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WACCM-X Model
• Comprehensive self-consistent numerical global 

climate model of the Earth’s atmosphere - vertical 
range from the surface to the upper thermosphere 
at ¼ scale height, part of CESM

• Full thermosphere and ionosphere with 
electrodynamics

• See Liu et al., 2018 for more details
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Summary
• First continuous 20th century model simulations and 21st

century projection simulation of the upper atmosphere
• Simulations show very close correspondence of 

greenhouse gas changes and upper atmosphere 
changes throughout the 20th and 21st centuries

• This correspondence is more convincing and less 
complex than the correspondence of greenhouse gases 
and surface temperature

WACCM-X Simulations
• Nine sets of five year free running time slice 

simulations each decade from the 1920s and 2010s
• Single SSP 5-8.5 “business as usual” projection 

simulation from 2020 to 2120
• All simulations impose fixed solar minimum and 

geomagnetically quiet conditions, fixed year 2000 
geomagnetic field for 2020-2120 projection

• Monthly mean output averaged annually and globally

March Differences – Latitude vs Time
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20th Century magnetic field related changes very similar to Cnossen,
2014 (magnetic field held fixed in 21st Century)
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