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1. INTRODUCTION

On 29-30 January 1990, a low pressure system tracked parallel to the New England coastline
and produced up to 20 inches of snow over portions of Maine, New Hampshire, and Vermont
(Fig. 1). This detailed study will examine the large and small scale features that led to this
heavy snow event. In addition, the use of various local forecast techniques and "rules of thumb"
will be shown to be an effective way to improve upon dynamical model forecasts.

2. SYNOPTIC OVERVIEW

The development and path of the surface and upper air features were typical of many east coast
snowstorms (Kocin and Uccellini 1990). A primary surface low tracked from the Tennessee
River Valley northeast into western Pennsylvania. A secondary low developed on the warm
front over southern Virginia and intensified rapidly as it tracked north along a coastal front to
Cape Cod, then across the Gulf of Maine into Nova Scotia. At 500 mb, a short-wave trough
moved from the lower Mississippi River Valley northeast into the Tennessee River Valley, and
intensified as it lifted northeast across the Middle Atlantic States and southern New England.
The precipitation pattern was also very common for heavy snow events in the Northeast. Snow
_spread rapidly from south to north in a broad warm advection, overrunning pattern. The snow
mixed with ice pellets and changed to freezing rain across southern and coastal areas of Maine
and New Hampshire, but remained all snow elsewhere, where total accumulations ranged from
12-20 in. A more detailed look at the surface, upper air, and precipitation patterns follows.

2A. Surface Features

At 1200 UTC 29 January 1990, surface high pressure (1028 mb) was centered in the Gulf of
Maine just south of Nova Scotia with a ridge line extending northwest to James Bay (Fig. 2).
At this time, a primary surface low was forming over the Tennessee Valley. During the next
12 hours, the high built to 1031 mb and drifted eastward, while the ridge line remained aligned
to the northwest into southeast Canada. The surface low tracked northeastward into the central
Appalachians and slowly deepened down to 1001 mb (Fig. 3). Southeast boundary layer winds
increased over the northeastern United States as the pressure gradient tightened between these
two systems.

The first indication of a coastal trough was evident at 0000 UTC 30 January (Fig. 4), as the
wind direction at Nantucket, MA (ACK), and Atlantic City, NJ (ACY), became southeasterly,
while the winds reported at Boston, MA (BOS), and Hartford, CT (BDL), were easterly and
northerly, respectively. A temperature discontinuity was also evident with readings of 50°F at
Atlantic City, 40°F at Nantucket, 36°F at Boston, and 34°F at Hartford. This developing
coastal trough extended well north of a secondary surface low (1000 mb) that was forming in
Virginia, in an area of large pressure falls (6 mb 3 h'). Note that the 0000 UTC 30 January
Limited-area Fine Mesh (LFM) analysis (Fig. 3) depicts a single low center over northern
Virginia, while the manual surface analysis (Fig. 4) clearly shows two distinct centers,
representing the primary low over western Pennsylvania and a developing secondary low over



Figure 1. Storm-total snowfall (in) in New England for the snowstorm of 29-30 January 1990;
contours are every two in (enhanced every four in), :
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Figure 2. LFM analysis of surface pressure (mb; solid lines), surface pressure centers, and
1000-500 mb thickness (dm; dashed lines) for 1200 UTC 29 January 1990.



Figure 3. As in Figure 2, except for 0000 UTC 30 January 1990.
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Figure 4. Surface data plot and meso-analysis for 0000 UTC 30 January 1990. Conventional
representations used for surface features.



Virginia. This demonstrates the importance of doing a hand analysis and not relying solely on
objective analyses. In general, the surface pattern fits the description of a category A storm as
defined by Bosart (1975).

By 0600 UTC 30 January (Fig. 5), the secondary low had moved north along the coast to a
position just south of New York City, and had deepened to 992 mb, while the original low
moved into eastern Pennsylvania and began to be absorbed by the coastal low. In advance of
the intensifying coastal storm, pressure falls approaching 10 mb 3 h" were observed in southern
New England. Farther north, the surface ridge line remained across northern New England,
while the coastal front cut across Cape Cod, MA, and extended northeast near Caches Ledge
Buoy (44005) and Yarmouth, NS (YQI). The winds at Portland, ME (PWM), and Boston
backed to the northeast as the coastal front strengthened, although by this time, temperatures had
risen above freezing (33°F and 37°F, respectively), and the precipitation had changed to ice
pellets at Portland. The low-level inflow was peaking around this time, as shown in the
boundary layer geostrophic wind plot (Fig. 6), with maximum speeds approaching 65 kt from
the east along the central Maine coast, and buoy reports indicated surface wind gusts were in
excess of 50 kt. At 1200 UTC 30 January, the storm had consolidated into one center over the
Gulf of Maine and continued to intensify down to 990 mb (Fig. 7). Figure 8 depicts the track
of the coastal storm from south of Cape Cod at 0900 UTC 30 January (990 mb), to a position
along the central Maine coast at 1600 UTC (983 mb). Thereafter, the low continued to deepen
and accelerate northeastward towards Nova Scotia.

-

2B. Upper Air Features

A broad long-wave trough was located over the eastern United States during the period
preceding the storm, while a ridge built over the western Atlantic and maintained a broad
southwest flow aloft from the Gulf of Mexico into southern New England. A strong 500-mb
short-wave trough intensified as it moved into the long wave position and eventually separated
from the mean flow as a wind speed maximum, greater than 80 kt, dug across east Texas. The
associated vorticity maximum (20 x 10° s') was located in northern Arkansas at 1200 UTC 29
January (Fig. 9). Note that the LFM analysis, with 10-20 m errors in Missouri, Arkansas, and
Illinois, does not capture the strength of the short-wave trough. This is another example of the
importance of closely examining the data and doing hand analyses.

A deep layer of moisture, with dew point depressions under 6°C, is shown on the 500, 700,
and 850 mb data plots (Figs. 9, 10, 11), from the central Gulf Coast northward into New
England. Temperatures at 850 mb were cold across the Northeast, -10°C at Albany, NY
(ALB), and -7°C at Portland. The 0°C isotherm extended from the Ohio Valley eastward to the
southern New Jersey coast and well south of Long Island.

By 0000 UTC 30 January, the vorticity maximum (20 x 10* s") was located just west of
Huntington, WV (HTS), with a jet streak, exceeding 70 kt, from Athens, GA (AHN), to Atlantic
City in the southeast quadrant of the 500-mb trough (Fig. 12). Abundant moisture extended
through all levels of the troposphere ahead of the trough axis, except in extreme northern New
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Figure 6. Geostrophic winds (kt; AFOS graphic 9AM) for 0900 UTC 30 January 1990.



Figure 7. As in Figure 2, except for 1200 UTC 30 January 1990.
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Figure 8. Surface low track from (900 through 1600 UTC 30 January 1990; buoy identifiers
are shown. -
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Figure 9. LFM 500-mb height (dm; solid lines) and vorticity (10° s*; dashed lines) analyses
for 1200 UTC 29 January 1990. Standard notation is used for station models; dew point
depressions < 5°C are shaded. .

Figure 10. NGM 700-mb height (dm) analysis for 1200 UTC 29 January 1990. Standard
notation is used for station models; dew point depressions < 5°C are shaded.
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2
Figure 11. LFM 850-mb height (dm; solid lines) and temperature ("C; dashed lines) analyses

for 1200 UTC 29 January 1990. Standard notation is used for station models; dew point
depressions < 5'C are shaded.

Figure 12. As in Figure 9, except for 0000 UTC 30 January 1990.




England (Figs. 12, 13, 14). At 850 mb, the 0°C isotherm made significant northward progress
into southern New England, and the thermal gradient tightened along the coastal front (-9°C at
Portland and +4°C at Chatham, MA [CHH]). The LFM isotherm analysis in Figure 14 does
not capture this temperature gradient well, Strong southerly flow perpendicular to the tight
thermal gradient coincided with the rapid spread of precipitation throughout New England during
the afternoon of 29 January, and by 0000 UTC 30 January, much of southern New England had
seen a changeover from snow to rain as the low levels warmed above freezing.

At 1200 UTC 30 January (Fig. 15), the 500-mb trough moved into southern New England and
continued to strengthen as it developed a negative tilt. The vorticity maximum increased to 24
x 107 s* over central Massachusetts, as a 105 kt jet maximum crossed Cape Cod. Large 12-h
500-mb height falls--19 dm at Chatham; 18 dm at Albany; and 17 dm at Portland--associated
with strong positive vorticity advection (PVA) were evident ahead of the trough axis.
Temperatures at 850 mb (Fig. 16) had warmed to -3°C at Portland, while remaining +4°C at
Chatham, with the 0°C isotherm just off the Maine and New Hampshire coasts. A closed 850-
mb low was located just south of Portland with 60-kt southwest winds reported at Chatham and
40-kt east winds at Portland.

During the next 12 h, the 500-mb trough and associated vorticity maximum (not shown) moved
across Nova Scotia, while a 500-mb ridge built across New England, accompanied by improving
weather conditions.

2C, Precipitation

On 29 January, snow spread rapidly northward reaching southern New Hampshire by 1500
UTC (1422 UTC at Concord, NH [CON]) and northern New Hampshire and southern Maine
by 1800 UTC (1720 UTC at Augusta, ME [AUG]). The snow shield spread across all of
northern Maine by 0300 UTC 30 January, At times, the snow mixed with or changed to ice
pellets and freezing rain over southern New Hampshire and southern Maine, especially near the
coast, but generally stayed all snow over the interior. At Bangor, ME (BGR), the snow mixed
with ice pellets for a period of less than two hours (from 1035 to 1225 UTC 30 January), while
at Augusta, the snow mixed with ice pellets for over seven hours (from 0627 to 1404 UTC 30
January). Along the coast, at Portland, and over southern New Hampshire, the snow frequently
mixed with, and occasionally changed over to, ice pellets during the early morning hours of 30
January, Some freezing rain was reported at Concord for a short time from 0745 to 0811 UTC.

The snow ended from south to north across the two state area on 30 January, between 1400-
1500 UTC across Concord and Portland and finally ended at Caribou, ME (CAR), just before
0000 UTC 31 January. Total snow accumulations across New Hampshire and Maine exceeded
8 in, except along the immediate coast of New Hampshire, where amounts were generally 3-7
in. Snowfalls in excess of 18 in occurred in the higher elevations of south central New
Hampshire and western Maine.
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Figure 14. As in Figure 11, except for 0000 UTC 30 January 1990.
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Figure 16. As in Figure 11, except for 1200 UTC 30 January 1990.
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3. OTHER METEOROLOGICAL CONSIDERATIONS

A thorough analysis and understanding of synoptic-scale features at the surface and aloft are
important and necessary in preparing forecasts. However, the additional effects of mesoscale
features, topography, and other local conditions can also have a major impact on the forecast
outcome and require a forecaster’s attention.

3A. The Coastal Front

With a cold, arctic surface high positioned northeast of New England, and a surface ridge
extending southward along the coast, the typical New England coastal front sets up in a corridor
from Cape Cod northeast along the northern New England shoreline, often starting as an
inverted trough north of a developing warm frontal wave (Bosart et al. 1972; Bosart 1975; Kocin
and Uccellini 1990; McCarthy 1977; Nielsen 1989), Cold air damming is common over the
northeastern United States when there is upper-level confluence over the region, resulting in low-
level, northerly ageostrophic winds. However, low-level winds over the ocean are more
responsive to the pressure gradient and usually maintain an easterly, or even southeasterly,
component. This cyclonic turning of the low-level winds enhances the baroclinicity and low-
level convergence near the coast. The coastal front forms in the baroclinic zone, between the
cold arctic air over land to the north and west, and the relatively warmer air over the ocean to
the south and east (see Figs. 4 and 5).

During this event, the surface low tracked along the coastal front, which remained only several
miles offshore. This is a common occurrence along the New England coast, and forecasters
often base their storm track and precipitation-type forecast on the expected location and
movement of the coastal front. The coastal front frequently enhances precipitation amounts on
the cold side of the frontal boundary (Marks and Austin 1979; Bosart 1975). For instance, in
many cases where the coastal front moves onshore, the surface low hugs the coast or may even
track inland, which results in low-level warming and a changeover from frozen precipitation to
rain over a large area, with heavy snowfall confined to the interior locations. Conversely, heavy
snowfalls occur up to the coast when the coastal front remains offshore.

The coastal front remained offshore during much of this event, oriented from northeast to
southwest; although the northern end of the front shifted westward onto the eastern Maine coast
as the storm center crossed Cape Cod. Later, when the storm moved into the Gulf of Maine and
continued to intensify, the coastal front dissipated into the coastal circulation.

. 3B. Jet Streaks

The importance of jet stream dynamics in the process of cyclogenesis and its associated
precipitation has been examined extensively by Uccellini and Kocin (1987) and Kocin et al.
(1989). Figure 17 shows a composite of two interacting jet streaks in the Northeast and the
associated low-level features, as described by Kocin et al, (1989). The transverse circulations
associated with a jet streak result in rising motion in the left front (exit) and right rear (entrance)
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quadrants of the jet, ‘Upward vertical motion is enhanced when these two circulations occur in
close proximity to each other. Simultaneously, subsidence in the confluent flow on the left rear
quadrant of the jet helps build surface pressures north of the jet axis; in this case, across
northern New England. At lower levels (850 mb), an east to southeast low-level jet (LLJ)
strengthens ahead of the intensifying surface low. The LLJ works like a conveyor belt advecting
and lifting relatively warm, moist air from the Atlantic Ocean into the developing storm system’s
three-dimensional circulation, :

For this storm, an intense jet streak over southeast Canada, with winds greater than 150 kt,
is shown in the 300-mb analysis at 0000 UTC 30 January (Fig. 18). Much of New England lay
in the right rear quadrant, which is favorable for large scale ascent and northerly ageostrophic
winds. A second weaker jet streak (80-100 kt) extended from the south central United States
northeastward to the Middle Atlantic Coast. The left front quadrant covered the central
Appalachians into southern New England. The coupling of these two jet streaks appeared to
play a key role in the development of the system. The upper-level confluence over the Northern
Appalachians into southern Canada led to the cold air damming. Explosive deepening of the
surface low occurred over the Delmarva Peninsula as the left front quadrant of the southern jet
streak crossed the region. The low-level jet increased to 60 kt at 850 mb (Fig. 14), advecting
warm moist air into the system.

3C. Evaporational Cooling

The thermodynamic profile of the lower troposphere, below 700 mb, is critical in predicting
precipitation type. Forecasters must consider the temperature and moisture profiles and look for
any above freezing layers that could result in mixed precipitation or a changeover. to rain.
Software is available to calculate wet bulb temperatures based on sounding data and determine
the potential for evaporative cooling due to precipitation falling through a dry layer. Thus, even
if the low-level temperatures start out slightly above freezing, the evaporational cooling process
can drop the values below freezing and result in frozen, rather than liquid, precipitation.

The vertical wind profile can be used to infer thermal advection through layers of the
atmosphere. Winds veering with height are associated with warm advection, while winds
backing with height indicate cold advection through the layer. A steady state can develop if
warm advection is offset by evaporational cooling. However, once the sounding is saturated,
the temperature of the layer will be controlled by thermal advection, with only a slight effect of
moist adiabatic- cooling due to upward vertical motions, and an even lesser influence of
entrainment of colder air as precipitation falls through the layer.

The sounding for Portland at 1200 UTC 29 January includes the temperature, dew point, and
wet bulb traces (Fig. 19), as produced by the SHARP workstation (Hart and Korotky 1991).
By taking into account the effect of evaporational cooling alone, the sounding shows that the
ambient temperature could cool from -6.5 to -11°C at 850 mb. In fact, 12 h later, at 0000
UTC 30 January, the Portland sounding (Fig. 20) was nearly saturated at all levels, with an 850-
mb temperature of -9°C, despite indications of warm air advection at this level due to south-
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Figure 17. Three-dimensional schematic of jet-related circulation patterns during major East

. Coast snowstorms (from Kocin et al. 1989),
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Figure 18. LFM 300-mb height (dm; solid lines) and isotach (kt; dashed lines) analyses for

0000 UTC 30 January 1990.
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Figure 19. Skew-T/log p diagram of the Portland, ME, upper air sounding for 1200 UTC 29
January 1990 from the SHARP Workstation. Solid lines represent temperature and dew
point; dashed line represents the wet-bulb trace.
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southeasterly winds and also implied from the winds veering with height. Up to this time, the
warm air advection was probably offset by evaporational cooling. Since the entire sounding was
below freezing, snow was falling throughout the region.

At 1200 UTC 30 January, the Portland sounding remained saturated and had warmed to 4°C
at 850 mb (Fig. 21). Below 850 mb, the cold air was entrenched as the coastal front remained
offshore. Northerly low-level winds persisted as cold air drained southward (east of the
mountains) from the arctic high located northeast of New England. However, the sounding also
revealed a layer of above freezing temperatures above the 850-mb level, where the winds shifted
from north to south-southwest bringing in relatively, warm moist air. This is a typical ice pellet
sounding, where the snow melts in a warm layer, but then refreezes as it falls through the deep
sub-freezing layer down to the ground.

The Albany soundings at 0000 and 1200 UTC 29 January (not shown) had characteristics
similar to Portland. Farther to the southeast, the Chatham soundings (also not shown) were
saturated by 0000 UTC and strong warm advection produced a thick layer of above freezing
temperatures that extended through the 850-mb level. A tight thermal gradient developed over
southern and central New England as the Portland-Chatham 850-mb temperature difference
increased from 1°C at 1200 UTC 29 January to 13°C, 12 h later.

3D. Orographically Enhanced Precipitation

Strong onshore flow supplied a continuous source of Atlantic moisture across northern New
England. As depicted in the Portland sounding (Fig. 20), the depth of this strong low-level
onshore flow extended to about 6000 ft AGL at 0000 UTC 30 January. Observed winds from
Mount Washington, NH, (elevation 6288 ft) are used as a gage of low-level flow, with data
available on a three hourly basis. In this case, winds peaked from the east and southeast in
excess of 43 kt, with gusts as strong as 59 kt at 0900 UTC 30 January.

The onshore flow was perpendicular to the mountainous terrain over the interior of New
England (Fig. 22), and orographic lifting served to enhance the rate of precipitation. Thus, the
heaviest snowfall amounts were observed on the upslope, windward (east) side of the mountains
in New Hampshire and Maine, while the minimum amounts were observed on the downslope,
leeward (west) side (cf. Fig. 1).
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4. NATIONAL METEOROLOGICAL CENTER (NMC) MODEL PERFORMANCE

This section qualitatively compares the NMC numerical prediction model forecasts of surface
and upper air features for this event. In addition, a close examination of the model quantitative
precipitation forecasts (QPF) will exhibit certain strengths and weaknesses of the models for this
case.

4A. Surface and Upper Air Forecasts

A comparison was made of the three dynamical computer models run from the 1200 UTC 29
January 1990 forecast cycle (Fig. 23), which was the last model guidance available to the
forecasters prior to the event. Both the Nested Grid Model (NGM) and Limited-area Fine Mesh
(LFM) model forecast the surface low to track too far north across the interior of southern New
England. This is a documented tendency (Junker et al, 1989) of the NGM. The Aviation
(AVN) model had a much better forecast, as it developed a separate low in Virginia, which then
tracked across Long Island, NY, to near Boston and across the Gulf of Maine.

Although NMC has data on forecast storm tracks with 6-h resolution out to 48 h for the NGM
and 72 h for the AVN, data at this resolution for these projections are not available to field
offices. This can result in missing details of a storm’s forecast track and evolution. For
instance, in this case, the storm took a turn towards the north and hugged the eastern New
England coastline between 1200 and 0000 UTC on 30-31 January. This was not evident in any
of the models due to the lack of temporal resolution. Even though the AVN model did an
excellent job of forecasting the low positions at 1200 UTC and 0000 UTC, a straight line
interpolation between the two points was incorrect. Forecasters need to account for this
shortcoming when determining model forecast tracks of surface (and upper air) features.

All of the models overforecast the central pressure of the storm as it underwent rapid
intensification. However, the NGM produced the best pressure forecast. At 1200 UTC 30
January, the observed central pressure was 986 mb, while the NGM, LFM, and AVN forecasts
were 992, 999, and 999 mb, respectively. Both the LFM and NGM typically underdevelop
cyclones over the Atlantic, especially off the New England coast (Junker et al. 1989).

Another important consideration is the location and movement of the arctic high pressure center
located to the north. Local studies have shown that the models, particularly the LFM, typically
move cold highs, such as this one, east too quickly. The vertical resolution in the boundary
layer, and topography in current operational NMC dynamical models, may account for why
these models have difficulty with mesoscale features such as cold air damming and coastal
frontogenesis (Kocin and Uccellini 1990).

The performance of the models at 500 mb was assessed based on the track of the vorticity
maximum associated with the short-wave trough (Fig. 24). All three models were similar and
generally handled this feature quite well, although the NGM had the best track, but was too slow
at 1200 UTC 30 January.

18




Figure 23. Track and central pressure of surface low as: (a) observed (LFM analysis), where
L depicts the low every 3 h from 0000 through 1800 UTC 30 January 199G and at 0000 UTC
31 January 1990 and L’ represents the original low at 0000 UTC 30 January 1990, (b) LFM
forecast, (¢) NGM forecast, and (d) AVN forecast. The forecasts are 12-, 24-, and 36-h
projections from 1200 UTC 29 January 1990.
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Figure 24. Track of the 500-mb vorticity maximum. Representations are: solid line for the
observed (LFM analyses) track, dashed line for the LFM forecast, dotted line for the NGM
forecast, and dash-dot-dash line for the AVN forecast. The observations are every 12 h
beginning at 0000 UTC 30 January 1990. Forecast times are the same as in Figure 23.

Figure 25. As in Figure 24, except forl the 850-mb low center (not available from the AVN).
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The NGM and LFM models forecast the track of the 850-mb low too far inland (Fig. 25).
(Note, the AVN 850-mb prognostic charts were not available.) As a result, both models
produced excessive low-level warming over southern New Hampshire and southern Maine. The
observed track of the 850-mb low along the southern New Hampshire border and into the Guif
of Maine south of Portland cut off the low-level warming before a changeover from snow to rain
could occur.

4B. Quantitative Precipitation Forecasts (QPF)

The LFM routinely generates too much precipitation by a factor of two in moderate-to-intense
mid-latitude cyclones (Carr 1988). -Therefore, forecasters at the Weather Service Forecast
Office (WSFQ) in Portland usually consider an adjusted LFM QPF by cutting the amount in half
(Adjusted QPF = LFM QPF + 2).

An analyzed plot of the adjusted LFM 48-h storm total precipitation output from the 0000 UTC
29 January detailed FOUS60 bulletin (Fig. 26a) shows an axis of maximum precipitation (>
0.75 in) across the northern half of New England. The NGM 48-h storm total QPF from the
FOUEGQ bulletin (Fig. 26b) shows the axis of maximum precipitation farther south across
southern portions of New Hampshire and Maine, with amounts close to 1 in, The 1200 UTC
29 January LFM increased its adjusted maximum QPF up to around an inch, with the axis along
the coast of Maine (Fig. 26¢). The 1200 UTC NGM run increased the maximum QPF to about
1.50 in over southwest Maine (Fig. 26d). All of these model forecasts were too low with actual
amounts in excess of 1 in throughout New England with 1.5-2.0 in over the interior upslope
locations (Fig. 27). Also, both models forecast the maximum precipitation axis too far south,
despite forecasting the track of the surface and 850-mb lows too far north. Orographic influence
would, in part, explain this error.

Using commonly accepted snow-to-liquid water ratios for the Northeast, and assuming an all
snow event, snowfall forecasts based solely on QPF can be quickly prepared. Output from the
1200 UTC 29 January model runs, using a standard 10-to-1 ratio for wet snow along coastal
areas would produce a forecast around 15 in of snow based on the NGM QPF and just under
10 in based on the adjusted LFM QPF. Over the interior, the snow is usually drier and the ratio
can be greater than 10-to-1, For this system, all models pointed to the likelihood of a heavy
snowfall in those areas that did not change to rain.

The LFM quite often forecasts one inch amounts that are rarely observed in Maine and New
Hampshire (Capriola 1990). Using this guidance alone can result in a high false alarm ratio.
Conversely, the NGM model rarely forecasts QPF in excess of one inch over a 12- to 18-h
period, the time span when the majority of the precipitation would normally fail during a heavy
snow event in the Northeast. In the two years prior to this storm, only two other events of this
magnitude were predicted by the NGM for Maine and New Hampshire. The NGM usually is
a conservative forecaster of QPF and may underforecast heavy precipitation events in northern
New England during the winter season (Capriola 1990). Therefore, large QPF generated by the
NGM should cause particular concern, especially if corroborated by the adjusted LFM output.
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Figure 26. Storm-total (48-h) QPF from the 0000 UTC 29 January 1990 run of the (a) LEM
(adjusted) and (b) NGM, and the 1200 UTC 29 January 1990 run of the (c) LFM (adjusted)
and (d) NGM. Contours are every .25 in,
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Figure 27, Storm-total (48-h) observed liquid equivalent precipitation ending at 1200 UTC 31

January 1990. Contours are every .50 in.

Table 1. Alphanumeric output of 48-h precipitation from the 0000 and 1200 UTC 29
January 1990 model runs of the LFM and NGM for Portland, Caribou, Bangor, and

Concord. ’
0000 UTC 29 January 1990

NGM 1.

LFM 1.

Adjusted LFM 0.
1200 UTC 29 January 1990

NGM 1.

LEM : 1.

Adjusted LFM 0.

STORM TOTAL OBSERVED PRECIPITATION 1.
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A comparison of both the LFM and NGM precipitation forecasts at specific locations (Table

1) shows that the NGM outperformed the LFM at Portland, Caribou, Bangor, and Concord.
Generally, the adjusted LFM QPF was a better forecast than the actual LFM output; although,
the adjusted LFM output (and the NGM) consistently underforecast the amounts. As noted by
Junker et al. (1989), the NGM tends to underforecast heavy precipitation during the winter, The
NGM'’s documented low bias for the first 6-h period (Jensenius 1989) may have affected the
1200 UTC 29 January run. Nevertheless, the NGM model run from this time was the most

accurate forecast of those available.
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5. APPLICATIONS OF NMC GUIDANCE

Several applications of NMC guidance are used to prepare winter storm warnings and
forecasts. These empirical methods include local studies on precipitation types, a "Bomb" or
explosive cyclogenesis checklist, and the use of the "magic chart.” This section looks at the use
of these forecast aids in this case.

5A. Precipitation Type

At WSFO Portland, a locally-derived procedure is used to predict precipitation type (i.e.,
liquid, freezing, or solid), contingent on the occurrence of precipitation (Ronco 1988). This two
part prediction uses the NGM model FOUS low-level temperature forecasts and the Model
Output Statistics (MOS) probability of frozen precipitation (POF) from the LFM for Portland,
Bangor, Caribou, and Concord. Three categories of precipitation type are defined. The liquid
precipitation category includes rain and freezing rain, the solid precipitation category includes
snow and ice pellets, and the mixed category is any combination of precipitation types from the
first two categories. Table 2 shows this output based on the 1200 UTC 29 January models.

The output is for 6-h periods (coincident with NGM FOUS and LFM MOS output), beginning
with a 6-h forecast from model initialization time. Part I shows the relationship of low-level
temperature predictions (T1, T3, and T5) from the NGM (Part I output uses the same format
for temperatures as the NGM FOUS) and the associated probability of precipitation type based
on statistical studies for each site. Part II integrates the LFM MOS POF guidance with the
NGM low-level temperature forecasts and produces a combined probability of precipitation type.

Critical values used by forecasters are empirically derived. Generally, probability forecast
thresholds of 50% are used to forecast rain or snow. A forecast of 10% or greater for the
mixed category suggests the potential for freezing rain and/or ice pellets.

For Caribou, both parts of the procedure correctly predicted an all-snow event. For Bangor,
the Part I prediction was for a brief changeover of snow to rain, before a changeover back to
snow would occur. The Part II prediction indicated that the precipitation would remain all
snow, with never less than a 63% chance of snow. In actuality, the precipitation was snow,
with only a brief period of ice pellets. For Portland, the NGM-based guidance supported snow,
followed by a prolonged period of rain that would change back and end as snow. The combined
output predicted a similar situation, but indicated a shorter period of liquid precipitation. The
observed precipitation was mainly snow, with a considerable period of sleet, or a mixture of the
two. For Concord, the predictions and observations were almost identical to Portland, except
that a brief period of freezing rain occurred.

Overall, Part II of the modified guidance was colder than Part I; that is, it had higher
probabilities of frozen versus liquid precipitation, and was better in this case. The reason for
this was due in part to the LFM forecast of a colder storm track along the coast, as compared
to the NGM track of the low inland. However, both model forecasts were still too warm,
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Table 2. Precipitation-type forecasts (Ronco 1988) from the 1200 UTC 29 January 1990 model
runs. NGM temperatures are-in 'C; POF is in percent; and rain, snow, and mix are
probabilities.

TIT3TS FROM NGM 12Z JAN 29 30

PWM CAR
HR Ti T3 T3 RAIN SNOW MIX HR T1 T3 T5 RAIN SNOW MIX
6 0 85 92 .033 .926 .041 6 96 93 88 .000 1.000 .000
12 0 96 97 .168 .736 .096 12 98 95 88 .000 1.000 .000
18 2 0 1 871 .072 .049 18 95 94 91 .000 1.000 .000
24 3 3 2 .968 .032 .000 24 94 90 96 .019 .854 .027
30 2 87 99 .650 .200 .150 30 94 89 91 000 1.000 .000
36 0 97 2 .409 .409 .182 36 91 88 88 .000 1.000 .000
42 97 98 97 .168 .736 .086 42 87 90 94 .014 .967 .019
48 0 0 95 .113 .825 .062 48 87 92 93 .012 .971 .017
BGR CON

HR T1 T3 T35 RAIN SNOW MIX HR Ti1 T3 T35 RAIN SNOW MIX
6 0 98 90 .000 1.000 .0O0O 6 0 95 84 .099 .844 .0357
12 99 94 92 .033 .926 .041 12 0 97 97 .168 .736 .096
18 0 95 99 .258 ,638 .104 18 3 3 2 .968 .032 .000
24 0 98 0 317 .578 .105 24 4 3 1 .871 .072 .049
30 1 87 97 .52¢ .353 .118 30 1 96 99 .6825 .214 .161
36 98 93 99 .258 .,638 .104 36 99 98 1 .361 .3532 .107
42 94 94 99 .043 .922 .035 42 0 89 97 .168 .738 .098
48 94 98 95 .113 .825 .082 48 0 0 93 .113 .823 .062

RkkkkkkkkRkkkR Rk Rk ekkkRR kR kRkRkkdkkkkkkkkhkkkkkkkkhkkkkkkkkkRrxkkRkk

PWM 29/12Z CAR 29/12Z

HR POF " RAIN SNOW MIX HR POF - RAIN  SNOW MIX

6 98 .007 .886 .007 6 99 .000 .899 .00l
12 . 82 123  ,827 .030 12 99 .007 .986 .007
18 32 -.801 .149 .0350 i8 99 .000 .999 .001
24 24 .844 .119 .037 24 98 .000 .999 .001
30 86 .222  ,771  .00Q7 30 98 .006 '.998 .001
36 67 .158 .782 .080 36 98 .000 .988 .001
42 66 .158 .782 .060 42 97 000 .999 .001
48 69 .158 .782 .060 48 97 .000 .999 .001

BGR 29/122 CoN 29/12Z

HR POF RAIN SNOW MIX HR - POF RAIN SNOW MIX
8 89 . 007 .986  .007 8 97 .007 .986 .007
12 a7 .007 .%86 .007 12 80 .123  .827 .050
18 77 .123  .827 .050 18 50 .718 ,201 .081
24 57 171 .754 .0753 24 31 »718 .201 .081
30 89 .295 .636 .069 30 80 .295 .636. .069
36 g0 .083 .877 .040 36 81 .123 .827 .030
42 86 .014 ,983 .003 42 70 .158 .782 .060
48 83 .123  .827 .0350 48 72 .158 .782 .060
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especially in the region of low-level, cold-air damming over the interior. This error was critical
since NGM temperature predictions are for low levels (assuming the surface is at 1000 mb: T1
extends from 1000-965 mb, T3 from 927-872 mb, and TS from 816-756 mb). The warm error
was in part due to the incorrect track of the model cyclone. Forecasters should adjust the low-
level temperature forecasts, or select a more representative station, if they think the model storm
track will be wrong.

5B. The Meteorological "Bomb" Checklist

An important concern, especially for marine forecasters, is the "Bomb," an explosively
deepening low pressure system moving off the East Coast and out over the open Atlantic Ocean
(Sanders and Gyakum 1980). The meteorological bomb has been defined as a low pressure
system, whose central pressure drops over a 24-h period by an amount equat to, or greater than,
24 mb multiplied by the ratio of the sine of the latitude divided by the sine of 60°N (Sanders
and Auciello 1989). This translates to a pressure fall of at least 20 mb per 24 h for a low
crossing the coast at 45°N.

The storm’s central pressure was 1009 mb at 1800 UTC 29 January and dropped 26 mb to 983
mb by 1800 UTC 30 January; thus, it met the criteria of a "bomb.” As a result, storm force
winds (2 48 kf) developed over the coastal waters of Maine and New Hampshire (Table 3).

To aid forecasters, a checklist was developed using NMC model guidance (both LFM and
NGM) to determine the likelihood of a bomb development (Auciello 1989). The checklist was
developed as an objective aid to forecast bombs out to 36 h within an area bounded by 38°N to
45" N latitude and 55°W to 75°W longitude. The bomb checklist contains six yes/no questions
(Fig. 28) that determine the amount of upper-level dynamical forcing. The checklist requires
an answer of yes on four (or more) of the six questions to determine if explosive cyclogenesis
is likely to occur based on model predictions.

For the 1200 UTC 29 January 1990 run, each model scored positively on five items. Even
though both models underforecast the strength of the surface low as it crossed the coast, the
other five upper-level features were in place, and forecasters could anticipate a deeper surface
low than was forecast by the models.

The next step after the forecaster has determined that a bomb would occur is to forecast at
what time the intensifying storm system would begin to produce storm force winds. This time
is referred to as "time zero" in the checklist and is the midpoint of the 24-h period when the
storm deepens the most. This occurs, on average, when the overtaking 500-mb vorticity
maximum is 300 mi west of the surface low. In this case, it was determined from the 1200
UTC 29 January model runs that storm force winds could be expected along the New England
Coast within 12 h (around 0000 UTC 30 January).

Actually, the surface low began deepening around 1800 UTC 29 January and reached its

maximum strength around 1800 UTC 30 January. Thus, the midpoint of the rapid-deepening
phase of the storm occurred around 0600 UTC 30 January. Observations from buoys showed
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Table 3. Hourly wmd observations from buoys off the New England coast on 29-30 January
1990 Buoy identifiers are as in Figure 8; time is in UTC. Asterisks after the observation
indicate that the data failed quality-control checks and were not transmitted in real time,
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TIME 44007 MDRM1  MISM1 44005 IOSN3 44008  BUZM3 44013
.(UTC) PWM LNB | BOS LNB
29 January
1000 3504 3306G08 3204G06 0208G10 2904G06 0712Gld4 0208G10 2804
1100 0104 3406 3406 - 0508G1l0 2702G04 0714G1l7 0114 0000G02
1200 1004G06 3204G06 3508GMM 0908Gl0 0000 0716G19 0214G16 Q000
1300 0908G10 3406 3608GMM 1010G1l4 0000G02 0917G1l9 0416Gl7 3102G04
1400 1010 0106G08 0406G08 1112Gl4 0000 1019G23 0319G21 0000G04
1500 1416G17
1600 1614G19 1508G1Q 1308 2404 1019623 0417G19 1708G10
1700 2116G1% 1512G1l4 1506G08 0000 1121G25 0614 1106G08
. 1800 2106G08 1612G1lé 1617 1314G17 0304G06 1223G29 0923G25 1014G16
1900 0000 1514 1517G1l9 1216G1l9 0512 1123629 0925G27 1017G21
2000 1516G17 1416 1221G25 1019G2L 1127G33 0927G29 1119G23
2100 1319G23 1317 1319G21 1119G25 0921G25 1131G39 0825G27 1119G23
2200 1321G25 1319G21 1221&23 1121G27 0923G27 1129G35 0821G23 1121G27
2300 1123G27 1221@25 1025G27 1023G29 1033G37 1131G37 0821G25 1025G33
30 January |
0000 1225G33 1023G25 1129G33 1025G31 0925G29 1127G35 0823 0921G27
0100 1131637 1035G39 1027G35 0825G27 1129G33 0819G21 6925631
0200 1125G33 1131G39 1037G43 1031G35 0927G31 0314G16
0300 1027G35 1031G41l 0937G41 1029G37 0727G29 1127G33 0519G21 0823G29
0400 1027G33 0933G4l 0941G45 1031G37 0629G35 1223G29 0317G19 0627G33
0500 1027G33 0941G50 0939G48 1029G39 0635G39 1717G21 0319G21 0527G33
0660 1033G43 0939G45 0943G50 0929G35 0637G41 1921G23 0119G21 0527G37




Table 3. Continued.

TIME * 44007 MDRML MISM1 44005 IOSN3 44008  BUZM3 44013
(UTC) PWM LNB BOS LNB
0700 0833G41l 0937G47 0848G54 0931G39 0539G43 1921G23 Q319 0527G33
0800 0833G45 0943G48 0837G43 1027G33 0541G47 2125G31 0314Gl6 0427G35
0200 0735G4536945G52 0850G58 0919G23 0335G43 1823G27 3610G12

1000 0635G43 0941G4é 0848G56 1406G10 0239G48 2125G29 2310G14 0225G33
1100 0331G37 0950GE60 0847G56 1816G1lS8 0139G47 2433G39 2333G37 0225G33
1200 0231G37 0937G43 0845G52 2027G37 3331G37 2431G41 2725G29 3431G39
1300 3433G39 0939G47 0739G43 2129CG37 3131G37 2435G45 2727G29 3031G39
1400 3337G47 1231G37 1307GMM*2235G43 3037G41 2923G25 2831G39
1500 3235G45 1714G16 3348G56 2835G45 3121G23 2637G45 2821G23 2925G31
1600 3331G39 0000G02 3341G50 2937G47 2917Gl9 2633G41 2823G29 2725G31

1700 3327G33 3445G50%3337G43 3035G45 3031G35 2729G33 2717G19 2825G35

1800 3217G25 3437G45 3237G41 2933G43 3023G29 _ 2319G21 2927G35
1900 23217G23 3431G39 3231G37 3031G37 3027G29 2725G29 3021 2923G29
2000 2912Gle6e 3335G41 3227G29% 3127G33 3017G1l9 2819G25 3116 2921G27
2160 2917G21 3327G31 3121G25 2923G25 2817G21 3012GMM 2919G25
2200 3217G21 3429G31 3125G27 3121G27 3023G27 2616G19 3117G19

2300 3414G17 3425G29 3319G21 3219G27 3117G1l9 2617G21l 2619G21 281&Gl7

G......Peak gust

MM.....Peak gust missing
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EXPLOSIVE CYCLOGENESIS CHECKLIST
VALID NORTH OF 40 DEGREES NORTH LATITUDE AND WEST OF &0 DEGREES WEST LONGITUDE

DATE : 1-29-90 ' FORECAST BASE: 00Z 122

—— o ————————————— — - —

1. Ooes a S00mb absaglute unrti:it} max af 19 (17-NGM) aor greater exist as an
imitial ecgnditian for an ar2a bounded by: 30 to 50 degrses rarth latitude
and 85 ta 110 degrees west !angitude? .

LFM:  YES_X NO ' NGM: YES_ X NO

————— — et o — — - —

2., Oo2s this S00mkh varticity max maintain its initial intensity ar strengthen
on successive 12r 24 346, 48 hour charts?

LEM: YES_X NO ‘ NGM: YES_ X_  NC____

3. Is this S00mb wvorticity max farecast to mave an average aof 30 kna+ts ar
greater through 48 hours?

LFM: YES_X NO____ NGM: YES_ X_ NO____

—— it

4, Dces the initial 500mb varticity max crass the cgast between 32 and 4%
degrees north iatitude?

LFM: YES X NO NGM: YES__X_ NO____

- — -

5. Dges a _Jjet streak of 120 knots (110 knots-NGM) or greater exist at
230 ogr 300mbk in a position Just sauth of the imitial S00mb vgrticity max?

LFM: YES_X_ - NO _ NGM: YES__x_. NO____

—

&, Does the model develop a surtace (ow of 995mb (990mb-NGM) or deeper aver
an area bouncded by 38 ta 45 degrees narth Jatitude and 55 to 7S degrees

west lfamgitude?

LFM:  YES NO__X_ (997 MB) NGM: YES____ NO__X_ (992 MB)

it faur gr mare gf the above conditicons are mets the situatiagn shaoulg be
closeiy menitored +4or the possibility ot explosive cyciogsenesis. :

Assuming a perfect pragnasis af SU0mb varticity by the madel:

1. Time zera (the midpoint cf the 24 hagur period gf greatest deepeninsg)
will agccur when the gvertaking Sd0mb varticity max is 300 miies west

at the surtace |cuw.

Storm force winhnds wili begin cigse to time zera. The strongest
winds will gececur in the west gquadrant af the system,

N

Figure 28. Explosive cyclogenesis ("Bomb") checklist prepared using 1200 UTC 29 January
1990 model output.
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storm force winds began by 0500 UTC 30 January, in fairly good agreement with the observed
deepening of the storm system. Observed storm force winds persisted through 1700 UTC, a
period of 13 h (Table 3).

The model-based checklist predicted storm force winds as much as 6 h too soon, but this
cannot be considered a bad forecast for two reasons. First, it highlighted the need for a storm
warning, even if it led to issuing a premature warning, The extra lead time would alert the
marine community, Secondly, the winds were increasing rapidly during this time period, and
due to the sparse data, storm force winds may have occurred a few hours earlier than the limited
network of buoys have indicated (Table 3). In fact, the coastal winds increased from less than
small craft advisory strength (< 25 kt) to storm force in just eight hours (from 2100 UTC 29
January to 0500 UTC 30 January).

Time series plots of buoy data are updated frequently at WSFO Portland, and in this case
clearly identified the track of the low as it moved north-northeast, hugging the New England
coastline. Occasionally during this storm, buoy data were not available. There were two key
instances (followed by an * in Table 3) when data were not transmitted on a real time basis.
It was obtained, after the fact, upon request from the National Data Buoy Center (NDBC) in
Biloxi, MS. These observations were critical as winds were changing abruptly in both speed
and direction with the passage of the surface low almost directly over buoys MISM1 and
MDRMI.

The NDBC checks all buoy data transmitted into the National Weather Service (NWS)
Automation of Field Operations and Services (AFOS) computer network. At the time of this
event there were certain time variability checks for wind speeds (= 30 kt h'), and when
exceeded, the buoy information is rejected by NMC software (Fred Abel, NDBC, personal
communication), as in this event. These critical buoys had to report missing values due fo the
quality control conditions set by NMC. This was only the second known case from 1982 to
1990 that good data reports were deliberately thrown out.

Limits on wind speed changes for tropical storms have been routinely removed since
extraordinary drops and increases in wind speeds can occur with the passage of the hurricane’s
eye. Since this winter event, the limits on Coastal Marine Automated Network (C-MAN) and
buoy data for extratropical systems have been modified by NDBC (Dave Gilhousen, personal
communication), If certain criteria of pressure changes occur in an extratropical storm with
central pressures below 995 mb, then wind speeds that might have failed the original quality
control procedures are re-accepted (Gilhousen 1991).

5C.  The "Magic Chart"
Another guidance tool available to forecasters for winter storms is the "magic chart," described
by Chaston (1989). This method uses the trajectory model (LFM-derived at the time of this

event, now uses NGM) 700-mb net vertical displacement (NVD) for the 12- to 24-h period
overlaid on the 12-h NGM 850-mb temperature forecast to determine areas of expected heavy
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snowfall during the 12-24 h forecast period. As a rough estimate, +20 mb of NVD in the 850-
mb temperature range of -3 to -5°C is equivalent to an expected snowfall of 2 in (40 mb NVD
= 4 in, etc.). This technique only works for mature or developing synoptic-scale systems with
adequate moisture.

This chart can be made quickly by overlaying AFOS graphics 7WG (NVD) and 82T (Fig. 29),
and is valid for the 12-h period that ends 24 h after the NGM initial time (in this case, 29
January 0000 UTC). Figure 30 shows the magic chart for the second 12-h period based on the
1200 UTC 29 January model run.

Based on these two figures, and the 2 in per +20 NVD conversion, heavy snowfall could be
expected across northern New England between 1200 UTC 29 January and 1200 UTC 30
January with 6-12 in during each 12-h period (3-6 in across northern Maine during the first 12
h).

There are several potential problems that forecasters must be aware of when using this
procedure. First and foremost, this is model-based and only as good as the model. If the model
warms the 850-mb temperatures too much, as it did in this case, the -3 to -5°C band could be
displaced too far north. It also assumes a constant temperature for the entire period, based on
the temperature at the beginning of the period. This is often erroneous, especially in systems
that have one or more changeovers of precipitation type. The best use of the "magic chart,” at
least for this event, is to accept the model NVD field and modify the 850-mb thermal field to
take into account other factors such as the track of the 850-mb low, evaporational cooling, cold
air damming, and 850-mb thermal advection. In areas that remain all snow and have sufficient
moisture to sustain continuous precipitation, this procedure will provide a good first guess of
potential snowfall amounts.

During this event, heavy snow fell in the observed range from -2 to -10°C at 850 mb.
Czepyha (1991) and Evenson (1992) presented case studies that showed how heavy snowfall can
occur further into the cold air than predicted by the magic chart. Along the East Coast, an
onshore flow advects Atlantic moisture inland, which can offset the magic chart -5°C criterion,
supporting heavy snowfall at colder temperatures despite the limited amount of moisture that can
be retained by the atmosphere at these temperatures. For this event, a strong onshore flow
supplied abundant moisture to all of Maine and New Hampshire, well into the cold air.

In an attempt to determine how accurate this method was for this event, which lasted
approximately 18 to 24 h, two 12-h periods of NVD were combined into a 24-h forecast ending
at 1200 UTC 30 January (Fig. 31) and then compared to observed total snowfall (cf. Fig. 1).
Overall, the 160-180 mb NVD across northern New England should have corresponded to 16-18
in of snow given favorable 850-mb forecast temperatures, and generally these amounts did
verify. However, there were a few exceptions. One of the exceptions was in southern New
Hampshire and coastal Maine, where ice pellets, freezing rain, and even some rain kept snow
amounts down to a foot or less. Forecast 850-mb temperatures were warmer than -3°C for
much of the 24-h period (Figs. 29 and 30) in this area; thus, the forecaster should not expect

32




Figure 29. The "magic chart" from the 0000 UTC 29 January 1990 model run. Solid lines
represent LEM-derived 700-mb NVD (12-24 h Net Vertical Displacement), and dashed
lines represent 12-h NGM 850-mb isotherms.

Figure 30. As in Figure 29, except from the 1200 UTC 29 January 1990 model run.
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as much snow as indicated by the NVD values. Also, snowfall amounts up to 20 in fell on
the windward (east) side of the White Mountains, while only 8-12 in fell on the leeward
(west) side, due to the effects of orographic lifting and subsidence, respectively.

6. SOME EMPIRICAL RULES FOR WINTER STORMS

By applying some well known empirical rules of thumb, such as those developed by George
(1960), it can be illustrated how synoptic-scale, dynamic numerical guidance can be tailored to
local conditions. An understanding of local conditions and climatology can be better utilized
to produce accurate and timely forecasts. Often, the busiest time for operational forecasters is
also the most critical time to issue winter storm watches/warnings. Knowledge of empirical
rules allow the forecaster to better utilize his or her time to produce the best forecast for a heavy
snow event.

Several empirical rules used at WSFO Portland include: (1) snowfall is heaviest within the
700-mb closed contours; (2) the 850-mb 0°C isotherm through the 700-mb closed contour
determines the boundary of snow versus rain, while the -2*C isotherm at 850 mb often marks
the start of the moderate to heavy snow band; (3) the northern limit of snowfall is usually within
50 mi of the northernmost point of the last 700-mb closed contour; (4) the heavy snow band is
-about the same width as the distance between the 0 and -2°C isotherms at 850 mb; (5) the heavy
snow will normally occur 100 to 200 mi to the left of the track of the 500-mb vorticity
maximum; and (6) the LFM FOUS boundary layer potential temperature forecasts of 279 K
represents the rain versus snow threshold. These rules have generally shown a high success rate
in the northeastern United States.

During this storm, rules 1, 2, 3, and 5 corresponded closely to the observed distribution of
heavy snow. By comparing initial analyses at 0000 UTC and 1200 UTC 30 January and 0000
UTC 31 January of 700-mb contours and 850-mb isotherms (Figs. 32, 33, 34), it can be seen
how well rules 1, 2, and 3 worked together pointing to areas of heavy snowfall (in Fig. 32 an
intermediate contour [not shown] would better depict the closed circulation around the low height
center over Lake Erie).

Rule 4 was too conservative, as the heavy snow band extended well beyond the distance
between the 0 and -2°C isotherms. This may be explained, in part, by evaporational cooling
and strong warm air advection creating a tight thermal gradient, in addition to orographic
influences enhancing snowfall amounts further inland. As for rule 6, the boundary-layer
temperatures were forecast to remain at or below 279 K on both the 1200 UTC 29 January and
0000 UTC 30 January LFM runs for Maine and New Hampshire. However, this rule of thumb
does not account for warming of a layer above the boundary layer, as happened at Portland (cf.
Section 3C).

These empirical rules are just a few of the many tools that experienced forecasters apply to a

particular event. They take little time to assess and in New England, in particular, they have
been shown to be an effective indicator of a potential significant weather event, when viewed
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Figure 31. The 24-h total NVD, computed from Figures 29 and 30, ending at 1200 UTC 30
January 1990.

Figure 32. NMC 700-mb height (dm; solid lines) and 850-mb temperature (*C; dashed
lines) analyses for 0000 UTC 30 January 1990,
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Figure 34. As in Figure 32, except for 0000 UTC 31 January 1990,
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in the context of the overall synoptic situation.
7. FUTURE CONSIDERATIONS

High resolution data from the WSR-88D radar and vertical wind profilers should aid
forecasters in detecting sub-synoptic-scale features, such as the development and movement of
a coastal front, much sooner. WSR-88D base data (e.g., radial velocity) and derived products
(e.g., Velocity Azimuth Display [VAD] winds) should help determine the strength of the low-
level convergence along the coastal front. WSR-88D precipitation estimates will aid forecasters
in determining precipitation rates for remote areas, and with its finer resolution and better
sensitivity, the radar should be able to detect heavier mesoscale snowbands, as well as the full
areal extent of the snow.

Wind profilers will provide forecasters with a high frequency, three-dimensional cross section
of the troposphere that will enable forecasters to observe developing or changing features above
the ground. Layers of warm and cold air advection, descending jets, the depth of cold air
damming, and low-level jets will be easier to detect than with the current, twice-a-day
rawinsonde observations.

The WSR-88D radar and wind profilers will be extremely useful in providing real-time,
mesoscale data needed to analyze the small-scale features that often have a significant effect on
the synoptic-scale event.

8. CONCLUSIONS

In order to forecast winter storm events in the northeastern United States, operational
forecasters need to examine the important synoptic and mesoscale features, such as coastal
fronts; account for local effects, such as orography; and apply time-tested forecast techniques
and empirical rules. This requires supplementing standard NMC guidance. Data analyses, such
as computing sounding wet bulb temperatures, are very important. Many software applications
can be run on local computer systems that can help forecasters prepare meso-analyses, produce
_statistical prognoses (e.g., precipitation types), and prepare special charts based upon standard
NMC guidance (e.g., the "magic chart"). The winter storm of 29-30 January 1990 is an
excellent example of how the operational forecaster can combine the use of NMC guidance with
local applications software, techniques, and rules of thumb to produce a better forecast.
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