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Annual mean precipitation over the Earth’s surface
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Precipitation is tied to the atmospheric overturning

Hadley cell
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But there are large seasonal migrations

July mean precipitation
9ON ||||||||||||||||||||||||,,|,,|II

60N

30N

908 I | | I | | I | | I | | I | | I | | I | | I | | I | | I | | I | | I | | I
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W 0

05 09 14 19 25 35 45 6 8 12

Data source: GPCP



But there are large seasonal migrations

January mean precipitation
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But there are large seasonal migrations

July mean precipitation
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The Indian monsoon: subtropical ITCZ
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pressure

The Indian monsoon: regional cross-equatorial Hadley cell
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pressure

The Indian monsoon: regional cross-equatorial Hadley cell
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Monsoon circulations are cross-equatorial Hadley circulations that project
strongly on the solstice zonal mean

e.g, Bordoni & Schneider (2008), Walker, Bordoni & Schneider (2015), Walker & Bordoni (2016)



Theories for ITCZ position

1) Thermodynamictheories:
« Convective QE predicts ITCZ to be just equatorward of the maximum in
lower-level moist static energy (local forcing)

« Atmospheric energy budget emphasizes anti-correlation between the
cross-equatorial atmospheric energy transport and the ITCZ location

(remote forcing)

2) Dynamic theories:
« Angular-momentum conserving theories of Hadley cells
« Boundary-layer momentum budget
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Convective QE view

e.g., Emanuel et al. (1994), Emanuel (1995), Prive and Plumb (2007), Nie et al. (2010)
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Atmospheric energy budget
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Atmospheric energy budget

A Net energy deficit Net energy input Moist static energy

Height

N h=CyT+ L,q+ gz

ITCZ position is anti-correlated with the cross-equatorial energy
transport (vh)o

e.g., Kang et al. 2008, Hwang and Frierson 2012, Donohoe et al. 2013, Bischoff and Schneider 2014
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Atmospheric energy budget
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Theories for ITCZ position

1) Thermodynamictheories:
« Convective QE predicts ITCZ to be just equatorward of the maximum in
lower-level moist static energy (local forcing)

« Atmospheric energy budget emphasizes anti-correlation between the
cross-equatorial atmospheric energy transport and the ITCZ location

(remote forcing)

2) Dynamic theories:
« Angular-momentum conserving theories of Hadley cells
« Boundary-layer momentum budget



Angular momentum conserving theories
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e.g., Held and Hou (1980), Lindzen and Hou (1988), Caballero et al. (2008)



Theories for ITCZ position

1) Thermodynamictheories:
« Convective QE predicts ITCZ to be colocated with maximum in lower-level
MSE (local forcing)

« Atmospheric energy budget emphasizes anti-correlation between the
cross-equatorial atmospheric energy transport and the ITCZ location
(remote forcing)

2) Dynamic theories:
« Angular-momentum conserving theories of Hadley cells
« Boundary-layer momentum budget



Boundary-layer momentum budget

Angular momentum and stream function, max SST 10N Angular momentum and stream function, max SST 10N
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Cross-equatorial mass flux in boundary layer is constrained by the BL
momentum budget

Pauluis 2004
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Theories for ITCZ position

1) Thermodynamictheories:
« Convective QE predicts ITCZ to be colocated with maximum in lower-level
MSE (local forcing)

« Atmospheric energy budget emphasizes anti-correlation between the
cross-equatorial atmospheric energy transport and the ITCZ location
(remote forcing)

2) Dynamic theories:
« Angular-momentum conserving theories of Hadley cells
« (Boundary-layer momentum budget)

Is there really no role for BL dynamical constraints on the ITCZ
position?



Simulations with an aquaplanet GCM

Model: Idealized Caltech GCM (e.g, O'Gorman and Schneider 2008, Bordoni
and Schneider 2008)
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Aquaplanet with different mixed layer
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Simulations with an aquaplanet GCM
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Wei and Bordoni 2018, in press



Simulations with an aquaplanet GCM
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Simulations with an aquaplanet GCM
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Simulations with an aquaplanet GCM
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Seasonal cycle of EFE and ITCZ

SWron LWroa
Energy budget
— 0 (?) Y —— | |
Oy (vh)y = R — Fyup = F™' — —~L = NFE], —
Y <1 2> surf ot eff <’Uh>

Strong divergence occurs in regions of positive net

energy input Fstc

Wei and Bordoni 2018, in press
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Seasonal cycle of EFE and ITCZ
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Seasonal cycle of EFE and ITCZ
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Phase offset between EFE and ITCZ arises from phase offset between
insolation and surface temperature

Wei and Bordoni 2018, in press



What happens when EFE and ITCZ are in opposite hemisphere?
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What happens when EFE and ITCZ are in opposite hemisphere?

Meridional velocity
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Role for BL dynamics?

Near-surface T
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Role for BL dynamics?
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Stronger Laplacian of temperatures favors more bottom-heavy vertical
profiles (e.g., Back and Bretherton 2006)

Wei and Bordoni 2018, in press



Summary

Importance of changesin efficieny of energy transport through changesin
vertical circulation structure on seasonal timescales
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Double ITCZ and jumping behavior
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Role of temperature gradients
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Conclusions

Controls on ITCZs are still unclear;
Thermodynamics theories do not always control the ITCZ position;
Dynamical factors do play a role;

Consideration of boundary layer dynamics might prove useful to
understand ITCZ migrations.



