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bias
has been a problem in generations of Earth system models and
has been studied for decades
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NCTs (nontraditional Coriolis terms)

Most global atmospheric models* share a common 
approximation: the traditional shallow-atmosphere approximation, 
which neglects the NCTs.

NCTs arise from planetary rotation. NCTs turn eastward motion 
upward and upward motion westward, and vice versa.

*A notable exception lies in UK Met Office. The dynamical core of HadGEM 
relaxes this approximation.



Omitting NCTs yields a westerly wind 
bias in an ITCZ-like heating region

•  

Ong & Roundy (2019)



• On the poleward side of ITCZ:
• Neglecting NCTs
➡ enhances cyclonic vorticity
➡ enhances Ekman pumping
➡ enhances precipitation

• On the equatorward side of 
ITCZ, the opposite is true.

We hypothesize neglecting 
NCTs

• reduces equatorial precipitation,
• enhances off-equatorial 

precipitation, and thus
• promotes a double-ITCZ 

pattern
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Methods: Aquaplanet experiment
• Model used:

• CAM (Community Atmosphere Model) development version (cam6_4_044) with the 
• deep-atmosphere MPAS (Model for Prediction Across Scales) dynamical core 

(Skamarock, Ong, & Klemp, 2021) with 120-km mesh.
• ‘QPC6’ Configuration:

• Aquaplanet with fixed sea-surface temperature
• Perpetual equinox forcing

• Simulation setup:
• Spin up for one year from motionless US standard atmosphere state 

with the deep-atmosphere option, and then
• Branch into two 16-year simulations:

• continue to solve the deep-atmosphere equations (with NCTs)
• switch to solve the shallow-atmosphere equations (without NCTs)



Results
Precipitation climatology
With NCTs



Results
Bias of precipitation 
climatology due to the 
traditional approximation

Note:
• Reduced equatorial precipitation
• Enhanced off-equatorial 

precipitation

[Without NCTs] – [With 
NCTs]



Results
Zonal mean zonal wind 
climatology (contoured)
Its bias due to the traditional 
approximation (shaded)

Note:
• Enhanced cyclonic wind shear 

in 5° to 20° latitudes

[Without NCTs] – [With 
NCTs]



Results
Zonal mean streamfunction 
climatology (contoured)
Its bias due to the traditional 
approximation (shaded)

Note:
• Enhanced cyclonic wind shear 

in 5° to 20° latitudes

[Without NCTs] – [With 
NCTs]



Annual Mean Global mean = 2.9667 mm/day, difference = -0.0138 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]• AMIP experiment also shows a double-ITCZ pattern in the 

difference between results with and without NCTs.
• ‘F2000climo’ Configuration

• Climatological seasonal sea-surface temperature around 2000
• Climatological seasonal forcing around 2000



Conclusion
•Climate models have suffered from the 
double-ITCZ bias for decades.
•Climate models have neglected NCTs for decades 
with only few exceptions
•This study shows that neglecting NCTs promotes a 
double-ITCZ pattern through the following pathway:

• On the poleward side of ITCZ:
• Neglecting NCTs
➡ enhances cyclonic vorticity
➡ enhances Ekman pumping
➡ enhances precipitation

• The opposite is true on the equatorward side of ITCZ:
[Without NCTs] – [With 
NCTs]



Supplementary



Results
Outgoing longwave radiation 
(all-sky) climatology
With NCTs
Global mean = 238.551 W/m2



Results
Outgoing longwave radiation 
(all-sky) climatology
Without NCTs
Global mean = 238.485 W/m2



Results
Bias of outgoing longwave 
radiation (all-sky) 
climatology

Global mean = 0.066 W/m2

[Without NCTs] – [With 
NCTs]



Results
Outgoing longwave radiation 
(clear-sky) climatology
With NCTs
Global mean = 263.428 W/m2



Results
Outgoing longwave radiation 
(clear-sky) climatology
Without NCTs
Global mean = 263.283 W/m2



Results
Bias of outgoing longwave 
radiation (clear-sky) 
climatology
Global mean = 0.144 W/m2

[Without NCTs] – [With 
NCTs]



Results
Precipitation climatology
With NCTs
Global mean = 3.3153 mm/day



Results
Precipitation climatology
Without NCTs
Global mean = 3.3180 mm/day



Results
Zonal mean zonal wind 
climatology (contoured)
Its bias due to the traditional 
approximation (shaded)

Note:
• Enhanced cyclonic wind shear 

in 5° to 20° latitudes

[Without NCTs] – [With 
NCTs]



Methods: AMIP experiment
• Model used:

• CAM (Community Atmosphere Model) development version (cam6_4_044) with the 
• deep-atmosphere MPAS (Model for Prediction Across Scales) dynamical core 

(Skamarock, Ong, & Klemp, 2021) with 120-km mesh.
• ‘F2000climo’ Configuration:

• Climatological seasonal sea-surface temperature around 2000
• Climatological seasonal forcing around 2000

• Simulation setup:
• From 2000-01-01, run two 16-year simulations:

• solve the deep-atmosphere equations (with NCTs)
• solve the shallow-atmosphere equations (without NCTs)



Annual Mean Global mean = 2.9667 mm/day, difference = -0.0138 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= 0.033 W/m2



Monthly Mean Global mean = 2.9453 mm/day, difference = -0.0122 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.152 W/m2



Monthly Mean Global mean = 2.9376 mm/day, difference = -0.0076 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.047 W/m2



Monthly Mean Global mean = 2.8782 mm/day, difference = -0.0244 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.078 W/m2



Monthly Mean Global mean = 2.9044 mm/day, difference = -0.0030 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= 0.071 W/m2



Monthly Mean Global mean = 2.9783 mm/day, difference = -0.0202 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.241 W/m2



Monthly Mean Global mean = 3.0771 mm/day, difference = -0.0229 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.109 W/m2



Monthly Mean Global mean = 3.0824 mm/day, difference = -0.0160 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.064 W/m2



Monthly Mean Global mean = 3.0176 mm/day, difference = -0.0197 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= 0.104 W/m2



Monthly Mean Global mean = 2.9510 mm/day, difference = -0.0090 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= -0.047 W/m2



Monthly Mean Global mean = 2.9167 mm/day, difference = -0.0171 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= 0.047 W/m2



Monthly Mean Global mean = 2.9447 mm/day, difference = -0.0119 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= 0.148 W/m2



Monthly Mean Global mean = 2.9673 mm/day, difference = -0.0221 mm/day

w/ 
NCTs

[w/o NCTs] - [w/ 
NCTs]

Global mean 
difference
= 0.035 W/m2



Ongoing efforts introducing NCTs to 
E3SM


