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(Bretherton et al., 1992) 

Simple conceptual model 

So far ? 
Observations: Albrecht, 1995, subsequent studies based on ASTEX (1992) , Pincus et al. 1997 

Theory and modeling: Bretherton et al., 1992, 1997,1999, Krueger et al. 1995, Wyant et al. 1997 

Ideas based on a few 
cases studies, mostly in 
the northern hemisphere 

But the transitions 
appear in other places, 
namely the southern 
hemisphere 



The observational study of the STC 

Sandu, Stevens and Pincus, ACP, 2010 



Our questions  

To what extent the transition and the processes governing it are similar (or not) 
in the different regions where it occurs?  

How does the character of the transition along individual trajectories relate to 
the climatological transition?    

Our method 

We use satellite data sets and meteorological reanalysis to build a Lagrangian 
view of the transition 



Lagrangian analysis of the air mass flow     

MODIS (Terra, Aqua) 
AMSR-E 

ERA-INTERIM HYSPLIT 
(ERA-INTERIM) 

Trajectories     +     Re-analysis     +   Satellite data 

2002-2007 (May to October in NE, July to December SE) 
Starting time: 11 LT, Duration: 6 days, Height: 200m 

How? 

When? 

Where? Klein&Hartmann (1993) zones : NE/SE Atlantic, NE/SE Pacific 

NEA 

SEA 

NEP 

SEP 



Temporal evolution of cloud fraction 

The transition: 
  is similar in the 4 regions 
  takes place in the first 3 days 



Composite versus climatological transition 

composite 
climatological 

The transition is 
very robust 



Environmental changes 

SST LTS D 

CF MODIS 

3 days 

The environmental context  
also looks mostly similar 
in the four regions 

The SST increase/LTS decrease  
are the main factors controlling  
the transition (Bretherton, 1992) 



What have we learned? 

However, the role of large scale divergence, free-tropospheric humidity or 
precipitation cannot be ruled out. How can we get more insights?  LES 

The transition is mainly a generic 
response of cloud cover to increased 
SST and decreased LTS as the air 
masses advect equatorward 



LES of the STC 

Sandu and Stevens, under revision for JAS 



Our questions 

How a variety of factors might modulate the stratocumulus to cumulus 
transition 

Whether the timescale of such shifts in cloud regimes is indeed mainly 
controlled by the inversion strength in the stratocumulus regime 

Our method 

Composite case : NEP - JJA 2006-2007 
Only one forcing : increasing SST (divergence is constant) 
Initial profiles from ERA-INTERIM 



The simulated SCT 
256 x 256 X 528 points (35m x 35 m x 5m) 

roughly 100 000 hours of computing time for 72 hours of simulation 

The simulations capture the major observed features of the SCT, and 
corroborate the conceptual model proposed by Bretherton (1992) to explain it 



How sensitive is the SCT to various processes? 

3 additional simulations: 

  PP : cloud droplet number concentration reduced to 33 cm-3 

  DIV : D decreased from 1.86 X 10-6 s-1 to 0 during the last day 

  RAD: gradual moistening of the free-troposphere during the 3 days 



The details of the SCT are extremely sensitive to these processes 

albedo 

CF 

REF PP DIV 



What controls the transition’s timescale? …Slow versus fast SCT 

Lagrangian analysis 

1.  Can LES reproduce such subtle differences? 

2.  Is the inversion strength is the primary cause for the differences 
between slow and fast transitions? 



Slow against fast SCT 



Role of the inversion strength 



Role of the inversion strength 

Boundary layer 
growth rate during 
the first 24 hours 



Conclusions 

  LES reproduce well not only the main features of the SCT, but also 
subtle details like differences between slow and fast transitions 

  The SST increase is the main driver of the transition  

  The details of the SCT (the Sc veil atop the cumulus layer) are 
sensitive to a variety of factors 

  The SCT timescale is mostly related to the strength of the temperature 
inversion capping the Sc topped boundary layer 

  emphasis on the sensitivity of boundary layer clouds to subtle changes 
in the large-scale conditions 



Further benefits… 

  framework for model evaluation (intercomparison exercice of LES and 
SCM under the framework of EUCLIPSE-GCSS) 
  http://www.mpimet.mpg.de/en/mitarbeiter/irina-sandu/transition-cases.html 

  time series of mean quantities and their variance (available on archive) 

  wealth of 3D fields for model evaluation (available on archive) 

  hourly fields for REF, SLOW, FAST and PP runs 

  30s fields for 3 sequences of the REF run 



Present 

observed Δe 
observed Δc 

Strategy 

simulated Δc 
        ~ 
observed Δc  

LES 

Future 

assumed Δe 

Δc ? 

yes 
SCM 

yes 

modeled Δc 
        ~ 
observed Δc 

no modeled Δc 
        ~ 
observed Δc 



How well does the IFS SCM ? 



SLOW REF FAST 

LES 

IFS 

IFS - SFC 



Composite versus climatological transition 

The climatological and 
composite transitions have the 
same character in all regions 

Important implications for : 

  observational studies 
  numerical simulations 



Do the clouds break-up? 

albedo 

Cloud fraction 

LWP >  5  gm-2 

ref 
slow 
fast 



The details of the SCT are extremely sensitive to these processes 



Composite case : NEP - JJA 2006-2007 

THT 700 (K) qt 700 (K) D (10-5 s-1) 

SST (K) LTS (K) CF  

6 mon 2002-2007 
3 mon 2002-2007 
3 mon 2006-2007   



Constant divergence – 256 x 256 X 524 (35m x 35m x 5m)  

0h 
12h 
24h 
36h 
48h 
60h 
72h 



Time evolution of the inversion strenght 

Δθl (K) 

Δ
q t

 

C
F  

k=Δθl/(lv/cp) Δqt 

ref 
slow 
fast 





From the EUCLIPSE perspective 
(EUCLIPSE main goal: understanding 

cloud-climate feedbacks) 

 a possible metric for establishing a model “hierarchy”  
(a model that gets the transition is more reliable that one that doesn’t) 

 

 

Stratocumulus to cumulus transitions : 

a change in cloudiness produced  
by a change in the environment 

a “laboratory” for understanding how low clouds respond to  
environmental changes…and whether our models capture that response 

Motivation 



Present 
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What sets the pace of the transition? 
CF MODIS 

Slow versus fast transitions 



CF MODIS 

SST LTS 

The transition’s time scale 
depends on the values of 
SST/LTS rather than on  
their gradient 

What sets the pace of the transition? 

Slow versus fast transitions 



Simulated versus observed cloud cover 

( ! Qualitative comparison only)  



Slow against fast SCT 



Simulations 

UCLA-LES (Stevens, 1996,1999) 

  initial time : 10 LT, duration: 72 hours 

  diurnal cycle of solar radiative forcing taken into account  

  cloud droplet number concentration: 100 cm-3 

  resolution : x = 35m, z = 5m 

  domain size : 8.96 X 8.96 X 3.2 km (256 x 256 X 528 points) 

    roughly 100 000 hours of computing time for 72 hours of simulation 



Motivation 

Cloud regimes ranging from stratocumulus in the subtropics, to shallow cumuli and 
deep convective clouds toward the Equator (Fig. 1 Stevens, 2005b, following Arakawa (1975)). 

NE Pacific 

Cold eastern subtropical ocean Warm western subtropical ocean 



The simulations capture the major observed features of the SCT, and 
corroborate the conceptual model proposed by Bretherton (1992) to explain it 

w’θv’ 

CF 



Composite case : NEP - JJA 2006-2007 
Initial profiles (10 LT) Forcing 

Calipso 

Time (days) 

θl (K) qt (g/kg) 

u (m/s) v (m/s) 

Time (days) 

D (x106 s-1) 

SST (K) 


