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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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