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Climate change scenarios: 
Air temperature, precipitation and soil moisture 

Technical Summary

TS

warming taken to reach the GWL. A given GWL can also be reached 
for different balances between anthropogenic forcing agents, such 
as long-lived greenhouse gas and SLCF emissions, and the response 
patterns may depend on this balance. Finally, there is a difference 
in the response even for temperature-related variables if a GWL is 
reached in a rapidly warming transient state or in an equilibrium 
state when the land–sea warming contrast is less pronounced. In this 
Report, the climate responses at different GWLs are calculated based 
on climate model projections for the 21st century (see Figure TS.5), 
which are mostly not in equilibrium. The SSP1-1.9 scenario allows 
assessing the response to a GWL of about 1.5°C after a (relatively) 
short-term stabilization by the end of the 21st century. {4.6.2, 9.3.1.1, 
9.5.2.3, 9.5.3.3, 11.2.4, Cross-Chapter Box  11.1, Cross-Chapter 
Box 12.1} 

Global warming levels are highly relevant as a dimension of 
integration across scientific disciplines and socio-economic actors 
and are motivated by the long-term goal in the Paris Agreement 
of ‘holding the increase in the global average temperature to well 
below 2°C above pre-industrial levels and to pursue efforts to limit 
the temperature increase to 1.5°C above pre-industrial levels’. 
The evolution of aggregated impacts with temperature levels has 
also been widely used and embedded in the WGII assessment. 
This includes the ‘Reasons for Concern’ (RFC) and other ‘burning 
ember’ diagrams in IPCC WGII. The RFC framework has been further 
expanded in SR1.5, SROCC and SRCCL by explicitly looking at the 
differential impacts between half-degree GWLs and the evolution of 
risk for different socio-economic assumptions. {1.4.4, 1.6.2, 11.2.4, 
12.5.2, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1} 

SR1.5 concluded that ‘climate models project robust differences in 
regional climate characteristics between present-day and global 
warming of 1.5°C, and between 1.5°C and 2°C’. This Report adopts 
a set of common GWLs across which climate projections, impacts, 
adaptation challenges and climate change mitigation challenges can 
be integrated, within and across the three Working Groups, relative 
to 1850–1900. The core set of GWLs in this Report are 1.0°C (close 
to present day conditions), 1.5°C, 2.0°C, 3.0°C and 4.0°C. {1.4, 1.6.2, 
Cross-Chapter Box 1.2, Table 1.5, Cross-Chapter Box 11.1} 

Connecting Scenarios and Global Warming Levels 

In this Report, scenario-based climate projections are translated 
into GWLs by aggregating the ESM model response at specific 
GWLs across scenarios (see Figure TS.5 and Figure TS.6). The climate 
response pattern for the 20-year period around when individual 
simulations reach a given GWL are averaged across all models and 
scenarios that reach that GWL. The best estimate and likely range 
of the timing of when a certain GWL is reached under a particular 
scenario (or ‘GWL-crossing time’), however, is based not only on 
CMIP6 output, but on a combined assessment taking into account 
the observed warming to date, CMIP6 output and additional lines 
of evidence (see Cross-Section Box TS.1). {4.3.4, Cross-Chapter 
Box 11.1, Atlas.2, Interactive Atlas} 

Global warming levels are closely related to cumulative CO2 (and 
in some cases CO2-equivalent) emissions. This Report confirms the 
assessment of the WGI contribution to AR5 and SR1.5 that a near-
linear relationship exists between cumulative CO2 emissions and the 

(a) Global mean temperature in CMIP6 (b) Patterns of change in near-surface air temperature, precipitation and soil moisture 
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Figure TS.5 | Scenarios, global warming levels, and patterns of change. The intent of this figure is to show how scenarios are linked to global warming levels (GWLs) 
and to provide examples of the evolution of patterns of change with global warming levels. (a) Illustrative example of GWLs defined as global surface temperature response 
to anthropogenic emissions in unconstrained Coupled Model Intercomparison Project Phase 6 (CMIP6) simulations, for two illustrative scenarios (SSP1-2.6 and SSP3-7.0). The 
time when a given simulation reaches a GWL, for example, +2°C, relative to 1850–1900 is taken as the time when the central year of a 20-year running mean first reaches 
that level of warming. See the dots for +2°C, and how not all simulations reach all levels of warming. The assessment of the timing when a GWL is reached takes into account 
additional lines of evidence and is discussed in Cross-Section Box TS.1. (b) Multi-model, multi-simulation average response patterns of change in near-surface air temperature, 
precipitation (expressed as percentage change) and soil moisture (expressed in standard deviations of interannual variability) for three GWLs. The number to the top right of 
the panels shows the number of model simulations averaged across including all models that reach the corresponding GWL in any of the five Shared Socio-economic Pathways 
(SSPs). See Section TS.2 for discussion. {Cross-Chapter Box 11.1} 
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Source: Technical Summary. In Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change



Observed, simulated and projected changes compared to 
the 1995–2014 average in global land precipitation through 2100

Source: Technical Summary. In Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change



Linking climate and waterborne diseases

• Climate-induced hydro-meteorological extreme events such as the occurrence of 
heavy precipitations or lack thereof, intense continuous rainfall, flooding, and 
drought are increasing worldwide and will likely be escalating in the future

• Climate-induced hydrological and meteorological extreme events and tipping 
points may impact and increase the environmental transmission of pathogenic 
microorganisms in terrestrial and aquatic systems, waterborne disease outbreaks, 
and biological threats to human health

• Temperature and precipitation are impacting waterborne diseases transmission in 
the environment



Coincidences of climate change and waterborne diseases

• Spatial changes in distribution of waterborne diseases
• Change in altitude and latitude

• Time changes in distribution of waterborne diseases
• Change in seasons



Impacts of climate on waterborne diseases

• Waterborne disease influenced by environmental conditions
• Disease: Cryptosporidiosis, one of the most common waterborne diseases in 

the world, caused by Cryptosporidium
• Environmental conditions: Wet
• Extreme weather events: Precipitation and flooding

• Pathogen dissemination and transmission in the environment
• Infiltration, runoff, and flooding may transport pathogens and contaminate 

soil, and surface and groundwater resources, resulting in waterborne diseases 
– e.g., diarrheal diseases such as Cryptosporidiosis



Hosts, pathogens, and the environment

• Climate interactions with factors – host, pathogen, the environment –
impact waterborne disease outbreaks
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Breakthrough curves of 
Cryptosporidium 
parvum oocysts and 
bromide tracer in loamy 
sand and sandy loam 
soils from the four 
series of soils examined 
– Sparta, Lewiston, 
Gilford, and Greenson –
during simulated 
rainfall in the absence 
(Darnault et al., 2017) 
and presence of 
Aerosol®22 surfactant. 
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Fate and transport 
of pathogens in 
the environment
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Spatial distribution of 
Cryptosporidium parvum oocysts 
recovered from soil columns and 
degree of saturation in soil profiles 
in loamy sand and sandy loam soils 
from the four series of soils 
examined – Sparta, Lewiston, 
Gilford and Greenson – following 
the application of rainfall 
treatments in the absence 
(Darnault et al., 2017) and 
presence of Aerosol®22 surfactant, 
and six pore volumes. 

Fate and transport 
of pathogens in 
the environment



Research needed

• Investigate past linkages between climate variability, waterborne disease outbreaks, and 
human health 

• Determine climate (change) impacts on the transmission of pathogenic microorganisms 
and waterborne diseases in the environment, over spatial and temporal scales

• Develop scenarios and models to assess the impacts of climate change on the fate and 
transport on pathogenic microorganisms in the terrestrial and aquatic systems, and the 
occurrence and transmission of waterborne diseases in the context of environment-host 
system

• Research on the effects of climate induced hydro-meteorological extremes on the 
incidence of infectious diseases will allow the development of climate-driven early 
warning systems and risk forecasting to reduce infectious diseases threats to human 
populations.



Thank you.


