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ABSTRACT 

Using a thermograph and some simple methods for esti­
mating the velocity of a coldfi'ont passing over Tucson , we 
show that this front had a width of - 20 km or less. 

1. INTRODUCTION 

Recent research has shown that some surface cold fronts have 
most of their horizontal temperature gradients contained in a 
zone on the order of 5 km wide (Bond et aI. , 3) and perhaps as 
little as on the order of 100 m (Shapiro et aI. , 4). Carbone (5) has 
also measured narrow precipitation bands (- 5 km) associated 
with cold fronts , which suggest that the fronts themselves may 
also be very narrow. This has been met with surprise and perhaps 
doubt by some meteorologists who generally regard the mature 
frontal zone to be much broader (Cahir et ai, 6). In fact, as 
Shapiro et al. (4) note , the recent work has brought the view of 
the frontal scale full circle. Early investigators assumed fronts 
to be nearly discontinuous (Abercromby , 7; Bergeron , 8) with 
widths on the order of 10 km (Eliassen, 9) . However, with the 
development of synoptic surface and upper air networks (Bjerknes 
and Palmen , 10) and the decline of continuous recordings , the 
view of discontinuous fronts yielded to that of wide transitional 
zones with widths on the order of 100s km. This width is , in 
part, an artifact of the spacing of the surface observation stations 
(- 100 km) Shapiro et aI. , 4) . The recent instrumented tower 
observations show that at least some fronts are very narrow, 
returning us to the original view of discontinuous fronts. 

Perhaps some of the argument that fronts are generally broad 
zones is due to work over the past 10-15 years on frontal dynam­
ics. While theoretically some fronts could become discontinui­
ties within a reasonably short priod of time (Hoskins and Breth­
erton , II) , it is usually argued that the horizontal and vertical 
shears that would develop in the frontal zones prior to that time 
would be very unstable to small-scale disturbances . These dis­
turbances would oppose further contraction of the frontal zone, 
and hence very narrow frontal zones are unlikely. Orlan ski et 
al. (12) argue that additional dynamical processes in the front 
itself, other than this turbulence, may prevent frontal contrac­
tion to very small scales . 

Shapiro et al. (4) note that the original view of discontinuous 
fronts originated, in part, from the many thermograph records 
made over the years as fronts passed over weather stations . Any 
student of synoptic meteorology is well aware that temperature 
falls of 10°C or more in a half hour or less during a cold-front 
passage are not uncommon. In fact , many traces show much of 
the temperature fall occurs over even shorter periods. Assuming 
a typical frontal speed of 15 m s - 1 and that most of the temper­
ature gradient passes the station in 30 min , then the frontal zone 
defined by the zone containing this temperature gradient is less 
than 30 km wide. While this is still much larger than indicated 
by Shapiro et al. (4) and Carbone (5), it is much smaller than is 
often believed. This estimate is probably an upper estimate on 
the width of many fronts; often the bulk of the temperature fall 
occurs in 10 min or less . 

In this note, we examine the width of an ordinary cold front 
that passed over Tucson , Arizona, on 6 February 1986. Since 
there was nothing extraordinary about this front, one might 
assume that the results are fairly representative of cold fronts in 
general. 

2. CASE STUDY 

We estimated the frontal width using D = V(M), where D = 
frontal width, V = velocity of the ront , and M = time for the 
total change of temperature from the frontal passage to occur. 
Fig. I shows the temperature change atop the Physics and Atmo­
spheric Sciences (PAS) Building, University of Arizona, in Tuc­
son , to be 5.6°C in 0.68 h. The latter will be used as <It in all the 
following estimates of D. 

We estimated V by four methods: Tucson transit time , frontal 
motion on NMC surface analyses , post frontal winds , and cloud 
motion on GOES imagery. We also tried to estimate V from 
NWS Radar Summaries, but the front was too ill-defined on 
these charts. 

The Tucson transit time was estimated by comparing the fron­
tal passage times at the PAS Building, Tucson International 
Airport (TUS) and Davis-Monthan Air Force Base (DMA) . Cor­
recting for a two-minute error in time setting on the PAS wind­
recorder trace , frontal passage (defined as the onset of the wind­
shift, which agrees with the onset of temperature fall for this 
front, see Fig. I) at the PAS Building was 07/0032 GMT. From 
Automated Weather Network observations , frontal passage 
occurred at 07/0142 GMT and 07/0054 GMT at TUS and DMA, 
respectively. The PAS Building is 11.4 km ± 0.2 km and 9.0 km 
± 0.2 km distant from TUS and DMA, respectively. Estimating 
the front's direction of motion from GOES imagery and NMC 
surface analyses to be from 340° ± 15° and projecting the dis­
tance vector between the PAS Building and TUS and DMA onto 
the velocity vector of the front, we calculated the velocity of the 
front across Tucson. These data give V = 2.6 m S- I ± 0.7 m 
S-I and 5.89 m S - I ± 1.5 m S- I forTUS and DMA, respectively . 
The difference between these two estimates can be explained , 
in part, by the judgment of the meteorologists at each station in 
defining the time of frontal pasage. We averaged these two 
results to obtain a final estimate of the frontal velocity across 
Tucsonof4.25ms - 1 ± 1.6ms- l

• 

We reanalyzed both the 06/1800 GMT and 07/0000 GMT Sur­
face Analyses to better locate the front. These two charts indi-
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Fig. 1. PAS thermograph trace from 6 February 1986. ~t is the time 
for the total temperature change due to the frontal passage to occur. 
FROPA is the time the leading edge of the front reached the PAS 
Building. 
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cated a change of position of 450 km ± 140 km in six hours or 
V = 20.8 m s - \ ± 6.4 m s - \. Unfortunately, the hourly surface 
observations between 06/1600 GMT and 07/0001 GMT were not 
available . These would have allowed a refined estimate of the 
front's position, but they are not critical to this discussion. 

The average wind just after the initial temperature drop began 
at the PAS Bldg. was 26 kt ± 7 kt with a maximum gust of 40 
kt and from 31SO ± 20°. If we assume that the front is advected 
with the component of this velocity perpendicular to the front, 
then V = 4.60 m s - \ ± 1.26 m s - \. Due to surface friction, this 
probably represents an upper limit on the velocity of the front. 

GOES imagery indicated V = 11.1 m s - \ ± 2.9 m s - \. We 
computed this estimate by tracking a distinctive cloud feature 
between 06/1831 GMT and 07/0031 GMT. This cloud feature , 
which we assumed moved with the front, moved 139 nm in six 
hours to give the above estimate of V. There is considerable 
ambiguity in this estimate, since this . cloud feature was some­
what diffuse on the GOES picture (Fig. 2), and it is possible that 
the cloud's position with respect to the surface front changed 
with time. 

From these estimates of the frontal velocity and Ilt estimated 
earlier, we estimate the front's width (D = V M) as follows (in 
order of what we consider to be decreasing reliability): 

Tucson Transit Time: 
Post Frontal Winds: 
GOES Imagery: 
NMC Surface Analyses: 

D = lO.4km ± 3.7km 
D = 11.2km ± 3. 1 km 
D = 27. 1 km ± 7.0km 
D = 51.0 km ± 15.6 km 

The average of the above is 25.2 km ± 9.8 km . 

The wide range in values of D is due , of course, to the wide 
range of estimates of the front's motion. The methods using the 
GOES image and the NMC Analyses are detecting the motions 
on the synoptic scale. Those using the frontal passage over 
points in Tucson or the post-frontal winds obviously apply to a 
much smaller scale . As a front moves , its velocity must vary 
widely according to locale, epecially in mountainous regions 
such as Arizona and , in particular, Tucson , and so consideration 
must be given to the scale of motion being measured. Since the 
thermograph measures the width of the front at a point , those 
methods that measure the motion of the front near that point 
provide the most reliable estimates of D. Thus , we feel that the 
calculations using the motion of the front across Tucson most 
nearly represent the width of the front as it passed across Tuc­
son. Both the Tucson Transit Time and Post Frontal Winds 
estimates are in good agreement with each other. We consider 
the Tucson Transit Time the better estimate, since the Post 
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Fig. 2. GOES imagery 0031 GMT 7 February 1986. The arrow marks the long, norrow cloud feature used to track the front. 
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Frontal Winds estimate requires the important assumption that 
the front moves with the perpendicular projection of these winds. 
The estimate from the NMC Surface Analysis is probably our 
poorest , partly because the front's position is resolved only to 
the spacing of the reporting stations and partly because locating 
a weak front in the mountainous terrain of Arizona is difficult. 
The GOES Imagery estimate is hampered by problems in track­
ing individual features and, as stated above, by giving an overall 
estimate of the front's motion through Arizona, which may differ 

-from the front's motion through Tucson. We've included these 
less reliable estimates as a caveat to others who may try to 
measure frontal widths and to indicate the magnitude of the error 
that may be encountered when mixing the scales over which V 
and Llt are estimated . 

In any event , it is reasonable to expect the front's actual 
velocity to be bracketed by the values estimated here. Due to 
the vagaries in these estimates, we conclude that D is on the 
order of20 km, but perhaps as small as IO km . This is surprisingly 
close to the frontal width estimates of IO km of early investiga­
tors (Eliassen , 9) . 

Our estimate for Llt may be large. Close examination of Fig. 
I shows a very rapid temperature fall, about half of the total 
temperature drop, during the first 0.16 h of the frontal passage. 
One could regard this large temperature gradient as representing 
the frontal zone. The temperature fall within the frontal zone 
appears to be approximately exponential and given by T = (To 
- TF)e - ,h + TF, where To and TF are the pre-frontal and post­
frontal temperatures, respectively, t is the time since the leading 
edge of the front reached the measuring point , and T defines an 
e-folding time. We measured the temperature and time at points 
on our frontal temperature trace to provide five estimates of T. 

The average of these gave T = 0.28 h. Using the Tucson Transit 
Time frontal velocity, our preferred estimate, this e-folding time 
yields a frontal width of only 4.2 km ± 1.4 km. Note that the 
response time of the PAS Building aspirated thermister ther­
mometer is 5 s; thus the 0.16 h temperature fall respresents many 
instrument time constants, and so the temperature fall is ade­
quately resolved by this device. 

We examined nine additional fronts between November 1985 
and February 1986, using the preferred Tucson Transit Time 
method and our conservative Llt (time for total change of tem­
perature from the frontal passage to occur) . The average frontal 
width from these ten cases is 9.9 km with a standard deviation 
(u) for the average of 1.2 km . Using the e-folding time yields : D 
= 2.9 km with u = 0.5 km. The .!lts were all less than one hour. 
The average Llt was 0.6 h, u = 0.03 h. The average e-folding 
time was o. I7 h, u = 0.03 h. 

3. CONCLUSION 
It can be shown, using equipment traditionally available in a 

weather station (thermograph, weather maps, station weather 
reports, etc .), that fronts certainly can be narrower than the 
hundreds of kilometers usually taught in synoptic meteorology 
classes. Fig. 2 shows that the front passing over Tucson on 6 
February 1986 was very weak. The temperature drop associated 
with the front's passage was only 5.6°C (10°F) and only 0.22 in 
of rain was recorded at the PAS Bldg. Despite its weakness, this 
front had a width on the order of twenty kilometers or less. We 
believe that similar calculations on stronger cold fronts, such as 
are often observed in the Midwest, might show even narrower 
widths. Resolution of the width in such fronts, however, might 
be restricted by the response time of typical thermographs. 
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