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Data 

Coupled Model Intercomparison 

Project Phase 6 (CMIP6)

• 40 models, based on data availability

• monthly precipitation

• monthly surface air temperature

• Historical: 1990-2010

• Mid-century under SSP585: 2040-

2060

ECMWF Reanalysis v5 (ERA5)

• monthly 2m temperature (K)

• 0.25° x 0.25° grid 

Global Precipitation Climatology 

Project (GPCP)

• monthly precipitation (mm/day)

• 2.5° x 2.5° grid

Relationships Between Seasonal Area-Averaged Biases and Projections

Conclusions

• The CMIP6 multi-model ensemble reveals a systematic relationship in which models with stronger warm 

biases have stronger dry biases during summer over the Central US in historical simulations (similar to 

past work, e.g., Zhang et al. 2018) 

• CMIP6 models project stronger future drying for models with stronger future warming in summer over 

the Central US (supporting the conclusions of Cheruy et al. 2014). 

• There was no significant relationship found between future precipitation projections and historical 

temperature biases (figures not shown). 

• Results were insensitive to whether simulations in the same family of model were considered 

individually or averaged together (figures not shown).

Methods

Research Questions

1. What are the relationships between historical climate model biases and future climate projections in the Central US? 

2. How do model biases introduce uncertainty into future climate projections?

Multi-model Ensemble Biases and Future Projections

Precipitation

Spring

• Dry bias over parts of the Central US

• Future increases in precipitation over 

the North Central US

Surface air temperature

Summer

• Robust agreement showing a dry bias over 

the Central US

• Future decreases in precipitation over the 

North Central US

*Grid points are shaded grey where <60% of models have the same sign of historical bias or future projected change. 

• CMIP6 models exhibit a statistically 

significant negative correlation between T 

and P biases in the summer over both the 

North and South Central US.

• The majority of models exhibit warm and dry 

biases during summer over the Central US. 

Historical biases Mid-century projections

• CMIP6 models exhibit a statistically 

significant negative correlation between 

future T and P in the summer over both the 

North and South Central US.

• Robust increase in T under SSP585.

• Wetter spring but drier summer in North 

Central US.

Temperature vs. Precipitation Projection Temperature vs. Precipitation Bias 
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South Central

Future temperature projection (K)

Spring

• No systematic temperature bias across 

models over the Central US

• Projected ensemble mean temperature 

warms by 2-3 K over the Central US

Summer

• Robust model agreement showing a warm 

bias over the Central US

• Projected ensemble mean temperature 

warms by 2-3.8 K over the Central US

Future temperature projection (K)
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