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I. INTRODUCTION

Studies of tropical thunderstorms have shown that  vertical 
wind shear has a large influence on storm evolution (e.g., 
Wissmeier and Goler 2009) and that convergence caused by 
sea  breezes  can  trigger  thunderstorms.  In  their  study  of 
convection in the Darwin area in the “Top End” of northern 
Australia,  Keenan  and  Carbone  (1992)  found  that  initial 
convective  features  tend  to  evolve  towards  a  line  of 
thunderstorms, which is oriented perpendicular to the low-
level  shear  and  shows  forward-moving  squall-like 
characteristics.  A particular  phenomenon  occurring  in  the 
Darwin  region  is  the  so-called  “Northeaster”,  which  is  a 
multicellular storm complex or squall line approaching the 
coastal  city  from  the  northeast.  A  good  example  of  a 
Northeaster passed over Darwin during the afternoon of 14 
November 2005. The automatic weather station at the airport 
was hit by lightning and stopped recording during the storm. 
The storm produced wind gusts of up to 93 km h-1 which 
uprooted or snapped trees along a 1 km stretch of a highway 
adjacent to the airport, and the outward bound section of the 
highway  was  blocked.  Power  supplies  to  many  residents 
were  disrupted  for  up  to  an  hour.  It  is  the  observations 
relating to this storm that  motivate the formulation of the 
idealised numerical calculations described herein.

The  aim  of  this  work  is  to  perform  idealised 
numerical  simulations  relevant  to  the  Northeaster  that 
occurred  on  14  November  2005,  and  to  investigate  the 
influence  of  the environmental  vertical  wind shear  on the 
evolution  of  the  model  storm  system  that  develops.  A 
particular focus is to examine how the additional lifting and 
low-level vertical wind shear provided by the sea breeze(s) 
lead to the formation of a severe multicell complex. In the 
course  of  studying  the  formation  of  new  updraughts,  the 
applicability  of  the  Rotunno-Klemp-Weisman-criterion 
(Rotunno  et al. 1988) is tested. The observations of the 14 
November  case serve as a reality  check on the  numerical 
solutions.

II. MODEL CONFIGURATION

To study multicell thunderstorms, especially the Northeaster 
of 14 November 2005, and the circumstances which leads to 
their  formation  the  three-dimensional,  non-hydrostatic 
cloud-scale model of Bryan and Fritsch (2002) and Bryan 
(2002)  is  used  where  the  ice  microphysics  scheme  is 
included.

Convection is  initialised  in  an environment  with 
the wind, vertical temperature, and moisture profiles taken 
from the 14 November 2005, 0000 UTC Darwin sounding. 
To  represent  the  mid-afternoon  conditions  when  the 
Northeaster developed, the lowest 1 km of the sounding is 
modified to give a convectively-mixed boundary layer. The 
calculated CAPE based on these values is 4129 J kg-1.

The model domain size is (90 x 60 x 28) km3, with 
a  horizontal  grid  spacing  of  1  km,  and  a  vertical  grid, 

stretched from 120 m at the bottom of the domain to 1 km at 
the  top.  Convection  is  triggered  by  an  axis-symmetric 
thermal perturbation of horizontal radius 4 km and vertical 
extent 500 m. A temperature excess of 2 K is specified at the 
centre of the thermal and decreases gradually to 0 K at its 
edge.

A number  of  experiments  is  performed  with  a 
combination of a northerly (Nsb), westerly (Wsb), and/or a 
northwesterly  sea  breeze  (NWsb).  Each  sea  breeze  is 
initialised using a box of cold air  in  the  north,  west,  and 
northwest of the domain at the beginning of the simulation, 
respectively.  The depth and temperature excess  of the  sea 
breezes are zsb = 2 km and θsb = -2 K, respectively, and these 
values  are  based  on  observations  of  sea  breezes  in  the 
Darwin region (Todd Smith,  Darwin Regional  Forecasting 
Centre,  personal  communication;  May  et  al. 2002).  Each 
experiment  is  run  for  180  minutes,  thereby  allowing  the 
initial updraught and the subsequent storm system enough 
time to develop.

III. RESULTS AND CONCLUSIONS

The basic experiment is initialised with a Nsb, a NWsb, and 
a thermal perturbation  which is  placed so that  convection 
develops at the Nsb front. Horizontal cross-sections through 
the initial updraught with its cold pool and the subsequent 
storm system at mid-levels are shown in Figures 1a and b at 
times  t  =  50  and  110  min  after  model  initialisation, 
respectively. The model output compares well with reality in 
the following respects:

• Initial cell (see Fig. 1a) progresses to the west;
• New updraughts develop on the gust front of the 

initial  cell,  but  behind  the  sea  breeze  front 
(formation of a multicell complex, see Fig. 1b);

• New cell development along the southern flank of 
the multicell complex;

• Propagation speed and direction  of  the  multicell 
complex (40 km h-1, west-northwest);

• Orientation  of  the  multicell  complex  (north-
northeast/south-southwest); and

• Length of the line of convection (25 to 30 km).

The  role  of  the  two  sea  breezes  in  the  evolution  of  the 
multicell  complex  on  14  November  2005  is  studied  by 
modifying the basic experiment. A total of seven sensitivity 
experiments  is  considered  here.  Four  experiments 
investigate the importance of the sea breezes: no sea breezes 
(EXP1); only a Nsb (EXP2); only a NWsb (EXP3); and the 
NWsb replaced by a Wsb (EXP4). Two experiments use the 
basic experiment with the position of the initial convection 
changed: convection is triggered ahead of the Nsb (EXP5); 
and  convection  is  triggered  behind  the  Nsb  (EXP6).  The 
basic  experiment,  initialised  with  different  idealised  wind 
profiles, provides the basis for EXP7.
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FIG. 1: Mid-level storm structure depicted at a) t = 50 and b) 110 
min. The sea breeze fronts and the gust front are denoted by the 
dotted (red) and solid (black) lines, respectively, and represent the 
-0.5  K  temperature  perturbation  contour.  Vectors  represent 
horizontal  flow at  z = 4.6 km, and the total  precipitation mixing 
ratio qn=qr+qs+qg is contoured in grey at 2 g kg-1 intervals, with the 
zero contour omitted. Regions of updraught velocities at z = 4.6 km 
larger than 5 m s-1 are shaded.

The  sensitivity  experiments,  EXP1  to  EXP7,  show  the 
following:

• A sea breeze can supply lifting to the initial cell 
what  leads  to  a  stronger  updraught,  to  more 
precipitation loading within the thunderstorm, and 
to a stronger downdraught and gust front than if 
there had been no sea breeze or a sea breeze which 
is located far away from the initial cell.

• A  strong  updraught  and  downdraught  are  not 
indicators  as  to  whether  a  (large)  multicell 
complex will develop. Large low-level horizontal 
convergence is the primary factor determining the 

regions  where  new cell  development  at  the  gust 
front of the initial updraught is most likely.

• The low-level convergence at the edge of the cold 
pool needs to be strong and persist for a sufficient 
time so that new cells can develop.

• Large horizontal convergence at the gust front is 
achieved  if  the  strength  of  the  cold  pool  is 
comparable to that of the opposing environmental 
flow. Whether the vertical shear generated by the 
environmental wind is approximately balanced by 
the  gust  front  shear  can  be  determined  via
an  equation  similar  to  the  Rotunno-Klemp-
Weisman-criterion (Rotunno et al. 1988).

• The gust front is strong if the initial updraught is 
tilted significantly, so that the downdraught does 
not fall into the buoyant air, but supplies a specific 
region of the cold pool continuously with cool air.

• Updraught  tilting  is  caused  by  strong 
environmental  wind  shear  and  by  the  vorticity 
generated by the sea breeze(s).

• Even though the convergence at the gust front is 
strong,  convection  can  be  suppressed  by 
subsidence from pre-existing neighbouring cells.

The  aim  of  this  work  has  been  to  provide  a  deeper 
understanding of  the overall  evolution of the  Northeasters 
and  of  the  factors  which  lead  to  the  development  of 
thunderstorm  complexes  with  squall-like  characteristics. 
Even though the experiments were motivated specifically by 
thunderstorms in the Darwin area, the basic principles and 
relations  itemised  above  are  likely  to  apply  also  to  other 
regions in the tropics and mid-latitudes.
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