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ABSTRACT

Examples of current surface-analysis problems and opportunities are presented. A prototype analysis procedure that
simulates some of the new automated analysis capabilities at the National Centers for Environmental Prediction is demonstrated. The new procedure simplifies and enhances the depiction of important surface weather features, especially
mesoscale phenomena.
1. Introduction

The recent emphasis of both research and operational forecasting on mesoscale weather phenomena
and short-term forecasts has created a need for more
detailed surface weather analyses. As a result, Young
and Fritsch (1989), Mass (1991), Sanders and Doswell
(1995), and others have experimented with new analysis techniques and improved symbology for depicting
surface weather features. Nonetheless, because of the
extreme complexity of surface weather phenomena,
a general solution to this issue has yet to emerge.
Recently, however, new automated analysis technology that provides more degrees of freedom in representing meteorological features has been placed in
operation at the National Centers for Environmental
Prediction (NCEP) (formerly the National Meteorological Center) (National Weather Association 1995).
The new technology is largely a result of a multiyear
effort by NCEP to automate its analysis products in a
manner that will accelerate delivery of its products but
still retain the high quality achieved by hand analysis
(Kocin et al. 1991; Uccellini et al. 1992). The new

technology provides new symbols and allows the analyst to, among other things, move contours, vary the
contour width, introduce labels, and otherwise modify
the analysis with relative ease.
While the new system is very flexible and can provide many more details in surface analyses, it is not
immediately obvious exactly what and how new details should be presented. As noted by Bosart (1989)
and Young and Fritsch (1989), it is desirable that depiction of synoptic-scale features retains a strong link
to historical analysis conventions and that analysis of
mesoscale features should be, to the extent possible,
consistent with the synoptic analysis conventions. The
purpose of this paper is to draw attention to the analysis problem and to provide a prototype analysis procedure for future operational surface analyses. In section 2, examples of current NCEP analysis techniques
are presented and various analysis problems are identified. Section 3 introduces some new analysis techniques that take advantage of the new automated
analysis technology, and the final section provides a
summary and concluding remarks.
2 . Current analyses
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Figure 1 shows a 24-h sequence of 3-hourly surface analyses produced at NCEP. Of interest is the
manner in which the synoptic-scale and mesoscale
features are represented, and how well the representations convey a measure of the state of the atmo491
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FIG. LA,B. Standard surface analyses produced at the National Centers for Environmental Prediction at (a) 2100 UTC 8 June and
(b) 0000 U T C 9 June 1995.
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FIG. lc,d. As in Fig. la,b but for (c) 0300 and (d) 0600 UTC 9 June 1995.
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FIG. le,f. As in Fig. la,b but for (e) 0900 and (f) 1200 UTC 9 June 1995
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FIG. lg. As in Fig. la,b but for 1500 UTC 9 June 1995.

sphere. For example, in Fig. la, the use of the standard symbols and conventions to depict a synopticscale front stretching east-west across the Great Plains
is very effective in defining the location of the frontal zone and the type of front. Likewise, the 4-mb
contour interval captures the synoptic-scale pressure
systems quite well. On the other hand, the presence
of a mesoscale weather system over parts of Kansas,
Missouri, Oklahoma, and Arkansas is not terribly obvious. The lack of ready recognition of this mesoscale feature occurs in spite of several symbols NCEP
has introduced to help define its presence, that is, the
conventional "H" for the mesohigh over central Missouri, a dashed line signifying the outflow boundary,
and the label "OUTFLOW BNDRY" stamped in southeastern Missouri. A second mesoscale system, centered
along the Kentucky-Ohio border, was not depicted in
the analysis. As pointed out by Maddox et al. (1979),
Olson (1985), Funk (1991), and many others, knowledge
of mesohighs and outflow boundaries is often crucial
for short-term forecasts of convective weather events.
The westernmost mesoscale system depicted in Fig.
la propagates eastward over the next 6-9 h and gradually dissipates over the Ohio Valley. This eastward
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progression is difficult to follow in the subsequent
surface analyses (see Figs. lb,c). Note that the eastern system, over West Virginia in Fig. lb, has now
been analyzed in the same manner as the western system, that is, a label, a dashed line, and an "H." Note
also that at 0300 UTC (Fig. lc), a new convective
system is developing near the intersection of the western outflow boundary (which is no longer analyzed)
and the front. Such intersections are well-known locations for new convective development (Purdom 1976;
Stensrud and Maddox 1988), and therefore, it is important to identify both outflow boundaries and fronts.
Except for the dryline (indicated by a dashed line
and a label), the analysis techniques for depicting synoptic and mesoscale features vary considerably in the
remaining portion of the 24-h period. For example,
examine the thickness of the line indicating the location
of the frontal zone in Figs. lc-h. In most of the analyses the location of the front is clearly evident; however, in some of the analyses (e.g., Fig. lh), the frontal
zone line is much thinner and therefore much more
difficult to discern. Moreover, the thickness of the frontal line, as well as that of the isobars, sometimes changes
within a given analysis (e.g., see Figs. lc,e,g,h)!
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FIG. lh,i. As in Fig. la,b but for (h) 1800 and (i) 2100 UTC 9 June 1995
496

64 Vol. 77, No. 3, March 7 9 9 6
Unauthenticated | Downloaded 01/09/23 01:24 AM UTC

FIG. 2a. As in Fig. la except with enhanced depiction of surface weather features. Analyses follow conventions of Young and
Fritsch (1989).

Inspection and comparison of all of the analyses reveals that the symbols for indicating the presence of
mesoscale features vary even more radically than the
frontal symbols. For example, the size and thickness of
the "OUTFLOW BNDRY" label varies by a factor of 2
or 3, sometimes is not present at all (Fig. If), and other
times is barely detectable (Fig. lb). Furthermore, another indicator of the outflow boundaries, an arrow
pointing from the "OUTFLOW BNDRY" label to the
outflow boundary symbol (i.e., to the dashed line), was
introduced in some figures (e.g., Figs. lg,h,i) but not
in others.
And finally, a state bordering on complete confusion was created in Fig. li when the traditional squall
line symbol (dash-double-dot-dash) was added to the
analysis and dashed lines were used for three different features: 1) a trough extending northward from the
low over Kansas, 2) an outflow boundary through
Oklahoma, and 3) the dryline in Texas. And then, to
complicate matters even further, the quasi-stationary
front that angled across the Texas panhandle in all of
the preceding figures was suddenly relocated farther
to the northwest. It is not clear whether cold frontoBulletin of the American Meteorological Society

genesis was being indicated at the new frontal position or the analysis hierarchy of not drawing the front
through the data had accidentally created the appearance of cold frontogenesis.
In view of the examples presented in Fig. 1, it is
evident that there is little consistency among analyses, nor are the analysis techniques very effective at
delineating significant mesoscale features. Nevertheless, these analyses have demonstrated exceedingly
well that there is great flexibility in the new analysis
system and therefore great potential for establishing
a symbology and procedure for clearly displaying significant weather features.
3 . P r o t o t y p e analysis techniques

Based upon Fig. 1 it is clear that our ability to find
and recognize a given meteorological feature is
strongly affected by the size and line width of the symbols depicting the feature. This visual differentiation of
scale suggests that it may be possible to use differences
in the size and line width of symbols to help indicate
497
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FIG. 2b,c. As in Fig. lb,c except with enhanced depiction of surface weather features. Analyses follow conventions of Young
and Fritsch (1989).
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FIG. 2d. As in Fig. Id except with enhanced depiction of surface weather features. Analyses follow conventions of Young and
Fritsch (1989).

differences in the scales of meteorological features.
To test this notion, Fig. 1 was reproduced using the
Young and Fritsch (1989) symbology but with differences in symbol size according to whether a given feature was synoptic scale or mesoscale. Symbols representing synoptic-scale features were made two to
three times larger than symbols that indicated mesoscale features. Since the automated analysis system was
not available to the authors, the reproduction was created by hand (Fig. 2). Clearly, the difference in the
size of the symbology greatly facilitates the ability to
differentiate between synoptic- and mesoscale features.
Moreover, it is relatively easy to follow the continuity
of the mesoscale features from one analysis time to the
next as the systems progress through their life cycles.
In addition to incorporating differences in symbol
size, the display of mesoscale features can also be enhanced by decreasing the contour interval between
isobars. For example, Figs. 3a,b show reanalyses of
Figs, la and 1 i using a 2-mb interval instead of 4. The
smaller contour interval helps define the size and
strength of the mesoscale systems and thereby makes
them more recognizable as coherent weather features.
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It also highlights differences in pressure gradients
(e.g., compare the gradient over Texas to the gradient over the eastern Gulf Coast states) so that, at a
glance, your attention is drawn to those locations
"where the action is." This is especially important in
weak-gradient summertime environments when the
surface pressure difference across the eastern twothirds of the country is often around 12 mb or less
(meaning, of course, that there are only two or three
isobars to define all of the significant weather features!). Note also how the enhanced gradient does a
better job (cf. Figs, li and 3b) drawing attention to
the summertime cold-air damming event in the midAtlantic region and to the narrow lobe of high pressure indicating that cooler air is spilling southward
across western Nebraska and Kansas.
Of course, there are times during the cool season
when a 2-mb interval is not only unnecessary but
would be detrimental to conveying the most meaningful depiction of the surface weather features (e.g., in
cases of intense cyclogenesis). On the other hand,
there are many wintertime situations in which the
smaller interval would be of great benefit. For example,
499
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FIG. 2e,f. As in Fig. le,f except with enhanced depiction of surface weather features. Analyses follow conventions of Young
and Fritsch (1989).
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FIG. 2g,h. As in Fig. lg,h except with enhanced depiction of surface weather features. Analyses follow conventions of Young
and Fritsch (1989).
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FIG. 2i. As in Fig. li except with enhanced depiction of surface weather features. Analyses follow conventions of Young and
Fritsch (1989).

Fig. 4 shows a late-winter/early-spring event for which
higher-resolution analysis helps to convey the presence of a mesoscale system that was playing an important role in shaping the weather in the Ohio Valley and mid-Atlantic region. Failing to highlight such
features in routine analysis seems counterproductive.
Perhaps application of smaller contour intervals
could be introduced seasonally and/or regionally on
an as-needed basis according to the discretion of the
analyst. This approach is evident on historical maps
in which the analyses were done by hand.
4 . S u m m a r y and concluding r e m a r k s

Current surface analyses were used to demonstrate
that the newly automated analysis capabilities at
NCEP are not being used to their fullest nor with adequate symbology to depict significant surface
weather features, especially those manifested on the
mesoscale. Nevertheless, the new capabilities have
great potential for providing much improved analyses.
Several new analysis techniques that take advantage
502

of the newly automated capabilities (such as variations
in line thickness, labeling, and contour interval) were
presented. The new techniques enhance the depiction
of important surface weather features, especially mesoscale systems, and thereby create a more effective
vehicle for users of surface analyses to quickly assess
surface weather conditions. Moreover, the new techniques retain the traditional analysis conventions so
that the long-term historic record of synoptic-scale
surface analyses would continue without modification.
In the process of reconstructing and reanalyzing
NCEP surface analyses, several issues arose that are
worth mentioning. In particular, the hierarchy of
analysis that requires display of the data to take precedence over the analysis itself often creates difficulties
in trying to convey important elements of the analysis
(e.g., the placement of the symbols indicating the type
of boundary). This difficulty is especially disturbing
because it can give the false impression of frontogenesis (or frontolysis) in what is really a stable frontal
configuration. Examples of analyses in which the hierarchy has been reversed (i.e., fronts and boundaries
take precedence over the data) are shown in Fig. 3.
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FIG. 3a. Reanalysis of Fig. la using 2-mb pressure intervals at 2100 UTC 8 June 1995.

The reversed hierarchy gives a clearer depiction of the
meteorological situation than the disjointed analyses
that result from always requiring that the data take precedence (cf. Figs. lh,i, 2h,i, and 3). A partial solution
to the hierarchy issue is to decrease the size of the data
plots and thereby reduce the frequency of overlap of
the data and the analysis. Here again new technology
may come to the rescue since it is now possible to print
with much higher resolution than only a few years ago.
Thus, the readability of the data can be maintained
even though the print size may be much smaller. Besides, high-speed data plots are available before the
surface analyses are transmitted so that the availability of the data itself is not an issue.
Bulletin of the American Meteorological Society

A second issue is the selection of line widths, symbol types, and symbol sizes for optimizing readability and visual recognition of important surface features. The widths and sizes used in the example analyses were, to a large extent, driven by the width of the
isobars in the NCEP analyses. Had the NCEP analysts
consistently selected thinner contours (e.g., see the
1012-mb contour in Figs. lc,e,g), it would have been
possible to use correspondingly thinner contours for
the outflow boundaries, drylines, fronts, etc. This
would have eliminated some of the problems with the
data hierarchy described above. Clearly, a certain
amount of experimentation is necessary to determine
the optimal line widths and symbol types and sizes.
503
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FIG. 3b. Reanalysis of Fig. li using 2-mb pressure intervals at 2100 UTC 9 June 1995.

Such experimentation may reveal unforseen problems
and opportunities in applying new analysis conventions. For instance, application of the Young and
Fritsch conventions in the analysis of Fig. 4 revealed
a significant deficiency in the conventions. In particular, their conventions always require the use of warm
and cold pips (semicircles and triangles) when indicating a boundary. Yet, as is evident in Fig. 4, there
is little temperature gradient across the dryline, and
therefore, the use of warm or cold pips is misleading.
Consequently, the conventions could be modified so
that the pips may be dropped at the discretion of the
analyst in instances where temperature is not a factor
in establishing a given boundary. In such instances,
504

only the cross bars indicating the type of boundary
would be retained (see Fig. 4).
A third issue pertains to the use of 2-mb instead of
4-mb pressure intervals. There can be little argument
that the higher resolution provides a better representation of events that occur in weak-gradient summertime environments and that its implementation is long
overdue. Moreover, there is an additional benefit to
the higher-resolution analyses. Several times during
the course of the reanalyses of Figs, la and li, the use
of the 2-mb interval was instrumental in forcing a
"more correct" placement of the fronts and outflow
boundaries. This is important in short-term forecasting. We have found this benefit to be true during
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FIG. 4. Surface analysis of 1900 UTC 26 March 1991 using 2-mb contour interval.
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A NEW MINORITY SCHOLARSHIP:

THE AMS/WEATHER CHANNEL®
MINORITY SCHOLARSHIP
The Weather Channel has contributed $6000 to provide an undergraduate
scholarship in the amount of $3000 to be awarded in each of two years. The
Weather Channel becomes the first corporation to extend the efforts of the AMS
to provide support to minority students who have been traditionally underrepresented in the sciences. The AMS Minority Scholarship Program began in
1993 with support from member contributions to the AMS 75th Anniversary
Campaign and is being continued through member contributions to the AMS
Programs in Support of Science and Education. This new scholarship is in addition to the three now
being supported, and will be awarded to a student entering his or her freshman year of university
study in the fall of 1996, based on academic achievement.
The Weather Channel, based in Atlanta, is the nation's only 24-hour weather cable network and
can be seen in over 60 million homes nationwide. The Weather Channel, launched in 1982, has 65
meteorologists who provide the 24-hour a day coverage of local, regional, and national weather. In
addition, The Weather Channel offers travel and five-day forecasts, severe weather coverage, onlocation updates, a schedule of educational programs, and original documentary productions.
The Weather Channel is owned by Landmark Communications, a Norfolk, Virginia, based media
company with global interests that include The Travel Channel, InfiNet, an Internet access provider,
two television stations, and seven daily newspapers.
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