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Eddy length scale is important

•Controls mid-latitude temperature variability 
(Schneider et al. 2015)

𝜃𝜃′2~ 𝜕𝜕𝑦𝑦𝜃̅𝜃
2𝐿𝐿𝐿2

•Sets latitudes where eddies dissipate/reflect (e.g., 
Kidston et al. 2011)

3



Eddies’ response to static stability
•Under climate change, static stability (N)
increases in mid-latitude

•Theoretical interest
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Unit: K decade-1

Vallis et al. 2014



Past trial to increase static stability
•Kidston et al. 2011 tried to increase static 
stability by cooling air near surface
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Past trial to increase static stability
•Kidston et al. 2011 tried to increase static 
stability by cooling air near surface
•They found eddy length scale increases
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Contour: control run
Shading: change in N↑ run



Kidston made a great trial but…
•Meridional temperature gradient ( ⁄𝝏𝝏𝝏𝝏 𝝏𝝏𝝏𝝏 ) 
increased unfortunately
•Hard to attribute to static stability
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Using linear response function, …
Linear response function (matrix 𝐋𝐋) linearly 
relates target mean state change (vector �𝐱𝐱𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭) 
and required forcing (vector ̅𝐟𝐟𝟏𝟏) as:

̅𝐟𝐟𝟏𝟏 = −𝐋𝐋�𝐱𝐱𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭

Without linear response function, one has to 
make a guess for forcing.
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We conduct clean experiment
Our clean experiment: 
•increases static stability 
•w/o changing meridional temperature gradient
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Ours Kidston et al. 2011



How eddy length scale responds?

Eddy length scale decreases as static stability 
increases in our clean experiment
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Opposite to Kidston et al.

Ours Kidston et al. 2011

Contour: control run
Shading: change in N↑ run



Eddy length scale propositions
•Rossby radius, 𝐿𝐿𝐷𝐷 = ⁄𝑁𝑁𝑁𝑁 𝑓𝑓
•Maximum baroclinic growth scale, 𝐿𝐿grow

•Rhines scale, 𝐿𝐿𝛽𝛽 = EKE ⁄1 2

𝛽𝛽

⁄1 2

•Kuo scale, 𝐿𝐿𝐾𝐾 =
�𝑈𝑈max
𝛽𝛽

⁄1 2
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Length scale propositions evaluated

•Energy-containing zonal scale: -2~-3%
•Rossby radius: +2%
•Maximum baroclinic growth scale: -1%
•Rhines scale: -4~-8%
•Kuo scale (not shown): 0%

12No single length scale works well



Our clean experiment finds…

•Eddy length scale decreases as static stability↑
•No single length scale matches well
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