StratocumulusCumulus Transition

key aspects of the mixed layer model
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we assumed that the vertical flux
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BIR is a ratio between the negative buoyancy
flux below the cloud and the total buoyancy flux

(Bretherton and Wyant, 1997)

energy balance in the mixed layer model
cloud top
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⎤
⎥⎦ dz =

entrainment flux + diabatic + storage + residual
the residual flux is the downward flux at cloud base
in a coupled state the residual << entrainment
so that the main balance is between entrainment and diabatic cooling

when residual << entrainment
—> zero

BIR = buoyancy integral ratio

decoupling (of cloud base and LCL)
Assuming steady state w/o sources and w/o subcloud buoyancy flux
0 < z < zb
⎧⎪0,
w′sv′ ( z ) = ⎨
⎪⎩σ L w′qt′ ( 0 ) zb < z < zi
Using the entrainment rate formulation (we/w*=A/Ri):

⎛ δ zi ⎞
we Δsv = Aη ⎜
L w′qt′ ( 0 )
⎟
⎝ zi ⎠

Here 𝜂 is about 0.9

The energy balance:
Δsv we − ΔFR ρ = R
Neglecting downward flux at cloud base (R) yields:

we > weE = ΔFR ρΔsv when w′sv′ (z = zb ) < 0
The two expressions for we yield a minimal condition for decoupling :
⎛ δ zi ⎞
ΔFR FL < Q ≡ Aη ⎜
⎟
⎝ zi ⎠

decoupling (of cloud base and LCL)

decoupling is favored by
smaller values of the ratio of
boundary-layer radiative flux
divergence to surface latent
heat flux

⎛ δ zi ⎞
ΔFR FL < Q ≡ Aη ⎜
⎝ zi ⎟⎠

decoupling is favored and by
a larger ratio of the LCL to the
inversion height (a
nondimensional measure of
well-mixed stratocumulus
thickness)

BIR = buoyancy integral ratio

inversion height = f (large scale forcing & we )
cloud base = f (thermo. prop. of rising parcels)
LCL= f (mean thermo. prop. @ surface)
mixed layer height = f (boundary layer TKE)
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Figure 1. Marine boundary-layer stratocumulus cloud feedback mechanisms. In the figure, Sc denotes stratocumulus, R
denotes relative humidity, and FT denotes the free troposphere. Adapted from [23]. (Online version in colour.)

cloud regimes; this finding has since been replicated by several other LESs in a CGILS follow-on
intercomparison (PN Blossey 2015, personal communication). Bretherton
et al.
(Bretherton
et categorized
al , 2013) fou
types of low cloud response, illustrated in figure 1 and listed in decreasing order of importanc
given the dCMIP3 climate perturbation. These apply primarily to stratocumulus cloud layers
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Lagrangian vs Eulerian Transition
Sandu et al 2010 concludes that
… “the increase in sea surface temperature and the
associated decrease in lower tropospheric stability
appear to play a far more important role in cloud evolution
than other factors including changes in large scale
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Figure 1. Marine boundary-layer stratocumulus cloud feedback mechanisms. In the figure, Sc denotes stratocumulus, RH
denotes relative humidity, and FT denotes the free troposphere. Adapted from [23]. (Online version in colour.)
(Sandu et al. 2010)

(Klein & Hartmann 1993; see also
Wood & Bretherton 2006)

Low cloud fraction vs. LT stability

Accounts for >80% of interseasonal and geographic
variations of low cloud amount
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CF can be related to changes in subsidence warming!

CF Controlled by Subsidence Warming

Subsidence!
Δ" warming! =!

Δ"

Cloud-top!
rad. cooling!

CF! =!

Subsidence!
Δ" warming! / F0!

(Related to LTS)
(Chung et al. 2012)

