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PREFACE

Chief Master Sergeant Weber has continued to examine nearly all
systems which produced significant snowfall over areas of the Midwest
since 3 WW Technical Note 76-2 was published in 1976. This revision
contains additional subjective rules which were not presented in
original report. The summary in Chapter 6 has been expanded considerably.
Many of the subjective rules presented throughout this report have been
condensed into three single page summaries and may be used as a reference.

. The information contained within the Technical Note gives fore-
casters information concerning those favorable phenomena that are
required at various levels in the atmosphere well in advance of, just
prior to, and during development of a major snowstorm. The presenta-
tion should be most helpful to forecasters in determining the intensi-
fication, movement, and the effects of major systems that pass through
the Central U.S. during the winter months.

T IR

Forecasters at weather stations throughout the United States,
particularly those located between the Rockies and the Appalachians,
should find this study most beneficial. It has been written with the
new forecaster in mind, because Chief Weber feels they are the ones
needing it the:most end having more to gain from it.
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INTRODUCTION

T A R S T R AR

This Technical Note contains an orderly discussion of the atmospheric condi-
tions necessary for the development of major snow storms (those producing on the
order of four inches or more of snowfall) over the central United States.

The presentation starts out at the 30Cmb level by explaining the ideal jet
stream pattern preceding and accompanying storm development. At the 500mb level
it focuses on identification of conditions and areas over the western half of the
United States that are favorable for cyclogenesis. Related long and short wave
trough actions at the 500mb level are also discussed. Then, using several actual
occurrences, the correlation of height falls tendency to that of the newly formed
500mb low, including their related movement, is discussed. From there the dis-
cussion drops down to the 850mb level where the lee-side trough is discussed rela-
tive to proper identification and proper forecast of subsequent movement of the
main surface feature. Then in Chapters 4 and %, many examples of surface synoptic

{ pattosns that produced significant snowfalls over parts of the Midwest are pre-
sented.

After identifying areas and conditions favorable for storm development in
Chapter 4, the discussion next keys on the identification, intensification, and
steering of the main surface low in Chapter 5. The value of analyzing the 500mb
height falls and maintaining continuity of the tendency of the height fall center,
in addition to the 500mb low/trough impulse, 1s shown through numerous case studies.
In the final chapter, summaries for recognizing heavy snowfall patterns using many |
of the subjective rules within the tech note will be shown. Finally, the 8-11 i3
January 1975 Midwest bllzzard 1s discussed. The related events at all levels are .
illustrated in 12-hour intervals from start to finish of the storm to tie the condi- i
tions at the various levels topether.
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CHAPTER 1

300 M8
INTRODUCTION

The orientation of the Jet stream and the location and movement of isotach
maxima along it are factors that provide good indications for development of signi-
flcant storms over the western United States. In this chapter, the 300mb main jet
stream patterns or configurations known to precede major storm development will be
discussed. These patterns can be thought of as being characteristic of short wave
and long wave situations, respectively. The relative locations of the jet stream
patterns and the wind maxima moving along them, as they are significant to develop-
ment in lower levels, will be presented.

300 MB JET ORIENTATION AND WIND SPEED MAXTMA

The movement of wind maxima along the fet stream should always be considered
in asseessing the potential for atorm development. A maxima isotach area either
moving southeasterly into or appearing within the bottom of a trough will usually
cause the trough to deepen. A closed low circulation often appears at the S00md
level when the 1sotach maximum along the Jet stream swings eastward into the bottom
and/or southeast quadrant of the trough. The appearance of just such a closed low
at 500mb and 1its location are extremely important for determining whether a major
snowstorm will subsequently develop over the Midwest .

300 MB PATTERNS PRECEDING MAJOR SNOWSTORM DEVELOPMENT

The two most common 300mb jet patterns that indicate potential for storm
development are shown in Filgures 1 (short wave) and 2 (longs wave). Each pattern is
shown relative to the two significant periods in the development of a storm system.
Flgure a represents the jJet stream configuration during the perlod of cyclogenesis
over the western U.S., while figures b and ¢ depicts the Jet stream position later
during the storm's progression across the Midwest. Wind maxima areas are also shown.
The Jet stream positions and the wind maxima depicted in Figures 1 and 2 are average
patterns. Each jet stream/trough relationship will, of course, vary slightly from
these patterns depending upon the strength of the jet. NOTE: The low center and
troughing shown in each figure of this chapter is at the 500mb level.

SHORT WAVE PATTERN

Figure sequence 1 depicts a changing jet stream configuration within a
deepening short wave trough. In Figure la, the short wave has moved inland from the
Pacific Ocean or the Gulf of Alaska. The significant feature is the presence of a
Jet stream approaching the West Coast behind the trough. Generally, the overall
pattern shown in Figure la 1s zonal with short waves (varying in intensity from nearly
undiscernable to quite strong and evident) moving steadily eastward across the U.S.
Storm development often occurs west of the Rocky Mountains with maximum storm inten-
sification occurring over the central U.S. Cyclogenesis within the 500mb trough
occurs Just to the north of the area where the jet stream dipgs into the 300mb trough
shown in Figure la. There are other factors besides the Jet stream to be considered
for 500mb low formation. These factors will be discussed in detail in Chapter 2.

In Pigure 1b, the amplitude of the short wave continues to increase over the
western U.S. Note the appearance of a wind maximum over Mexico and west Texas
within the trough's base. Generally, the entire jet stream system will progress
eastward with the short wave. There will be instances when a short wgve trough
moving eastward will appear to change into a long wave trough pattern! due to strong
cuntinued deepening of the system. This change of patterns can cause problems in
determining the path of the low system across the Midwest. (See heilght fall center
movements toward the south or southwest, Chapter 2, page 10).

1. In discussing here and elsevhere in the technical note the intensification of short wave
impulses, it will occasionally be implied that the short wave trough intensifies suffictently to
become a long wave trough pattern. The reader should not confuse this mention of the long wave
trough pattern with the pattern of the mean long wave trough that {s common at the upper levels
over the northern hemisphere. The implication in this technical note is that an upper level flow
can be zonal on day one only to change to a pattern (say on day three) having a strong trough
extending frow the Canadian Plains southward to Mexico.
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The jet stream configuration
shown in Figure lc 1is typical
with storm systems that
organize over the western
Plains-Rocky Mountain area.
The wind maximum shown
earlier within the trough's
base (Figure 1b) has now
swung northeastward and is
located in the southeast
quadrant of the trough. The
Jet stream should progress
eastward as long as the sys-
tem continues as a short

wave feature. Quite often
these short waves continue to
intensify east of the
Mississippi and take on the
appearance of a lomg wave
trough over the eastern U.S.

An important point to be con-
sidered in steering short
wave lows eastward is that
the jet stream axis 1s usually
oriented WSW-ENE across the
central and/or southern sec-
tions of the Midwest during
storm development over the
western U.S. A dangerous
mistake can be made by con-
tinuing to steer the approach-
ing 500mb low in an easterly
direction along the jet's
axis. As the tro reaches
maximum amplitude (deepening)
over the western U.S., the
ridge usually present over
the eastern U.S. also builds.
The segment of the jet east
of the low will swing north-
ward and, in turn, will

induce the storm system to
track in a more northeasterly
course. Short wave lows moving
out of the Rockies often turn
northeastward across the
southern Plains; this feature
will be discussed further

in Chapter 2. For midwest
storms, the jet's eastern
segment usually orients SW-NE
to the east of the Mississippi
River.
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Lows moving into the Midwest will infrequently continue to move in an east
to southeast direction towards the southeast U.S. e upper flow pattern in these
cases would show a trough over or moving towards the East Coast from Csnada, there-
by precluding any ridge development. Usually, tne associated jet is oriented west
to east and further south over the Gulf coastal states and/or in the Gul€ of
Mexico,

LONG WAVE PATTERN

Figure 2a shows a typical jet stream configuration within a long wave trough.
Such a pattern is conducive to 500mb low formation over the Western U.S. Closed
lows and short waves embedded within the long wave will often “kick out” of the
trough and move rapidly northeastward when short waves from the Pacific Northwest
move southward and approach the bottom of the long wave trough. The Pacific High
is pronounced and extends northward into Alaska and western Canada. The overall
jet stream pattern doesn't change significantly as short waves move through the
long wave. In Figure 2b, the 500mb low aver California was induced to move north-
eastward over the central Plains as a short wave, which had progressed over the top
of the Pacific ridge in the Gulf of Alaska and westarn Canada, dropped rapidly
southward along the West Coast into the long wave trough.

Figure 2a: Day ! Figure 2b: Day 2

"FIGURE 2: LONG WAVE JET STREAM/WIND MAXIMA PATTERN

WIND MAXIMA APPEARING SOUTHWEST OF AN UPPER_LOW

Sometimes, a secondary wind maximum area will move over or even develop
above the southwest quadrant of a storm system. An associated 500mb height fall
area frequently develops, due to this wind maximum, in the same quadrant. These
secondary wind maxima imply that another short wave impulse (sometimes hard to
discern in the pressure and wind flow) has developed or has moved into the trough
upstream from the low. This impulse could eventually produce another low associated
with the secondary maximum area. Also, the secondary wind maximum can cause prob-
lems in determining the movement and the strength of the storm system located down-
stream over the Midwest. Figure 3 illustrates how an approaching wind maximum area
(300mb) caused a storm system over Kansas to stall and begin filling.




Figure 3a: 122 24 Dec 73 Figure 3b: 00Z 25 Dec 73

FIGURE 4: WIND MAXIMA SOUTHWEST OF UPPER LOW

The 500mb low over northwestern Oklahoma, shown in Figure 3a, developed in
southern Utah, moved southeastward and began its northeasterly course over the
Texas panhandle. Note that there is no wind maximum located near the low; however,
a maximum does appear southwest of the system over Mexico and southern Texas. A
strong 130+ knot jet maximum is moving southward across the western U.S. Note the
short wave trough from Arizona to northern Baja California.

In Figure 3b, 12 hours later, the 500mb low still appears over the same area
shown in Figure 3a. The primary 500mb trough retrograded over Texas as the new
short wave moved into the bottom of the trough. Also, the 130+ knot wind maximum
now appears within the trough'’s bottom. The effects of these two actions caused
the entire low system over the southern plains to remain stationary for nearly 12
hours. The low began to move northeasterly when a 110-knot maximum developed along
the jet over eastern Kansas and Texas as shown in Figure 3b. Twelve hours later,
the 500mb low moved into eastern Nebraska with the 110+ knot wind maximum located
over Missouri and Illinois. The 130+ knot maximum remained over Mexico and produced
continued‘trou;h deepening. Subsequently, the 500mb short wave system appeared to
have become a long wave trough feature. Short wave trough systems will often change
into long wave systems when such secondary wind maxima appear upstream or within the
trough's bottom as just presented in Figure 3. Wind maxima areas southwest of a low
occur often within long wave !roughs as short wave impulses move rapidly south from
Alaska and Canada.

SUMMARY | &

The two major patterns of jet stream configurations that are typically
associated with development of significant Midwest snowstorms were described. In
the next chapter, significant patterns and changes evident at the 500mb level are
discussed. |8
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CHAPTER 2
S00MB
INTRODUCTION

In almost every significant snowstorm the location and movement of the 500mb low center
were the most important parameters needed for determining where the snowfall would occur. This
Chapter will discuss certain features of the 500mb chart which can be used to obtain early aware-
ness of the development of significant storms. For instance, a developing low at S00mb within a
trough over the western U.S. can signal development of storm conditions over the Midwest within
twenty-four hours. The term cyclogenesis is used to indicate S00mb low formation. Often, the first
indication of cyclogenesis within an upper trough appears at the S0Dmb level; consequently, many
of the upper level rules that appear throughout this technical note were developed from this level.
The presentation will show how to determine the development and movement of 500mb low systems in
order to forecast the track that the related surface low (likely to form over the Rocky Mountains)
will eventually take. The information provided along with numerical analyses and forecast data
can alert forecasters to formation of an impending storm. Other parameters, such as jet stream
positions, maximum isotachs, low level moisture advection and surface cold air advection, should be
examined before forecasts of major snowfall or hazardous weather are finalized.

LON_DEVELOPMENT

In many Midwest snowstorms, the initial indication of a threat appears within a deepening
500mb trough which has moved inland over the western United States or the Gulf of Alaska. As
discussed in Chapter 1 and shown in Figure la, the location of cyclogenesis within these tzoughs
varies from system to system and primarily depends on where the jet stream and maximum isotach area
are digging into the trough. There are some middle level features that offer clues to probable
cyclogenesis. Three features at the 500mb level (height fall centers, cold air advection, and weak
contour/thermal gradients) are easily identified and should alert forecasters.

SOOMB HEIGHT FALLS

Considerable discussion pertaining to 500mb height fall areas and centers will be presented
throughout this report. Investigation relating to the movement of the height fall center versus
the main surface storm track, versus main low pressure development along stationary fronts, and
versus the location of heavy snow areas are the basis of many subjective rules within this technical
note.

A study correlation between the movement of the 500mb height fall center track and the
movement of the main surface storm system track was started during the 1973-74 winter and continued
over the next two winter seasons. The study revealed that a strong relationship existed between
the height fall center track and the location of the heavy snowfall area within each storm system.
The subjective methods from these investigations were then tried on selected major Midwestern
snowstorms that occurred from 1952 to 1970, with successful results in nearly every case examined.

Height changes are plotted routinely on the NWS 500mb analysis. Locations of height fall
areas and centers can be conveniently analyzed on the chart. Continuity of the fall center is very
important and care should be taken in determining the center's position. Height fall centers
usually have good continuity of movement and in nearly every instance the associated 500mb low will
move reliably parallel to and north of these centers.

Weak contour and thermal gradients and cold air advection within the trough in conjunction
with the associated height fall center are good indicators of probable cyclogenesis. Figure 4 shows
a typical 500mb cyclogenesis pattern within a trough. In the many snowstorm cases studies, 500mb
low development subsequently occurred north of the tighter contour and thermal gradients and the
height fall center as indicated by the hatched area depicted in Figure 4. The developing 500mb low
usually appears east to southeast of this hatched area 12 to 24 hours later, as shown in Figure 4,
because the impulse is still moving southeasterly within the easterly moving trough.

Sometimes initial S00mb low formation occurs some distance to the north of this hatched
area within the widest contour gradient area; however, this low will eventually dissipate and a
new low will usually form just to the north of the associated height fall center and the tighter
contour and thermal gradient area. An example of this will be covered in detail later in this
chapter (Figure 12).
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FIGURE 4: CYCLOGENESIS DEVELOPMENT WITHIN THE SHORT NAVE TROUGH
SOOMB_LON MOVEMENT

Lows that are developing within easterly woving short wave troughs over the western U.S.
generally move in a southeast direction because of continued trough deepening and building of the
Pacific ridge off the coastal areas of Canada and the U.S. Southeasterly movement continues until
the low reaches the trough's bottom. The low then begins to turn eastward and, if a ridge is pre-
sent or building over the eastern U.S., eventually turns northeastward. For sake of brevity, the
term, "bottom out", will be used throughout the rest of this report to identify when the developing
low has reached its lowest point within the trough, i.e., when the low or short wave feature
terminates its southeasterly trajectory and begins to track east or northeast. For Great Plains

snowstorms, the ideal area for lows to bottom out is over the panhandle region of western and
northern Texas and central and western Oklahoma (Figure 5),

TLOPING sOOME
WITHIN TROUGH

FIGURE §5: [LOWEST POSITION WITHIN THE TROUGH
6

= - e




Any eastward shift of the recurvature track shown in Figure S (e.g. recurvature over the
Arkansas-northern Mississippi-western Tennessee area) would 1ikely shift the surface storm oEn-

and hn¥ snowfall area eastward across Missouri, central and eastern lowa, nois, ]
nort. .

One of the best clues that the S00mb low has bottomed out within the trough is found in the
associated 500mb height fall center, usually located south or southeast of the low. Height fall !
center continuity is an excellent indicator of where the 500wb low will eventus!lly position itself 1
within the trough and whether the low is intensifying or filling. Occasionally, the height fall |
center will bottom out and turn eastward or show a trend to an casterly movement prior to the low |
turning. Figure S depicts the typical S00mb low/height falls relationship during the bottoming out
process over the southern Plains, A

There are occasions when the contour and thermal gradient patterns shown in Figure 4 will
persist throughout the storm's life (i.e., a closed low will never appear at or above the 500mb
level). In these occasions, the low develops from the lowest levels, upward, and a closed low will
appear at the 700mb level rather than the 500mb level. This is especially true when strong short
waves translate rapidly across the U.S. (see Figure 6). They do not decelerate sufficiently for
development of upper level cyclogenesis.

|

i Additionally, in fast-moving short waves, the recurvature tracks do not shift abruptly

i northeastward as the slower-moving systems typified in Figure 5. Instead, if bottoming out does

3 take place, it is gradual and generally requires twice the recurvature distance shown in Figure 5.
i An excellent case is shown in Figure 6. This storm system produced heavy snowfalls over Missouri,
eastern and central lowa and 1l1linois (the Chicago storm) between 12-14 January 1979,

Figure 6: Lowest Position Within the Trough
- - ;i Fast-Moving Short Nave
12-14 Jan 1979 {

Developing lows within a nearly stationary long wave trough or a short wave trough appear- !
ing to become a long wave feature due to continued deepening over the western U.S. do not usually N
follow the track shown in Figure 5. Instead, these lows bottom out within the long wave trough
over areas of the western U.S, and tend to remain quasi-stationary for a period of time ranging
from several hours to as much as two days. Approach of the next short wave system from the Pacific
Northwest moving southeasterly toward the bottom of the long wave will generally induce the low to
move out and follow a northeasterly track up the long wave trough. In many of these long wave
patterns, the low's track will lie west of the short wave track over the Midwest as shown in
Figure 5 (see also Figure 10).




RELATIONSHIP BETWEEN S500MB LOW AND SOOMB HEIGITT FALLS

Moderate height falls of » 15 (> 150 meters) within & 12 hour period indicate that cyclo-
genesis has occurred or may occur shortly within the 500mb trough, Often, the height fall center
will appear hours ahead of actual 500mb cyclogenesis. Generally, the height fall center moves
inland over the West Coast with or slightly ahead of the trough. Cyclogenesis will appear to the
north and usually within four degrees latitude of the height fall center 12 to 24 hours later,

Figures 7, 8, and 9 illustrate the relationship between 500mb lows and height fall centers associated ]
with the approaching short wave trough and during the storm's trek across the Midwest. The pres- }‘
sure and thermal analysis presented in each of the illustrations depicts the pattern of the last }
analysis received prior to low formation. Note the weak contour and thermal gradients and subse- 'y

quent low development in each figure. The numerical value enclosed in parentheses below the height
fall center, depicted by (X), is the largest height fall reported. From these three examples it
can quite readily be seen that: }

# Height fall centers often move rapidly southeastward toward the base of the |
trough prior to and during low development and turn easterly when a decrease or no further increase |
in the magnitude of height fall center value occurs. The center will swing northeasterly if a t
ridge is present over the eastern U.S. E

% The S00mb low closely parallels and is always to the left of the track of the ‘
height fall center.

# Though unrealistic to show in the illustrations, maximum height fall and low (4
centers are always parallel and to the left of the jet stream. The height fall center never {
crosses the jet.

The following observations concerning the magnitude of height fall values are made based
on four years (1972-1976) of snowstorm data:

® The magnitude of height fall central values are usually at a maximum during the ]
period when the related 500mb low is in the developmental stage (which generally takes place in the '
western U.S.).

# The magnitude of height fall centers usually remain unchanged or will decrease
while moving easterly within the bottom of the trough.

#* The magnitude of height fall centers again increases (sometimes considerably)
while moving northeasterly. At this time the surface system should be approaching maximum
intensification.

Additionally, in many of the cases reviewed, it has been found that the greatest distance
between centers (500mb low and height falls) usually occurs during easterly movement through the
base of the trough. The distance between the low and height fall centers will diminish thereafter
as they move northeastward. Generally, the surface system is approaching maximum intensification

and is usually in the occlusion stage by the time the two centers make their northeastward turn and
begin to merge.

Figure 7: 2 - 5 Dec 1973
8
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Figure 9: 18-20 Dec 1973
SOOMB LOW/HEIGHT FALLS CENTER RELATIONSHIPS

CAUTION: The sequential height fall center pattern (increasing, decreasing and then increasing
again) across the western and central U.S. may not occur with fast-moving short wave systems
(Figure 6) even though other features such as those shown in Figure 4 may exist throughout the
snowfall period. Therefore, in some fast flow situations, it may be difficult to forecast
recurvature using height fall center values.

STEERING THE HEIGHT FALL CENTERS

; A very important consideration for steering the developing surface storm system over the
Rocky Mountain - western Plains region is the direction that the height fall center is expected to
take after bottoming out. No rules have been developed to forecast height fall center movements;
however, the best tools to examine are continuity on height fall center movements, increase/decrease
in central height fall values, and continuity on jet stream orientation. It has been noticed during
research (1972-1976) that upper air progs generally tend to forecast 500mb low movements to the
east once these systems have bottomed out. In actuality, S00mb lows frequently swing northeastward
or northward, depending on the strength of the developing system. Figure 10 shows typical height
fall center tracks associated with short wave systems and short wave systems embedded within a long
wave trough over the western U.S. which could produce significant snowfall over areas of the central
U.S. In Figure 10, short wave systems move northeastward along a curved track due to eastward
trough movement and system deepening. Strong deepening indicated by large height falls would swing
the system even further northward as indicated by the dashed track in Figure 10.
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An example of height fall movemeat

within a long wave trough is shown in

Figure 10 as the dotted track. These

centers usually bottom out over Arizona

and New Mexico within the long wave and |
move up the trough as a short wave. l
The height fall center usually does not

follow an actual curved track because

there is little easterly movement of

the short wave system due to the

nearly stationary long wave trough.

When the center bottoms out, it makes !
a rather abrupt turn. Most generally, t
after bottoming out, the height fall |
center will move in a nearly :tuight L
line towards the northeast. y |
the best method to forecast movement of |
the system is to project a straight k

line path in the direction of flow from
the first analyzed height fall center
FIGURE 10 reported on the S00mb analysis subse-

HEIGHT FALL CENTER TRACK - SHORT AND LONG WAVE quent to bottoming out for the most ‘;
likely course of movement. i

HEIGHT FALL CENTER MOVEMENT TOWARDS THE SOUTH OR SOUTHWEST |

Figures 7, 8 and 9 have illustrated
HFC IOVENIII that height fall centers generally move |

southeastward prior to bottoming out.
‘IOVAIIS 'u‘ m“' Occasionally, holgh; fall tl:onten ;

moving along a southeasterly track will
28 FEB-2 MAR V1 abruptly turn south or southwest, This

b sdban ol

southerly turning indicates that the
system is still strongly digging and,
consequently, the ston‘s eastward
movement would be delayed by several
hours. A new surge of cold air within
a short wave upstream (sometimes
difficult to discern), along with

other upper air changes can cause this
southward shift of height fall centers.

Figure 10a and 10b depict two examples
of height fall center movements in 12
hour periods. In Figure 10a note the
abrupt shift southward as the height
fall center dropped from southern |
Nevada to lower California. In |
Figure 10b, the height fall center - |
moved southward from Washington to |
Arizona then shifted southwestward to |
northern Baja. Note In Figure 10b that
the 500mb low did not persist and remain
nearly stationary during its short
life. The short wave that entered the
Pacific Northwest continued to deepen
(Figure 10b) and took on the appearance
of a long wave feature 48 hours later. |
The primary clue that this trough system \
77022 500MB LOW DISSIPATED would not immediately eject and produce {
i

FIGURE 10A
28 FER-3 MAR 1977

heavy snow over the Great Plains was

the 7/00Z height fall center (-12)

which appeared southwest of the pre- {
vious center. Eventually (48 hours |
later), a short wave did eject and the |
related height fall center is shown |
over Oklahoma. Forecasters noting !
these changes will be a few hours ahead |
of the later numerical progs in fore-

casting the probable delay in the

expected storm's arrival over the Mid-

west .

FIGURE 108
EXAMPLE 2: 4 DEC-7 DEC 1978
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SOOMB PATTERNS

The 500mb trough patterns presented in this section are included to
familiarize forecasters with some of the more typical patterns and situations that
appear over the western third of the U.S. and are highly favorable for development
of major snowstorms over the Midwest. These patterns were selected from actual
occurrences of major Midwestern snowstorms.

Each upper air pattern example will be shown in either two, three, or four
parts: Figures a, b, ¢, and d in successive 12 or 24 hour Kcriods. Plotted data
shown were extracted from NWS 500mb analyses. Significant height fall areas are
analyzed on each analysis and are shown as dotted lines. The height fall centers,
in 12 hour periods, are also depicted as an X to show the overall track during the
storm's progrosslon across the central U.S. An arrow is added to indicate the
direction that the 500mb low (and height fall center) took during the next 12 - 24
hours. In those figures where cyclogenesis looks favorable, a hatched area has been
included to indicate the probable low formation area using the subjective rules
discussed earlier.

SHORT WAVE LOW DEVELOPMENT

Cyclogenesis occurs most often within short wave systems moving across the
western U.S. and are responsible for many of the snowstorms over large areas of the
Midwest. To further identify short wave low development, this section has been
divided into two parts: Cyclogenesis over the Western U.S. (early warning) and
cyclogenesis over the Rockies (little warning).

gxelogenesis over the Western U.S. This pattern is perhaps the least
difficult In which to forecast a potential Midwestern snowstorm. Low development is
early and the upper low system is usually well organized by the time it reaches the
Rockies.

Example 1 - Figure 11 depicts a typical pattern. Earlier in Figure
7, the tracks of the 500mb low and height fall centers for this pattern were
presented. In Figure lla, indications of potential cyclogenesis are evident in the
weak contour and thermal gradients over the northern California-Nevada area and
northward. Note the closed -30°C isotherm within the weak contour gradient area.
An 80 knot max wind area has entered the trough's bottom over southern California
and Nevada. Cyclogenesis should develop over central California and western Nevada
within the hatched area shown in Figure 1la and the low should appear southeast of
the hatched area within 12-24 hours. In Figure 11b, 24 hours later, a closed low
appears over northeastern Arizona as the height fall center continues southeastward
towards its lowest position within the trough. The low bottomed out near Lubbock,
Texas (LBB), and turned northeasterly towards Missouri as indicated by the height
fall centers in Figure 7. The surface system intensified rapidly over Missouri and
became a major snowstorm.

Example 2 - This example is similiar to the example just shown; the
main reason for presenting this case is the eventual placement of the 500mb low with-
in the short wave trough. In Figurs 12a, a Pacific trough is moving east at 35 knots.
A strong cold air trough with a -30"C closed isotherm is located over the Pacific
Northwest and weak contour gradient is present over northern California, and the
Oregon-Washington area. The height fall center ( 2 -15) is moving southeast and is
centered over southern Nevada north of the tighter contour gradlient. At the 300mb
level (not shown), a 110 knot jet max has entered the trough's bottom over the area of
northern Baja, California to southern Arizona.

In Figure 12b, 12 hours later, a closed low appears over Idaho as
the trough slows down to 20 knots. Note that the -30°C closed pocket is still
persisting, has moved southeasterly to lower Nevada-Utah, and is not confined to the
low. Won{ contour gradient and cold air advection indicate that the low should be
over this area and not over Idaho. The height fall center ( Z -15) is continuing
southeast at 20 knots over central Arizona. There is strong evidence now that
cyclogenesis should occur over the southern Utah - northern Arizona as indicated by
the hatched area in Figure 12b.
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Figure 1la:
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00Z 3 Dec 1973

Figure 1lb:

EXAMPLE 1 - SHORT WAVE CYCLOGENESIS, WESTERN U.S.

FIGURE 11:
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Figure 12¢: 12Z 20 Jan 73

EXAMPLE 2 - SHORT WAVE CYCLOGENESIS

In Figure 12c, the low over Idaho has dissipated and a n2w low has
developed over northern Arizona. The cold pocket has intensified to -35°C. The
height fall center has filled slightly as it approaches its lowest position in the
vicinity of Midland, Texas (MAF). The 300mb maximum isotach area (not shown) has
intensified to 130 knots and is moving into the southeast quadrant of the low. The
12-hour height falls continuity is shown and illustrates where the system bottomed
out. The 500mb low bottomed out approximately 12 hours later than the height fall
center. This system continued easterly and snow, freezing precipitation, rain and
thunderstorms developed over the Midwest within 12 hours. By 0000Z, January 22,
the 500mb low was located over northeastern Oklahoma with a 989mb surface low over
southern Missouri. Moderate to heavy snowfall accompanied this storm over the
central and upper Plains states.

From these two examples, it can be seen that the warning time for a potential
Midwest snowstorm increases when cyclogenesis develops early within a short wave
trough. Of course, any area west of the Rockies can produce cyclogenesis; however,
the development area that should be of utmost concern is right at our doorstep - the
Rocky Mountain area.

Cyclogenesis over the Rocky Mountains. Cyclogenesis within a deepening
short wave trough over areas of the Rocky Mountains may breed a rapid, intense storm
system over the western plains in a matter of a few hours. Storm development will
often occur between receipt of the 0000Z and 1200Z 500mb Fax analyses. It is
imperative, then, to watch for 500mb cyclogenesis which will be evident by deterior-
ating surface weather in the area of the approaching trough. The patterns that will
be shown are similar to the patterns just presented; the only difference is the
location of development.
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Figure 13a: 002 9 Jan 1975

EXAMPLE 1 - SHORT WAVE CYCLOGENESIS, ROCKY MOUNTAINS

Example 1 - Figure 13a shows continued deepening that is occurring
in a previously zonal flow pattern. Early signs of zonal flow deepening are cold
air advection and a moderate to strong height fall center. (This case study was
presented earlier in Figure 8.) In Figure 13a, these two parameters are occurring.
The contour gradient is loosening but still is not favorable for identification of
low formation. A band of 75 knot winds over lower California indicates that the
jet is moving into the trough's bottom.

Figure 13b, 12 hours later, reveals that the trough has deepened as
it continues eastward. A weak contour and thermal gradient has become established
over the Idaho-Utah area. The height fall center continues southeastward at
approximately 24 knots and is over eastern Arizona. All three parameters are
occurring together; consoguently, cyclogenesis should soon develop within the
hatched area as shown in Figure 13b. A strong wind belt (90 knots) is moving east-
ward across central Arizona and New Mexico.

Twelve hours later, in Figure 13¢c, a closed low appeared over
northern New Mexico. The height fall center has filled and is gradually bottoming
out over southern New Mexico. The low turned abruptly northeastward towards
central Kansas and a strong height fall center of - 24 was located over central
Missouri by 00Z, January 11. This particular storm system produced a blizzard over
the central and upper plains states, as will be shown in Chapter 6.
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Figure 13b: 122 9 Jan 1975

Figure 13¢: 002 10 Jan 1975

EXAMPLE 1 - SHORT WAVE CYCLOGENESIS,
16
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Example 2 - Another example of cyclogenesis over the Rockies, in
this case, the southern Rockies, is shown in Figure 14. In Figure l4a, a strong
height fall center (=20) is moving rapidly southeast at 32 knots. Weak contour
and thermal gradients are occurring over nearly all of Arizona. Cold air advection
including a closed -35°C pocket is evident within the trough. The low should
develop above the height fall center within the hatched area shown.
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Figure l4a: 22

Figure 14b: 12Z 21 Feb 1974
EXAMPLE 2 - SHORT WAVE CYCLOGENESIS, ROCKY MOUNTAINS
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In Figure 14b, 24 hours later the closed low has developed and

- appears over west Texas. The height fall center decreased (= 12) as it bottomed
i out. Shortly thereafter, the center shifted northeastward to northern Arkansas and
u/ increased to -15. The entire system turned northeasterly towards eastern Kansas

within 12 hours and became a major snowstorm.

LONG WAVE LOW DEVELOPMENT f

Cyclogenesis within long wave troughs follow the same subjective rules that ;
have been presented so far. The major forecasting problem lies in steering the }
sometimes erratic movements of these lows once they develop. As has been mentioned
earlier, short wave trough systems, independent of long waves, generally move east- !
ward. On the other hand, following short wave height fall. areas within a station- |
ary long wave trough can become frustruating for forecasters. It isn't uncommon {'
to observe a series of weak height fall areas ( 2 -10) moving northeasterly up the
long wave trough before the main short wave kicks out. Also, height fall areas
associated with minor short waves moving southward behind a closed low system
within a long wave trough will often alter the low's movement. These tricky height
fall movements should not be overlooked, esgecially when a 500mb low has organized
oxer tge western. U.S. and the situation looks favorable for storm development over =
the Midwest. !

\

R S A g
‘

Frequently, developing upper low systems within long wave troughs initially |
appear as short waves moving southward from the Gulf of Alaska - western Canada
¢ area. The Pacific ridge is usually pronounced, extending northward into Alaska.
& Short waves moving over the ridge plunge rapidly southward, deepen, and finally
: settle into the bottom of the long wave as an organized low. Figures 15 and 16 |
: show two such patterns. Long wave troughs present over the central and/or western
U.S. frequently retrograde as a new short wave system moves down the westward side
of the trough.

T AT

Sometimes the Pacific ridge will extend further inland over Western Canada

(long wave over the central U.S.) and short wave impulses will shift eastward
moving across the northern Rockies and bottom out across the central and/or upper
Midwest. Under a normal surface pattern, a surface low would be expected to
develop over the northern Rockies and to produce snowfall across the upper Midwest

{ as it moves towards the Great Lakes. Conversely, if the majority of the Midwest

\ is under the dominance of a cold polar airmass and the same upper air pattern
described above exists, consideragle snowfall can occur over large areas of the
central and upper Midwest as the short wave moves across the top of the cold dome.
This pattern will be discussed further in Chapter 4. Low level residual and
subsequent widespread overrunning over the central U.S. often accompanies these
upper air patterns. See 3WWg Tech Note 76-1.

CYCLOGENESIS OVER THE WESTERN U. S.

Example 1 - Figure 15A shows two short wave troughs within a long wave
trough. A weak short wave and associated height fall area lies across Nevada and
southern California. A second short wave extends southwestward across the Pacific
Ocean from the weak contour/thermal gradient off the coastal areas of Washington
and Oregon. Weak contour and thermal gradients are noted with each short wave and
cyclogenesis could develop in the vicinity of the areas in Figure 15A. The most [ %
favorable area for cyclogenesisis within the deepening Pacific short wave (hatched
area); the short wave over Nevada lacks good cold air advection and, consequently,
should weaken as it moves up the long wave trough. A height falls area associated {
with the approaching Pacific trough lies somewhere within this area of sparse data. |
A strong northerly cold flow behind the trough extends northward into Alaska. :
This cold air advection is our best indication that the Pacific short wave bears
watching.
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in Figure 15b, 12 hours
later, & low appears within
the weak contour gradient
off the northern California
coast. A closed -359C cold {
pocket appears within the

trough, A height falls

area appears to be located

south of the developing low

and is beginning to enter

the central California

coast, The Pacific ridge |
has bhecome more pronounced R
and & closed high has P
developed. The weak short td
wave located earlier over 1
Nevada has now moved north- E
eastward to Utah and has

woakened .

e ———————————

The main low has closed off
and continues southeast- W
ward towards central Cali- '
fornia, as shown in Figure
15¢. The suspected height
falls area off the Cali-
fornia coast has moved
inland and increased in
gnitude. This particular b
low system bottomed out
over the sowthern Nevada-
northern Arizona area and
turned northeasterly towards the central Rockies, western
Nebraska and the Dakotas, This particular closed low
feature is not uncommon during the winter season.

Figure 15bh: 002 3 Mar 1970

Qe
O _fl Unlike the low movement in Figure sequence 15, the low will
normally continue to move southeastward and eventually
settle within the long wave trough over areas of lower
California-northern Raja, California and Mexico. These
(popularly called the Baja low because of its general loca-
tion) can remain quasi-stationary for days before finally
moving, Minor short waves sometimes will kick out of these
systoms and move across the Midwest producing short periods
of snowfall. Often a strong short-wave impulse approaching
from the northwest, which has eroded the Pacific ridge, or
a deepening short wave moving east across southern Canada
and the northern Midwest will be mechanism that sets the
"Raja" low in motion and causes it to move northeastwand
across the southern and central Rockies. The low fills, and
frequently loses its closed contour and thermal circulation

~

-\ I III~. \

2t N KLY S i features as it moves northeast up the long wave trough. The
e AN s : breakdown of the closed circulation doesn't mean that the
N NI A = = system is dissipating. Usually the related surface low

system is in the process of attaining maximum development.
Example 2 that follows is an excellent case of stationary
closed low within a long wave trough that suddenly moved
out and produced heavy snowfalls over a large area of the
southern Rockies and the Midwest,

Figure 15¢: 12Z 3 Mar 1976

FIGURE 15: EXAMPLE 1 - SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE

1 LY
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Figure 16a: 00Z 1 Jan 1975
EXAMPLE 2 - SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE

Example 2 - In Figure l6a, a stationary closed low is located over
northern Baja, California. No significant height fall area has developed, thus
indicating there should be little movement of the system. This low system developed
very similarly to the preceding examplcfbut continued southward and settled over
the areas shown in Figure 16a. Height fall movements south and/or southwest of '
these lows are excellent indicators that the lows will continue moving southeastward
toward the bottom of the long wave troughs. The overall jet stream pattern associ-
ated with these systems shown in Figures 15 and 16 are aligned north-south along
and/or off the West Coast, curving easterly into the trough's bottom over lower
California and northern Baja, and then turning northeasterly across the Midwest.
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Figure 16b: 00Z 2 Jan 1975
EXAMPLE 2 - SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE ]
§

Twenty- four hours later (Figure 16b), the "Baja'" low moved
northeast into Arizona. No significant height falls are accompanying the low;however,

moderate height falls over Idaho ahead of a new short wave impulse probably influenced wj
the "Baja" low to start moving north. At the surface, snow is developing over areas
of eastern Arizona and western New Mexico.
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Figure 16¢c: 00Z 3 Jan 1975

SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE

In Figure 16¢, 24 hours later, the low has noticeably intensified
and moved rapidly northeastward at 40 knots to Nebraska. A large
area of moderate-to-heavy snow has spread rapidly across the central
and northern sections of the Midwest. The short wave, previously
located over Idaho has split, with the northern portion movin¥
easterly and merging with the Nebraska low. The lower half of the
short wave impulse, caught in the long wave's strong northerly flow,
moved southward and reached its lowest position over Arizona. Note
that cyclogenesis has appeared within the trough over Arizona.
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Figure 17a: 122 30 Dec 1975 Figure 17b: 00Z 31 Dec 1975

EXAMPLE 3 - SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE

Example 3 - This example is presented to show that a short
wave impulse, moving southward on the backside of the developing low, can shift
the height fall center southwestward. This, in turn, causes the low to move
with a southerly rather than an easterly component. ' The low eventually turnnd
northeastward towards the upper Midwest and produced heavy snowfalls over the
northern Rockies and the upper Plains.

In Figure 17a, the mean long wave trough lies NE-SW across
the Midwest. An intense short wave impulse with a -30 height fall center over
Boise, Idaho (BOI), is moving rapidly southeastward. A strong jet stream,
evidented by a 100 knot jet at S00mb, is moving easterly across southern Oregon
and northern Nevada. Good cold air advection with a -35°C closed pocket is
located within the trough. Low formation should occur within the hatched area

indicated in Figure 17a.

Twelve hours later (Figure 17b), the low did not appear
within the forecast area; instead it developed further to the north over
Montana. The strong height fall area, however, continues southeast with the
center over Ely, Nevada (ELY). The height fall erea extends over a large
region, indicating continued strong cyclogenesis. All the parameters ideal for
low placement (cold air advection, weak contour and thermal gradient, and a
height fall center) point to the low's position over the northern sections
of either Nevada or Utah (hatched area) and not Montana.
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Figure 17¢: 12Z 31 Dec 1975 Figure 17d: 00Z 1 Jan 1976

EXAMPLE 3 - SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE

In Figure 17c¢, 12 hours later, the Montana low has dropped
south to the Salt Lake City, Utah (SLC), area and appears within the hatched area
shown in Figure 17b. The height fall area continues southeastward with the
center located over Winslow, Arizona (INW). Note the large elongated height
falls area across the southwest U.S. which also extends over the Pacific Ocean.
There is anothsr short wave impulse orientated E-W across northern California and
paralleling 40°N ovér the Pacific. A strong E-W cold air trough is also evident
north of 40°N. The elongated height fall area coupled with cold air advection and
a jet maximum isotach area indicates that a new surge of cold air, represented by
the short wave, is moving towards the base of the long wave. This is an important
factor in the subsequent movement of the height fall center and low movement during
the next 12 hours.

In Figure 17d, 12 hours later, the low has continued to drop
southward over southern Utah. The various available facsimile products failed to
properly forecast this movement. The height fall center has shifted southwestward
towards lower California (-14) and a weaker center is over the Nebraska panhandle.
The impulse moving down the West Coast has agparently reached its lowest position.
At this point, Midwestern forecasters might have expected the low to move easterly
and produce a major snowstorm over the Rockies. The height falls shifted south-
westward and, consdquently, further southward movement of the low eliminated that
possibility for the present time. The low did, however, bottom out over
Utah, shifted northeastward and was centered over western Nebraska within 24 hours.
Note that the low eventually moved towards the small -10 height falls center over
western Nebraska. The height fall center over lower California decreased over
the next 12 hours. Heavy snowfall occurred over the northern Rockies, western
Nebraska, and a majority of North and South Dakata.
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CYCLOGENESIS OVER THE ROCKIES

The case shown in Figure 18 developed rapidly over western Kansas. It was
a small but intense storm system. The intent in presenting this particular
case is to highlight the development of an upper low over the Rockies within
a long wave trough. In this example, a deepening long wave trough had been
moving slowly eastward for two days. The associated height fall center
bottomed out over New Mexico and decreased as it moved towards the western
plains. Just 12 hours later, Figure 18a, a new height fall area appeared
over the New Mexico - Texas panhandle area apparently due to a short wave
impulse embedded within the long wave which Kegan to deepen when cold air ad- '

vection moved across New Mexico. Low development looks favorable over northern
New Mexico and/or eastern Colorado. In this example, the hatched area is west
of the height fall center (which is the standard low/height falls agreement "
while moving up the long wave trough). A weak contour gradient does exist

over the central Rockies; however, there is not a significant weak thermal

gradient. Cold air advection should deepen the system.

Figure 18a: 12Z 29 Mar 1976 . ‘

SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE - ROCKY MOUNTAINS
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Figure 18b: 00Z 30 Mar 1976
SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE - ROCKY MOUNTAINS

In Figure 18b, 12 hours later, a closed low appears over Kansas. The
short wave low is moving northeast towards Omaha, Nebraska, while the main
long wave trough axis lies west of the Rockies. The low moved in a straight
line from Kansas across northwestern Towa to central Wisconsin in 24 hours.

This is another example when short wave lows move in a nearly straight
line when moving up a long wave trough.

SOOMB_TRACKS OF MAJOR SNOWSTORMS

The paths of selected 500mb lows which produced significant snowfall over
areas of the Midwest during the past 4 years are shown in Figures 19 and 20.
It can be seen that low formation occurs primarily within troughs west of the
Rockies. Figure 19 shows the path of 500mb short wave lows; Figure 20 depicts
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S00mb low movements within long wave troughs. It is interesting to note
that lows moving out of long waves are usually found to track further north
(as they cross the plains) than the short wave lows shown in Figure 19,
This feature along should alert upper Midwest forecasters to be constantly
on the alert for lows moving out of long wave troughs.
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Figure 19: SHORT WAVE LOW TRACKS, Figure 20: SHORT WAVE LOW TRACKS WITHIN
1972 - 1976 LONG WAVE TROUGHS, 1972-1976
Summary

Throughout this chapter, the primary emphasis has been upon the develop-
ment of a low pressure circulation and the related long and short wave trough
actions at the 500mb level. 1In the process, identification of parameters con-
ducive to cyclogenesis was made. Three main properties were found to be related
to the process of 500mb low development: cold air advection, decreasing contour
gradient (troughin¥ action), and height falls. From examination of these com-
bined properties, it was possible to determine the area most favorable for this
cyclogenesis process. Thereafter, correlation of height fall tendency to that
of the newly formed 500mb low and, likewise, their related movement was presented
Finally, several examples of 500mb patterns and situations that occurred over
the western U.S. and that resulted in or contributed to major storm development 'S
were shown and discussed.

Forecasters are again reminded that there are situations when cyclogenesis
occurs much closer to the Midwest. The development of these storms can be
quite difficult to identify, and the subsequent course and consequences of such
storms are hard to forecast. It is not at all rare for a storm to develop over (4
the Colorado/New Mexico area and then have it move into the Great Plains during i
the time period between receipt of the 0000Z and 1200Z S00mb facsimile analyses. ih
Thus, it is imperative to watch for evidence of cyclogenesis (i.e. deteriorating i
surface conditgons) in the area of an approaching disturbance. With this in f
mind, let's look at, first, the 850mb level and, then, the surface. i

|
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CHAPTER 3

850 MR

INTRODUCT ION

This chapter will take a brief look at the 850mb level. As the lee-
side trough off the Rocky Mountains is significant to the development of
storms that occur in the Plains and Midwestern states, examples of related
circumstances at 850mb are presented. In the process, low development and
movement at this level are shown. Thereafter, the relationship of the 850mb
low to the main surface low is discussed, The low-level jet and related
moisture found at or near 850mb has been omitted, as such information has
been published as a separate volume (3WW Tech Note 76-1, 1 Aug 76, Low
Level Moisture Advection.)

LEE-SIDE LOW

Lee-side trough development over the areas of eastern Wyoming, Colorado
and New Mexico, western Nebraska, Kansas and Oklahoma and the Texas panhan-
dle commonly occurs when migratory highs recede (move east) from the Midwest.
The warmer, southerly flow induces the formation of small weak surface lows
east of the Rockies, During the winter months, stationary surface fronts
and lows separating cP air from mP air are frequently present along the
lee-side trough. Lee-side lows seldom appear at the 850mb level; normally
a weak contour gradient will exist. However, Earticular attention should
be given when a 850mb low does appear within the 850mb lee-side trough.
Frequently, this 850mb low development is a warning of an agproachin upper
low or that cyclogenesis is occurring within an upper trough. Lee-side
850mb low development is not likely to be significant when the Midwest, in-
cluding areas east of the Rockies, is under the dominance of a polar airmass.

TYPICAL DEVELOPMENT OF LEE-SIDE 850MB LOW

Figures 21 and 22, a and b, show typical development of an 850mb low
within the lee-side trough in relation to an approaching 500mb trough/low.
In Figure 2la, note the wide contour gradient trough over Wyoming and Colo-
rado. The 500mb low is indicated as being over northeastern Nevada; how-
ever, no associated 850mb low is present. At this same time at the surface
(now shown) there were two low centers on the mP cold front in western South
Dakota and southern Utah with a third low (the lee-side low commonly referred
to as the Colorado low located in eastern Colorado). By twelve hours later,
as shown in Figure 21b a closed low has developed at 850mb over eastern
Colorado within the warm tongue or thermal ridge. The 500mb low has moved
southeastward. During the next twelve hours (not shown), the Colorado low
moved to the Lubbock (LBB), Texas, areaand became associated with the upper
low which had moved into central New Mexico. The two surface lows on the
mP frontal boundary either dissipated or merged with the lee-side low.

Another example of lee-side trough development is shown in Figure 22a.
This figure is used to bring out another point. Note the two lows along
the northern U.S. border. Neither of these lows i: the main surface feature
to watch (for storm development) when S00mb cyclogenesis is occurring over
the central and southern portions of the western U.S. Similar lows are
often located along the stationary arctic front or are the dissipating lows
at the top of an approcahing mP cold/occluded front from the Pacific North-
west. These lows, located north of the intensifying lee-side low, usually
dissipate and are replaced by colder air. By twelve hours later, in Figure
22b, a closed 850mb low has appeared over eastern Colorado, while the two
lows along the border have dissipated. The 500mb low has begun to develop
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Figure 22a: 00z 9 Jan 1975
LEB—SIDE LOW 850MB DEVELOPEEﬁS_»

over central ytah. Twelve hO s later (not shown) s the Color do moved gouth
to northeastern New Mexic at the gurface 1evel and stacked th the 500mb close
10W, which also moved to ort easterr ew Mexico- in both occurrences, the 85 mb
1ee-side ow moved southeastward f co orado as 1y became prt of the stor
gystem. his souhheaste ovement 18 the eneral rule W upf 1ows ar still
moving 8O theasterly Lowards he New Mexico = southern Co\ovadu t unt 1l the
gystem pottoms out within the 500mb yrousthe

29




g C
i

e

Developing lows within short waves at 500mb over the western U.S.
often do not have an associated 850mb low, since development is occurring
first at the higher levels and then Jownward, Fventually, the 850mb low
does appear. In most occurrences, the low will move into or develop within
the lee-side trough.

Developed upper lows which move in from the Pacific or the Gulf of
Alaska, as a general rule, already have vertical support to the surface;
therefore, an associated 850mb low over the western U.S. should be consid-
ered as the main low. If the upper system is moving southeasterly towards
the southern Plains (bottoming out) the associated 850mb low will likely
move into the lee-side trough and intensify.

850MB LOW IN RELATION TO THE SURFACE LOW

As previously mentioned, it is not uncommon to find two or more lows
on the surface chart over the western U.S. (in addition to the lee-side low)
during the development of an upper low. There is often a low and/or wave
along the a proacﬁing mP celd/occluded front. As stated earlier, these
lows will either dissipate or merge into the lee-side low as the entire Sys-
tem organizes over the western plains. Figures 23 and 24 show mP cold fronts
and lows and 850mb low positions during the initial stages of development
over the Midwest. The main purpose of these two selected figure sequences
is to insure that the right surface low and potential areas of surface cyclo-
genesis are followed in relation to the 850mb low. Timing of a deepening
storm system could be many hours off, if the wrong surface low is tracked.

Surface Chart 850mb Chart

Figure 23a: 00Z 10 Jan 1975 Figure 23b: 00Z 10 Jan 197§

850MB LOW IN RELATION TO THE SURFACE LOW

There are occasions when the mP cold front will become stationary over
the central and western plains when the related upper trough slows down
while undergoing cyclogenesis over the western U.S. During this period, two
or more frontal lows will appear and move up the front. Identification of
the main frontal low can be made by following the 850mb low. Figures 23a
and 23b show such a setup. In Figure 23a, two waves/lows appear along an
mP front over the central plains. The question arises as to which frontal
low is the main low. A quick check at the 850mb level (Figure 23b) shows
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that the Texas wave/low should become the main low. Within 12 hours, the
surface low over eastern Xansas dissipated and the Texas low had moved north-
easterly and (several hours after snow had heen forecast for the central
plains), became an intense storm over the central and upper plains and much
of the western Great Lakes region.
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Surface Chart 850mb Chart
Figure 24a: 12Z 12 Dec 1972 Figure 24b: 127 12 Dec 1972

850MB LOW IN RELATION TO THE SURFACE LOW

Figure 24 illustrates a situation where a disorganized surface pattern
exists over the central U.S., as a 500mb low approaches the western plains
from Colorado. Cold frontogenesis (previously a lost front in the Rocky
Mountains) is occurring over the central Midwest with a surface low in the
vicinity of Amarillo (AMA), Texas. In Figure 24b, the 850mb low is already
located in eastern Kansas well ahead of both the surface and 500mb lows.
Three hours later, the Texas low dissipated as colder air moved in and a
new low formed along the front in northern Missouri, a surface reflection
of the easterly moving 850mb low. Also, the greatest discontinuity in air
masses due to warm, moist southerly flow existed over Missouri. Note the
thermal gradient over Missouri in Figure 24b. Low formation was rapid, and
a major storm resulted. It is evident that steering and timing of precipi-
tation_problems could have occurred if the surface low in Texas had been
considered the major low.

SUMMARY

Forecasters should carefully watch for development of a low at the 850mb
level along the ‘east slopes of the Rocky Mountains. Such a development may
verify the potential for cyclogenesis in the 500mb trough. As has been dis-
cussed in this chapter, determining the existence or inception of such a
low at this level is important to proper identification and correct forecast-
ing of the subsequent movement of the main surface feature. Thus, knowing
the contributions at the 850mb level to the storm system, as a whole, is
vital to forecasting onset and extent of precipitation along the storm's
path. In conclusion, the reader is again reminded that helpful information
can be found in 3WW Tech Note 76-1, Low Level Moisture Advection.
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_ ‘ - CHAPTER 4
| ‘ ( | SURFACE

INTRODUCTION

In this chapter, surface synoptic patterns associated with deeponing upger
troughs over the central and western U.S. will be discussed. Included will be cold
air sources, frontal and pressure systems and other significant features which occur
during the development period. Discussion of the associated 500mb trough/low and,
by exception, the 500mb height fall center related to the developing surface system
will be included. Chapter 5 will focus on significant features associated with the
developing storm as it begins to organize over the Rockies and the western plains.
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COLD AIR SOURCES

A forecasting decision on whether snow or rain will occur is a routine problem
for locations in the central and southern Midwest. The source of the cold air
needed to produce freezing and/or frozen precipitation should be considered when a
: storm system is moving out of the Rockies to the western plains. Naturally, if cold
4 air is present and is expected to persist, the occurrence of snow is likely. Figures

25 to 27 show three surface patterns favorable for advection of cold air into Mid-
west storm systems. In these figures, the assumption is made that warm air has been
: advected northward ahead of the storm system and a decision as to whether cold air
: will feed into the low in time to change rain to snow has to be made. These figures
will be helpful in recognizing surface patterns likely to produce cold advection
into a storm system. The frontal systems depicted are not necessarily ideal posi-
tions; these examples were selected for convenience.

The most frequent source of cold air is as shown in Figure 25. Often a sta-
tionary front or a slow moving cP cold front will appear through the upper Midwest
separating cold polar air from warmer, modified cP and/or mP air. Sometimes,

{ troughs will appear on the surface chart rather than fronts. Treat these troughs

\ as potential fronts; it isn't unusual at all to see analyzed troughs changing to
cold fronts when the cold air north of the trough begins to move outﬁwar§ behind
Tow systems. Snow can occur prior to the arrival of cP air, provided the mP air
drawn into the low system from the Rockies is cold enough. The presence of cP air
will increase the area of snowfall.

Building ridges extending from the Pacific high over the western U.S. often
produce high pressure over the Idaho-eastern Oregon-Washington area. Occasionally,
the ridge extends northward into Canada, allowing cold air to move southward along
the east side of the ridge. Figure 26 shows such a pattern.

Figure 27 shows the absence of the usual cP high over western Canada. Instead,
the cold air source is locaﬁed over the eastern sections of Canada and/or the U.S.
Slow moving, receding highs * over these areas will sometimes extend a ridge westward
through the Great Lakes and southern Canada to the upper Midwest. Developing storms
over the central U.S. induce these cold air ridges to move southwestward into these
storm systems.

MARITIME POLAR FRONTAL SYSTEMS

During the course of the winter season, there will be many mP cold/occluded
3 frontal systems which will enter the Pacific Northwest. Most of these frontal sys-
; tems move across the Rockies and into the Midwest as relatively dry and weatherless
% fronts. There are, however, synoptic situationsin which these frontal systems are a

1. Throughout, the term "receding high' means a high moving away (thus receding) to the east from
the Midwest.
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Figure 25:

Figure 26: Cold Air from Main High

Cold Air from Main High -
Western U.S.

Western Canada

Figure 27: Cold Air from Main High -
Bastern U.S./Canada

COLD AIR SOURCES
33

A

| 1




forewarning of major storms over the Midwest. Maritime polar cold/occluded fronts

from the Pacific Northwest that are associated with a developing upper system over
| the western U.S. normally move in a southeasterly direction towards the Midwest.
| The first indication of a deepening upper trough/cyclogenesis is a lagging front
with wave/low development usually over the Nevada-Utah area. The frontal wave/low
will often persist as it moves across the Rockies and will either dissipate or merge ;
i with the lee-side low. Then, the lee-side low becomes the major low and intensifi- !
cation is rapid. On the other hand, there are occasions when upper trough/cyclogene- !
sis development will occur much closer to the Midwest and little warning of an im-
pending storm can be determined from the approaching mP frontal system. In these
cases, an mP frontal system lacking wave/low development across the Rockies can sud-
denly develop a significant low along it as it moves over the western plains.

‘v._.‘

Maritime polar fronts crossing the Rockies are sometimes hard to locate and
¥ often will be discontinued on the facsimile surface analysis. Often, the only clue
that a surface discontinuity still exists in relation to an upper trough over the
western U.S. will be the existence of an inverted trough pattern and/or surface low
in that area, It is 1mgortant to maintain continuity on these weak systems, especi-
ally when cyclogenesis is occurring aloft over the central and southern Rockies.

o

The presence or absence of a migratory high pressure system over the northern
Rockies and/or the upper Midwest during the Keriod when upper level deepening is
occurring over the western U/.S. determines the orientation of mP frontal wave/low
formation over the Midwest. Figures 28 and 29 depict these two anticyclonic pres-
sure patterns. No investigation was made to relate these two patterns with upper
air features due to the shallowness of migratory high pressure systems. Migratory
highs can persist and/or move southward under an upper southwesterly flow.
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Figure 28 depicts the normal pressure pattern sequence across the U.S. prior to
major storm formation over the Midwest. Migratory cP highs over Canada or mP highs
from the western U.S. are moving towards the eastern U.S., resulting in surface
trough development and eventual low formation along the lee slopes of the Rockies.
Stationary or building cP highs over northern Canada often extend a cold polar ridge
into the upper Midwest as shown in Figure 28. Gulf stratus often develops and moves
rapidly northward into this type of pressure pattern (See 3WW Technical Note 76-1).

In Figure 29, a persistent zone of high pressure extends from the Pacific North-
west across the Rockies into the upper Midwest. Lee-side trough/low development is
not favorable under such an anticyclonic¢, cold airmass; consequently, the surface
cyclonic pressure pattern associated with the approaching mP system would be repre-
sented by an inverted trough configuration. Often under these circumstances, the
thermal low located over the northern Mexico-southern Texas area has a much lower
than normal central pressure. The high pressure zone shown in Figure 29 does not
necessarily mean that potential storm development would be dampened or its track i1
would be confined to the southern plains states. This pattern has been closely fol- 4
lowed by several major storms that eventually moved across the Midwest. Conversely,
what looks like an ideal storm pattern developing over the southern Rockies can be
depressed or its track shifted southward, if the high pressure system shown in !
Figure 29 is moving southward. Residual stratus and widespread overrunning precipi- ‘
tation is often associated with this type of pressure pattern. |4

The following synoptic patters (Figures 30 through 36) will be identified as
one of the two anticyclonic features shown in Figures 28 and 29. Additionally, |
Figures 30 through 36 will be further identified as either mP frontal systems or mP |
inverted trough/low pressure systems. No attempt has been made to classify the num- ‘
erous frontal wave/low variations that appear over the Rockies prior to storm de-
velopment. The intent has been, instead, to identify the overall large scale pres-
sure patterns which exist in advance of mP systems headed towards the Midwest.

1. Maritime Polar Frontal (Receding High Pressure: Figure 28)

Three examples of this pattern will be shown. The first example will show a
typical setup prior to storm development within the lee-side trough. The next two
examples are actual occurrences and have been selected to show storm development
over the western U.S. (early warning) and storm development over the Great Plains
(little warning). These two examples (and all subsequent examples) will be shown
in two parts: Figure a depicts the time period prior to storm development over the
Midwest and Figure b shows the synoptic pattern 24 hours later. Included with each
figure are 500mb trough and/or low positions relating to the main surface low and
areas of precipitation,
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FIGURE 28: HIGH PRESSURE RECEDING FROM THE MIDWEST

FIGURE 29: PREVAILING HIGH PRESSURE OVER THE MIDWEST
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a. Tvpical Surface Pattern (Example 1, Receding Illigh)

Figure 30 shows a typical surface pattern 12 to 24 hours prior to a major storm
over the central Midwest. Each feature is identified by a letter in Figure 30. The
mP cold front with an associated low (A) is moving soutxeasterly across the Rockies
and is approaching the lee-side low/trough (B). Often, two or more surface lows,
along with the lee-side low, will appear over areas west of the Rockies during upper
level intensification and/or cyclogenesis. Identifying the main surface low and
where it will eventually organize can be a problem; identification and steering of
the main surface low will be discussed in Chapter 5. The high (C) located over the
Colorado Plateau area appears routinely on the surface chart. This high does not
move out ahead of an approaching mP system. Instead, it will dissipate as warmer
southerly low level flow advects into the area.

There is usually a stationary front which extends southeastward from western
Canada to eastern Colorado along the Rocky Mountains (D). This frontal system is a
semi-permanent feature durin% the winter months and is established when polar or
arctic air is present east of the Rockies. The placement and orientation of this
front over the Rockies is dependent upon the strength and thickness of the cold polar
air. Usually, one or two waves/lows are found along this boundary; however, their
existence is usually of no significance to storm occurrence over the central U.S.
unless upper trough/cyclogenesis is occurring west and southwest of the Rockies.
Often, this stationary front will develop eastward (E) either as a front or trough
over the central or upper Midwest depending upon the strength of the cP ridge over
Canada and the northward advection of warmer air. This developing front/trough can
become a significant feature in that it frequently develops the characteristics of
a warm front, even though it is often depicted as a stationary front or as a surface
trough. At other times, this east-west surface troughing can be an indicator that
colder air is beginning to push southward and that the trough development is the
leading edge of cold air. Often, the first appearance of snow will develop along
this boundary and northward within the colder air mass many hours prior to main
storm development over the central and/or southern Rockies. The stationary front
(F) in the western Gulf of Mexico, under return flow on the back side of the reced-
ing high can also begin moving northward and be accompanied by moist, warm gulf air.

e s

Figure 30: Example 1 - Typical Surface Pattern
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b. Cyclogenesis Over the Western U.S. (Example 2, Receding High)

L, 4

In Figure 31s, the approaching mP
frontal system has already started to
wave with an associasted low over

P Nevada. The lee-side trough/low

‘~ has developed and warw air is advect-
YR ing over the Midwest. The cold air
source is a high located over the

‘ : Hudson Bay area. A discontinuity
zone between modified cP air and

’ warmer mP air exists across the
/ upper Midwest. A stationary colder

cP frontal zone is located in southern
Canada. An intensifying SOOmb

trough from California to Washington
is moving southeasterly.

Figure 3la: 122 28 Dec 1972

In Figure 31b, the main surface low
has organized over northeastern New
Mexico. The frontal low in Nebraska
is the low that was in eastern
Colorado 24 hours earlier. This low
joined the front and moved north-
eastward, while a new low (majn low)
developed over New Mexico and is
related to the S00mb low that has
formed and is now located over Utah.
The New Mexico low moved into
southern Kansas and deepened into a
major storm system as shown by the
storm track (arrow) in Figure 31b,
This case of two or more wave/low
features along the mP front occurs
often and, as briefly mentioned in
Chapter 3, care should be taken in
determining which low will be the
main low. A lingering surface low,
such as shown in Figure 31b over
Utah, usually is the surface reflec-
tion of the upper trough/low. (These
lows, along with frontal lows, will
be discussed in detail in Chapter 5.)
The cold air source is cP moving southward over the northem Rockies. Often cP cold fronts follow-
ing behind mP frontal systems frontolyze because the primary area of convergence is along the mP
front.

Figure 31b: 12Z 29 Dec 1972

FIGURE 31: EXAMPLE 2 - CYCLOGENESIS OVER WESTERN U.S.
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¢. Cyclogenesis Over the Rockies/Midwest {Example 3, Receding High)

Figure 32a:

00Z 19 Nov 1975

Figure 32b:

FIGURE 32:

00Z 20 Nov 1975

EXAMPLE 3 - CYCLOGENESIS OVER

38

Figures $2a and S2b show
major storm development along
an mP cold front over the
southern Rockies and western
plains, This case is an exam-
ple where the mP front has
moved out into the central
plains and is becoming station-
ary due to either cyclogenesis
within the upper trough over
the Rockies or a new short wave
bottoming out and, thus, deep-
ening the long wave trough
over the western U.S., The mP
front will slow down in response
to deepening of the upper sys-
tem and eventually the upper
system will catch up and stack
with the main surface low along
the front. Note the four sur-
face lows in Figure 32a; the
main surface low is located
over eastern New Mexico. The
frontal low over western Minne-
sota traveled up the front
from southwestern Nebraska and
produced only a short period
of light snow in the vicinity
of the surface low.

In Figure 32b, the surface
low which was over New Mexico,
has organized and intensified
in the past 12 hours. The 500mb
low has now caught uK with and
nearly stacks with the surface
low over central Kansas. Bliz-
zard conditions are occurring
over northwestern Kansas and
central Nebraska. The 500mb
height fall center track
would be very helpful in de-
termining where the main sur-
face low would organize. This
particular example is explained
in more detail in Chapter S.

THE ROCKIES/MIDNEST
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i 2. Maritime Polar Frontal (High Pressure Over Midwest: Figure 29)

The surface pattern in Figure
33 occurs when high pressure ridges
uild over the Pacific Northwest
nd western Canada and extend into
the upper Midwest. At the 500mb
level, the Pacific ridge is build-
ing off the west Ccoast and short
e l?r % ave troughs/lows move southeast-

ard towards Arizona. The strong |
pper level flow moves these short '
aves rapidly towards Texas. Mari- |
time polar cold/occluded frontal f
systems entering the West Coast are [
ushed southward, and the northern
==l ortion of these fronts weaken and
~ dissipate as they come under the '
- influence of the building high !
® ressure system. These systems
> evelop early over the southwest
U.S. (closed 500mb low) and usually
(s rovide early warning of the like-
lihood of major storm activity (in
the next 24 to 48 hours) over the
central and southern areas of the
idwest. Cold air is generally
~’~ 0 ' resent over the Midwest within the
stationary ridge, and (with south-
west flow aloft ahead of the ap-
proaching short wave and moist Gulf
flow from the south) widespread
0? overrunning precipitation develops.
—_ In Figure 33a, the mP cold front
over California has been moving
slowly southenstwarg (as a short
5 wave trough deepened along the West i
Figure 33a: 12 2 Jan 197 Coast) duging the previous 24 hours. -
By the time of this example snow
has developed along the short wave
- ; over Nevada-Utah and upslope snow
L . 1 is developing over castern Colorado. =
Rain and drizzle are developing
' along the stationary front in Okla- ;
homa, as strong Gulf flow overruns
the shallow airmass.

In Figure 33b, the main sur-
0y face low is organizing over north-
eastern Oklahoma supported by the
L - S00mb low over New Mexico. The
Texas frontal low later dissipated
3 s ' las the front became a cold front. «
- 1 Q ! 4 The 500mb trough over Arizona and ‘
“t > Utah is becoming a long wave trough;
however, the short wave over nort

/ o o]Texas is responsible for storm de-
1 ¢ velopment. A strong flow of Gulf -
: ¥ ¢ oisture continues to overrun the
; frontal system and a large precipi-
l A tation area has developed. Note .

X the low and inverted troughing over I
New Mexico which is associated with 3
the long wave trough from Montana
to Arizona.

Figure 33b: 122 3 Jan 1971

{ FIGURE 33: CYCLOGENESIS OVER THE SOUTHERN PLAINS
39

R TEY ~




MARITIME POLAR INVERTED TROUGH SYSTEMS

The following surface patterns (Figures 34 through 36) are grouped together for
: {\ one main reason, There is no apparent mP frontal system shown on the surface chart
£ that is associated with the approaching upﬁor trough. Instead, inverted troughing
¢ appears on the surface. Either the front has become so weak (moving into a strong
high gressure area) that is has become lost in the western mountains or an upper
trough has developed within zonal flow over the western U.S. and, consequently, there
wasn't any associated surface front to begin with. Also, there is usually no related
mP front associated with closed/cutoff lows that have been stationary over the south-
west U.S. and then suddenly moved out as a short wave. The precipitation from these
| surface patterns often surprises Midwestern forecasters, since there is no apparent
| surface front (west of their locations) upon which to base a forecast. There are
| . certain features to look for and, keeping in mind what was covered in Chapter 2,
early recognition of possible storm development can be achieved.

1. Inverted Troughs (Receding High Pressure: Figure 28)

Figure sequence 34 shows a typical pattern for a potential storm system (lacking
only a good cold air source). In this particular example, snow occurred only over
the upper Mississippi Valley and Great Lakes, The intent is to show the potential
development of a major storm system. Perhaps a similar feature setup could have a
cold air source with a larger snow area the result. In Figure 34a, no recognizable
mP frontal system has appeared on the surface chart; however, weak inverted trough-
ing with a closed low is present from Wyoming to New Mexico.

Y P O P BT T

The 500mb trough over Utah-Arizona is the remains of a closed low which was
previously stationary over central California and is now the support for the inverted
trough. The closed low did not have an associated frontal system; the surface low
appeared while the upper system was moving across Arizona and New Mexico. Surface
parameters to watch for while tracking a surface impulse across the mountains are
pressure falls and rises and areas of precipitation. Residual moisture ahead of the
stationary front and the added Gulf flow are producing scattered precipitation areas
over Texas and the southern plains. Within 24 hours, a storm system developed and
moved to Illinois, as shown in Figure 34b, The stationary front over Texas moved
northward and joined the surface low when it moved out of the southern Rockies. The
500mb short wave moved northeastward with a low center over lowa. Precipitation
became widespread over the central Midwest, but it was mostly rain, while snow occur-
red in the northern plains and Great Lakes.

"

Closed lows located over southern California and northern Mexico within a long
wave trough at 500mb can remain quasi-stationary for days. Then, almost suddenly,
they will begin to move out, usually with the approach of a new impulse from the
Pacific Northwest. In many cases, there will not be an associated mP frontal system
with these closed lows. There is, however, usually an mP and/or cP front approach-
ing from the Pacific Northwest with the new impulse which is inducing the closed low
to "kick out." As stated in Chapter 2, closed lows within the long wave 500mb
trough will often move rapidly northeastward and become short waves. Usually, large
areas of precipitation develop ahead of these short waves over the Midwest prior to
the arrival of the new front. The eventual surface patterns that are most likely to
become associated with these short waves (closed lows) over the Midwest are:

# Approaching mP front (and sometimes a cP cold front) moving southward
from Alaska/Canada associated with the new 500mb short wave which "kicked out" the
closed low.

#* Cyclogenesis along a stationary front in the Gulf of Mexico and/or
B the southern Texas-Louisiana area. The upper level closed low would lend support to
] development of a frontal wave in these areas as it moves northeastward across the
central Midwest as a short wave.

In Figure 35a, the short wave low shown in the vicinity of El1 Paso (ELP), Texas
. had been over northern Baja California 12 hours earlier. Note that there is no as-
sociated mP frontal system with this short wave. The thermal low over Mexico should
not be considered to be the main surface feature. This thermal low is occasionally
mistakenly identified as being or becoming the main feature at the surface because
of the intensification and pressure drogs that occur in the vicinity of the low dur- i
ing the time period when the upper-level short wave trough or closed low is moving |
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EXAMPLE 1 - MARITIME POLAR INVERTED TROUGH - RECEDING HIGH
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EXAMPLE 2: MARITIME POLAR INVERTED TROUGH - RECEDING HIGH

Figure 36a: 12Z 21 Feb 1971 Figure 36b: 122 22 Feb 1971
MARITIME POLAR INVERTED TROUGH - PREVAILING HIGH
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across New Mexico and west Texas. It is the wave shown on the front over the west-
ern Gulf of Mexico that will eventually be the main surface feature. Cyclogenesis
is quite common along stationary fronts frequently Trosont along the Texas gulf
coast and/or over the Gulf of Mexico. In this particular case, a large precipita-
tion area dovologed as the upper level short wave combined with the low level
onshore/upslope flow condition over Texas and the southern Rockies. Increased pre-
cipitation (usually snow) over northern Arizona and New Mexico is a very good sign
that a closed low at 500mb is on the move toward the Plains and the Midwest. Though
not indicated in the figure, snow occurred over the southern Rockies during the
12-hour period when the low and associated trough at 500mb moved from Baja, Califor-
nia, to the present positions. The ideal setup for increased precipitation over the
Arizona-New Mexico area is a moist low level advection westward from the Gulf of
Mexico over northern Mexico and/or southern Texas towards west Texas, New Mexico

and Arizona. An ugslopo condition is established over these areas and, in conjunc-
tion with the lifting of air into the higher levels with the agproaching short wave,
a rapidly developing precipitation area breaks out over the Arizona-New Mexico area.
This area frequently moves rapidly northeastward into the Plains and Midwest. Low
level moisture gradually spreads over the remainder of Texas as the high moves east.
Also, in Figure 35a, cold air is already present over the central Midwest, with an
added cold air source rapidly approaching in the form of a cP front from Montana.

In Figure 35b, the Gulf wave is shown to have moved rapidly northward to Illi-
nois in 24 hours, supported b{ the 500mb short wave (closed low). Cold polar air
has penetrated southward to Oklahoma as reflected by the cP frontal boundary. As
the storm system progressed northward it caused heavy snow from the Texas panhandle
to the Great Lakes.

Development of lows in the Gulf along stationary fronts occur often. However,
as a general rule, these lows will move east northeastward across the southeastern
states. Normally, the central and upper Midwest regions do not receive significant
precipitation from systems developing over southeastern Texas and the Gulf unless
there is an associated inverted trough extending northward from these waves over
the Plains and the Midwest. Be on the lookout for these inverted troughs. Frontal
waves across southern Texas and the Gulf of Mexico should not be ignored by central
Midwestern locations when closed lows from the southwestern U.S. are moving north
or northeastward toward the Midwest as short waves.

2. Inverted Troughs, (High Pressure Over Northern U.S.: Figure 29)

This pattern is established when mP frontal systems from the Pacific become so
weak under the dominance of high pressure that their frontal characteristics are
lost over the mountains. The pressure pattern becomes an inverted trough feature
as it approaches the southern and central Rockies. In many cases, the associated
upper trough continues eastward and deepens. Major snow storms developing within
the inverted trough over Texas and/or Oklahoma are not uncommon when the upper
trough/low bottoms out over New Mexico and moves across the central Midwest.

In Figure 36a, a low is organizing along the stationary front in Texas. A
weakening mP frontal system which was over Arizona 24 hours earlier, is represented
by the inverted trough extending northward from the Texas low to Oklahoma. The in-
verted trough over tge New Mexico-Utah area is a reflection of the long wave trough
and surface discontinuity of colder polar air pushing southward through Colorado
and New Mexico. The 500mb low over New Mexico has reached its lowest position at
the base of the trough and is moving easterly. Moderate to heavy snow is falling
over the Rockies and western plains.

In Figure 36b, the 500mb low has shifted to a northeast course towards Kansas.
The surface low developed rapidly along the Texas frontal system, moved northward
in response to the upper low and had reached the occluded stage within 24 hours.
Moderate snowfall continues over the central plains and later moves into the Great
Lakes.

STORM SYSTEMS APPROACHING MIDWEST FROM THE NORTHWEST

So far in this chapter, it has been shown that sKstens having the potential to
become snowstorms usually approach the Midwest from the west and/or south. There
is another pattern which will produce moderate to heavy snowfalls over the Midwest
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and for which the relationship between the surface and upper air features are some-
whut different from what has been discussed so far. Specifically, there is usually
a persistent continental polar or arctic air mass prevailing over Canada extending
southward into the central Midwest throughout the snowfall period. The snowfall
area develops within the cold air over western Canada as moist Pacific air flows
over the top of the cold air dome. In this pattern, the trigger is the presence of
a developing (strong) short wave over western Canada, usually with a low center,
which gradually moves southeasterly towards the Midwest. In these discussions, all

references to polar or arctic air will be termed Polar. The following features have
been noted with this pattern:

UPPER AIR: The mean long-wave trough is oriented north-south across the
central Midwest. The Pacific ridge extends inland over the western U.S. - Canada
area and shifts the short wave track from the coastal area of western Canada
further to the east. Consequently, developing short waves will move southeasterly
across the northern and central Rockies and bottom out within the mean long wave
trough across the central Midwest. The associated Pacific moisture spreads south-
eastward over the cold polar air, resulting in an increasingly larger snowfall area
over the western plains. Also, as the upper wind flow backs towards the west with
the approach of the short wave, an excellent overrunning situation develops over
the Midwest, resulting in an increased snow area. At the 300mb level, the jet's
mean flow extends from the Pacific northwest across the central Rockies to the

south:rn plains where it turns to the northeast within the bottom of the long wave
trough.

SURFACE: As pointed out earlier, strong polar air masses exist over central
Canada and the Midwest with this pattern. The main frontal system is the polar
front (often stationary) that appears along the lee side of the Rockies from
western Canada to New Mexico then continues eastward across the southern plains as
thg leading edge of polar air. There may or may not be a significant low along
this front during the early development of the short wave; strong surface low
development is often hindered by the dominance of high pressure over the Midwest.

If a normal surface pattern existed over the Midwest (receding high) with the
approach of a short wave from the northwest, a low pressure system would be reflec-
ted on the surface over the Midwest. Also, it should be mentioned here that low
development along the polar stationary front over southwestern Canada (Alberta low)
generally moves east to southeast towards the Great Lakes (supported by an easterly
moving short wave). Alberta lows generally do not pose a threat of significant snow
fall to central and southern Midwest locations; however, upper Midwest locations
have frequently received significant snowfalls. There occasionally are situations
when Alberta lows will move southward along the stationary polar front to the lee

of the Rockies, producing moderate snowfalls over the Midwest. The associated short
wave moves southerly rather than easterly. An organized low should appear along the
polar front, usually over the southern plains, and move briefly eastward while the
500mb short wave bottoms out within the long wave trough. The entire system intensi-
fies and shifts northeastward as the short wave begins to turn northeastward.
Figures 37 and 38, in 24 hour periods, show two examples of this particular pattern.
In both cases, strong polar highs are prevailing over the Midwest as these snow
areas move southeastward.

Care should be taken in determining if this pattern is developing. Light snow-
fall areas (€ 2") occur frequently within the cold polar air mass over the western
and northern sections of the Midwest and into Canada, especially along the lee
slopes of the Rockies (upslope). These areas expand over the upper Midwest when weak
impulses are moving easterly within the westerly flow. Additionally, weak waves/lows
(often terrain enhanced) will also produce light snowfall areas across the western
and central portions of the Plains. However, to produce the major snowstorm that

we are interested in, very strong and evident upper level support must accompany .
the surface system.

In Figure 37a, the mean long wave trough with weak amplitude has shifted west-
ward from the East Coast. A west to east flow is occurring over the central and
eastern U.S. A new 500mb short wave, which was located over the Yukon area 24
hours earlier, has moved southeastward to southern Alberta and British Columbia.
The trough extends southward into eastern Washington and Oregon, as shown. The
Pacific ridge at 500mb is located off the West Coast and extends northward into
Alaska. At the surface, the cP front is moving southward supported by a 1057mb
high over the Yukon area. An area of continuous snow is developing within the cold
air over southern Canada east of the short wave and has spread into northern Mon-
tana and western North Dakota. Low level gqulf moisture is increasing along and
south of the warm front in southern Texas.
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STORM SYSTEMS APPROACHING FROM THE NORTHWEST
EXAMPLE 1
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In Figure 37b, the 500mb short wave has moved slowly southeastward to the
western Montana-northern Idaho area and has intensified. A low appears over
western Montana and should continue southeasterly. The 500mb flow over the Mid-
west is boltnning to back to the west with further shifting westward by the long
wave trough., At the surface, the cP front is pUIhlnﬁ into the central Midwest as
the high (1052mb) over southern Yukon continues southward., The snow area has
expanded as it moves southeastward behind the polar cold front. A low which moved
along the front from the lee slopes of the Rockies now lYp.lrl along the polar front
in Oklahoma. A Pacific cold front is moving southeasterly across Utah and Nevada
in the warmer mP air. Usually, Pacific fronts, slldint southeasterly to the west
of a <P outbreak under northwest flow aloft (as shown in figure 37b), weaken when
they reach the New Mexico-west Texas area. (Normally, the polar airmass has moved
deep into Texas bK that time and will dampen the Pacific front. Main C{clo enesis
often occurs further castward along the ¢P front due to an influx of gulf air pro-
ducing a strong discontinuity between these air masses.) Weak Pacific fronts (as
shown in Figure 37b) will, however, serve as a trigger for cyclogenesis along the
cP front over the New Mexico, west Texas and northern Mexico area when an upper
trough/low is approaching these areas from the west. This setup, would frequently
fall into the category of patterns described earlier in this chapter.

In Figure 37c, the upper trough has intensified considerably and is developing
into a long wave feature over the Rockies. The upper flow over the Midwest has
shifted to the southwest and, with a cold northerly flow in the lower levels, an
excellent overrunning situation has developed. At the surface, the cP cold front
has pushed deep into Texas. The frontal low that was over Oklahoma has moved up
the front to Kentucky. The c¢P front has now pushed all the way through Texas. The
warm front had joined the system over the lower Mississippi valley and is spreading
gulf air over the cold air in the Ohio Valley area. The snow area is extensive
over the central and upper Midwest and is spreading towards the Great Lakes; how-
ever, note that the snow (and precipitation, in general) abruptly ends at the
Oklahoma - Texas border,

Twenty-four hours later (shown in Figure 37d) the 500mb low has bottomed out
in the vicinity of Sioux City, lowa (SUX); it later shifted northeastward., The
associated surface low over Kentucky, in essence, split., The secondary center
continued to move northeastward to southern Pennsylvania (the triple point), while
the zrilﬂry low moved northward. It is shown located over eastern Wisconsin and
stacking ideally with the S00mb low, The arrows on this figurt denote previous
500mb low and surface low tracks. The snow area in Figure 37c shifted northeast-
ward towards the Great Lakes and did not affect Texas or Arkansas, as the Pacific
front was forced into Mexico and the low center previously near El Paso filled.

The atorm that 1s shown in Figure sequence 38a through 38d occurred
over the Midwest during the period November 24 - 27 1975, It is an interesting
case study where low formation along the stationary cP front over Alberta, Canada,
moved southerly and affected a large arca of the Midwest. The sequence of figures
closely resembles the general features shown in the previous sequence, except for
the main surface low track. .

In Figure 38a, the 500mb mean lonf wave trough extends north-south over the
Midwest and the Pacific ridge extends inland over the western U.S. A high cell
is located off the northern California coast. The segment of the short wave that
appears over British Columbia extends northeastward to a low pressure area over
northern Alberta. This short wave developed off the southeastern coast of Alaska
12 hours earlier. The jet stream position lies across the Gulf of Alaska, swings
southeastward across southern British Columbia and continues southeastward over
the Rockies to New Mexico then turns easterly at the bottom of the long wave
trough., A 110 kt jet maximum is located from the Gulf of Alaska to southern
British Columbia.

At the surface, the frontal wave over Missouri developed earlier in south-
ecastern Nebraska along the stationary cP front. The frontal low that appears
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over northern Montana develcped over southern Alberta as the short wave approached
from the northwest. A snow area is increasing within the cold air along the sta-
tionary front over Alberta and northern Montana, as moist Pacific air ahead of the
short wave travels over the colder air. The cold front enterinf the Washington
coast is really cP in nature because a building high off the British Columbia coast
is drawing cP air southward.

In Figure 38b, the 500mb short wave, caught in the downstream flow from the
Pacific ridge, continues southeastward through the Rockies. The 500mb low, which
was over northern Alberta earlier, has dropped southward to the Montana-North
Dakota border. (Note: The 500mb height fall centers would be very helpful in
determining the track that the Alberta low will take over the next 12 to 24 hours.)

At the surface, the cold air over Washington merged with the polar air mass
over southern Canada, resulting in an extensive high pressure area from the West
Coast to the Great Lakes. The low over Montana dropped rapidly southward along
the stationary front to the lee side of the Rockies and deepened 18mb. The snow
area has expanded within the cold air due to the continued development of the
short wave. No Gulf moisture is evident yet,

In Figure 38c, the short wave continues southeastward to the western plains.
The S00mb low center has dropped even further southward and is now located over
western Nebraska; the low is Eeginning to approach the long wave trough over the
central U.S. and should soon reach its lowest position.

An inverted trough is indicated at the surface from the low center northward
to eastern Nebraska. The inverted trough possesses frontal characteristics in that
it separates drier polar air from the warmer, more moist flow from the Gulf of
Mexico. The approach of the short wave trough also supports continuation of this
inverted trough. The inverted trough persisted and is subsequently identified as
an occluded frontal system. Note the great distance between the surface low and
the 500mb low due to the shallowness of the polar air mass. The surface low should
soon begin to swing north-northeastward along the inverted trough. Development of
inverted troughs topside of low pressure systems as shown in Figure 38c is a relia-
ble sign that the upper trough is still intensifying and that the upper system is
probably turning northeastward. Low centers generally will travel up along the
inverted trough during northeastward movement of the trough. Gulf moisture first
appeared on the scene at 2200Z, Nov 25 (14 hours earlier), over southeastern Texas
and quickly spread northward ahead of the approaching low. resulting in the addi-
tional moisture source. Rain developed from the Gulf Coast northward. With the
adgitign of ezulf moisture, heavy snow is reported over Missouri and western
I1linois.

In Figure 38d, the 500mb low bottomed out over northern Missouri at 27/00002
and turned northeastward to Lake Michigan. The surface low over southeast Texas
responded to the upper low's northeasterly shift and was located over eastern
Michigan in 24 hours. Heavy snows occurred over Missouri, Iowa, Illinois and
Indiana and northward ahead of the low as it moved northward. (Further discussion
pertaining to this particular storm will be presented in the next chapter.)

SUMMARY

In summary, it can be seen that there are many synoptic patterns that can
produce significant snowfalls over the central United States. The favorite area
for storm development is in the south and central Rockies; however, forecasters
should closely watch system development over the northern Rockies and the Gulf of
Mexico. These areas, also, are potential breeding grounds for Midwest snowstorms
under the right upper flow patterns. The dominance of surface high pressure sys-
tems across the central and upper sections of the U.S., during storm formation often
presents a problem in deciding which direction to steer the storm. Primary consid-
erations for continued development and steering should be concentrated within the
upper levels. For that reason, in the next chapter, discussion pertaining to the
identification, development and steering of the main surface low system as it
crosses the central plains will be presegted.

8




CHAPTER $
THE MAIN SURFACE LOW: TIDENTIFICATION, INTENSIFICATION, AND MOVEMENT

INTRODUCTION

In this chapter, we will tie together the developments at the various levels
that take place to produce major snowstorms over the Midwest. Emphasis will be placed
on the relation of events at 500mb to those at the surface. Thus, the main concept
will be the relationship that 1s found to exist between the movement and tendencies
of the 500mb height fall center, the 500mb low/trough, and the main surface low.

In the discussion of correlation between these upper air and surface features, the
primary goal is to help you, the forecaster, more rapidly and more precisely
identify the area to be affected by the storm and more clearly determine the most
probable area to receive heavy snowfall.

Using more or less the same order of discussion found in the previous chapter,
the presentation will again be divided into two primary situations of (I) the high
pressure system which is receding eastward from the Midwest and (II) the high
pressure system that prevails over the Midwest for considerable periods of time. In
each instance, the discussion will key upon identification of the main surface low.
Since the main surface low can develop from the lee-side low or troughing and from
cyclogenesis along a front or an inverted trough, a variety of case study examples
having one of these characteristics at the surface are discussed.

In the final section (III) entitled: Special Cases, for lack of a better
name, discussion will include (1) the storm system that develops to the northwest
of the central U.S. and (2) examples of precipitation development associated with
storm development over the Great Plains. In the first part of the section, the pur-
pose in mind is to show forecasters that the occasional heavy snowfall occurrences
that develop when the upper level low is approaching from the northwest can be more
readily followed by tracking the 500mb height fall center. The discussion concern-
ing precipitation development in the final portion of the chapter 1s included to
emphasize the importance of remaining ever alert and making use of all avallable data.
The examples to be shown and discussed relate to situations which found the Plains
virtually free of any precipitation only to be found a short twelve hours later
under the influence of a full scale storm.

DEVELOPMENT AND STEERING OF SYSTEM

Generally speaking, available current and outlook advisories concerning
potential storm development provide ample warning of the imminence of a snowstorm.
Sometimes, however, the snowfall indicated by these forecasts does not materialize
with the timing or within the heavy snow forecast areas that have been designated,
while other areas not expected to have a significant snowfall end up receiving the
brunt of the storm. There are, of course, a variety of reasons for these forecast
errors. However, through the years two reasons have produced the majority of the
erroneocus forecasts. Quite often, the progs have shown a tendency to move the
upper level area of cyclogenesis southeastward or eastward as it comes out of the
southern Rockles rather than anticipating the bottoming out covered in a previous
chapter of this technical note. In the process, the track of the storm 1is
improperly forecast to also move to the southeast or east rather than turning
northeastward. More often, though, we are found gullty of designating the wrong
surface low as the main surface feature. Each storm organizing over the southern
Rockies and south central U.S. requires considerable attention to ensure that pro-
per identification and steering of the storm is guaranteed.

Figures 39, 40, and 41 are offered at this time to emphasize the problem at
hand. In each of these figures are shown actual surface features approximately 24
hours prior to onset of heavy snowfall over areas of the Midwest. As you can see,
it 1s not at all uncommon for several low pressure centers to appear within the
storm development area. In each figure an arrow is used to indicate the surface
center or the low pressure development area which eventually will become the main
feature. Determining which surface low to watch will, hopefully, be an easler task
by the time the reader has completed this chapter. Every variety of major storm
situation known to have occurred over the past dozen or so years has been examined
ugd éncludod in one of the examples of case studies that are to be found in this
chapter.
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500MB: HEIGHT FALL CENTER

As discussed previously, a strong correlation between the track of the 500mb
height fall center and development, intensification, and the path of the storm
system at the surface was found to exist. It was further concluded that closely
following the track of the height fall center could be quite helpful in the deter-
mination of where heavy snowfall would be most likely to occur. Undoubtedly, there
are several very useful forecasting methods available in the form of excellent
facsimile products and worthwhile local studies and rules of thumb; however, the
value of 500mb data (and height fall and related 500mb cyclogenesis, in particular)
as a forecast tool cannot be overemphasized.

To briefly review them, the most typical setup for probable development of a
snowstorm in the central U.S. occurs when the upper system bottoms out over the
western and/or northern sections of Texas. Monitoring the movement of 12-hour 500mb
height fall centers would be very helpful in determining when the upper system
bottoms out within the trough. Another point to consider throughout this chapter is
that minimum, if any, intensification generally occurs during the bottoming out -
period with maximum storm intensification attained while the storm moves northeast-

erly.
THE 500MB HEIGHT FALL CENTER AND SIGNIFICANT SNOWFALL

Many weather units lying within the snow area have developed methods for fore-
casting the probability of snow versus rain over their locations. The information
to be presented here is general and will give an idea where the significant snow
area will be located in relation to the storm system. There was found to be a
relationship between the 500mb height fall track and areas of significant snowfall
based on data from previous Midwest snowstorms. Specifically, as a general rule
derived from case studies from 1952 through 1975, the division line between frozen
and liquid precipitation is the track of the height fall center. Snow occurs to
the left (cold air side) of the track.

Figures 42, 43 and 44 depict various relationships between the surface low,
the 500mb height fall track, and significant snowfall. Before discussing these
three figures, there are two subjective rules that have been observed:

% When the surface low 1s to the left of the 500mb height fall center track,
the significant snowfall area will lie approximately parallel to and to the left of
either the surface low track or the 500mb low track depending on how cold the storm
system is, In nearly all cases, the snowfall area will at least lie along and
parallel to the 500mb low track. See Figure 42. The surface low - 500mb height fall
center track alignment is typically seen when there is an absence of a strong sur-
face high pressure system over the central and upper Midwest (i.e., receding surface
high pressure pattern).

% When the surface low is to the right of the 500mb height fall center
track, the significant snowfall area will lie approximately parallel to and to the
left of the 500mb height fall center track. See Figure 43. The surface low-500mb
height fall center track alignment is typically seen when a strong surface high
pressure system is present over the central and upper Midwest (i.e., prevailing
surface high pressure system).

HIGH PRESSURE SYSTEM RECEDING _FROM THE MIDWEST

In Figure 42, the alignment and movement of the surface low, the 500mb low and
the 500mb height fall track are shown. The tracks shown in Figure 42 depict the
typical setup for storm development. At the 500mb level, the short wave/low 1s
moving towards the Midwest and bottoms out over the southern Rockies/western and
northern Texas area before turning northeastward, The main frontal low would likely g .
be along a mP frontal system approaching from the west.
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HIGH PRESSURE PREVAILING OVER THE MIDWEST

In Figure 43, the main surface low would likely be a frontal low (mP or cP)
located some distance to the southeast of the upper low system due to the presence
of a strong high pressure area or ridge over the Midwest. There will be many varia-
tions to the pattern shown in Figure 43 depending upon the paths of the upper and
surface low systems. This is an excellent overrunning situation; considerable pre-
cipitation would occur southward to the surface low center. The division line -
tween rain and snow would lie along and to the northwest of the height fall center

track.
SHORT WAVES MOVING OUT OF LONG WAVE TROUGH

The alignment of tracks shown in Figure 44 is similar to Figure 43. This
pattern is presented because it occurs quite frequently over the central and western
U.S. and accounts for the majority of snow forecast misses (some examples‘will be
shown later in this Chapter). In these patterns, a deepening trough over the west-
ern U.S, exists as a long wave feature. Short waves move through the long wave,
bottom out over the Colorado Plateau - southern Rockies area, and swing northeast-
ward across the western Plains. At the surface there is usually a stationary mP
or a modified stationary cP front lying NE-SW across the Midwest. Main low develop-
ment is along the front. With colder air to the north within the surface ridge, as
shown in the figure, the snowfall path will usually fall along and to the northwest
of the height fall track rather than along the main surface low track.

Each storm system track is, of course, different; therefore, each system re-
quires evaluation as to where the 500mb height fall center will bottom out, where
the main surface low will develog and the subsequent path of both features. The
location of prevailing surface high pressure areas during storm development pro-
vides a reliable indication of this relationship. We will first consider the
patterns associated with a surface high receding eastward from the Midwest.

SECTION ONE - SURFACE HIGH RECEDING FROM MIDWEST
RELATIONSHIP BETWEEN mP MAIN LOW ORGANIZATION AND
CYCLOGENESIS ALOFT

Maritime polar frontal systems appearing over the Rocky Mountain-western Plains
area and undergoing surface cyclogenesis will either be stacked with the upper low
or will be supported by an upper trough/low still developing over the western U.S.
The majority of discussion that will be presented throughout this chapter will per-
tain to the 500mb height fall center track associated with upper level cyclogenesis
over the western U.S. and its effect on the development and movement of frontal lows
over the Midwest. Main surface low develogment and/or intensification is likely
when the 500mb height fall center approaches from New Mexico and/or Colorado.

VERTICAL SUPPORT BETWEEN SURFACE
T AND UPPER SYSTEM

In Figure 45a, the closed low with-
in the trough at 500mb is moving
easterly along the ideal snowstorm
track and supports the approaching
mP frontal system shown in Figure
45b. The upper low usually de-
velops within a short wave trough
and maintains a short wave low pat-
tern during its trek across the
Midwest.

Figure 4Sa: 500mb, 00Z 3 Dec 1973
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SURFACE FEATURES

The appearance of one or more surface lows (frontal and/or non-frontal) within |
the lee side trough occurs often with the surface high receding eastward. The |
identification ang steering of the main surface low in relation to the approaching
S00mb height fall center will be presented in the following examples. Also,
recognition of changes in frontal structures, as these systems move into the west-
ern plains, will be discussed. These frontal changes are sometimes indicators
that a storm system is developing.

LEE-SIDE LOWS (MAIN LOW) DEVELOPMENT AND MOVEMENT

It was mentioned in Chapter 3, 850mb Ievel, that eventually the lee-side low
becomes the major low when cyclogenesis aloft occurs to the west or southwest of
the Rockies, except when a strong high is prevailing over the Midwest. The lee-
side low is established from either an organized low noving into the lee-side
trough from the western U. S. or a low developing within the lee-side trough or
a combination thereof. i

There appears to be a definite relationship between the movement of this lee-
side low and the movement of the 500mb height fall center as upper level support for
the developirg storm system as 1t moves out of the southern Rockies. Lee-side |
lows generally move southeastward and often fill (excluding diurnal falls) during | 4
the period when the upper system 1s bottoming out within the trough. In Chapter 2, &
it was shown that magnitude of 500mb height fall will generally decrease or remain E
unchanged during bottoming out; the surface system usually f1lls during this same
period. Figures 46, 47 and 48 show the relatlonship between the surface low and
the 500mb height fall center. In each example, the central pressure of the main
surface low and the central height fall value are shown in twelve-hour increments,
as are their respective tracks.

f
l
|
In Figure 46, the lee-side low has become the main low, as the frontal low over
’ Nevada dissipated. Sometimes, lows along the mP frontal system will remain behind I
and become stationary over the western U.S. as the mP front continues eastward. A (4
new low will appear along the mP front when it moves into the lee-side trough. The |
relationship between these two tracks in Figure 46 can readily be seen. The surface !
|
|
{

low and 500mb height fall center tracks are approximately parallel, and both
bottomed out over Texas. Notice that the height fall center decreased 30 meters
between 03/00Z and 03/122Z; simultaneously, the surface low filled. The system sub-
1 sequently moved northeastward and developed into a major storm with the 500mb.
4 height falls increasing after bottoming out had occurred.
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Figure 47: Example 2, 9-11 Jan 1975
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_Figure ;46: Bxample 1, 2-5 Dec 1973

Figure 48: FExample 3, 20-22 Feb 1974

MAIN SURFACE LON/S00MB HEIGHT FALLS CENTER RELATIONSHIPS

Example 47 depicts the same general pattern as shown in Figure 46. Initially,
two lee-side lows were evident on the surface chart. By 09/1200Z these have both
become mP frontal lows. The point to be made here is proper identification of
the low which is to become the main surface low. The original lee-side low (09/
002) moved into northwest Kansas along the mP front., The main surface low devel-
oped over southern Colorado between 09/00Z and 09/12Z along the mP front as the
500mb height fall center approached western New Mexico from northern Arizona
(09/122). Note that this surface low and the height fall center both bottomed out
and showed a decrease in central value at 10/00Z. The secondary frontal low over
northwestern Kansas eventually dissipated (10/00Z). It should be most evident from
this example that particular attention must be given to properly identifying the
main low. A snow forecast based on the original lee-side low (located in eastern
Colorado at 09/00Z) would present a forecast problem in timing the onset and deter-
mining the area likely to receive snowfall.

A third example is shown in Figure 48. The main surface low within the lee
side trou!h moved r-pidlz southward between 20/12Z and 21/00Z to be properl
aligned with the approaching height fall center near El1 Paso, Texas. Arother
frontal low appeared along the front by 20/152 (in New Mexico) but dissipated
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(or merged with the main low) by 21/03Z. Good agreement between the height fall
center and the surface system movement after bottoming out can be seen.

Sometimes the lee-side low will prematurely move southeasterly into the west-
ern plains ahead of an approaching mP front and the associated upper low. In
these cases, the surface low will "wait" over the western plains until the upper
low catches up. This "waiting" period also occurs when lows form along stationary
fronts and an upper system is moving towards the western plains (see discussion on
page 63, Figure g?). ;

FRONTAL ORIENTATION/INVERTED TROUGHING

Maritime polar fronts moving from the Rocky Mountains may slow down and under-
go changes in their frontal structure. Such frontal variations suigest that per-
haps cyclogenesis aloft is occurring. Detectini these frontal variations, there-
fore, can be especially valuable during the periods between receipt of successive
upper air analyses. In Figure 49, a low has orgnnlzed and the mP frontal segment
north of the low has become stationary, indicating the probability of backing wind
flow aloft. These circumstances could give a clue to either cyclogenesis or a
bottoming out of the 500mb low/impulse. The mP frontal characteristics north of
the low will gradually be modified to moreso resemble cP air mass characteristics,
as colder air from Canada is drawn into the low. An inverted trough is often
shown on subsequent analyses, if the mP front has substantially weakened. The
rain/snow division line is generally along the axis of this frontal/inverted trough
line. The main surface low will usually move northeasterly along these isobaric
inverted trough patterns, allowing for some easterly movement of the entire storm
system.

CASE STUDIES THAT INCLUDE THE 500MB LOW TRACK

So far in this chapter, the relationship between the movement and tendency of
the 500mb height fall center, the movement of the main surface low, and the prob-
able area of heavy snow has been presented. In the three figures to follow, the
500mb low center track has been added to this relationship in order to provide a
more complete picture of the storm system affecting areas of the Midwest that are
associated with a receding high pressure pattern. In this respect, Figures 50
through 52 show the development and progression of major snowstorms over areas of
the Midwest. Figures 50 and 51 are intended to show early and late warning of
S00mb cyclogenesis associated with the storm sistem. Figure 52 is presented to
show forecasters how a developing storm over the Rockies can change direction,
leaving most of the Midwest free of snowfall. The surface low's central pressure
and height fall center plus maximum height fall value show on each 500mb chart
are also included in each .figure.

CYCLOGENESIS ALOFT OVER THE WESTERN U.S. - EARLY WARNING

In Figure 50, the closed 500mb low first appeared (developed) over northern
Arizona at 20/12Z. The height falls, however, appeared 24 hours earlier (19/12Z)
over southern Nevada, indicating the possibility of cyclogenesis within the upper
trough. The main surface low developed in the lee-side trough and began moving
southeasterly as the height falls center passed through Arizona and New Mexico.
In this particular case, the height fall central value did not decrease during
the bottoming out period in New Mexico and west Texas but (slightly) decreased
earlier over Arizona. All three tracks turn northeasterly at approximately
21/1%002. The heavy snowfall area remained to the northwest of the height fall
track.

CYCLOGENESIS ALOFT OVER THE ROCKY MOUNTAINS - LATE WARNING

The storm shown in Figure 51 produced blizzard conditions over eastern Nebras-
ka, Towa and northward. The height fall center moved into the western U.S. at
08/12Z associated with a typical short wave troufh. Continued deepening within
the trough produced a closed 500mb low 36 hours later (10/00Z) over the southern
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Figure 49: FRONTAL ORIENTATION/INVERTED TROUGHING

Figure 50: Composite, 19-22 Jan 1973
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Rocky Mountains. Meanwhile, at the surface, the lee-side low began its south-
easterly movement subsequent to 09/122 as the height fall center moved from south-
ern Nevada to southeastern New Mexico. Organization occurred over western Oklahoma
and the system rapidly became an intense storm. Heavy snowfall occurred along and
to the left of the surface low track. As this example shows, cyclogenesis aloft
within a short wave trough over the Rockies can develop intense storms suddenly
over the Midwest.

SHORT WAVE MOVING OUT OF A LONG WAVE TROUGH OVER THE WESTERN U.S,

This storm system affected a large area of the northern Rockies, western
Nebraska and the Dakotas. The storm system shown in Figure 52 would have been
similar to the preceding figures just shown; however, the short wave entering the
Pacific Northwest was quite strong (-25 or greater 12-hour height falls from Wash-
ington to Arizona). It became an apparent long wave feature over the western U.S.
The 500mb low and associated height fall center bottomed out early over southern
Utah and Arizona instead of the New Mexico - west Texas area and moved in a
straight northeasterly course towards the upper Midwest (see also Figure 17, Chap-
ter 2). A secondary short wave impulse, marked by a cold pocket and the strong
height falls area, moved rapidly southward along the West Coast into the system
and was located over southern California by 01/00Z. This impulse strengthened the
long wave trough and induced the 500mb low to bottom out (01/00Z) and subsequently
move northeastward across the upper Midwest. The related surface low moved south-
ward down the lee-side trough from eastern Colorado to eastern New Mexico in 24
hours. Note that the surface low and the 500mb low bottomed out at the same time
(01/00Z). In this case, the height fall center bottomed out 12 hours earlier(31/
12Z) and was located over northeastern Colorado by (01/00Z). This was a clue that
the storm system should soon begin a northeasterly track. It was difficult to dis-
cern, with the addition of the new height fall center over California, that the
original height fall center still existed over northeastern Colorado. Weakening
500mb height falls moving up a long wave trough are sometimes hard to locate when
further deepening is occurring upstream to the west of the trough.

As further discussion of this case, the surface chart depicted in Figure 53
shows the analysis three hours prior to the main surface low reaching its southern-
most position (01/00Z) over eastern New Mexico. The system looks like an ideal s
snowstorm situation for the central Plain states. The cold air source is the
approaching cP high moving southerly toward the upper Plains and northern Rockies.
Note the inverted troughing beginning to vaguely appear over western Nebraska and
the Dakotas. This trough is likely a surface reflection of the 500mb height fall
center approaching from the southwest. The surface low subsequently moved into
eastern South Dakota during the next 30 hours; it moved north-northeastward, stay-
ing pretty much on the axis of the weak inverted trough.

Returning briefly to Figure 52, the main surface low organized within the lee-
side trough, bottomed out in east-central New Mexico, and moved across central Kan-
sas and eastern Nebraska. The heavy snow area, however, remained approximately
parallel to and northwest of the 500mb height fall track. The entire system even-
tually became vertically stacked over Minnesota.

SURFACE SYSTEMS LACKING IMMEDIATE UPPER AIR SUPPORT

The second major pattern for Midwestern snowstorms under the condition of the
surface high receding eastward (shown in Figure sequence 54 a § b) develops when mP
fronts and merging cP fronts from Canada become stationary over the central and up- |
per Midwest in response to upper level cyclogenesis over the western U.S. It is not {
uncommon for mP frontal systems from the Pacific to continue eastward across the |
Rockies during the period when the related upper trough is undergoing cyclogenesis.
However, the eastward movement of the front usually stops just lee of the Rogckies with
the shifting of upper level winds to the southwest, Often, continued 500mb trough {
deepening, caused Ey another short wave and/or cold pocket moving into the short
wave, changes the short wave into a long wave trough pattern with a closed.low,
similar to the discussion and accompanying illustration shown in Figure 52. In the
cases we are now considering, however, the frontal system is already located over
the Midwest during cyclogenesis over the western U.S. The 500mb height fall cen-
ters often bottom out over the Arizona-New Mexico area and move northeasterly
across the western plains.
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The trough entered the West Coast 30 hours earlier as u short wave trough sys-

ter., From the time of the depicted S00mb analysis, intensification began, and a
jow became fully organized over southern Nevada during the next 12 hours. In
Figure S4a, note the 500mb height falls track (for the past 12 hours) and wide con-
tour gradient over lower California and Nevada. During this deepening period, the
related mP €rontal system shown in Figure 54b slowed its forward movement and
eventually became stationary; the mP front developed c¢P characteristics due to cold
air flowing in from Canada. The surface front will normally remain stationary under
these circumstances until the main upper trough moves eastward. In these cases,
the short wave low moves out and approaches the frontal system. As will be ex-
glalned in the parqgrn:h below, the low/associated inverted trough surface feature
n the Rockies along the Colorado/Utah border (Fisure 54b) should not be mistaken
as the main surface system. The main surface low development (often rapid) will
occur somewhere along the frontal system (usually under the 500mb height fall
center track) near tﬁe Texas panhandle region.

SURFACE_FEATURES: LINGERING LOWS/INVERTED TROUGHS

There are some general surface features that are indicatorsof probable low
development along just such a stationary front when cyclogenesis aloft is occurring
west of the Rockies. Surface lows and/or inverted troughs that develop and Eorsist
over or west of the Rockies when a mP or ¢P frontal system slows down over the
Midwest are indicators that upper level trough deepening and cyclogenesis are
occurring. Figure 54b shows surface features 24 hours ﬁrior to major low develop-
ment along the frontal system over southwest Kansas. The closed low shown within
the inverted trough appearing over Colorado and Utah in this figure was originally
along the mP frontal system over Utah. This low remained nearly stationary while
the mP front advanced into the western plains and was indicative that further
deepening within the upper trough was occurrin¥. In most cases, this "lingering"
low/trough will not move castward towards the front to trigger frontal cyclogenesis
but will remain behind and eventually fill. In actuality,these lingering lows/
inverted troughs are no more than reflections of an approaching 500mb short wave
which will become the triggering mechanism for frontal cyclogenesis. Snowfall
occurring in the vicinity of the inverted trough/low is the result of the upper
trough system and an upslope low level flow along the mountains. The approaching
upper trough will induce storm development and a snowfall area from lee of the
Rockies northeastward into the plains, while the lingering low/inverted trough
(upslope flow) pattern will disappear as surface ridging begins to move into the
area behind the upper trough.

There is another reason why inverted troughing/lows, along with cyclogenesis
aloft, will be sustained behind the frontal system over the Midwest., The movement
of cP air southward from the northern Rockies and Canada creates an inverted
troughing pattern along its western boundary, separating fresh c¢P air from
modified ¢cP or mP air. The surface analysis will not always show a frontal boundary
within this inverted trough due to the weakness of the discontinuity. In Figure
§4b, cP ridging is evident across Wyoming to Colorado and is an indicator that cP
air is pushgng southward. A frontal system, although not slsnif&cunt. could have
been placed along the inverted trough indicated by the dashed lines in Figure 54b.
Regardless of the cause(s) that produce this lingering inverted trough/low feature,
do not consider it as main surface development over the western plains, even if
significant snowfall is currently occurring within it. The frontal development is
still the main feature to consider (along with the 500mb height fall track) for
the overall movement of the snowfall area that is to come to the central U.S.

CASE_STUDIES

Filgure sequence 55 through 61 are offered to give the reader a more thorough
understanding of the "lingering" low and 1ts subsequent dlssipation through low
level cold air advectlion, In ecach case study, discussion will focus upon the
developments at 500mb and related events leading to suri'ace cyclogenesis and the
subsequent storm pattern.
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FIGURE §4: SURFACE SYSTEMS LACKING IMMEDIATE UPPER AIR SUPPORT
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EXAMPLE 1-Figure §§ shows thecomposite picture of the storm that was just dis-
cussed* in Figure 54, The 500mb height fall center entered the lower California
coast (17/12Z) and moved eastward. A low center within the trough did not appear
until 24 hours later over Tdaho. The 18/12Z 500mb low either moved southward or
dissipated with a new low forming by 19/002Z over the Nevada-Utah area in agreement
with the height fall center location and movement. The entire system bottomed out
over western New Mexico and moved on a northeasterly course towards Kansas, Again,
the 500mb height fall center at 19/12Z indicates that the 500mb low over New Mex-
ico at 19/12Z should begin moving northeasterly. Meanwhile (since 18/122), the sur-
face front has been stationary across the western Plains. During the twelve hours
following the indication of bottoming out by the turning to a northeasterly track
by the hei{ht fall center, the system became organized. At the surface (discussed
below) rapid intensification occurred along the front. The eventual heavy snowfall
area remained to the left of the height fall track.
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Figure 55: Composite, 18 - 21 Nov 1975

EXAMPLE 1 - SURFACE SYSTEMS LACKING lMMEDIATE UPPER SUPPORT

The resultant development of the trontal low is shown in Figures 56a and 56b,
In Figure 56a no recognizable frontal low over the western plains is evident. The
low shown over Utah/Colorado in Figure 54b is gone, with only the inverted trough
remaining. The height fall center is approaching from western New Mexico. Light
continuous snow is falling over a large area of the central Rockies within the cP
air and ahead of the approaching short wave low. Three hours later (Figure 56b), a
frontal low appeared over southwestern Kansas just ahead of the 500mb height fall
center located over northeastern New Mexico. The Kansas low intensified rapidly and
produced blizzard conditions as it moved across northwestern Kansas, central
Nebraska, and the upper Mississippi Valley (see Figure 32b, Chapter 4),
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Surface, 12Z, 19 Nov 1975

Figure S6a: Surface, 092, 19 Nov 197§ Figure 56b:
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shown to emphasize two points. Earlier in this
chapter it was mentioned that surface lows will
sometimes "wait" over the western plains along
an mP frontal system until the associated upper
system "catches up". Storm development in this
| particular case is a good example of such a
| “waiting" surface low. In Figure 57, the
frontal low developed by 19/12Z, but remained
nearly stationary for at least 9 hours over
southwest Kansas. The surface low began to
| move sometime between 19/21Z and 20/00Z as the
| 500mb height fall center moved across the
frontal system and the 500mb low moved into
western Kansas (as shown in Figure 55). As the %
second point, note the isallobaric low center
that appears in Figure 57 over south central
Kansas. As a general rule, the surface low will
move toward the isallobaric low center. In
this particular case study, however, the low
continued to move northeastward along the front
in response to the flow and movement of the
height fall center at 500mb. By 20/0000Z the
main low was located over northeastern Kansas.
Had forecasters moved the low eastward, as

Figure 57 (same valid time as Figure 56b) is L

o

== = w| SALLOBARS \
R [SALLOBARIC LOW CENTER

suggested by use of the isallobaric low center A
as an indicator, snow would have been forecast 3

for most of the eastern half of Kansas where Figure 57: 12Z, 19 Nov 197§

none actually occurred. Such a practice should

be tempered by careful examination of continuity SURFACE ANALYSIS - CENTRAL PLAINS

of both 500mb low and height fall center movement . 2 e e

EXAMPLE 2 - In Figure 58 the S00mb low and height fall center moved over the West Coast and
bottomed out over Arizona and Utah by 04/12Z. Meanwhile, the associated mP frontal system moved
across the Rockies and became stationary over the central Midwest. Subsequently, a cP high built
and slowly extended a cold ridge into the upper Midwest, changing the mP front into a cP front. The
main surface low formed over northern New Mexico, moved southeastward along the front, and bottomed
out over north central Texas approximately 12 hours after the upper low reached its lowest position. !
The surface low and upper low did not ideally stack due to the presence of the cP ridge over the |
upper Midwest. The significant snowfall area remained to the left of the 500mb height falls track |
well to the northwest of the surface low's path. |
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Figure 58: Composite, 3-5 March 1976
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Figure 59 : Surface, 15Z, 4 Mar 1976 Figure 59b: Surface, 00Z, 5 Mar 1976

In Figure 59a, the main surface low is located over north central Texas...not
Colorado. The low and inverted trough pattern over Colorado is a reflection of
the upper low and should not move eastward but, instead fill. The heavy snow area,
however, is occurring within the Colorado low because of the approaching 500mb low
and, in addition, the low level upslope flow. The 04/12Z height fall center over
New Mexico is nearing the frontal system. By nine hours later, in Figure 59b, the
main surface low has organized, while the Colorado low has filled. The heavy snow-
fall area still remains well behind (northwest) the Illinois low. It is not recom-
mended that the snow be forecast to progress eastward immediately behind the sur-
face low when the upper system is a great distance away and is continuing to move
northeasterly. In this case, the heavy snow moved into the eastern Dakotas and
Minnesota and left eastern Nebraska, Kansas and southern Iowa without significant

snowfall (i.e., the snow area remained along and to the left of the 500mb height
fall center track).

EXAMPLE 3 - The third example, as shown in Figures 60 and 61, is presented to
alert forecasters that heavy snow can occur with a cutoff low or a closed low with-
in a long wave trough which has been stationary over lower California. Often, an
associated surface front is lacking with these upper systems. Precipitation will in-
crease and spread across the southern and central plains when these upper systems
finally move out towards the northeast (as shown in Figure 60). The ligelihood of
widespread heavy snowfall is greatest in these cases when the Midwest has been
dominated by a cP high pressure system over the previous 24 to 48 hours.

10 1DFATIFIABLE
SO0 HLIGIT FALLS

AREA 71/002-02/002

-

Figure 60: Composite, 1-3 Jan 1975
EXAMPLE 3 - SURFACE SYSTEMS LACKING IMMEDIATE UPPER SUPPORT
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Figure 61 shows the related surface

features approximately 10 hours after

5 the upper system began to move. There

was no primary surface low upon which

to estimate snowfall timing, since the

. system, for the most part, was an upper
v y level phenomenon. In this case the

b J frontal low in the Gulf dissipated; how-

|
1
|
3 & 4 ever, one must always be cautious when '
watee Gulf waves do appear and a cutoff/closed |
X low is approaching the Midwest from the
) southern Rockies as a short wave. No |
organized storm developed within the
oolny - lee-side trough in this particular ex-
ample because the short wave (cutoff
low) was already ahead of the approach-
ing mP frontal system., Figure 60 shows
the relationship between the heavy snow [
‘o 3 arca and the 500mb height fall center |
-

e ' track. Snowfalls of 6" - 8" fell over
Figure 61: Surface, 09Z 2 Jan 1975 areas of the central and upper plains.

SECTION TWO - MIDWEST UNDER THE DOMINANCE OF HIGH PRESSURE !

Relationship Between mP/cP Main Low Organization

and Cyclogenesis Aloft

When a large high pressure area, usually cP, prevails over much of the Great
Basin, central and northern Rockies, and the Midwest area, frontal and low activity
is generally confined to the southern Rockies and the southern Plains areas. Short
waves moving across the southwestern U.S. (independent of long wave troughs exist-
ing east of the Rockies) continue eastward across Texas and develop frontal waves/
lows over eastern Texas and within the Gulf of Mexico. Normally, this particular
frontal low development continues eastward affecting the Gulf coastal states and
the eastern Seaboard states. There are, however, situations where major frontal
low development moves northward and affects large arcas of the Midwest.

The upper air structure in these situations is a mean long wave trough orien-
ted NE-SW from the Great Lakes to the southwestern U.S., and a strong Pacific ridge
is present off the West Coast. Short waves moving from or developing over the Gulf
of Alaska and/or the Pacific Northwest '"drop' rapidly southward into the Arizona-
Nevada-Utah area, bottom out over the west Texas-New Mexico area and swing north-
eastward across the Midwest. Since most of the Midwest is under the dominance of
cold polar air, large areas of precipitation develop well in advance of the short
wave's arrival. The southerly flow preceding the approaching short wave produces
a stationary overrunning set up. Excessive snowfalls are not uncommon over the
southern and central plains during the storm's formative period due to this quasi-
stationary overrunning condition.

SURFACE FEATURES

Listed below are general surface features that exist prior to and during storm
development of this type.

% A stationary front, usually cP, lies across Texas and/or the Gulf of
Mexico.

! % Usually, a weak (often inverted) and disorganized troughing within
{ the pressure pattern extends northward from the frontal zone into the central
plains.

% Main low development will either be along the frontal zone or form
somewhere north of the front within the inverted trough pattern. Low development
usually begins about the time of bottoming out of the 500mb height fall center .
track.
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% Lingering lows/inverted troughs frequently appear over the southern
Rockies during and after main low development over the southern plains.

CASE _STUDIES

Figure seguence 62 through 65 is shown next to give the reader a more thor-
ough picture o

ination of high pressure. Two examples are given.

EXAMPLE 1 - Tn Figure 62, the 500mb low/height fall centers, shown in 24-hour

periods, moved southeastward from the Pacific Northwest towards Arizona and

bottomed out over the ideal location of New Mexico and West Texas. If the Midwest

had been under a receding high pressure situation, the main low development would
most likely have been found within the lee-side trough over Colorado and New Mex-

ico. However, the Midwest is under a cP high pressure system; therefore, main low

development would be more likely to occur along the stationary cP frontal system
in Texas. In Figure 62, the surface low associated with the short wave weakened
and dissipated over New Mexico. Main low development occurred along the front in
eastern Texas (21/12Z) and began to move northward when the 500mb height fall
bottomed out over western Texas (21/122Z). By twenty-four hours later, the surface
low had intensified and became stacked with the upper system over Missouri. There-
after, the low turned easterly towards the Great Lakes. The heavy snowfall area
remained to the left of the path of the height fall center throughout the period.

storm development while the Midwest was found to be under the dom-
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Figure 62: Composite, 19-23 Feb 1971
EXAMPLE 1 - PREVAILING HIGH OVER THE MIDWEST
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Figure 63b: Surface, 12Z 21 Feb 1971
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Figure 63c: Surface, 12Z 22 Feb 1971
EXAMPLE 1 - PREVAILING HIGH OWER THE MIDWEST U. S.

Figure sequence 63 deplcts the surface pattern relevant to Figure 62, 24 hours
before, during main low development, and 24 hours later. In Figure 63a, the mP
frontal system 1s found over western New Mexico. In Figure 63b, 24 hours later, this
mP surface system has dissipated. The remnants of the mP frontal system are reflected
by the inverted troughing north of the frontal low in eastern Texas. The approaching
500mb height fall center over western Texas sets off further development of the sur-
face low over east Texas and southeastern Oklahoma during the next 12 hours. Wide-
spread (overrunning) snowfall is shown in Figure 63b occurring to the northwest of
the frontal wave. The division line between rain and snow is along the projected
500mb helght fall center track (Figure 63c). Qulte often the inverted trough from
the low northward into Oklahoma (Figure 63b) 1s an indicator that the upper system
is beginning to bottom out and is turning northeastward. By the next day, in
Figure 63c, the surface low has developed into a major storm centered over Missouri
and 1s moving towards the Great Lakes. Heavy snowfall of 15-25 inches covered much
of Iowa, Nebraska, Kansas, and western Oklahoma.
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Figure 64: Composite, 9-12 keb 1965

EXAMPLE 2 - PREVAILING HIGH OVER THE MIDWEST

NS -

ERREY B3 -

Figure 65a: Surface, 122 10 Feb 1965

Example 2 - This storm pattern is similar to the previous example in many re-
spects. In Figure 64, an intensifying 500mb short wave/closed low moved from south-
ern Idaho, where it had formed, into the southern Rockies. The original surface
low (shown in west central New Mexico) dissipated, as did the low in Mexico. De-
velopment of the main surface low occurred along the Arkansas/Missouri border while
the 500mb height fall center was passing from the panhandle region into southern
Kansas. Note how rapidly the short wave low moved to the northeast after it bottomed
out over eastern New Mexico. Tt is suspected that the 500mb low also bottomed out
over northeastern New Mexico sometime between 11/12Z and 12/12Z, perhaps near 11/18Z
(indicated by the arrows in Figure 64) in agreement with the height fall center
over eastern New Mexico, Only 24-hour positions were available for this case study,
s0 a straight northeasterly 500mb low center track is shown from northwestern New
Mexico to Wisconsin rather than into northeastern New Mexico and then northeastward,
as is suspected to be the actual case. The heavy snow area lies to the left of the
S00mb height fall center track. Taking a closer look at this example, in Figure 65a
the surface pattern 12-18 hours prior to heavy snowfalls over the central plains is
shown. The storm system centered over Wisconsin had developed over the southern
plains 24 hours earlier. The mP cold frontal system moving across Mexico is becoming
diffused. Snow is increasing over the Rockies within the cold air and results from
an upslope low level flow and the developing upper system over Utah.
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Figure 65b: Surface, 12Z 11 Feb 1965
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In Figure 65h the pressure pattern
is disorganized over the southern plains
as the upper system approaches. The mP
cold frontal system moving across Old
Mexico has become further diffused. In
verted troughing appears in two areas:
(1) Over the mountains of New Mexico and
Colorado (reflecting both the 500mb
trough and, at the surface, the building
cP high over North Dakota) and (2) over
eastern Oklahoma and Kansas. Tt has been
shown in previous case examples that main
surface low formation is likely under or
to the east of the height fall center
track as it approaches from the south-
west. In this case then, there should be
surface low formation somewhere within
this confusing isobaric pattern over the
southern plains with the support of the
upper system. The dissipated mP (rontal
system is probably reflected within the
inverted troughing over Oklahoma and
eastern Kansas. The most likely area for
surface cyclogenesis is, therefore,with-
in the inverted troughing north of the
stationary front in western Missouri and
eastern Kansas because that is where
(although insufficient to support a cold
front) the greatest thermal discontin-
uity exists. Furthermore, the low is
favorably located along the 1ldeal 500mb
height fall track, Within the inverted
trough, cold polar air is moving south-
ward through central Kansas with warm,
moist air flowing northwestward towards
western Missouri. Moderate to heavy snow
is occurring over Kansas and Nebraska
under a stationary overrunning upslope
pattern.

By six hours later, a surface low
has developed in southwestern Missouri
north of the stationary front, as shown
in Figure 65c. This low developed rapid-
1y and moved to southern Michigan 18
hours later (shown in Figure 64). Heavy
snowfall continues over the central
plains. Offutt AFB, Nebraska, received
19"; Omaha received 23"; and surround-
ing areas had up to 30". The rain/snow
line is oriented SW-NE across eastern
Kansas to extreme southcastern Towa;
the snow area is some distance north-
west of the track of the main surface
low in good alignment with the height
fall center path.
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SECTION I11: SPECIAL CASES
- CYCLOGENES1S ALOFT APPROACHING FROM THE NORTHWEST

Low pressure systems developing along the quasi-stationary front over and east of the Rocky
Mountains can also produce significant snowfalls over the Midwest. Discussion of the associated
upper level and surface features was presented in Chapter 4. In review, a prevailing cP air mass
exists over a large portion of the Midwest. Developing short waves move further inland across
western Canada and the northern Rockies because the Pacific ridge extends further inland over the
western U.S. These short waves continue southeasterly and bottom out within the long wave trough
over the central Midwest. Considerable snowfall often develops within the cold polar air as the
short wave approaches. The related surface low is usually located some distance from the upper
system.

CASE STUDIES

Example 1. Figure 66 shows the relationship between movement of the S00mb low, S00mb height
fall center, and the surface low. The main surface low developed over southern Alberta and moved
southward along the Rocky Mountains to west Texas where it bottomed out. The reason why the
Alberta low continued southward rather than eastward is obvious: the continuous digging of the
height fall center toward the southern Rockies. Note the moderate height fall from Montana to
Texas as the system moves down the Rockies. The height fall center bottomed out within the long
wave trough over Oklahoma, with the values increased again (-16 over Missouri) as a northeasterly
track is taken. Note that the height fall center has shifted eastward between 26/00Z and 26/12002
although the 500mb low center was still moving southeastward. The 500mb low center, however, did
shift eastward by 27/00Z as it bottomed out. The main surface low moved down the frontal zone along
the east slope of the Rockies to west Texas due to the presence of a cP ridge over the Plains,
Figure 67a. The low reached bottom at the same time the height falls bottomed out (26/00Z). The
storm became a mature storm between 26/12Z and 27/00Z as it moved northeast. The low was a weak
frontal disturbance (while bottoming out although central pressure didn't change much) while moving
ecasterly across Texas. Figure 67b shows the surface pattern at 26/1200Z during the storm's history.
The surface low is in the process of turning northeastward, indicated by the strong inverted trough.
The 500mb trough is reflected at the surface by this inverted trough. Widespread snowfall
developed north of the S500mb height fall center track as Gulf air overran the cold air mass during
the period when the entire system was reaching its lowest position within the long wave trough.
During the following 36 hours, the three centers converge as they move northeastward. Heavy snowfall
resulted along and to the north of the height fall center track from the central plains northeast-
ward to the Great Lakes. .
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Figure 66: Composite 24-27 Nov 197§
EXAMPLE 1
STORM SYSTEMS APPROACHING FROM THE NORTHWEST
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Figure 67a: Surface, 12Z 25 Nov 1975 Figure 67b: Surface, 12Z 26 Nov 1975
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Example 2. This example is presented to show storm development and the occur-
rence of heavy snow without the support of a closed upper low. Figure 68 depicts
the related movements of thé 500mb height fall center and the surface low. This
particular storm system produced initially unforecast heavy snow over most of
Nebraska and Iowa and the extreme northern parts of Kansas and Missouri as shown.
It also produced snow over portions of the Ohio Valley. In this particular in-
stance, which will occasionally occur during the winter, there was no closed 500mb
low circulation to support this system. The height fall center, associated with
the short wave, moved from the Canadian Rockies southeastward to the "bottoming
out" area along the Nebraska/Kansas border. Main surface low development occurred
over Montana. The surface low moves southeast during the next 12 hours in good
agreement with the movement of the 500mb height fall center. Figure 69 shows the
surface features at 19/00002, immediately prior to full storm development. As it
moved from eastern Kansas toward southeastern Missouri, the majority of the snow-
fall occurred. The heavy snow area lies to the east and north of the surface
low track and the southern boundary of the snow area is seen to be along the
height fall center track.

o i) R

Figure 68: Composite, 18-20 Jan 1975 Figure 69: Surface, 00Z 19 Jan 1975

EXAMPLE 2: STORM SYSTEMS APPROACHING FROM THE NORTHWEST
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PRECIPITATION DEVFLOPMENT

Rapid development of clouds and precipitation areas over the Great Plains have frequently
surprised forecasters. 7The absence of significant precipitation over areas of the southern and
central Plains during the developmental period of a storm system over the Rockies is quite common,
especially with a receding high pressure pattern. Precipitation often develops rapidly while the
system L. ftoms out and there is subsequent stacking over the southern Plains. It is usually a
few hours prior to the bottoming out period of the 500mb low that moisture in the lower levels
| 3 (Gulf or residual stratus) begins advecting northward from Texas into the developing system.

2 3 Moisture is transported into the middle levels by an increasing uplift of air along and east of

the trough axis. In this regard, the concluding section of this chapter will discuss two developing
precipitation patterns. The two patterns will be identified as being associated with either a

B s receding high pressure pattern or a prevailing high pressure pattern, as has been done throughout

3 this Technical Note.

SURFACE HIGH RECEDING FROM THE MIDNWEST

E . The southern and central Plains are usually under a warm southerly flow on the back side of
the high just prior to storm development. The presence of a low level jet and subsequent northward
advection of Gulf stratus occurs frequently. Gulf moisture continues northward and is lifted into
the middle and upper levels and eventually circulates into the upper low which, by this time, has
begun moving out of the Rockies. Snow develops within the colder air and the precipitation area
increases as the system continues to intensify. Figures 70a through 70e depict a storm's passage
over the Midwest. Surface features and 500mb low center and height fall center (tracks) have been
added to those charts closest to the 00Z and 12Z 500mb data to show the relationship between the
bottoming out period and increased precipitation. In Figure 70a, no precipitation is observed over
the plains. Scattered showers have developed along the cold front near El Paso, Texas (ELP).
Scattered areas of precipitation are likely within the cold air associated with the approaching sys-
tem west of the Rockies; however, significant precipitation develops later over the plains. Figures
70b and 70c show the gradually increasing precipitation areas over eastern Texas, then the southern
Plains, as Gulf moisture flows northward. In Figures 70d and 70e, the increasing precipitation area
has spread into the central Plains and Ohio Valley as the upper low (500mb) has moved to north-
western Oklahoma (24/12Z). Moderate snow is falling over the northern Texas panhandle, eastern
Colorado and western Kansas area.
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23/12Z FRONTAL POSITIONS

- Figure 70a: 1135Z 23 Dec 73 Figure 70b: 1735Z 23 Dec 73
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- 24/00Z FRONTAL®
POSITIONS -

Figure 70c: 2335Z 23 Dec 73

Figure 70d: 0S35Z 24 Dec 73
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Figure 70e: 1135Z 24 Dec 73
FIGURE 70: RADAR SUMMARY SEQUENCE
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Figure 71b: 02352 2 Jan 7§

Figure sequence 7la through 7le, shown
in three-hour increments, is presented
to show another example of this rapid

development and movement of precipita-
tion. In this case there is no readily
identifiable surface low to track., A

closed low within the 500mb long wave

trough over the southwest U.S. moves

rapidly northeastward toward the central

states and the surface high recedes
from the northern Plains into the Ohio
Valley. In Figures 7la and 7le the 500
low center location has been added (as
in the previous example) to show the
12-hour movement of the upper system,
Note the rapid development of the pre-
cipitation area. In this particular
example the 500mb low and precipitation
area woere moving northeastward at 40
knots, Further ﬁistory of this storm
was shown in Figures 60 and 61 and is
discussed earlier in this chapter.

Figure 71d: 0835Z 2 Jan 7§

@ 500 M0 Low Cenrer
Figure 71e: 11352 2 Jan 7§
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Figure 75: Radar Summary 19352 2 Mar 1979

o

A third example of rapidly developing precipitation is
depicted in Figures 72-76. The surface frontal and
pressure systems shown in Figure 73 fits the receding
high pressure pattern described on pages 35 and 36. Note
the lack of precipitation over the southern plains
(Figure 73) associated with the short wave moving through
Arizona (Figure 72). Eight hours later, precipitation
increased dramatically (Figure 75). Now look at the
movement of the height fall center (Figure 74). It has
obviously bottomed out and is now moving to the north-
cast towards Oklahoma. Again, the precipitation patterns .
increase significantly during and after the "bottoming
out" period. Figure 76 shows the resulting snow accumu-
lation related to this storm. In most cases, heavy snow
accumulations lie to the cold side of the S00mb HFC
track. In this case, the storm received a significant
amount of warm advection, As described on page 51, heavy
snow accumulation will fall to the left of the SO0mb Iow
conter track if the storm becomes sufficiently warm.
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SURFACE HIGH PREVAILING OVER MIDWEST

When the central U.S. has been under domination by strong high pressure for 24 to 48 hours, a
stationary frontal boundary is normally found over Texas eastward across the Gulf of Mexico with
cold polar air prevailing over most of the Midwest (Figures 77a and 77b). A long wave trough usually
lies west of the Rockies. At the start of development a generally combined area of precipitation
develops along and to the north of the frontal boundary. Gradually, moisture spreads northwestward
across Texas into New Mexico from the Gulf. This pattern remains fairly stagnant until a short wave
system moves out of the long wave over Arizona and New Mexico (Figures 78a and 78b). Once the
short wave begins to turn northeastward the precipitation area begins to expand quite rapidly
(overrunning). Extensive areas of precipitation spread northeastward across the Midwest as the
associated short wave moves northeastward from the southern Rockies. Figure sequence 79 depicts
such a precipitation pattern under a prevailing high pressure system., This system produced a foot
of snow in Kansas and Missouri and gave Texas everything from an ice storm in the Dallas area to
1% inches of rain at College Station,

In the precipitation type shown, the intent has been to impress upon forecasters the importance
of constantly watching for any sign that will give warning of an impending storm formation. In
the case of a receding high pattern precipitation develops rapidly over the southern plains usually
in the Texas panhandle - western Oklahoma area. Precipitation development associated with a pre-
vailing high pattern increases gradually over a large area of the southern plains and generally
provides ample warning that increased overrunning ahead of the approaching upper trough is occurring.
No matter whether all the signs are there (at the 500mb, at the surface, or on the progs) or not,
closely watching the upstream changes as they are occurring remains one of, if not the most
important responsibilities of the forecaster.

Figure 77a: Surface, 122 30 Dec 1978 Figure 77b: Surface 122 31 De

57Q N Y

Figure 78a: 500mb, 00Z 30 Dec 1978 Figure 78b: S500mb 12Z 31 Dec 1978
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Figure 79a: 07352 30 Dec 1978 Figure 79b: 1035Z 30 Dec 1978

Figure 79c: 1935Z 30 Dec 1978 Figure 79d: 0835Z 31 Dec 1978

SUMMARY

The main purpose of this chapter has been to tie together many of the key features of the
surface analysis with the developments that are occurring aloft, with the 500ub level being the
area of primary concern. There is a definite relation between the track of the 500mb height fall
center and what happens on the surface...particularly, where the storm will move and what area is
the most likely to receive heavy snowfall, The intent of this chapter was to show this relation-
ship for eath type of major storm system known to have occurred during research (1952-1976). In
the process, main low identification, development, and movement were discussed at length to better
prepare the reader for future winter storms.
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CHAPTER 6
SUMMARY

INTRODUCTION

This chapter is offered as a summarv of what has been presented so far
throughout this technical note and some information from the companion note,
3WW Tech Note 76-1, Low Level Moisture Advection. First, condensed summaries
on the recognition of synoptic features and the use of subjective rules
(both at and above the surface) discussed throughout the tech note for short
and long wave systems are shown. Selected illustrations for each summary are
included and figure references are noted where applicable. The number(s
enclosed in parentheses are page numbers within the tech note and serve as

a reference.
Al

The second portion of the summary show relationships between the tracks
of the 500mb low center, the 500mb height fall center and the main surface
low and the likely areas of heavy snowfall for some areas of the Midwest.
While most of the study refers to the Great Plains area, it should be noted
that the same relationships appear valid throughout the entire Midwest area
from the Rockies on the West to the Appalachians on the East.

) Finally, a case study is presentid of an intense storm system (blizzard)
that developed over: the central plains during the period January 8-11, 197S.

Note: In the following figure sequences, the surface analyses shown are
exact duplicates of the NWS facsimile charts. No reanalyses or repositioning
of frontal boundaries was attempted prior to use in this Technical Note.
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Figure 52:
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T T T S s g

| RN A ;:
1 4 =87/ A
| Gl L | AR

T

00 : ~ \4\“»‘ —" i 3

1006 8 "“ﬁ‘ \J ‘i’?" \
R

Figure 93: 00Z 19 Nov 1975

. B Figure 94: 00Z 20 Nov 1975 '




IIA0 $32
-uedio moy |
3uoxy 42 10

bmous Aaeay (£9)

“Z01 pue 101
s314 -Suruuni

4o 8uore A1
-9411 Stsauald
-0124) -say
4204 03 pIuly
~u0d A3ITATI
-28 JABA/MO]
f:s *STIRAL
} sanssaad y3

T3ATT MO
/3ovAuns

w2700 Jyv§ Yy6Yoy qup0s - DiH 4 °YRUMYDRY yandy ooy puv 29v§umy 0§ 73 Puv (3 vebvd 225

*(s9 ‘8s) 2oy
pue [o1 s31
Aem 3uo] woaxj 66l
SO “(y2 $32a(a aAe pue /6 nu.«.,
My g1 ‘o1 » “HQG »uwnm - suayzBuaay:
£ ““:unww " <Lz ...52“)5“ w_»ﬁ JELE - oy
et ‘9z ‘vz ‘s2) Ju013 4o B “Rhion sohs
TeaIay3/ino3 . 3 d3 Suol 8noa3 oA
ST o, S 801 pue SOT sTs9uaBo[ 34> b
POsOISY 314 “surer (vz*s2°01) Sdoy yo.3%es
$3t ommg Aem ] eijues ssoxd . "Z0T P “c01 pue 96 3°f "PTASEIV
"l“um S MOTY pugy Jusmen 10T 314 -sa17] s314 ur unoys| SPIEAO3 piEA
WL -sot J4H 103 %007] ~%20Y 3O 153! smorre dag] ~H3IOU Spusl
pue yo1 s31d *paaN daom *(61°81) wi03s ave3fysnoi inojuod] X9 Pue SIT3
P—!&nno__uuonﬁvﬁ 103(3 A191e uoys 1113 pUe ‘00T 314] ~ans pezzrdos puTYeq 35B0D ~ISu3jur osie
S9AINDII MO -tpomut £ e -sa381S cse 30 jusm 3soy 33O SIT[ a8p1x o131084
SRS Jxous] aA®A 3I0yg I11m surerd] urerd rexauad] -doraasp zsyafySnors yemieys: YL “pIea
-y puel] 1on0 anom 03] Pue wreuznos| -iny zo jusdd quogs :ampp| YOS sdoap
d0 ¢ saded wo Apesz zeadde ay3 ssoide -aA0m pre aAem 3I0YS
wno] 2addn ue | yorym saryooyf PIEAISEIY3ILOL -3589 Ae1ap ‘(vz ‘s2) Y1 . (ompa
(92 ‘sz) (zz] 30 3semyinos | ;o 1sam/13n0 Sutazrys|  Atextr 11t -po1 pue gor 33( 31our)
nay3 0z) 001 Sutaeaddy SMOT ‘1943 od1xo moN| Bur33tp ponut] 31y -meyss| SuSU3Busnis
= 314 -sanodol ewpxen Butm,, |-moy - (6o naya] PUE Tuoztav| -ju0y ‘Butual mioys oy3 yofPU® 3SED 3SM
W= [31TA1398] 335 :ONINUVM 59) -umoys ] I9A0 pIEMISED -doap y3no1i] juewsnom pae Iaa0/3uote
9ABM JI0Yys J0N  -suteld Burrow (s,74H penuriuo: -35®3 ITIIL[ S-N suBire
POSEaIOUT 3103 ) °66 w019 uo A7] AEPM)suBnoIil o3 amp Aauis| <Ay3usnbasuocofiITENIUAS 3
-2q ssed £ pue ;6 314 § -axr1 st mro3s JABM 3I0YS -1senb a2mo ‘3utuadaap HO
sAep Te19Aag] -sixe y3noaz -mous xo(pw[XOUTE 103 Y0O] -3q [1IM 20 Joay pa “(©)
*A31suelut] 30 3ses stxe | ® uoyy suyerd] ‘OWIIUEIW U} PMMS 03 piea) -urjuod se3e (umoys 30K)
Ut pIseIIdI] 33( 3uote wzayanos [UI “WAISLS 33F “43inos 3Ace -TPUT 3ITUS| -uzajjzed 33
‘3303m0 | sey aAea 3I0ys paemisea|l  15A0 BurAind SINIE. O 194319 TTIA} preay3nos YL} s3ueys A[aued
9w03q Aew Ba3eaTpul ‘S'0f -yizou sosom | -ox piemisea] -9 A% mollwor quops wawsl oy a1y z1) pz7usrs 30w
RO ONINYVM uza3samyinosy Arjuanbasqns | sonutauos aaem “(zz*12°02) paeaynost snotasd syl op osem Buoy
1910 dAaem] pue aaem 3uog 310ys 3urue “PABAISBIY SONUTIUOD JJHY woij pIeAlsd. 3 S3USWIAOW
‘001 314 Puor jo aseq ut 3o aseq ut|f-doep 31 -dio| 3ButAom 3103} 371 ‘(9°S) golfy3nos xo0 px aAes 3I0YS
“3samy3nos 1o | -yi1m Iswaa -y3ta szeadde [} a1d peazdsepry| -9 SA®P 1223} pue g5 s3ry} -yinos 3FTY -uotT3eIn
Yyinos ay3 o3 pue 1a8uyy xem Juoxis 107 pue gg| ~A3S 103 dABM (Eaae paydjeyll Lzw 3ng IS9MY Sriyos y3noil
29y3ang sdoap Aem s{TR3 ‘39f 3o § s31g -sinooo] B3uol UTYITAl juotpesd jewhyiaoN I1FTEd] 54
20 Axeuorzeys | ydpoy BurusyaBusays § us3jo uzszzed Axeuoriels) -19y3/Inojuod] 1940 pIemised] guoryoz pue
sutemal 1134 s3udA9] pue apnitrdae § sanssoad ySyyj -T1send urewel]  SpIm uTYIT -4anos SIAOWE,doTaAIpP-11IA
194312 Mo on3 30 9 Surseszous|l Sutrresead y| 4®w mor 1addn] sdoressp morfpay oAem 3ioyg weo11s 39
AONIANIL : = AON3ANAL ;
INARIAOW (aWoog) TATT MOT V3V SIsaNEo (gWoosg)
o1 @00s | L twos, | wvaus s /3ov4uns NI | “0155 anoos | , SinInIAK

SNIVINAOW A4D0¥ 40 ISV3/¥AAC'

SNIVINNOW AXD0Y 40 IS3M

i § 74
‘€z) so1 ‘vol
‘€01 PUE 00T
‘86 ‘96 s31d
e PAOT [1TA
®3354s miols
ay3 saoym pue
uaym 3sed3103
03 IIMIIFTP
ua3jQ “anddo
Aew 3ey3
juaudoraaap
WwI03S Ul
saBueyd> 12437
23ddn sno
-T1IeA 343 jO
asnedaq 2ul
-yd3em sieag
UoT3dE STYL
*sayoeoxdde
JABM 3X0YS
Y3 se "s°n
uI33SIN Y3
I2A0 F1353T
SIYSTIqeISI-31
pue “s°q
1eI3U30 Wo1j
sapeadoas
-22 aaem 3uo]
M)

g— i ¢4
-81) (umoys
30u) Iaea
B3uot jo Iseq
o3ul pIesa
-y3inos saAcE
JAem 3I0YS
“S°M UIIIsam

aAea 3uol 43| oy3 a9a0 Burl

-s1saad y3nox3
aaea 3uoy g-N

a1qerzTausp |

SHOMOWL FAVM ONOT HONOYHL ONIAOW SWALSAS SIAVM LYOHS
SNIVId LVIYI/SNIVINAOW AXD0Y¥ FHL ¥IAO TIVAMONS AAVIH ONIWOAVA STUNLVEd DILONAS QISVHA-IWIL 40 NOILINIOIFTY
AUVINA(IS

&8

5
:

b e 4 &

o e




:
Rl ¢ | | /0
Figure 96: 500mb 00Z 5 Dec 1978
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Figure 102: Surface 06Z 7 Dec 1978
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" Fiqure 105: 500mb 00Z 3 Mar 1977

Figure 108: Surface 00Z 5 Mar 1976
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. Note: The southern edge of the heavy sndii area
epicted will expand southward towards the
L A SRR e Sl 500mb HFC track in proportion to the cold~
ness of the prevailing air mass. B

. Shown above (Figures 110 through 112) are three Flgure : -
more examples of the relationships between the L12: Prevailing Hic
tracks of the 500mb Tow, the 500mb height fall center and the surface low described in Chapter 5.
Many variations of the relationships shown may occur; forecasters should determine where and when

4 recurvative of the upper system will take place. Also, considerations of where the primary surface
anticyclone will lie (and its air mass characteristics) - whether it is receding from or will pre-
vail over the Midwest - are necessary to determine heavy snowfall areas. Don't become confused with
the current surface pattern where, perhaps, two or more surface frontal lows are occurring during
storm organization. The primary low will develop and intensify rapidly within the vicinity of
upper level recurvature (bottoming out) areas.

EXAMPLES OF HEAVY SNOWFALL PATTERNS
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THE JANUARY 1975 BLIZZARD

On January 8, cold air and positive vorticity advected over the West Coast and set the stage
for storm development over the Great Plains. This development is portrayed in the sequence of
figures (113-123) which shows the relationship between various parameters discussed in this tech
note. The composite figures include the 300mb jet and isotachs, the S00mb height falls (50 meter
increments) and height fall center (X), the low level jet axis (open tail arrow) and associated
low-level moisture. These figures will be discussed only where emphasis is needed.

Figure 113 depicts the pattern approximately 36 hours prior to heavy snowfall over the
central and western plains. In Figure 113c trough deepening is appearing within zonal flow over
the West Coast. In Figure 113d, a large height falls area has appeared over the West Coast as a
strong jet stream approaches central California.

A lee-side low appears within the trough over eastern Colorado as shown in Figure 114a. In
Figure 114b, the lee-side trough appears at the 850mb level. Thermal ridging is noted within the
lee-side trough. Deepening continues at the 500mb level evident by the cold air trough over the
western U.S. (Figures 114c). In Figure 114d, the height fall center continues southeastward
towards Arizona north of the jet stream. The jet has strengthened to 150+ knots as the isotach
area moves into lower California.

In Figure 115a, the mP frontal system had been moving southeasterly at approximately 25 knots,
but is beginning to slow down due to continued upper level deepening. Two surface lows appeared
along the frontal system. The low over southern Colorado is the main low (see Chapter 5, Figure
47). The northern portion of the mP front (occluded segment) has become diffused and is indicated
by an inverted trough. No significant precipitation over the plains is evident. The cold air
source for this developing storm system is the cP frontal system over Montana. At the 850mb level
(Figure 115b) a low has appeared within the lee-side trough which suggests that continued deepening
and probable cyclogenesis is occurring within the approaching upper trough. Gulf moisture appears
along the Texas - Louisiana coast. In Figure 115c, deepening continues and the contour gradient
has loosened from Montana southward to New Mexico, while the heighr fall center track has continued
to be southeastward and strong cold air advection (with a closed pocket) strengthens within the
trough. In Figure 115d, the 500mb height fall center has continued southeastward and has decreased
in magnitude by 20 meters. The fet's eastern segment over the Midwest is moving northward as the
trough continues to deepen. A new 110 kt isotach appears along the jet and is located within the
southeastern quadrant of the trough over New Mexico. The low level jet has developed (55-60 knots
at 2,000-3,000 feet) over the southern and central plains. Gulf stratus below 3,000 feet has
advected into north central Texas. All of the ingredients for major storm development are evident
at this time.

The radar charts (Figures 116 and 117) subsequent to Figure 115 are shown. In Figure 116,
precipitation is occurring within the inverted trough over the upper Midwest and in the colder air
over Colorado. No precipitation has developed over the central and southern plains. Frontal
showers are occurring over New Mexico. Five hours later, (Figure 117) a significant increase in
precipitation has occurred over the central plains.

Returning to the 12-hour sequence, in Figure 1l8a, two frontal surface lows still appeared.
The main low is located over the Texas panhandle. The Kansas low dissipated shortly thereafter.
Cold air, moving southward across the northern Rockies within the lower levels, is feeding into the
storm system as shown in Figure 118b, Warm, moist gulf flow continues northward into Missouri.
At the 500mb level, a closed low appears within the trough over northern New Mexico (Figure 118c).
In Figure 1184, the jet's eastern segment has moved northward toward the Great Lakes. A 110+ knot
jet maximum still exists within the southeastern quadrant of the trough. The strong 150+ knot
jet maximum is still prominent over the western U.S. The height fall center has decreased further
as the center bottoms out over eastern New Mexico. Gulf moisture continues northward into the
storm system supported by a weakening low level jet (40 knots). Precipitation continues to increase
over the Midwest as shown in Figure 119, nearly six hours later. The entire system has bottomed
out and is beginning to turn northeasterly. The increasing snow area over western Kansas and the
Texas panhandle (associated with the 500mb low) is the area to watch for significant snowfall. As
the 500mb low now moves northeastward the snowfall area, likewise, expands and moves northeastward.

In Figure 120a, the main surface low that was located over the Texas panhandle 12 hours ago
has moved northeastward to eastern Kansas and has deepened 5 millibars. The storm system has
become well organized. Snow has spread into Kansas and Nebraska. The inverted trough north of
the low is still persisting; the surface low, now moving northeasterly, should move towards this
inverted trough. At the 500mb level, (Figure 120c) intensification continues and the trough now
resembles the appearance of a long wave feature. The 500mb low should now turn northeastward.
The 300mb jet axis east of the trough has become oriented S-N, conducive to development of a long
wave trough pattern. The height fall center is moving northward and has increased in magnitude
after decreasing during the previous 12 hours. The strong jet maximum still exists over the
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western U.S. The storm system is still supported by a maximum isotach area (110+
knots) within the eastern section of the trough from Texas to Minnesota. Figures
121 and 122 depict the precipitation areas at selectea times subsequent to Figure
120). The snow area has increased and shows a slow easterly movement. Blizzard
conditions are occurring over eastern Nebraska at the time 6f Figure 121 and were
st1ll in effect nine hours later.

The storm system has become fully developed as shown in Figure 123a. The
central pressure has dropped 12 millibars during the past twelve-hour period. The
500mb low has moved northeasterly to eastern Nebraska and appears to have become
a short wave within a long wave trough pattern (Figure 123¢c). In Pigure 123d, a
maximum isotach (130+ knots) jet appears within the trough's bottom over Texas;
however, the storm system continues northward supported by the 110+ knot maximum
over Illinois and Wisconsin. The persistent jet core with strong isotach areas
over the western U.S. throughout the storm system's life most likely caused the
system to appear to change from a short wave to a long wave pattern. This storm
system continued northward into Minnesota and produced a blizzard from eastern
Nebraska and Iowa northward to the eastern Dakotas, Minnesota and Wisconsin.
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Figure 113a;

Surface

Figure 113¢: 500mb

Figure 113d: Composite

FIGURE 113: 122 8 JAN 197§
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Figure 114a: Surface Figure 114b:  850mb

Figure 114¢c: 500mb Figure 114d: Composite

» FIGURE 114: 002 9 JAN 1975
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ADVECTION

Figure 115c: 500mb Figure 115d: Composite

Figure 115: 122°9 Jan 1975

-
Figure 116: Radar Summary, 17352 9 Jan 1975
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Figure 118c:

500mb

FIGURE 118: 00Z 10 JAN 197§
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Figure 118d: Composite
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Figure 119: Radar Summary, 05352 10 Jan 1975
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Figure - 120d: Composite

Figure 120c: 500mb
FIGURE 120: 12Z 10 JAN 1975
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Figure 121: Radar Summary,

Figure 123a: Surface

Figure 122: Radar Summary, 23352 10 Jan 1975

-

Figure 123¢: 500mb

FIGURE 123: 00002,

9

Figure 123d: Composite

11 JAN 1978



CONCLUDING REMARKS

Though by no means occurring with the KISSI(O of every low pressure and
frontal system at the surface or each trough/impulse that develops at 500mb,
the proper ingredients for development of a major storm generally materialize
at least once each winter month somewhere over the central United States. When
one of these developing systems moves into the Rockies, extensive amounts of
energy exchange occur. 1In large part, the numerical models which develop the
prognoses at various levels in the atmosphere are unable to completely handle
these cases of large and rapid energy exchange.

This was the main reason for presenting the material in the Technical Note.
Hopefully, the forecaster will be found able to better improve upon the prog
charts he receives by supplementing the computer assessment of present and future
ntlosgheric characteristics with his own thorough analysis of the phenomena that
have been offered to him through this Technical Note. The forecast for any
specific location is only as good as the efforts of forecasters in using, supple-
menting, and modifying centralized computer products. Perhaps the efforts put
into development of the grevious chapters will convey the intended message to
the reader; namely, continual examination (close met watch) of individual obser-

vations and facsimile charts still ranks at the top of the list of means to
enhance weather service to our users.
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