MARCH 1984

ROBERT H. JOHNS

A Synoptic Climatology of Northwest-Flow Severe Weather Outbreaks.
Part II: Meteorological Parameters and Synoptic Patterns

ROBERT H. JOHNS
National Severe Storms Forecast Center, Kansas City, MO 64106
(Manuscript received 4 February 1982, in final form 9 November 1983)

ABSTRACT

A climatology of meteorological parameters and synoptic patterns associated with severe weather outbreaks
occurring in areas where the mid-tropospheric flow has a north of west component is presented. This climatology
utilizes data and criteria previously described by Johns. A comparison of the northwest flow parameters and
those associated with general severe weather is given. The importance of conditional instability and low-level
warm advection in northwest flow situations is discussed. An explanation is offered for the location of the axes
of highest frequency of northwest flow outbreaks. Furthermore, the varying nature of wind shear associated
with severe weather is discussed and the importance of the directional contribution of wind shear to northwest
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flow severe weather is demonstrated.

1. Introduction

Severe weather forecasters have noticed that me-
teorological parameters and synoptic patterns asso-
ciated with northwest flow (NWF) outbreaks often dif-

. fer from those found in the typical southwest flow
outbreak situations. Miller (1972) has outlined some
general NWF synoptic patterns based mostly on sub-
jective experiences. Several others have conducted re-
gional studies in which NWF patterns and parameter
values are identified (e.g., Galway, 1958; Notis and
Stanford, 1973, 1976; David, 1977; Giordano and
Fritsch, 1983). However, little has been done to ex-
amine objectively the NWF phenomenon over a large
domain. Therefore, the comprehensive NWF data set
described in Part 1 (Johns, 1982b) has been used to
develop a climatology of the meteorological parameters
and synoptic patterns associated with NWF outbreaks.
Unique features of this climatology help to explain 1)
the importance of low-level warm advection in NWF
outbreak initiation, 2) the pattern of NWF frequency
distribution, and 3) the role of synoptic-scale wind
shear in severe local storm development.

2. Climatology of meteorological parameters
a. 500 mb parameters

Composite charts from regional studies (Galway,
1958; David, 1977) suggest that NWF severe weather
usually occurs to the south (on the anticyclonic shear
side) of the 500 mb jet. Examination of the NWF data
set (Johns, 1982b) reveals-that this is indeed a common
characteristic of NWF outbreaks regardless of area of
occurrence. Of the 163 NWF cases used in this study,

almost nine-tenths (88%) occurred along and/or to the
south of the 500 mb jet.

David’s (1977) 500 mb composite chart for NWF
tornadoes in New England shows most of the 500 mb
cold advection and height falls to the north of the
outbreak area, with little amplitude in the isotherms
or height contours south of the jet axis. Inspection of
the 500 mb charts in the NWF data set reveals that
this characteristic is also common to NWF outbreaks
in general. Thus, it is not surprising that there is usually
little 500 mb temperature or height change over an
outbreak area during the event.! In nearly two-thirds
of the 163 cases, the temperature either did not change
or actually increased. Similarly, in more than half the
outbreaks, the height either remained the same or in-
creased. In only about one-fourth of the cases did the
height fall more than 10 m.

Miller (1972) has identified the strength of the middle
level jet (approximately 3—-6 km above sea level) as a
valuable parameter in the production of severe weather.
From this study it has been determined that over two-
thirds of all NWF outbreaks are associated with 500
mb wind maxima of 26 m s~ (50 kt) or greater.?
Furthermore, for every month of the NWF season
(May-August), the average 500 mb wind maximum

! Twelve-hour change from SA chart to 5B chart. Chart SA refers
to the 500 mb chart based on observations taken at least 2 h before
the beginning of the outbreak and chart 5B to the 500 mb chart for
12 h after chart 5A. (See Johns, 1982b.)

2 500 mb jet-wind maxima were determined for 161 of the NWF
cases. In those cases where it was not clear which maximum was
associated with the outbreak, the closest maximum was used. In two
cases, no 500 mb jet was present within 1200 km of the outbreak
area.
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FIG. 1. Schematic diagram representing locations of 500 mb wind
maxima relative to the geographical midpoints of 161 NWF outbreaks
(1962-77). Number of maxima in the direction of each of the 16
compass points is indicated. )

for outbreak events is greater than 26 m s™!. The lo-
cations of the 500 mb jet maxima at the temporal
midpoint? of each outbreak are shown in Fig. 1. The
locations are relative to the geographical (spatial) mid-
point of the outbreak. Note how most (78%) of the
speed maxima are located from a west-northwesterly
direction to a north-northeasterly direction from the
outbreak centerpoint. The relative locations of the
maxima vary little regionally (see Johns, 1982b) except
in the Southern Plains, where almost half (46%) of the
maxima occur in the northeast quadrant relative to
the centerpoint. Almost three-quarters (74%) of the
500 mb wind maxima are located within 550 km (300
n mi) of the centerpoint, while only one-tenth (11%)
occur at a distance greater than 750 km. There is little
regional variation in the distances.

Most of the 500 mb parameters examined show
little change from month to month during the primary
NWF season. However, the monthly means for both
temperature and height reach a peak in July, when
the average temperature is —8.6°C and the average
height is 5860 m.* A 500 mb temperature of —6°C
appears to be a threshold temperature, since only two
of the 163 outbreaks occurred with warmer 500 mb

3 The temporal midpoint of an outbreak has been defined as that
time midway between the first and last reports of severe weather.
The location of the jet maximum at each midpoint time has been
interpolated from 500 mb charts prepared from data obtained at
the nearest standard radiosonde observation times on either side of
the midpoint time.

4 Values at the time of the SA chart (See Johns, 1982b).
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conditions. It may be that this 500 mb temperature is
related to correspondingly warm conditions between
800 mb and 650 mb that act as a “cap” preventing
vigorous convective development. Fig. 2 illustrates
some of the regional differences in the 500 mb param-
eters associated with NWF outbreaks. The average 500
mb height in the Northeast region is significantly higher
than the average height in the Upper Mississippi Valley
region. This difference appears to be related to the fact
that many Upper Mississippi Valley region outbreaks
occur early in the NWF season, while almost all of
the Northeast region cases occur in July and August
(Johns, 1982b). Note the relatively low values for wind
speed maxima in the Great Plains states. This anomaly
is discussed in Section 4.

b. 850 mb parameters

Temperature and moisture values at 850 mb with
NWF outbreaks are rather high compared with those
associated with severe weather in general (David, 1976;
Miller, 1972). Over 70% of all NWF outbreaks are
associated with 850 mb temperatures of 20°C or greater
and dewpoints of 12°C or more. These high NWF
values are generally a reflection of the time of year of
occurrence (late spring and summer). However, even
during the months of peak NWF activity, data sources
suggest that the 850 mb temperatures and dewpoints
associated with NWF outbreaks have higher average
values than those same parameters in general severe
weather situations. For example, in July, mean 850
mb temperature and dewpoint values for NWF out-
breaks are the highest for any month, averaging 22°C
and 14°C respectively. In comparison, David (1976)
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FIG. 2. Regional variations in the 500 mb parameters associated
with NWF outbreaks. Relative to station circle, average temperature
(°C) is to the left, average height (dam) is to the right, average wind
direction and speed (m s~' with knots in parentheses) is below, and
average wind maximum (m s~! with knots in parentheses) with as-
sociated short wave is to the upper right. Wind barb shows average
wind direction and speed (full barb signifies 5 m s™"). ‘
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found that the highest monthly averages for all July
tornado occurrences are only 19°C and 11°C for tem-
perature and dewpoint, respectively. There are several
possible explanations for these differences, some me-
teorological and some technical.”> As a possible me-
teorological explanation, recall that Section 2a suggests
that NWF outbreaks are generally confined to areas
where the influence of 500 mb short-wave troughs is
relatively weak. Therefore, other severe weather pa-
rameters must compensate for the weak dynamics. It
appears that in most NWF situations a key factor is
the high degree of conditional instability present (see
Section 2c¢) resulting from high values in the low-level
thermal and moisture fields. Maddox and Doswell
(1982) have shown that significant severe weather ep-
isodes can occur under weak dynamic regimes when
the air mass has a high degree of conditional instability
and pronounced low level warm advection is present
in the area. An examination of several of the NWF
cases suggests that pronounced 850 mb warm advection
is almost always present in the genesis area of NWF
outbreaks.

Most (70%) of the 850 mb wind directions associated
with NWF outbreaks are from the southwest quadrant
(190-270°). However, over one-fifth (21%) of all NWF
outbreaks occur with 850 mb winds from the northwest
quadrant (280-360°). Northwesterly 850 mb wind
cases are biased towards the peak of the NWF outbreak
season, with well over half such cases occurring during
the month of July. In fact, 40% of all NWF cases
occurring in the month of July have 850 mb winds
from the northwest quadrant.

A geographical breakdown of the average 850 mb
parameters (Fig. 3) shows that the low-level wind flow
associated with NWF outbreaks is southerly in the
Plains states, but veers with increasing distance east-
ward. Observe that the average 850 mb wind direction
associated with those outbreaks east of 85° longitude
is from the northwest quadrant (280°). This is con-
sistent with David’s (1977) findings for 850 mb wind
directions associated with New England NWF tor-
nadoes. Note that the wind pattern of Fig. 3 resembles
the mean flow pattern around the Bermuda high which
usually extends westward into the Gulf states during
the summer season. The circulation around the high
results in southerly low-level flow along the western
periphery of the ridge and westerly flow to the north.

% Some of the differences between the values found for severe
weather parameters in NWF situations and the results of other studies
may be related to differences in the method of interpreting data. For
example, David (1976) and Williams (1976) have interpolated data
objectively by computer but the NWF data have been interpolated
manually (see Schaefer and Doswell, 1979). Another factor that
probably affects the parameter differences is the lack of a general
outbreak data set for which direct comparisons can be made. Instead,
comparisons are made with data based on tornado events only (David,
1976; Williams, 1976) and these events may be either isolated or
part of an outbreak.
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FIG. 3. Regional variations in the 850 mb parameters associated
with NWF outbreaks. Relative to station circle, average temperature
(°C) is to the left above, average dew point (°C) is to the left below,
average wind direction and speed (m s™' with knots in parentheses)
is below, average Showalter Index for before beginning of outbreak’
(5A chart time) is to the upper right, left of the solidus, and average
Showalter Index at temporal midpoint of outbreak is to the upper
right, right of the solidus. Wind barb shows average wind direction
and speed (full barb signifies 5 m s™).

This pattern is persistent enough that high values of
low-level moisture frequently are carried into the west-
erly flow on the north side of the surface ridge. The
amount of low-level moisture available may be en-
hanced further by transpiration from vegetation and
by convergence along quasi-stationary frontal bound-
aries (see Sections 2e and 3). Thus, by July it is not
unusual to have high values of low-level moisture in
areas where the low-level flow has a north of west
component.

¢. Static stability with NWF outbreaks

The Showalter index (Showalter, 1953) and the total
totals index (Miller, 1972) have been computed for all
163 cases, both for the antecedent conditions before
the start of the outbreak (5A chart), and at the temporal
midpoint of the outbreak.® The average Showalter in-
dex for “before” is near zero and the average total
totals index is 47. However, there are wide variations
in the pre-outbreak Showalter indices among individual
cases. In about one-quarter (26%) of the cases, the
Showalter indices prior to the beginning of the out-
breaks are quite stable, with values greater than +2.

6850 and 500 mb data were manually interpolated for the geo-
graphical midpoint of the outbreak for the times of the 5A chart,
the 5B chart, and, when necessary, the chart 12 h after 5B. Then
the data were interpolated further for the temporal midpoint of the
outbreak. Finally, the interpolated 850 and 500 mb data were entered
into a computer program (developed by Clarence David of NSSFC)
that determined the Showalter and total totals indices.
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TABLE 1. Percentage of NWF outbreaks within each region
having temporal midpoints between 2230 and 1030 CST.

Region Percent
Northern Plains 24
Upper Mississippi Valley 23
Northeast 13
Southeast 7
Lower Mississippi Valley 4
Southern Plains 4

The average Showalter index for the temporal mid-
points of NWF outbreaks is —4.8 and the average total
totals index is 54. Almost all NWF outbreaks (over
98%) have negative Showalter indices at the midpoint
time and more than three-quarters of all cases (77%)
have Showalter indices of —3 or lower. Since there is
usually no decrease in the 500 mb temperatures during
the course of an outbreak, it follows that a decrease
in the Showalter index results from changes at the 850
mb level, especially moisture values. Examination of
those cases in which the Showalter index starts out
quite stable (greater than +2) indicates that high values
of low level moisture are either present initially but
below 850 mb, or are adjacent to (but not within) the
outbreak area: Clearly, in the first instance, the moist
layer deepens to the 850 mb level; whereas in the sec-
ond, the moisture is advected into the outbreak area
by the low-level flow.’

Geographically, Showalter indices for before the
outbreaks begin show no recognizable pattern (Fig. 3).
However, Showalter indices for the midpoint times
generally indicate greater instability in the Plains states
than in those areas farther east.

d. Surface parameters

NWEF outbreak surface temperatures and dew points
average higher than those associated with severe
weather in general (Miller, 1972; Williams, 1976) em-
phasizing the “warm season” nature of NWF out-
breaks. The average surface temperature for the tem-
poral midpoints of the 163 NWF outbreak cases is
28.1°C and the average dew point is 19.4°C. Over two-
thirds (67%) of all NWF cases are associated with sur-
face temperatures of 26.7°C or above and surface dew
points of 18°C or greater. Monthly averages for both
temperature and dew point rise to distinct maxima in
July. The July averages of 30.0°C for temperature and
21.1°C for dew point are 2.8°C and 2.2°C higher,
respectively, than the July averages for tornadoes in
general (Williams, 1976) (see Section 2b).

Twenty-five cases (15% of all cases) in the NWF

7 The Lifted Index (Galway, 1956) takes into account moisture
values below 850 mb. However, due to computer changes at NSSFC,
the data necessary to determine Lifted Indices values are not available
for most of the period of this study.
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data base have temporal midpoints in the diurnally
cooler period between 2230 CST and 1030 CST (Table
1). However, 14 (56%) of these nighttime—early morn-
ing outbreaks are associated with surface temperatures
of 23.9°C or more and most (84%) have midpoint
temperatures of at least 21.1°C. Of the 138 cases with
midpoints between 1030 and 2230 CST, over three-
quarters (78%) are associated with temperatures of
26.7°C or more.

Sea level pressures associated with NWF outbreaks
have a slightly higher average (1009.2 mb) than those
for tornadoes in general (Williams, 1976), with three-
quarters (75%) of the total NWF cases having pressures
in the 1007 to 1015 mb range. Monthly averages with
NWEF outbreaks rise from 1007-1008 mb in May and
June to above 1010 mb in July and August. These
higher values are consistent with the weaker weather
systems occurring during the summer months.

Figure 4 illustrates regional differences in NWF out-
break surface parameters. Note that the surface tem-
peratures associated with NWF outbreaks in the
Northern Plains and Upper Mississippi Valley regions
average about 3°C lower than elsewhere. These lower
readings may result partly from the relatively high per-
centage of nighttime outbreaks occurring in the north-
central part of the United States (Table 1). The inci-
dence of nighttime outbreaks in the other regions is
much lower. Two other surface parameters showing
patterns of regional variation are the dewpoint and
the wind direction. Lower dewpoints in the Plains may
be explained at least partially by higher elevations,
while the southeasterly surface winds in the Plains re-
gions are encouraged by the frequent development of
low pressure troughs in the lee of the Rocky Mountains.
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FIG. 4. Regional variations in the surface parameters associated
with NWF outbreaks. Relative to station circle, average temperature
(°C with °F in parentheses) is to the left above, average dew point
(°C with °F in parentheses) is to the left below, average wind direction
and speed (m s™! with knots in parentheses) is below, and average
sea level pressure (mb) is to the right above. Wind barb shows average
wind direction and speed (full barb signifies 5 m s™').
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FIG. 5. Type G surface patterns. NWF outbreaks are indicated
by hatched areas. Frontal symbols are conventional. (a) Type G1;
(b) Type G2; (c) Type G3.

e. Surface patterns

Surface charts associated with all 163 outbreak cases
have been used to identify six basic surface weather
patterns (Figs. 5 and 6). These patterns fall into two
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general classes: those involving a NE-SW pressure
trough system similar to Galway’s (1958) model (the
G patterns), and those involving a quasi-stationary
front oriented generally in a WNW-ESE direction (the
Q patterns). Frequency of occurrence is about equally
divided between the G and Q classes.

Type G1 (Fig. 5a) is similar to Galway’s mean surface
chart. This pattern represents about 20% of the cases.
G1 outbreaks almost always begin in the warm air
mass ahead of the cold front and move southeastward.

Type G2 (Fig. 5b) is the most common surface pat-
tern observed, occurring in 26% of the cases. This type
resembles G1, with a surface low center well to the -
northeast of the outbreak area and an inverted trough
to the southwest. However, the primary cold front in
the G2 surface pattern has moved well east of the
outbreak area, and the outbreak typically occurs in a
modified continental polar air mass in which the low
level temperature and moisture values are increasing.
The relatively high frequency of this surface pattern
is consistent with the finding by Notis and Stanford
(1973) who observed that southeastward-moving
(NWF) tornadoes “tend to occur behind the cold
front.” The G2 surface pattern is usually accompanied
by a weak short-wave trough, typically identified by a
wind maximum in the upper troposphere (500 mb
level or higher), that is moving southeastward into the
long-wave trough position. The surface reflection of
this short-wave trough may only be an isallobaric cou-
plet® and a weak wind shift line. It is typical for the
ill-defined characteristics of the G2 pattern to become
more like the G1 cold frontal pattern within the last
few hours before the outbreak begins; i.e., the wind-
shift line is associated with frontogenesis.’

Surface Type G3 (Fig. 5¢) is rare, comprising only
3% of the cases, and has been observed to occur only
in the Southern Plains. The surface pattern resembles
Type G1. However, the outbreak occurs along the in-
verted lee trough line south of the cold front, rather
than ahead of the front. There is usually no well-defined
moisture discontinuity associated with the trough line.

Surface Type Q1 (Fig. 6a), occurring in 20% of the
cases, is characterized by a quasi-stationary front ex-
tending eastward or southeastward from a low center
well to the west or northwest of the outbreak area. The
outbreak generally commences near the area where an
axis of maximum surface wind intersects the quasi-
stationary front.!® Thus, the Q1 surface type is often

8 Experience suggests the magnitude of the difference between the
pressure rise center and fall center for a 2 h period is usually 2.5
mb or greater, with the distance between centers on the order of
240 to 280 km.

¥ There is more than a superficial resemblance between this post-
frontal disturbance and the so-called polar low (e.g., Harrold and
Browning, 1969; Reed, 1979).

10 In situations involving the Q1 surface pattern and upslope low-
level flow, the outbreak usually begins in the region of strongest
upslope flow on the cool air side of the quasi-stationary boundary
(see Doswell, 1980).
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FiG. 6. Type Q surface patterns. (a) Type Q1; (b) Type Qla; (¢) Type Q2; (d) Type Q3.

similar to Miller’s (1972) Type C synoptic pattern, The
surface reflection of any associated short-wave trough
aloft is usually best defined by an isoallobaric couplet
(see footnote 8). The Type Qla (Fig. 6b) surface pattern
is a rare variation of the Q1 pattern (associated with
4% of the cases), observed only east of the Mississippi
River. Type Qla features a warm high pressure center
located southwest of the outbreak area, causing the
axis of maximum surface wind to intersect the sta-
tionary front from the west or northwest. Over 60%
of the outbreaks with a Q1 surface pattern begin on
the cool side of the stationary front.-

Surface Type Q2 (Fig. 6¢) occurs when a 500 mb
short-wave trough, moving towards the long-wave
trough position, is stronger than average (see Section
2f). A surface low center is associated with this trough
and the outbreak occurs in the convergence zone near
the low center. This surface type is present in 17% of
all NWF outbreaks. While most of the Q2 outbreaks
begin in the warm sector, more than one-quarter of
them start in the cooler air mass north or northeast
of the low center.

Surface Type Q3 (Fig. 6d) has an occluded low center
northwest of the outbreak area. The outbreak takes

. place just to the east of the point of occlusion. This

surface pattern is present in about 10% of the total
cases and many of the outbreaks begin either in the
cooler air north of the point of occlusion (44%) or
along the frontal boundary extending eastward from
the point of occlusion (25%).

Low-level air mass discontinuities induced by con-
vective activity are an important influence in many
severe weather situations (e.g., Miller, 1972; Purdom,
1976). In NWF situations, it is not unusual for such
a boundary to be present in the outbreak area before
the severe weather begins. The convective activity that
created the boundary may have already dissipated. Ex-
amination of several NWF cases reveals that when
such a boundary is present, a G type surface pattern
may appear more like a Q type pattern with the activity
boundary acting in the same manner as a quasi-sta-
tionary frontal boundary.

There are significant regional differences in the fre-
quency distribution of the surface types (Table 2). The
G2 surface pattern is the most common type in the
Plains regions, accounting for almost half (49%) of all
outbreaks in the Northern Plains. Generally, the fre-
quency of the G2 pattern decreases toward the south-
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TABLE 2. Frequency of surface types by region.
Northern Upper Mississippi Southern Lower Mississippi
Surface type Plains Valley Northeast Plains Valley Southeast
Number of cases 37 47 15 24 25 15
% Q1 16 19 13 21 24 26.5
% Qla 3 2 20 0 4 7
% Q2 8 28 7 8 20 26.5
% Q3 13 15 13 4 4 0
% Gl 11 15 27 13 36 33
% G2 49 21 20 33 12 7
% G3 0 0 0 21 0 0
% Q 41 64 53 33 52 60
% G 59 36 47 67 43 40

east with fewer than 10% of the surface patterns as-
sociated with outbreaks in the Southeast region ex-
hibiting G2 characteristics. The reverse pattern holds
for G1 surface types. This suggests that any fronto-
genesis process taking place under NWF aloft is usually
completed by the time the system reaches the Lower
Mississippi Valley and Southeast regions.

The outbreak surface pattern most frequently oc-
curring in the Upper Mississippi Valley region is the
Q2 type, present in 28% of the area cases. In fact,
almost half of all NWF outbreaks associated with the
Q2 pattern occur in the Upper Mississippi Valley re-
gion. The Q2 surface pattern is also associated with a
significant percentage of outbreaks occurring in the
Southeast region (27%) and the Lower Mississippi Val-
ley region (20%). However, a majority (56%) of the
Q2 surface types in the southern two regions occur
early in the NWF season, before 1 June. No Q2 surface
types have occurred in the Lower Mississippi Valley
region after June. At the same time over eight-tenths
(85%) of the Q2 types occurring in the Upper Missis-
sippi Valley region occur after May. Since the Q2 sur-
face pattern is usually associated with the stronger 500
mb short-wave troughs (see Section 2f), this frequency
shift northward during the summer months reflects
the seasonal migration of the 500 mb polar jet.

The Q3 surface pattern is most common in the
Northern Plains and Upper Mississippi Valley regions

where 75% of all outbreaks associated with this type
occur. However, the relative frequency of occurrence
of the Q3 type is not high in either region (15% or
less). The Q1 surface type is the most evenly distributed
of the Q patterns, and, unlike the Q2 pattern, no well-
defined geographical seasonal shift is noted.

Table 3 summarizes outbreak occurrences by surface
weather pattern. Note the wide variation among the
surface types of the air mass in which the severe weather
begins. Outbreaks that commence in the warm air
mass are likely to begin during the early to mid-af-
ternoon hours. Almost two-thirds (66%) of the warm
air mass cases begin between the hours of 1200 and
1600 CST. Outbreaks that begin in the cool air mass
sector tend to start later in the afternoon, with more
than half (55%) of the cool air mass cases beginning
between 1400 and 1800 CST. Furthermore, those out-
breaks that begin during the nighttime hours usually
start in the cool air mass. Of the 21 outbreaks that
began between 2000 and 0800 CST, only four were
initiated solely in the warm sector. The tendency for
nocturnal development to occur in the cool sector ap-
pears to be linked to a rather common synoptic pattern
found with NWF outbreaks. About half (51%) of all
NWEF outbreaks are associated with a Q-type pattern.
Fig. 3 suggests that outbreaks in the central United
States are often accompanied by a southerly low-level
jet. Sangster (1958) has shown that when a southerly

TABLE 3. Relative frequencies of NWF surface patterns and air mass of outbreak origin,

Percent of cases commencing

Surface  Number  Percent of  Percent of cases commencing  Percent of cases commencing about same time in both
type of cases all cases in cool sector in warm sector air masses
Gl 32 20 3 97 0
G2 43 26 86* 2 12
G3 5 3 0 100 0
Ql 32 20 63 28 9
Qla 7 4 14 72 14
Q2 28 17 29 64 7
Q3 16 10 44 25 31

* Air mass anywhere north and west of primary cold front considered as cool sector.



456

F1G. 7. Example of the basic NWF 500 mb pattern represented
by a weak short-wave trough embedded in flow. Outbreak region
indicated by hatched area.

low-level jet is present in the central United States and
the jet intersects a generally east-west quasi-stationary
front, a diurnal cycle of vertical motion (700 mb) de-
velops along and to the north of the front in the cool
air mass. Positive (upward) vertical motion develops
in the late afternoon hours and reaches a peak about
2100-0000 CST- The contribution by this source of
positive vertical motion may explain the initiation of
severe weather outbreaks that are out of phase with
the diurnal heating cycle. Also, the nighttime maxi-
. mum in upward vertical motion is probably the main
reason why NWF episodes occurring in the Northern
Plains are often prolonged into the early morning hours
(Johns, 1982b).

f. Variations in the NWF 500 mb pattern

The criteria for defining NWF outbreaks (Johns,
1982b) and the 500 mb parameter climatology (Section
2a) suggest a basic NWF 500 mb pattern similar to
that shown in Fig. 7. However, differences from this
basic pattern frequently occur,.and the 163 cases in
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this study have been examined to determine synoptic
characteristics that are of significance to the forecaster.
Table 4 illustrates the more important variations.

Well-defined, digging 500 mb short-wave troughs,
similar to the one shown in Fig. 8, are present with
almost half (43%) of all NWF outbreaks. This type of
500 mb pattern is especially common with the G1 and
Q2 surface types, occurring with 68% and 64% of all
such cases, respectively. However, this “strong digging
short-wave trough” pattern occurs with only 35% of
the G2 surface types and 18% of the Q1 types. These
statistics appear reasonable since stronger 500 mb
short-wave troughs are more likely to be associated
with a well-defined cold front (G1) rather than a trough
line (G2), or a closed surface low (Q2) rather than a
quasi-stationary front (Q1). In most cases involving
the G2 and Q1 surface patterns then, upper-level short-
wave troughs are usually weak and low-level warm
advection is probably a critical factor in providing the
necessary vertical motion for severe weather devel-
opment (see Section 2b).

About one-fifth (21%) of all NWF outbreaks are
associated with the southern branch of a split 500 mb
flow pattern, shown schematically in Fig. 9. This pat-
tern tends to occur early in the NWF season, with 62%
of all such cases occurring before July. The amplitudes
of the short-wave troughs in the southern branch cases
vary from very low (as in Fig. 7) to high (as in Fig.
8). Nearly all (80%) of the G3 surface types are as-
sociated with this 500 mb pattern.

It was noted in Section 2a that only 12% of all NWF
outbreaks have severe reports occurring north of the
500 mb jet. Inspection of the 500 mb patterns asso-
ciated with these 19 cases reveals that a majority (63%)
occur with a strong digging short-wave trough (Fig. 8).
Almost all such cases (89%) occur either with a strong
digging short-wave trough or in the southern branch
of a 500 mb split flow pattern. There is also a tendency
for “north of the jet” severe activity to occur early in
the NWF season, with almost two-thirds (63%) of such
cases occurring before July.

About 10% of all NWF cases occur in the broad
cyclonic flow around a large, intense 500 mb trough
(Fig. 10). More than three-quarters (77%) of all out-

TABLE 4. Frequency of 500 mb features associated with NWF surface patterns.

Southern

Anti- Wind maximum east Wind maximum 550 km Strong Broad
Surface  Cyclonic  cyclonic Dif- of meridian through or more distant from digging branch cyclonic
pattern flow flow fluence midpoint - midpoint short wave  of split flow flow
Gl 55 45 47 19 a2 68 10 6
G2 65 35 42 26 21 ' 35 19 23
G3 60 40 20 0 40 0 80 Y
Q1 52 48 22 27 18 18 24 6
Qla 57 43 86 14 14 57 14 0
Q2 75 25 29 18 21 64 29 7
Q3 25 75 25 25 38 38 13 0
All cases 58 42 36 22 26 43 21 10
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FIG. 8. Example of a NWF 500 mb pattern exhibiting a strong
digging short-wave trough. Outbreak region indicated by hatched
area.

breaks exhibiting this flow pattern occur in July and
August. Almost one-quarter (23%) of those outbreaks
with the G2 surface pattern occur with this type of
500 mb flow (see footnote 9).

Approximately one-third (36%) of all NWF out-
breaks occur beneath areas of diffluence at 500 mb.
Diffluence is more common in situations involving G
type surface patterns (41%) than it is with the Q type
patterns (30%). Diffluence is associated with almost
one-half (47%) of all outbreaks involving the G1 surface
pattern.

Curvature of the 500 mb flow at the temporal mid-
point of an outbreak is cyclonic in 58% of all NWF
cases. Cyclonic flow is most common with Q2 patterns
(75%) and G2 patterns (65%) and least common with

FIG. 9. Example of a NWF 500 mb split flow pattern with outbreak
occurring in the southern branch. Outbreak region is indicated by
hatched area.

FIG. 10. Example of a NWF 500 mb broad cyclonic flow pattern.
Outbreak region is indicated by hatched area.

Q3 patterns (25%). An examination of the 500 mb
charts associated with Q3 surface patterns reveals a
tendency for the outbreaks to occur well ahead of a
short-wave trough (of moderate or greater amplitude)
and near the short-wave ridge line. Hence, these out-
breaks often occur in an area of anticyclonic flow as
the example in Fig. 11 shows.

Table 4 illustrates variations in the locations of the
500 mb wind maxima (relative to the outbreak cen-
terpoint) associated with the different surface types.
The wind maxima tend to be farthest away from the
centerpoint when G1, G3 and Q3 surface patterns are
present. About 40% of such cases have the wind max-
ima at a distance of 550 km (300 nm) or more from
the outbreak centerpoint. There is generally little vari-

FiG. 11. Example of a typical NWF 500 mb pattern accompanying
a Q3 surface pattern. Outbreak region is indicated by hatched area.
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ation in the directions of the maxima from the cen-
terpoint among the various surface types. The lone
exception is the G3 surface pattern, for which all max-
ima are located west of the meridian passing through
the centerpoint.

3. The origins of the A1 and A2 high-frequency axes

Johns (1982b) has shown that NWF outbreaks occur
most often along two axes, denoted Al and A2 (Fig.
12). The A2 axis coincides well with the primary tor-
nado axis, oriented in a NNE-SSW direction through

the central Plains (Kelly et al., 1978). However, the -

primary NWF high frequency axis, A1, lies nearly per-
pendicular to the A2 axis and has highest frequencies
well to the east of the Plains states.

The existence of the Al axis appears to be related
to the mean 500 mb flow pattern and a favored polar
frontal position during the summer months. The cri-
teria for NWF outbreaks require a stable long-wave
pattern during the course of an outbreak. Furthermore,
since most such outbreaks are part of a series (Johns,
1982b), it can be inferred that the long-wave pattern
often remains stable for a period of days as NWF out-
breaks continue to take place. Such a persistent pattern
appears to be representative of the mean 500 mb flow
pattern that becomes established during the summer
months.

Figure 13 illustrates how the mean 500 mb flow
pattern over the United States undergoes a significant
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change in the late spring. From a split flow pattern in
May, the mean flow pattern evolves into one with a
long-wave ridge over western North America, a long-
wave trough near the east coast of North America,
and a single broad band of west-northwesterly flow
covering much of Canada and the northern United
States east of the Rocky Mountains. This mean pattern
persists through the summer season, the time of peak
NWEF outbreak activity. Since short-wave troughs as-
sociated with NWF outbreaks generally produce only
minor distortions to the long-wave pattern, it follows
that individual NWF outbreaks usually occur not far
from the mean jet position with a long axis oriented
parallel to the mean upper flow. Thus, during the
course of a NWF season, one expects a band of higher
NWEF outbreak frequency to occur between the up-
stream mean ridge and the downstream mean trough
positions, close to the mean jet and oriented parallel
to it. Note how the A1 high-frequency axis (Fig. 12)
tends to fit this pattern.

Close examination of the Al axis reveals that it is
generally located to the south of the mean summer
position of the 500 mb jet. The axis also appears to
curve around the Great Lakes. These two character-
istics are apparently linked to a favored position of
the polar front during the NWF season. The NWF
data base shows that a large majority (64%) of the
outbreaks occurring in the Upper Mississippi Valley
region are associated with a quasi-stationary frontal
boundary oriented generally WNW-ESE. Most of the

FiG. 12. Total number of northwest flow outbreaks occurring in 2° Marsden squares for the
period 1962-77. Al and A2 high-frequency axes are indicated by dotted lines (from Johns,
1982b).
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F1G. 13. Mean monthly 500 mb heights (dam) for May, June, July and August
(from Normal Weather Charts, Tech. Paper No. 21, U.S. Weather Bureau).

A1 high frequency axis lies within this area. Further-
more, NWS forecasters at both Milwaukee and Chi-
cago'! have long noticed that in the spring and early
summer slowly moving cold fronts have a strong ten-
dency to move to the south end of Lake Michigan
before becoming stationary. Hence, the relatively cold
water of Lake Michigan, and more generally of the
Great Lakes, acts as a source for anticyclogenesis often
forcing quasi-stationary frontal boundaries to lie along
the southwestern periphery of the Great Lakes region.
The A1 axis, then, reflects the most common position
of this frontal boundary at the time when NWF out-
breaks are taking place.

Since most NWF outbreaks take place beneath and/
or south of the 500 mb jet axis, the data in Fig. 1
suggest that a significant number of outbreaks take
place in the right front quadrant relative to the 500
mb wind maxima, not the classical pattern for severe
weather development (Beebe and Bates, 1955; Newton
and Newton, 1959). An examination of several indi-
vidual cases reveals that this is indeed the case. How-
ever, in these same outbreak cases strong conditional
instability was present and pronounced low-level warm
advection was taking place, especially in the initial
stages of each outbreak. Maddox and Doswell (1982)
have suggested that in some cases low-level warm ad-
vection is the key factor in providing sufficient upward
vertical motion to release the instability. Therefore, in

! Personal communication with Richard Koeneman, WSFO,
Milwaukee and Henry Yario, WSFO, Chicago.

“many of the NWF cases it may be that an approaching

500 mb short-wave trough induces backing of the low-
level wind field along a quasi-stationary boundary (Q

" surface pattern) setting up a significant warm advection

field beneath the right front quadrant relative to the
500 mb wind maximum (Uccellini and Johnson, 1979).
And with the presence of high values of conditional
instability, intense convection commences. This theory
helps to explain the role of the mean polar frontal
boundary in determining the location of the Al high
frequency axis.

The A2 high-frequency axis is likely a result of several
factors related to the topography of the region. En-
hanced wind shear due to the presence of the Rocky
Mountains is one contributor (See Section 4). Another
concerns low-level moisture distribution. Examination
of several individual cases suggests that in most NWF
outbreak situations in the Plains regions high values
of low-level moisture are usually restricted to a rela-
tively narrow north-south tongue. This pattern often
represents the northward return of low-level moisture
in the wake of a southeastward moving continental
polar airmass.'? Consequently, in such situations, the
eastward development of outbreak activity from the
Plains states is limited.

A third contributor to the A2 axis appears to be the
effect of upslope low-level flow. Some of the cases ex-
amined above occurred with a Q1 surface pattern in

12 This type synoptic pattern is consistent with the high frequency
of G2 surface patterns in the Plains regions.
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TABLE 5. Average wind shear between 850 and 500 mb associated with tornadoes in general (after David, 1976)
and with NWF outbreaks. Wind speeds are in meters per second with knots in parentheses.

Average 850 mb wind Average 500 mb wind 850-500 mb
directional 850-500 mb
Direction Speed Direction Speed shear speed shear
Tornadoes occurring in .

Jan., Feb., Mar. 220 13 (26) 235 26 (50) 15° 13 (24)
Maxi-tornadoes 218 10 (20) 240 21 (41) 22° 11 21)
All tornadoes 216 8 (16) 241 16 (32) 25° 8 (16)
Tornadoes occurring in

June-August 223 6 (11) 256 11 (22) 33° 5(11)
NWF outbreaks 241 14 27) 298 15 (30) 57¢ 13)

which the severe weather developed on the north side
of the frontal boundary in upslope (easterly) flow. The
500 mb flow was generally weaker than average for
NWEF situations. These cases fit the typical Doswell
(1980) High Plains severe weather pattern with pro-
nounced directional wind shear and lifting primarily
due to upslope low-level flow. Once initiated, some of
these cases formed a mesoscale convective complex
(Maddox, 1980) which propagated through the low-
level moist axis at lower elevations.

4. The role of directional shear in NWF outbreaks

Severe weather events occur under a variety of me-
soscale conditions. Isolated, quasi-random events of
hail and/or wind gusts can occur from any thunder-
storm or cluster of thunderstorms when a locally fa-
vorable vertical profile of temperature and moisture
is attained (Miller, 1972). However, an organized pat-
tern of severe weather events generally occurs with a
self-perpetuating storm system (Marwitz, 1972a, b, c;
Browning, 1977; Fujita, 1978, 1981). And in order to
maintain a severe local storm system, a continuous
and sufficiently strong low-level relative inflow of con-
ditionally unstable air is necessary (Newton, 1950;
Marwitz, 1972b; Browning, 1977).

The low-level inflow relative to a storm system is
related to the vertical environmental wind shear (New-
ton, 1963). Most storm cells move with a velocity nearly
the same as that of the mean environmental wind
(Byers and Braham, 1949; and others). However, some
storm systems, especially self-perpetuating types, tend
to move or propagate with a velocity that deviates
from the mean environmental wind (Newton and Katz,
1958; Browning and Ludlam, 1962; Browning, 1964;
Johns and Hirt, 1983; and others). The deviation of
storm motion from the mean environmental flow var-
ies considerably among individual cases (Darkow and
McCann, 1977; Johns and Hirt, 1983). However, de-
spite these wide variations, the data supplied by the
aforementioned researchers suggest that the contri-
bution to low-level relative inflow generated by deviant
storm motion is usually less than the contribution due
to non-deviant motion. Thus, it follows that the value

of the low-level inflow due to environmental wind
shear is often an important factor in the maintenance
of self-perpetuating storm systems.

In the absence of mean environmental wind data,
an approximation of the environmental wind shear
can be obtained by computing the shear between 500
and 850 mb.!3 The tornado proximity soundings pre-
sented by Darkow and McCann (1977) indicate that
the 500 mb wind vector is usually very similar to the
mean environmental wind vector in tornadic situa-
tions. The nature of the low-level relative inflow into
severe storms indicates that the 850 mb surface gen-
erally lies above the level of strongest relative inflow,
except perhaps in the High Plains (Bonner, 1968;
Fankhauser, 1976). Therefore, the mean low-level
maximum inflow vector usually is below 850 mb and
backed relative to the 850 mb wind. This implies that
the 850-500 mb contribution to shear generally is an
underestimate of the total shear, but still a reasonable
approximation.

Table 5 suggests that the nature of the environmental
wind shear associated with severe local storms changes
considerably during the severe weather season. Late
winter and early spring severe weather situations, which
include most of the violent tornadoes (Kelly et al.,
1978), generally are associated with relatively large val-
ues of speed shear and relatively small values of di-
rectional shear (McNulty, 1978). As summer ap-
proaches, there is a general decrease in atmospheric
wind speeds, and the speed contribution to wind shear
in severe weather situations decreases accordingly.
However, at the same time, the directional contribution
to shear becomes larger. Consequently, the contin-
uation of severe weather occurrences into the late spring
and summer is aided by the ability of thunderstorms
to develop in areas where the directional contribution
to vertical shear offsets the general decrease in the
speed contribution. The examples of High Plains out-
breaks presented by Doswell (1980) and the NWF out-
break of 28 June 1979 (Johns, 1979) clearly demon-

'3 Only standard level radiosonde data were available for the NWF
data base.
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strate the importance of directional shear in sum-
mertime situations. Table 5 suggests that for NWF
outbreaks in general, the directional contribution to
environmental wind shear is a major factor in providing
sufficient relative inflow for severe storm maintenance.
Note also that the veering of the environmental wind
with height implies warm advection within the 850—
500 mb layer (Holton, 1979). This result is in accord
with the discussion in Section 2b indicating the pres-
ence of pronounced low-level warm advection in the
genesis region of many NWF outbreaks.

From Table 6 it appears that, for both NWF out-
breaks and severe weather in general, the directional
contribution to environmental wind shear plays a
greater role in the Great Plains region than in areas
farther east. This pattern appears to result from the
topography of the United States. That is, the mid-
latitude westerlies tend to develop leeside troughs east
of the Rocky Mountains and a southerly low-level flow
frequently develops in response through the Great
Plains (Palmén and Newton, 1969; Doswell, 1982).
This flow is often enhanced by the seasonal shift of
the subtropical high and the sloped terrain of the Great
Plains region (Uccellini and Johnson, 1979; and oth-
ers). The resulting high values of directional shear ap-
parently compensate for the proximity of the 500 mb
long-wave ridge and the associated lower 500 mb wind
speeds (see Section 2a).

5. Summary and conclusions

Examination of the synoptic patterns associated with
NWF outbreaks reveals that such episodes cannot be
viewed as a simple clockwise rotation of the patterns
attending the classical southwesterly flow (SWF) out-
break situation. It appears that most of the differences
between NWF and SWF parameters and patterns stem
from differences in their respective seasonal frequen-
cies. SWF outbreaks can occur any time of year. How-
ever, the most significant episodes occur in the late
winter and spring and are usually characterized by
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strong well-defined jet streams and intensifying baro-
clinic weather systems. NWF outbreaks, on the other
hand, are mostly restricted to the summer months
when low-level moisture is widespread, and can be
more easily advected into areas beneath NWF at 500
mb. Hence, NWF outbreaks are associated with the
strong thermodynamic parameters typical of the sum-
mer season.

The seasonal changes in the values and distribution
of the severe weather parameters appear to have a
significant effect on the meteorological patterns as-
sociated with severe weather outbreaks. In the strong
baroclinic situations of winter and spring (usually
SWF), the location of an outbreak is often dictated by
the position and orientation of the mid-tropospheric
(or higher level) jet (Beebe and Bates, 1955; Newton
and Newton, 1959; and others). The NWF data set
suggests that in the strong thermodynamic situations
of summer, the mid-tropospheric (or higher level) jet
often plays an indirect role, with surface boundaries
and low-level warm advection being key factors in
determining outbreak location. Thus, it may be that
the primary mechanism for triggering severe weather
outbreaks varies with the season.

It has been determined that NWF outbreaks tend
to occur along either of two high-frequency axes, Al
and A2 (Fig. 12), and explanations for the locations
of these axes have been presented (see Section 3). Close
examination of Fig. 12 reveals other interesting features
in the frequency distribution. However, the significance
of most of these features is questionable due to the
relatively small size of the data sample. A possible
exception to this may be the relative frequency max-
imum over western Tennessee, northern Mississippi
and extreme eastern Arkansas. The reason for this
maximum is not clear. However, one might speculate
that under NWF conditions the topography of the
Ozark Plateau distorts the low-level wind and moisture
fields in such a way as to enhance the development
of severe weather activity over the adjacent portions
of the Mississippi Valley.

TABLE 6. Average wind shear between 850 and 500 mb associated with tornadoes in general (after David, 1976) and with NWF outbreaks.
Regional variations indicated by grouping NWF regional data with closest comparable geographical region, as defined by David (1976),
for general tornadoes. Wind speeds are in meters per second with knots in parentheses.

Average 850 mb wind Average 500 mb wind 850-500 mb
directional 850-500 mb
Direction Speed Direction Speed shear speed shear
NWF Southern Plains 200 12 (23) 299 12 (24) 99° o
David’s Region 3 tornadoes 192 6 (12) 251 9 (18) 59° 3(6)
NWF Northern Plains 210 13 (25) 296 15 (30) 86° 2(5)
David’s Region 2 tornadoes 225 5 (10) 255 13 (26) 30° 8 (16)
NWF Upper Mississippi Valley 250 15 (29) 297 17 (33) 47° 24)
David’s Region 5 tornadoes 247 8 (16) 260 14 (27) 13° 6 (11)
NWF Northeast 280 15 (30) 295 17 (34) 15° 2(4)
David’s Region 6 tornadoes 256 10 (19) 258 15 (30) 2° S(11)
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The work of other researchers (Darkow and Mc-
Cann, 1977; and others) suggests that environmental
wind shear is an important factor in severe thunder-
storm development. Furthermore, synoptic parameters
associated with both NWF outbreaks and tornadoes
in general (David, 1976) imply that the nature of en-
vironmental wind shear in severe weather situations
changes considerably with the season and with the
geographical area. Generally, these variations involve
differences in the directional and speed contributions
to the shear vector. Winter and early spring severe
weather outbreaks usually involve a large speed con-
tribution to shear. The low-level wind speeds can vary
from weak (Branick, 1981) to very strong (Johns,
1982a). As the severe weather season progresses, the
speed contribution to shear decreases while the direc-
tional contribution increases. NWF outbreaks, then,

are usually associated with large directional and small -

speed contributions to the wind shear vector. The many
variations in the form of the environmental wind shear
make it difficult to evaluate the general magnitude by
visual inspection. It would be advantageous to develop
objective analyses of the environmental wind shear.
However, as Doswell and Lemon (1979) have sug-
gested, the upper-level winds aloft data operationally
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available to forecasters are difficult to use for extrap-
olating the shear fields.

Finally, operational meteorologists might evaluate
the potential for NWF severe thunderstorm outbreaks
in their forecast areas by developing a checklist, perhaps
similar in format to the one developed by Gulezian
(1980) for New England severe thunderstorms. (Tables
7 and 8 have been provided for this purpose.) Such a
NWEF checklist might include the following parameters
and patterns:

Monthly frequency (Johns, 1982b)

Diurnal frequency (Johns, 1982b and Table 1)

Surface temperature (Section 2d and Table 7)

Surface dew point (Section 2d and Table 7)

Surface pressure (Section 2d and Table 8)

Surface pattern (Sections 2e and 2f; Tables 2, 3,
and 4; Figs. 5a-c and 6a-d)

Convective activity boundaries (Section 2¢)

850 mb temperature (Section 2b and Table 7)

850 mb dew point (Section 2b and Table 7)

850 mb wind speed and direction (Section 2b and
Table 7)

850 mb thermal advection (Section 2b)

Showalter Index (Section 2¢ and Table 8)

TABLE 7. For each region, minimum parameter values associated with at least 50, 75 or 90% of all NWF outbreaks occurring in that
region. Temperatures and dew points in degrees Celsius with degrees Fahrenheit in parentheses. Wind speeds in meters per second with

knots in parentheses.

Lower Upper
Percentage of Southern Northern Mississippi Mississippi

outbreaks Plains Plains Valley Valley Southeast Northeast Parameter
90 24 (75) 24 (76) 24 (75) 22 (72) 27 (80) 28 (82) Surface temperature between
75 28 (82) 27 (80) 27 (80) 26 (79) 27 (81) 28 (83) 1030 and 2230 CST
50 29 (85) 29 (84) 31 (88) 29 (85) 31 (88) 30 (87)
90 * 19 (66) * 20 (68) * * Surface temperature between
75 * 21 (70) * 23 (73) o * 2230 and 1030 CST
50 » 23 (74) * 26 (78) * *
90 15 (60) 15 (60) 17 (63) 15 (59) 15 (60) 18 (65) Surface dew point
75 16 (62) 17 (63) 20 (68) 17 (63) 18 (64) 20 (68)
50 17 (63) 20 (68) 22 (72) 20 (68) 20 (68) 21 (70)
90 19 19 16 16 17 17 850 mb temperature
75 21 21 19 18 18 17
50 23 24 20 21 21 20 )
90 11 8 12 8 10 11 850 mb dew point
75 11 10 13 11 12 13
50 13 12 13 13 13 13
920 8 (15) 8 (15) 10 (20) 8 (15) 10 (20) 13 (25) 850 mb Wind speed
75 10 (20) 10 (20) 10 (20) 13 (25) 13 (25) 13 (25)
50 13 (25) 13 (25) 13 (25) 15 (30) 18 (35) 18 (35)
90 8 (15) 10 (20) 10 (20) 10 (20) 8 (15) 13 (25) 500 mb wind speed
75 10 (20) 13 (25) 13 (25) 13 (25) 13 (25) 15 (30)
50 13 (25) 15 (30) 13 (25) 15 (30) 13 (25) 15 (30)
90 18 (35) 18 (35) 21 (40) 23 (45) 21 (40) 23 (45) 500 mb speed of wind
75 21 (40) 21 (40) 23 (45) 26 (50) 26 (50) 23 (45) maximum
50 21 (40) 26 (50) 28 (55) 31 (60) 28 (55) - 26 (50)

* Denotes insufficient data sample.
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TABLE 8. For each region, maximum parameter values associated with at least 50, 75 or 90% of all NWF outbreaks occurring
in that region. Pressures in millibars and temperatures in degrees Celsius.

Lower Upper
Percentage of Southern Northern Mississippi Mississippi

outbreaks Plains Plains Valley Valley Southeast Northeast Parameter
90 1013 1013 1012 1013 1014 1015 Surface pressure
75 1012 1011 1011 1011 1013 1013 :
50 1010 1009 1010 1008 1011 1011
90 -9 -8 =7 -7 -7 -7 500 mb temperature
75 -10 -9 -8 - —8 -7 -9
50 -11 -11 -10 -10 -9 —-10
90 -2 -3 -1 -1 0 -1 Showalter Index
75 —4 -3 -3 -3 -2 -2
50 -5 -5 -4 -4 -3 -3

500 mb temperature (Section 2a and Table 8)

500 mb wind speed (Table 7)

500 mb wind speed maximum (Section 2a and Table
7)

500 mb wind maximum location (Section 2a and
Fig. 1) '

500 mb pattern (Section 2f; Table 4; Figs. 7-11)

Synoptic scale vertical wind shear (Tables 5 and 6).

In addition to the NWF data listed above, a forecaster
should consider regional effects, such as upslope flow
(Doswell, 1980), and general severe weather forecasting
aids which could apply in NWF situations, for example,
700 mb dry intrusions (see Miller, 1972). Experimen-
tation with a NWF checklist developed from the NWF
data set, regional guidelines, and applicable general
severe weather forecasting aids could lead to more ac-
curate forecasts of summertime severe weather.
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