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Subtropical Jet and Hadley Cell Relationship

By our current understanding of atmospheric general circulation, the
subtropical jet’s location should shift with the Hadley cell edge...
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... the reanalyses and models do not
support this.

-Waugh et al. 2018
-Solomon et al. 2016
-Davis and Birner 2017
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Subtropical Jet and Hadley Cell Relationship

1. What is the natural, interannual relationship between the HC and STJ?

2. How do the STJ and HC respond to 4xCO, forcing?

3. What are the physical processes that dictate HC and STJ behavior?




Metrics




Metrics

\ﬂ —— Y5001Pa
‘__/\
A A ———— 4 GHC

| | |

-60 90

P10 Vkgs |

Hadley Cell

“PSI500”

A oHC = o(Ysooppa = 0)
YHC = max(YPso0 npa)

(4w
A
=,

(D)

—

=)

02]

2]

QO

—
A

Ug50hPa
¢ oEDJ
Au
. ¢STJ

-30 0 30

Latitude |°
[ ] Menzel et al. 2019 4




Metrics

Hadley Cell

“PSI500”

A oHC = o(YPsooppa = 0)
YHC = max(YPso0 npa)

Eddy-Driven Jet (EDJ)
‘ @ED] = p(max(ugso hpa))

p[10~Pkgs™1]

(4w
A
=,

(D)

—

=)

02]

2]

QO

—
A

f — 1/}5()()11le
\_/"'\
i A ————— L GHC

Ug50hPa
¢ ¢EDJ

Au

¢STJ

Latitude [°]
Menzel et al. 2019

4




Metrics

J\ —— P5000Pa
O == . ot

P10 Vkgs |

Hadley Cell

“PSI500”

A oHC = o(YPsooppa = 0)
YHC = max(YPso0 npa)

Eddy-Driven Jet (EDJ)
‘ @ED] = p(max(ugso hpa))

Subtropical Jet (STJ)

@ST] = p(max(Auw)) 1o
UST] — AU((pST]) L 20} s ;&I;(Bg\

0= - - ——— — Au

Au = U300-400 hPa ~ U850 hPa 20| | | | | | | S e
-90 d . 0 60 90

Latitude |°
[ ] Menzel et al. 2019 4

-~ ~
- ™
-
-~

(o]
A
=,

(D)

—

=)

02]

2]

QO

—
A

P ——— |

=
(<




CMIP5 Analysis




CMIPbH Data

Coupled Model Intercomparison Project
(Phase 5)

Output from coupled simulations

piControl

Control with
pre-industrial
levels of CO2
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of CO2, held fixed
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CMIPbH: Interannual
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CMIPbH: Interannual
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CMIPbH: Interannual
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CMIP5: CO, Response
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Warming Width: CMIP5

Similar patterns shown in

Lu et al. 2008
Sun et al. 2013
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Warming Metrics
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Warming Width: Response
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Warming Width: Response
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Warming Width: Response
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Warming Width: Response
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Conclusions
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Future Work

What are the physical processes that dictate HC and STJ behavior?

MODEL: Aquaplanet Simulations (prescribed SST's)

1. How are the STJ and HC sensitive to meridional temperature gradients?
15t Set of Runs: Tropical warming with various widths

(5°,15°,25°,35°,45°)
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Future Work

What are the physical processes that dictate HC and STJ behavior?

MODEL: Aquaplanet Simulations (prescribed SST's)

1. How are the STJ and HC sensitive to meridional temperature gradients?

15t Set of Runs: Tropical warming with various widths
(5°,15°,25°,35°,45°)

2. How are the STJ and HC sensitive to changes in midlatitude eddies?
214 Set of Runs: Zonally symmetric tropical warming
(no waves)
34 Set of Runs: Polar cooling

(60°-90°)




Future Work

What are the physical processes that dictate HC and STJ behavior?
MODEL: Aquaplanet Simulations (prescribed SST's)

1. How are the STJ and HC sensitive to meridional temperature gradients?
Analysis: Evaluate response as a function of warming width

2. How are the STJ and HC sensitive to changes in midlatitude eddies?
Analysis: decomposition of momentum budget
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Future Work

What are the physical processes that dictate HC and STJ behavior?
MODEL: Aquaplanet Simulations (prescribed SST's)

1. How are the STJ and HC sensitive to meridional temperature gradients?
Analysis: Evaluate response as a function of warming width

2. How are the STJ and HC sensitive to changes in midlatitude eddies? O
Analysis: decomposition of momentum budget
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CMIPbH: Interannual Correlations
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CMIP5: CO, Response
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CMIP5: CO, Response
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CMIP5: CO, Response
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CMIPS: Interannual | i st
200

400

HC:
Expands (0.9°)

600
800

Pressure [hPa]

Weakens (0.5x1010 kg s°1) 1000

(l) 3‘0
Zonal Wlnd

Ul
p—

KDJ:
Shifts poleward (2°)
Strengthens (0.8 m s!)

200 |
400
600
800

Pressure [hPa]

l()()()

STJ
Shifts poleward (0.3°) | E 2@?6 ertme 9901_
Weakens (0.9 m s1)

400

3
600

800 ‘E;

1000 \\

-90 0 30 60 )0

Latltude [°]
Menzel et al. 2019

Pressure [hPa]




C |\ /I IP 5 . C O R Natural Variability 4xCO, Forcing
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CMIPbH: Interannual Correlations
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CMIP5: CO, Response
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Dry Dynamical Core

GFLD Spectral Core

Equilibrium Tem{»erature (Held and Suarez 1994)
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Dry Dynamical Core

GFLD Spectral Core

Equilibrium Tem{»erature (Held and Suarez 1994)

feq = max) 200 [315 — 8, (sing)* +T' — 5, log <P£> (cos CP)ZI (P£> }
0 0

Tropical Warming (Sun et al. 2013)
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Key Takeaways

1. CMIP5 analysis shows the STJ latitude does not co-vary interannually with
the Hadley Cell HC edge but the STJ strength does moderately
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Future Work

What are the underlying physical processes
that dictate the behavior of
the STJ and HC?
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MODEL: Aquaplanet Simulations
— Warming of various widths
— Polar cooling
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Future Work

What are the underlying physical processes
that dictate the behavior of
the STJ and HC?

MODEL: Aquaplanet Simulations ANALYSIS:
— Warming of various widths Momentum Budget
— Polar cooling — Role of eddy momentum fluxes
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Future Work

What are the underlying physical processes
that dictate the behavior of
the STJ and HC?

MODEL: Aquaplanet Simulations ANALYSIS:
— Warming of various widths Momentum Budget

— Polar cooling — Role of eddy momentum fluxes ©
— Disable eddys
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