Why is there ascent on the cold
side of equator?

Meridional pressure gradient above the PBL.:

Y _VeVv—2Qsinbu

B oV’
2 Oy

|12

—2Qsmbu




Hydrostatic:
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PBL momentum:
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Thin, frictionally dominated PBL.:
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u constrained by angular momentum

conservation:
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Cold side of equator:
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Warm side of equator:
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January Zonal Mean OLR, Vertical and Meridional Wind, 1979-
1993 from ECMWF
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July Zonal Mean OLR, Vertical and =~ Meridional Wind, 1
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Two-D primitive equation model

 Parameterizations of
— convection
— fractional cloudiness
— radiation
— surface fluxes

« Ocean mixed layer energy budget

* Model forced by annual cycle of solar
radiation

 Available for class projects
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Precipitation (mm/day) from 0.0518 to 19.3306
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Outgoing longwave radiation (Wlmz) from 138.9862 to 319.5031
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Pressure (mb)

Angular Momentum and Streamfunction
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Pressure (mb)

Updraft mass flux from 0 to 16.999
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Pressure (mb)

Relative humidity from 0.2221 to 98.6573
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The ideal Hadley circulation...

Conserves angular momentum m in upper branch
oy ~= ()
Since dyn o< f -+, this implies
(f+¢)v= f(1—Ro)o =0
with local Rossby number Ro = —(/f — 1

Is energetically closed (no heat export)

Responds directly to variations in thermal driving

Result: ¢~ (H:A;:)lﬁ- Winax ~ (H:A;:)ﬁ/z

Q . F, NETET T 976 1977- Held & Hou 1980
(Schneider 1977; Schneider & Lindzen 1976, 1977; Held & Hou 1980

ou |1 7ouU)
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|deal Hadley circulation theory...

e |s intuitively appealing (direct reponse to thermal
driving)

* Appears to account for extent of circulation in
Earth’s atmosphere

But does it account for variations in Hadley circulation as
climate varies?
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