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2.1 New and emerging science issues 

• IPCC AR6 published - illustrates the real challenge of 
staying below 2 degrees, let alone 1.5 degrees (seems not 
feasible).

• All scientific assessments seem to point to emissions 
continuing to grow (although not as fast as, e.g., RCP8.5). 
Particularly, post COVID seems to have bounced back to 
pre-COVID emissions.

• The world continues to see accelerating warming and 
associated impacts, such as weather and climate 
extremes.



• Increased concentrations of the major greenhouse gases are 
the primary cause for the temperature increase. 

• Despite COP21 decisions, they continued to increase, despite 
short-term emission reductions in 2020 related to COVID-19.

State of CO2 emissions

Friedlingstein et al., 2020



State of Climate Forcing

Changes in Radiative Forcing 1900 – 2020, from baseline measurements at Cape 
Grim/Kannaook GAW Site in Southern Hemisphere



The World Continues to Warm
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pre-industrial levels and to pursue efforts to 
limit the temperature increase to 1.5 °C above 
pre-industrial levels3. Assessing the increase 
in global temperature in the context of climate 
change refers to the long-term global average 
temperature, not to the averages for individual 
years or months.

The warmest year on record to date, 2016, 
began with an exceptionally strong El Niño, 
a phenomenon which contributes to elevat-
ed global temperatures. Despite neutral or 
comparatively weak El Niño conditions early 
in 20204 and La Niña conditions developing 
by late September,5 the warmth of 2020 was 
comparable to that of 2016.

With 2020 being one of the three warmest 
years on record, the past six years, 2015–2020, 
were the six warmest on record. The last 
five-year (2016–2020) and 10-year (2011–2020) 
averages were also the warmest on record.

Although the overall warmth of 2020 is clear, 
there were variations in temperature anom-
alies across the globe (Figure 2). While most 

3 https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
4 https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
5 http://www.bom.gov.au/climate/enso/wrap-up/archive/20200929.archive.shtml

land areas were warmer than the long-term 
average (1981–2010), one area in northern 
Eurasia stands out with temperatures of more 
than five degrees above average (see The 
Arctic in 2020). Other notable areas of warmth 
included limited areas of the south-western 
United States, the northern and western parts 
of South America, parts of Central America, 
and wider areas of Eurasia, including parts 
of China. For Europe, 2020 was the warmest 
year on record. Areas of below-average tem-
peratures on land included western Canada, 
limited areas of Brazil, northern India, and 
south-eastern Australia.

Over the ocean, unusual warmth was ob-
served in parts of the tropical Atlantic and 
Indian Oceans. The pattern of sea-surface 
temperature anomalies in the Pacific is charac-
teristic of La Niña, having cooler-than-average 
surface waters in the eastern equatorial 
Pacific surrounded by a horseshoe-shaped 
band of warmer-than-average waters, most 
notably in the North-East Pacific and along 
the western edge of the Pacific from Japan 
to Papua New Guinea. Ref 4
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Figure 2. Temperature 
anomalies relative to 
the 1981–2010 long-term 
average from the ERA5 
reanalysis for 2020.
Source: Copernicus 
Climate Change Service, 
European Centre for 
Medium-Range Weather 
Forecasts (ECMWF)

• The past six years have 
been the warmest years on 
record and temperature 
continue to rise.

• Associated climate 
variations show strong 
regional pattern and 
variations. 

Temperature anomalies 2020 relative 
to 1981–2010

Source: ERA5



• Trend in sea-level rise is 
accelerating. 

• Ocean heat storage and 
acidification are increasing. 

• Significant impacts on the 
ocean’s capacity to moderate 
climate change.
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heat sequestration into the ocean below 
700 m depth has occurred over the past six 
decades and is linked to an increase in OHC 
trends over time. Ocean warming rates for 
the 0–2 000 m depth layer reached rates of 
1.2 (0.8) ± 0.2 Wm-2 over the period 2010–2019. 
Below 2 000 m depth, the ocean also warmed, 
albeit at the lower rate of 0.07 ± 0.04 Wm-2 
from 1991 to 2018.18

SEA LEVEL

On average, since early 1993, the altimetry- 
based global mean rate of sea-level rise has 
amounted to 3.3 ± 0.3 mm/yr. The rate has 
also increased over that time. A greater loss 
of ice mass from the ice sheets is the main 
cause of the accelerated rise in global mean 
sea level.19

Global mean sea level continued to rise in 
2020 (Figure 7, left). A small decrease during 
the northern hemisphere summer was likely 
related to La Niña conditions in the tropical 
Pacific. Interannual changes of global mean 
sea level around the long-term trend are 
correlated with El Niño–Southern Oscillation 
(ENSO) variability (Figure 7, right). During 
La Niña events, such as that which occurred 
in late 2020 and the strong La Niña of 2011, 

18 Update from Purkey, S.G. and G.C. Johnson, 2010: Warming of Global Abyssal and Deep Southern Ocean Waters between 
the 1990s and 2000s: Contributions to Global Heat and Sea Level Rise Budgets. Journal of Climate, 23(23): 6336–6351, 
https://doi.org/10.1175/2010JCLI3682.1. 

19 WCRP Global Sea Level Budget Group, 2018: Global sea-level budget 1993–present. Earth System Science Data, 10(3): 
1551–1590, https://doi.org/10.5194/essd-10-1551-2018.

shifts in rainfall patterns transfer water mass 
from the ocean to tropical river basins on land, 
temporarily reducing global mean sea level. 
The opposite is observed during El Niño (for 
example, the strong 2015/2016 El Niño). In 
2020, exceptional rainfall across the African 
Sahel and other regions may also have con-
tributed to a temporary slowing in sea-level 
rise as flood waters slowly found their way 
back to the sea. However, by the end of 2020, 
global mean sea level was rising again.

At the regional scale, sea level continues to 
rise non-uniformly. The strongest regional 
trends over the period from January 1993 to 
June 2020 were seen in the southern hem-
isphere: east of Madagascar in the Indian 
Ocean; east of New Zealand in the Pacific 
Ocean; and east of Rio de la Plata/South 
America in the South Atlantic Ocean. An 
elongated eastward pattern was also seen in 
the North Pacific Ocean. The strong pattern 
that was seen in the western tropical Pacific 
Ocean over the first two decades of the 
altimetry record is now fading, suggesting 
that it was related to short-term variability. 
Regional sea-level trends are dominated by 
variations in ocean heat content.17 However, 
in some regions, such as the Arctic, salinity 
changes due to freshwater input from the 
melting of ice on land play an important role.
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Figure 7. Left: Satellite 
altimetry-based global 
mean sea level for 
January 1993 to January 
2021 (last data: 21 
January 2021). Data from 
the European Space 
Agency Climate Change 
Initiative Sea Level 
project (January 1993 
to December 2015, thick 
black curve), data from 
CMEMS (January 2016 
to November 2020, blue 
curve) and near-real-
time altimetry data from 
the Jason-3 mission 
beyond November 
2020 (red curve). The 
thin black curve is a 
quadratic function that 
best fits the data. Right: 
Interannual variability 
of the global mean sea 
level (with the quadratic 
function shown in 
the left-hand panel 
subtracted) (black curve 
and left axis) with the 
multivariate ENSO index 
(MEI) (red curve and 
right axis).

Global sea levels are rising

WCRP GC Sea Level



• Increased greenhouse gas emissions from human activity 
are already causing climate change that is harming people 
and nature. 

• Further rapid reductions in emissions, adaptation to 
climate risks, and widespread adoption of new 
technologies and behaviors are needed to reach net-zero 
emissions and mitigate the worst climate impacts.

Climate Change and Risk



Climate Change and Risk

• Anthropogenic climate change –
even 1.5°C warming brings many 
significant challenges and risks 
that affect almost all aspects of 
life on Earth: 
• Droughts, heavy rain and flooding, 

heatwaves, extreme fire weather, 
and coastal inundation.

• These are just some examples 
of what is already occurring and 
where amplified risks and 
impacts in the future will threaten 
millions of people around the 
world.



• Which pathway exactly the 
emissions, and thus 
temperature, will take is 
unknown. However, the 
detailed pathway matters. 

• What will a 3 degree or 4 
degree warmer world look 
like? 

• WCRP needs to provide this 
information. 

What will future climates look like?



Climate Change and Risk

• Risks will evolve further under progressively greater 
warming, and the extent of these impacts depends on our 
success in meeting our emissions targets. 

• Climate information is needed at a regional level to allow 
action at the scale required for adaptation, and 
understanding at the scale required to assess ecosystem 
and human impacts.



New science initiatives for WCRP

• Task Team on Climate Intervention
• Task Team on Cycles and Budgets – particularly relevant 

for annual stocktake and our collaborative work with other 
partner programs, especially GCOS and Future Earth, 
including the Global Carbon Project (GCP)

• GPEX and “Water Decade”
• Future of Climate Modelling.
• Strategic planning for CMIP (talk from JF Lamarque, CMIP 

Panel Chair)
• Post AR6 engagement with IPCC – lessons learned, 

science gaps, science areas where WCRP needs to 
prioritise, assessments that WCRP can facilitate etc.



How to improve 
climate 

modelling and 
process 

understanding?

What is the 
impact of 
different 
forcings?

How can we 
better 

understand 
climate 

sensitivity?

How can we 
improve climate 

predictions? What 
opportunities do 

new 
technologies 

provide?

What can we 
expect in regional 
climate hotspots?

What is the 
interaction 

between climate 
and development 

trends?

How will 
reservoirs change 

in the future?

What will be the 
impact of 

Geoengineering?

How will climate 
extremes occur in 

the future?

Aggregation	
and	scaling

Parameterization

Aerosols

What	
fundamenta

l
science	is	
needed? How	can	we	

communicate	
uncertainty	
better?

What	will	
happen	in	
the	high	
latitudes?

What	will	
happen	to	
low-lying	
islands?

Is	response	
action	

needed?

What	does	
society	need	
to	know? Data-model	

fusion

Disruptive	
technology

Attribution
Prediction

Evolution Water

Carbon

Heat

Urbanization

Land-use
Change

How	can	we	
make	predictions	
more	useful	and	

relevant	to	
society’s	needs?

Other High-level Science Questions
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2.2 New science - Task Team Updates 



2.3 GCOS/WCRP collaborations



2.4 Future of Climate Modelling Workshop



2.5 Engagement with the IPCC climate science 
assessment processes

IPCC and WCRP planning a joint Workshop in 2022 to discuss …
– Emerging science needs and opportunities from IPCC Sixth Assessment 

Report, and how WCRP can respond through (captured in WCRP’s Science & 
Implementation Plan).

– How WCRP can support the IPCC’s reporting “cycle” through rapid updates, 
mini-assessments etc.

– Lessons learned re. “best practice approaches” to conducting scientific 
assessments, ahead of IPCC Seventh Assessment Report (AR7).

– Importance of improved coordination between IPCC Working Groups.

Draft Goals (for further discussion and refinement)
• Identifying knowledge gaps that emerged through AR6, for which new science is needed – incremental or 

breakthrough (incl. gaps in modelling and observing systems; process understanding; etc)
• Discuss opportunities for WCRP to address some or all of these gaps ahead of AR7. 

o What can WCRP do to facilitate and coordinate the research needed and deliver this in time for AR7?
o How can this knowledge be developed and delivered in a more rapid and timely way?

• Build awareness in the broader IPCC community of WCRP’s new science initiatives, especially: new Core 
Projects, RIfS and ESMO; new Lighthouse Activities; emerging science activities focused on Linked Carbon, 
Water and Energy Cycles, Climate Intervention, and GPEX; and the Open Science Conference in 2023.

• Identify and strengthen some of the key linkages needed across / between the IPCC Working Groups and 
also the cross disciplinary needs of WCRP activities (noting that several LHAs have indicated the need to go 
beyond traditional physical climate science).



2.5 Engagement with the IPCC climate science 
assessment processes

IPCC and WCRP planning a joint Workshop in 2022 to discuss …
– Emerging science needs and opportunities from IPCC Sixth Assessment 

Report, and how WCRP can respond through (captured in WCRP’s Science & 
Implementation Plan).

– How WCRP can support the IPCC’s reporting “cycle” through rapid updates, 
mini-assessments etc.

– Lessons learned re. “best practice approaches” to conducting scientific 
assessments, ahead of IPCC Seventh Assessment Report (AR7).

– Importance of improved coordination between IPCC Working Groups.

• Survey prior to the Workshop to identify science gaps, needs and 
opportunities, and Workshop themes.

• Timing: Likely in Q4 of 2022 (ahead of WCRP OSC2023, COP28, AR7).
• Format: In-person “brainstorming” Workshop, virtual attendance will be 

accommodated to support goals of sustainability and inclusion (diversity).
• Attendees: 

– Invite all Chairs of IPCC WGs; seek their advice on IPCC authors to be invited.
– WCRP to nominate attendees from Core activities and leadership groups.



End of Session 2


