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Abstract 

A late October 1989 storm associated with a rapidly inten­
sifying 700-mb low over western Utah produced widespread 
heavy amounts of rain and snow across northwest Utah. A 
"conventional" examination of vertical motionforcing using 
Nested Grid Model (NGM) 500-mb positive vorticity advec­
tion (PVA) placed the strongest upward vertical motions well 
south of the area of cyclogenesis. Subjective analysis of 
rawinsonde data prior to and during the development of the 
storm indicates the greatest upward motions were further 
north and more closely related to the precipitation maximum. 
This evidence suggests that the NGM had trouble initializing 
the data fields. 

In order to verify this possibility, gridded datafields gener­
ated from the NGM were examined using GEMPAK soft­
ware. These fields consisted of the OO-hour and 12-hour 
forecasts prior to and the OO-hourforecast during the devel­
opment of the storm. Two approaches were [{sed to examine 
the model output. The first approach was a comparison of 
model output against the corresponding subjective analyses 
of 250-mb isotachs and 700-mb geopotential heights, winds 
and temperatures. The second approach was to generate 
difference fields (OO-hour forecast minus the previous 12-
hour forecast) for the 250-mb observed and ageostrophic 
winds, for the divergence of the observed and ageostrophic 
winds, and for cross sections of omega overlaid with the 
ageostrophic circulation tangent to the cross section at the 
exit region of the jet streak. 

Results of this study show: 1) a "conventional" examina­
tion of vertical motion forcing using 500-mb PVA failed to 
explain heavy precipitation over northwest Utah; 2) the mod­
el's trouble in properly identifying the jet streak at 1200 UTe 
25 October, led to a 12-hourforecast where the ageostrophic 
forcing of vertical motion and the attending secondary (indi­
rect) circulation were much less than in the OO-hourforecast 
valid 0000 UTe 26 October; 3) that small differences between 
the OO-hour and 12-hourforecastfields of the total wind both 
valid at 0000 UTe 26 October produced large differences in 
the total ageostrophic wind; and, 4) the model's difficulty in 
representing the 700-mb wind and generation of a closed 
circulation center over eastern Nevada. 

1. Introduction 

Between 1800 UTC 25 October 1989 and 1800 UTC 
26 October 1989, widespread heavy precipitation amounts 
were recorded across northwest Utah. A cold-core , 700-mb 
low moving southeast across Nevada on the afternoon of 
the 25th experienced rapid intensification as it entered west­
ern Utah during the local afternoon hours . Thunderstorms 
developed over western Utah along the strong baroclinic 
zone associated with the 700-mb low and continued until 
around 0300 UTe. After 0600 UTC on the 26th, the 700-mb 
low accelerated northeastward through central Utah. The 
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main area of precipitation shifted to northern Utah with the 
heaviest amounts confined to the northwest quarter of the 
state. By 1500 UTC on the 26th, the storm center had moved 
into southwest Wyoming with precipitation ending over all 
but northeast Utah around 1800 UTC. 

Climatologically, heavy precipitation events (2:25 mm/24 
hours) in Utah are rare. When they occur, they are commonly 
associated with strong convection or orographic enhance­
ment. In either event, heavy precipitation is generally con­
fined to a limited geographic area. The 25-26 October storm 
was exceptional in that heavy precipitation was not localized, 
but spread over a relatively large area of the northwest val­
leys anJ mountains (Fig. I). 

Typically, a moist, cold-core, 700-mb low moving through 
the Great Basin will produce widespread light precipitation 
without any significant intensification of the low. In this 
storm, however, the 700-mb low intensified over the Great 
Basin during the afternoon of the 25th. The resultant 
enhanced upward vertical motion supported strong convec­
tive activity and heavy precipitation over western Utah. As 
the 700-mb low moved northeast through Utah early on the 
26th, the flow over northwest Utah gradually backed to a 
northwesterly direction. The resultant cold air advection 
across the Great Salt Lake triggered "lake-effect" precipita­
tion in the lee of the lake and amplified orographically 
induced snowfalls in the mountains Carpenter (1985). 

From a forecaster's perspective, it was not readily appar­
ent from the National Weather Service (NWS), National 
Meteorological Center's Nested Grid Model (NGM) output 
that the greatest upward vertical motion would be over west­
ern Utah on the afternoon of the 25th. A "conventional" 
es~imation of vertical motion, as described by Dunn (1988), 
uSing 500-mb positive vorticity advection (PV A) from the 
1200 UTC 25 October, NGM (OO-hour and 12-hour forecasts) 
placed the greatest upward vertical motions over western 
Arizona/ extreme southern Utah by 0000 UTC 26 October 
(Fig. 2). Vertical motion (omega) at 700 mb from the same 
NGM cycle did support stronger upward vertical motions 
over western Utah in the 12-hour forecast (Fig. 3a). How­
ever, omega from the NGM OO-hour forecast valid 0000 UTC 
26 October, placed the strongest upward vertical motions 
over northwest Arizona (Fig. 3b) even though 700-mb cyclo­
genesis and heavy convective precipitation were taking place 
over western Utah. 

In this study, the trouble that the model has properly locat­
ing vertical motion forcing associated with 700-mb cyclogen­
esis will be examined primarily from an ageostrophic per­
spective. Subjective analysis of rawinsonde/airep data will 
be compared against corresponding NGM output (both 00-
hour and 12-hour forecasts). Normally, the Salt Lake City, 
NWS Forecast Office uses the 250-mb and 700-mb pressure 
surfaces to represent the jet and lower levels of the atmo­
sphere, respectively. This convention will be followed in this 
paper. Discrepancies found between observed data and the 
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Fig. 1. Distribution of heavy 24-hour precipitation over northern Utah from 1800 UTe 25 October to 1800 UTe 26 October 1989. Precipitation 
isopleth (solid, thick) intervals 10 mm above 25 mm. Gridded region ~ 45 mm. Elevation isopleth (solid, thin) intervals 500 m above 1500 m. 

corresponding OO-hour forecasts will be identified and offered 
as a means of explaining why the model failed to forecast 
the proper location and intensity of this storm. 

Using the gridded data from the NGM and GEMPAK 
software developed at the NWS/National Meteorological 
Center (NMC) by desJardin et al. (1988) to produce the graph­
ical output, the improper initialization of the jet streak will 
be documented. Difference fields at the 250-mb level(OOOO 
UTC 26 October, OO-hour forecast minus 1200 UTC 25 Octo­
ber, 12-hour forecast) for wind (total and ageostrophic) and 
divergence of the ageostrophic wind will be computed along 
with a difference cross-section of the ageostrophic circula­
tion and vertical motion (omega) tangent to the cross-section 
through the exit region of the jet streak. These computed 
fields will serve to quantify the model's problem in handling 
the jet streak and the subsequent failure to handle the attend­
ing secondary circulation. 

2. Comparisons of Subjective Analysis Against 
Corresponding NGM Output 

The NGM is the forecast portion of the NWS/NMC 
Regional Analysis and Forecast System (RAFS) . It is a 16-
layer, hemispheric, primitive equation model utilizing two-

way interactive nested grids. Three nested grids (A, B, and 
C) are utilized by the NGM with the highest resolution in 
the C-grid (resolution 84 km at 45°N) which is centered over 
North America. A number of physical processes are involved 
in the NGM. A thorough discussion of these processes and 
other facets of the NGM are given in Carr (1988) and Hoke 
et al. (1989). Significant changes have occurred in the NGM 
and RAFS since their inception (March 1985) until the time 
of this study (October 1989). Discussions of these changes 
can be found in Bonner and Petersen (1989) and Parish (1989). 
The NGM gridded data obtained from NMC was interpolated 
to the Limited area Fine Mesh (LFM) grid (190.5 km at 600 N) 
for archiving rather than on the original NGM C-grid. 

In an operational forecast environment, the first step in 
determining the reliability of the model output is to compare 
the OO-hour forecast fields (sometimes referred to as the initial 
analysis in the operational environment) against observed 
data (rawinsonde/airep, surface observations, satellite imag­
ery, etc.). Here discrepancies in model output can be identi­
fied and their impact on the model's forecast (e .g. , storm 
development/decay, temperaturesiwind fields, etc.) 
assessed. 

At 1200 UTC 25 October, 250-mb isotachs produced 
through a subjective analysis of rawinsonde/airep data were 
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(a) 

(b) 

Fig. 2. NGM 500-mb geopotential hei~ht (solid, intervals 6 dm) and 
vorticity (dashed, intervals 2x10 - 5 s- ) from 1200 UTe 25 October 
(a) DO-hour forecast and (b) 12-hour forecast valid at 0000 UTe. 

compared against NGM output prior to rapid cyclogenesis 
over western Utah. Both methods showed the jet stream off 
the southern California coast then arcing northeast into the 
Great Basin and continuing into southern Canada (Fig. 4) . 
Within the jet stream, two SSm s - J jet streaks were identified 
in the subjective analysis; one over southern California and 
the other over northeast Nevada/northwest Utah . In the 
NGM output, there is a suggestion of these features, though 
core speeds were slightly less than those observed. 

At 0000 UTC 26 October, the subjective analysis of raw in­
sonde /airep data and the NGM OO-hour forecast both placed 
the jet stream from southern California northward into south­
ern Canada (Figs. Sa&b). Two separate jet streaks were 
identified with the one affecting Utah extending from south­
west Arizona into northeast Utah/northwest Colorado. As 
was the case at 1200 UTC 25 October, the 0000 UTC 

.-.---------------------------------- - --_. 
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(a) 

(b) 

Fig. 3. NGM 700-mb omega valid 0000 UTe 26 October from (a) 
1200 UTe 25 October, 12-hour forecast and (b) DO-hour forecast. 
Intervals are 2 f.l.b S-l. 

26 October, NGM OO-hour forecast (Fig. Sb) produced core 
wind speeds slightly less than the maximum observed wind 
speed from the rawinsonde data (Fig. Sa) . Interestingly, the 
12-hour forecast valid at 0000 UTC 26 October, (Fig. Sc) did 
forecast winds of SOm s-J or greater through eastern Utah, 
though the core of strongest winds extends much further 
southwest than the observed winds indicate. 

Though the emphasis of this study is on the jet streak­
induced vertical motions, discrepancies found between 
observed and 700-mb NGM forecast data of temperature, 
geopotential height and wind warrant discussion. Prior to 
rapid cyclogenesis (1200 UTC 25 October), few differences 
were noted between the observed and OO-hour forecast tem­
peratures across Nevada (Figs. 6a&b). By 0000 UTC 
26 October, the 12-hour forecast valid at 0000 UTC (Fig. 6c) 
had temperatures as much as 4°C warmer than observed 
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Fig. 4. 1200 UTe 25 October, 250-mb isotachs produced from (a) 
subjective analysis of rawinsonde/airep data and (b) NGM OO-hour 
forecast. Intervals are 10 m S - 1 above 35 m S - 1. Dashed areas :2: 

55 m S - 1. 

(Fig. 6d) over eastern Nevada. The OO-hour forecast valid 
at 0000 UTC showed little improvement as temperatures 
remained as high as 3°C warmer than observed across west­
ern Utah/eastern Nevada (Fig. 6e). 

Subtle, yet important differences were detected in compar­
isons of the 700-mb geopotential height and winds. At 1200 
UTC 25 October, both the subjective analysis and the NGM 
output of the geopotential heights show a trough through 
Nevada (Figs. 7a&c) with a weak circulation center evident 
in both the rawinsonde data and NGM output over extreme 
northern Nevada (Figs. 7a&b). By 0000 UTC, the subjective 
analysis placed a closed circulation center over western Utah 
(Fig. 8). This location was supported by satellite imagery 
(not shown). Neither the NGM OO-hour nor the 12-hour fore­
casts of geopotential height valid at 0000 UTC could identify 
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this feature over western Utah (Figs. 9a&c). Instead , circula­
tion centers were defined in the wind field much further north 
over southwest Montana and central Idaho, respectively 
(Figs. 9b&d) . 

Evidence presented has shown that certain elements of 
observed wind, temperature and geopotential height differ 
from those represented in the NGM gridded data fields (both 
the OO-hour and 12-hour forecasts valid 0000 UTC 26 Octo­
ber). Arguments will be presented to show from an ageos­
trophic perspective that although the OO-hour and 12-hour 
forecasts of the total wind valid at 0000 UTC appear similar, 
minor variations between them result in large differences in 
the amount of ageostrophic forcing each indicates. 

3. NGM Forecast Difficulty in Handling the Jet 
Streak: An Ageostrophic Perspective 

According to Bjerknes (1951), Uccellini and Johnson (1979) , 
Murray and Daniels (1953), Namias and Clapp (1949) and 
others, ajet streak with little or no curvature at the entrance 
region has a transverse ageostrophic component directed 
toward the cyclonic-shear (left-rear) side of the jet. Con­
versely, at the exit region the ageostrophic component is 
directed toward the anticyclonic-shear (right-front) side of 
the jet (Fig. 10). At the entrance region, this ageostrophic 
component represents the upper branch of the direct circula­
tion. This circulation is marked by rising (sinking) motion 
on the anticyclonic or warm (cyclonic or cold) side of the 
jet. At the exit region, this component represents the upper 
branch of the indirect circulation with the rising (sinking) 
motion on the cyclonic or cold (anticyclonic or warm) side 
of the jet. 

Prior to this study, the National Weather Service Forecast 
Office (NWSFO) at Salt Lake City received most of their 
diagnostic and prognostic information through the Automa­
tion of Field Operations and Services (AFOS) system. Data 
on ageostrophic parameters were not available from the 
NGM (or any other model) on AFOS. Personal computer 
(PC) based diagnostics developed by Foster (1988) were 
available using mandatory pressure levels for the base data. 
However, this software did not output ageostrophic 
parameters. 

Without objectively produced ageostrophic data, forecast­
ers must rely on the conceptual four quadrant straight-line 
jet streak to identify areas of vertical motion. This method, 
while generally effective, makes certain assumptions which 
are not always correct (i .e., the stronger the jet streak the 
greater the vertical motions, upward vertical motions always 
occur in the left-frontlright-rear quadrants of the jet streak) 
and neglect the effects that thermal structure and orientation 
(curvature) have on vertical circulations (motions). Later in 
this study it will be shown that two jet streaks of similar 
magnitUdes, but slightly different orientations , can result in 
substantial differences to the ageostrophic component of the 
wind. 

With the 250-mb trough just upstream from the jet streak, 
strong curvature exists at the entrance region of the jet 
streak. A study by Cam mas and Ramond (1989) demon­
strated that the effects of curvature can be predominant to 
the point that the direct circulation is masked in the upper 
tropospheric divergence field. In this storm, the greatest 
development occurred in the exit region of the jet where 
curvature effects were minimal. It will be shown that an 
indirect circulation does exist at the exit region of the jet 
streak similar to what is defined in the straight-line jet streak. 
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(c) 

Fig.5. 0000 UTe 26 October, 250-mb isotachs from (a) analysis of rawinsonde/airep data, (b) NGM DO-hour forecast 
and (c) 1200 UTe 25 October, 12-hour forecast valid at 0000 UTe. Intervals are 10 m S - l above 35 m S-l . Dashed 
areas 2: 55 m S-l . Entrance and exit regions of the jet streak in (a) represented by E and X respectively. 

To quantify the NGM's handling of the jet streak, differ­
ence fields at the 250-mb level (OO-hour forecast minus the 
12-hour forecast valid at 0000 UTC) for the total and ageos­
trophic winds were computed. The isotachs of the total wind 
for the DO-hour and 12-hour forecasts (Figs. Ila&b respec­
tively) valid 0000 UTC appear quite similar. The only notable 
difference is more elongation of the jet streak in the 12-hour 
forecast. The magnitude of the difference (Fig. Ilc) was 
quite small with the DO-hour forecast values ranging from 
1-4 m s - I slower than the l2-hour forecast across northern 
Arizona, Utah and western Colorado. 

Though the magnitude of the differences were small, they 
did produce substantial differences in the magnitude of the 
ageostrophic wind. Comparisons of the DO-hour and l2-hour 
forecasts of the ageostrophic wind (Figs. 12a&b respectively) 
both show the strongest ageostrophic winds through the base 
of the trough at the entrance region of the jet. The core of 
the strongest ageostrophic winds extends further north and 
east in the OO-hour forecast. Also, within the exit region of 
the jet, the magnitudes of the DO-hour forecast are stronger 
than in the l2-hour forecast. 

Examination of the difference field for the ageostrophic 
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(b) 

(d) 

Fig. 6. Isotherms at 700 mb for 1200 UTC 25 October from (a) analy­
sis of rawinsonde data and (b) NGM DO-hour forecast. Isotherms for 
0000 UTC 26 October from (c) 1200 UTC 25 October, 12-hourforecast 
valid at 0000 UTC, (d) analysis of rawinsonde data and (e) DO-hour 
forecast. Intervals are 2°C. 
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(c) 

Fig. 7. 1200 UTe 25 October, 700-mb (a) analysis of heights and winds from rawinsonde data, (b) NGM OO-hour 
forecast of winds and (c) NGM OO-hour forecast of geopotential heights. Height intervals are 30 m centered on 3000 m. 

wind illustrates these differences quite well. U nderforecast­
ing of the magnitude approaches 7 m s -) near the entrance 
region of the jet, while at the exit region it approaches 10 
m s -) (Fig. 12c). When the ageostrophic wind is broken down 
into it's longitudinal (along stream) and transverse (cross 
stream) components (Figs. 13a&b), the difference in the total 
ageostrophic wind at the entrance region of the jet appears 
to result from a stronger longitudinal component in the 
OO-hour forecast. At the exit region of the jet, the transverse 
component in the OO-hour forecast appears stronger than in 

the 12-hourforecast through western Colorado. This stronger 
transverse component in the OO-hour forecast could indicate 
that a stronger secondary (indirect) circulation exists at the 
exit region of the jet streak than was previously forecast. 

The seemingly minor differences in the total wind speed 
within the jet stream were demonstrated to have a profound 
impact on the total (longitudinal and transverse) ageostrophic 
motion which in turn affects the convergence/divergence pat­
tern associated with jet dynamics. Further evidence of this 
impact can be gathered by examining the divergence of the 
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Fig. 8. Subjective analysis from 700-mb rawinsonde data of geopo­
tential height (solid), temperature (dashed) and wind (barbs) for 
0000 UTe October 26. Height intervals are 30 m centered on 3000 
m. Temperature intervals are 2°e 

ageostrophic wind. On a constant pressure surface, the 
ageostrophic divergence is expressed as: 

"Vp • V" = "Vp • V - "Vp • V~ (I) 

where V" is the ageostrophic wind and Vg is the geostrophic 
wind. Through scaling arguments, both the ageostrophic 
divergence and total divergence maximum are approximately 
an order of magnitude higher than the geostrophic divergence 
maximum. Therefore, the divergence of the ageostrophic 
wind can be used to interpret the divergence/convergence 
maximum of the total wind by neglecting the lesser ordered 
first approximation of the geostrophic divergence. In this 
case, the maximum divergence ofthe ageostrophic wind from 
the DO-hour forecast was centered over southern Utah (Fig. 
14a) while in the 12-hour forecast (Fig. 14b) a weaker diver­
gence maximum was placed over northwest Arizona. The 
resultant difference field has a stronger than forecast diver­
gence maximum on the order of 2 x 10- 5 

S-I located near 
the exit region of the jet streak (Fig. 14c). 

Evidence presented so far has shown in a two-dimensional 
sense how the transverse circulations were affected by differ­
ences in the forecast of the total wind. However, indirect (and 
direct) circulations are a consequence of three-dimensional 
variations in the ageostrophic wind and upper-level diver­
gence that a two-dimensional straight-line jet streak does not 
adequately explain (U ccellini et al. 1984, Keyser and Shapiro 
1986, Newton and Trevisan 1984; and others). 

To illustrate this point and to show how the model mishan­
dled the indirect circulation, cross-sections of the ageos­
trophic wind and omega were computed through the exit 
region of the jet streak. In both the DO-hour and 12-hour 
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forecasts valid at 0000 UTe (Figs. 15a&b respectively), the 
indirect transverse circulation is definable. A subjective com­
parison of the two circulations shows that the upward branch 
of the circulation in the DO-hour forecast appears stronger 
and further east than in the 12-hour forecast. A difference 
cross-section (Fig. 15c) confirms that the DO-hour forecast 
does in fact have the stronger circulation. 

The NGM's inability to properly identify the jet streak has 
led to considerable underdevelopment of the three-dimen­
sional vertical circulation associated with the exit region of 
the jet streak. The extent that this underforecasting affected 
precipitation over northern Utah is not quantitatively defin­
able in this study. However, when viewed from a strictly 
upper tro.pospheric dynamics perspective, the vertical 
motion indicated in the 12-hour forecast was probably not 
strong enough to support the deep convection observed early 
in the storm across western Utah (this neglecting the diabatic 
effects that may have played heavily at this point to enhance 
vertical motions induced by the jet streak). 

4. Summary 

The rapid intensification of this late October storm implies 
that stronger vertical motion forcing existed than was indi­
cated by the NGM output. A conventional examination of 
vertical motions using 500-mb pattern recognition placed the 
strongest vertical motions well south of where it was 
observed over western Utah . 

An examination of vertical motion forcing from a strictly 
ageostrophic perspective was done using both observed data 
and NGM gridded data fields for comparison. Subjective 
analysis of observed rawinsonde/airep data prior to develop­
ment of the storm defined a jet streak configuration that 
the NGM DO-hour forecast smoothed and weakened slightly. 
This would imply that jet streak-induced vertical motions , 
as viewed in terms of a straight-line jet streak, in the left­
front quadrant of the observed jet streak were stronger than 
those in the model's jet streak. This supports the rapid inten­
sification observed as the low entered western Utah and 
may explain why the model did not forecast the intensity or 
location of this event. The failure to properly place the jet 
further east in the 12-hour forecast was also illustrated in 
the difference fields of total and ageostrophic winds. The 
model's 12-hour forecast of the total wind, while similar to 
the DO-hour forecast total wind valid the same time, failed 
to identify a well defined jet streak. This resulted in a weaker 
ageostrophic flow which would indicate that less vertical 
motion forcing existed in the exit region of the jet streak. 
The affect on the attendant secondary (indirect) circulation 
at the exit region of the jet streak was that a much weaker 
vertical circulation exists in the 12-hour forecast than in the 
DO-hour forecast valid 0000 UTe. 

Interestingly, the difference in magnitude between the 
model's forecasted wind speeds (DO-hour and 12-hour) only 
varied by a few m s -I through the jet streak. However, the 
magnitude of the ageostrophic wind was considerably larger 
in the DO-hour forecast even though the wind speeds were 
slightly higher in the 12-hour forecast. This illustrates that 
it's not the magnitude of the wind velocity within the jet 
streak, but variations in the longitudinal and transverse com­
ponents of the total wind that influences vertical motion. 

Discrepancies found in comparisons ofNGM gridded data 
(DO-hour and 12-hour forecasts) against observed data (tem­
perature, wind, and geopotential height) at the 700-mb level 
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(a) (b) 

(c) (d) 

Fig. 9. NGM 700-mb DO-hour forecasts valid 0000 UTe 26 October, for (a) geopotential heights and (b) wind . Fig. 9 (c) & (d) same 
as (a) & (b) respectively for 1200 UTe 25 October, 12-hour forecasts valid at 0000 UTe. Height intervals are 30 m centered on 
3000 m. 

further illustrates the model's difficulty in forecasting this 
storm. Considerable differences between observed and fore­
cast winds were found in the NOM output. Both the OO-hour 
and 12-hour forecasts of the wind valid at 0000 UTC placed 
a circulation center well north of where it was actually 
located in the observed data. Model output of the geopoten­
tial heights also performed poorly in identifying the 700-mb 
low center. Though the actual geopotential height values 
from the model were close to the observed values (consis­
tently 10-20 m higher than the observed values) , they failed 
to indicate a closed circulation apparent in the observed wind 

data and supported by satellite imagery . Differences in the 
temperature from the model output ranged from I-4°C war­
mer than observed through western Utah/eastern Nevada 
during peak cyclogenesis . The influence these differences 
had on diabatic effects (especially latent heat release) were 
not examined in this study. However, in a study by Keyser 
and Johnson (1984), diabatic effects were found to intensify 
a jet streak-induced vertical circulation. Considering the 
explosive nature of this storm 's development and the deep 
convection observed , it's conceivable that diabatic effects 
did play heavily in this particular storm. 
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Fig. 10. (a) Schematic of transverse ageostrophic wind components 
and patterns of divergence associated with the entrance and exit 
regions of a straight jet streak (after 6jerknes 1951) and (b) vertical 
cross sections illustrating direct and indirect circulations in the 
entrance region (along line A-A') and exit region (along line 6-6') 
of a jet streak. 

5. Conclusions 

Within the operational forecasting environment, two 
important points can be gained from this study. One, subjec­
tive analysis of observed data provides a means of identifying 
areas of vertical motion forcing and verifying the accuracy 
of the model's OO-hour forecasts . Two, vertical motion 
results from a number of physical and three-dimensional 
processes and is not simply confined to conventional 500-
mb parameters. With the coming of gridded data, the meteo­
rologist (forecaster) will have to become familiar with the 
theory behind vertical motion forcing in order to effectively 
use the new data that is becoming available in the modernized 
National Weather Service Forecast Offices and elsewhere. 
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(c) 

Fig. 11. NGM 250-mb isotachs valid at 0000 UTe 26 October for (a) DO-hour forecast and (b) 1200 UTe 25 October, 
12-hour forecast, and (c) difference field of the total wind (DO-hour minus 12-hour forecast). Intervals in (a) & (b) 
are 5 m S - 1 beginning at 35 m S - 1. Dashed region 2:50 m S - 1. 
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(c) 

Fig. 12. NGM 250-mb ageostrophic winds valid at 0000 UTe 26 October for (a) DO-hour forecast and (b) 1200 UTe 
25 October, 12-hour forecast, and (c) difference field of the ageostrophic wind (DO-hour minus 12-hour forecast) . 
Intervals in (a) & (b) are 5 m S - 1 and in (c) 2 m S - 1. 
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Fig. 13. Longitudinal and transverse components of the total ageostrophic wind valid 
at 0000 UTe 26 October for (a) DO-hour forecast and (b) 1200 UTe 25 October, 12-hour 
forecast. 

(e) 

Fig. 14. Divergence of the ageostrophic wind valid at 0000 UTe 26 October for (a) 
DO-hour forecast and (b) 1200 UTe 25 October, 12-hour forecast , and (c) divergence 
of the difference of the ageostrophic wind (DO-hour minus 12-hour forecast) . Intervals 
are 1 x 10- 5 S - I . 
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Fig. 15. Ageostrophic circulation (arrows) and omega (dashed/solid) tangent to the cross-section valid at 0000 UTe 26 October for (a) 00-
hour forecast and (b) 1200 UTe 25 October, 12-hour forecast, and (c) difference fields of the ageostrophic circulation and omega (DO-hour 
minus 12-hour forecast) . Intervals of omega are pb S - l. 


