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1. INTRODUCTION     

 
Atmospheric fronts and frontal systems are 

central components of weather (and hence climate) 
over the much of the world. In much of the Southern 
Hemisphere (SH) extratropics these frequent 
phenomena (every few days at a given location) are 
associated with, among other things, precipitation, 
dramatic changes in temperature and wind 
(direction and speed), and extreme events.  

Over the last century the concept of a front 
was introduced and progressively refined. Among 
the important milestones in that development may 
be mentioned the studies of Bjerknes (1919), Miller 
(1948), Scherhag (1948), Palmén (1951), Godson 
(1951) and Taljaard et al. (1961).  

While fronts are rapidly becoming obsolete 
as an analysis tool, they will long remain a 
conceptual tool with which to communicate weather 
changes (see, e.g., McCann and Whistler (2001)) 
and understand atmospheric and climatological 
structure. (For example, the meridional tilt of a front 
is intimately tied up with the angular momentum 
budget (Holton 2004).) We are developing a frontal 
analysis suite based on objective and automated 
principles. This objectivity means that our schemes 
can be applied to large numbers of case studies, 
reanalysis sets and the outputs of  climate 
simulations. As we have pointed out, fronts are a 
central part of the meteorology and climate in the 
extratropics, and that the present and future 
behaviour of these features are a central part of 
understanding climate and its variability and 
change. 
 Earlier efforts at the objective, computer-
based identification of fronts include those of 
Renard and Clarke (1965), Clarke and Renard 
(1966), Hewson (1997, 1998), Huber-Pock and 
Kress (1989), Sabo (1992), Kašpar (2003), and 
Newstead and Simmonds (2006). These schemes 
have involved considerable sophistication and make 
use of a range of parameters including wind shear, 
temperature contrasts, moisture gradients, and 
vertical motion. Most of these schemes work well 
when used on high resolution and limited area 
analyses. However, they do not invariably work as 
well when applied to the moderate-resolution global 
reanalyses, and also different levels of skill are 
apparent across the case studies for different parts 
of the globe. We report here on a component of our 
project directed at the parallel development of a 
‘simpler’ scheme which can be confidently applied 
to such products.  
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2. EULERIAN FRONTAL ANALYSIS SCHEME 
 
The version of the objective frontal analysis scheme 
discussed here is essentially Eulerian and based on 
wind direction and magnitude changes. (Such schemes 
have been used in different contexts (e.g., Huang and 
Mills (2006).) When applied at the ‘surface’ level we 
make use on the 10m winds, and in the following employ 
the ERA-40 6-hourly reanalysis (Uppala et al. 2005). 
Our scheme builds on that presented earlier (Simmonds 
2008). At each grid point for it to be concluded that a 
mobile front has passed we require, firstly, that between 
successive analyses (at times t and t +1) that the wind 
shifts from the northwest quadrant to the southwest 
quadrant. Secondly we require that the associated 
change in the meridional wind component, dv (= v t + 1 - v 
t ), exceeds a specified value (by construction, that 
change in v will be positive for such a wind direction 
change).  
 We present in Figure 1 an example over the 
western South Pacific from 1200UTC 15 July 2001 
which indicates the points at which  

1 NW-SW transition   (blue) 
2 As 1 and dv in the range 2-4 ms-1 (dark 

green) 
3 As 1 and dv in the range 4-6 ms-1 (mid 

green) 
4 As 1 and dv in the range > 6 ms-1 (light 

green) 
 
Also presented is the MSLP field at time t +1. The 
Figure allows an appreciation of the sensitivity of the 
identification to the critical value of dv. 

After the grid points have been flagged we can 
regard our field to be analogous to a black and white 
image where the flagged grid points are treated as black 
pixels (colour code 1) and the others are white (colour 
code 0). This black and white image may be analysed 
with a technique from digital image processing called 
component labeling (McAndrew 2004). These 
components, or objects, correspond to the regions of 
flagged grid points that represent the fronts – we will call 
them frontal objects. We wish to determine the groups of 
adjacent black pixels that are connected in some sense. 
In our context we exploit the image processing concept 
of connectivity which defines the relationship between 
adjacent pixels. We employ 8-connectivity which relates 
a given black pixel to its nearest 8 neighbours: any black 
pixel in this neighbourhood is considered to be 8-
connected to the given pixel. After component labeling 
all of the frontal objects have a unique label that serves 
as an identification number for each group of connected 
pixels (grid points). These and their associated assigned 
numbers are presented in Figure 2. 
 As a final step we wish to identify the frontal 
line associated with each frontal object derived with a 
given criterion (from hereon this is dv > 2 ms-1). For 
each frontal object we use the eastern edge grid points 
to determine an appropriate location for the front. 
Essentially if we compare the winds at times t and t +1 
and plot the flagged points at time t+1 then the front is 
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somewhere between the detected eastern edge and 
the next eastward grid point. We place the front at 
the next grid point to the east i.e. the front has not 
been detected here. This means that we have a set 
of latitude-longitude points that correspond to a 
front. The choice of connectivity and an ‘edge’ 
means that the latitude values will increase by one 
along the set of points. Hence we effectively have a 
single series of longitude values that represents a 
front.  

Following this procedure, the set of longitude 
values for a front will be step-like since it is 
comprised of regular grid point locations. The 
longitude values may be treated as a simple series 
and smoothed in some way. To present a more 
physical and smooth picture we have used the 
resistant smooth method (Velleman and Hoaglin 
1981) on these sets of data. (This robust statistical 
technique is based on a combination of a set of 
short-window running median and running mean 
filters that are successively applied to the series). 
We employ the widely-used choice, 4253H, for the 
smoother. Finally, the set of smoothed frontal points 
is connected by a smooth curve produced by a 
cubic spline. 

Figure 3 displays the resultant frontal lines for 
the synoptic case discussed here (each front has a 
unique label as determined from the component 
labeling analysis). (The particular filter used here 
requires at least seven points. For fronts which 
have less than seven the spline is passed through 
the unfiltered points.) It will be seen that this simple 
scheme works well. We have applied it to many 
case studies and are confident it appropriately 
identifies the vast majority of fronts.  
 
3. ASPECTS OF A FRONTAL CLIMATOLOGY 
 
 The scheme we have outlined determines 
a wide range of statistics from each front it 
identifies. From these climatologies can be 
assembled for key characteristics. We confine 
ourselves here to showing just two of these 
parameters, averaged over 1958-2002 for the 
winter (JJA) ERA-40 reanalysis. Figure 4 displays 
the frequency distribution of all points making up 
fronts. The largest density is seen to occur in the 
Indian ocean to the southwest of Australia, and 
there are high numbers of frontal points centered in 
a band on 45oS in most of the basins, but with the 
eastern Pacific exhibited more modest values. 
Figure 5 present a display germane to the 
climatological mean length of winter fronts. For 
each front the ‘centre of gravity’ of the smoothed 
points is determined, as is the total length of the 
front. A frequency distribution is then determine 
whereby the frontal length is placed on the map at 
the location of the centre of gravity. Figure 5 
displays the distribution of lengths presented in this 
way. It indicates that the Indian Ocean is host to the 
longest fronts in the SH, and that in the mean the 
centre of gravity of these lies between 40 and 45oS. 
Comprehensive details of these and other 
structures are presented in Simmonds et al. (2009)  
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Figure 1 : Sensitivity test of the Eulerian frontal identification scheme for ERA-40 10 m winds at 1200UTC on 
15July 2001, with MSLP as a background. The grid points are coloured and numbered according to the flags 
given in the text. 
  
 
 
 
 
 
 

 
 
 
Figure 2:  The frontal objects identified by the ‘component labeling’ procedure described in the text for the case 
shown in Figure 1.  
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Figure 3 : Surface frontal lines identified by the procedure described in the text, derived from the component 
labeling analysis. If there are seven or more raw frontal positions these are smoothed using the resistant 
smoother. Cubic spline interpolation is applied to the series.  
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Figure 4:  Mean 1958-2002 winter frequency distribution of all points making up fronts. The unit is the number of 
points per 103 (deg. lat.)2 per analysis. 
 

 
 
Figure 5:  Mean 1958-2002 winter frequency distribution of the length of fronts. For each front the ‘centre of 
gravity’ of the smoothed points is determined, as is the total length of the front. A frequency distribution is then 
determine whereby the frontal length is placed on the map at the location of the centre of gravity. The unit is 
kilometers. 
 


