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Abstract

Detailed analysis of the temperature and moisture fields based
onroutine hourly surface observationsin North America can provide
a rational basis for surface feature analysis, thus clarifying the
present confusion. Recognition of surface features is an important
part of weather forecasting and is especially needed in a careful
diagnosis for the prospects of deep convection.

Surface temperature gradients are advocated as the primary
basis for identifying fronts; examples are given of gross discrepan-
ciesincurrentoperational practice between the surface temperature
fields and the associated frontal analyses. Surface potential tem-
perature, selected as a means of compensating for elevation differ-
ences, is analyzed in the western United States for a period in which
a strong, damaging cold front develops and dissipates over a period
of less than 24 h. Frontogenesis-related calculations, based on
detailed surface temperature analyses, help to explain a case of
focusing of heavy precipitation in northern Kentucky that produced
a flash flood.

Conditions for the initiation of intense convection are illustrated by
detailed analyses of the surface moisture and temperature fields.
These are used to estimate the buoyancy of surface air lifted to
midtroposphere and show the relationship of this buoyancy to ensu-
ing convection. The analyses aid in recognition of the surface dryline
(a feature commonly misanalyzed as a cold front) and those
convectively produced pools of cold air at the surface that often play
amajor role in the subsequent redevelopment of convection.

The proposed analyses might be difficult to achieve manually in
operational practice during busy weather situations, but this could
be facilitated by using objective methods with present and prospec-
tive workstations. Once surface features are identified, theirtemporal
and spatial evolution must be followed carefully since they can
change rapidly.

1. Introduction

The perception that current surface analyses are
often unsatisfactory is widely shared (e.g., Young and
Fritsch 1989; Mass 1991). This problem was the topic
of a 1991 workshop convened at the National Meteo-
rological Center (NMC), with results reported by
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Uccellini et al. (1992). In hopes of contributing toward
improvement of the situation, we are urging the routine
analysis of surface temperature as a basis for surface
frontal analysis, as a guide in the forecasting of deep
convection, and for other short-term forecast applica-
tions. In current operational practice, temperature
analyses are performed at all other standard levels but
surface isotherms and isodrosotherms (or some other
representation of humidity) are not routinely dissemi-
nated. Their appearance even in research analyses is
surprisingly infrequent.

Given the abundance of surface observations over
midlatitude land areas, this lack seems ironic in view
ofthe considerable public interestinthe currentweather
(Cressman 1971), and especially the temperature,
which often headlines public weather messages. Sur-
face isotherms, moreover, are typically included in
forecast maps appearing in the media.

The neglect of surface temperature analysis prob-
ably has its origin in the perception, exemplified by
Petterssen (1940, p. 7), that “[surface temperature] is
often neither representative nor conservative. It is not
representative because of many local or orographic
influences, and it is not conservative on account of the
preponderance of nonadiabatic irreversible processes
in the air close to the earth’s surface.”

The apparent meaning of representative in
Petterssen’s view is that the quantity in question is
“characteristic of an entire air mass or a large portion
thereof.” Aithough the concept of abroad air mass with
nearly uniform properties in middle and high latitudes
is nolongertaken literally by most analysts, “represen-
tative” clearly refers to some large scale, perhaps the
scale of migratory cyclones and anticyclones. Since
we are now much concerned with the mesoscale,
however, the concept needs rethinking. What formerly
was considered nonrepresentative may be viewed
now as representative of a mesoscale system. Local
and orographic influences are strongly influential on
mesoscale siructure and thus are now thought to be
processes to be diagnosed rather than disregarded.
The conservative character of a variable is not a
requirement for its analysis. Pressure, temperature at
upper levels, clouds, and precipitation are not con-
served following the air motion, of course, but are
analyzed widely nevertheless. The bases for declining
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Fia. 1. NMC North American surface data plot for 2100 UTC 13 February 1991, with fronts and troughs as analyzed by workshop

participants (from Uccellini et al. 1992; used with permission).

to deal with surface temperature analyses, therefore,
do not now seem to be valid.

We acknowledge, on the other hand, the value in
analysis of elements that are conservative for adia-
batic conditions. In regions of significantly variable
surface elevation, use of potential temperature en-
ables a distinction to be made between diabatic heat-
ing or cooling and adiabatic temperature changes
resulting from flow along the slope of the terrain.
Similarly, the analysis of specific humidity or mixing
ratio enables the analyst to distinguish between the
effects of true gains or losses of water vapor by the air
parcel and the relatively modest changes in dewpoint
that occur solely due to changes in parcel elevation.!
Computation of potential temperature and, say, mix-
ing ratio is quite simple today. Thus, we feel that (i)

0f course, in regions with little or no variation in surface elevation,
the difference between temperature and potential temperature (or
dewpoint and mixing ratio) becomes moot.

506

good reasons no longer exist for not tapping the rich
vein of information in the surface thermodynamic and
moisture observations and (ii) doing appropriate analy-
ses will add precision and utility to surface analyses.
In particular, we will describe benefits expected to
result from two classes of applications.

2. Surface feature analysis

A composite of the independent frontal analyses
prepared during the 1991 workshop (Uccellini et al.
1992) by each of the assembled experts appears in
Fig. 1. The wide range of positions determined by
individuals (including the operational NMC analysis
shown by the heavy lines) reflects the present state of
confusion even in a region of dense data coverage.
Some, but by no means all, analyzed fronts in Fig. 1 lie
near the warm boundary of a zone of strong surface
temperature contrast (the primary determinant of den-
sity contrast), evidently showing that not all the partici-
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pants viewed the thermal contrast as adequate. It
appears that other, indirect means of identifying fronts
(including wind shifts, pressure troughs and tendency
contrasts, dewpoints, and clouds and precipitation)
were being used. But these various indirect indica-
tions are weighted differently by different individuals,
leading to a plethora of frontal positions. Similar
disagreement between the frontal analyses produced
simultaneously at a number of weather centers was
demonstrated by Renard and Clarke (1965) for a
hemispheric case in 1964, so the problem is not a new
one.

Present guidelines for frontal analysis, as quoted
from NWS Forecasting Handbook No. 1 (1979) by
Uccellinietal. (1992), refer to “vertical consistency” as
an important guideline. This consideration evidently
serves the goal of inferring the flow aloft from the
surface analysis, by assuring vertical consistency
between surface fronts and upper-level baroclinic
zones/jets. Hence, strong horizontal contrasts of sur-
face temperature are discounted sometimes on the
basis that they are too shallow to have an impact on
the structure aloft. We believe that these guidelines
are not now appropriate, given the present and pro-
spective database. The analysis of the flow aloft,
based on aircraft, satellite, and profiler observations,
in addition to rawinsondes, no longer depends on the
surface frontal analysis.

Details of the surface temperature pattern within
the boundary layer nevertheless are important in
themselves. Indeed, Sanders (1955) showed that an
intense surface front in the central United States
weakened substantially immediately above the sur-
face. This typical structure was explained by Hoskins
and Bretherton (1972), who showed analytically the
dynamical importance of a surface boundary. Only at
the surface, where the reinforcement of confiuent
geostrophic frontogenesis by the accompanying
ageostrophic flow is not opposed by the frontolytic
effect of the vertical circulation, can the temperature
gradient develop toward discontinuity in finite time. It
appears that processes other than geostrophic
confluence that tend to strengthen horizontal tem-
perature (thus density) contrasts, specifically diabatic
and frictional ones, also will tend to produce
discontinuities in this way only at or very near the
surface. Theimportance of surface temperature analy-
sis is thus reinforced.

The 1979 guidelines also refer to “continuity, [and]
persistence.” We take this to mean that the analyzed
front should appear on a number of consecutive maps
at 3-h intervals, preferably constituting a life history of
days. Theory and close observation, however, indi-
cate thatthe timescale of significant frontogenesis can
be hours rather than days. We do not wish to reject
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continuity of the gradient as a criterion but we wish to
deemphasize its importance, especially ontimescales
fess than 12 h.

Finally, the 1979 guidelines refer to “the evidence of
satellite pictures,” but the imagery, while effective for
locating cyclone centers, especially at sea, rarely
indicates specifically the position of a front and gener-
ally displays much more banded structure than could
be explained by any reasonable number of fronts.
Satellite imagery certainly can be helpful butitalso can
obfuscate the analysis, and its information should not
be the primary driver in frontal analysis, except per-
haps in the absence of all other supporting data.

We choose to stand by the classical definition of a
true front as a density “discontinuity,” reflected in the
surface data as a strong thermal gradient, with the
front located by convention on the warm side of the
gradient zone. The main point is that we wish to
characterize boundaries as nonfrontal if there is not
an associated strong thermal gradient.

At times, the surface boundary layer in which
surface observations are taken is, indeed, not repre-
sentative of the deep troposphere above. Whereas
features characterized by deep tropospheric baroclinity
typically are well reflected in the surface data, this is
not always the case. Basically, we are advocating
using surface data to guide the surface analysis. If
features extending through much of the troposphere
are reflected in the surface data, then they should be
depicted. However, if they donotshow up clearly inthe
surface observations, then we think that those fea-
tures should not be added to the surface analysis
simply because they are present aloft.

a. Current operational analyses

To provide some experience in surface tempera-
ture analysis and to see the extent to which current
operational frontal analysis is consistent with it, we
added isotherms to NMC surface maps. We chose to
examine these not because we believe the NMC
frontal analyses to be uniquely unsatisfactory but
rather because they are most readily and widely
available. It is our experience that an extensive series
of analyses from nearly any other source, whetheritis
an operational center, a research laboratory, or a
university department, typically will show comparable
characteristics.

Specifically, isotherms at intervals of 5°F were
added to the North American surface analyses re-
ceived on DIFAX (digital facsimile circuit) at or near
0000 and 1200 UTC, from 20 January to 5 March
1993. Analyzed fronts often corresponded with strong
analyzed temperature gradients, but many were not
so supported and many regions of strong gradient
were not denoted.
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Fic. 2. NMC surface analyses with isotherms added for (a) 0000
UTC, (b) 1200 UTC 30 January, and (c) 0000 UTC 31 January 1993.
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The case shown in Fig. 2 displays an intense
gradient north of the Great Lakes that is not recog-
nized as a frontinitially (Fig. 2a). By the next chart (Fig.
2b), 12 h later, this front is added to the chart in the
proper position at the leading edge (i.e., the warm
side) of the zone of thermal contrast. To the southeast,
the front offshore over the Atlantic matches the iso-
therms satisfactorily in Fig. 2a, but just north of the
Gulf Coast the analyzed front lies in a region of weak
gradient from southern Georgia to eastern Texas,
avoiding relatively strong gradients to the north and
offshore. The analyzed front moves southward 800—
1100 km during the next 24 h (Figs. 2b,c), while the
isotherms move only 250 km or less.

A case of little correspondence between fronts and
isotherms shows a trough of cool air in the lower Rio
Grande valley (Fig. 3a), warming slowly, as first an
analyzed warmfront (Figs. 3a,b) and then an analyzed
cold/occluded front (Fig. 3c) appear to pass through it
with little effect. A strong gradient near the Texas Gulf
Coast is first denoted as a trough (“trof”), then by
nothing, and finally by a cold front as a new low forms
in southeastern Texas. The warm front extending
southward from this low runs through a region of
homogeneous air over the Gulf. Although this is an
extreme example, it is not an isolated one.

No other fronts were analyzed on these maps,
except for a cold front in central Canada (Figs. 3b,c)
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