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FR~~ACE 1)

Chief I~~ster Sergeant Weber has continued to exemliie nearly all
systems which produced significant snowfall over areas of the Midwest
since 3 WV Technical Note %-2 was published in 1976. This revision
contains additional subjective rules which were not presented in
original report. The ai~~~ ry in Chapter 6 has been expanded considerably.
~~ny of the subjective rules presented throughout this report have been
condensed into three single page st~~~~ries and may be used as a reference.

The infoi~~ tion 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.

Forecaater8 at weather stations throughout the United States,
particularly those located between the Rockies and the Appalachians,
should find this study most beneficial. It baa been written with the
new forecaster in mind, because Chief Weber feels they are the ones
needing it the ~most and having more to gain from it.
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I N’I’ROPU CTI ON

Thi s Technical Not e contains an orderly discussion of the atmospheric condi-
t ions necessary for the development of major snow storm s (those producing on the
order of four Inche s or moro of snowfall) over the central United itstes .

The pre sert tati on start s out at the 300mb level bY explaining the ideal jet
stream pattern preceding and accompanying storm development. At the 500mb level
it focuses on identi fication of conditions and areas over the western half of the
uni ted States that are favorable for cyologene sie . Related long and short wave
trough action s at the 500mb level are also discussed . Then , using several actual
occurrences, the correlation of height fall s tendency to that of the newly rormed
500mb low , inc luding their related movement , is di scussed. 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 5, many examples of surface synoptic
patterns tha t produced significant snowfalls over parts of the Midwest are pre-
sented .

After identify ing areas and conditions favorable for storm development in
Chapter ~$ , the discussion next keys on the identification , Intensification , and
steering of the main surface low in Chapter 5. The value of analysing the 500m b
hei ght falls anJ maintainin g continuity of the tendency of the height tall center ,
in addition to the 500mb low/trough impul se . Is show n through numerous case studies.
In the f i nal chapter, summar Ies :‘or recogn1:~1ng heavy snowfall patterns using many
or the subjective rule s wi th in the tech note will be shown. Finally , the 8—li
•a nuary 1975 Midwest bliz zard is discussed . The related events at all levels are
illustrated in 12—hour intervals from otart to finish of the storm to tie the condi-
tions at the various levels torether .
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300 NIl

[WL’ROt )II C’t I O N

The orientation of the jet stream and the location and movement of Is otact ~maxima along It are factors that provide good Indic~ tj ona  for development of signi-
ficant storms over the western United States . in this chapter , the 300mb main jet
stream patterns or conttguratton, known to precede major storm development will be
discussed . These pattern s can be thought of as being characteristic of short wave
and long wave situations , respectivel y . The relative locations of the jet stream
patterns and the wind maxim a moving along them , as they are significant to develop .-
ment In lower levels , will be presented .

300 MB JHT ORIENTATION AND W IND SPEED MAXIMA

The movement of wind maxima a1on~ the jet stream should alway s be considered
in assessing the potent ial for storm development . A maxima tsot-tch area eithermoving southe ast erly into or appearing within the bottom of a trough will Usuallycause the trough to deepen . A closed low circulation often appears at the 500mblevel when the teotach maximum along the jet stream swing s eastward into the bottomand/or southeast quadrant of the trough . The appearance of just such a closed lowat 500mb and it s location are extremely Important for de te rm inin g  whether a majorsnowstorm wil l subsequently devel op over the ~idwes t .

~O0 MB PArrF.RNS £HECED I NG MAJOR SNOWSTORM PEVELOPMENT

The two most COmmOn 300mb jet pa tterns that indicate potentia l for storm
development are shown in Fi~ ures 1 (short w a v e )  and 2 (1on~ w a v e ) .  F .ach patt ern ir
shown relative to the two significant periods In the devel opment of .1 storrr ~ system .FL~ure a represents the jet stream conti~ uratIon during the per io~! or cyc logene sisover the western U .S., while ‘~Igures b and ‘ depicts the jet stream position lat e r
during the storm ’s progression across the Midwe s t. Wind maxima areas are also showr..
The jet stream positions and the wind maxima depicted in Figures 1 and are average
;atterns . Each jet stream/trough relationship will , of course , vary slightly from
these pattern s depending upon the strength of the jet. NOTE : The low center and
troughing shown in each figure of th i s  chapter 1~ at the 500mb level.

SI~ORT WAVE PAr2ERN

Figure sequence 1 depict s a changine jet stream configuration within a
deepenin g short wave trough. In Figure la , the short wave has moved inland from the
Pac ific Ocean or the Gulf of Alaska . The significant feature Is the presence of a
jet stream approaching the West Coast behind the trough. Generally, th e overall
pattern shown in Figure la is zonal with short waves (‘rarying in intensity from nearly
undtscernabie to quite strong and evident) movinf steadily eastward across the U.S.
Storm development often occurs west of the Rocky Mountain s with maximum storm Inten-
sifica tion occurring over the central U.S. Cyclogenesis within the 500mb trough
occurs just to the north of the area where the jet stream digs into the 300m b trough
shown in Figure la. There are other factors besides the jet stream to be considered
for 500mb low format ion . These factors will be dl~ cuss ed In detail In Chapter 2.

In Figure ib , the amplitude of the short wave Continues to increase over the
western U .S. Note the ap pearance of a wind maximum over Me xico and west Texas
w i t h in the trough ’ s ba se. Generally, the entire jet stream system will progress
eas tward with the short wave . There will be instances when a short w~ve trough
~ic’ving eastward will appear to change into a long wave trough pattern~ due to strong
c~ ~t inued deepening of the system . This change of patterns can cause problems in
determini ng the path of the low system across the Midwest. (See height tall center
movements toward the south or southwest , Cha p ter 2 , page’ 10).

1. in dt.cuuing her e and elsewhere in the technical note the intcn~ificat ion of short wave
impulse. it will occasionally be 1*pit.d that the short wave trough tnten.tf I.* suffic iently to
b.ccas a long wav, trough pettun. The reader should not confui. thi, mention of th. long wave
trough pattern with th. pattern of the mean long wave tro ugh tha t is co~~~n at the upper level.
over the northern h i.pher.. The i.plication in this technical note is tha t an upper level flow
can be aonal on day one only to change to a pattern (say on day three) hav ing a at rong trough

t extending f ro. the Canadian Plain. southward to Mexico. 
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_ N , with storm system. that
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Plains— M ocky Mountain area.

______ The w ind maximum shown
earlier within the trough’ s

— . base (Figure lb) has now
I 

- swung northea stward and is
located in the southeast
quadr ant of the trough . The
jet stream should progr ess

-. - _____ eastward as long as the ay e—
tern continues as a short

~ wave feature . Quite often
~~~~ these short waves continue to

Intensify east of the
Mississippi and take on the

Figure la : Day i. appearance of a b a g  wave
trough over the eastern U .S.

An Important point to be con-

~~~~~ r ~ ~ sidered in steering short
\~ wave lows eastward is that

NIU~~~~T PIJ~~ - the jet stream axis is usually
ii; oriented WSV—ENE across the

central and/or southern sec-
tiona 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 trough 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
or the low will swing north-.

RI lb~ D 2 ward and, In turn, will I:gure . Induce the storm system to
track in a more northeasterly

_________________________________________________ course . Short wave lows moving
‘f r i4o ~‘ ‘~~ out of the Rockies often turn
I t~ 

\~ northeastward across theS southern Plains ; this feature
will be discussed further
in Chapter 2. For midwest S -

storms , the j et’ s eastern
______ 

segment usually orients SW—NE
to the east of the Mississippi
River.
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Figure lc: Day 3

t FIGURE 1: CHANGIN G SHORT WAVE JET PATTERN
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Lowe moving into the Midwest w i l l  infrequently continue to move iii an eCat
to southeast d irection toward s the southe ast 11.5. The uppe r flow pa tt ern in these 

S

cases would show a trough over or moving towards the gut ~~ast fro. Canada , there-
b y pre cluding any ridge developme n t. Usually, tne associated jet is oriented west
to east and further south over the  Gulf coastal States and/or in the Gulf of
Mexico.

LONG WAV E PATTI:RN

Figure 2a shows a typical Jet stream confi gura ti on within a long wave t rough .
Suc h a pattern is conducive to 500mb low fo rma t ion  over the Western U . S. Closed
tows a nd short waves embedded w i t h i n  the lon g wave w i l l  often “k i c k  out of the
t rough and move vapidl y northeastward when short waves fro . the Pac ific Northwest
move southward and approach the bottom of th e long wave troug h . The Pacific H i g h
t s pronounced and extends no~ thw a~d in to Alaska and western Canada. The overa l l
J e t  st re a m pa t te rn  doesn ’t change signif i cantly as shor t waves move through the
long wave . I n F igu r e  2b . the 500mb low over C a l i fo r n ia  was induced to move north-
eas tward over the central Plain s as a short wave , which had progre ssed over th e top S
of the Pact fic ridge in the Gulf of Alask a and western Canada , dropped rapid l y
s~ u th w ar d along the Wwat Coast i n t o  the long w~l~~ t ti ~.ug h .
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FIQ)PE 2: LOMG WAVE JET STRF .AJVWIP4D MAX IMA PA17ERN

WIND MAXIMA APPEARING SOUThW1.ST OF AN UPPER LOW

Some times , a secondary wind maximum area w i l l  move over or even develop -
above the southwest quadrant of a storm system . An associa ted 500mb heig h t f a l l
area frequen t ly develops , due to this wind maximum , in the same quadrant . These
seconda r y wind maxima imply that another short wave impulse (sometim e s hard to
discern in the pressure and wind flow) has developed or has moved into the trough
ups tream from the low. This Impulse could eventually produce another low associated
wi th the secondary maximum area. Also , the secondary wind maximum can cause prob-
le ms in determining the movesient~ and the strength of the storm system located down-
stream over the Midwest. Figure 3 illustrates how an approaching wind maximum area
1300mb) caused a storm system over Ransas to stall and boqin filling
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FIGURE 4: WIND MAX IMA SOuTHWEST OF UPP RR 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 south ward across the western U .S. Note the
short wave trough from Arizona to northern Baja California.

In Figure 3b . 12 hour s later , the 500mb low still appears over the same area
shown in Fi gure Ia. The primary 500mb troug h 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 Figu re Sb. 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 trough deepening . Subsequent ly, the 500mb short wave system appeared to
have become a long wave troug h 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 t roughs as short wave impulses move rapidly south from
Alaska and Canada .

SUMMARY

The two major patterns of jot stre am conf i gurations that are typically
associated with development of si gnificant Midwest snowstorm s were described. In
the next chapter , significan t patterns and changes evident at the 500mb level are
discussed .
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O~A?TER 2

500MB

INTROCUCrION

In almost every significant snowstor, the location and movement of the 500mb low center
were the most important parameters needed for determining where th e snowfall would occur. This
chapter will discuss certain features of the 500mb chart which can be used to obtai n early aware-
ness of the development of significant storms. For instance , a developin g low at 500mb within a
trough over the western U.S. can signa l development of storm conditions over the Midwest within
twenty-four hours . The ter m cyclogenesis is used to indicate 500mb low formation. Often , the firstindication of cyclogenesis within an upper trough appears at tIl~~~ Jb.b level; conssqu .nt ly, many
of the upper level rules that appear throughout this technical note were developed from this level.
The presentation will show how to deter mine the development and movement of 500mb low systems in
order to forecast the t rac k that the related surface low (likely to form over the Rocky Mountains)
will eventually take . The infor mation provided along with numeric al analy ses and forecast data
can alert forecasters to form ation of an impending storm . Other para meters , suc h as jet stream
positions , max ima isotach n low level moisture advectio n and surface cold air advectiom , should be
examined before forecasts of major snowfall or ha za rdous weather are finalized .

1.0W DEVELOPMENT

In mai~ Midwest snowstorms, the init ial indication of a thr eat appears within a deepening
500mb trough which has moved inland over the western United States or the (kilf of Alaska . As
discussed in chapter i and shown in Figure Ia , the location of cyclogenesis within these tsoughs
varies fro, system to system and primarily depends on where the j et strea m and maxima Isotach area
are digging into the t rough. 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 ) arc easily identified and should alert forecasters.

500MB HEIGHT FALLS S
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 stora track, versus main low pres sure development along stationary fronts , and
versus the location of heavy snow areas are the basis of many subjective rules within this technical
note. S

A study correlation between the movement of the 500mb hei ght fall center track and the
movement of the main surface store system track was start ed durinf 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 tra ck and the location of the heavy snowfall area withim each stein system.
The subj ective methods from these investi gations were then tried on selected major Midwestern
snowstorn s that occur red from 1952 to 1970, with successful results in nearly every case examined .

Height changes are plotted routinely on the NWS 500mb analy sis. 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 continui ty of movemen t and in nearly every insta nce the associated 500mb low wil l
move reliably pa rallel to and north of these Centers.

Weak contour and therma l gradients and cold air advect ion 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 t roug h. In the many snowstorm cases studies , 500mb
low development subsequently occurred north of the tighter contour and th erma l gradients and the
height fall center as indicated by the hatc hed area depicted in FIgure 4. The developing 500.b low
usua l ly appears east to southea st of this hatched area 12 to 24 hours later , as shown in Figure 4because the impulse is still moving southeasterly within the easterly moving trough.

Sometimes initial 500mb low formatio n occurs some distance to the north of this hatched
area within the widest contour grad ient area; however, this low will eventually dissipate and a
new low will usually form Just to the north of the associa ted height fall center and the tighter
contour and ther,al gradient area. An example of this wil l  be covered in detail later in this
chapter (Figure 12).
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I IGURE 4: CYCLOGE14ESIS OEVELOPMENT WITHIN ThE Sh Ou T WAVE TkUtIt~h i
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‘ S
SOOMB LOW MO~1 M I N I

Lows that are develo p ing w ,thi n easterly ~~~~~tn~ short a t~~t. tro ughs over the western U .S .
generally move in a southeast direct ion because of continued trough deepening and bu ilding of thePac i f ic  ridge off th , coastal area s of Canada and the U .S. Southea sterly movement continues unt i lthe Low reaches the trough s botto m . The low then beg ins to turn eastward and . if a r idge is pre-
Sent or bui lding over the east ern II .~ .. event u alI ~ turns nor theastwa rd . For sake of b re vity, theter,~ “bottom out”, w i l t  be used throu ghou t th e rest of th i s  report to I dent ify when the develop ing
tow has reached I ts  lowest poInt w I th i n  the tro ugh. i . e . ,  when the low or short wave feature
ter ~ lna te~ t t s southeaster ly tr ajectory and begins to track east or north ea st . For Great Plain s
snowstorn s , the idea l area for s~~ -. to  bot tc~ out is t~v e r  th e panhand le r egion of western and
northern Texas and cen tra l .n,d we..tern Oklahoma (F igur e  ~t .

“ *“—‘ ‘500MB COW . CENfE R IRA~ k

___ ~~~ ~R~~~) 1iAii

,.
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PH~URP c L OWEST POSITION WITHIN THE TR&*JC.H
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My ..atward shift of the r.curvstur. t rack alma In PIgw e S (e.g. iecurv.twre over the
Arkaasas-morth .rm *iastsstpp i-w.stevn Tasmeasse ares) would likely *i?t the serfic, storm system
and h..vl snowfall ares .aatwayd acroas Missouri, ceetrel and e.at.~~ioei, Illimols , Indiasa
and nort~~~rd.

0m. of the b.at clues that the 500mb low has bottomad out wit hL s the trough is fosad in the S

associated S0~~~ height fall caster , usually locat ed south or southeast of the low . Moight fall
center comtimaity is em eac.ll.mt indicator of ~~~r, the 50~~~ low will eveat us l ly  position itsslf
vLthi~ the trough mmd ~~~Iher the low Is Ln t .nsLI’yiag or f *Ihiutg . 0mcasiomall y, the height (all
caster will bottom out and hum eastward or show a treed to an easterly mov.ss,t prior to the low
t urning . Figure S depicts th. typical S0~~~ lou/height fal ls relat t o.ahl p during the botto.tig out
process over the southern Plain a .

There are occasions wham the contour and thermal gradi ent pattu rms shows is Figure 4 will
persist threugimut the storm ’s life (1..., a closed low w i l l  never appear at or ahoy, the 500mb
Level). Is these occasions, the low develops fro. the lowast levels , upward . and a closed low wi l l
app ear at the 700mb level ra t her than the 500mb l evel. This is especially true when strong short

waves tr an slate rapidly across the 11.5. (see Figure 6). They do not ,l.celer st. sufficiently for
developosnt of upper level cyclogenes ts.

Additionally, in fast-moving short waves, the recurvstur . tracks do not shift abruptly
northeastward as the slower-moving systems typified In Figure 5. Instead, If bottoming out doss
take place , It is gradual and laterally requires twice the recurvature distanc , shows in Figure S.
An excellent cas, is shown In Figure 6. This storm system produced heavy snow (all a over Missouri . S
easte rn and central Iowa and Illinois (the Oticago storm) between 12-14 January 1979.
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Figure 6: Lowest Position Within the Trough
- - Past-Moving Short ~~ve

12-14 Jan 1979

Developing lows within a nearly station a ry long wave trough or a short wave trough appear-
ing to become a long wave featur , due to continued deepening over the western U.S . do not usually
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 quaai -statio nary for a period of t i me ranging
fro. several hours to as much as two days. Approach of the next short wave system from the Pacific
Northwest moving southeasterly t oward the bottom of the long wave will generally induce the low to
move out and follow a northeasterly track up the long wave tro ugh. In many of these long wave
patterns, the low’s track wi l l  lie west of the short wave track over the Midwest as shown in
Figure S Cs.. also Figure 10) .
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tlode r rnt e height falls of  1 ,  (5 (SO meter s)  w i th in  a l~ hour pe r iod iniJ i~at. tha t cycle-
genesis ha . occurred may o.~,ur short I i  within the  500mb t rough. Oft øn , the height fa l l  center
w i ll appear hours ahejd of .iilu ,il 500mb cyclogenesi s . G.nerally . the height fall center move s
inland over 11w West Coas t w i t h  or sl i g ht ly ahead of the t rough. t~yclogenesis w i l l  app ear to th e
north and usually w i t h i n  four degrees La t i tude 01 the heig ht Call  center 12 to 24 hours la t e r .
l t g ur ea ‘. 6 . and 9 i l l u s t ra te  the re lat ionsh ip between 500mb lows and height fe lL  center s sssocistsd
with the appro si hin g short wave t rough and dur in g  th e storm ’s trek .i~-ross the MIdwest . Th. pres-
sure and the rm a l s~a lys ia  p resent ed in each of t h e  I l l u s t r a t i o n s  dep i~- t s the pattern of th e l a s t
ana lysis  r eceived p r ior t o low formation. sot,. 1k,, weak cuntoQr and therma l grad ients sod subs.-
quont low development in each f igur e .  The n um er ical val u. enclosed an par entheses below th . hei ght
fa l l  center , de p icted by (6 ) ,  is the l : irgest height f a l l  reported . I re. the se three examples it
can 4uit e read ily be seen that :

* Height f a l l  cent ers often move rapidly southeastward t owa rd the base of the
trough pr ior to and during low devolop..nt and turn easterly when a decrease or no further inc rease
in the magnitud e of height fal l  center value occurs. The cent er w i l l  swt iig northeas te rl y if  a
r id ge is present over the eastern U .S .

*Th e 500mb low closely pa ral lels  and is always to the left of the (rack of the
height fa l l  center.

* Though unrealistic to show in the i l lus t ra t io ns , maximum height fa ll and low
centers are alway s pa rall el and to the loft of the ct stream. The height fall center never
c rosses the J e t .

The following obser vat tons concerning the magnitude of height fa l l  values are made based
on four years (1972-197 0) of snowstorm data:

* The magn itude of height fall central value s are usually at a max ima during the
period when the related 500mb tow is in the developmental stage (which generally takes place in the
western U.S.).

* The magnitud e of height fall centers usually remain unchanged or will decrease
while moving easterly within the bottom of the t rough.

* The magnitude ~i height fall center s again increases (sometimes considerably)
while moving northeast erly. At th is time the surface syatea should be approaching aazi.um
intensification .

Add i tionally, an many of the cases reviewed , i t  has been found tha t the greatest distance
betw..n centers (500mb low and height falls) usualh occurs during easterly movement th rough the
base of th. trough . The distance between the low and height fall centers wi l l  d iminish thereafter
as they move northeastward . (~ene ra l ly ,  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 serge.
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Figure 9: 18-21) Dec 1973
50ON8 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 , I t  may be difficult  to forecast
recurvature using height fall center values.

STEERINC. TIlE IWIGIIT FALL CENTERS

- A very i.portant 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 botto.ed out . In actuality, 500mb lows frequently swing northeastw ard

- or northw ard , depending on the strength of the developing system . Figure 10 shows typical height
fall center tricks associated with short wave systems and short wave systems embedded within a long
wave t rough over the western U.S. which could produce significant snowfall over areas of the centra l
U.S. In Figure 10 , short wave systems move northeastward along a curved track due to eastwa rd
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 muvesost
- — 

~~~.‘-v________ within a tong wave t rough is shown in
e figure 10 as the dotted track. ~~~se

centers usu al ly hot tam out over Arizona
e ~

- -
~ — and New Mexico within the long wave sad

• - move up the trough as a short wave.
• S — -

~ The height fell  custer usually 4o.s not
e follow an actual curved track because
e 5~~~ there i s  little easterly movement of

a some yen1 v~ .om the short wave systs. due to the
nearly statIonary long wave trough.

S When the Center bottoms out , it makes
e a rather abrupt turn . Most generally.
S
• after bottoming out, t h. height fall

center wil l move in a nearly strai$~~
line towards the northeast. Probably
the best aeThi~~~to forecast movement of

c c  _ 
_ _ _

the system is to project a straight
tine path in the direct ion of flow from
the first analyzed height fall center

FIGURE 10 reported on the 500mb analysis subse-
HEIGHT FALL CENTER TRAC K - SHORT AND LONG WAVE quent to bottoming out for the most

l i k ely course of movement .

hEI GHT FALL CENTER MOVEMENT_TOWARDS Thu . SOUTh OR SOUTHWEST

Figures 7, 8 and 9 have illustrat ed
Nit NOYENI$T ‘—T—~

L.
~~~~ 

that height fall centers generally move

TOWA RDS THI ~~~~ southeastward prior to bottoming out
-u (k cas ion ally , he ight fall centers

is us—i MAP 1,11 moving along a southeasterly track will
abruotlv turn south or southwest. This
southerly turni ng indica tes that the
system is s t i l l  stron gly digging ~a.

m~~ m ,~•, 
consequently the storm’s eastward

-IS 031122 aovement would be de la e~ by sevepa l
hours . A new surge o/cold air within

difficult to discern), along with
other upper sir changes can cause this

—
— southwsrd shift of height fill centers.

• ~ 
X

~~~~~~~~~~~~~ 

wave upstream (sometime s

-21
wiw Figure lOs and lOb depict two examples
-is of height fall center movements in 12

________________________________________________________ hour periods. In Figure 10. note the

FI GURE 10* abrupt shift southward as the height
EXAMP LE 1: 28 FE R-3 MAR 1977 fall  center d ropped from southern

Nevada to lower California. In
Figure lOb, the height fall center
moved southw ard from Washington to
Arizona then shifted southwestward to
northern 8aj a. Note in FIgure i~~ tha t
the 500mb low did not persist and remain
nearly stationary during its short
life . The short wave - that entered the
Pacific Northwest cont inu ed to deepen

~~~~~~~ SSl P4 TID

(Figure lOb) and took on the appearance
of a long wsve feature 48 hours later .
The primary clue that this trough system
would not i sdiately ejec t and produce
heavy snow over the Great P la ins was

~~

jz ~~~ \~‘ I  I the 7/001 height fall center (-12)
which appeared southwest of the pre-
viou s center. Eventua lly (48 hour s•2 13

6,rj)j6~’ Z 1/ 002

later) , , short mv. did eject and the

ni
related height fa il center is shown122
over Oklahoma. Forecasters noting

1/ 
*1II~!HtIIHI FAILS ~AK ((Q3) ~ngq these changes wi ll be a few hours ahead

7/122 I1I~~~ 8/122 of the later numerical progs in fore-
casting the probable delay in the

• expected storm ’s arriva l over the Mid-
west .

FIGURE lOB
EXAMPLE 2: 4 DEC-7 DEC 1978
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500MB PAT TERh S

The 500mb trough pat terns pre sented i n this  sec tion are included to
familiarize forecasters with some of the more typical  pa t te rns  and situations tha t
appear over the wes tern third of the U.S. and are h i g h l y  favorable for develop ment
of major snows tor s over the Midwest. These patterns were selected fro. actua l
occurrences of major Midwestern  snowstora s .

Each upper air pa ttern example will be shown in either two , three , or four
parts:  Figures a , b , c , and d in successive 12 or 24 hour periods. Plo tt ed data
shown were extracted from NW S 500mb ana ly se s .  S ign i f i can t  hei ght f a l l  areas are
analyzed on each analysis and are shown as dotted lines. The height fall centers ,
in 12 hour periods , are miso depic ted as an X to show the overall track during the
storm ’s progression across the central U .S. An arrow is added to indicate the
direction that the 500mb low (and height fa l l  center)  took during the next 12 - 24
hours. In thos e figures where cyclogenesis looks favorable , a hatched area ha s been
included to indica te the probable low formation area using the subjective rules
discussed earlier.

SHORT WAVE LOW DEVEL OPMENT

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
Midwes t. To further identif y shor t wave low development , this section has been
d ivided into two parts: Cyclogenesis over the Western U.S. (early warning) and

— cyclogenes is over the Rockies (little warning).

— cycloLenesis over the Western U.S. Th is pa tt ern is  pe rhaps  the leas t
difficqit in which to forecast a potenti al Midwestern snowstorm . Low development jc
early and the upper low sys tem is USt lall y well organized by the time it reaches the
Rockies.

Example 1 - Figure 11 depicts a typ ical pattern. Earlier in Figure
7, the tracks of the 500mb low and height tall centers (or this pattern were
presented. In Figure lie , in d i c a t i o n s  of potential cyclogenesis are evident in the
weak con tour 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 en tered the trough ’s bottom over southern California
and Nevada . Cyclogenesis should develop over central California and western Nevada
wi thin the hatched area shown in Figure ila and the low should appear southeast of
the hatched area within 12-24 hours. In Figure llb , 2 4 hours  la ter , a closed low
a ppears 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
f a l l  centers In Figure 7. The surface system intensified rapidly over Missouri and
became a major snowstorm.

Example 2 - This example is simillar to the examp le jus t shown ; the
main reason for presenting this case is the eventual placement of the 500mb low with-
in the short wave trough. In Flgurg l2a , 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 heigh t f a l l  cen ter ( ~ -15) is mov in~t southeas t and is
centered over southern Nevada north of the tighter contour gradient . At the 300mb
level (not shown), a 110 knot jet max hae entered the trough ’s bottom over the area ot
nor thern Ba j a , California to southern Arizona.

In Figure l2b , 12 hours later , a closed tow appears over Idaho as
the trough slows down to 20 knots. Note tha t the - 30°C closed pocket is still
persis ting , has moved southeasterly to lower Nevada-U tah , and is not confined to the
low . Weak contour gradien t and cold air advection indicate that the low should he
over this area and not over Idaho. The heigh t fail center C ~ -I S) 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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EXAMPLE 2 — SHORT WAy! CYCI.OC.ENEStS

In Fi gure l2c , the low over Idaho has dissipated and a n~w low ha s
developed over northern Ari zona . The cold pocket has intensified to -35°C . The
heigh t fall center has filled slightly a~ it approaches its lowest position in the
vicinity of MIdland , Texas (MAr-). 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 hei gh t 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 , f r eez ing prec ip i ta ti on , rain and
thunderstorms developed over the Midwest within 12 hours. Sy 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
t rough. Of course , any area west of the Rockies can produce cyclogenosis; however ,
the development area that should be of utmost concern is right at our doorstep - the
Rocky Moun tain area .

Cyclo~enesls over the Rocky Mountains. Cyclogenesis within a deepening
shor t wave trough ove r areas of t he Rocly Moun tains may breed a r ap id , intense storm
system over the western plains in a matter of a few hours. Storm development will
often occur between receipt of the 00002 and 12002 500mb Fax analyses. It is
imperative , then , to watch for 500mb cyclogenes-is  which w i l l  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 l3a : 002 9 Ja~ 1975

EXN(PLE 1 - SHORT WAVE CYCI.OGENESIS , ROCKY MOUNTAINS

Example 1 - Figure Us shows continued deepening that is occurring
in a previously zonal flow pattern. Ear ly  signs of tonal flow deepening are cold
air advection and a moderate to strong height fall center. (This case study was
presen ted earlier in Figure 8.) In Figure 13*, 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 indic ates that the
J e t  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 heigh t f a l l  center continues southeastward at
approximately 24 knots and is over eastern Arizona. All three parameters are
occurring together ; consequently, cyclogenesis should soon develop within  the
hatched area as shown in Figure l3b . A st ron g wind belt (90 knots) is moving east-
ward across central Arizona and New Mexico.

Twe lve hours la t er , in Figure 13c , a c losed low appeared over 
•

northern New Mexico. The height fall center has f i l led and Is graduall y bottoming
ou t over sou thern New Mexico . The low t urned abruptly northeastward towards
cen tral Kansas mud a strong height fall center of — 24 was located over central
Missouri by OO Z , January 11. This particular storm system produced a blizzard ove r
the central and upper plains states , as will be shown in Chapter 6.

15

— ~~~~~~~~ ._ ~~~ss



,~~~~~~~~~

‘ 

~~~~~
_‘•

~~~~~~ u~~~~ 
~~ \

~~~ \ ~cjw ~ ~r~— LP~ ~~~~ ~ ‘ -~~~~~~~~~ \ i~~-~~~~~~~~~~
‘. n ~~-tw 

~~~~~~~~~~~~~ 
—

~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -

~iW ~ 
-
~~~~\ ~~~ ~~ ~~~A’~~J ‘A ~~~~~~~~~~~~~~~~~~~~~~~— S V ~~~~~~~~~~~~ SI ‘~ ‘7 ~ J ~ I / .~~~~‘I. 1 I~~~~

~~~~~~~~~~~~~~~~~~~~~ ~~ ~ -~~~1IJ \ ~~~~~~~~ uP ) ~~~~ T~~ ‘~ .\1~~ ‘~ ~~ 
‘

~~~~~~~~~~~~~
_—

~~~~~
. ~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— / ~V-9\~~ W’~b~’—.~~ I ‘~~-.~~‘ ~.‘ F-/ - ti ~. / ~ /~ ~~~~~~I LJ.~~t lI -*~ ~‘~1 i./ I -4~Pt / ‘J \
/ ~s~ a~s\I \’ \ ‘

~‘ ~~~~~~ r-~~---
1 4~~~~~~ ~~~/ •

~~~~~~f V.. I V~~~V I 4 r • ~~~L—~~7.. “~~~~ ‘\“J \ ? r~ % ~~ø—r7jp _~~~ ),-~ ~~/ I \‘\‘L~’s ~~~~~ % ,j/4f-” ~~~~~~~~‘~~~~—, J ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~j!O / /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~o. ~~~~~~~~~~~~~~ ~~~~~~~ 1~’Th7 ~~

‘ \ ‘~~~-i~~~’T ~~~~~~~~~~~ ~~ su 
~~

4
~0’~t 9’ ~~d’~ / \“fl~ t ~~~~~~~~~~~~~~~~ ,~ ‘ -ia.-~~~W -,,l .‘~ L”rv,~~~ I L..~~J W’~~~~5J \I... . — X-. —‘ ‘ ~~ ~~~~~~~ j

T ~~~~~~~~~~~~~ U - — .J~- .~....-
.“i1 ~‘~~~~ •‘~ - —~s — —-~ __________ s~ - -0+

• 
‘! _  ~~~~~~~~~~~ 0 -

‘4 .-— — — $
k_N 

~~~ 
0+ -13

#1
S. 

_~~ sEI $ 
- -

Ft ure l i b :  12 7 9 J a n  1 9 7 5

~o. 
-
~

$ ___________ S’s
~ .Qp J’T~~~~~

- I .•., a’3. s. —

a \ ‘
S 

~ — -a3
- 

- - ~3iI -
a

#.
/ ‘ “~~~~~~ 

,~ ‘ .16 - - 
I

// ~~z 

‘ 
.

S ‘. 

~~~~~ ‘ -~~ ~ 
~

Figure 13c: O OZ 10 Jan  1975

-
‘ E X A M P L E  1 — SH ORT WAVE C Y C L O G E N E S I S , ROCKY M O U N T A I N S

16

~- 1
L  ~~~~~~~~~ -~~~~~~~~~& ,.  - ~~~~~~~~ - -



hxa mp le - Anothe r example of c~~ logenesis over t he  Rock t~s , in
th i -. .~~is e , the southern Rockies . is shown in Figure 14. In Figure 14a , a c t r ong
~cight ~.t1t cen ter (—20) iS moving rap id ly southeast at 3~ knots . Weak L o f l t u I
and thermal gradients are occurring over ne a rly all of ArIwn.I . Cold .iir adve~ tion
i n c l u d i ng  a closed -35°C pocket is evide nt w i t h i n  t he t roug h .  The low should
Jevelop gbove the he i ght f a l l  cen ter  w i t h i n  the h a t c h e d  a rea  shown.
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In F igure 14b , 24 hours lat e r the c losed  low has developed and
appears  over  wes t  Texas .  The h e i g h t  f a l l  cen ter decreased (—12) as it bottomed

4 out . Shortly thereafter , the center shifted northeastward to northern Arkansas and
- Increased to —15. The entire system turned northeasterly towards eastern Kansas

w ithin 12 hours and became a major snowstorm.

LON G WAVE LOW DEVF .L OPM I: NT

Cyclogenesis wi thin 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
ea r l i e r , 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 C ! -10) moving northeasterly up the
long wave trough before the main short wave kicks out . Also , height fall areas
associated w i t h  m i n o r  short waves moving  southward behind a closed low system
w i t h i n  a long wave trough w i l l  o f t en  a l t e r  the low ’ s movement .  These t r i cky  h e i g h t
f a l l  movements  should  not be overlooked , espec ia l ly  when a 500mb low has organized
over the western . U.S. and the situation looks favorable for storm development over
the Midwest.

Frequently, developing upper low sys tems within long wave troughs initially
appear as short waves moving southward from the Gulf of Alaska western Canada
a rea .  The P a c i f i c  r idge is usually pronounced , extending northward into Alaska.
Short waves moving over the r id ge p lunge  rapidly southward , deepen , and f i n a l l y
settle into the bottom of the long wave as an organized low. Figures 15 and 16
show two such pa t t e rn s .  Long wave t roughs  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.

Sometimes the P a c i f i c  r id ge w i l l  extend f u r t h e r  inland over Western Canada
(long wave over the centra l  U . S .)  and short  wave impulses  w i l l  s h i f t  eastward
moving across the nor the rn  Rockies  and bot tom out across the central and/or upper
Midwest .  Under a normal  s u r f a c e  p a t t e r n , a s u r f a c e  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 .  Converse ly ,  if the majority of the Midwest
is under the dominance of a cold polar airniass and the same upper air pattern
described above ex i s t s , cons iderab le  snowfa l l  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 w i l l  be discussed fur ther  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 OVE R THE WESTERN U. S.

Example 1 - F i g u r e  iSA shows two short  wave t roughs  w i t h i n  a long wave
t rough . A weak short wave and associated h e i g ht  f a l l  area l i e s  across Nevada and
southern California. A second short wave extends southwestward across the P a c i f i c
Ocean from the weak con tou r / the rma l g r a d i e n t  o f f  the coas ta l  areas of Washington
and Oregon. Weak contour and the rmal  g rad ien ts are noted w i t h  each short wave and
cyclogenesis could develop in the vicinity of the areas in Figure l5A . 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 , consequen tly,
should weaken as it moves up the long wave t rough .  A he igh t  f a l l s  area associated
with the approaching Pacific trough lies somewhere within this area of sparse data. S

- • A strong northerly cold flow behind the trough extends northward into Alaska .
This cold air advec tion is our best indication that the Pacific short wave bears
watching.
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Fi gure 16a: OOZ 1 Jan 1975

EXAMPLE 2 - SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE

Exanple 2 - In Figure 16a , a stationary closed low is located over
nor thern Ba ja , California. No signif ic.I n t heig ht fall area has developed , thus
indicating there s h o u l d  he l i t t l e  mov crncnt of t h c  system. This low system developed
Very similarl y to the preceding example ,but continued southward and s e t t l e d  over
the areas shown in Figure 16:,. Hei gh t 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 wi th  these systems shown in Figures 15 and 16 are aligned north-south along
and/or off the West Coast , curving eas terly into the trough’ s bottom over lower
California and northern Baja , and then turning northeasterly across the Midwest.
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Figure I6b: OOZ 2 Jan 1Q75

EXAMPLE 2 • SHORT WAV E CYCI,OGHNESIS WIT h IN l.ONG WAVE

Twen ty-four hours later (Figure 16b), the “Baja ” low moved
northeast into Arizona . No significant heig h t f a l l s  are accompanying the low;however ,

• modera te height falls over Idaho ahead of a new short wave Impulse probably influenced
the “Baja ” low to start  moving north.  At the surface , snow Is developing over area s
of eastern Ar izona  and western New Mexico.
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Figure l6c: OOZ 3 Jan 1975

SHORT WAVE CYCLOGENES T S W I T I I I N  LONG WAVE

In Figure l6c , 24 hours  l a t e r , the low has noticeably intensified
and moved rapidly northeas tward 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 moving
easterly and merging w ith the Nebraska low . The lower half of the
short wave impulse , caugh t 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 ha: 12Z 30 D.c 1975 FIgure llb: OOZ 31 Dec 1975

EXMIPLE 3 - SHORT WAVE CYCLOGEHESIS WITHIN LONC WAVE

Example 3 - This example is presented to show that a short
wave impulse , moving southward on the backside of the developing low , can sh i f t
t he height fall center southwestward . This , In t urn , causes t he low t o 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 Fi gure 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 500mb , 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 lie .

Twelve hours la ter  (F igure  l7 b ) ,  the low did not appear
within the forecast area; instead i t  developod further to the north over
Montana . The strong height fall area , however , continues southeast with the
cen ter oter Ely,  Nevada (ELY) .  The height fall area extends over a large
reg ion , indicating continued strong cyciu geflesia .  All the parameters ideal for
low placement (cold air advection , weak contour and thermal gradient , and a
heigh t 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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Pigur. lie: 121 31 Dec 1975 Figure l7d~ 001 1 Jan 1976

EXAMPLE 3 - SHORT WAVE CYCLOCENESIS WITHIN LONG WAVE

In Figure llc , 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 hei gh t fall area continues southeastward with the
center located over Winslow , Arizona ( INN ) . Note the large elongated height
falls area across the southwest U.S. which also extends over the Pacific Ocean. ‘ .-
There is anoth8r short wave impulse orientated E-W across northern California and
paral le l ing 40 N over 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 je t  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
factot in the subsequent movement of the height fall center and low movement during
the next 12 hours.

In Figure lid , 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 f a l l  cen ter has shifted southwestward
towards lower California (-14) and a weaker center Is over the Nebraska panhandle.
The impulse moving down the West Coast has apparently reached i t s  lowest posi t ion .
At this point , Midwestern forecasters might have expected the low to move easterly
an d produce a major snowstorm over the Rockies. The height falls shifted south-
westward and , consdquently, further southward movement of the low eliminated th at
possibi l i t y for the present time . The low did , howeve r , bottom ~ at ~~er a~ ths~nUtah , 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 Dakota. ‘•

24

5~

~~~~~~~~~~~~~~~~~~~~~~~~ £~~~~ A1a~. .~ ii~i ’
.
~’•- -~~~~~ -~ a ~~~~~ “

~~~ —



CYCL OCENES I S OVER TIlE ROCKIES

The case shown in Figure 18 developed rapidly over western K ansas. I t  was
a small but intense stor. system. The intent in presenting thi s particular
c ase is to highlight the development of an upper low over the Rock ies  w i t h i n
a long wave trough. in th i s  example , a deepening long wave trough had been
movin g slowly eastward for two days.  The a ssoc ia ted  hei ght f a l l  cent er
bottomed out over New Mexico and decr,,aced as it moved t owards the western
plains . Just 12 hours later , F i gure iN:. , a new height fal l area appeared
over the New Mexico - Texas panhandle area apparently due to a short wave
impulse embedded within the long wave wh ich began to deepen when cold air ad-
vec tion 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/he i ght falls agreement
while moving up the tong wave trough) . A weak contour gradient does exist
over the central Rockies; however , there is not a significant weak therma l
gradient. Cold air advection should deepen the system.
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Figure lEa: 122 29 Mar 1970

SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE - ROCKY ~~UNTAINS
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Figure 18b : 002 30 Mar 1976

SHORT WAVE CYCLOGENESIS WITHIN LONG WAVE - ROCKY ~~UNTAINS

• 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 Iowa 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.

500MB TRACKS OF MAJOR SNOWSTO RI4S

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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500mb 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 ale rt upper Midwe st forecasters to be constantly
on the alert for lows moving out of long wave troughs .

I • I I I I - ,
~~

Figure 19: SHORT WAVE T (~ TRACKS , Figure 20: SHORT WAVE LOW TRACKS WITH IN
1972 - 1976 i.ON( WAVE TROUGHS , 1972-19 7t~

Summary

Throughout this chapter , the pr imary 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. In the process , iden t i f i c a ti on of parame ters 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 (troughing action) , and hei ght falls. From examination of these com-
bined properties , It was possible to determine the area most favorable for this
cyclogenesis process. Thereafter , correlation of hei ght fall tendency to that
of the newly formed 500mb low and , likewise , their related movement was presented.
Finally, several examples of 500mb pat terns and situations that occurred over
the western U.S. and that resulted in or contributed to major storm development
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
qui te d i f f i c u l t to iden t i f y , 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
the Colorado/New Mexico area and then have it move into the Great Plains during
the time period between receipt  of the 00002 and 1200Z 500mb facsimile analyses.
Thus, it is imperative to watch for evidence of cyclogenesis (i.e. deteriorating
surface conditions) In the area of an approaching disturbance. With this in
mind , let’ s look at, first , the 850mb level and , then , the surface.
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This c hap t er will take a br iet l ook at the 850mb level. As the lee-
stde trough off the Rocky Mountains is significant to the dcveiop.ent 01
storms that occur in the Plains and Midwestern states , examp les of related

• c i r c u m s t a n c e s  at 850mb are  presented. In th, process , low development and
movemen t at this level are shown . There-after , the relationsh ip of the 850mb
low to the main surface tow is ttisa usseel . The low-level jet and relate d
mois ture found at or near 850mb has been omitted , a,. such information has
been pu l’lished a. a separate volum e (3WW Tech Note 76-1 , 1 Aug 76 , Low
Level Moisture Advec t ion.)

LEE-SIDE LOW

L e o - si d e  t rough dc~ e- i o p m en t  over the areas of eastern Wyoming , Colorado
and New Mex ico , western Nebraska , Kansas and Oklahoma and the Texas panhan-
dle comnonly occurs when migratory highs recede (move east) from the Midwest.
The war m er , 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
l e e - s ide  trough.  l e e - s i d e  lows seldom appear at the 850mb level; normally
a weak contour gradient will exist. However , particular attention should
be g iven  when a 850m b l ow does appe~tr wi thin the 850mb lee-side trough .
Frequent ly ,  t h i s  850mb low development i s  a wa rn ing  of an appro achin g upper
low or that cv c lo g en e s i s  i s  o c c u r r i n g  within an upper troug h. Lee-side
ESOm b low develop ment I s not l i k e l y  to be si g n i f i c a n t  when the Midwest, in-
cluding areas east of the Rockies , is under the dominance of a polar airmass.

TIPICAL DEVFLOPMF-N’I OF LEE-SIDE 850MB LOW

Figure s 21 and .~2 , a and b , show typ i c a l  development of ~~ 850mb low
wi thin the lee-side trough in relation to an approaching 500mb troug h / l o w .
In Figure 21a , note the wide contour gradient trough over Wyoming and Colo-
rado. The 500cthJ.g~ is indicated as being over northeastern Nevada; how-
ever, no associated 850mb low is present. At this same tim. at the liFfice 

-

(now shown) there were two low centers on the a? cold front in western South
Dakota and southern Utah with a third low (the lee-aide low commonly referred
to as the Colorado low located in eastern Colorado ) . By twelve hours latar ,
as shown in Figure 21b a closed low has developed at 850mb over eastern
Colorado within the warnt 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, area and became associated with the upper
low wh ich had moved into central New Mexico , The two sur fac. lows on the
a? 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 500mb cyclogenests is occurring over
the central and southern portions of the western U.S. Similar lows are
often loca ted along the stationary arctic front or are the dissipating lows
at the top of an approcahing isP ~o1eI/occluded front from the Pacific North-

- wes t .  These lows , loca ted north of the intensifying lee-side low , usu a l ly
d issipate and are replaced by colder air. By twelve hours later , in Fi gure
22 b , a closed 850mb low has appeared over eastern Colorado , while the two
lows along the border have dissi pated . The 500mb low has begun to develop
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• Dev eloi .tng lo~.s wi t hin short wlve- ~ at 500mb over the western U.S.
often do not h,v~ an associated 850mb low , since development i s  occurring
fi r st at the higher lev e ’ls and then downward . Even tually, the 850mb 1gw
does appear. in mos t o~currences , the low will move into or develop within
the lee-side t rough.

Developed upper tows wh ich n~ive in from the Pacif ic or the t~ulf ofA laska , as a gener al rul e , a1re.i~h hay,’ vert ic al support to the surface;
therefore , an associated SSO.h low over the we st ern U . S . should be consid-
ered as the ma in low . It the upper system is moving southeasterly towards
the southern Pla in -. (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 previous ly 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 approaching aP cold/occluded front . As stated earlier , these
lows will either dissipate or merge into the lee-side low as the entire sys-
tern organizes over the western plains. Figures 23 and 24 show isP 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 he many hours off , if the wrong surface low is tracked .
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Surf~I~ c’ hart 850mb Chart

Fi gure 23a: 00 10 Jan 1975 Figure 23b: OOZ 10 Jan 1975

850MB LOW I N  R E L A T I ( ~N TO THE SURFACE LOW

There are occas ions  when t h e  niP cold f r o n t  w i l l  become s t a t i o n a r y  over
the central and western pl.ii ns when t h e  r e l a t ed  upper t rough  s lows down

• while undergoing cyclogenesis over t he  wes te rn  U . S .  D u r i n g  t h is  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 85 0mb low . Figures 23a
and 23b show such a setup. In Fi gure 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 . -I quick check at the 850mb level (Figure 23h) shows
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that the Texas wave/low should become the ua in low . W i t h i n  12 hours , the
surface low over eastern Kansas dissipated and the Texas low had moved north-
easterly and (several hours after snow had been forecast for the central
pla ins ) ,  became an intense storm over the central and upper plains and much
of the western Great Lakes reg ion .
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- Figure 24a: 122 12 Dec 1972 Figure 24h: 12 12 Dec 1972

850MB LOW IN RELATION TO THE SURFACE LOW

Figure 24 illustrates a situation where a d i sorgani zed  surface pattern
ex ists  over the central U . S . ,  as a 500mb low approaches the western plains
from Colorado . Cold f rontogenesis  (p rev ious ly  a lost f ront  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 dissi pated as colder air moved In and a
• i~~i low formed along the fron t in northern Missour i , a surface reflection

of the easterly moving 850m b low. Also , the greatest discontinuity in air
masses due to warm , moist southerly flow existed over Missouri . Note the

• thermal gradient over Missour i in Figure 24b. Low formation was rapid , and
• 

- a major storm resulted. It is evident that steering and timing of prec ip i-
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

INTRODUC TION

In this chapter , surface synoptic patterns associated with deepening upper
tr oughs over the central  and western U . S .  w i l l  be discussed. Inc l uded wi l l  be cold
a ir sources , fron tal 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
wil l  be included. Chapter 5 wi l l  focus on significant features associated with the
developing storm as it begins to organize over the Rockies and the western plains.

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 alt
needed to produce f reez ing  and /or frozen preci p i ta t ion  should be considered when a
storm system is moving out of the Rockies to the western plains . Naturally , if cold
air is present and is expected to persist , the occurrence of snow is l ikely . 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 isP 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 tee analyzed troughs changing to
cold fronts when the cold air north of the trough be2ins to move southward behind
low systems . Snow can occur prior to the arrival of cY air , provided the isP 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 loca~ed 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 wi l l  be many mP cold/occluded
frontal systems which wil l  enter the Pacif ic  Northwest .  Most of these frontal sys-
tens move across the Rockies and into the Midwest as relatively dry and weatherless
fronts, There are , however , synoptic situationsi.n which these frontal systems are~,~~

1. T aghout, the term “receding high” means a high moving away (thus receding) to the east frois
— the Midwest.
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forewarning of major storms over the Midwest. Maritime polar cold/occluded fronts
from the  P a c i f i c  N o r t h w e s t  t ha t are assoc ia te( l  w i t h  a deve lop ing  upper sys tem over
the western  U . S .  no rmal ly  move I n a sou theas t e r ly  d i rec t ion  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 ei ther dissipate or meig.
w i t h  the l e e - s i d e  low.  Then , the l e e -s i d e  low becomes the major low and in t ens lf i -
ca t i on  is r a p i d .  On the other hand , there are occas ions  when upper trough/cyclogene-
sis development will occur much closer to the Midwest and little warning of an is-
pending storm can be determined from the approaching mP frontal system . In these - 

-

cases , an isP 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.

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 important to maintain continuity on these weak systems , espec i-
ally when cyc1o~onesis is occurring aloft over the central and southern Rockies.

The presence or absence of a mi gratory high pressure system over the northern
Rockies and/or the upper Midwest during the period when upper level deepening is
occurring over the wes t ern I J .S. determines the orientation of isP frontal wave/low
formation over the Midwest. Figures 28 and 29 depict these two anticyc lomic pres-
sure patterns. No investigation was made to relate these two patterns with upper
air features due to the shallowness of mi gratory high pressure systems. Migratory
highs can persist and/or move southward under an upper southwesterly flow .

Figure 28 dep icts the norma l pressure pattern sequence across the U.S. prior to
major storm formation over the Midwest. Migratory cP highs over Canada or mP highs S

from the western U.S. are moving towards the eastern U.S., resulting in surface
trough development and ever.tual low formation along the lee slopes of the Rockies .
Stationary or building cP hi ghs 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 Fi gure 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

F not favorab le under such an anticyc lonic , cold airmass ; consequently, the surface
cyclonic pressure pat tern associated with the approaching niP system would be repre-
sented by an inverted troug h conf iguration . 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
would be confined to the southern plains states. This pattern has been closely fol-

• 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.

The following synoptic patters (Figures 30 t h rough 36) will be identified as
one of the two anticyclonic features shown in Figures 28 and 29. Additionall y,

• Figures 30 throug h 36 will he 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 (Reced i ng High Pressure: Figure 28)

Three examples of this pattern will he shown . The first example will show a
typical setup prior to storm development withi n 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 h 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.

34

-~~~ —-S5-~-~ ——& — ~~~~~~~~~~ -~ —



S

~~~~~~~~~~~~~~~~~~~ \W~ I ‘ i7—’c-\ ~—~~~ e
L

~ \~~~ ,‘ /~
‘ / \ V o

- ‘ 
I~~~~ 0

F— ~

FIGURE 28: HIGH PRESSURE RECEDING FROM THE MIDWEST

~‘ ~

- - U

U
b

L

0

FIGURE 29 : PREVAILING HIGH PRESSURE OVER THE MIDWEST
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a .  Ty p i c a l  S u r f a c e  P a t t e r n  ( F x a mp l e  I, Rec ed ing  High )

Figure 30 shows a typical  surface pat tern 12 to 24 hours prior to a major storm
over the central Midwest. Each feature is identified by a letter in Figure 3 0 ,  The
isP cold front with an associated low (A) is  moving southeasterly across the Rockies
and is approaching the lee-side low/trough (hi) . 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 isP 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 during 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.
Of ten , 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.

SE P11111 5~SuIuuij~l
5
~ 

0 
- -

~ 

‘

~~~

‘
-‘

___  4 ‘5.— 

-

‘SA 

_ _  
.

•
F . - : .

Figure 30: Example 1 - Typical Surface Pattern
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a. Cyclogenesis Over the Weaterm U .S. (E&aapte 2, Recod ing iii1~~ )___-
~
•
~~L ‘tb. i~o’ •ó~cr 

¶ ~~~~~~
/ ~~~~~~ t r ~x~_ ~ ~~~~~~ / / In Figure 31*, the app roaching ml’

frontal sy,te. has already started Co
wave wit h am assocIa ted losv over

- Nevada. Th. I.e-side trough/low
has developed and wa rm air is advect-
i,sg over the Midwest . The cold sir

— source is a high located over the
— *idson ky area . A discontinuity

zone betwe.n modif ied Cl’ air a~d
warmer ml’ air exist s across the
upper M i dwest. A stationary colder
cP frontal zone Is located in southern
Canada. An int ensifying 500mb

_.~ trough from Cal (forni a to Wa shington
—‘- is moving southeaster ly .

S

Figure 31a: 122 28 Dec 1972

‘t~~~1( ‘rb. ‘jo ~~ ~? ‘
~~~~~ ~~ ~~~~~ 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

- 
jo ined the front and moved north-
eastward. while a new low (main low)
developed over New Mexico and is
related to the 500mb low that has
formed and is now located over Utah .

-- The New Me~tco low moved into
____________ southern Kansas and deepened into a

major storm syste, as shown by the
~-. storm track (arrow) in Figure 31b .

This case of two or more wave/low
feature s along the isP front occurs

• often and , as br iefly mentioned in
Chapter 3, car, should be taken in

• deteratning which low will be the
main low . A linger img surface low ,
such as shown in Figure JIb over

ii.. 0 Utah , usua lly is the surf ace reflec-
Fl ye 3lb~ 122 29 Do 1972 tion of the upper trough /low. (TheseRu - C low~ along with frontal low, , wi l l

be discussed in detai l in Chapter 5 .)
‘The cold air source is CI’ moving southward over the northern Rockies. Often ci’ cold fronts follow-
ing behind mP frontal systems frontolyze because the primary area of convergence is along the ml’
front .

F IGURE 31 : EXAMPLE 2 - CYCLOGE.NESTS OVER WESTERN U.S.

37



-• - - - -

~

- --‘- •--- ••- --- .-~~~~ _ __,.__ •.5.•__ _ • _•, • _ _ _ ._ _ _ _ ••• • __ _ • _ _ _ • __ • _ _ • _ • • . • _ • • _ _______,.5__—_.__,~~ -,. ,_-_-,._-

C .  Cyc logen es is  aver the ko~ k ies/M&d~ es t (F~ amp le ~~ Recedini High )

t t~~ut’os 3.~g gui ~~ s h .~~ ,

major storm development along
- an isP cold front over the

• to ’ , 0” southern Rockies and western
~~ plains . This case is an exam -

pie where the isP fron t has
f.-,,. 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
bottasing out and , thus , de.p-
enin g the long wave trough

- over the western U .S. The isP
front will slow down in response

• to deepening of the upper sys-
t em and eventually the upper
system will catch up and stack
wi th the main surface low along
the fron t .  Note the four sur-

• face lows in Figure 32a ; the
, ma in surface low is located

‘ 
over eastern New Mexico. The

___ 
f ron ta l  low over western Minne-

~~~‘ 
sota traveled up the front

(/ ‘~~_ from southwestern Nebraska and
• produced only a short period

of li ght snow in the vic in i ty
of the surface low.

Figure 32a : 002 19 Nov 1975

/ 1~~~ 1~~. - 
-

In Figure 32b , the aurface
~~ low which was over New Mexico,

has organited and intensif ied
• In the past 12 hours. The 500mb

~~~ low has now caught up with and
• nearl y stacks with the surface
• low over central  Kansas. Eli ;-

zard conditions are occurring
• over northwestern Kansas and

central Nebraska . The 500m b
height fall center t r ack

• . would be ver y help ful in de-
termining where the main sur-

• - ~ face low would organ ize. This
.•~~ par t icular  example is explained

in more detail in Chapter S.

-
S

- i 0’

Figure 32b: OOZ 20 Nov 1975

FIGURE 32 : EXAMPLE 3 - CYCLOGENESIS OVER THE ROCKIES/MIDWEST
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2. Maritime Polar Frontal (High Pressure Over Midwest:  Fiture 29 )

The surface pa t t e rn  in Figure
33 occurs when h igh  pressure ridges
,ui ld over the Pac i f ic  Northwest
m d  western Canada and extend into
the upper Midwest .  At the 500mb
level , the Picific ridge i~ bu i ld-
ing off the W est Coast and short
iave troughs /lows move southeast-
‘ard towards Arizona . The strong
apper level flow moves these short
vaves ra pidly toward s Texas. Mari-
t ime polar cold/occluded frontal
systems entering the West Co st are
)UShed southward , and the northern

- 
- ort ion of these fronts weaken and

- dissipate as they com e under the
i n f l u e n c e  of t he bui ldin g hi gh

• )ressure system. These systems
levelo p ea rly over the southwest
J . S . (clo sed 500m b low) and u sua l l y

~~~ 
rovid e early warning of the l i k e -

lihood of major storm a c t i v i t y  ( i n
the next 24 to 48 hours) over the
central and southern areas of the

- 
4idwest. Cold air is generaily
present over the ‘lidwest 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

- .~ overrunning precipitation develops.
In F igure 33a , the mP cold front
over California has been moving
slowly southeastward (as a short

Fimn-e 33*- 122 2 ~~~ 1971 wave trough deepened along the West
~oast) during the previous 24 hours.By the time of this examp le snow
has developed along the short wave

— over Nevada-Utah and upsiope snow
S I • t~~ ~ is developing over eastern Colorado.

Rain and drizzle are developing
along the stationary front in Okla-

________ honta , as strong Gulf flow overruns
the shallow airmass.

____________ In Figure 33b , the main sur -
• face low is organizing over north-

eastern Oklahoma supported by the
500mb low over New Mexico, The

__________ rexas frontal low later dissipated
— - I • as the front became a cold front .

• - - 
- The 500mb trough over Arizona and

- “ Utah is becoming a long wave trough;
however , the short wave over north
• Texas is responsible for storm de-

‘ I velopment. A strong flow of Gulf
S - loisture continues to overrun the

frontal system and a large precipi-
,~is 4 tation area has developed. Note

Lf I  the low and inverted troughing over
New Mexico which is associated with

~~ the long wave trough from Montana - 
-

to A r i z o n a .
Figure 33b: 12Z 3 Jan 1971

FIGURE 33: CYCLOGENESIS OVER THE SOUTHERN PLAINS
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M A R I F I M E  POLAR INV I Ru I) TROU GH SYSTEMS

The f o l l o w i n g  s u r f a c e  p a t t e r n s  ( F i g u r e s  34 t h r o u g h  36) are grouped together for
one main reason. There is  no apparent isP frontal  system shown on the surface chart
that is associated with the approaching upper trough. Instead , inverted troughing
ap pears on the su r face .  E i t h e r  the front has become so weak (moving into a strong
high pressure area) that Ls has become lost in the western mountains or an upper
t rou gh has deve loped within tona l flow over the western U.S. and , consequently, there
wasn t any assoc ia ted  surface front to begin w i t h .  Also , there is usually no related
mP front associated with closed/cutoff lows that have been statio nar y over the south-
west IhS. and then  suddenly moved out as a short wave.  The preci pi ta t ion fro is these
surface pat terns  of ten surprises Midwestern forecasters , since there is no apparent
surface front (west of their loca t ions )  upon wh i ch 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 Mis~ issi~p i V&1~~Y 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.

The 500mb trough over Utah-Ar izona 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 preci p itation . 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 Fi gure 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 Iowa. 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 he an associated isP frontal system
with these closed lows. There is, however , usuall y an isP 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
the southern Texas-Louisiana area . The upper level closed low would lend support to
dev e lopmen t of a frontal wave in these areas as it moves northeastward across the
central Midwest as a short wave.

In Figure 35*, the short wave low shown In ~he vicinity of El Paso (ELP), Texas
had been over northern Baja California 12 hours earlier. Note that there is no as-
sociated niP 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
mistakenl y Identified as being or becoming the main feature at the surface because
of th. intensification and pressure drops tha t occur in the vicinity of the low dur-
ing the time period when the upper-level short wave trough or closed low is moving
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Figure 34b: 122 30 Dec 1971
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EXAMPLE 2: MARI’I’IME POLAR INVERTED TROUGH - RECEDING HIGH
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Figure 36a: 12 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. I t  is the wave shown on th . front over the west-
ern Gulf of Mexico that wi l l  eventually be the main surface feature. Cyciogenesis
I s qui te  co~~on along stationary fronts frequently present along the Texas gulf
coast and /or over the Gulf of Mexico , En this particular case , a large precipita-
tion area developed as the upper level short wave combined with the low level
onshore /upsiope flow condition over Texas and the southern Rockies. Increased pre-
cipitation (usuall y snow ) over northern Arizona and New Mexico is a very good s ign
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 Baj a , 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 upslope condition is established over these areas and , in conjunc-
tion with the lifting of air into the higher levels with the approaching short wave ,
a rapidly developing precipi ta t ion  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 35*, cold air is already present over the central  Midwest , w i t h  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 by 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 rlegions do not receive significant
precipita tion from systems developing over southeastern Texas and the Gulf unless
there is an associated inverted troug h extending northward from these waves over
the P1.aj,is 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  nor th  —
or northeastward toward the Midwest as short waves.

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

This pattern is established when niP frontal systems from the Pac i f i c  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 s ta t ionary front in Texas . A
weakening mP frontal system which was over Arizona 24 hours ear l ier , is represented
by the inverted trough extending northward from the Texas low to Oklahoma . The in-
verted trough over the 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 SYSTEM S APP ROACHING M IDWEST FROM THE NORTHWEST

So far in this chapter , it has been shown that systems having the potential to
become snowstorm s 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 relat~.onshi p between the surface and upper air fea ture s  are some-
wh a t d i f f e r e n t  from what has been d i scussed  so far. Spec i f i ca lly , there is usually
a pers is tent  cont inenta l  polar or a rc t i c  a i r  mass p reva i l ing  over Canada extending
southward into the central Midwest throughout the snowfall period . The snowfall

~ area develops w i t h i n ~ t he co ld a i r  over western Canada as moist Pacific air flows
over the top of the cold air dome . En 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 wil l move southeasterly
across the northern and centrjl 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 , resultin g In an increased snow area. At the 300mb level , the Jet’smean flow extends from the Pacific northwest across the central Rockies to the
southern plains where it turns to the northeast within the bottom of the long wave
trough .

SURFACE: As p ointed out e a r l i e r , strong polar air masses exist over central
Canad~~j j d~t~ e Midwest wi th 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
the leading ed?e 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 theapproach of a short wave from the northwest , a low pressure system would be reflec-
ted on the surfa ce over the Midwe st .  A l so , it should be mentioned here that low r,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 southerl y rather than easterly. An organized low should appear along thepolar 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 Z4 hour periods , show two examples of this particular pattern .
in bo th cases , strong polar highs are prevailing over the Midwest as these snow
areas move southe astwa rd.

Care should be taken in determining if this pattern is develop ing. Light snow -
fall areas (f 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 (upsiope) . These areas expand over the upper Midwest when weak
impulses are moving easterly within the westerly flow . Additionall y,  weak waves/lows
(oft en terra in  enhanced) w i l l  also produce l i g ht  snowfa l l  areas across the western
and central portions of the Plains. However , to produce the major snowstorm that
we are interested in , very s t rong  and evident  upper level support must accompany
the sur face  s y s t e m .

In Fi gure 37a , the nean 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— 

- easte rn U . S .  A new 500mb short wave , wh ich 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 gulf moisture is increasing along and
south of the warm front in southern Texas.
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in  F ig ure  37 b , the 500m b short  w a ve  has moved s l o w ly  southea stward to  the
western Montana-northern Idaho area a nd has i n t e n s i f i e d .  A low appears over
western Mon t ana and should c o n t i n u e  sou th eas t e r ly .  The SO0.b (low over the Mid-
west is beginning to back to the w es t  w i th  further s h i f t i n g  westward by the long - -
wave trough. At the surface , the cP f ront  Is  push ing  in to  th. central  Midw e st  as
the hi gh (1052mb ) over southern Yukon continue s southward , The snow area has
expanded as it  moves southeastward behind the polar cold front. A low which moved
a long  the front from the lee slopes of th e Rockies now appears a long the polar front
In Okl ahoma. A P~ci (tc cold front Is moving southeasterly across Utah and Nevada
I n the war mer mP a i r .  U s u a l l y , P a c i f i c  fronts , s l i d in g  sou theas te r ly  to  th. west
of a cP outbr eak ‘tinder nor thwest flow a lo f t  ( a s shown in figure 37b) , weaken when
they reach the New Mexico-west Texas area. (Normal ly ,  the polar airma ss has moved

• deep into Texas by that t im e and w i l t  dsuipen the P a c i f i c  f r o n t .  Main cyclogenesls
often occurs furthe r eastward along the cP f ron t  due to an I n f l u x  of gulf air pro-
d u c i n g  a st r ong  d i s c o n t i n u i t y  between these a ir masses ,) Weak Pac i f ic  fronts (as
shown in F igure  3Th )  w i l l , however , serve •s a t r igger  for cyclopn .sts 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
f a l l  i n to  the ca tego ry of p a t t e r n s  de sc r ibed  ea r l i e r  in t h i s  chapter.

In Fi gure 37c , the upper t rough has intens ified considerably and I .  developing
i n t o  a long wave f e a t u r e  over the  Rockies .  The upper f low over the Midwest has
sh i f t e d  to the southwest and , with a cold northerly flow in the lower levels , an
ex cellent overrunning s i t u a t i o n  has developed. At the surface , the cP cold front
has pushed deep in to  T ex as .  The frontal low tha t was over Oklahoma has moved up
the front to Kentucky. The ci’ front has now pushed a l l  the way throug h Texa s. The
warm front had joined t h e  system over the lower M i s s i s s i p p i v a l l ey and is spreading
gulf ai r over the cold air in the Ohio Valley area, The snow area Is ex t ens ive
over the centr al and upper Midwest and is  spreading tow a rds the Great Lakes ; how-
ever , note that the snow (and precipitation , I n general)  abruptly ends at the I -Oklahoma - T exas  b o r d e r .

Twen ty-four hours later (shown in Figure 37d) the 500mb low has bottomed out
In the vicin i ty of Sb us C it y ,  Iowa (SIIX) ; it  l a t e r  s h i f t e d  n o r t h e a s t w ar d , The
associated surface low over Kentucky , in essence , split. Tb. secondary center
cont inued to mov, northeastward to southern Pennsylvania  (the triple point), while
the  p r i m a r y  low moved n o r t h w a r d . I t  is shown located over eastern Wisconsin and
stack ing ideall y with the 500mb t ctw . The arro w s on this  f igure  denote prev iou s
500mb low and surface low tracks . The snow area in  Figure 37c shifted northeast-
ward towards the Great  Lakes  and d i d  not a f f e c t  Texas or Arkan sas , as the P a c i f i c
front was forced into Mcxico and the low center previously near El Paso filled.

The st orm that Is shown In Figure sequ enoe 3dm through 38d ooourred
over the Midwest during the period November 24 27 1975. It is an i n t e r e s t i n g
case study where low form ation along the stationary cP front over Alberta , Canada ,
moved southerly and a f f e c t e d  a la rge  area of the M i d w e s t .  The sequence of figures
closely resembles the genera l  f e a t u r e s  shown in the previous sequence , except for
the main surface tow track. -

En Figure 38~i , the 500mb mean long wave t rough extends  n o r t h - s o u t h  over the
Midwest and the Pzicif i c ridge extends inland over the western u .S. A high cell
is located o f f  the n o r t h e r n  C a l i f o r n i a  co a s t .  The segment of the short wave that
appears  over B r i t i s h  C o l u m b i a  ex tends  n o r t h e a s t w a r d  to a low pressure  area over
northern Albert a . This short wave developed off the southeastern coast of Alaska
12 hours e a r l i e r .  The j e t  s t r e a m  p o s i t i o n  l i e s  across the Gulf of Masks, swings
southeastward across southern 8rttlsh Columbia and continues southeastward over
the R o c k i e s  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 (‘olum hla

At the surf ace , the frontal wave over Missouri developed earlier in south-
eastern Nebraska a l o n g  the stationary cP front. The frontal low that appears
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over northern Montana developed over southern Alberta as the short wave approached
A from the northwest. A snow area is i n c r e a s i n g  w i t h i n  the cold air  along the sta-

tionary front over Alberta and northern Montana, as m o i s t  P a c i f i c  air ahead of the
short wave travels over the colder air . The cold front entering the Washington
coast is really CF 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 rid ge , 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. ‘Ihe 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.

Tn Figure 38c , the short wave continues southeastward to the western plains.
The 500mb low center has dropped even further southward and is now located over
western  Nebraska ; the low is b e g i n n i n g  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 eas tern  Nebr aska.  The inver ted  troug h possesses f ronta l  cha rac te r i s t i c s  in that
i t  sepa rates d r i e r  po la r  a i r  from the warmer , more mois t  flow from the Gulf of
Mexico .  The approach of the short  wave  t rough a lso  suppor ts  c o n t i n u a t i o n  of t h i s
i n v e r t e d  t r o u g h .  The i n v e r t e d  t rough  pe r s i s t ed  and is subsequently identified as
an occluded f r o n t a l  s y s t e m .  Note  the g rea t  d i s t a n c e  between the sur face low and
the 500mb low due to the shallowness of the polar air mass. The surface low should
soon begin  to  swing  n o r t h - n o r t h e a s t w a r d  a long  the  inver ted  t rough . Development of
inver ted  t roughs  tops ide  of low p ressu re  sys tems 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 e a r l i e r ) , over southeastern Texas
and quickly spread northward ahead of the approaching low,  resu l t ing  in the add i-
tional moisture source. Rain developed from the Gulf Coast northward . With the
addi tion of gulf moisture , heavy snow is reported over Missouri and western
Illinois.

In Figure 38d , the 500mb low bottomed out over northern Missouri at 27/0000Z• and turned northeastward to Lake Michi gan . The surface low over sot~theast Texasresponded to the  upper low ’s n o r t h e a s t e r l y  s h i f t  and was located over eas te rn
Mich igan  in 24 hours .  Heavy snows occurred over M i ssour i , Iowa , I l l i n o i s  and
Indiana and northward ahead of the low as i t  moved n o r t h w a r d .  (Fur ther  discussion
pertaining to this particular storm will be presented in the next chapter.)

SUMMARY

• In summary , it can be seen that there arc many synoptic patterns that can
• produce sign ificant snowfalls over the central United Sta tes .  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
Me xico .  These areas , a lso , a re p o t e n t i a l  breeding grounds for Midwest snowstorm s
under the ri ght upper f low p a t t e r n s .  The dominance  of su r face  high pressure  sys-
tens across the central and upper sections of the U . S .  du r ing  s torm f o r m a t i o n  o f t en
presents a problem in deciding which direction to steer the storm . Primary consid-
erations for continued development and steering should be concentrated w i t h i n  the
upper levels. For that reason , in the next chapter , discussion pertaining to the
i d e n t i f i c a t ion , developmen t and steering of the main surface low system as it
crosses the central plains will be presented.
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CHAPTER 5
THE MAIN SURFACE LOW: IDENTIFICATION , tNTF.N~TFICAT t ON , AND MOVEMEWE’

INTRODUCTION

In this chapter, we will tie together the developments at the various levels
that take place to produce major anowstorms over the Midwest. Emp ha sis wi l l  be pimoed
on the relation of events at 500mb to those at the surface. Thus, the main concept
will be the relationehip that is 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 sir and surface features, the
primary goal is to help you , the forecaster , more rapidly and more preci sely
identity the area to be affected by the storm and store 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 presentstion 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 ¶ 4
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 ( I I I)  entitled : Special Cases , f o r  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 w ’.th
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 18 approaching frost the northwest can be more
readily followed by tracking the 500mb height fall center. The discussion concern—
tag precipitation development in the final portion of the chapter is included to
emphasize the importance of remaining ever alert and making use of all available 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 ful l  scale storm .

• 
DEVELOPMENT AND STEERING 0? 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 or ~‘easons for these forecast• errors. However, through the years two reasons have produced the majority of the

¶ erroneous forecasts. Quite often, the progs have shown a tendency to move the
upper level area of oyclogeneais southeastward or eastward as it comes out of the
southern Rockies rather than anticipating the bottoming out covered in a previous
chapter of this technical note. In the process, the track of the storm is

• improperly forecast to also move to the southeast or east rather than turning
northeastward. More often , though, we are found guilty 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 ot’ the storm is guaranteed .

Figures 39, 140, 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 is 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 easier 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
and included in one of the examples of case studies that are to be found in this
chapter.

149 

‘S I,

• • -
~~~~~~~~~~~~~ - • -  

~~~~~~~~~~~ 



Figure 39: IZZ 9 Jan 197S Figure 40: 1SZ 4 J~ r 1976

f

** 4.,
**

—*e
-

, **

**

: esa

Figure 41: OOZ 21 Jan 1973

IDENT1F1CATII
~
4 OP TIlE MAIN SURFACE LOW

SO



F-

500MB’ HEIOHT PAI.L 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 fa l l  center could be quite helprul in the deter—
mination or 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 tall 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 , it 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 b o a ted 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 snowatorms. 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 142 , 43 and 1414 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 is 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 pressi:zre system over the central and upper Midwest (i.e., reced ing 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 143. 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
sur face high pressure system).

HIGH PRESSURE SYSTEM RECEI)ING PROM 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 is
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
be along a mP frontal system approaching fr om the west.
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451GB PRE SSURE PREVAILING OVER THE MIDWEST

Tn Figure 4 3 , the main surface low would l i k e ly  be a frontal low (ml or cP)
locate d so.. distance to the southeast of the upper low system due to the presence
of a stron g high pressure area or ridge over the M idwest. There w i l l  be •any wart .-
t ions to the pattern shown in Figure 45 depending upon the paths of the upper and
surface low systems. This is an excellent overrunning s ituat ion ; considerab le p re-
cipi tation would occur southward to the surface low center. The div i s i on  l ine be-
tween r u m  and snow would lie along and to the northwest of the height fall center
track.

SHORT WAVE S MOVING OUT OP LONG WAVE TROUGH

The alignment of tracks shown in Figure 44 is simil ar to Figure 43. This
pattern is presented because it occurs qui te frequent ly over the centra l and western
U.S.  and accounts for the maj ority of snow forecast misses (some exam ples ’w i l l  be
shown la ter  in this Chapter ) . In these patterns , a dee pening trough over the w es t -
em U.S .  ex is t s  as a long wave fea ture .  Short waves move through the long wave ,
bottom out over the Colorado P l a t e a u  southern Rockies area , and swing northeast-
ward across the western Plains. At the surface there is usually a stationary •P
or a modified stationary cP front lying NF-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 w i l l  usual l y  f a l l  along and to the north west
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 fa l l  center w i l l  bottom out , where
the main surface low will develop and the subsequent path of both features. The
location of prevailing surface high pressure areas during storm development pro -
vidos a re l iab le  I ndication of t h i s  r e l a t i o n s h i p .  We w i l l  f i r s t  consider  the
pat terns  assoc iated  wi th  a surface hi gh receding eastward from the Midwest.

SECTION ONE - SURFACE HIGH RECEDING FROM MIDWEST

RE LATIONSHIP BETW EEN .P MAIN LOW ORGANIZAT ION AND

CYCLOGENES I S ALOFT

Maritime polar frontal systems appearing over the Rocky Mountain-western Plains
ares 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 development and/or Intensification is likely
when the 500mb height fall center approaches from New Mexico and/or Colorado.

VERTICAL SUPPORT BETWEEN SURFACE
- 

_____ - 
AND UPPER SYSTEM

I ’ • 
-

, ________ In Fi gure 4Sa , the closed low wi th-

~~ 
,‘ , in the trough at 500mb is moving

/ easterly along the ideal snowstorm
t rack and supports the approaching

• ml frontal system shown in Figure
45b.  The uppe r low u s u a l l y  de-
ve lops wi th in  a short wave t rough

- # , and m a i n t a i n s  a short wave low p a t -
- — tern during its trek across the

Midwe st .
I

Vigur• 45.: 500mb . OOZ 3 D.c 1973
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Assoc iated surface low or ganization us-
_____ n u.lly occurs along the mP frontal syst em

1~~ within the lee-a ide trough and the main
low is not hard to identify once it

.•. .. organizes over the western plains. A
‘ strong low level jet and Gulf stratus

occur with this setup.

- NOTE: In this and all subsequent related
fi gures the respective *ain f.atu~~i wil l be
id ntifi.d as follows :

Featur e Ident .

500mb low and track

I - . - 500mb Ut fa l l  center/track X _  uiiui)( —

Figure 4Sb : Surface , 00 ~ Dec 1973 Surface Low and track S

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
Identificat ion and steering of the main surface low in relation to the approaching
500mb height fall center will be presented in the following examples. Also ,
recognition of changes in f ron tal s t ruc tures , as these systems move Into the west-
emn plains, will be discussed. These frontal changes are sometime s indicators
t hat a storm system is developing .

LEE-SIDE LOWS (MAIN LOW) DEVELOPMENT AND MOVEMENT

It was men tioned in Chapter 3, 850mb level , 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 e s t a b l i s h e d  from e i t he r  an organized low moving into the lee-side
trough from the western U. S. or a low developing within the lee-side trough or
a combination thereof.

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 developing storm system as it moves out of the southern Rockies . Lee—side
lows generally move southeastward and often till (excluding diurnal falls) during
the period when the upper system Is bottoming out within the trough. In Chapter 2,
it was shown that magnitude of 500mb height fall will generally decrease or remain
unchanged during bottoming out; the surface system usually fills during this sane
period. Figures 146, 44 7 and 148 show the relationship 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.

In Figure 46, the lee-side low has become the main low , as the frontal low over
Nevada dissi pated. Sometimes , lows along the mP frontal system will remain behind
and become Stationary over the western U.S. as the mP front continues eastward. A
new low will appear along the mP front when it moves into the lee-side trough. The
relationship between these two t r acks  in Fi gure 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 03/002 and 03/122; simultaneousl y, the surface low filled . The system sub-
sequently moved northeastward and developed into a major storm with the 500mb -
hei gh t fa l ls Increas in g af t er bottoming out had occurred .
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Figure ; 46 :  Ixample 1 , 2-5 Dec 1973 Figure 47 :  Exam ple 2 , 9- 11  Jan 1975
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-T DX~~~~~~~~AL LOW LEE SIDE Low / flhi2l
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— Figure 48: Exa*ple 3, 20-2 2 Feb 1974

- 
- MAI N SURFACE LOWI500MB HEIGHT FALLS CENTER RELATION SHIPS

Exa mple 47 depicts the sane general pattern as shown in Figure 46. Initially,
two lee-side lows were evident on the surface chart. By 09/12002 these have both
become siP 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 morthwest Kansas along the siP front . The main sur face  low devel-
oped over southern Colorado between 09/002 and 09/122 along the siP 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 10/002. The secondary frontal low over
northwestern Kansas eventually dissipated (10/002). 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 09/002) 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 trough moved rapidly southward between 20/122 and 21/002 to be properly
ali gned with the approaching height fall center near El Paso , Texas . Ar..~ather
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 21/03 . Good agreement between the height fall
center and the surface system movement after bottoming out can be seen .

Sometimes the lee-side low will pre~~ turely move southeasterly into the west-
em plains ahead of an approaching mP f ron t 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 5?). -

FRONTAL ORIENTA1ION /INVERTED TROUGHING

Mar itime polar fronts moving from the Rocky Mountains may slow down and under-
go changes in their frontal structure . Such frontal variations suggest that per-
haps cyclogenesis aloft is occurring. Detecting these frontal variations , there -
fore , can be especially valuable during the periods between receipt of successive
upper a i r  anal yses. In F i gure 49 , a low has or~anized and the mP frontal segment
north of the low has become stationary , indica ting 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 siP 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 subseq uent analyses , if the siP front has substantially weakened. The
ra in/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
inver ted trough pa tterns , allowing for some easterly movement of the entire storm
system.

CASE STUDIES THAT INCLUDE THE 500MB LOW TRAI K

So far in this chapter , the re la ti onshi p 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 f i gures to follow , the
500mb low cen ter track has been added to this relationshi p in order to provide a
more comple te p ic ture of the storm system affecting areas of the Midwest that are
assoc iated w ith a receding  h igh pressure pattern . In this respect , Fi gures 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
500mb cyclogenesis associated with the storm system . Figure 52 is presented to
show forecasters how a develop ing storm over the Rockies can change direc tion ,
leav ing most of the Midwest free of snowfall. The surface low ’s central pressure
and heigh t fall center plus maximum -~hei ght fall value showi on each 500mb chart
are also inc luded in each f i gure .

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

in Figure 50, the closed 500mb low first appeared (developed) over northern
Arizona at 20/122. The height falls , however , appeared 24 hours earlier (19/122)
over southern Nevada , i n d i c a t i n g  the possibility of cyclogenesis within the upper
troug h. The main surface low developed in the lee-side trough and began moving
southeasterly as the hei ght falls center passed through Arizona and New Mexico.
in this particular case , the hei gh t f a l l  cen tral value  did no t decrease dur ing
the bottoming out period in New Mexico and west Texas but (slightly) decreased
earl ier over Arizona. All three tracks turn northeasterly at approximately
21/12002. The heavy s n o w f a l l  area rema ined to the northwest of the hei ght fall
track.

CYCLOGENESIS ALOFT OVER THE ROCKY MOUNTAINS - LATE WARNING

The storm shown in Figure 51 produced blizzard conditions over eastern Nebras-
ka , Iowa and nor thward. The height fall center moved into the western U.S. at
08/122 assoc iated with a typical short wave trough. Continued deepening within
the trough produced a closed 500mb low 36 hours later (10/002) over the ioutbern
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Figure 49: FRONTAL ORIENTATION/INVERTED TROUGHING
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Fi gure 50: Composite , 19-22 Jan 1973
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Rocky Mountains . Meanwhile , a t the sur f a c e , the lee-side low began its south-
easterly movement subsequent to 09/122 as the height fall center moved from south-
em Nevada to southeastern New Mexico .  Organization occurred over westCrn Ok h*Iwma
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 , cyclogenests aloft
wi thin a short wave trough over the Rockies can develop Intense storms suddenly
over the Midw est.

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
Nebrask a and the Dakotas. The storm system shown in Figure 52 would have been
similir to the preceding figures just shown ; however, the short wave entering the
Pac ific Northwest was quite strong (-2$ or greater 12-hour hei ght falls from Wash-
ing ton 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 northeasterl y 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
hei ght falls area , moved rapidly southward along the West Coast into the sys tem
and was located over southern California by 01/002. This impulse strengthened the
long wave trough and induced the 500mb low to bottom out (01/002) 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/
122) and was located over northeastern Colorado by (01/002), 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 cen ter over California , that the - 

- -

original height fall center still existed over northeastern Colorado . Weakening
500mb hei gh t f a l l s  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 d i s c u s s i o n  of th i s ca se , the surface chart depicted in Figure 53
shows the analysis three hours prior to the main surface low reaching its southern-
most position (Ol/00Z) over eastern New Mexico. The system looks like an ideal -

‘
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 trough in g  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  b r i e f l y  to Fig ure 52 , the main sur face  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 ares, howevet, remained approximately
parallel to and northwest of the 500mb hei ght fall track. The entire system even-
tually became vertically stacked over Minnesota .

SURFACE SYSTEMS LACKING I MMEDIATE UPPER AIR SUPPORT

The second major pattern for Midwestern snowstorms under the condition of the
sur face  hi gh receding eastward (shown in Figure sequence 54 a ~ b) deve lops when mP
fronts and merging cP fronts from Canada become stationary over the central and up-
per Midwes t 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 cvclogenesis.
However , the eastward movement of the front usually stops just lee of the Rockies with
the shifting of upper level winds to the southwest. Often , continued SOOmb trough
deepening ,  caused by 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 t rough entered the We”t i~oaet lb hour s  earl ier as a short wav e trough ava-
tern. From the tim e Ct the dep Ic t ed 500mb ~n a l y s l s , Lnt.n sifIcatton began , and a
low became fully organized over southern Nevada during the next 12 hours.  In
F igure  54a , note the 500mb he I ght falls track (for th. past 12 hours) and wide con-
tour g r ad i en t  over lower C a l i f o r n i a  and Nevada.  Dur ing  t h i s  deepening period , the
related mV f r ont a l  system shown in F i gu re  SIb slowed it s  forward movement and
eventually became stationary ; the mP front developed cP characteristics due to cold
air flowing in from (~inada . The surface front will normal ly  re ma in s t a t i o n a r y  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-
plained in the paragraph below , the low /associated inverte d t rough surfac , feature
In the Rockies along the Colorado/Utah border (Figure 5~4b) should not be mistakenas the main surface system. The m a i n  surface low development (often rapid) will
occur somewhere along the frontal system (usually under the 500mb height f a l l
center track) near the Texas panhandle reg ion .

SURFACE FEATURES: LINGERING LOWSJINVERTIID TROUGHS

There are some general surface features that arc lnd ica toreo f probable low
development along just su ch  a stationary f ron t when ‘vclogene sis aloft Is occurring
west of the Rockies . Surface lows and/or inverted t roughs that develop and pers i s t
over or west  of the  R o c k i e s  when a ml’ or ci’ f r o n t a l  sys tem slows down over the
Midwest are Indi cators that upper leve l trough deepening and cyclogenesis are
occurring. Figure 54h shows surface features 24 hours prior to major low develop -
ment along the frontal system over southwest Kansas, The closed low shown within
the Inverted t rough a p p e ar in g  ove r Colorado and Ut ah  in th i s  f i gure was o r i g i n a l l y
a l o n g  the  mP f r o n t a l  sys t em over U t ah .  T h i s  low remained nea r ly  s t a t i o n a r y  w h i l e
the mP front advanced Into the western plains and was indicative that further
deepening wi thin the upper trough was occurring. In most cases , this “linger ing”
low/trough will not move eastward towards t h e  front to trigger frontal cyclogenesis
but will remain behind and eventually fill . in sctu slity, these lingering lows!
Inver ted troughs are no more than reflection s of an approaching 500mb short wave
which wIfl become the tri ggering mechanism for frontal cvclogenesis . Snowfall
occurring in the vic inity of the inverted trough/low is the result of the upper
trough system and an up’~Iopc low leve l flow along the mountains. The approaching
upper trough w i l l  Induce storm development and a snowfall area from lee of t he
Rockies northeastward Into the plains, while the lingering low/Inverted trough
(upsiope flow) pattern will disappear as surface ridgin g beg ins to move into the
area behind the upper trough .

There is another reason why inverted trough ing/lows , along with cyclogenesis
a l o f t , w i l l  be sus ta ined behind the fr o n t a l  system over the M i dwes t .  The movement
of cP air southward from the northern Rockies and Canada creates an Inverted
troughing pattern along its western boundary , separating fresh cP air from
m o d i f i e d  cP or eP a i r .  The s u r fac e  an a l y s i s  w i l l  not a lways  show a frontal boundary
with in this inverted trough due to the weakness of the discontinuity. In Figure
54b , cP ridg ing is evid ent across Wyoming to Colorado and (a an indicator that cP
air is pushing southward . A frontal system , although not significant, could have
been placed along the inverted trough 1ndic~ ted by the dashed lines in Fi gure 54h.
Regardless of the cause(s) that produce thi~. lingering inverted trough/low feature ,
do not conside r It as main surface development ove r the western plains , even I f

I — signifi cant snowfall is currently occurring within it. The frontal development is
s t i l l  the m a i n  f e a t u r e  to ~-on s i d e r  (along with the 500mb height f a l l  t r a ck)  for
the overal l movement of the snowfall area that is to come to the central U.S.

CASE STUD I I~S

Figure z ;~’lurn ’e ,‘~ tiirou~ h ~l :u t  offered t~ give t t i~ readrv a mere thorough
u n d e r s tan d i n g  ~ t ’ t h e  “1Inge r1ri~” low and it- s sub seq uent dissipation through low
level cold air advc~ t- L~’n. in ~a~h cane study , d i arusslon will Locus upon the
developments at 500mb and related events loading to aurl’aee cyologenesie and the
subsequent storm pattern.
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Figure 54b: ’Surfave . I.’. 18 Nov 197S

F IGURE ~4 :  SURFAC E SYSTEMS LACK ING I MM ED IAT E UPP ER A I R  SUPPORT
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EX P4PI.C l-i t igur e SS shows thecomposite p l¼ t urt ’ ot the storm that was just d i s -
cu s s e d ’  i n  F I g u r e  S4 .  The SOOmb he i ght  f a l l  c e n t e r  e n t e r e d  the lower  C a l i f o r n i a
coas t  ( l 7 / l ~~~) and moved ea s t w ar d .  A low c e nt e r  w i t h i n  the t r o u g h  d Id  not appe ar

t ) until 24 hour s  l a t e r  over Id aho . The 18/ 1~~ SOO.b low e i t h e r moved sou thward  or
dissipated with a new low forming by 19/00! over the Nevada-Ut ah 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 . Aga in ,
the 500mb height fall center at l9’12Z indicates that the 500mb low over New l4~x-ico at l9/12Z should begin moving northeasterly . Meanwhile (since l 8 / l 2 Z ) ,  the s t ir -
face front has been stationary across the  western Plains. During the twelve hours
following the indication of bottoming out h’. the turnin g to a northeasterly track
by the height fal l center , the system became organi :ed . At the  s u r f ac e  (d iscussed
below) rap id intensification occurred along t h e  front, The eventual heavy snowfall
area !emained to the left of the height fall t~ ac k.
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Figure ES: Composite , 18 - 21 Nov 1975

( EXAMPLE I - SURFACE SYSTEMS LACKING I SIEDIATE UPPER SUPPORT

The resultant development of the frontal low is shown in Figures 56a and S6~TIn F igu re  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
con tinuous 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 S6b), a
frontal low appeared over southwestern Kansas just ahead of the 500mb heigh t f a l l
center located over northeastern New Mexico. The Kansas low intensified rapidly and

= produced blizzard condi tions as it moved across northwestern Kansas , cen tra l,
Nebraska , and the upper Mis sissippi Valley (see Figure ~2b , Chap ter 4).
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Figure 5ba~ Surface. 0OZ. 19 Nov 1975 Figure 56h: Surface. I 2~~. 19 Nov 1975
62

(

- ~~~~~

——  - -‘

~~~~~ 

- - -  -

~~~~ 

‘ - —

~~

.

~~~ 

-

~~~ 

~~~~~~~~~~~ -—~~~~~~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ -~~~~~~~
- 

~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
—,-- -----------—- - 

1’
-

~~
--- -

~~~~~~~ 

Figure 57 (sass valid time as Figure 56b) is
shown to emphasis, two points. Earlier in this
chapter it was mentioned that surface Lows wilt 

~~~~sometimes “wai t ’ over the western plains along 
•~~~~

, 

~ 121 
sr4r:tWe,,.l •—*~% _ i7%——an mP frontal system until  the associated upper 

________ ______system “catch.s up”. Storm development in this 1(~ ~ ,,~~~~~
particular case is a good examp le of such a ~~~~~~ ilk); I 

— —
“waiting” sur face low . In Figure 57. th. 19/212 l~k)
frontal low developed by 19/122 , but remained ‘ ‘-‘°‘s’~inearly stationary fot at Le.st 9 hours over .

~ 
/ .-~~ ,‘ %southwest Kansas. Th. surface low began to I~~ -_,~.... 

.I)~move sometime between 19/21! and 20/002 as the 
—
— —5S~s19,12500mb height fa l l  center moved across the

frontal system and the 500mb low moved into (‘10’ 
~ 

412 W I
western Kan sas (as shown in Figure 55). As the
second point , note the isallobaric low center / -19%
that appears in Figure 57 over south cent ra l -‘sb
Kansas. As a general rule the surfac. low will i ’ ‘.

Imove toward the isallobaric low center , In
this particular case study, however, the low
continued to move northeastward along the fron t
in respons. to the flow and movement of the
height fall  center at 500mb. By 20/0000Z the
asin low was located over north .astern Kansas.
Had forecasters moved the low eastward, as i~~LLOURiC LOW CENIIR

+

suggested by use of the isatlobaric low center
as an indicator, snow would have been forecast 1”
for most of the eastern half of Kansas where Figure 57~ 122 . 19 Nov 1975
none actually occurred . Such a practice should
be tempered by careful examination of continuity SURFACE ANALYSIS - CENTRA L PLAINS
of both 500mb low and height fill center aovesen~.

EXAMPLE 2 - In Figure 58 the SOOmb low and height fall center moved over the West Coast and
bottcued out over Arizona and Utah by 04/122. Meanwhile, the associated mE 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 CE 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 1971’.

EXAMPLE 2 - SURFACE SYSTEP’~ LACKING 1144P.DIATE tIPPER SUPPORT
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Figure 59a: Surface, 15Z, -I Mer 1971’. Figure 59b: Surface, 002, 5 Wer 1916

Tn F igure  59a , the m a i n  s u r f a c e  l ow i s loca ted over north central Texas...not
Colorado. The low and inverted trough pattern over Colorado is a reflection of
the upper low and should no t 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/]2Z height fall center over
New Mexico is nea r ing  the f r o n t a l  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 immediatel y behind the sur-
face low when the upper system is a great distance away and is cont inu ing  to move
northeasterly. In th i s  case , the heavy snow moved i n t o  the eas te rn  Dakotas and
Minnesota and left eastern Nebraska , Kansas and southern Iowa without significant -

-
snowfal l  ( i .e . ,  the snow area remained along and to the left of the 500mb height
f a l l  center t rack) .

EXAMPLE 3 - The th i rd ex ample , 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

E finally move out towards the northeast (as shown in Figure 60). The l ikel ihood of
widespread heavy snowfall is greatest in these cases when the Midwest has been
dominated by a cP hig h pressure system over the previous 24 to 48 hours .
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Figure 60: Composite , 1-3 Jan 1975
EXAMPl E 3 - SURFACE SYSTEMS LACKING T~t4EDIATE UPPER SUPPORT64 

~ --~~
-
~ 



-- - --~ -
----—-- -~~~~ - - --—- --—------- —~~- - - - —---—--- —-.- - ~~~~~~~~~~~~~~~~~~~~~ ----

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Fi gu re 61 shows the related surface
f eatures approximate ly  10 hours a f t e r
the upper syste . began to move . There
was no primary surface low upon which
to es t i mate snowfall timing , since the
system , for the most  pa r t , was an upper
level phenomenon. in this case the

—flU - S frontal low in the Gulf dissipated ; how-
- ever , one must always be cautious when

• - 
Gulf  waves do appear and a c u t o f f / c l o s e d

V 
~ low is approaching the Midwest  fro. the

~~~~~~~~~~~~~ ~ ~~~ southern Rockies  as a short wave . No
organ ized  s torm developed w i t h i n  the
lee-side trough in t h i s  p a r t i c u l a r  ex-
ample because the short wave (cutoff
low) was already ahead of the approach-
log ml’ frontal system, Figure 60 shows

0 the relationship between the heavy snow
- .~~. area and the 500mb he i ght fall center

- track. Snowfalls of 6” - 8” fell ove r
F I g u r e  61: Surface , 09Z 2 Jan 1975 a reas  of the centra l and upper p lains.

SECTION TWO - MIDWEST UNDER THE DOMINANCE OF h I G H  PR E SSURE

Rela t io nship Between mP/cP Main  1.ow O r g a n i z a t i o n

and Cyclogenesis Aloft

When a large high pressure area , u sua l ly  cP , prevails over much of the Great
Basin , central and northern Rockies , and the Midwest area , frontal and low actIvit y
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 w i t h i n  the Gul f  of Mexico. Normally, this particu lar
f ronta l  low develovment continues eastw~ird affecting the Gulf coastal states and
the eastern Seaboard states. There are , however , situations where major frontal
low developmen t moves northward and affects large areas of the Midwe st.

The upper a i r  s t r u c t u r e  in these s i t u a t i o n s  is a mean long wave t rough orion-
ted NE-SW from the Great Lakes to the southwestern U.S., and a strong Pacific rid ge
is present off the West Coast. Short waves moving from or develop ing over the Gulf
of Alaska and/or the Pacific Northwest “drop” rapidly southward into the Ari zona-
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-
s ta t ionary overrunning condition .

SURFAC E FEATURES

Listed below are general su r face  f ea tu res  t h a t  ex i s t  p r i o r  to and during storm
de velopment of th is  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 i n to  the centra l
plaina.

.
~~ 

Main low development w i l l  e i t h e r  be along the frontal  zone or form
so.ewhere north of the front w i th in  the inverted trough pattern . Low development
usual ly  begins about the time of bot toming out of the  500mb height fall center - - -

t rack.
65
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— * Linger ing  lows/inverted troughs f r e q u e n t l y  appear over the southern

f ~ Rockies during and after  main low development over the southern plains .
‘-U,

CASE STUDIES

Figure sequence 62 through 65 is shown next to give the reader a more thor-
ough picture of storm development while the Midwest was found to be under the dom-
ination of high pressure . Two examples are given .

EXAMP LE 1 - In F igure  62. the 500mb low/heIght fall centers , shown in 24-hour
periods , moved southeastward from the Pacific Northweat towards Arizona and
bottomed out over the ideal location of New Mexico and West Texas. If  the Midwest
had been under a receding hi gh pressure situation , the main low development would
most l i ke ly  have been found within the lee-side trough over Colorado and New Mex-
ico. However , the Midwest is under a cP hi gh pressure system; therefore, main low
development would be more l i ke ly  to occur alon g the s t a t i ona ry  cP f r o n t a l  system
in Texas. In F igure  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 (21/122) and began to move northward when the 500mb height fall
bott omed out over western Texas (21/122). By twenty-four hours later, the surface
low had intensified and became stacked with the upper system over Missour i .  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.
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EXA MPLE 1 - P R E V A I L I N G  HIGH OVE R THE MIDWEST
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Fi~ure 63a: Surface , 122 20 Feb j971 - Figure 63b: Surface, 12 21 Feb 1971
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Figure 63c : Surface, 122 22 Feb 1971 
-

EXM’D’LE I - PREVAILING HIGH (WER ThE MIDWEST U. S.

Figure sequence 63 dep icts the surface pattern relevant to Figure 62, 24 hour s
before , during main low development, and 211 hours later, In Figure 63a, the ml’
frontal system is found over western New Mexico. In Figure 63b , 24 hours later , th is
ml’ surface system has dissipated . The remnants of the mP frontal system are reflect~ d
by the inverted troughing north of the frontal low In eastern Texas . The approaching
500mb height fall center over western Texas sets oX’ f 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 height fall center track (Figure 63c). Quite often the inverted trough from
the low northward into Oklahoma (Pigure 63b) is an indicator that  the upper system
is beginning to bottom out arid is turning northeastward , By the next day, in
Figure 63o, the surface low has developed into a major storm centered over Missouri
and Is moving towards the Great Lakes. Heavy snowfall of’ 15-75 inches covered much
of Iowa, Nebraska, Kansas, and western Oklahoma.
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Example 2 - This storm pattern is s i m i l a r  to the previous example in many re-
spects. In Figure 64, an intensif y ing 500mb short wave/closed low moved from south~em Idaho , where it had formed , in to the so ut hern  Rock i es . The o r ig ina l  surface
low (shown in west central New Mexico) dissipated , as d id  the  low in Mexico .  De-
velopment of the main surface low occurred along the A r k a n s a s / M i s s o u r i  border wh i l e  - - -

— the 500mb hei ght fall center was pass ing from the panhand le region Into southern
Kansas. Note how rapidly the short wave low moved to the northeast after it bottomed

: nut over e a s t e r n  New Mex ico .  It  is  su spec t ed  t h a t  the 500mb low also bottomed out
over nor theastern New Mexico sometime between Il/i2 and 12/122 , perhaps near I I f I 8 Z
( i n d i c a t e d  b y the a r rows  in F i g u r e  64)  in  a g r e e m e n t  w i t h  t he  hei ght fall center
over eastern New Mexico. ~n S y  2 4 - h o u r  p o s i t i o n s  were  a v a i l a b l e  for t h i s  case study,
so a stra i ght northeaster ly 500mb low center track is shown f r o m  n o r t h w e s t e r n  New
Mexico to Wisconsin rather than into n o r t h e a s t e r n  Now M e x i c o  and then no r theas tward ,
as is suspected  to  he the a c t u a l  c a s e .  The h e a v y  snow area lies to the left of the
500mb heig ht fall center track. Taking a c l o s e t  look a t  this example , in Figure  65a
the surface pattern 12-18 hours  p r i o r  to  heavy snowlall s over the centra l plains Is
shown . The storm system centered over W i s c o n s i n  had developed over the southern
p’ains 24 hours earlier. The ml ’ 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 leve l flow and the deve l oping upper s y st e a  over U t a h .
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In Figure 65t~ the pressure pa ttern
is disorganized over the southern plain s
as the upper system approaches. The ml’
cold frontal system moving across Old
Mexico has become further diffused . In
verted troughing appears in two a reas:
(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
easte rn Oklahoma and Kansas .  It  has been

,• • shown in previous case examples that main
surface low fo rmat ion  is l i k e l y  under or

.1. to the east of the height fall cen te r
track as it approaches from the south-
west. In t h i s  case then , there should be

~~~~~~~~~ 
_
~G~ sur fa ce low formation somewhere within

this confusing isobaric pattern over the
southern plalna wi th the support of the

I’. 
upper s y s t e m .  The d i s s i p a t e d  ml’ f r o n t a l
a stern i s  pr ob:i l i  I y re II -c ted w i t h i n  thc

all inverted t rotl8hiItg ov er  Ilk I :i)wma ~nd
0’ ~~~. eastern Kansas. The most lik el y ar ea fot

surface cyclogenesis is , th e r e f o r e ,wi th-
Figure 65b : Surface , l2Z 11 Feb 1965 In the inverted troughing north of the

stationary front in western Mi s— ou ri and
eastern Kansas because t h a t  i s  where
(al though insufficient to support a cold
front) the greatest therma l discontin-
uity exists. Furthermore , the low is
f avo rab ly  loca t ed  a long  the  id eal 500mb
height fall track. Withi n t he  i n v e r t e d
trough , cold polar air is m o v i n g  sout h-
ward through central Kansas with warm , 

- 
-

mois t air flowing northwestwa rd towards
western Missour i .  Modera te  to  heavy snow
is occurr ing over Kansas  and Nebraska
under a statio n ary overrunning upslope
pat  tern .

Z°. 
~T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ by six hours l ater , a surface low

has developed in southwestern Missouri
nor th  of the s t a t i o n a r y  f r o n t , as shown
in Figure 65c. This low developed rapid-
ly and moved to southern Michigan 18
hours later (shown in Figure 64). Heavy

- snowfall continues over the central
,~~ 

plains . Offutt AFE , Nebraska , received
‘S 19” ; Omaha rece ived 23” ; and surround-

ing areas had up to 30”. The rain /snow
• l i n e  is or ien ted SW-NP across eastern5 

- Kansas  to ex t reme so ut he ast e rn Iowa ;
the snow area is some di stanc e north-
west of the track of the  m a i n  su r f a ce
low in good a l i g n m e n t  with the hei ght
fall cen ter path.

Figure 65c : Surface , 182 11 Feb 1965
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Si crios III: Sl’t:i lAL CASES
CYC

~~
GENES1S ALO~~ APPROACHING FR~~ ThE NO~~H~~~

Low pressure syste.s developing along the quasi-stati onary f ront over and east of the ~ scky
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 CF air .ass
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 centra l Midwest . Considerable snowfall often develops wi th in  the cold polar air as the
short wave approaches. The related surface low Is usually located some distance from eh. upper
systes.

CASE STUDIES

Exa~ ,le 1. Figure fit, shows the re lationship between movement of the 500mb tow , 500mb height
fal l  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 digg ing of the
height fall center toward the southern Rockies. Note the moderate height fall from Montana to
Texas as the systme moves down the Rockies. The height fal l  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/OOZ and 26/1200Z
although the 500mb low center was s t i l l  moving southeastward . The 500mb low Center , however, did
shift eastward by 27/001 as it bottomed out. The main surface low moved down the frontal sone 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 botto m at the sane time the height falls bottomed out (26/OOZ). The
storm became a mature storm between 26/ 12Z and 27/001 as it moved northeast . Th. low was a weak
f rontal disturbance (while bottoming out althoug h cent ra l pressure didn ’t change .uch) wh i le  moving
easterly across Texas. Figure 67b shows the surface pattern at 26/12001 during the storm’s history.
The surface low is in the process of turning northeastward, indicated by the strong inver ted trough.
The 500mb t rough is reflect d at the surface by this inverted trough . Widespread snowfall
developed north of the 500mb height fa l l  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 1975
EXAMPLE 1

STORM SYSTEMS APPROACHING FROM ThE NORThWEST
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Figure 67a: Surface. 121 25 Nov 1975 FIgure 67b: Surface , lIZ 26 Nov 1975

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 I- ,
the related movements of the 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 fal l  center , associated wi th
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 hei ght fall  center.  Fi gure 69 shows the
surface features at 19/0000Z , 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.
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Figure 68: Co~~os1te, 18-20 Jan 1975 Figure 69: Surface, OOZ 19 Jan 1975

EXAMPLE 2: STORI4 SYSTEF~ APPROACHING FROM TW N O F ~51F.ST 
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Rapid development 01 cloud s . iui d precipitation areas over the t roat l’laina have frequently
surprised forecasters. The absence of significant prec ipitation over areas of the southern and
central Plains during the developmental period of a storm syste. over the Rockies is quit. co on ,
especially with a receding high pressure pattern. Precipitation often develops rapidly while the
system ~to.s 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
(Gulf or residua l stratus ) begins -advecting northward from Texas into the developing system.
l#isture 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. Th. two patterns will be identified as being associated with either a
receding high pressure pattern or a prevailing high pressure pattern, as has been done throughout
this Technical Note.

3JRFACE HIGH RECEDING FROM THE MIDWEST - -~

• The southern and central Plains are usually under a war, southerly flow on the back aide of
the high just prior to stor, development . The presence of a low level jet and subsequ ent northward
advection of Gulf stratus occurs frequently. Gulf moisture continues northward and is lift ed into
the middle and upper levels and eventually circulates into the upper low which , by this time , has - -
begun .oving out of the Rockies. Snow develops within the colder air and the precipitation area - 

-
increases as the syste. 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 OOZ and l2Z 500mb data to show the relationship between the
bottoming out period and increased precipitation. In Figure b a , 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-
te. 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). t4derste snow is falling over the northern Texas panhandle, eastern
Colorado and western Kansas area.
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Figu re  sequen . e b la th rough  71. , shown
( in  three-hour increments , is presented

___________ to show another example of this rap id
SW development and movement or prec l p i ta -

— t ion . In this  case there Is no readily
I den t i f i a b l e  surfa ce low to track. A

_______________ closed low within the SO Om b long wave
SW t rough over the southwest ILS. moves

•% ~D ~~ 
rapidly northeastward toward the central

.1 •V ~~~ states and the surface high recedes
.5 Rw- f ~~ from the nor the rn  P l a i n s  in to  the Ohio

V a 1 l ’ v .  In  F i gur es  7 1 a  and 7). the 500
low center location has been added (as
In the previou s example) to show the

~30 l.~- hour mov ement  of the upper system
. Note the rapid development of the pre-

c t p l t a t t o n  ar ea .  In th i s  p a r t i c u l a r
• example the 500mb low and preci p i t a t i o n

- area were moving north .sstward at 40
knots. Further history of this storm

- was shown In Figures ~0 end 61 and is
Fi gure 7 1¼ - :  0 S35 Jan 7~ 

d i s cus sed  e a r l i e r  tu this chapter.
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Figure 74: 500mb OOZ 3 Mar 1979 FIgure 75: Radar &immsry 19352 1 Mar 1979
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4 ‘ A third example of rapidly developing prt’cipitat lon is

‘—.~ depicted In Figures 72-7b. The surface frontal and
—i, pressure systems shown In Figure 73 Flt~ the receding

‘ 7 4 high pressure pattern described on pages 35 and 3t. . Note0 
6 the lack of i reciPitation over the southern pl~ lns

6 (Figure 73) assocIated with the short wave mov ing through
6 2 Arizona (Fi gure 7.~). Eight hours later . Precipitetion

1 7 Increas ed dramat ica t h (Fi gure 75). Now look at the
5 movement of the height fall center (FIgure 74). It has

500mb I~~I 
2 

~~ 
obviously bottomed out nod Is now moving to the north-

csjni* 2 east towa rd s Oklahom a . Again , the prec ipitat i on patterns
p T*ACK ‘ increase significantly during and after the “bottoming

1 out” period. Figure 76 shows the resulting snow accumu-

, 
—~~~~~~~~~ lat lon related t .. this  stor,. In most cases , heavy snow

accumulations lie to the cold side of the 500mb IIF C
track . In this case , the storm received a signIficant
amotmt of warm ndvectton . As descrihed on page St . heavy
snow accumulation will fill to the left of the 500mb low

__._. center track If the storm becomes sufficiently want.

FIgure 76: Snowfall 122 3 Mar-S Mar 1979
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SURFACE HIGH PREVA ILING OVER MIDWEST

t When the centra l U.S.  has been under domination by strong high pressure for 24 to 4$ hours , a
‘ p stationary frontal boundary Is no rm ally fotmd over Texas eastward across the thilf of Mazico with

cold polar air prevailing over most of the Midwest (Figwres 77a and 77b). A long wave t rough 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 bowadary. Gradually, moisture spreads northwestward
across Texas into New Mexico fro. the (kal f. This pattern remains fairly stagnant unti l  a short way.
system moves out of the long wave over Arizona and New Mexico (Figures iSa and lAb) . Dec. the
short wave begins to turn northeastwa rd the precipitation area begins to expand quit. rapidly
(overi tma ing). Extensive areas of precipitation spread northeastward acro ss the Midw est 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 fro. an ic. storm in the Dell as area to
1½ inches of rain at College Støtion .

In the precipitation typ. 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 develop s rapidly over the southern plains usually
In the Texas panhandle - western Oklaho a area . Prec ipi tat ion deve lopment associated wi th a pre-
vailing high pattern increases gradually over a large area of the southern plains and g.nerally
provides ample warning that Increa sed overrunning ahead of the approachin g upper t rough Is occurrin g .
No matter whether all the signs are there (at the 500mb, at the surface , or on the progs) or not ,
closely watchi ng the upstrea. changes as they are occurring remains one of. if not the most
i.por tant responsibilities of the forecaster.
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Figure 77a : Surface , 122 30 Dec 1978 Figure 77b : Surface I l l  7

Figure iSa: 500mb, 002 30 Dec 197A Figure 7Mb: 500mb 122 31 Dec 1978
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Figure 79c : 19352 30 Dec 1978 FIgure 79d: 0835Z 31 0cc 1978

SIJ144ARY

The main purpose of this chapter has been to tie together many of the key features of the
surface analysis with the development s that are occurring aloft , with  the 500mb level being the
area of primary concern. There is a definite relation between the track of tho 509mb 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 ea~h type of major storm system known to have occurred durIng research (19 5 2 - 1 9 7 6) .  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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1~, CHAPTER 6

SUMMARY

INTRODUCTION

This chapter is offered as a summary 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 .u~~ary are
included and fi gure references are noted where applicable . The number(s) - -

enclosed in parentheses are page numbers within the tech note and serve as
a reference.

The second portion of the summary show relationships between the tracks
of the 500mb low ce~ter, the 500mb height fall center 

and the main surface
lOW and the likely areas of heavy snowfall for some areas of the Midwest.
Wtt~1e 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 presented of an intense storm system (blizzard )
that developed over - the central plains during the period January 8—11, 1976.

Note: In the following figur e sequences , the surface analyses shown are
exact duplicates of the NWS facsimile charts. No reanalysee or repositioning
of frontal boundaries was att empt ed prior to use in this Technical Note.
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Figure liZ: 300mb 122 1 Mar 1979

Figure 81: Prevailing LUgh Figure 8S 500mb 122 1 Mar 1979 - 
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Figure 84: 300mb 12Z 12 Jan 1979 Figure 86: 300mb 002 13 Jan 1919
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FIgure 85: 500mb 12Z 12 Jan 1979 Figure8i: 500mb OOZ 13 Jan 1979
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more examples of the relationships between the
tracks of the 500mb low , the 500mb height fa l l  center and the surface low described in Chapter 5.
Ma ny variations of the relationships shown may occur; forecasters should determi ne where and when
recurvative of the upper system will  ta ke place. Also , considerations of where the primary surface
ant icyc lone will lie (end its air mass characteristics) - whether it is receding from or wi l l  pre—
vail over the Mid west - 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 prima ry low wi l l  develop end Intensify rapidly within the vicini ty of
upper level recurvature (bottoming out) areas.

EXAMPLES OF HEAVY SNOWFALL PATI’ERNS
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c~ t January 8, cold air and positive vor ticity 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 tec h
note. The composite figur es include the SO~~b ,et and isotacha , the SOO.b height falls  (50 meter
increments) and height fall center (X), the low level 3et axis (open tail arrew) and associated
low-level moisture. These figures will be discussed only where e.phasis is needed.

Figure 113 depicts the pattern approxi.atoly 36 hours prior to heavy snowfall over the
central and western plains. In Figure uSc trough deepening is appearing within zonal flow over

— the West Coast. In Figure ll3d , a large height falls area has appeared over the West Coast as a
strong ~et stream approaches central Callfomia.

A lee-side low appears within the t rough over eastern Colora do as shown in Figure 114a. In
Figure 114b, the lee-side trough appears at the 8S~~b level. Thermal ridging is noted within the
lee-side trough. Deepening continues at the S0~~b 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 115*, the a? 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 aP 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 llSb) 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 U Sc , deepening continues and the contour gradient

— has loosened from Montana southward to New Mexico, while the height fall center track has continued
to be southeastward and strong cold air advection (with a closed pocket) strengthens within the
trough. In Figure llSd, the 500mb height fall center has continued southeastward and has decreased
in magnitude by 20 meters. The set’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 stor* development are evident
at this time.

The radar chart s (Figures 116 and 117) subsequen t to Figure 115 are shown . In Figure 116.
precipitation is occurTing 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 )i8a, 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
stora system as shown in Figure llSb . Warm, moist gulf flow continues northward into Missouri.
At the 500mb level, a closed low appears within the trough over northern New Mexico (Figure u Se ) .
In Figure 1186, the jet’s eastern segnent has moved northward toward the Great l.akes - A 110. knot
j et ~~xi.ua still exists within the southeastern quadrant of the t rough. 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
stor, 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 nort heasterly. 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
hu moved northeastward to eastern Kansas and has deepened S 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 beg 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 ~ maximum isotach area (110+knots) within the eastern section of the trough from Texas to Minnesota. Figures
121 a~d 122 depict the prec~p1tation areas at selectee times subu4uent to Figure120). The 5flOW area has increased and shows a slow easterly movement. Blizzard
conditions are occurring over eastern Nebraska at the time Of Figure 121 and were
still 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 123o). In Figure 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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Figur eil9: Radar Sum mary , 05351 10 Jan 1975
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CONCLUDING REMARXS

Though by no means occurring with the passage of every low pressure andfrontal system at the serface or each trough/i.pulge that deve lops at 500mb ,the proper Ingredients for development of a major storm generally •aterial*zeat least once each winter month somewhere over the central United States. Whenone of these developing systems moves Into the Rockies , extensive amounts ofenergy exchang. occur. In large part , the numerical models which develop theprognoses at various levels in the atmosphere are unable to completely handlethese 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 progcharts he receives by supplementing the computer assessment of present and futureatmospheric characteristics with his own thorough analysis of the phenomena thathave been offered to him through this Technical Note. The forecast (or anyspecific location is only as good as the efforts of forecasters in using , supple-•enting , and modifying centralized computer products. Perhaps the efforts putinto development of the previous chapters will convey the intended message tothe reader; namely, continual examination (close met watch) of individual obser-vations and facsimile charts still ranks at the top of the list of means toenhance weather service to our users.
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