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The	double	ITCZ	bias	is	still	an	unsolved	problem		
(CMIP6,	like	CMIP5,	like	CMIP3…)	

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL087232




The	origin	of	the	double	ITCZ	bias	is	in	the	AGCM:	
it	is	sensitive	to	the	representation	of	convection
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DOUBLE	ITCZ:	coupling	with	the	ocean	
worsens	the	atmosphere-only	bias	

Rainfall	bias	in	the	NCAR	model	
with	prescribed	observed	SST

J. Climate. 2020;33(24):10407-10418. doi:10.1175/JCLI-D-20-0141.1

Rainfall	bias	in	the	NCAR	model	
with	fully	coupled	ocean



The	ITCZ	biases	are	coupled	to	
cold	tongue	SST	biases

dynamics	feedbacks		
involving	upwelling	

thermodynamic	feedbacks	
involving	latent	heat	fluxes	
and	cloud	radiative	forcing

J. Climate. 2020;33(24):10407-10418. doi:10.1175/JCLI-D-20-0141.1



Several		ocean-atmosphere	processes	
	have	been	implicated	in	the	ITCZ-Cold	Tongue	coupling	

dynamics	feedbacks		
involving	upwelling	

thermodynamic	feedbacks	
involving	latent	heat	fluxes	
and	cloud	radiative	forcing



There	is	an	additional	role	for	land.

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017GL074377

2.4. GCM Simulations With Perturbed Land Surface Temperature

We have utilized the global climate model, CESM1-CAM5 [Neale et al., 2012], from the National Center for
Atmospheric Research (NCAR) to investigate the impact of land surface temperature on tropical precipitation.
The control runs are AMIP simulations forced by observed SST from 1979 to 2009 and coupled simulations
under preindustrial forcing for 40 years. The perturbed runs are conducted with a negative heat flux, whose
value is equal to 8% of the net shortwave radiation at the surface, added to the land energy balance equation
globally. An alternative GCM, CM2.1 [Delworth et al., 2006] from Geophysical Fluid Dynamics Laboratory
(GFDL), is also used to confirm that our result is robust to model sensitivity.

3. Results
3.1. Analysis of GCMs in CMIP5

The degree to which ITCZ precipitation falls in the Northern Hemisphere (as in the observations) can be quan-
titatively measured by the precipitation (P) asymmetry index (PAI) with respect to the equator following
Hwang and Frierson [2013]:

PAI ¼ P0"20N " P20S"0

P20S"20N

Figure 1. Regional patterns associated with a smaller PAI, that is, a more severe double-ITCZ bias. (a) Regressed tropical precipitation (P, shading in mm d"1) in CMIP
onto the PAI in CMIP (multiplied by "1.5 times the standard deviation of the PAI). (b) Regressed surface temperature (Ts, shading in K) and large-scale wind circulation
at 925 hPa (vectors in m s"1) in CMIP; the surface wind speed change is contoured at"0.5, "1, and"1.5 m s"1. (c) Regressed net surface flux in AMIP (QA, shading in
Wm"2) and ocean dynamic effect in CMIP (DO = "Qnet, contour interval 5 Wm"2 with omitted zero contour lines). (d) Regressed surface pressure (Ps, shading in hPa)
and large-scale wind circulation at 925 hPa (vectors in m s"1) in AMIP. The surface wind speed change is contoured at "0.3, "0.6, and "0.9 m s"1. The panels right
to Figures 1a–1c show regressed zonal mean precipitation and SST in CMIP and zonal mean net surface flux in AMIP onto the PAI. The white sticks indicate points
where the local correlation is larger than 0.45, the threshold of a significant correlation for 21 models at the 98% confidence level based on the Student’s t test.

Geophysical Research Letters 10.1002/2017GL074377

ZHOU AND XIE DOUBLE-ITCZ AND LAND 7978

Biases	in	continental	Ts	in	
AMIP	correlate	with			the	
severity	of	the	double	
ITCZ	bias	in	CMIP	

Zhou	+	Xie,	2017



We	use	idealized	simulations	with	no	ocean	dynamics	
to	show	that	wintertime	continental	conditions	drive		

an	annual	mean	oceanic	cold	tongue		
and	a	split	in	the	ITCZ	
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Slab	Ocean	Aquaplanet	=	AquaControl		

Q-flux	warms	
the	NH	and		

pushes	the	ITCZ	
north	of		the	

equator



1. Low	heat	capacity	

2. Brighter	than	water	

3. Resists	evaporation	

4. Does	not	transport	heat

“jell-o”	continent



Slab	Ocean	Aquaplanet	=	AquaControl		
AquaControl	+	“jell-o”	continent	=	LandControl



The	presence	of	an	equatorial	continent		creates	a	split	
in	the	ITCZ



LandControl	–	AquaControl:		
the	largest	anomalies	in	the	annual	mean	are	over	the	ocean

oceanic	cold	tongue	and	split	ITCZ



Oceanic	cooling	is	achieved	and	maintained	via	changes	
in	evaporation	and	in	LW	fluxes		

cooling

warming



Radiative	kernels	reveal	that	changes	in	the	atmospheric	
humidity	are	key	to	the	ocean	cooling				

cooling

warming



A	model	with	a	grey	radiation	scheme	confirms	that	
changes	in	the	atmospheric	humidity	are	key	to	the	

establishment	of	the	cold	tongue				



Cooling	and	drying	in	the	winter	portion	of	the	continent	
initiates	the	cooling	and	drying	downstream.

Low-level	convergence	into	the	summer	
continent	prevents	warm	and	moist	

anomalies	from	spreading	to	the	ocean.



Models	with	no	seasonal	cooling/warming	over	the	
continent	confirm	that	the	cold	tongue	is	due	to	the	

rectification	of	the	seasonal	signal
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cold	and	dry	continental	air	from	the	
winter	hemisphere		

drive	a	feedback	loop	between	LW	
flux,	humidity,	and	SST,	

producing	an	annual	mean	oceanic		
cold	tongue	and	a	split	in	the	ITCZ	



wintertime	temperature	and	humidity	biases	in	the	tropical	
continents	may	contribute	to	biases	in	the	oceanic		

cold	tongue	and	the	double	ITCZ	

The Effect of an Equatorial Continent on the Tropical Rain Belt. Part 1: Annual Mean Changes in the ITCZ. J.Clim 2020 (in revision)
Michela Biasutti; Rick D Russotto; Aiko Voigt; Charles C Blackmon-Luca.  

https://console.cloud.google.com/storage/browser/cmip6/tracmip
https://esgf-data.dkrz.de/search/esgf-dkrz/https://cmip6-pds.s3.amazonaws.com/index.html#tracmip/


