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Cloud modeling uncertainties and cloud interaction with radiation 
lead to significant uncertainties in climate prediction 

Climate Change Prediction
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Subtropical Cloud Transition 

Hypothesis: Changes in the properties of stratocumulus-to-
cumulus transition play a key role in cloud-climate feedbacks

ISCCP Low Cloud Cover (%)

Teixeira et al., JCLI, 2011

Highly reflective stratocumulus 
clouds (large cloud cover)

Cumulus cloud 
(virtually clear sky, 
much less reflection) 
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Sc to Cu Transition: Key Questions

LTS =θ700 − SST

Klein &  Hartman, JCLI, 93

But starts with Neiburger, 1960s; 
Slingo, 1970s and 80s.

Which climatological factors control the climatological transition?

Which specific physical processes determine the cloud transition?
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Climatological Surface Energy Balance

use different assimilation techniques to obtain an at-
mospheric analysis, is an indication of the uncertainty
regarding surface fluxes in these relatively remote re-
gions. Some biases have, however, been identified. NRA
shows the smallest amounts of absorbed solar radiation
along the transect (Fig. 2d), which is likely associatedwith
a too large ocean albedo in this reanalysis, as noted by
Kalnay et al. (1996). De Szoeke et al. (2010) showed that
the ISCCP FD net surface longwave flux has an approx-
imate 15Wm22 bias (i.e., not negative enough) com-
pared to surface observations in the SCT region in the
southeastern tropical Pacific Ocean. Considering the
similar atmospheric conditions, similar biases may be
expected in the Californian SCT regions that we analyze.
The weak latitudinal gradient in the net longwave radi-
ation and in the absorbed shortwave radiation in ERA-40
(Figs. 2c and 2d, respectively) is likely related to un-
derestimation of both cloud cover and optical thickness
in the region typically associated with stratocumulus
and, at lower latitudes, to clouds that have unrealistically
high reflectivity (e.g., Allan et al. 2004). As noted by

Trenberth et al. (2010), the representation of the radi-
ative influence of clouds on the surface energy budget
is improved in ERA-Interim relative to ERA-40 in
both the convective and the stratocumulus regions.
These improvements likely explain the increased lat-
itudinal gradient of the net longwave and absorbed
solar radiation in ERA-Interim compared to ERA-40
(Figs. 2c,d).
As discussed in Trenberth et al. (2009), all commonly

used observationally based datasets show annually and
globally averaged net ocean surface fluxes that are un-
physically large. The authors argue that the surface
downwelling longwave flux is the surface energy budget
component least well characterized by observations,
since it significantly depends on cloud-base height, which
is not well determined by space-based measurements.
There are also empirical relationships to estimate the

surface net longwave flux, developed for surface ob-
servers without direct radiance data available [see Fung
et al. (1984) for a review]. Such empirical bulk formulas
typically consist of an estimation of the clear-sky long-
wave flux that is adjusted with a cloudiness correction.
The more sophisticated clear-sky components depend
on the sea surface temperature and the near-surface
water vapor and temperature (e.g., Anderson 1952),
while the cloudiness correction is linearly or quadrati-
cally dependent on the total cloud fraction. However, as
discussed in Fung et al. (1984), such parameterizations
are not suitable in the presence of strong temperature
inversions and humidity jumps aloft, which are condi-
tions commonly present in the transition region. Fur-
thermore, they conclude that the cloud correction is
uncertain since no explicit consideration is taken to ei-
ther the cloud-base temperature or the optical thickness,
which are key variables in determining the cloud in-
fluence on the surface energy budget. Therefore, we will
here utilize reanalysis data for the surface net longwave.
More specifically the ERA-Interim net longwave is used
and the sensitivity of this choice is discussed in section 3b.
Although the datasets are at odds in regards to the

absolute values of the surface energy fluxes, they do
agree that the absorbed solar radiation and the upward
flux of latent heat are the two major contributors to the
surface energy budget and the ones that show the largest
changes along the transect and in the marine subtropics
in general (Fig. 2). Apart from wind speed, the amount
of surface energy lost in terms of latent heat strongly
depends on SST and the near-surface RH. At the ocean
surface, air is typically near saturation and as such its
humidity depends strongly on the sea surface tempera-
ture through the Clausius–Clapeyron relationship. The
near-surface air humidity also depends on the SST (al-
though implicitly) since both the temperature offset

FIG. 1. (a) The ERA-Interim (1989–2007) climatological net
surface energy flux (Fs). (b) The average ICOADS and interannual
range (1971–2000) sea surface temperature along the transect
outlined in (a). (c) The average annual cycle and year-to-year range
(2000–09) in Terra–MODIS total cloud cover and the annual av-
erage ISCCP D2 dataset (1983–2008) total cloud cover along the
same transect. The gray shaded area in (b) and (c) indicates the part
of the transect where the climatological SCT occurs (also associ-
ated with a small ERA-Interim net surface energy flux).
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cloud breakup has been questioned (e.g., Kuo and
Schubert 1988; Yamaguchi and Randall 2008; Sandu
et al. 2010).
Cloud-resolving modeling studies (e.g., Krueger et al.

1995; Wyant et al. 1997; Stevens 2000) show that SCT
can be simulated by just considering advection over in-
creasingly warmer sea surface temperatures. Decou-
pling of the cloud layer from the well-mixed boundary
layer is suggested to be the precursor of the SCT (Wyant
et al. 1997). The decoupling is attributed to gradually
stronger surface latent heat fluxes associated with in-
creasing sea surface temperatures (SSTs). As a conse-
quence, the entrainment of dry and warm air per unit of
cloud-top radiative cooling increases, which results in
a deepening of the boundary layer as well as in an in-
creasingly negative buoyancy flux below the cloud base
(Bretherton andWyant 1997). Eventually a pronounced
two-layer structure develops, where the cloud layer is
separated from the well-mixed boundary layer by
a weakly stably stratified subcloud layer. According to
Wyant et al. (1997), the diffusion of the stratus layer is
a consequence of penetrative entrainment of dry free
tropospheric air by increasingly stronger cumulus up-
drafts originating from the surface. Two recent studies
(Mauger and Norris 2010; Sandu et al. 2010), combining
satellite retrievals and reanalysis data, show the time
scale of the SCT to be well correlated with the magni-
tude of the lower tropospheric stability (mainly gov-
erned by the SST), which gives some observational
support for the transition hypothesis formulated by
Wyant et al. (1997). Using Lagrangian sea surface tem-
perature statistics along the SCT (Sandu et al. 2010) and
a stochastic two-state model based on the results of
Bretherton and Wyant (1997) that the extent of decou-
pling can be derived by considering the ratio of the
surface flux of latent heat to the net cloud-top radiative
cooling, Chung and Teixeira (2012) were able to simu-
late essential features of the climatological stratocu-
mulus to cumulus transition.
This study investigates whether the stratocumulus to

cumulus transition can be described by solely consider-
ing the surface energy flux along the transition. As will
be discussed in section 2, in the marine subtropics the
two major contributors to the surface energy budget are
the absorbed solar radiation and the turbulent latent
heat flux (e.g., Peixoto and Oort 1992; K!allberg et al.
2005). The amount of solar radiation absorbed at the
surface is expected to be highly dependent on the
cloudiness, while the turbulent latent heat flux, which
to a first order is a function of SST, is expected to in-
crease when the air is advected over an increasingly
warmer ocean along the SCT. In this study we proceed
from the climatological energy budget of the ocean

surface layer, and the assumption that the net surface
energy flux is small, to derive a simple model describing
the climatologically important SCT along the trades.

2. Method

The net surface energy flux Fs can be written as

Fs 5G1DFeo 5SWsfc 1LWsfc 1LH1SH, (1)

where G is the energy storage/loss of the surface layer,
DFeo represents the vertical redistribution and lateral
transport of energy, SWsfc is the net surface shortwave
flux, LWsfc is the net surface longwave, and LH and SH
are the turbulent exchange of sensible and latent heat at
the surface, respectively. Net energy fluxes are defined
positive downward.
We then assume the net surface energy flux along the

cloud transition to be small (Fs ; 0) on a climatological
time scale. This implies the assumption of a local energy
equilibrium, where the amount of absorbed solar radi-
ation is balanced by the sum of the net longwave radi-
ation and the turbulent fluxes, which on average tend to
transfer energy from the ocean to the atmosphere:

SWsfc 1LWsfc 1LH1 SH’ 0. (2)

This presumed balance is analyzed along a Pacific
Ocean transect off the coast of California (outlined in
Fig. 1a) that traverses the region where the SCT typi-
cally occurs (Fig. 1c). The transect, which is roughly
aligned with the trade winds, has previously been used in
intercomparison studies as a test bed for the represen-
tation of boundary layer clouds in models (Siebesma
et al. 2004; Karlsson et al. 2010; Teixeira et al. 2011). The
assumption of a small net surface energy flux along the
SCT is supported by the European Centre for Medium-
Range Weather Forecasts (ECMWF) Interim Re-
Analysis (ERA-Interim; Dee et al. 2011), which shows
values of Fs within 610Wm22 in the transition region
(Fig. 1a).
Figure 2 shows the climatological average and inter-

annual range in radiative and turbulent fluxes along the
transect according to ERA-Interim, the 40-yr ECMWF
Re-Analysis (ERA-40; Uppala et al. 2005), the National
Centers for Environmental Prediction (NCEP)–National
Center for Atmospheric Research (NCAR) reanalysis
(NRA; Kalnay et al. 1996), and the objectively ana-
lyzed air–sea fluxes (OAFlux; Yu and Weller 2007) and
International Satellite Cloud Climatology Project flux
dataset (ISCCP FD; Zhang et al. 2004) datasets. The
apparent disagreement between the datasets, which
largely rely on the same observational foundation but
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In key transition region:
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from the SST and the near-surface RH are relatively
invariant along the SCT. The observed equatorward
increase in the latent heat flux (Fig. 2a) is mainly driven
by the increasing SSTs along the transect (Fig. 1b).
This can be qualitatively understood with Clausius–
Clapeyron; a 5-K SST increase with a 1-K SST offset of
the near-surface air at 80% relative humidity results in a
33% increase in the vertical humidity gradient. As a
consequence, the latent heat flux would also show a rel-
ative increase of 33%.
While the amount of turbulent exchange of latent heat

depends strongly on SST, the amount of solar radiation
reaching the surface strongly relates to the cloud frac-
tion. Much of the southwestern increase in the absorbed
solar radiation along the transect (Fig. 2d) is thus
inherently related to the SCT. Considering that the
southwesterly gradient in temperature-driven latent
heat loss is comparable in magnitude to the cloudiness-
influenced increase in surface solar absorption, a simple
cloud cover model aiming to describe the climatological
stratocumulus to cumulus transition is proposed below.

Model description

The aerodynamic bulk formulas utilized for describing
the climatological turbulent surface fluxes are

SH52gUTCsrcpU(To 2Ta) and (3)

LH52gUqClrLU[qs(To)2Raqs(Ta)] , (4)

where r is air density, cp is the specific heat at constant
pressure, L is the latent heat of vaporization, U is the

near-surface horizontal wind speed, T is temperature, qs
is the saturation mixing ratio,R is relative humidity, and
Cs and Cl are the aerodynamic transfer coefficients
for temperature and humidity, respectively [both set to
1.1 3 1023 (DeCosmo et al. 1996)]. In the above equa-
tions the subscript o indicates ocean level and a indicates
near-surface air (typically at 2-m height). Following Fu
et al. (1994), to account for covariance between the
variables on shorter time scales than climatological, gUT

and gUq are introduced in Eqs. (3) and (4), respectively.
They are defined as follows:

gUT 5
U (To2Ta)

U (To 2Ta)
and

gUq 5
U [qs(To)2Raqs(Ta)]

U [qs(To)2Raqs(Ta)]
, (5)

where the overbar denotes time average.
The amount of absorbed solar radiation at the surface

is primarily dependent on the insolation at the top of the
atmosphere, the atmospheric extinction and the cloud
and surface reflectance. Considering a simple two-box
model, where one box represents the cloudy fraction a of
the atmosphere and the second box represents the clear-
sky fraction 1 2 a, the surface absorbed solar energy is
parameterized as

SWsfc5 gSW(12ao)(12 aac)MatmSWtoaY , (6)

where ac is the cloud albedo, ao is the ocean albedo,
Matm is the atmospheric clear-sky transmittance of solar

FIG. 2. Annual climatological averages (dots) and interannual range (bars) of the surface energy fluxes along the
Pacific as given by ERA-40 (1980–2001), ERA-Interim (1989–2007), NRA (1984–2007), and combined OAFlux and
ISCCPFD (1984–2007) datasets: (a) latent heat, (b) sensible heat, (c) net longwave, and (d) net shortwave. Net fluxes
downward are defined as positive. Shaded gray area identifies the latitude rangewhere the climatological SCToccurs.
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In essence: Increase of surface latent heat flux 
balanced by increase in surface SW radiation
è Cloud cover (a) equation: 

radiation, and SWtoaY is the insolation at the top of the
atmosphere. The cloud albedo is calculated in accor-
dance with Cahalan et al. (1994), assuming conservative
scattering (i.e., no absorption), and it is defined by the
solar zenith angle u (SZA) and the optical thickness t.
For ao, the empirical formulation of Taylor et al. (1996)
is used, stating the ocean albedo to be a single-variable
function of SZA [i.e., ao 5 ao(u)]. In addition, the
magnitude of Matm as well as SWtoaY is also dependent
on the SZA. Because of themutual SZA dependence of
the variables in Eq. (6), gSW is introduced to account
for the diurnal and seasonal covariance. Here gSW is
defined as

gSW 5
[12ao(u)][12 aac(u, t)]Matm(u)SWtoaY(u)

[12ao(u)][12 aac(u, t)]Matm(u)SWtoaY(u)
.

(7)

The climatological net surface longwave flux is taken
from the ERA-Interim reanalysis and it decreases (i.e.,
it becomes more negative) with decreasing latitude.
Assuming a surface energy balance, the proposed

parameterizations for the surface sensible, latent, and
shortwave fluxes [Eqs. (3), (4), and (6)] are together with
the longwave data used to solve the surface energy
budget [Eq. (2)] for the cloud fraction (a):

a5
1

ac

1
LW1LH1SH

gSW(12ao)acMatmSWtoaY
. (8)

3. Results and discussion

a. Model solutions

A requisite for deriving the cloud transition using
Eq. (8) is the climatologically averaged values of all
variables on the right-hand side. Figure 3 shows the clima-
tological average and interannual range of the sea surface
temperature (To), the air temperature offset (Ta2 To), the
relative humidity, and the horizontal wind speed along
the Pacific transect from ERA-Interim, OAFlux, and
the enhanced version of the International Comprehen-
sive Ocean–Atmosphere Data Set (ICOADS), release
2.5 (Woodruff et al. 2011). The gray-shaded area in the
panels indicates the region associated with the climato-
logical SCT, in which Eq. (8) will be solved. In terms of
SST, the datasets show excellent agreement, depicting
a close to linear temperature increase southward along
the transect (Fig. 3a).
Although disagreeing on the absolute values of the

RH and the horizontal wind speed, the datasets, more
or less, agree on the spatial variability along the tran-
sect (Figs. 3c and 3d, respectively). Evident in all the
datasets and somewhat surprising is the equatorward
increase of near-surface RH in the region associated
with the transition. Assuming a well-mixed subcloud
layer, such an increase implies a lowering of the cloud
base in the stratocumulus to cumulus transition. This
result could be indicative of a decoupling of the stra-
tocumulus layer and thus a decrease of the entrainment
of relatively dry and warm free tropospheric air into the

FIG. 3. Annual climatological averages (dots) and interannual range (bars) of (a) SST, (b) air temperature offset,
(c) relative humidity, and (d) horizontal wind speed along the transition transect as given by the ICOADS (1989–
2007), ERA-Interim (1989–2007), and OAFlux (1984–2007) datasets. Shaded gray areas indicate the latitude range
where the climatological SCT occurs.
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LTS Simple Model of the Transition

!"~ ℎ!!! (!!"" − !!")!
Where:
CF – cloud cover
h – PBL height 
D – large-scale divergence
F0 – LW flux divergence at cloud-top

LES + PBL energy balance leads to (1st order):

LES results 
confirm this 
relation for a 
few cases

Chung et al, JAS, 2012

Empirical linear relation between cloud cover and Lower Tropospheric 
Stability (LTS) established for a while (e.g. Klein and Hartmann, 93)
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Simple Coupled Model

CF =αLTS +β

CF = 1
ac
+

LH + SH + LW
γSW (1− ao )acMatmSWtoa

"

#
$

%
$

• Two equations and two unknowns: SST and cloud cover

• Coupled model from (i) the linear LTS relation and (ii) 
the surface energy balance equation

• α and β have to be defined

LH = ρLClγUdqU qs (SST )− RHqs (Ta )[ ]With 
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Simple Coupled Model with α 
and β from ERA-Interim

Cloud and SST changes are well described by coupled 
model using coefficients from ERA-Interim 
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Figure 1: (a) Low cloud fraction (filled contours with color bar) and lower tropospheric
stability (LTS; black contours) in the northeast Pacific region, averaged over 2009–2010.
The MAGIC container ship tracks are shown in solid white lines, and the GPCI transect is
shown as a white dotted line. Cloud data is from CloudSat and CALIPSO 2B-GEOPROF-
LIDAR, and LTS data is from ECMWF reanalysis. (b) Total cloud cover and low cloud
fraction (up to 680 hPa) along the MAGIC track and averaged over 2009–2010.
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DOE Marine ARM GPCI Investigations of Clouds: 
MAGIC

One year [Sep. 2012-2013] 
deployment of ARM mobile 
facility on cargo ship 
between Los Angeles and 
Honolulu
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Fig. 5. 2B-GEOPROF-LIDAR cloud fraction along the
transect. The boundary layer height is also shown as esti-
mated by two methods as discussed in Section b.

JJA data for the years 2007-2011. In the plot, it is apparent
that the estimate using the gradient in ECMWF RH is
systematically low. This raises the possibility that the re-
analysis models do not establish the BL height correctly in
this region, which could adversely impact other modeled
variables.

To estimate the uncertainty in the RO BL height, we
compared it to radiosonde profiles from the MAGIC cam-
paign. The method used to determine BL height from
the radiosonde data is described in section h. Figure 6
shows the comparison. The root-mean-square (RMS) er-
ror between the COSMIC and MAGIC estimates (over the
MAGIC track between 205 and 235 longitude) is 130m,
and we take this as an estimate of the bias and random
uncertainty in the BL height, at the 1-sigma level. We note
that the COSMIC data significantly overestimates the BL
height near the coast.

c. Horizontal advection

We now estimate the energy and moisture deposited
into the boundary layer by advection of liquid water po-
tential temperature and moisture along the transect using
ECMWF ERA-Interim data, at 0.5 degree horizontal res-
olution.

The advection of ✓l and qt inW m�2 into a slab of at-
mosphere of vertical width �h at height z0 are given by

�cp�h
�
⇢v ·rH✓l

� ��
z0 (12)

and
�L�h (⇢v ·rHqt)

��
z0 . (13)

In our analysis, �h = 250m, the CloudSat vertical reso-
lution. In the BL, the ECMWF levels are similar to the
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Fig. 6. Comparison of COSMIC BL height estimate to in-
version height estimates derived from MAGIC radiosonde
profiles, in the JJA mean. The blue circles are estimates
from individual radiosonde profiles; the blue line is their
binned mean; the red line is the COSMIC estimate along
the MAGIC track; and the magenta line is the COSMIC
estimate along the GPCI transect. The shading gives the
root-mean-square uncertainty derived from the di↵erence
between the COSMIC and MAGIC estimates (over the
MAGIC track) between 205 and 235 longitude.

Cloudsat levels; the lowest-altitude ECMWF pressure lev-
els, from 1000 hPa to 750 hPa, have a mean �h (estimated
from geopotential averaged over the region) of 245m. We
chose to interpolate the ECMWF data to the CloudSat
levels.

ECMWF ERA-Interim provides reanalysis estimates
for temperature T in K, specific humidity q in kg kg�1,
cloud liquid water content ql in kg kg�1, and horizontal
winds u and v inm s�1. We add q and ql to get qt. We
convert temperature to potential temperature via

✓ = T

✓
1000hPa

p

◆R/cp

. (14)

We then convert ✓ into ✓l via

✓l = ✓ � ql
L

cp

✓

T

. (15)

We note that the di↵erence between ECMWF ✓l and ✓ in
the BL along the transect is everywhere less than 0.1%,
and that the maximum di↵erence between q and qt is only
1%.

To estimate the total advection into the BL, we sum
over these slabs from the surface to h, the BL top as esti-
mated from COSMIC RO data. We only include the por-
tion of the topmost slabs below h. In order to smooth

5
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MAGIC: Individual Cloud Transition Legs

MAGIC: unique observational dataset depicting cloud transitions  

Water vapor profiles and cloud radar reflectivity

Diversity of cloud 
transition patterns

But 

Also common key 
physical processes

Kalmus et al, 2018

LAHonolulu
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Turbulence, Clouds and Convection Parameterizations

Parameterizations 
are modular

stratocumulus

cloud microphysics

shallow convection

cloud macrophysics
deep convection

dry PBL

stable PBL

Key goal: Unified parameterization for boundary layer and convection 

Artificial modularity leads to many problems: interfaces, transition

From IPCC AR5
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Unified Approach:
Eddy-Diffusivity/Mass-Flux (EDMF) 

( )' ' ' ' 1 ' ' (1 )( )( )u u u u u e u eu ew a w a w a a w wj j j j j= + - + - - -

Dividing a grid square in two regions (updraft and environment) and 
using Reynolds decomposition and averaging leads to

' ' ' ' ( )u u uew w a wj j j j= + -

' ' ( )uw k M
z
jj j j¶

= - + -
¶

where au is the updraft area. Assuming au<<1 and we~0 leads to

ED closure: assuming ED for 1st

term and neglecting 2nd term

MF closure: neglecting 1st term and 
assuming M=auwu

EDMF:

Siebesma & Teixeira, 2000

Bimodal joint pdf of w and qt

ED mixing 
MF mixing

EDMF represents different turbulence and convection scales
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Mass-Flux Model for Plumes/Updrafts

capping inversion

LCL

mixed 
subcloud layer

cloud layer

free 
atmosphere
inversion
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Small-scale 
ED mixing 

Large-scale 
MF mixing 

σu is updraft/plume area fraction and is 
fixed for each plume in our approach

1) Integrating over plume area

2) Assuming steady-state

3) Neglecting some sources/sinks
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1) Parameterization of surface layer PDF of thermodynamics
2) Monte Carlo sampling of PDF to produce multiple plumes

EDMF and moist convection: multiple 
plumes and stochastic entrainment

Provides estimates of updraft area and avoids need for cloud base closure

3) Stochastic 
lateral entrainment

Suselj et al. JAS, 2012 
Suselj et al. JAS, 2013

Inspired by 
Romps & Kuang, 
JAS, 2010

Multiple Plumes
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New multiple-plume EDMF: plumes start 
from PDF of  surface properties

Low sensitivity of multiple-plume EDMF to 
surface updraft area
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BOMEX: Comparison of EDMF moist updraft properties against LES results
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Surface frac. updraft area [%]

EDMF LES range

Suselj et al, 2018
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BOMEX: LES PDF vs EDMF plumes

slightly overestimated. The skewness of vertical velocity
is less well represented, as is most obvious in the upper
part of the cloudy layer. The negative skewness of ver-
tical velocity cannot be represented by this model. To
represent it, convective downdrafts would need to be
included in the boundary layer model.
These results show that the EDMF approach used

here is capable of representing complex aspects of the
distributions of thermodynamic properties without the
need to impose the form of these distributions as in other
approaches (e.g., Golaz et al. 2002a) in a fairly eco-
nomical view.
For the BOMEX case, similar results were obtained

by Su!selj et al. (2012). In the model reported here

significant improvements in the simulation of the up-
draft area and turbulent fluxes in the upper part of the
cloudy layer are achieved. In the previous work the
deterministic entrainment prevented updrafts from
reaching a height of more than around 1700 m, which is
not in accord with LES results. The new entrainment
parameterization allows for a small proportion of the
updrafts to reach heights of up to 2000 m and thus im-
proves the representation of turbulent fluxes in the up-
per part of the cloudy layer. The computational demand
of the new updraft scheme is significantly reduced be-
cause of the fact that only 10 updrafts (instead of around
25 in the previous work) have to be integrated from
cloud base. Compared to Su!selj et al. (2012), the vertical

FIG. 3. BOMEX case. (top),(bottom left) Joint two-dimensional pdf of the moist conserved variables from LES at
580, 700, and 1000 m, respectively. The integral of the pdf within the area delineated by the isolines is shown in
percent by the colorbar. All SCM updraft values within the last simulation hour are plotted as a scatterplot. (bottom
right) The profile of skewness of uL, qt and w from LES results (solid line) and SCM (dashed line).
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LES joint PDF

EDMF plumes
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EDMF multiple plumes represent skewed part of PDF
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EDMF Results: Sc to Cu Transition

EDMF is able to represent the vertical dynamics of the transition
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Suselj et al, 2013
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Diurnal cycle of precipitating convection 
over land - LBA

Realistic transition with EDMF from shallow to deep convection

Cumulative surface precipitation

New fully unified (PBL + shallow + deep convection) EDMF 
evaluated for the LBA diurnal cycle of precipitating convection

Cloud base and top

EDMF
LES



National Aeronautics and 
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

EDMF forced by Re-Analysis: realistic 
response to climatological forcing

500 EDMF SCM simulations (June 2007) between Los Angeles 
and Hawaii forced by large-scale fields from MERRA2

EDMF represents the physics of the cloud transition and leads to 
realistic response to climatological factors such as LTS

Smalley et al, 2018
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Summary
• Sc-to-Cu transition will likely play key role in cloud-climate feedback

• Climate models cannot represent cloud transition realistically  

• Surface energy balance equation in transition region leads to realistic 
simple model of cloud cover as a function of SST

• Simple coupled model (CC and SST) based on (i) surface energy 
balance and (ii) PBL energy balance (LTS relation)

• Shows that (to first order) SST and clouds are strongly and uniquely 
coupled in the Sc-to-Cu transition region

• EDMF approach reproduces thermodynamic structure of transition

• EDMF responds realistically to climatological forcing of transition


