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Emergent constraints (ECs) of global mean temperature changes (ΔT)

• Emergent constraints (ECs) are promising approaches to constrain discrepancies of climate change projections between ESMs.

• If we can find a significant relationship between observable past 

metrics and future changes of ESMs (emergent relationship), there is a 

possibility to constrain the uncertainty range of future projection.

• If some ESMs are inconsistent with observations, we can consider that 

their future projections are less reliable.

• By applying “smaller weights for less reliable models”, we can reduce 

the uncertainty range of the future projections. 

• There are a lot of EC studies of global mean temperature changes (ΔT). 

• By contrast, no studies have successfully proposed ECs of the global 

mean precipitation change (ΔP) .

• Long-term (e.g. 1850-2014) historical trends of P is largely affected by 

aerosols, while future ΔP is mainly caused by the GHG increases. 

Because there are differences in the external forcing factors between the 

future and past,  it is difficult to propose ECs of ΔP.

Tokarska et al. (2020) 
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Introduction: our idea of EC of ΔP

• Tokarska et al. (2020) suggested that the upper bound of future  ΔT can be 

lowered by using the T trend for the recent decades after 1980.

• The global anthropogenic aerosol emissions were nearly constant during the 

recent decades after 1980, because the aerosol emissions increased in China and 

India while decreased in Europe, US and Japan. 

• The influence of the constant aerosol forcing is small in the recent trends of T.

• Because both the recent T trends and the future ΔT are mainly driven by 

greenhouse gas increases, there is a significant positive correlation between the 

two.

We extend this idea of Tokarska et al. (2020)  to EC of ΔP.

[Idea 1] Future ΔP are well related to future ΔT in the CMIP5/6 ensembles. 

Can we constrain future ΔP by using the recent T trends?

[Idea 2] The influence of the constant aerosol forcing would be small on 

the recent past trends of P. Can we constrain future ΔP by using the recent 

P trends?

Tokarska et al.(2020) 
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EC on future ΔP by using the recent past trends of T

RCP4.5/SSP2-4.5

• Significant correlation between the future ΔP and the recent past T trends.

• ESMs with larger warming in the recent past tend to simulate greater ΔP in the future.

• Some ESMs overestimate the recent past T trends. 

• We can lower the upper bound of the future ΔP.
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EC on future ΔP by using the recent past trends of P*

RCP4.5/SSP2-4.5

• P* indicates  precipitation averaged over the world but excluding some tropical land regions with few rain gauge observations.

• Significant correlation between the future ΔP and the recent past P* trends.

• ESMs with larger trends of P* in the recent past tend to simulate greater ΔP in the future.

• We can lower the upper bound of the future ΔP.

Obs.Constrained



Summary

• We are the first to succeed in observationally constraining the uncertainty in the global mean precipitation 

changes up to the end of the 21st century by reducing the confounding influence of anthropogenic aerosols in 

our analysis. 

• The upper end of the ΔP in the CMIP5/6 ESMs is lowered from 6.2% in the raw CMIP5/CMIP6 ESMs to 5.2-

5.7% under the medium greenhouse gas concentration scenario. 

• The variance of the future ΔP is reduced by 8-30%.

• The observationally constrained ranges of ΔP should provide further reliable information for impact 

assessments.
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