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“It is unequivocal that human influence has warmed
the atmosphere, ocean and land”

and temperature will continue to grow
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With every increment of global warming, changes get larger 
in regional mean temperature, precipitation and soil moisture

a) Annual mean temperature change (°C)
at 1 °C global warming

b) Annual mean temperature change (°C)
relative to ƐѶƔƏŊƐƖƏƏ

Across warming levels, land areas warm more than oceans, and the Arctic 
and Antarctica warm more than the tropics.

)arming at 1 Ŧ� a@ects all continents and 
is generally larger over land than over the 
oceans in both observations and models. 
Across most regions, observed and 
simulated pa�erns are consistent.

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at ƐĺƔ Ŧ� global warming

Simulated change at 1 °C global warming�bserved change per 1 °C global warming
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Panel a� Comparison of observed and simulated annual mean surface temperature change. 7KH�left map�
VKRZV�WKH�REVHUYHG�FKDQJHV�LQ�DQQXDO�PHDQ�VXUIDFH�WHPSHUDWXUH�LQ�WKH�SHULRG�RI�����±2�2��SHU��&�RI�JOREDO�
ZDUPLQJ���&���7KH�ORFDO��L�H���JULG�SRLQW��REVHUYHG�DQQXDO�PHDQ�VXUIDFH�WHPSHUDWXUH�FKDQJHV�DUH�OLQHDUO\�UHJUHVVHG�
DJDLQVW�WKH�JOREDO�VXUIDFH�WHPSHUDWXUH�LQ�WKH�SHULRG�����±2�2���2EVHUYHG�WHPSHUDWXUH�GDWD�DUH�IURP�%HUNHOH\�
(DUWK��WKH�GDWDVHW�ZLWK�WKH�ODUJHVW�FRYHUDJH�DQG�KLJKHVW�KRUL]RQWDO�UHVROXWLRQ��/LQHDU�UHJUHVVLRQ�LV�DSSOLHG�WR�DOO�
\HDUV�IRU�ZKLFK�GDWD�DW�WKH�FRUUHVSRQGLQJ�JULG�SRLQW�LV�DYDLODEOH��7KH�UHJUHVVLRQ�PHWKRG�ZDV�XVHG�WR�WDNH�LQWR�
DFFRXQW�WKH�FRPSOHWH�REVHUYDWLRQDO�WLPH�VHULHV�DQG�WKHUHE\�UHGXFH�WKH�UROH�RI�LQWHUQDO�YDULDELOLW\�DW�WKH�JULG�SRLQW�
OHYHO��:KLWH�LQGLFDWHV�DUHDV�ZKHUH�WLPH�FRYHUDJH�ZDV�����\HDUV�RU�OHVV�DQG�WKHUHE\�WRR�VKRUW�WR�FDOFXODWH�D�UHOLDEOH�
OLQHDU�UHJUHVVLRQ��7KH�right map LV�EDVHG�RQ�PRGHO�VLPXODWLRQV�DQG�VKRZV�FKDQJH�LQ�DQQXDO�PXOWL�PRGHO�PHDQ�
VLPXODWHG�WHPSHUDWXUHV�DW�D�JOREDO�ZDUPLQJ�OHYHO�RI���&��2��\HDU�PHDQ�JOREDO�VXUIDFH�WHPSHUDWXUH�FKDQJH�UHODWLYH�
WR�����±�������7KH�WULDQJOHV�DW�HDFK�HQG�RI�WKH�FRORU�EDU�LQGLFDWH�RXW�RI�ERXQG�YDOXHV��WKDW�LV��YDOXHV�DERYH�RU�
EHORZ�WKH�JLYHQ�OLPLWV��
Panel b� Simulated annual mean temperature change ��C�� panel c� precipitation change ���� and panel d�
total column soil moisture change �standard deviation of interannual variability� DW�JOREDO�ZDUPLQJ�OHYHOV�RI
����&��2�&�DQG���&��2��\U�PHDQ�JOREDO�VXUIDFH�WHPSHUDWXUH�FKDQJH�UHODWLYH�WR�����±�������6LPXODWHG�FKDQJHV
FRUUHVSRQG�WR�&0,3��PXOWL�PRGHO�PHDQ�FKDQJH��PHGLDQ�FKDQJH�IRU�VRLO�PRLVWXUH��DW�WKH�FRUUHVSRQGLQJ�JOREDO
ZDUPLQJ�OHYHO��L�H��WKH�VDPH�PHWKRG�DV�IRU�WKH�ULJKW�PDS�LQ�SDQHO�D��

Figure SPM.�:    Changes in annual mean surface temperature� precipitation� and soil moisture.
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Exposure (% total world population)
CMIP5 simulations, RCP 8.5

Mean Temperature

Extreme Temperature  
(T99)

Extreme Heat Stress
(WBGT99)

Brouillet and Joussaume, Climatic Change (2020)

Rate of change: 
Heat stress extremes more perceived than temperature extremes 

Chavaillaz et  al. (Climatic Change, 2016)
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NDCs until 2030 

2015 Paris Agreement goal:
Limit to 2°C, ideally 1.5°C, by end of century

NDCs
Nationally Determined Contributions

NDCs as announced in July 2021 prior to COP 26
Warming likely to exceed 1.5C during 21st century

FCCC/PA/CMA/2021/8 
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Figure 2 
Projected range and progression of emission levels 

 
Notes: (1) See footnote 49 below; (2) The projected ranges cover the higher-emission end for unconditional 

elements of NDCs to the lower-emission end when also taking conditional elements of NDCs into account. Emissions 
from international aviation included are assumed constant by 2030 at the 2019 level (~628 Mt CO2); emissions from 
international maritime transport of 755 Mt CO2 eq in 2018 are assumed to be on a linear trajectory by 2030 towards 
the international maritime sector’s target of halving emissions by 2050 compared with the 2008 level. The 
comparison of total emissions resulting from implementation of the INDCs and the latest NDCs includes the 
difference in assumed bunker emissions (approximately 390 and 540 Mt CO2 eq lower emissions in 2025 and 2030, 
respectively). 

68. All Parties provided information on the scope and coverage of their NDCs, including 
sectors and gases covered.  

69. Most Parties have economy-wide NDCs, with many covering all sectors defined in 
the 2006 IPCC Guidelines. All NDCs cover the energy sector, most cover agriculture, 
LULUCF and waste and many cover IPPU (see figure 3). 

70. Some Parties provided information on coverage of specific sectors of national 
importance, which are often a subset of one or more IPCC sectors, such as shipping and 
aviation, cooling, food production, transport, mining or buildings, while others mentioned 
specific carbon pools, oceans or blue carbon.  

71. Almost all NDCs cover CO2 emissions, most cover CH4 and N2O emissions, many 
cover HFC emissions and some cover PFC, SF6 and NF3 emissions. Some Parties included 
additional gases or emissions, including short-lived climate pollutants, such as black carbon, 
sulfur dioxide and non-methane volatile organic compounds (see figure 3).  

2016

2021
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Figure 10  
Share of adaptation components of nationally determined contributions referring to specific adaptation priority 
areas and sectors 

 

162. Parties provided a wide range of information on adaptation in various priority areas 
(see figure 10). The key efforts in those priority areas are described below.56 

163. Climate impacts pose multiple risks to food security, including reduced production of 
major crops (wheat, rice and maize) and redistribution of marine fisheries.57 In most 
adaptation components, measures for adapting food production systems and ensuring food 
security were prioritized, encompassing adaptation efforts in the areas of agriculture, 
livestock and fisheries. Adaptation is being pursued via sectoral vulnerability analysis 
research, planning, diversification, financial mechanisms and insurance, systems for 
agroclimatic information and improvements to post-harvest processing. As technical 
solutions, Parties are focusing on, for example, temperature-, pest-, disease-, flood- and/or 
drought-resistant crops, seed banks, enhanced pest and disease control, enhanced irrigation 
and water use, and sustainable, climate-smart and integrated land-use and cultivation 
methods. Some adaptation components highlighted measures for enhancing resilience, 
sustainability and productivity of livestock and pastoralism, including research, disease 
control, rangeland management, more resilient breeds and feeds, insurance and 
diversification. The measures for enhancing sustainability of fisheries involve research, 
diversification, capacity-building, sustainable management, habitat protection and financial 
instruments (e.g. insurance). 

164. Climate change is expected to have negative impacts on human health up to 2050, 
including increased likelihood of undernutrition from diminished food production; injury, 
disease and death from more intense heatwaves and fires; and higher risks from food-, water- 

 
 56 See addendum 1 to this document for information on specific measures and quantitative targets in 

each priority area.  
 57  See pp.17–18 of IPCC. 2014. Summary for Policymakers. In: CB Field, VR Barros, DJ Dokken, et al. 

(eds.). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Contribution of Working 
Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 
Cambridge and New York: Cambridge University Press. Available at 
https://www.ipcc.ch/report/ar5/wg2/. 
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Figure SPM.1:  This report has a strong focus on the interactions among the coupled systems climate, ecosystems 

(including their biodiversity) and human society. These interactions are the basis of emerging risks from climate change, 

ecosystem degradation and biodiversity loss and, at the same time, offer opportunities for the future. (a) Human society 

causes climate change. Climate change, through hazards, exposure and vulnerability generates impacts and risks that can 

surpass limits to adaptation and result in losses and damages. Human society can adapt to, maladapt and mitigate climate 

change, ecosystems can adapt and mitigate within limits. Ecosystems and their biodiversity provision livelihoods and 

ecosystem services. Human society impacts ecosystems and can restore and conserve them. (b) Meeting the objectives of 

climate resilient development thereby supporting human, ecosystem and planetary health, as well as human well-being, 

requires society and ecosystems to move over (transition) to a more resilient state. The recognition of climate risks can 

strengthen adaptation and mitigation actions and transitions that reduce risks. Taking action is enabled by governance, 

finance, knowledge and capacity building, technology and catalysing conditions. Transformation entails system 

transitions strengthening the resilience of ecosystems and society (Section D). In a) arrow colours represent principle 

human society interactions (blue), ecosystem (including biodiversity) interactions (green) and the impacts of climate 

change and human activities, including losses and damages, under continued climate change (red). In b) arrow colours 

represent human system interactions (blue), ecosystem (including biodiversity) interactions (green) and reduced impacts 

from climate change and human activities (grey). {1.2, Figure 1.2, Figure TS.1} 

 
 
The concept of risk is central to all three AR6 Working Groups. A risk framing and the concepts of adaptation, 
vulnerability, exposure, resilience, equity and justice, and transformation provide alternative, overlapping, 
complementary, and widely used entry points to the literature assessed in this WGII report.   
 
Across all three AR6 working groups, risk5 provides a framework for understanding the increasingly severe, 
interconnected and often irreversible impacts of climate change on ecosystems, biodiversity, and human 
systems; differing impacts across regions, sectors and communities; and how to best reduce adverse 

 
 
5 Risk is defined as the potential for adverse consequences for human or ecological systems, recognising the diversity of values and 
objectives associated with such systems 

IPCC AR6 WG2 SPM (2022)

Towards Climate Resilient Development



Climate change, ecology  and health
ATOPICA EU

Pollen, Allergy and Climate

Objectives:
• Develop a platform for the impacts of climate 
change on pollen and allergy
• Coupling models for phenology, pollen 
transport and allergy risk to provide maps of 
allergy risks
• Develop an alert system

1986-2005 2050 (RCP8.5)

Hamaoui-Laguel et al. (2015)

2050 : x 4     climate (2/3), invasion (1/3)

Ragweed



Research gaps: 

• Gaps in climate modelling : 
precipitation at regional scale, uncertainties, complexity of the system, tipping points …

• For adaptation & increasing resilience:  The need to foster interdisciplinary 
approaches on: 

Climate / Ecology / Health / Societal

Conclusions

COP26: some improvements but still more needed to limit climate change

COVID-19 : CO2 emission declined by 5.8% in 2020 versus 2019
But undetectable above climate variability (IPCC AR6 WG1 and WG3)


