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Goal: Explore QBO response to CO, in an idealized model
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Goal: Explore QBO response to CO, in an idealized model
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Aquaplanet Experimental Setup
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Aquaplanet Experimental Setup
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Mean aquaplanet climate response to CO, is stratospheric
cooling and tropospheric warming

Zonal Mean Temperature, (K)
4xCO2 4C0O2_4K

290
280
270 10°
260
250
240 10'1

Difference:
4xC0O2_4K-1xCO2

Difference:
230 4xC0O2-1xC0O2

220

Pressure (hPa)

50 0 50 -50 0 50
Latitude (Degrees)
Johnson | AGU 24 ML | 6/16



Mean aquaplanet climate response to CO, is a strengthened
Brewer-Dobson Circulation (BDC)

Zonal Mean Residual Streamfunction, (kg/m/s)
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A quasi-realistic aquaplanet QBO is simulated
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A quasi-realistic aquaplanet QBO is pusnelietal. 2022 o Amplitude
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Observed asymmetry between the QBO phases (stronger
easterlies; e.g. Naujokat, 1986) is reproduced

Period: 33.8
months

1xCO2

Amplitude:
17.6 m/s

Pressure (hPa)

25 50 75 100 125 : 175 200
Time (months)

Johnson | AGU 24 v | 10/16



The aquaplanet QBO is driven by resolved and parameterized waves
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The QBO period

IS sensitive to

increasing CO,
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Advection is primary driver of 4xC0O2 QBO period lengthening

Tropical (55-5N) Westerly Shear Zone Tropical (55-5N) Westerly Shear Zone
5 5
© 101 ©© 10
= =
v g
3 157 3 157 v
7)) 7)) 1
(7] wn 1
(] ) ]
a i :
20 20 °
—e— 1xCO2 \ !
e 4XCO2 = = = == = P —— 1xCO2 - _V"'
251 —*— 4XC02_4K “. 254 --e- AXCO2 == == == — - — ‘I
-0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 -0.18 -0.16 -0.14 -0.12 -0.10 -0.08 —0.06
U Tendency due to Dynamical Core (m/s/day) U Tendency due to Advection (m/s/day)

Johnson | AGU 24 Nl | 13/16



Increased gravity wave drag is primary driver of shorter

4xC0O2_ 4K QBO period
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Increased tropical convection causes intensified GW drag in
4xC0O2_4K: CAM’s GWD strength depends on convective heating

Zonal Mean Convective Precipitation Rate (mm/day)
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Conclusions
e Aquaplanet QBO period is strongly sensitive to GW drag

forcing
o Large QBO period change with respect to control in 4xCO2_4K

o Much smaller period change in 4xCQO2
e Under constant SSTs, advection is primary driver of period

change
e Aquaplanet with shifted SSTs is a useful simplified
framework for testing the response of the stratosphere to

radiative forcing.
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