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Two-D Simulations



Off-equatorial forcing in 2D
[Plumb & Hou, JAS, 1992]Te



Off-equatorial forcing
[Plumb & Hou, JAS, 1992]





Simple PE Model

• Only 20 grid columns, N-S
• High resolution in vertical
• Convection, radiation, and cloud schemes
• Land poleward of 12 N (y=6000 km)
• Slab ocean
• Annual cycle of insolation

















Model runs (Nikki Prive)

MIT model   64S – 64N; 4 degree resolution

Moist model with simple lower boundary conditions

Ocean: specified SST     

Land: specified total surface heat flux, bucket hydrology 

Moist convection parameterization (Emanuel)

“Radiation”: Newtonian relaxation to 200K

16N
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3) Cross-equatorial flow: does three-
dimensionality matter?



Cross-equatorial flow [Pauluis, JAS, 2004]
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Upper tropospheric PV on θ = 370/380K and Z on 200/150hPa
[Hsu & Plumb 1999]



Theories of Monsoon Location
• Plumb and Hou (1992), Emanuel (1995), Zheng 

(1998)
– Explained axisymmetric circulation induced by local

subtropical forcing
• Rodwell and Hoskins (1995)

– Rossby waves induce subsidence to the west of the 
monsoon, creating east-west asymmetry

• Xie and Saiki (1999)
– Hydrological feedbacks limit inland progression of the 

monsoon
• Chou, Neelin, and Su (2001)

– Advection of low moist static energy air, hydrological 
feedbacks, and Rodwell-Hoskins effect all limit 
poleward extent of the monsoon



Impact of local hb maximum over land
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Resulting meridional circulation and precipitation

moist static energy

Poleward



Factors that affect sb

• Surface heat fluxes

• Evaporation of precipitation in convective downdrafts

• Radiative cooling

• Entrainment at the top of the subcloud layer

• Advection by large-scale flow

Circulation may have a strong impact on the subcloud sb
distribution through these feedbacks.



Observed circulation and 
subcloud sb



Model Setup

 

THF0

∆THF

THF(φ) = LHF(TS)+ SHF(TS)
THF(φ) =THF0 −∆THFsin2(φ −φ0)

NorthSouth

Over land, the surface forcing is
determined by

16N



2D Monsoon
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Monsoon Latitude



Impact of flow on hb

Radiative convective equilibrium

In the presence of a 
meridional circulation



So what is going on with hb?



Expand to 3D



3D Monsoon
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1000 mb winds and precipitation

11 m/s



Monsoon Latitude: 2D vs 3D



Impact of eddies on subcloud 
h



Introduce continental 
asymmetry



What happened to the 
monsoon?

11 m/s



Impact of advection of low hb air

11 m/s



Comparison hb distribution

11 m/s



Subcloud hb with warm ocean

3 m/s



Remove the source of low hb…

3 m/s



Extension of Held-Hou to 3 
Dimensions

Assume geostrophic balance:
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Demand that absolute vorticity at tropopause have the 
same sign as f:
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