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Background

The net low-cloud optical depth feedback in CFMIP is negative
— why?

Geophysical Research Letters 10.1002/2016GL069917

Figure 2. Multimodel mean net cloud feedback and its breakdown into amount, altitude, and optical depth components. Decompositions are computed using
(a, d, g, and j) all clouds, (b, e, h, and k) only free tropospheric clouds with CTP ≤ 680 hPa, and (c, f, i, and l) only low clouds with CTP> 680 hPa. Global mean
values (in Wm−2 K−1) are shown in brackets in the title of each panel.

Zelinka and Hartmann, 2010], the non-low cloud altitude feedback is robustly positive across models. Notably,
it is more spatially homogeneous than its standard counterpart (cf. Figure 2g versus Figure 2h), though it still
has substantial spatial structure that is related primarily to the climatological abundance of high clouds.

The low cloud optical depth feedback is negative in all models and is most prominent at middle to high
latitudes in both hemispheres (Figure 2l). This large negative feedback is the primary reason that the total
net cloud feedback is negative in these regions (cf. Figures 2a and 2l). All models exhibit increasing low
cloud optical depth in the region of persistent mixed phase clouds over the Southern Ocean, likely due to
warming-induced transitions from ice- to liquid-dominated clouds [Tsushima et al., 2006;McCoy et al., 2015;
Tan et al., 2016;Ceppi et al., 2016a] and increases in adiabatic water content, which are more pronounced at
cold temperatures [Betts and Harshvardan, 1987;Somerville and Remer, 1984].

4.2. Robustly Near-Zero Net Cloud Feedback Components
Net non-low cloud amount and optical depth feedbacks, low cloud altitude feedbacks, and residual feedbacks
are very close to zero in all models, for reasons that make physical sense: First, low cloud altitude changes lit-
tle and would have a small effect on LW radiation even if it did. Second, LW and SW radiative effects of the
ensemble of free tropospheric clouds closely cancel [Kiehl, 1994;Hartmann et al., 2001], so changes in their
coverage holding their altitude and optical depth fixed should result in a near-zero net amount feedback.
Similarly, increases in cloud optical depth of free tropospheric clouds will lead to increases in SW reflection

ZELINKA ET AL. REFINED CLOUD FEEDBACK DECOMPOSITION 9263

Zelinka et al. (2016), GRL

τ increases
More sunlight 

reflected back to 
space

Surface coolsGlobal 
warming

Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback



Background Method Preliminary Results Summary Future Work

Background

The net low-cloud optical depth feedback in CFMIP is negative
— why?

Geophysical Research Letters 10.1002/2016GL069917

Figure 2. Multimodel mean net cloud feedback and its breakdown into amount, altitude, and optical depth components. Decompositions are computed using
(a, d, g, and j) all clouds, (b, e, h, and k) only free tropospheric clouds with CTP ≤ 680 hPa, and (c, f, i, and l) only low clouds with CTP> 680 hPa. Global mean
values (in Wm−2 K−1) are shown in brackets in the title of each panel.

Zelinka and Hartmann, 2010], the non-low cloud altitude feedback is robustly positive across models. Notably,
it is more spatially homogeneous than its standard counterpart (cf. Figure 2g versus Figure 2h), though it still
has substantial spatial structure that is related primarily to the climatological abundance of high clouds.

The low cloud optical depth feedback is negative in all models and is most prominent at middle to high
latitudes in both hemispheres (Figure 2l). This large negative feedback is the primary reason that the total
net cloud feedback is negative in these regions (cf. Figures 2a and 2l). All models exhibit increasing low
cloud optical depth in the region of persistent mixed phase clouds over the Southern Ocean, likely due to
warming-induced transitions from ice- to liquid-dominated clouds [Tsushima et al., 2006;McCoy et al., 2015;
Tan et al., 2016;Ceppi et al., 2016a] and increases in adiabatic water content, which are more pronounced at
cold temperatures [Betts and Harshvardan, 1987;Somerville and Remer, 1984].

4.2. Robustly Near-Zero Net Cloud Feedback Components
Net non-low cloud amount and optical depth feedbacks, low cloud altitude feedbacks, and residual feedbacks
are very close to zero in all models, for reasons that make physical sense: First, low cloud altitude changes lit-
tle and would have a small effect on LW radiation even if it did. Second, LW and SW radiative effects of the
ensemble of free tropospheric clouds closely cancel [Kiehl, 1994;Hartmann et al., 2001], so changes in their
coverage holding their altitude and optical depth fixed should result in a near-zero net amount feedback.
Similarly, increases in cloud optical depth of free tropospheric clouds will lead to increases in SW reflection

ZELINKA ET AL. REFINED CLOUD FEEDBACK DECOMPOSITION 9263

Zelinka et al. (2016), GRL

τ increases
More sunlight 

reflected back to 
space

Surface coolsGlobal 
warming

Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback



Background Method Preliminary Results Summary Future Work

Background
An emergent constraint for λτ?

d ln τ
dT
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FIG. 12. Latitudinal distribution of the change in low cloud optical
thickness between a 2 3 CO2 and a control run with the GISS GCM
(solid line), along with the d ln(TAU)/dT curve for the control run
(dashed line, top), and the change in optical thickness that is predicted
for the warmer climate when the control-run d ln(TAU)/dT values are
used (dashed line, bottom).

FIG. 13. Latitudinal distributions of d ln(TAU)/dT for the control
and 2 3 CO2 runs with the GISS GCM.

FIG. 14. Latitudinal distributions of the surface temperature change
for two 2 3 CO2 runs, one with predicted (solid line) and the other
with fixed (dashed line) low cloud optical thicknesses.

range between 50% and 200%. This does not apply to
the midlatitude increases in low cloud optical thickness,
where the d ln(TAU)/dT-based prediction agrees well
with the model-simulated change.
The temperature behavior of low cloud optical thick-

ness in the current-climate and 2 3 CO2 simulations is
presented in Fig. 13. Their similarity implies that the
cloud parameters and processes producing that behavior
in the model’s current-climate simulation are operating
in the same manner in the warmer climate run. This
similarity suggests that the differences between the ther-
modynamically predicted and the model-produced op-
tical thickness changes with climate (Fig. 12, bottom)
are due to atmospheric dynamics influences on cloud
optical thickness, such as climate regime and weather-
related variability.
To calculate the feedbacks on the surface temperature

that are produced by changes in the optical thickness of
low clouds, an additional doubled-CO2 equilibrium sim-
ulation with the GISS GCM was run, where the optical
thicknesses of low clouds were specified, as in the older
version of the model, as a decreasing function of altitude
(cf. Hansen et al. 1983). The latitudinal profile of the
surface temperature increase for this run is plotted in
Fig. 14, along with the same profile for the 2 3 CO2

run with the fully interactive low cloud optical prop-
erties. The two runs have very similar global sensitiv-
ities (3.18C for the standard prognostic cloud water ver-
sion, 3.08C for the version with fixed low cloud optical
thicknesses) for two reasons: 1) the inclusion in the
model of the low cloud optical thickness feedback de-
creases the greenhouse warming in the higher latitudes
and increases it in the Tropics, producing compensating
effects on global sensitivity; 2) with fixed (but vertically
decreasing) low cloud optical thicknesses, upward shifts
in mean cloud height with warming slightly reduce col-
umn optical thickness in any case. The contrasting be-
havior with latitude, however, has a noticeable effect on
the high-latitude amplification of the greenhouse warm-
ing, decreasing it by about 40% in the Southern Hemi-
sphere and by about 20% in the Northern Hemisphere.
This result is in qualitative agreement with the radiative-
convective model calculations of Tselioudis et al.
(1993).
The regional patterns of greenhouse warming did not

show consistent differences between the two runs men-
tioned in the previous paragraph. For example, although
the standard prognostic cloud water run had less warm-
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Looks promising!
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Background
An emergent constraint for λτ?
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Feedback predicted from control climate

Gordon & Klein (2014), JGR

• Extending the work of Tselioudis et al. to more CFMIP models,
Gordon & Klein found that the τ response to warming may be
timescale invariant

• ∴ d ln τ
dT can be an emergent constraint for the cloud optical depth

feedback for low-clouds in the extratropics
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Background
What causes λτ < 0 in the extratropics in CFMIP?

Changes in liquid/ice partitioning in mixed-phase clouds

Global warming

Replacement of ice
with liquid

More sunlight
reflected

Cooling Cloud Phase
Feedback

Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback



Background Method Preliminary Results Summary Future Work

Background
What causes λτ < 0 in the extratropics in CFMIP?

Changes in liquid/ice partitioning in mixed-phase clouds

Global warming

Replacement of ice
with liquid

More sunlight
reflected

Cooling Cloud Phase
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Background
Is λτ > 0 in the extratropics?

• But λτ flips sign and becomes >0 when CESM has more realistic
representations of supercooled liquid in mixed-phase clouds — what
“cloud optical depth thinning mechanisms” are responsible?

• Are the CMIP models exaggerating the negative cloud phase
feedback so much to the point that they are masking an overall
positive cloud optical depth feedback?
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Background
Is λτ > 0 in the extratropics?

Terai et al. independently computed a positive SW cloud optical
depth feedback for low-clouds in the extratropics after constraining
the feedback using τ -temperature relationships from multiple
satellite observations.
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Background
What might cause λτ > 0?

See poster
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• Decomposition of d ln τ
dT suggests that processes associated

with liquid clouds always contribute to decreases in τ with
temperature, and appear to outweigh the influence of
thermodynamic phase shifts over mid-latitude ocean.
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Hypothesis

Cloud optical depth thinning mechanism: Shifts from Sc to Cu

Reductions in τ in a warmer climate due to shifts from Sc to Cu
clouds are outweighed by exaggerated increases in optical depth
from the cloud phase feedback in the CFMIP models.
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MODIS Cloud Regimes (CRs)
— initial approach to extract Sc & Cu and constrain meteorology
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Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback



Background Method Preliminary Results Summary Future Work

MODIS Cloud Regimes (CRs)
— initial approach to extract Sc & Cu and constrain meteorology
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� ln ⌧ =
P

i

�
fi� ln ⌧i + �filn ⌧i

�

1

changes 
within CR

changes 
between 

CRs
• ∆ with respect to time: (2008 to 2014) − (2002-2008)

• i = CRs 8, 9, 10, 11

• Calculation for every 1◦ grid cell, monthly timescale

• Statistical significance evaluated at 90% confidence level,
using a permutation test, n=5000
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MERRA-2 ∆2-m Air Temperature

2-m surface air temperature has cooled over the NH and SH
mid-latitudes between 2002 to 2014
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If our hypothesis is correct, then we would expect to see:

• increases in τ from optically thicker CRs 8 and 9, and
simultaneous decreases in τ from optically thinner CRs 10 and
11 over the mid-latitudes

∆!
Optically thicker Sc 

CR8

∆!
Optically thicker Sc 

CR9

∆!
Optically thinner Cu

CR10

- ∆!
Optically thinner Cu

CR11

Over the mid-latitudes:

+ +

Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback
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CR9 (Sc-dominated)
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=

changes within CR9 changes between CRs

• Changes in frequency of occurrence of CR9 dominates overall ∆τ

• Increases in τ in zonal mean over Southern Ocean supports
hypothesis
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CR11 (Cu-dominated)
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changes within CR11 changes between CRs

• Changes in frequency of occurrence of CR11 dominates overall ∆τ

• Decreases in τ in zonal mean over Southern Ocean supports
hypothesis
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∆τ for CRs 8 + 9 + 10 + 11:

Sum
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d ln τ
dT (computed using monthly anomalies):

This corresponds to λτ>0
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∆τ for CRs 8 + 9 + 10 + 11:
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Summary

Preliminary results suggest that shifts from Sc to Cu clouds
constitute a positive cloud optical depth feedback over the
Southern Ocean, but the shifts are in the opposite direction in the
12-year period examined because the mid-latitude surface
temperature cooled.

Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback
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Future Work

• Examine Sc and Cu shifts using other datasets that
distinguish among various MBL cloud types

• Examine how τ covaries with variables associated with Sc to
Cu transitions (e.g. T2M, EIS and PBL depth, wind speed)

Investigating the role of stratocumulus to cumulus transitions in the extratropical cloud optical depth feedback


	Background
	Background
	Background
	Background
	Background
	Background
	Background
	Background
	Background
	Background

	Method
	Method
	Method
	Method
	Method
	Method

	Preliminary Results
	Preliminary Results
	Preliminary Results
	Preliminary Results

	Summary
	Summary

	Future Work
	Future Work


