���SSP�SHU�\HDU�ZLWKLQ�WKH�ODVW����\HDUV��ZLWK�WKH�KLJKHVW�LQFUHDVH�UDWH�RI�����SSP� REVHUYHG� LQ�
������ GXULQJ� WKH� PRVW� UHFHQW� (O� 1LxR� �:02�� ������� (O� 1LxR� W\SLFDOO\� UHGXFHV� WKH� LQWDNH� RI� &2�� IURP�WKH�DWPRVSKHUH�
E\�YHJHWDWLRQ��GXH�WKH�LQFUHDVHG�H[WHQW�RI�GURXJKWV�RYHU�ODQG�VXUIDFHV��

The estimated decline for 2020 due to the COVID-19 shutdown (4%–7% compared to 2019 levels, according to the Global 
Carbon Project) would result in a final change of 0.08 ppm to 0.23 ppm in the annual growth rate, well within the 1 ppm natural 
interannual variability. 

The GAW network of surface stations can resolve global changes of atmospheric CO2 over a year within 0.1 ppm of precision. 
To distinguish between natural and anthropogenic CO2 sources and sinks, the measurements of the stable isotope Carbon-14 
(14C) in CO2 can be used (WMO, 2019). Though rare, such measurements are now being made in several cities and regions 
around the world, EXW lab analysis of discrete samples is time consuming. 

Long time series are required for robust statistics and complex data modelling using data assimilation techniques in order to 
GLIIHUHQWLDWH� WKH� IRVVLO� IXHO� VLJQDO� IURP� QDWXUDO� &2�� YDULDELOLW\. Emission changes of the order of 10% to 20% are hard to 
quantify with certainty unless measurements are taken within about 10 km of the fossil fuel emission sources. An example of 
the significant changes that can be measured within cities (such as proposed in the WMO Integrated Global 
Greenhouse Gas Information System, ig3is.wmo.int) is shown in the Integrated Carbon Observation System (ICOS) 
2020 where reductions in emissions of up to 75% were measured in the city centUHs of %DVHO��)ORUHQFH��Helsinki, Heraklion, 
London and 3HVDUR, using eddy covariance techniques that directly measure vertical exchange fluxes within a�
FLUFXPIHUHQFH several kilometreV�IURP�the measurement point. 
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Global fossil fuel emissions in 2019 were slightly higher than in 2018, with record emissions of 36.7 Gigatonnes (Gt = billion 
metric tonnes) of carbon dioxide (CO2) (Figure 1). Emissions growth has slowed to around 1% per year in the last decade, 
down from 3% annual growth during the 2000s. The near-zero growth seen in 2019 gives hope that the CO2 emissions trend is 
stabili]ing, and that a decline is on the horizon. Nonetheless, VWDEOH�RU�VOLJKWO\�GHFOLQLQJ�HPLVVLRQV�ZHUH seen earlier in the 
2010s and, disappointingly, haYH not endured. Total fossil CO2 emissions are now 62% higher than emissions at the 
time international climate negotiations began in 1990.

Slower emissions growth in 2019 was driven by a decline in coal emissions (–1.7%; with respect to changes between 2018 
and 2019), particularly in the United States and Europe, and growth in renewable energy globally. However, offsetting 
these reductions was the continued and steady growth in CO2 emissions from the combustion of natural gas (2.0%) and oil 
(0.8%). 

Figure 1. Global fossil CO2 emissions with a preliminary estimate 
for 2019. 8SGDWHG�IURP�)ULHGOLQJVWHLQ�HW�DO���������DQG�IURP�3HWHUV�
HW�DO����������

An additional 5.5 Gt�CO2 per year on average (2009–2018) are 
added to the atmosphere from the net impact of land use 
change (e.g. deforestation, degradation, reforestation). 
Emissions in 2019 were estimated to be 6.2 Gt�CO2, above the 
long-term average due to excess fires in tropical regions, 
particularly in the Amazon. Total anthropogenic CO2 
emissions in 2019, fossil and land use change, were 42.9�
�����Gt�CO2. 

Emissions in 2020 will show unprecedented changes because 
of the social and economic turmoil unleashed by the COVID-19 
pandemic. Early estimates for fossil CO2 emissions in 
2020 show a decline attributable to confinement measures 
to slow the spread of the COVID-19 pandemic. 

During�peak�confinement� in�early�April�2020,�we�estimate that�
daily� Jlobal� Iossil� CO2� HPissions� dropped� 17% compared� to�
mean daily estimates in 2019 (Figure 2). Although such 
a drop appears to be unprecedented, the amount 
emitted at peak confinement was still equivalent to 
emissions in 2006, just a decade and a half ago. This fact 
highlights both the steep growth in emissions over the past 
15 years and the continued dependence of the global economy 
on fossil sources IRU energy.

By early June 2020, global daily fossil CO2 emissions 
had mostly recovered to within 5% (1%–8% range) compared to 
the same period in 2019, showing the rapid return of emissions, 
as many countries loosened their confinement restrictions. 

The projected emissions decline for year 2020 will depend on 
the continued trajectory of the pandemic and government 
responses to address it. We estimate a decline for 
2020 approximately in the range of 4� to 7% compared to 
2019 levels, depending on different pandemic scenarios. 

Surface transport, mainly road transport, contributed the most to 
the peak decline in early April, followed by industry, the power 
sector, aviation, public buildings and commerce (Figure 3). 

This range of emission reductions we project for 2020 is similar 
in magnitude to the year-on-year emission reductions needed to 
limit� global� warming� to� ���� �&�� DQG� well� below� 2� °C,� in line�
with the objectives of the Paris Agreement. 

Figure 2. Global Daily fossil CO2 emissions� 8pdated from Le Quéré 
et al. (2020). 

Figure 3. Global daily fossil CO2 emissions for six sectors of 
the economy. Updated from Le Quéré et al. (2020). 
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Methane (CH4) is the second most important greenhouse gas attributable to human activities after CO2. Both emissions and 
atmospheric concentrations of &+� have continued to grow for decades, albeit with a short period of relative stabilization from 
2000 to 2006. Since then, both agriculture, particularly livestock, and fossil fuels, particularly the natural gas and oil 
sectors followed by coal mining, have been roughly equally responsible for the emissions growth. 

����Figure 5. Estimated fossil CO2 and CH4 emissions from all human activities presented against the socio-economic pathways (SSPs) to 2050 
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Figure 4. Global CH4 Budget for 2017 including all major natural and anthropogenic sources and sinks. 
From Jackson et al. (2020)�DQG�6DXQRLV�HW�DO��������. 

5HFHQW�DQDO\VHV�DOVR�VKRZ�WKDW�
QHLWKHU� FKDQJHV� LQ� &+��
HPLVVLRQV�IURP�ZHWODQGV��ZKLFK�
DFFRXQW� IRU� RQH� WKLUG� RI� JOREDO�
HPLVVLRQV�� QRU� FKDQJHV� LQ� WKH�
PHWKDQH� VLQN� VWUHQJWK� FDQ�
H[SODLQ� WR� DQ\� VLJQLILFDQW�
GHJUHH� WKH� REVHUYHG�
DWPRVSKHULF� LQFUHDVH�� 7KHVH�
ILQGLQJV� XQGHUVFRUH� WKH�
GRPLQDQW� UROH� RI� KXPDQ�
DFWLYLWLHV� LQ� WKH� DWPRVSKHULF�
ORDGLQJ� RI� &+��� FRQWULEXWLQJ�
����RI�JOREDO�HPLVVLRQV�RYHUDOO�
�)LJXUH����

&XUUHQW� WUHQGV� LQ� HPLVVLRQV� RI�
&2�� DQG� &+�� DUH� QRW�
FRPSDWLEOH� ZLWK� HPLVVLRQ�
SDWKZD\V� FRQVLVWHQW� ZLWK�
OLPLWLQJ����JOREDO����ZDUPLQJ�����DW���
���� �&�RU�ZHOO�EHORZ����&�DERYH�SUH�LQGXVWULDO� OHYHOV��WKH�JRDO�RI�WKH�3DULV�$JUHHPHQW��)LJXUH�����

8QOHVV�HPLVVLRQV�SHDN�DQG�GHFOLQH�VRRQ��WHPSHUDWXUH�VWDELOL]DWLRQ�ZHOO�EHORZ����&�ZLOO�EH�XQOLNHO\��7KH�H[WHQW�WR�ZKLFK�ZRUOG�
OHDGHUV� FRQVLGHU� FOLPDWH� REMHFWLYHV� LQ� WKHLU� HFRQRPLF� UHVSRQVHV� WR� &29,'���� LV� OLNHO\� WR� LQIOXHQFH� WKH� SDWKZD\� RI� &2��
HPLVVLRQV�IRU�GHFDGHV�WR�FRPH��
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Figure �. 7LPH�VHULHV�RI�DOWLPHWU\�EDVHG�JOREDO�PHDQ�VHD�OHYHO�IRU�WKH�SHULRG�����±���-XO\�
������7KH�WKLQ�EODFN�OLQH�LV�D�TXDGUDWLF�IXQFWLRQ�VKRZLQJ�WKH�PHDQ�VHD�OHYHO�ULVH�
DFFHOHUDWLRQ���6RXUFH��(XURSHDQ�6SDFH�$JHQF\�&OLPDWH�&KDQJH�,QLWLDWLYH�VHD�OHYHO�GDWD�
XQWLO�'HFHPEHU�������H[WHQGHG�E\�GDWD�IURP�WKH�&RSHUQLFXV�0DULQH�6HUYLFH�DV�RI�-DQXDU\�
�����DQG�QHDU�UHDO�WLPH�-DVRQ���DV�RI�0DUFK�������

)LJXUH��������������ILYH�\HDU�DYHUDJH�WHPSHUDWXUH�DQRPDOLHV�UHODWLYH�WR�WKH�����������
DYHUDJH��'DWD�DUH�IURP�1$6$�*,67(03�Y���'DWD�IRU������WR�-XO\�  

)LJXUH����)LYH�\HDU�UXQQLQJ�DYHUDJH�RI�JOREDO�WHPSHUDWXUH�DQRPDOLHV��UHODWLYH�WR�SUH�LQGXVWULDO��IURP������WR������IRU�ILYH�GDWD�VHWV��+DG&587����������
12$$�*OREDO7HPS�Y���*,67(03�Y���(5$���DQG�-5$�����'DWD�IRU������WR�-XQH�IRU�+DG&587���DQG�-XO\�IRU�12$$*OREDO7HPS��*,67(03��(5$��DQG�-5$����

����–�����VHW�WR�EH�ZDUPHVW�ILYH�\HDU�SHULRG�RQ�UHFRUG�
The� average� global� PHDQ�VXUIDFH�temperature1�for� 2016–2020� (2020 data� are� based� on� averages� -DQXDU\ to� July)�will� be�
among� the warmest� of� any� equivalent period� on� record� �)LJXUH���. It is� currently� estimated� to� be� 1.1� �&� (±����&)� above�
pre-industrial2�(1850–1900)�times�DQG�������&��������&��ZDUPHU�WKDQ�WKH�JOREDO�PHDQ�VXUIDFH�WHPSHUDWXUH�IRU�����±������

7KH� ����±����� ILYH�\HDU� DYHUDJH�
WHPSHUDWXUHV� DUH� RQ� FRXUVH� WR� EH� WKH�
KLJKHVW� RQ� UHFRUG� IRU�PXFK� RI� (XURSH�� WKH�
0LGGOH� (DVW� DQG� QRUWKHUQ� $VLD�� VRXWKHUQ�
DQG� HDVWHUQ� DUHDV� RI� WKH� 86�� DUHDV� RI�
6RXWK� $PHULFD�� VRXWKHUQ� $IULFD� DQG�
$XVWUDOLD� �)LJXUH����� +RZHYHU�� H[FHSWLRQDO�
ZDUPWK� LQ� WKH� ILUVW� KDOI� RI� ����� LV�
OLNHO\� WR� HDVH�DV� WKH� \HDU�SURJUHVVHV��   

*OREDO�VHD�OHYHO�ULVH�LV�
LQFUHDVLQJ�
ThH� total� Hlevation� RI� the� Jlobal mean� Vea�
level� Rver� thH� Dltimetry� Hra (since 
Januar\� �993)� KDV� UHDFKHG� 90� PP�� 7KH�
DYHUDJH� UDWH� RI� ULVH� LV�HVWLPDWHG�WR�EH�
���� ����PP�\U� RYHU� WKH� ���\HDU� SHULRG�
�)LJXUH� ���� 7KH� UDWH� EHWZHHQ�����±�����
DQG� ����±�����  KDV� LQFUHDVHG� IURP� ����
PP�\U�WR�����PP�\U�� $� JUHDWHU� ORVV�RI� LFH�
PDVV� IURP� WKH� LFH� VKHHWV� LV� WKH�
PDLQ� FDXVH� RI� WKH� LQFUHDVHG� ULVH� LQ�WKH�
JOREDO� PHDQ� VHD�OHYHO� RQ� WRS� RI�
VWHDG\�LQFUHDVHV� IURP� WKH� H[SDQVLRQ� RI�
RFHDQ� ZDWHUV� GULYHQ� E\� ZDUPLQJ��
$FFRUGLQJ� WR� ,3&&� �������� WKH�
DYHUDJH� UDWH� RI� ULVH� IRU� ���������� LV� ��
WR� �� PP�\U�� ZKLFK� LV� DERXW� ���� WLPHV�
WKH� UDWH� IRU�����±����� RI� �� WR� ��PP�\U��
1%DVHOLQH�information can be found at:�KWWSV���OLEUDU\�ZPR�LQW�

GRFBQXP�SKS"H[SOQXPBLG �����SDJH �� 

2%DVHOLQH�LQIRUPDWLRQ on datasets can be found at�KWWSV���
OLEUDU\�ZPR�LQW�GRFBQXP�SKS"H[SOQXPBLG ������SDJH ��
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GHFOLQHG�E\�DSSUR[LPDWHO\�������,Q�$QWDUFWLFD��D�UHPDUNDEOH�IHDWXUH�RI�ERWK�WKH�)HEUXDU\�PLQLPXP�DQG�September maximum 
has �been� that �sea-ice �extent �values� have �fallen �well �below �the �1981–2010 �average �since �2016. The �summer sea ice 
reached its lowest and second lowest extent on record in 2017 and 2018, respectively, with 2018 also being the second 
lowest winter extent�

2QH�PHWUH�ZDWHU�HTXLYDOHQW�JODFLHU�LFH�ORVV�SHU�\HDU
Analysis of long-term variations in glacier mass changes from the European Alps, Scandinavia and the Rocky Mountains 
provide direct information on the year-to-year variability in these regions� Preliminary estimates for 2018/2019 indicate a�
QHJDWLYH�PDVV�EDODQFH�ZLWK�DQ� LFH� ORVV�RI�!�����P�ZDWHU�HTXLYDOHQW� �Z�H���(LJKW�RXW�RI� WKH����PRVW�QHJDWLYH�PDVV�EDODQFH�
\HDUV� ZHUH� UHFRUGHG� DIWHU� ������� )RU� WKH� SHULRG� ����±����� GDWD� IURP� WKH� :RUOG� *ODFLHU� 0RQLWRULQJ� 6HUYLFH� �:*06���
UHIHUHQFH�JODFLHUV�LQGLFDWH�DQ�DYHUDJH�VSHFLILF�PDVV�FKDQJH�RI�í����PP��Z�H��SHU�\HDU��7KLV�GHSLFWV�D�JUHDWHU�PDVV�ORVV�WKDQ�
LQ�DOO�RWKHU�SDVW�ILYH�\HDU�SHULRGV�VLQFH��������

,FH�VKHHWV�ORVLQJ�LFH�
Loss from the Greenland and Antarctic ice sheets has 
increased since the beginning of the 21st century. The 
combined sea level rise contribution from both ice sheets 
for 2012–2016 was 1.2 ±0.1 mm yr–1, a 29% increase on 
2002–2011. From Antarctica, the 2012–2016 losses are 
estimated to –199 ±26 Gt yr–1 and the amount of ice lost 
annually from the Antarctic ice sheet increased at least six-fold 
between 1979 and 20176�� Most of the ice loss takes place 
by melting of the ice shelves from below, due to incursions 
of relatively warm ocean water, especially in west 
Antarctica and to a lesser extent along the peninsula 
and in east Antarctica.

%HWZHHQ� ����� DQG� ������ WKH� *UHHQODQG� ,FH� 6KHHW� ORVW� LFH�
PDVV�DW�DQ�DYHUDJH�UDWH�RI���������*W�\U±���HTXLYDOHQW�WR������
��������PP���\U±���RI���JOREDO���VHD���OHYHO��ULVH����PRVWO\��GXH��WR��
VXUIDFH���PHOWLQJ�����7KH���WRWDO����DFFXPXODWHG����6XUIDFH����0DVV

�,3&&��������,3&&�6SHFLDO�5HSRUW�RQ�WKH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�>+��2��3|UWQHU��HW�DO���HGV��@��LQ�SUHVV
�:*06�GDWD�DQG�SURGXFWV�FDQ�EH�IRXQG�DW�KWWSV���ZJPV�FK�JOREDO�JODFLHU�VWDWH�
�A value of -1.0 m w.e. per year is representing a mass loss of 1,000 kg/P��of ice cover or an annual glacier-wide ice thickness loss of about 1.1 m per year, as�WKH�GHQVLW\�
RI�LFH�LV�RQO\�����WLPHV�WKH�GHQVLW\�RI�ZDWHU��VRXUFH��:*06�
�5LJQRW��(��HW�DO��������)RXU�GHFDGHV�RI�$QWDUFWLF�,FH�6KHHW�PDVV�EDODQFH�IURP�����±������3URF��RI�WKH�1DW��$FDG��RI�6FL��RI�WKH�86$��31$6�����������±������KWWSV���
ZZZ�SQDV�RUJ�FRQWHQW�SQDV������������IXOO�SGI�
�,3&&��������,3&&�6SHFLDO�5HSRUW�RQ�WKH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�>+��2��3|UWQHU��HW�DO���HGV��@��LQ�SUHVV�

Figure �. SMB for the year 1 September 2018 to 31 August 2019. 
$ccumulated sum over the yeDU. 2018/2019 is in blue, and the grey 
line is the long-term average. )RU�comparison, 2011/2012��WKH�UHFRUG�
\HDU iV�VKRZQ�LQ red.

Figure �. Monthly September and March Arctic sea-ice extent� 
DQRPDOLHV��UHODWLYH�WR�WKH�����±�����DYHUDJH��IRU�����±�������
�6RXUFHV��86�1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU�DQG�(80(76$7�
2FHDQ�DQG�6HD�,FH�6DWHOOLWH�$SSOLFDWLRQ�)DFLOLW\�

6HD�LFH�H[WHQW�KDV�GHFOLQHG�DW�D�UDWH�RI�����
SHU�GHFDGH
$UFWLF��DV�ZHOO�DV�VXE�$UFWLF��VHD�LFH�KDV�VHHQ�D�ORQJ�WHUP�GHFOLQH�
LQ� DOO� PRQWKV� GXULQJ� WKH� VDWHOOLWH� HUD� �����±SUHVHQW��� ZLWK� WKH�
ODUJHVW� UHODWLYH� ORVVHV� LQ� ODWH� VXPPHU�� DURXQG� WKH� WLPH� RI� WKH�
DQQXDO�PLQLPXP�LQ�6HSWHPEHU��ZLWK�UHJLRQDO�YDULDWLRQV��7KH�ORQJ�
WHUP�WUHQG�RYHU�WKH�����±�����SHULRG�LQGLFDWHV�WKDW�$UFWLF�VXPPHU�
VHD�LFH� H[WHQW� KDV� GHFOLQHG� DW� D� UDWH� RI� DSSUR[LPDWHO\� ���� SHU�
GHFDGH� �)LJXUH� ���� ,Q� HYHU\� \HDU� IURP� ����� WR� ������ WKH� $UFWLF�
DYHUDJH� VXPPHU� PLQLPXP� DQG� DYHUDJH� ZLQWHU� PD[LPXP� VHD�
LFH�H[WHQW�ZHUH� EHORZ� WKH� ����±����� ORQJ� WHUP�DYHUDJH�� ,Q� -XO\�
������ WKH� $UFWLF� VHD�LFH� H[WHQW� ZDV� WKH� ORZHVW� RQ� UHFRUG� IRU�
-XO\�� 7KHUH� LV� YHU\� KLJK� FRQILGHQFH� WKDW� $UFWLF� VHD�LFH� H[WHQW�
FRQWLQXHV�WR�GHFOLQH�LQ�DOO�PRQWKV�RI�WKH�\HDU�DQG�WKDW�VLQFH�������
WKH��DUHDO��SURSRUWLRQ��RI� � WKLFN�� LFH�� � DW� � OHDVW� � �� � \HDUV� ROG�� KDV�
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%DODQFH� �60%��� EHWZHHQ� 6HSWHPEHU� ����� DQG� $XJXVW� ����� �)LJXUH� ��� ZDV�
���� *W� FRPSDUHG� WR� ���� *W� DYHUDJH� 60%� RYHU� WKH� ����±����� SHULRG��
����������60%�UDQNV�DV�WKH��WK�ORZHVW�RQ�UHFRUG��7KH�VXUIDFH�PDVV�EDODQFH�
ZDV�EHORZ�QRUPDO� DOPRVW� HYHU\ZKHUH� LQ�*UHHQODQG� H[FHSW� IRU� WKH� VRXWKHDVW�
�)LJXUH� ���� 7KLV� ZDV� PDLQO\� GXH� WR� D� GU\� ZLQWHU�� D� YHU\� HDUO\� VWDUW� RI� WKH�
PHOWLQJ� VHDVRQ� DQG� D� ORQJ�� GU\�� ZDUP� VXPPHU�� 0RUH� UHFHQW� 60%� GDWD�
VKRZV� WKDW� WKH� ����������VHDVRQ�LV�FORVH�WR�WKH�����±�����DYHUDJH��

High ,mpact (vents influenced by anthropogenic climate 
change    

Recently� published� peer� reviewed� studies show� a� significant anthropogenic 
influence�on�many�of�the�occurred events,�Hither�directly,�or�indirectly�(through,�
for� Hxample, influencing� atmospheric circulation patterns that contributed to 
the event). 7KLV�VHFWLRQ�IRFXVHV�RQ�D�VHOHFWLRQ�RI�VXFK�HYHQWV�IURP�WKH�����±
�����SHULRG��

While few anthropogenic signals have been found in tropical cyclone intensity 
and� frequency�,� recent� evidence� suggests� that� anthropogenic influence� has 
increased� the� probability� of� higher� rainfall� amount associated� with tropical 
cyclones.� 'XULQJ� ����±������ WKH�ODUJHVW� HFRQRPLF� ORVVHV� ZHUH� DVVRFLDWHG�
ZLWK� WURSLFDO� F\FORQHV�� +urricane� +arvey,� Rne� Rf� Whe� Post devastating 
hurricanes� on� record�� FDXVLQJ more� than� US$� �25� Eillion� Ln ORVVHV�� KLW�
WKH� +RXVWRQ� �86$�� DUHD� LQ� ����� ±� KXPDQ� LQIOXHQFH� LQFUHDVHG� WKH��
DPRXQW��RI���UDLQIDOO���DVVRFLDWHG���ZLWK���WKLV���KXUULFDQH���E\���DERXW��������
7URSLFDO� &\FORQHV� ,GDL� DQG� .HQQHWK� KLW� 0R]DPELTXH� LQ� 0DUFK� DQG� $SULO� ����� FDXVLQJ� D� ODUJH� ORVV� RI� OLIH��

6LQFH� ������ GURXJKWV� KDYH� KDG� PDMRU� LPSDFWV�� ERWK� RQ� VRFLHW\� DQG� WKH� HFRQRP\�� LQ� QXPHURXV� SDUWV� RI� WKH� ZRUOG��
,Q� $IULFD� PLOOLRQV� RI� SHRSOH� UHTXLUHG� DVVLVWDQFH� DIWHU� GURXJKW�UHODWHG� IRRG� VKRUWDJHV�� ,Q� HDVW� $IULFD� LQ�
����������� ����PLOOLRQ� SHRSOH� LQ� 6RPDOLD� ZHUH� IRRG� LQVHFXUH� DW� WKH� GURXJKW
V� SHDN�� 'URXJKW� UHWXUQHG� WR� PDQ\�
SDUWV� RI� VRXWKHUQ�$IULFD�LQ� ����������� ZLWK� =LPEDEZH� DPRQJVW� WKH� ZRUVW�DIIHFWHG� DUHDV�� 6RPH� GURXJKWV� VKRZ�
D� GLUHFW� RU� LQGLUHFW� KXPDQ� LQIOXHQFH�� LQFOXGLQJ� WKH� ���������� (DVW� $IULFDQ� GURXJKW� ZKLFK� ZDV� VWURQJO\�
LQIOXHQFHG� E\� ZDUP� VHD�VXUIDFH�WHPSHUDWXUHV� LQ� WKH� ZHVWHUQ�,QGLDQ� 2FHDQ�� WR� ZKLFK� DQWKURSRJHQLF� LQIOXHQFHV� RQ�
FOLPDWH��

Drought and heatwaves substantially increased the risk of wildfires. The three largest economic losses on record 
from wildfires have all occurred in the last four years. Summer 2019 and 2020 saw unprecedented wildfires in 
the Arctic region. In June 2019, these fires emitted 50 Mt of CO2 into the atmosphere1��7KH� XQXVXDO� KHDW�
FRQWULEXWHG� WR� ZLGH�VFDOH� ZLOGILUHV� and WKH� loss of permafrost. The results of D� recent attribution study showed with 
high confidence that the January to June 2020 heat is at least 600 times more likely as a result of human-induced 
climate change1��� In 2019 and 2020 there were also widespread fires in the Amazon rainforest, with dramatic environmental 
impacts.  

Eastern Australia experienced a severe and prolonged wildfire season in late 2019, with major fires in 
early September that continued into early 2020. More than 10 million hectares were burnt over an area extending 
from southern Queensland to eastern Victoria, while other major fires occurred in South Australia. At least 
33 deaths were reported, and preliminary assessments indicate economic losses of several billion� 86 dollars.  
The likelihood of the weather conditions that led to those wildfires has increased by at least 30% since 1900, as a 
result of anthropogenic climate change��� 

�:02��������6WDWH�RI�WKH�JOREDO�FOLPDWH�LQ�������:02�1R�������KWWSV���OLEUDU\�ZPR�LQW�LQGH[�SKS"OYO QRWLFHBGLVSOD\	LG �������;\�OULJ]<�Z
�,3&&��������,3&&�6SHFLDO�5HSRUW�RQ�WKH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�>+��2��3|UWQHU��HW�DO���HGV��@��LQ�SUHVV�
��YDQ�2OGHQERUJK��*�-��HW�DO��������$WWULEXWLRQ�RI�H[WUHPH�UDLQIDOO�IURP�+XUULFDQH�+DUYH\��$XJXVW�������(QYLURQ���5HV��/HWW���������������KWWSV���GRL�RUJ�������������������
DD�HI����%DVHOLQH�LQIRUPDWLRQ�FDQ�EH�IRXQG�DW��KWWSV���DWPRVSKHUH�FRSHUQLFXV�HX�FDPV�PRQLWRUV�XQSUHFHGHQWHG�ZLOGILUHV�DUFWLF
��%DVHOLQH�LQIRUPDWLRQ�FDQ�EH�IRXQG�DW��KWWSV���ZZZ�ZRUOGZHDWKHUDWWULEXWLRQ�RUJ�ZS�FRQWHQW�XSORDGV�::$�3URORQJHG�KHDW�6LEHULD������SGI

��YDQ�2OGHQERUJK��*�-��HW�DO��������$WWULEXWLRQ�RI�WKH�$XVWUDOLDQ�EXVKILUH�ULVN�WR�DQWKURSRJHQLF�FOLPDWH�FKDQJH���1DW��+D]DUGV�(DUWK�6\VW��6FL��'LVFXVV��

Figure �. Map showing SMB anomaly (in mm) across�
*UHHQODQG��6RXUFH��3RODU�3RUWDO��SRODUSRUWDO�GN�HQ��

��KWWSV���GRL�RUJ���������QKHV����������LQ�UHYLHZ
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7KH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�

:K\�GR�FKDQJHV�LQ�WKH�RFHDQ�DQG�FU\RVSKHUH�PDWWHU"��,3&&�������
The global ocean covers 71% of the Earth surface. Around 10% of Earth’s land area is covered by glaciers or ice sheets. The 
ocean and cryosphere support unique habitats and are interconnected with other components of the climate system through 
global exchange of water, energy and carbon.  

The responses of the ocean and cryosphere include climate feedbacks, changes over decades to millennia, thresholds of 
abrupt change, and irreversibility (Figure 1). 

The state of the ocean and cryosphere affects food and water supply, renewable energy, LQIUDVWUXFWXUH��health and well-being, 
cultural values, tourism, trade and transport. 

Figure 1. Schematic of the concept of cascading effects associated with changes in the ocean and cryosphere in a changing climate. Cascading effects, where 
changes in one part of a system inevitably affect the state in another, and so forth, ultimately affecting the state of the entire system. These cascading effects can 
also trigger feedbacks, altering the forcing��6RXUFH��,3&&�652&&�5HSRUW��&KDSWHU����)LJXUH������IRU�LQIRUPDWLRQ�RQ�WKH�\HDU�IURP������WR�������W\SH�RI�KD]DUG��
UHJLRQ��FKDUDFWHULVWLFV�RI�VHYHULW\��DWWULEXWLRQ�WR�DQWKURSRJHQLF�FOLPDWH�FKDQJH�DQG�LPSDFWV�DQG�FRVWV��VHH�7DEOH�����LQ�WKDW�FKDSWHU��� 

:KDW�DUH�REVHUYHG�FKDQJHV�LQ�WKH�FU\RVSKHUH"

,FH�VKHHWV�DQG�JODFLHUV�ZRUOGZLGH�KDYH� ORVW�PDVV��%HWZHHQ������DQG������� WKH�*UHHQODQG� ,FH�6KHHW� ORVW� LFH�PDVV�DW�DQ�
DYHUDJH� UDWH� RI� ���� ���� *W� \U±��� PRVWO\� GXH� WR� VXUIDFH� PHOWLQJ�� ,Q� ����±������ WKH� $QWDUFWLF� ,FH� 6KHHW� ORVW� PDVV� DW�
DQ� DYHUDJH� UDWH� RI� ���� ���� *W� \U±��� PRVWO\� GXH� WR� UDSLG� WKLQQLQJ� DQG� UHWUHDW� RI� PDMRU� RXWOHW� JODFLHUV� GUDLQLQJ� WKH� :HVW�
$QWDUFWLF�,FH�6KHHW��*ODFLHUV�ZRUOGZLGH�RXWVLGH�*UHHQODQG�DQG�$QWDUFWLFD� ORVW�PDVV�DW�DQ�DYHUDJH�UDWH�RI���������*W�\U±��
LQ�����±������

$UFWLF�-XQH�VQRZ�FRYHU�H[WHQW�RQ�ODQG�GHFOLQHG�E\������������SHU�GHFDGH�IURP������WR�������D�WRWDO�ORVV�RI�DSSUR[LPDWHO\�
���� PLOOLRQ� NP��� SUHGRPLQDQWO\� GXH� WR� VXUIDFH� DLU� WHPSHUDWXUH� LQFUHDVH�� ,Q� QHDUO\� DOO� KLJK� PRXQWDLQ� DUHDV�� WKH� GHSWK��
H[WHQW�DQG�GXUDWLRQ�RI�VQRZ�FRYHU�KDYH�GHFOLQHG�RYHU�UHFHQW�GHFDGHV��HVSHFLDOO\�DW�ORZHU�HOHYDWLRQ��

%HWZHHQ������DQG�������$UFWLF�VHD�LFH�H[WHQW�KDV�GHFUHDVHG�IRU�DOO�PRQWKV�RI�WKH�\HDU��6HSWHPEHU�VHD�LFH�UHGXFWLRQV�DUH�
����� ������ SHU� GHFDGH�� 7KHVH� VHD�LFH� FKDQJHV� LQ� 6HSWHPEHU� DUH� OLNHO\� XQSUHFHGHQWHG� IRU� DW� OHDVW� ����� \HDUV��
$SSUR[LPDWHO\�KDOI�WKH�REVHUYHG�VHD�LFH�ORVV�LV�DWWULEXWDEOH�WR�LQFUHDVHG�DWPRVSKHULF�JUHHQKRXVH�JDV�FRQFHQWUDWLRQV��
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Permafrost temperatures have increased to record high levels. Arctic and boreal permafrost contain 1460 to 1600 Gt RI�
organic carbon, almost twice the carbon in the atmosphere. 

Antarctic sea-ice extent overall has had no statistically significant trend (1979–2018) due to contrasting regional signals 
and large interannual variability. 

Cryospheric and associated hydrological changes have impacted land-based and freshwater species, especially 
ecosystems in high mountain and polar regions. 

IncreasLQJ wildfire and abrupt permafrost thaw, as well as changes in Arctic and mountain hydrology� have altered� WKH 
frequency and intensity of ecosystem disturbances.  

Since the mid-20th century, the shrinking cryosphere in the Arctic and high mountain areas has led to predominantly negative 
impacts on food security, water resources, water quality, livelihoods, health and well-being, infrastructure, 
transportation, tourism and recreation as well as�RQ�RXU culture. 

:KDW�DUH�REVHUYHG�FKDQJHV�LQ�WKH�RFHDQ"�
The global ocean has warmed unabated since 1970 and has taken up more than 90% of the excess heat in the climate 
system. Since 1993 the rate of ocean warming� and thus heat uptake has more than doubled and is attributed to 
anthropogenic forcing. The Southern Ocean accounted for 35% to 43% of the total heat gain in the upper 2000 m global ocean 
between 1970 and 2017. Its share increased to 45% to 62% between 2005 and 2017. 

The deep ocean below 2000 m has warmed since 1992, especially in the Southern Ocean. 0DULQH� KHDWZDYHV� �)LJXUH� ����
GHILQHG�DV�GDLO\�VHD�VXUIDFH�WHPSHUDWXUH�H[FHHGLQJ�WKH�ORFDO���WK�SHUFHQWLOH�RYHU�WKH�SHULRG������WR�������KDYH�GRXEOHG�LQ�
IUHTXHQF\�DQG�KDYH�EHFRPH�ORQJHU�ODVWLQJ��PRUH�LQWHQVH�DQG�PRUH�H[WHQVLYH��%HWZHHQ�����WR�����RI�PDULQH�KHDWZDYHV�WKDW�
RFFXUUHG� EHWZHHQ� ����� DQG� ����� DUH� DWWULEXWDEOH� WR� DQWKURSRJHQLF� WHPSHUDWXUH� LQFUHDVH��0DULQH� KHDWZDYHV� KDYH� DOUHDG\�
UHVXOWHG� LQ� ODUJH�VFDOH� FRUDO� EOHDFKLQJ�HYHQWV� DW� LQFUHDVLQJ� IUHTXHQF\� FDXVLQJ�ZRUOGZLGH� UHHI� GHJUDGDWLRQ� VLQFH������� DQG�
UHFRYHU\�LV�VORZ�LI�LW�RFFXUV�
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Figure 2. Location where extreme events with an identified link to ocean changes have been discussed in the SROCC report. For many of these selected events, 
the method of event attribution has been used to estimate the role of climate change using either a probabilistic approach (using ensembles of climate models to 
assess how much more likely the event has become with anthropogenic climate change compared to a world without), or a storyline approach which examines the 
components of the climate system that contribute to events and how changes in the climate system affect them. �6RXUFH��,3&&�652&&�5HSRUW��&KDSWHU����)LJXUH�
�����IRU�LQIRUPDWLRQ�RQ�WKH�\HDU�IURP������WR�������W\SH�RI�KD]DUG��UHJLRQ��FKDUDFWHULVWLFV�RI�VHYHULW\��DWWULEXWLRQ�WR�DQWKURSRJHQLF�FOLPDWH�FKDQJH�DQG�LPSDFWV���
DQG�FRVWV��VHH�7DEOH�����LQ�WKDW�FKDSWHU���

7KH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�
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7KH�2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ�&OLPDWH�

Observed surface ocean warming and high latitude addition of freshwater are making the surface ocean less dense relative to 
deeper parts of the ocean and inhibiting mixing between surface and deeper waters. This has contributed to D�loss of oxygen in 
the open ocean RI 0.5% to 3.3% over the upper 1000 m in 1970–2010.  

The ocean has taken up between 20% to 30% of total anthropogenic CO2 emissions since the 1980s causing further 
ocean acidification. The decline in surface ocean pH has already emerged from background natural variability for more than 
95% of the ocean surface area. 

Since about 1950 many marine species have undergone shifts in geographical range and seasonal activities in response 
to ocean warming, sea�ice change and oxygen loss. This has resulted in shifts in species composition, abundance and 
biomass production of ecosystems, from the equator to the poles. 

:KDW�LV�WKH�REVHUYHG�VHD�OHYHO�FKDQJH"�
Global mean sea�level is rising, with acceleration in recent decades due to increasing rates of ice loss from the Greenland 
and Antarctic ice sheets, as well as continued glacier mass loss and ocean thermal expansion. 

The rate of global mean sea�level rise for 2006–2015 of 3.6 ±0.5 mm yr–1 is unprecedented over the last century. The sum of 
ice sheet and glacier contributions over the period 2006–2015 is the dominant source of sea level rise, exceeding the 
effect of thermal expansion of ocean water. The dominant cause of global mean sea�level rise since 1970 is anthropogenic 
forcing. 

Increases in tropical cyclone winds and rainfall, and increases in extreme waves, combined with relative 
sea�� level rise, exacerbate extreme sea� level events and coastal hazards� �)LJXUH� ��. There is emerging evidence 
for an increase in annual global proportion of Category 4 or 5 tropical cyclones in recent decades. 

Restoration of vegetated coastal ecosystems, such as mangroves, tidal marshes and seagrass meadows (coastal 
‘blue carbon’ ecosystems), could provide climate change mitigation through increased carbon uptake and storage of around 
0.5% of current global emissions annually, and multiple other benefits (e.g. storm protection, improving water quality, and 
benefiting biodiversity and fisheries). Improving the quantification of carbon storage and greenhouse gas fluxes of 
these coastal ecosystems will reduce current uncertainties around measurement, reporting and verification. 

:KDW�LV�WKH�UROH�RI�FOLPDWH�LQIRUPDWLRQ�LQ�LPSOHPHQWLQJ�HIIHFWLYH�UHVSRQVHV�WR�FOLPDWH�
UHODWHG�FKDQJHV�LQ�WKH�RFHDQ�DQG�FU\RVSKHUH"��
.ey enablers LQFOXGH education and climate literacy,� REVHUYDWLRQV� monitoring and forecasting� use of all available 
knowledge sources, sharing of data, information and knowledge. Sustained long-term monitoring, sharing of data, 
information and knowledge and improved context-specific forecasts, including early warning systems, help to manage 
negative impacts from ocean changes such as losses in fisheries, and adverse impacts on human health, food security, 
agriculture, coral reefs, aquaculture, wildfire, tourism, conservation, drought and flood. 

5HIHUHQFH�
IPCC, 2019: Summary for Policymakers. In: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate [H.-O. Pörtner, et al. D.C. Roberts, V. Masson-
Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer (eds.)]. In press.
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&OLPDWH�DQG�ZDWHU�UHVRXUFHV�

The changes that are happening in our climate system have started to impact and will have more pronounced impacts on our 
planet. The United Nations World Water Development Report (UNESCO, 2019) lists three key water related impacts of a 
changing climate�

�� ,QFUHDVHV�LQ�ZDWHU�UHODWHG�GLVDVWHUV

�� ,QFUHDVHV�LQ�DUHDV�VXIIHULQJ�IURP�ZDWHU�VWUHVV

�� ,QFUHDVHV�LQ�SRRU�ZDWHU�TXDOLW\�UHODWHG�IDWDOLWLHV�

&XUUHQWO\������RI�WKH�LPSDFW�RI�QDWXUDO�GLVDVWHUV�LV�ZDWHU�UHODWHG��)LJXUH�����

:DWHU�DQG�&U\RVSKHUH�

Figure 1. World weather-related natural catastrophes by peril, 1980–2017 (Number of relevant events by 
peril) MunichRE (2018) 

By 2050, the number of people at 
risk of floods will increase from its 
current level of 1.2 billion to 1.6 billion. In 
the early to mid-2010s, 1.9 billion 
people, or 27% of the global 
population, lived in potential severely 
water-scarce areas. In 2050, 
this number will increase between 
42% DQG 95%, or 2.7 to 3.2 billion 
people. As of 2019, 12% of the 
world population drinks water from 
unimproved and unsafe sources. 
More than 30% of the world 
population, or 2.4 billion people, 

Figure 2. Per Capita Water Availability and Future Population Growth, 2050 (Damania et al. 2017)  

Global�ZDUPLQJ� LV�SURMHFWHG� WR� LQFUHDVH� WKH�QXPEHU�RI�ZDWHU�VWUHVVHG� UHJLRQV�DQG�H[DFHUEDWH� VKRUWDJHV� LQ�DOUHDG\�ZDWHU�
VWUHVVHG� UHJLRQV� �)LJXUH�����*OREDO� IUHVKZDWHU�ZLWKGUDZDOV� IRU�DJULFXOWXUH�� LQGXVWU\�DQG�PXQLFLSDO�XVH�KDYH� LQFUHDVHG�E\�D�
IDFWRU�RI�VL[�VLQFH�������5LWFKLH�DQG��5RVHU���������������RI��WKHVH���DUH���XVHG��IRU���DJULFXOWXUH���/RZ���LQFRPH���FRXQWULHV���XVH��
RQ�DYHUDJH�����RI� WKHLU� IUHVKZDWHU� IRU�
DJULFXOWXUH�� ZKLOH� PDQ\� GHYHORSHG�
FRXQWULHV�XVH�OHVV�WKDQ������

:DWHU� VWRUDJH� LV� HVVHQWLDO� IRU�
IRRG� VHFXULW\�� *ULOO� HW� DO�� �������
VWXGLHG� WKH� H[SHFWHG� JURZWK� LQ� GDP�
FRQVWUXFWLRQ� WR� ����� DQG� HVWLPDWHG�
WKDW� DV� RI� ���������� RI� ULYHU� YROXPH�
LV� PRGHUDWHO\� WR� VHYHUHO\� LPSDFWHG�
E\� HLWKHU� IORZ� UHJXODWLRQ��
IUDJPHQWDWLRQ�� RU� ERWK�� 7KH\�
UHSRUW� WKDW� E\� ����� PRVW�
DIIRUGDEOH� SRWHQWLDO� ZDWHU� VWRUDJH�
VLWHV� DUH� OLNHO\� WR� KDYH� EHHQ�
FRQVWUXFWHG�� OHDYLQJ� RQO\� PRUH�
FKDOOHQJLQJ� RSWLRQV�DYDLODEOH�IRU�IXUWKHU�
GHYHORSPHQW�� ZKLOVW� GHPDQG� ZLOO�
FRQWLQXH�WR�LQFUHDVH��$W�WKH�VDPH� WLPH��
$QQDQGDOH�HW�DO���������UHSRUW�WKDW�QHW�ZDWHU�VWRUDJH�ZRUOGZLGH�LV�IDOOLQJ�GXH�WR�VHGLPHQWDWLRQ���

7KH� FU\RVSKHUH� is an important source of freshwater in mountains and their downstream regions. There 
is high confidence that annual runoff from glaciers has reached peak water now for Central Europe and Caucasus and will 
reach peak ZDWHU� globally at the latest by the end of the 21st century. After that, glacier runoff is 
projected�Wo GHFOLQH�JOREDOO\�ZLWK�LPSOLFDWLRQV�IRU�ZDWHU�VWRUDJH��+RFN�HW�DO���������

OLYH� ZLWKRXW� DQ\� IRUP� RI� � VDQLWDWLRQ�� � 2YHU� ���� FKLOGUHQ� GLH� HYHU\� GD\� IURP� GLDUUKHD� DVVRFLDWHG� ZLWK� XQVDIH� ZDWHU�� SRRU�
VDQLWDWLRQ�DQG�K\JLHQH��81,&()���������
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:DWHU�DQG�&U\RVSKHUH�

Figure 3. Third Pole on the Tibetan Plateau region: glaciers and cryosphere fed rivers (Yao et 
al. 2020) 

Figure 4. Evolution of September Arctic sea-ice area over the historical period and following 
three scenario projections for all available CMIP6 models (adapted from SIMIP Community, 
2020)  

,W� LV� HVWLPDWHG� WKDW� WKH� 7LEHWDQ� 3ODWHDX� UHJLRQ�
ZLOO� UHDFK� SHDN�ZDWHU� EHWZHHQ� ����� DQG� ������
$V� UXQRII� IURP� VQRZ� FRYHU�� SHUPDIURVW� DQG�
JODFLHUV� LQ� WKLV� UHJLRQ� �)LJXUH� ��� SURYLGHV� XS� WR�
���� RI� WKH� WRWDO� ULYHU� IORZ�� WKH� IORZ� GHFUHDVH�
ZRXOG� DIIHFW� ZDWHU� DYDLODELOLW\� IRU� ���� ELOOLRQ�
SHRSOH� ZLWK� D�JURVV� GRPHVWLF� SURGXFW� �*'3��
RI� 86�� �����WULOOLRQ��<DR�HW�DO����������

The�emerging�risks�associated�with�the�declining�
snow,� glaciers,� permafrost,� sea ice, and�
the� Greenland� and� the� Antarctica ice 
sheets,� challenge� our� abilit\� Wo� achieve the�
Sustainable� Development� *RDOV (SDGs)�
(Hock�et�al��2019)�� and� more specifically,�
ensuring� water� availability (SDG6), 
achieving� food� security� (SDG2),� ensuring 
access� to� affordable� energy� for� all (SDG7), 
and� combating� climate� change (SDG13). 

The� hydrological� cycle,� including� ice� and 
snow dynamics determines current and 
future access� to� fresh� water.� Expected 
increase� in water� demand� can� be addressed�
by� means� of� two broad� policy options:�
increase� the� water� supply available� RU�
GHFUHDVH�GHPDQG�IRU�ZDWHU��EHFRPH�PRUH�ZDWHU�
HIILFLHQW��

7KH� ILUVW� 8�6�� LQWHOOLJHQFH� &RPPXQLW\�
$VVHVVPHQW� RI� *OREDO� :DWHU� 6HFXULW\� SUHGLFWV�
WKDW� E\� ����� KXPDQLW\
V� �DQQXDO� JOREDO� ZDWHU�
UHTXLUHPHQWV�� ZLOO� H[FHHG� �FXUUHQW� VXVWDLQDEOH�
ZDWHU� VXSSOLHV�� E\� ����� $EVHQW� PDMRU� SROLF\�
LQWHUYHQWLRQV�� ZDWHU� LQVHFXULW\� ZLOO� JHQHUDWH�
ZLGHVSUHDG�VRFLDO�DQG�SROLWLFDO�LQVWDELOLW\�� 

0RVW� VLPXODWLRQV� WR� GDWH� SURMHFW� WKDW� WKH� $UFWLF�
2FHDQ�ZLOO� H[SHULHQFH� D� ILUVW� SUDFWLFDOO\� VHD�LFH�
IUHH� �VHD�LFH� DUHD� �� ��PLOOLRQ� NP��� 6HSWHPEHU�
LQ� ����� �)LJXUH����� 7KHVH� VLPXODWLRQV� FRQILUP�
WKDW�FXWWLQJ� JUHHQKRXVH� JDV� HPLVVLRQV� UHPDLQV�
YLWDO�WR�SUHYHQW�WKH�ZRUVW�LPSDFWV�RQ�WKH�$UFWLF���

7KH� IDWH�RI�$QWDUFWLF� VHD� LFH� LV�PRUH�XQFHUWDLQ��
0RGHOV� SURMHFW� VHD�LFH� ORVV� �6,0,3�&RPPXQLW\��
������RYHU�WKH���VW�FHQWXU\�LQ�DOO�VFHQDULRV��EXW�
FRQILGHQFH�LQ�WKH�UDWH�RI�ORVV�LV�OLPLWHG��5RDFK�HW�
DO����������
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The WMO Lead Centre for Annual to Decadal Climate Prediction (ZZZ�ZPROF�DGFS�RUJ��produces a summary of annual to 
decadal predictions for the coming five years. These predictions are the best estimate of the near term climate as they are 
based on ten of the world’s leading decadal prediction systems from WMO�designated Global Producing Centres 
and non-designated contributing centres and include 100 multiple realizations with both observed initial conditions of the 
type used in seasonal prediction and boundary forcing used to drive long�term climate projections.  The predictions do 
not include any changes in emissions due to COVID-19 effects and they assume that no major volcanic eruptions 
occur in the period until 2024.

*OREDO�&OLPDWH�LQ�����±�����±�:02�*OREDO�
$QQXDO�WR�'HFDGDO�&OLPDWH�8SGDWH

Figure 1. Predictions for 2020–2024 near surface temperature anomalies relative to 1981–2010. Ensemble mean 
(left) and probability of above average (right). As this is a two-category forecast, the probability for below average 
is one minus the probability shown in the right column. 

Figure 2. Multi-annual predictions of global mean near surface temperature relative to 1981±2010. Annual mean observations in black, forecast in blue, hindcasts 
in green and uninitialized simulations in grey. The shading indicates the 90% confidence range. The probability for above average in the five-year mean of the 
forecast is given at the bottom the main panel (in brackets the probability for above average in the first year). The inset in the main panel, referring to the right 
hand axis, is the probability of global temperature exceeding 1.5�°C above pre-industrial levels for a single month or year during the five years starting in the year 
indicated (Smith et al. 2015; Karl et al. 2015; Morice et al. 2012). Observed temperatures are an average of three observational data sets (Hansen et al. 2010, 
updated), they are near surface (1.5m) over land and surface temperatures over the ocean. Model temperatures are near surface throughout. 

3UHGLFWHG� WHPSHUDWXUH� SDWWHUQV�
IRU� ����±����� VKRZ� D� KLJK�
SUREDELOLW\� IRU� QHDU� VXUIDFH�
WHPSHUDWXUHV� DERYH� WKH� 1981±
2010� average� Dlmost 
everywhere,� with� enhanced��
warming� at� high� northern 
latitudes�and�over�Oand compared 
to ocean (Figure 1).� The Arctic�
(north� of� 60°N)� anomaly� is�
more� than� twice�as� large as the�
global�mean�anomaly.

)LJXUH���VKRZV�WKDW� LQ�WKH�ILYH�\HDU�SHULRG�����±������WKH�DQQXDO�PHDQ�JOREDO�QHDU�VXUIDFH�WHPSHUDWXUH� LV�SUHGLFWHG�WR�EH�
EHWZHHQ�������&�DQG�������&�DERYH�SUH�LQGXVWULDO�FRQGLWLRQV��WDNHQ�DV�WKH�DYHUDJH�RYHU�WKH�SHULRG������WR��������7KH�FKDQFH�
RI�DW�OHDVW�RQH�\HDU�H[FHHGLQJ������&�DERYH�SUH�LQGXVWULDO�OHYHOV�LV������ZLWK�D�YHU\�VPDOO�FKDQFH������RI�WKH�ILYH�\HDU�PHDQ�
H[FHHGLQJ�WKLV�OHYHO��&RQILGHQFH�LQ�IRUHFDVWV�RI�JOREDO�PHDQ�WHPSHUDWXUH�LV�KLJK��+RZHYHU��WKH�FRURQDYLUXV�ORFNGRZQ�FDXVHG�
FKDQJHV�LQ�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV�DQG�DHURVROV�WKDW�ZHUH�QRW�LQFOXGHG�LQ�WKH�IRUHFDVW�PRGHOV��7KH�LPSDFW�RI�FKDQJHV�
LQ�JUHHQKRXVH�JDVHV�LV�OLNHO\�VPDOO�EDVHG�RQ�HDUO\�HVWLPDWHV��/H�4XpUp�HW�DO�������DQG�&DUERQEULHI�RUJ���
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*OREDO�&OLPDWH�LQ�����±�����±�:02�*OREDO�
$QQXDO�WR�'HFDGDO�&OLPDWH�8SGDWH

,Q�FRQFOXVLRQ��SUHGLFWLRQV�IRU�����±�����VXJJHVW�WKDW��
• Annual global temperature is likely to be at least 1�°C KLJKHU than pre�industrial levels (defined as the 1850–1900

average) in each of the coming 5 years and is very likely to be within the range 0.91 to 1.59�°C�
• It is unlikely (~20% chance) that average global�QHDU�VXUIDFH�temperature in one of the next 5 years will be at�least

1.5�°C�warmer�than pre�industrial levels, but the chance is increasing with time�
• It is likely (~70% chance) that one or more months during the next 5 years will be at least 1.5� °C warmer� than

pre�industrial levels�
• It is very unlikely (~3%) that the 5-year mean temperature for 2020–2024 will be 1.5�°C warmer than�pre�

industrial�levels�
• Over 2020–2024, large land areas in the Qorthern Kemisphere are likely to be over 0.8�°C warmer than the recent

past (defined as the 1981±2010 average)�

• 2YHU�����±������QHDU�VXUIDFH�WHPSHUDWXUHV�UHODWLYH�WR�����±�����DUH�OLNHO\�WR�EH�PRUH�WKDQ�WZLFH�DV�ZDUP�LQ�WKH
$UFWLF�WKDQ�WKH�JOREDO�PHDQ�

• Over 2020–2024, many parts of South America, southern Africa and Australia are likely to be dryer than the recent
past�

3UHFLSLWDWLRQ� IRUHFDVWV� IRU�
����±����� �)LJXUH� ��� VXJJHVW�
DQ� LQFUHDVHG� FKDQFH� RI� GULHU�
FRQGLWLRQV� RYHU� QRUWKHUQ� 6RXWK�
$PHULFD�� WKH� Mediterranean 
and southern Africa and 
wetter conditions in northern 
Eurasia, Alaska and Canada. 
Prediction skill is moderate 
though significant in these 
regions,� giving� low� to 
medium� confidence� in the 
forecast. Figure 3. Predictions for 2020±2024 precipitation anomalies relative to 1981±2010. Ensemble mean (left) and 

probability of above average (right). As this is a two-category forecast, the probability for below average is 
one minus the probability shown in the right column. 

Precipitation predictions for 2020–2024 favour wetter than average conditions at high latitudes in both hemispheres, but 
confidence is low because observations are insufficient for assessing skill except over land. Overall� the pattern of 
increased precipitation in the tropics and high latitudes and reduced precipitation in the subtropics compared to 1981–2010 is 
consistent with the effects of increased greenhouse gases as the climate warms. There is moderate but significant correlation 
skill over the Sahel, parts of South America and across northern Europe and Eurasia, giving medium confidence in the 
forecast for an increased chance of precipitation in these regions. 
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(PLVVLRQV�*DS��

Figure 2. The top emitters of greenhouse gases, excluding land-use change emissions 
due to lack of reliable country-level data, on an absolute basis (left) and per capita basis 
(right) (UNEP Emissions Gap Report 2019) 

The findings of the reports are 
sobering: despite scientific 
warnings, increased political and 
societal attention and the Paris 
Agreement, global GHG emissions 
have continued to increase and the 
emissions gap is larger than ever 
(Figure 1). Even with full 
implementation of the current 
Nationally Determined Contributions 
(NDCs), the Emissions Gap in 2030 
will be around 15 Gt of CO2 
equivalent (GtCO2e) for a 2� °C 
goal, � and�  32�  GtCO2e � for a 
1.5� °C goal (both with a 
probability of at least 66%). To 
give an indication of the 
magnitude of this gap, the total 
emissions of the six largest 
emitters, that is, China, USA, 
EU28, India, Russia and Japan was 
around 32 GtCO2e in 2018 (Figure 
2). The current level of climate 
ambition sets us on course to a 
global average temperature 
increase of 3.0 to 3.2�°C by the end 
of this century. 

7UDQVIRUPDWLRQDO�FKDQJH�
QHHGHG� WR� FORVH� WKH�
HPLVVLRQV�JDS�
7KH�FKDOOHQJH�LV�FOHDU��LI�ZH�ZDQW�WR�
NHHS� WKH� 3DULV� $JUHHPHQW� JRDOV�
RI�OLPLWLQJ� JOREDO� ZDUPLQJ�WR�ZHOO�
EHORZ� � �� �&� � DQG� � SXUVXLQJ� � D�
���� �&� JRDO� DOLYH�� SRVWSRQLQJ�
WUDQVIRUPDWLRQDO� DFWLRQ� LV� QRW�
DQ� RSWLRQ�� 7KH� (PLVVLRQV� *DS�
5HSRUW������ VKRZHG� WKDW� WR� KDYH�
D� OLNHO\� FKDQFH�� RI� PHHWLQJ�
WKH� 3DULV� $JUHHPHQW� JRDOV�� WKH�
FXWV� LQ� JOREDO� HPLVVLRQV� UHTXLUHG�
SHU� \HDU� IURP� ����� WR� ����� DUH�
FORVH� WR� ��� IRU� D��� �&� WDUJHW� DQG�
PRUH� WKDQ� ��� SHU�\HDU�RQ�DYHUDJH�
IRU�WKH������&�JRDO����

Figure 1. The emissions gap in 2030 (UNEP Emissions Gap Report 2019) 

7KH�HPLVVLRQV�JDS�LV�ODUJHU�WKDQ�HYHU��
The United Nations Environment Programme (UNEP) issued its tenth Emissions Gap Report in late 2019 
and the preparations for the 2020 report are on track for December 2020. The reports assess the 
difference between where global greenhouse gas (GHG) emissions are heading and where they need to be 
for the world to get on track to keeping global warming within the agreed goals in the Paris AgreemenW�
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Chapter 4 – Trends And Bridging the gap: Strengthening NDCs and domestic policies

Figure 6.1 — -JWJ \J�WJ RNXXNSL YMJ MJFIQNSJ FSI IJXHWNUYNTS TK YMJ LZWJܪ
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Figure 3. Global weighted-average levelized costs of electricity of utility-scale renewable power 
generation technologies, 2010–2018 (UNEP Emissions Gap Report 2019) 

As there is a significant time lag between 
policy decisions and the reaping of 
emission reduction benefits, the 2020–
2024 period, which is the first NDC and 
global stocktake cycle under the Paris 
Agreement, will be defining for the 
possibility of bridging the 2030 emissions 
gap. The new or updated NDCs to be 
submitted before� WKH� ��WK� VHVVLRQ� RI� WKH�
&RQIHUHQFH�RI�3DUWLHV��&23�����RI�WKH�8QLWHG�
1DWLRQV� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH�
&KDQJH� �81)&&&�� will provide an 
indication of the prospects of achieving the 
required emission reductions by 2030. 
Similarly, the global stocktake will 
provide a preliminary indication of the 
actual implementation of the NDCs, 
with the first Biennial Transparency 
Reports due in 2024 demonstrating 
the early results of NDC action. Even 
if new NDCs by 2025 are significantly 
more ambitious, raising ambition by 
2025 will essentially be too late to bridge 
the 2030 gap as it will not be possible 
to implement the required action in five 
years.  

�GHILQHG�DV�JUHDWHU�WKDQ�����SUREDELOLW\�LQ�OLQH�ZLWK�WKH�,3&&��
�6HH��IRU�H[DPSOH��,QWHUQDWLRQDO�5HQHZDEOH�(QHUJ\�$JHQF\��,5(1$���������7KH�SRVW�&29,'�UHFRYHU\��$Q�DJHQGD�IRU�UHVLOLHQFH��GHYHORSPHQW�DQG�HTXDOLW\��,QWHUQDWLRQDO��
5HQHZDEOH�(QHUJ\�$JHQF\��$EX�'KDEL��,6%1��������������������KWWSV���ZZZ�LUHQD�RUJ���PHGLD�)LOHV�,5(1$�$JHQF\�3XEOLFDWLRQ������-XQ�,5(1$B3RVW�
&29,'B5HFRYHU\B�����SGI

While the global COVID-19 pandemic is causing significant short-term reductions in global emissions, it will not have significant 
impact on the longer-term climate mitigation challenge, unless the health crises is used for reflection, and the many stimulus 
and recovery initiatives are used to "build back better”�. Focus will need to be on activities that have short-term economic 
benefits, while at the same time setting national development on a low-carbon path. The Emissions Gap Report 2020 will 
assess the implications of COVID-19 on global emissions and the emissions gap. 

:H�KDYH�WKH�VROXWLRQV�WR�JHW�RQ�WUDFN�

Is it then possible to bridge the emissions gap? The short answer is yes, but time is running out. The Emissions Gap Reports 
have provided a detailed assessment of sectoral mitigation options in 2030, which shows that the economic and technical 
mitigation potential is sufficient to get on track to well below 2�°C and to 1.5�°C. A substantial part of the short-term potential 
can be realized through scaling up and replicating existing, well-proven policies that simultaneously contribute to RWKHU 
Sustainable Development Goals.  

One example is how renewables and energy efficiency, in combination with electrification of end uses (including transport) and 
a phase out of coal, are key to a successful transition of the global energy sector and to driving down energy-related CO2 

emissions. Technological and economic developments offer opportunities to decarbonize the energy sector at a cost that 
is lower than ever. A key example is the cost declines of renewable energy, which continue to outpace projections. 
Renewables are by now the cheapest source of new power generation in most parts of the world, with the global 
weighted average purchase or auction price for new solar power photovoltaic systems and onshore wind turbines QRZ�
FRPSHWLWLYH with the marginal operating cost of existing coal plants by 2020 (Figure 3). 
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1HZ�VROXWLRQV�QHFHVVDU\�LQ�WKH�ORQJHU�WLPHIUDPH

Figure 4. The energy and material benefits of accessing services via a multipurpose smartphone (left) 
over owning an array of single-purpose goods (right) (UNEP Emissions Gap Report 2019) 

:KHUH� VXFK� PDMRU� WUDQVLWLRQV� DUH� QRW� DQ�
RSSRUWXQLW\�� WKHUH� ZLOO� EH� D� QHHG� WR� H[SORUH� KRZ�
PRUH� LQWHJUDWHG� DSSURDFKHV� FDQ� FRQWULEXWH��
2QH� DUHD� UHFHLYLQJ� LQFUHDVLQJ� DWWHQWLRQ� LV�
UHVRXUFH� HIILFLHQF\�� LQFOXGLQJ� DVSHFWV� RI�
FLUFXODULW\� DQG� EHKDYLRXUDO� FKDQJH�� %DVHG� RQ�
GDWD� IURP� WKH� ,QWHUQDWLRQDO� 5HVRXUFH� 3DQHO��
)LJXUH� �� LOOXVWUDWHV� KRZ� PDWHULDO� HIILFLHQF\� DQG�
VXEVWLWXWLRQ� FRPELQHG� ZLWK� EHKDYLRXUDO� FKDQJH�
FDQ� UHGXFH� HPLVVLRQV� DVVRFLDWHG� ZLWK� SURGXFWLRQ�
DQG� XVH� RI� SDVVHQJHU� YHKLFOHV�To reach net-zero 
emissions, measures that sequester or remove 
carbon dioxide from the atmosphere will also be 
required. A significant part of the options fall 
under nature-based solutions that are well-
proven, but often hampered by social or 
economic barriers.

,Q� FRQFOXVLRQ�� WKH� (PLVVLRQV� *DS� 5HSRUWV�
KLJKOLJKW� WKH� HQRUPRXV� FKDOOHQJH� IDFLQJ� WKH�
JOREDO� FRPPXQLW\� LQ� DFKLHYLQJ� WKH� WHPSHUDWXUH�
JRDOV� RI� WKH� 3DULV� $JUHHPHQW�� ,W� ZLOO� UHTXLUH�
XUJHQW� DQG� FRQFHUWHG� DFWLRQ� E\� DOO� FRXQWULHV��
UHIOHFWLQJ� WKH� SULQFLSOHV� RI� WKH� &RQYHQWLRQ�� 7KH�
SROLF\� DQG� WHFKQRORJLFDO� RSWLRQV� QHFHVVDU\� WR�
EULGJH�WKH������HPLVVLRQV�JDS��DUH��DYDLODEOH��DQG�

ready for implementation, while new technologies and options will be required to realize the longer-term global 
ambition of achieving net-zero emissions by the middle of this century. No silver bullets exist and all options need to be 
brought into play.  

Looking beyond the 
2030 timeframe, new 
technological solutions and 
gradual change in 
consumption patterns are 
needed at all levels and for 
all sectors. The progress 
achieved in IT and 
telecommunication in the 
last decades provides a 
clear example of how 
technological innovation can 
form a basis for 
transformational change 
with significant emissions 
reductions (Figure 4). 

)igure 5. Annual emissions from the manufacturing and use of passenger 
vehicles in the G7 � � DQG in China and India, in a scenario that follows the 
Shared Socioeconomic Pathway SSP1 to mitigate emissions to below 2�°C (UNEP 
Emissions Gap Report 2019) 
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&29,'����LPSDFWV�WKH�REVHUYLQJ�V\VWHP�DQG�RXU�DELOLW\�WR�IRUHFDVW�ZHDWKHU�DQG�
SUHGLFW�FOLPDWH�FKDQJH�
The COVID-19 pandemic has produced significant impacts on the global observing systems for weather, climate, water and 
ocean health, which in turn have affected the quality of forecasts and other weather, climate and ocean-related services. 

,PPHGLDWH�LPSDFWV�RQ�WKH�*OREDO�2FHDQ�2EVHUYLQJ�6\VWHP��*226��±�81(6&2�,2&�
In March 2020 governments and oceanographic institutions recalled nearly all oceanographic research vessels to home ports. 
Since around the same time, commercial ships have been unable to contribute vital ocean and weather observations. In 
addition, ocean buoys and other systems could not be maintained, in some cases leading to their premature failure. Even 
autonomous equipment could not be deployed to cover gaps in the system.  

The Global Ocean Observing System1 (GOOS) organized a systematic review of the impact of COVID-19 pandemic on the 
ocean observing system, including the eleven global in situ ocean observing networks� (Figure 1), to assess risk across the full 
range of essential climate and ocean variables used in services from weather forecasting to commercial shipping�DQG ocean 
policy, DV�ZHOO�DV in addressing climatic change. 

Four valuable full-depth ocean surveys – of over a dozen different climate and ocean related variables such as carbon, 
temperature, salinity, and water alkalinity, completed only once per decade by the GO-SHIP network – have been cancelled. 
Surface carbon measurements from ships, which tell us about the evolution and fate of greenhouse gases, also effectively 
ceased.  

There has been a slowdown in� WKH deployment of autonomous instruments, such as drifting buoys, drifting floats and 
underwater gliders (see Table 1). Though these instruments are more resilient, operating autonomously for months to 
years after being deployed by scientists�, they need regular deployment. Ocean gliders also saw a drastic decline in 
operations causing gaps in time-series, but operations are now re-bounding as restrictions ease. 

(DUWK�6\VWHP�2EVHUYDWLRQV�GXULQJ�
&29,'����

Figure 1. Global Ocean Observing System (GOOS) Networks 

�,OC, WMO, UN(3, ISC
�'DWD�%uoy Cooperation Panel (DBCP)� Global Drifter Array and Moored Buoy network, Argo Profiling Float Programme, Global Ocean Ship-Based Hydrographic�
Investigations Programme (GO-SHIP), The Ship-of-Opportunity Programme (SOOP), Voluntary Observing Ships (VOS), Automated Shipboard Aerological Programme 
(ASAP), Global Sea Level Observing System (GLOSS), International High Frequency Radar (HF-Radar Network), OceanSITES Open-Ocean Timeseries (OceanSITES), 
OceanGliders, Animal %RPH�2FHDQ�6HQVRUV��$QL%26��
�7KH�ULVH�RI�RFHDQ�URERWV��(GLWRULDO��������1DW���*HRVFL������������GRL�RUJ���������V���������������\�
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Table 1. Data source,�ZZZ�MFRPPRSV�RUJ��*119 floats deployed from R/V Kaharoa (New Zealand) in Vouthern hemisphere (Indian and Southern Oceans). 

The global drifter array, which provide sea surface measurements to national weather prediction centres, was at full 
capacity when the pandemic EHJDQ and is not solely dependent on research vessels for deployments.  

Coastal ocean observing stations such as sea� level gauges and high-frequency radar maintained critical function, with 
many individual operators working from home under COVID-19 restrictions. This is particularly vital as the sea� level 
observations from the Global Sea Level Observing System (GLOSS) provide the underpinning to the tsunami warning system 
and essential climate knowledge and mitigation strategies. It is crucial that GOOS operations are considered essential 
so that these operators can continue to deploy and maintain instruments safely. Overall the *226� has shown 
remarkable resilience, this is in great part due to the increased use of autonomous instruments and the actions of observing 
system operators.  

$FWLRQ�UHTXLUHG�WR�PDLQWDLQ�RFHDQ�REVHUYLQJ�RSHUDWLRQV
As research vesselV resume operations, it is of paramount importance that the essential maintenance of deep-sea moorings is 
resumed. These moorings monitor major ocean currents and critical air-sea exchanges for ocean and weather prediction and 
climate, as well as providing essential long time�series of critical climate data���Although some operators have been able to 
reduce the frequency of observation to preserve battery life, several moorings are still at risk of failure in the coming months.  

The Argo network is heavily reliant on research vessel cruises for reseeding the array and a 10% reduction in the flow of data 
from the Argo network was detected in July 2020. While it is too early to tell the extent to which this is due to COVID-19, the 
low level of recent Argo float deployment compounds the situation and cannot be immediately remedied. The global array of 
DDWD�%XR\�&RRSHUDWLRQ�3DQHO� �'BCP� drifting floats is now showing a decline in observations arriving to the real-time 
data systems of the order of 17%, compared with early 2020. 

Several� nations� restarted� research� vessel� operations� in� July� and� August� ����� (Australia,� Belgium,� Finland, Germany,�
Netherlands, New Zealand, and United States of America). However, there is concern that the operation of some 
research vessel may not resume and those that do may do so under constraints, such as reduced crewV and 
home-port to home-port cruises.  

:LWK� UHVHDUFK� YHVVHO� RSHUDWLRQV� LPSDFWHG� WKURXJK� ����� DQG� SRVVLEO\� LQWR� ������ LW� LV� YLWDO� WKDW� WKHUH� LV� FDUHIXO�
LQWHUQDWLRQDO� FRRUGLQDWLRQ� DFURVV� QDWLRQDO� UHVHDUFK� YHVVHO� IOHHWV� WR� HQVXUH� ZH� GR� QRW� FRPSURPLVH� HVVHQWLDO� FOLPDWH� DQG�
ZHDWKHU�SUHGLFWLRQ��GDWDVHWV��7KH�REVHUYLQJ�QHWZRUN�VKRXOG�DOVR�DVVHVV�RSHUDWLRQDO�IOH[LEO\��VXFK�DV�FRQWUDFWLQJ�FRPPHUFLDO�
YHVVHOV�� XVLQJ� VKLSV� RI� RSSRUWXQLW\� RU� QDY\� YHVVHOV�� DQG� SDUWQHUVKLS�ZLWK� ORFDO� DQG� LQGLJHQRXV� SRSXODWLRQV�� $QG� DOO� RI� WKLV�
QHHGV�WR�EH�XQGHUVWRRG�LQ�WKH�FRQWH[W�RI�WKH�VDIHW\�RI�YHVVHOV��FUHZ�DQG�RSHUDWRUV�

� Viglione, G. 2020: How COVID-19 could ruin weather forecasts and climate records. Nature, 580, 440–441,�KWWSV���ZZZ�QDWXUH�FRP�DUWLFOHV�G����������������� 
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Figure 2. Monthly mean daily volume of aircraft-based observations Ln the WMO Information System 
(WIS) from 31/01/2018 until 23/07/2020. From levels of over 800 000 observations per day from several 
sources, including the WMO Aircraft Meteorological Data Relay (AMDAR) programme, before the crisis, 
data volume fell dramatically to around 200 000 observations in March and April 2020. Please note that 
BUFR and AIREP / ADS-C and FM42 are different reporting formats for aircraft observation data. 

,PPHGLDWH�LPSDFWV�RQ�ODQG�DQG�DLU�DWPRVSKHULF�REVHUYDWLRQV�±�:02
The significant reduction of aircraft-based observations by an average of 75% to 80% in March and April�����, compared to 
normal, have and are still degrading the forecast skills of weather models. In some of the most vulnerable areas, 
where in situ measurements are also scarce, the loss of data was even larger; up to 90% in the tropics and in the 
Vouthern Kemisphere. Since June� ����� a slight recovery in observation numbers has occurred as countries gradually 
increase domestic and international flights (Figure 2). However, this recovery is expected to continue to be slow as 
experts do not foresee a return to pre-COVID-19 levels for industry for at least another 12 months or more. In order to 
partly mitigate the loss of aircraft data, some countries started launching extra radiosondes. This was and is still 
taking place, especially in Europe under WKH� coordination RI the European Meteorological Services Network 
(EUMETNET). 

However, in many parts of the world, 
the pandemic had significant impacts 
on in-situ weather observations, 
particularly in countries and regions 
reliant on manual observations, 
including large parts of Africa and 
South America. Lockdowns and 
mandatory tele-working policies in 
many countries interrupted the data 
delivery chain and have highlighted 
the vulnerability of non-automatic 
stations under these circumstances. 
As a result, the transmission of 
surface and upper-air observation data 
has stopped completely for several 
countries and many exhibited 
significant drops in the period between 
January and July� ���� compared 
to pre-COVID-19 situation (Figure 3).  

The reduction in observations can 
lead to lower weather forecast skills 
globally, and particularly in the 
countries and regions affected. 
Especially in regard to weather and 
climate related warnings to protect 
lives and property, this situation is 
alarming and highlights the need for 
sustained investment in automated 
observing systems around the globe. 
The drop in aircraft observations, 
which are crucial for global weather 
forecasting, showcases the importance 
of complementary and partially 
redundant systems in order to be 
resilient to data losses from one 
component of the system. In the 
longer-term, the financial impacts of 
COVID-19 are also expected to affect 
the capacity of countries to support 
their national early warning and 
weather observing capacities, with�
potential� negative consequences both 
locally and globally.� 2EVHUYDWLRQV�
WDNHQ��IRU���PRQLWRULQJ��DQG��IRUHFDVWLQJ�

(DUWK�6\VWHP�2EVHUYDWLRQV�GXULQJ�
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Figure 3. Surface observations anomalies from January to July 2020 (with respect to the same months 
in 2019) on a country basis . Note that not all station reductions have been caused by� WKH�&29,'����
SDQGHPLF� 
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GDLO\�ZHDWKHU�DUH�DPRQJ�WKH�*OREDO�&OLPDWH�2EVHUYLQJ�6\VWHP
V��*&26��(VVHQWLDO�&OLPDWH�9DULDEOHV��(&9V����$FFXPXODWHG�
KLVWRULFDO� (&9� GDWD� LV� HVVHQWLDO� IRU� DSSOLFDWLRQV� VXFK� DV� WUDFNLQJ� FOLPDWH� YDULDELOLW\�� H[WUHPHV� DQG� WUHQGV�� IRU�
YDOLGDWLQJ� VHDVRQDO� DQG� DQQXDO� WR� GHFDGDO� FOLPDWH� IRUHFDVW� VNLOO�� DQG� IRU� JHQHUDWLQJ� FOLPDWH� FKDQJH� SURMHFWLRQV�� � $V�
GDLO\� ZHDWKHU� REVHUYDWLRQV� GHFOLQH�� WKH� UHVXOWLQJ� JDSV� LQ� WKH� ORQJ� WHUP� KLVWRULFDO� UHFRUG� QHJDWLYHO\� DIIHFW� WKHVH�
FOLPDWH� WLPH�VFDOH�DSSOLFDWLRQV�DV�ZHOO�

5HVLOLHQFH�WKURXJK�VSDFH�EDVHG�DQG�DXWRPDWHG�REVHUYDWLRQV�

Space-based observations are crucial component of the observation network of WMO Members. Currently, 
around 30 meteorological and 200 research satellites provide continuous, highly automated observations. The 
pandemic demonstrated the importance of this component, which has continued to deliver data throughout the crisis. This 
holds true also for automatic surface weather stations which are used almost exclusively in developed countries and 
increasingly also in developing countries.  

,PPHGLDWH�LPSDFWV�RQ�ODQG�EDVHG�REVHUYDWLRQV
For the manifold land-based observations that are crucial to monitor the Earth’s climate and the impacts of climate change, the 
impacts of COVID-19 are very diverse and not fully visible or/and understood yet.  Lockdowns and travel restrictions are very 
likely to prohibit measurement campaigns for the mass balance of glaciers or the thickness of permafrost, which are 
usually done once a year at the end of the thawing period. For the northern hemisphere this will mean that many long time 
series will be discontinued in 2020. For hydrological observations like river discharge, the situation is similar to WKDW�RI�
atmospheric in situ measurements, and automated systems are expected to continue delivering data whereas gauging 
stations that depend on manual reading are affected in many countries.   

$FWLQJ�WR�PDLQWDLQ�FULWLFDO�IXQFWLRQ�RI�WKH�JOREDO�REVHUYLQJ�V\VWHPV�

These results teach us WKH� LPSRUWDQFH� RI� international cooperative action between networks, countries and global 
organizations such as 81(6&2�IOC and WMO��LQ�RUGHU�WR�KHOS�VXVWDLQ key observations and flows of data: 

• *OREDO�2FHDQ�2EVHUYLQJ�6\VWHP��*226��DFWLYLWLHV�WR�EH�FRQVLGHUHG�DV�HVVHQWLDO�ZRUN�

• Increased international coordination DFURVV�QDWLRQDO�UHVHDUFK�YHVVHO�

• Flexibility in operations can be implemented through partnership with commercial and local operators�

• Coordinated reseeding of autonomous arrays and expanded consideration of unmanned platforms is�
necessary�

• Investment to accelerate� the transformation from manned to automatic in-situ observation stations,�
especially in the developing world�

• ,QFUHDVed resilience through redundancy and complementary networks across surface and space-based�
platforms�

(DUWK�6\VWHP�2EVHUYDWLRQV�GXULQJ�
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For more information please visit: 

SXEOLF�ZPR�LQW�HQ�UHVRXUFHV�XQLWHGBLQBVFLHQFH


