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Life cycle of a single deep convection cell
(30-60 minutes)

Developing stage Mature stage Dissipation stage



Microphysical processes in a deep convective cloud (U. Lohmann, ETH).

~10 km

Single convective cell



What does it mean “organized convection”?



What does it mean “organized convection”?

Since I am a modeler, I will explain this using 
a numerical model…



2D simulations of convection in the mean GATE environment (following 
Jung and Arakawa MWR 2005): sheared versus no-shear environment.

dx = 2km
dz ~ 300 m



Hovmüller diagram of the surface precipitation

~ - 4 m/s

~ 4 m/s



Hovmüller diagram of surface precipitation and 
cloud-top temperature for the shear case… 



Snapshot of the sum of cloud and precipitation 
mixing ratio: a squall line



Zipser, Mon. Wea. Rev., 1977 (observations in GATE)









Moncrieff QJ 1992



“RKW theory”



Tornadic supercell – another example of organized convection…

Typically associated with high CAPE and thus occurring over 
summertime continents, especially N. America…



Klemp 1987 

Browning 1964 



Rotunno 1981 



40 min 80 min 120 min

Kurowski et al. AG 2011



Impact of organized convection on its environment



Houze, BAMS, 1997

Thermodynamic effect (mean heating: latent 
heating + convective heat transport)

Radar reflectivity

Convective vs. stratiform precipitation



Dynamic effect (convective transport of 
horizontal momentum)

Prescribed 
radiative cooling 
(1.5 K/day 
across 
troposphere), 
prescribed 
surface 
conditions 
(ocean with 
constant SST), 
no mean large-
scale shear

Hovmüller 
diagram of 
surface 
precipitation

Grabowski and Moncrieff, QJRMS, 2001

~ 3 km 
horizontal 
gridlength

Illustrated here by 2D cloud-resolving simulation of convective-radiative 
quasi-equilibrium in a very large computational domain



Dynamic effect (convective transport of 
horizontal momentum), cont.

Grabowski and Moncrieff, QJRMS, 2001

Convection 
takes the form 
of 2D squall 
lines, like in 
GATE small-
domain 
simulations

…there is no large-scale 
shear, but it does exist in 

parts of the domain…



Dynamic effect (convective transport of 
horizontal momentum), cont.

Grabowski and Moncrieff, QJRMS, 2001

Averaged along the 
coupled 

perturbations



Dynamic effect (convective transport of 
horizontal momentum), cont.

Grabowski and Moncrieff, QJRMS, 2001

τ = 1 day, mean flow 
deviates ~ 1 m/s, so the 
momentum fluxes 
represent accelerations 
~ 1 m/s/day



Is organized convection present 
in many places on Earth?



Organized convection in the tropics: 
part of the multi-scale convective 
phenomena…



Madden and 
Julian, JAS 1972

0 days, 45 days

12 days

22 days

34 days



Nakazawa, JMSJ, 1988
supercluster organized convection



Nakazawa, JMSJ, 1988

(organized convection)

Nakazawa, JMSJ, 1988



Satellite picture of a super-cluster during TOGA COARE
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Organized convection outside the 
tropics: mesoscale convective 
complexes (MCC) over 
subtropical and midlatitude 
summertime continents…



Relationship among mesoscale convective complex (MCC) population centers, 
elevated terrain, and prevailing midlevel flow (After Laing and Fritsch 1997) 

Location Fraction of Global Population
Land
Ocean
Northern Hemisphere
Southern Hemisphere

91.6
8.4
66.5
33.5

Mesoscale Convective Complex Locations

Laing 2006



Seasonal distribution of African MCCs

Laing 2006



Relationship among mesoscale convective complex (MCC) population centers, 
elevated terrain, and prevailing midlevel flow (After Laing and Fritsch 1997) 

Location Fraction of Global Population
Land
Ocean
Northern Hemisphere
Southern Hemisphere

91.6
8.4
66.5
33.5

Mesoscale Convective Complex Locations



In US, availability of continental-scale 
continues-in-time radar data at 2-km horizontal 
resolution (from Weather Surveillance Radar –
1988 Doppler;  WSR-88D) allows unprecedented 
analysis of summertime precipitation 
“episodes” associated with the presence of the 
organized convection…

Carbone et al. JAS 2002; and subsequent papers…



Carbone et al. JAS 2002



Carbone et al. JAS 2002

diurnal cycle Propagating precipitation “episodes”



Knievel et al.  (2004)

Amplitude of diurnal cycle:



Phase of diurnal cycle: getting it right means 
getting traveling convective systems right …

Knievel et al.  (2004)



A problem of interaction among elevated solar 
heating, environmental shear & traveling convection

-1c  15 ms;

+

Afternoon Next morning

Cumulo-
nimbus

~1000 km

To first order, elevated solar heating 
determines start position  & start 
time of traveling convection

Mesoscale 
downdraft

++-

MCS = 
cumulonimbus

family

From M. Moncrieff



Diurnal cycle of deep convection in 
global observations and large-scale 

models



Yang and Slingo, Mon. Wea. Rev., 2001

Amplitude of the diurnal 
cycle: larger over land 
than over  ocean

Phase of the diurnal 
cycle: early evening over 
land, early morning over 
ocean

Observations:



Betts and Jakob, J. Geophys. Res., 2002
ECMWF model                         Observations

8:00-14:00 LST 14:00-20:00 LST

20:00-2:00 LST 2:00-8:00 LST

Analysis of one 
week simulation 
using ECMWF 
model (February 
1999) 

A global NWP model



CAM (Community 
Atmosphere Model from 

NCAR’s Community Climate 
System Model)

Observations

A global climate model

!



Guichard et al. QJRMS 2004
Grabowski et al. QJRMS 2006

Cloud-resolving 
models are capable in 

representing boundary-
layer and convective 
development when 

appropriate boundary 
layer scheme is used…

Deep convection is 
triggered prematurely 

when traditional 
convective 

parameterization is 
used…



Typical evolutions of surface sensible and latent heat 
fluxes over summertime continents

latent

sensible

Tropical Rainfall Measuring Mission 
(TRMM) Large-scale Biosphere 
Atmosphere (LBA) Experiment, 

Rondonia, Brazil

(as applied in a study by Grabowski et al. QJRMS 2006)

Atmospheric Measurement Program 
(ARM) Southern Great Plain (SGP) Site, 

Oklahoma, USA

(as applied in a study by Brown et al. QJRMS 2002)



Grabowski et al. QJRMS 2006

Deviations from initial (0h) profiles…



Grabowski et al. QJRMS 2006

Evolution of various cloud 
characteristics in a small 

ensemble of custom-designed 
LES/CRM simulations as the 

day progresses…



Summary:

Deep convection is often organized into mesoscale convective systems. 
These system are typically built from individual convective cells that 
undergo classical life cycle, i.e., through development, mature, and 
dissipations stages. The classical example is the squall line system. The 
supercell is another example of organized convection.

The key to mesoscale organization is the vertical shear of the 
horizontal wind, in addition to (obviously!) CAPE.

Organized convection is poorly represent in large-scale models in 
weather and climate. There is virtually no convection parameterization 
that includes physics of convection organization as typically shear is 
not consider in the parameterization.

Convection-permitting (i.e., nonhydrostatic) large scale models is an 
obvious way forward.


