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ABSTRACT

Strong winds are common to the Great Lakes region, western New York in particular, and are
responsible for significant damage and monetary loss each year.  Although damage often occurs from
thunderstorm or convectively induced wind gusts, numerous non-convective high wind events occur
with the passage of strong synoptic scale weather systems across the area.
 
A total of 52 non-convective high wind events over a 20-year period were identified and analyzed
in western New York.  Various results were calculated from the data including the seasonality of the
occurrence of high wind episodes and the prevailing wind direction for each event.  Tracks of the
surface lows were plotted by month and composite atmospheric fields of sea level pressure, 850 mb
height and temperature and 500 mb heights were constructed to provide the synoptic scale pattern
conducive to such events.  Select case studies were also analyzed to identify additional parameters
conducive to non-convective high wind events that are not possible to evaluate from a climatological
point of view.

The occurrence of high wind events showed a marked seasonality from late Fall through early
Spring.  The prevailing wind direction was predominantly southwest to west with relatively few
events occurring from a northwest through southeast direction.  Tracks of surface lows were similar,
with the centers moving from southwest to northeast and passing generally to the north and west of
the area of study.  Composite atmospheric fields revealed a particular synoptic scale weather pattern
conducive to high wind events across western New York.  Case studies highlighted other significant
parameters conducive to the development of high winds that are not apparent in the climatological
composite charts.  The information presented here will hopefully provide forecasters with a better
understanding of these events.
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1.  INTRODUCTION

High winds produce significant damage and monetary loss across the Great Lakes Region and
western New York each year.  Damage is not restricted to inland areas but ravages lakeshore areas
too.  A windstorm that occurred at the east end of Lake Erie on 1-2 December 1985 produced
millions of dollars of losses on both the American and Canadian shores.  Hundreds of homes were
damaged along with the loss of substantial amounts of lakefront property (Storm Data 1985).  In fact,
from a historical point of view, the loss of life attributed to such storms on the Great Lakes during
1868-69 prompted the United States Congress to form a national weather service (Hughes 1970).

Non-convective high wind events generally occur in association with strong cyclones that cross the
Great Lakes Region.  Angel and Isard (1998) reviewed the frequency and intensity of Great Lakes
cyclones and found that the frequency of strong cyclones was greatest during the cold season months
from November through April.  Kapela et al. (1995) studied wintertime post cold frontal wind events
over the Northern Plains.  They identified several atmospheric ingredients that contribute to high
winds.  From their list of parameters an operational checklist was developed to assist the forecaster
in the issuance of high wind warnings.  Lee and Girodo (1999) analyzed low-level lapse rates to
detect the depth of the mixed layer and subsequent potential for the downward mixing of strong
winds to the surface.  They found that the ability to determine the depth of the mixed layer is very
important to the prediction of surface wind speed.

This study was motivated by a need to develop a climatology of high wind events across western
New York to be used as a guidance tool for operational forecasters.  The seasonality of such events
was determined to highlight the most critical time of occurrence throughout the year.  Events were
also stratified by wind direction.  To learn the common synoptic scale patterns that produce such
events composite atmospheric fields of sea level pressure, 850 mb height and temperature and 500
mb heights were constructed from the data.  Atmospheric soundings were also analyzed for each
event to detect specific patterns of temperature, moisture and wind profiles.  Finally, the last section
of the paper presents two case studies to highlight features shown to be common to such storms in
other parts of the country (Kapela et al. 1995).  In particular, the surface isallobaric pattern associated
with the storms will be compared to processes that are ongoing farther up in the atmosphere.  The
case studies will reinforce the importance of hourly surface analyses that can indirectly provide
valuable information on processes at that may be ongoing at other levels in the atmosphere.

2.  DATA

To get some perspective on just how windy western New York is, 140 U.S. cities were ranked for
average wind speed during the winter months (National Climatic Data Center 1993).  Buffalo, New
York, located at the eastern end of Lake Erie was ranked as the tenth windiest city in the U.S. during
the winter season (Table 1).  Other eastern Great Lakes locales ranked relatively high on the list
included Erie, Pennsylvania at 23rd and Cleveland, Ohio at 33rd.  For this study, Buffalo was chosen
as the representative site for data analysis in western New York. 

A high wind event was defined as a day in which a non-convective thunderstorm wind gust of 50
knots or greater was recorded at Buffalo, New York.  Those events identified as a result of
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thunderstorm wind gusts were eliminated from the data set.  The study period comprised a data set
that spanned a twenty-year period from 1977 through 1997.  Events were chosen from locally
archived data at the National Weather Service office at Buffalo, NY.  For each high wind event
identified, atmospheric composites of sea level pressure, 850 mb height and temperature, and 500
mb heights were calculated.  This information was obtained from the National Center for
Environmental Prediction (NCEP) octogonal grids (Jenne 1975).  In addition, for each event,
archived atmospheric soundings taken at Buffalo, NY were analyzed.  The sounding data was
compiled from the National Climatic Data Center (NCDC 1995).

3.  RESULTS

High wind events were categorized by each month of the year (Figure 2).  They showed a
preponderance for occurrence during the late Fall through early Spring, corresponding closely with
Angel and Isard’s (1998) frequency of Great Lakes cyclones, which were most prevalent during the
cold season months from October through April.  The data also matches very well with the work
described by Pore et al.(1975) describing the climatology of Lake Erie storm surges at Buffalo, NY.
In their study it was determined that 94% of significant storm surges at Buffalo occurred during the
period from September through April.

The events were also categorized by wind direction and the results were even more dramatic.  An
overwhelming number of events occurred with wind direction from southwest or west (Figure 3).
Virtually no events occurred with winds directions from north through southeast.  The results suggest
that there may be other factors that could have led to such an overwhelming percentage of southwest
to west winds.  Buffalo’s location on Lake Erie may play an important role in the stratification of
wind direction.  Buffalo is located immediately downwind of the long fetch of the elliptically shaped
lake.  Lake Erie narrows significantly at its eastern end and produces increased channeling of
southwest to west winds at Buffalo.  Richards (1966) also showed that in cases when cold air
overrides the warmer lake waters, common during the fall through winter months, one can expect
a significant increase in wind speed.  It would seem reasonable therefore that Buffalo and the western
New York area would see most of their high wind events occur during the cold seasons of the year
with prevailing winds from a southwest to west direction.

The track of the associated surface lows that eventually produced high winds were plotted on a
monthly basis.  In general, storm tracks do show a definite and expected pattern, with surface lows
moving from southwest to northeast and passing to the north and west of the eastern Great Lakes
region, though there were a few exceptions, mainly during the month of January (Figures 4a-g).  The
storm tracks match very well with the observation that all of the high wind events occurred in the
southwest to west quadrant of the surface low in the wake of the cold frontal passage.

To develop a more thorough understanding of the synoptic scale pattern that produces non-
convective high winds, a series of composite atmospheric charts were constructed by averaging each
parameter over the 52 cases.  The charts included sea level pressure, 850 mb height and temperature,
and 500 mb height, temperature and vorticity.  The composites, available at 12-hr intervals and
shown in Figures 5-7, were plotted for approximately twelve hours before the high wind event
occurred (t-12h), near the time of occurrence of the high wind event (t=0h), and twelve hours after
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the event occurred (t+12h).  The composites do not provide in-depth analyses of the forcing
functions or other atmospheric parameters responsible for high wind events.  However, they do point
out to the operational forecaster the general synoptic scale pattern conducive to such events.

The 500 mb height fields (Figure 5a-5c) revealed a meridional trough at t-12h over the center of the
U.S.  The axis of the trough swings through the eastern Great Lakes between t=0h and t+12h.  The
associated vorticity field indicates a vorticity maximum that tracks from southwest to northeast
across the Great Lakes region during the period of high winds. This scenario generally is in
accordance with the evidence provided by Kapela et al. (1995) on Northern Plains events except in
the current study the vorticity center moves in a northeast direction as compared to their southeast
moving feature.  However, the result is similar, namely the eastern Great Lakes region is under an
area of strong anticyclonic vorticity advection (AVA) and related subsidence and downward
momentum transfer aloft during the period that high winds were recorded (Saucier, 1955)

The composite 850 mb height and temperature advection fields (Figure 6a-c) indicate a closed low
at t-12h that moves eastward, just to the north and west of the eastern Great Lakes.  This pattern
shows a tightly packed height field to the south of the center of the low and certainly suggests a
strong southwest to west wind field across the eastern Great Lakes.  The associated temperature
advection field clearly indicates a well defined temperature rise/fall couplet that crosses the eastern
Great Lakes region.  Significant cold air advection is taking place at this level during the period of
strong winds.  Strong cold air advection through the lower levels of the atmosphere ensures steep
lapse rates that are necessary to produce downward transport of higher momentum air to the surface.

Finally, MSLP composites (Figure 7a-c) clearly show a strong closed low that deepens as it moves
in a northeast direction to the north and west of the eastern Great Lakes.  During the time of strongest
winds (t=0h) the composite suggests that cold frontal passage has occurred with a very tightly packed
pressure gradient across the eastern Great Lakes producing strong southwest to west winds over the
region.

Although the composite charts provide an excellent description of the major synoptic scale features
that produce such high wind events, there are other parameters that are very important in the
prediction of high winds.  One scenario that forecasters often face in western New York occurs ahead
of cold fronts.  In such a pattern there is often a lack of strong surface winds when the winds aloft
are very strong.  Wind speeds at 850 mb may be in excess of 50 knots but the downward transport
of those high winds does not occur due to a lack of mixing.  The lack of mixing is often the result
of a small lapse rate or even a temperature inversion.

In an effort to try to quantify this scenario, atmospheric soundings for the high events were compared
to a set of soundings described as “decoupled” non-high wind events.  The “decoupled” events were
compiled for the same time period and were defined when winds greater than 50 knots occurred at
850 mb but were less than 25 knots at the surface.  As Table 2 indicates, the average surface to 850
mb lapse rate for high wind events was approximately 8 ° C, but for non-events the lapse rates were
only about 3.5 ° C.  In addition, there was significant veering in the wind direction from the surface
through 850 mb in non-events, suggesting strong warm air advection, whereas in the high wind
events, winds were almost unidirectional through that layer.
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It is very important therefore to not only understand the synoptic scale pattern that is conducive to
these events but to look at other features as well.  Two case studies of high wind events in western
New York were analyzed to highlight other forecast parameters that are important predictors for high
winds. 

4.  CASE STUDIES

In the preceding climatological review, it was noted that most of the high wind events that occur in
western New York are associated with surface and 850 mb low height centers that  move north and
west of the area.  The 700 mb and 500 mb troughs also followed a southwest to northeast path that
tracked just north of the lower Great Lakes.  The track of the surface and upper level lows places
western New York in a location that favors southwest to west flow during high wind events.

The climatological summary was very helpful in identifying the large-scale synoptic patterns that are
associated with high wind events in western New York.  It would be worthwhile to go one step
further and examine how the synoptic patterns produce temperature profiles and vertical motions that
are conducive to high winds at the surface.  While this type of analysis is beyond the scope of a
climatological study, it is important to examine some of the specific processes that lead to high
winds in order to understand the significance of the general climatological trends.

In an investigation of post-cold front high wind events on the northern plains, Kapela et al. (1995)
constructed an operational checklist of some of the key factors that are associated with high winds.
In this part of the study, we will evaluate several components of this checklist to see how they
contributed to two high winds events that affected western New York. 

In February 1997, two significant wind storms affected western New York within a time span of one
week.  In each event, strong low pressure centers moved across southern Ontario and western New
York state and were accompanied by a significant change in temperature.  The rapid exchange of
contrasting air masses produced significant changes in surface pressure which ultimately led to the
high winds.

We chose to approach this part of our study from the point of view of a forecaster in a real-time
operational setting.  High wind events were analyzed using PCGRIDDS and the Eta model.  Not only
did this allow us to test the effectiveness of Kapela’s high wind check list for western New York,
we were also able to simulate the steps that a forecaster might have to take to predict high winds.

4.1.  22 February 1997 

The first high wind event occurred on 22 February 1997.  A strong cold front moved through Buffalo
around 0800 UTC, dropping the surface temperature dropped from 15 ° C to 4 ° C in just three
hours.  Gusty southwest winds preceded  the front, but the strongest  winds developed after 1200
UTC.  This windstorm was significant in both its intensity and duration.  A peak wind gust of 56
knots occurred at the Buffalo International airport at 1400 UTC and sustained winds of 30 knots or
greater were recorded from 1900 UTC through 2400 UTC.  In addition, wind gusts of 30 knots or
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higher were recorded for almost twelve hours.  The high winds had a substantial effect on western
New York.  In Buffalo and Rochester, the combined structural damage totalled over one million
dollars and flooding occurred along the east end of Lake Erie (Storm Data 1997).

4.1a.  Cold Air Advection

 The Eta model, initialized at 0000 UTC 22 February 1997, showed a 994 mb surface low located
in the vicinity of southern Michigan and northern Ohio.  Between 0600 UTC and 1200 UTC, the
surface low was forecast to move from Buffalo to Watertown before reaching the New England
states by 1800 UTC (Fig 8a-c).  The forecast track of the 850 mb low followed a similar path except
that is was farther to the north and west (Fig 8d-f).  The 700 mb low was displaced even farther to
the northwest, in the direction of the colder air.  This is a pattern that would be expected with a well
developed extra-tropical low.  

The onset of the cold air advection over western New York was accompanied by a lowering of the
1000-500 mb thickness values shortly after 0600 UTC.  At 850 mb, the closely spaced height lines
crossed the isotherms at nearly right angles, implying strong cold air advection at this level as well
(Figures 8d-f). 

Following the example of Kapela et al. (1995) , the cold air advection pattern was analyzed through
the 850-500 mb layer.  The Eta 1000-500 mb thickness field and the temperature advection at 850mb
suggested that the cold air advection would last from about  0600 UTC until 1800 UTC.  During this
period, the thickness values near Buffalo lowered from 553 dm to 528 dm.  The Eta also forecast a
corresponding temperature decrease of 26 ° C at 850 mb, 22 ° C at 700 mb and 20 ° C at 500 mb.
It is noteworthy that the strongest cold air advection was forecast to occur in the lower levels.  This
is often  the case during cold air outbreaks.  The strong subsidence (and resulting adiabatic
warming), that is commonly associated with very cold air, works to slow down the cold air advection
at the middle and upper levels of the atmosphere.  This may have important implications which will
be addressed later.  To summarize up to this point, the Eta model indicated a very tight surface
pressure gradient and strong cold air advection through a deep layer.  Forecasters know from their
experience that a tight surface pressure gradient does not always guarantee that high winds will
develop at the surface.  Sometimes, in the warm sector ahead of cold fronts, strong winds are
observed at 850 mb.  However, the presence of a temperature inversion ahead of the front will inhibit
mixing and prevent the transport of higher winds aloft down to the surface.   

The main point to emphasize is that the presence of a deep layer of very cold air does indicate a
potential for strong subsidence which can lead to the transfer of high momentum air down to the
lower levels of the atmosphere.

4.1b.  Subsidence

With a deep layer of cold air in place after 0600 UTC on the 22nd, we must consider if  there is a
mechanism that will help to transport cold, high momentum air down to the surface.  In Figure 9a-c,
the 1000-500 mb thickness field overlaps the vorticity isopleths at 500 mb.  Combining the thermal
advection through the 1000-500 mb layer, with the vorticity advection at 500 mb is one way we can
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apply the omega equation to determine where upward motion or subsidence will be occurring in the
atmosphere. 

While it is more accurate to relate vertical motions to differential vorticity advection through a layer
of the atmosphere, many forecasters examine the vorticity at 500 mb to get a first approximation
where large scale upward motion (or subsidence) is likely to occur.  Since the level of nondivergerce
is close to 500 mb, this approximation often works fairly well.  In an attempt to identify regions of
strong subsidence in the atmosphere, Kapela et al. focused on areas that were upstream of upper level
troughs.  Specifically, they looked for areas where tightly packed vorticity isopleths overlapped
tightly packed thickness line (often referred to as Negative Isothermal Vorticity Advection or NIVA)
that were decreasing in value.  Applying the omega equation, we can reason that a combination of
strong anticyclonic vorticity advection (AVA)  and strong cold air advection imply sinking  motion
(Bluestein,1992).

Figure 9a (0600 UTC thickness/vorticity) shows weak cyclonic vorticity advection (CVA) over
western New York, but the strongest AVA and greatest thickness packing is still well to the west.
At 1200 UTC (Figure 9b) the Eta showed lower thicknesses over western New York, but CVA is
still dominating the target area.  Therefore, as of 1200 UTC, these two components of vertical
motion are still working against each other and we would not expect to see strong sinking motion
through a deep layer in the atmosphere.  Looking ahead to 1800 UTC (Figure 9c), the 500 mb trough
has moved east of Buffalo and the area of strong AVA  is coincident with the tight gradient of
lowering thickness values. This implies a potential for strong subsidence between 1200 UTC and
1800 UTC.

Now that we have a mechanism to bring the cold air down, the next question is will the subsiding
air work its way all the way down to the surface and generate strong winds?  To answer this
question, we must look at the Buffalo sounding and examine the lapse rates. 

4.1c  Lapse Rates

Kapela et al.(1995) remind us that low level cold air advection alone will not sustain strong winds
for long a time unless higher momentum air is transported down into the boundary layer.  The
presence of a steep lapse rate in a well-mixed layer is one to way to accomplish this momentum
transfer.

Figure 10a is a reproduction of the 1200 UTC February 22  Buffalo sounding.  One obvious feature
of the temperature plot is the presence of an inversion from 900 mb to 800 mb.  The wind profile
shows very strong (greater than 50 knots) southwest winds above 2000 feet AGL. While the surface
winds were gusting up to 38 knots at the time the sounding was taken, the stronger winds above 2000
feet had not mixed down to the surface.

The presence of the low level temperature inversion and the noticeable speed shear between 1000
and 2000 feet are clear indications that the sounding is not well mixed at 1200 UTC.  Even though
this sounding represents conditions four hours after the cold front moved through Buffalo, it appears
that the cold air had not filtered down through a deep enough layer to eliminate the inversion.  This
resulted in a significant difference in the rate of cooling within the boundary layer.  
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Cold air outbreaks are usually accompanied by strong subsidence which causes the air to warm dry
adiabatically.  While adiabatic warming of the subsiding air does promote the downward transfer of
higher momentum air, this process can be counter-productive to momentum transfer if the lowest
layer of the atmosphere cools too quickly.  Indeed, this appears to be the case at 1200 UTC.  A
comparison of the 0000 UTC and 1200 UTC soundings ( Figures 10a-b) shows that by 1200 UTC
there was a much greater drop in temperature in the region below 900 mb compared to the layers
aloft. This resulted in the formation of a temperature inversion which in turn delayed the transfer of
stronger winds to the surface by 1200 UTC.  The disparity in the rate of cooling within the boundary
layer is a good demonstration of Kapela’s observation that the processes that support the production
of a steep lapse rate must stay one step ahead of the processes that favor the formation of a
temperature inversion.

Between 1200 UTC and 1800 UTC, the thermal structure of the atmosphere became much more
favorable for the downward transport of the higher momentum air.  The Eta’s indication of a tight
gradient of lowering thickness values and AVA at 500 mb (NIVA) implies strong sinking motion
across western New York.  A review of the 0000 UTC 23 February Buffalo sounding (Figure 10c)
showed that the low level temperature inversion was wiped out and replaced by a superadiabatic
lapse rate that extended from the surface up to about 925 mb.  Once the inversion was broken, it did
not take long for the strong winds to reach the surface.  Recall that the strongest winds in Buffalo
were observed around 1400 UTC.  The main point to emphasize here is that a steep lapse rate is the
mechanism that promotes good mixing and allows the higher momentum air to reach the surface.

The 0000 UTC February 23 sounding displays another characteristic that contributes to the transfer
of stronger winds to the surface.  The wind profile shows less than 30 degrees of directional shear
from the surface to 500 mb. The alignment of the winds also makes it possible for better transport
of the higher momentum air to the surface (Kapela et al. 1995).

4.1d  Surface Pressure Rises

With a steep lapse rate to facilitate the transport of strong winds down to the surface, one would
expect to see a significant rise in surface pressure.  In an operational setting, a forecaster  can
monitor the 3-hour pressure changes to identify areas of significant pressure falls or rises.  A
significant (greater than 3 mb) rise in surface pressure in three hours can alert the forecaster to the
possibility of strong winds in the near future (less than six hours).  The benefit to the public would
be even greater if the forecaster could provide a longer lead in time by issuing a high wind watch.
Fortunately, we have another tool in our forecasting arsenal that will help to accomplish this.  An
isallobaric analysis of model data will help us anticipate the possibility of high winds twelve to
twenty-four hours in advance.

To quickly review, the isallobaric component of the horizontal wind is proportional to the time rate
of change of the acceleration that is induced by the pressure gradient force (Bluestein 1992).  In other
words, the isallobaric component of the wind represents an acceleration from an area of pressure
rises into an area of pressure falls.  The greater the difference between the rise-fall couplet, the
stronger the acceleration into the area of pressure falls.  
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Since we are interested mainly in highs winds that follow the passage of strong cold fronts, it would
be beneficial to be able to forecast the track of the isallobaric rise maximums.  The 6-hour isallobaric
rise-fall couplets from the Eta model during an 18-hour time period are shown in Figures 9d-f.  The
0600-1200 UTC rise-fall couplet showed an 11 mb maximum pressure rise over western Ohio, while
a much weaker pressure fall maximum was forecast over Quebec province.  While this rise-fall
couplet spans the time of the cold frontal passage (0900 UTC), the acceleration from the maximum
pressure rises into the maximum pressure falls is directed into southern Ontario.  This suggests that
between 0600 UTC and 1200 UTC the strongest winds would occur over northern Ohio and
southeast Michigan and maybe part of Southern Ontario, just east of Lake Huron.

Between 1200 UTC and 1800 UTC , the Eta model showed an isollabaric rise maximum of 14 mb
directly over Buffalo.  A tight isallobaric gradient stretched across central and northern New York
and continued toward the area of maximum low pressure falls, located just north of the New England
states.  In the time interval from 1800 UTC to 0000 UTC, the isallobaric rise maximum was forecast
to move to northern New York state, just east of Watertown.  If we follow the track of the isallobaric
rise maximum, we can see that the timing of the location of the maximum pressure rises corresponds
very closely to the time when the strongest winds were observed in Buffalo (Table 3).  That is, the
projected path of the isallobaric rise maximum suggested that the strongest winds in western New
York would occur in the time interval from a little after 1200 UTC to about 2100 UTC.  During the
time period when the strongest pressure rises and tight isallobaric gradient were forecast to move
east of Buffalo, the surface observations showed a corresponding decrease in wind speed.  From
Table 3 we can also compute the 3-hour pressure rises at the surface and see how these relate to the
peak winds that were observed during each 3-hour time interval.  The trend of the plot of the 3-hour
pressure rises is what you would expect when high momentum air aloft is transported down to the
surface.

It is important to note that while most of western and central New York experienced high winds as
the surface low moved across Lake Ontario, the strongest winds were felt downwind of Lake Erie
from Buffalo to Rochester.  This is consistent with climatology.  Also recall that the shape and east-
west orientation of Lake Erie creates a channeling affect that enhances the southwest to west winds
in Buffalo and areas downwind of the lake.

To briefly summarize, on 22 February 1997 a tight pressure gradient around a well- developed low
hinted at the possibility of strong winds across western and central New York.   The combination
of strong cold air advection through a deep layer of the atmosphere and strong AVA at 500 mb
suggested good potential for subsidence.  Finally, the presence of a steep lapse rate promoted good
mixing which ultimately encouraged the transfer of strong winds down to the surface.  The strong
surface winds were accompanied by 3-hourly pressure rises that ranged from 6 mb to 10 mb.  The
strong winds and surface pressure rises also correlated very well with the forecast track of an area
maximum isallobaric rises.

Since all the factors that lead to strong subsidence in the atmosphere are ultimately reflected in
strong pressure rises at the surface, the 3-hour pressure tendency changes become an invaluable tool
to predict the location and timing of high winds.  This is especially true in an operational setting
where there is not always enough time to do a detailed analysis of the model data, or a pertinent
sounding may not be available.  The forecaster must remain alert to the possibility that high winds
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may reach his/her area before the strongest pressure rises are revealed by the 3-hour pressure
tendencies on the surface map.  Therefore, if high winds are expected within the next 6 hours, for
example, it may be a good idea to monitor the pressure changes each hour.

If  two consecutive runs of the model data show strong isallobaric rises at the surface, this would
certainly give forecasters more confidence in issuing a high wind watch or warning for their area of
responsibility.  The main point that we wish to make is that performing an isallobaric analysis using
the model data is an excellent way to prepare for the possibility of high winds.  If the models suggest
that there is a good potential for high winds, the forecaster should monitor the upstream observations
for strong pressure rises at the surface.  The track of the pressure rise/fall couplet at the surface can
then be used to identify the general location of the highest winds in the near future.

4.2.  27 February 1997 

The second high wind event took place on 27 February 1997 and showed many similarities to the
one that affected Buffalo on February 22.  A strong low pressure center moved from Indiana to
southern Ontario.  A cold front that was associated with the low moved through Buffalo around 1700
UTC and was accompanied by an 11 ° C drop in temperature in just one hour.  The combination of
strong cold air advection and rapid pressure rises behind the frontal passage led to very strong
southwest winds during the afternoon into the early evening.  At 2100 UTC, a peak wind gust of 61
knots was reported at the Buffalo airport and winds gusts of 50 knots or greater were recorded for
five consecutive hours. Other wind gusts included 70 knots at Niagara Falls, 65 knots at Rochester
and 50 knots at Batavia.  These strong winds caused more structural damage across western New
York and disrupted air traffic at the Buffalo airport for several hours.

4.2a.  Synoptic Pattern and Cold Air Advection

Figure 11 shows the Eta's forecast (initialized at 1200 UTC 27 February) track of the surface and 850
mb low pressure heights.  The surface low was forecast to move just north of Buffalo, while the 850
mb low was forecast to follow a path that would take it north of Lake Ontario.  These tracks are very
similar to the ones taken by the surface and 850 mb composites that were constructed from the
climatological study.  Isopleths of 850 mb height contours show a very tight west to southwest
gradient across Lake Erie and western New York from 1800 UTC through 0000 UTC. 

From an analysis of the model thickness fields and temperature advections at 850 mb, it was
determined that cold air advection would begin around 1800 UTC and continue through 0000 UTC.
During this time period the Eta indicated a modest temperature decrease of 13 ° C at 850 mb, 6 ° C
at 700 mb and 5 ° C at 500 mb, relatively weak cold air advection compared to temperatures changes
that were forecast for the February 22 high wind event.

4.2b.  Subsidence

At 500 mb, a weak shortwave was forecast to move from the Central Plains and approach western
New York shortly after 1800 UTC .  Between 1200 UTC and 1800 UTC, the thickness and vorticity
patterns (Figures 12a-c) indicated that the Eastern Great Lakes area would be dominated by PIVA.
Therefore, no organized subsidence should be expected during this time period.  By 0000 UTC 28
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February, the Eta showed lowering thickness values and weak AVA (hence NIVA) over western
New York.  While NIVA does not appear to be as well defined as it was on February 22, the pattern
is consistent with Kapela's observation that the strongest subsidence occurs in the west or southwest
quadrant of the vorticity center.
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4.2c.  Lapse Rates

The 1200 UCT 27 February Buffalo sounding (Figure 13) shows an inversion at the surface and
another shallow inversion based just below 900 mb.  The wind profile shows sharply veering and
relatively weak winds in the lowest 5000 feet of the atmosphere.  This is a clear indication that warm
air advection was occurring at 1200 UTC and we would not expect subsidence to develop.  However,
above 6000 feet, the wind profile shows a significant increase in wind speed with much less
directional shear.  This observation is a clue that high winds may develop at the surface later in the
day.  Unfortunately we cannot analyze the 0000 UTC 28 February Buffalo sounding to see how the
lapse rates and wind profiles changed.  The strong winds that developed during the afternoon made
it impossible to launch an evening sounding.  However, we can still do an isallobaric analysis to see
if the pressure rise patterns hinted at the possibility of high momentum air being transferred down
to the surface.

4.2d.  Pressure Changes

Figures 12d-f show the isallobaric fall/rise couplets that the Eta indicated before, during and after
the high wind event.  Between 1200 UTC  and 1800 UTC the model indicated an 18 mb pressure
difference between a strong pressure rise center over Indiana and a moderately strong pressure fall
center over central New York.  The isallobaric gradient was directed toward western New York
during this time interval, but the model was still showing pressure falls across the area.  During the
next 6 hour interval, the Eta indicated a 15 mb pressure rise center over Michigan while the pressure
fall center showed a weakening trend as it moved toward the New England states.  Finally, between
0000 UTC and 0600 UTC (February 28), the maximum pressure rise was centered just north of Lake
Ontario.  When we follow the path taken by the isallobaric rise maximum and compare it to the
timing of the strongest observed wind speeds in Buffalo (Table 4), it is apparent that the strongest
winds occurred during the time period when the Eta had indicated the largest pressure rises across
western New York.

4.2e.  Implications of the Dry Slot

Kapela et al. (1995) pointed out that the presence of a dry slot in the southwest or western quadrant
of a vorticity maximum is another indication that subsidence is occurring in the atmosphere.  A
comparison of the vorticity pattern with the Eta model indication of mean relative humidity in the
1000-500 mb layer (Figure 14) reveals that on February 27 a well defined dry slot was forecast to
develop in the southwest quadrant of the eastward moving vorticity maximum.  The heavy arrow on
the mean relative humidity plot marks the location of the dry slot.  Following the track of the arrow,
the model indicated that the dry slot would be in the vicinity of western New York from 1800 UTC
through 0000 UTC.  Not surprisingly, the location of the dry slot corresponds to the timing of the
maximum pressure rises and peak winds across western New York.

A quick review of the surface observations for February 27 (Table 4) shows that from 1900 UTC
until 2100 UTC mostly sunny skies were reported at the Buffalo International Airport.  This
observation is a good indication that a dry slot did indeed work its way into western New York.
Since the dry slot is evidence that subsidence is occurring in the atmosphere, we can infer that the
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sinking motion and mixing within the dry slot encouraged the downward transfer of strong winds
to the surface.

In conclusion, even though the Eta did not indicate strong cold air advection through a deep layer
of the atmosphere on February 27, it still hinted at the possibility of strong subsidence in the
isallobaric rise pattern and in the development of the dry slot.  Without the 0000 UTC sounding, we
cannot verify if good mixing within the boundary layer was the mechanism that ultimately
transported the high momentum air down to the surface.  But, the surface observations did show
strong cold air advection and strong pressure rises.  The Eta also hinted at the possibility of strong
winds in the surface pressure pattern and in the tight height gradient at 850 mb.  Finally, the
channeling of the winds at the eastern end of Lake Erie undoubtedly made a strong contribution to
the increased wind speeds that were observed in Buffalo, Niagara Falls and Rochester. 

5.  CONCLUDING REMARKS

In general, non-convective high wind events in western New York follow a specific seasonality,
occurring from late Fall through the early Spring months.  Wind direction is almost always from
southwest to west, which coincidentally is the prevailing wind direction in western New York.  The
orientation of Lake Erie most likely plays an important role in the overwhelming number of high
wind events that occur from a southwest to west direction.

High wind events occur under a specific synoptic scale conditions.  Storm tracks generally align from
southwest to northeast and low centers almost always cross to the north and west of western New
York.  Composite synoptic scale charts developed from 52 events over a period of 20 years reveal
that the surface low generally tracks across the Great Lakes region with tightly packed isobars
oriented in a west-east direction, allowing for strong southwest surface winds to develop across
western New York.  The structure of the low is tilted slightly toward the northwest and colder air.
At 850 mb, a closed low tracks from the western Great Lakes, northeast through the province of
Ontario just south of James Bay, Canada.  The low is accompanied by a temperature rise/fall couplet
that produces very strong cold air advection across western New York during the period of high
winds.  Farther aloft at 500 mb, a deep, meridional trough accompanied by a strong cyclonic vorticity
center crosses western New York at about the time of high winds.  The combination of strong
anticyclonic vorticity advection coupled with strong cold air advection matches well with the Kapela
et al. (1995) description of post cold frontal high wind events in the Northern Plains.

Composite atmospheric soundings for high wind events reveal surface to 850 mb lapse rates of about
8 ° C and little change in wind direction with height.  In comparison, non high wind events that
exhibited strong winds aloft had much weaker lapse rates and veering winds with height suggesting
a subsidence inversion that prohibited downward momentum transfer and stronger winds to the
surface.

Case studies of two events revealed additional information beyond the scope of climatological data.
In addition to tightly packed surface isobars, high wind events were accompanied by very strong cold
air advection through a deep layer of the atmosphere.  The cold air advection led to strong
subsidence and downward transport of higher momentum air across western New York as reflected
in the advection of the 1000-500 mb thickness field.  Both cases also revealed that high winds
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occurred in conjunction with steep low level lapse rates that insured mixing of stronger winds aloft
down to the surface.  Finally, many of the processes conducive to high winds that occur higher in
the atmosphere are reflected in one very important surface field, namely surface pressure rise/fall
couplets that contribute to an isallobaric component of the wind.  Both case studies revealed
significant surface pressure rise/fall couplets that tracked along the direction of the prevailing wind
in roughly a southwest to northeast direction.

This study serves to develop a climatology of non-convective high wind events in western New
York.  Composite synoptic scale patterns constructed from a twenty year data set of high wind events
provide a general picture of the large scale weather patterns conducive to such events.  Finally, select
case studies highlight the most important forecast parameters as well as realtime surface data that
can be utilized for the prediction of high wind events.  The information provided here will hopefully
serve as a reference for the operational forecaster in the prediction of non-convective high winds in
western New York.
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Table 1. Top ten windiest cities in the continental U.S. during the period that extends from
November through April (NCDC, CD-ROM Series).

Top Ten Windiest U.S. Cities During November Through April Time Frame

1. Blue Hill, MA 17.0 mph

2. Casper, WY 14.7

3. Cheyenne, WY 14.5

4. Dodge City, KS 14.3

5. Great Falls, MT 14.2

6. Rochester, MN 14.1

7. Amarillo, TX 13.8

8. Boston, MA 13.5

9. New York, NY (Laguardia) 13.5

10. Buffalo, NY 13.2

...

23. Erie, PA 12.5

...

33. Cleveland, OH 11.9
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Table 2.  Temperature and wind data averaged for 52 high wind events and 132
“decoupled” non-high wind events during 1977-97 at Buffalo, NY.

Parameters Events Non- Events

Surface Temp (°C) 2.8 7.1

Surface Wind Speed (kts) 27.4 14.0

Surface Wind Direction 243 195

850 mb Temp (°C) -5.2 3.5

850 mb Wind Direction 246 233

850 mb Wind Speed 53 57

Surface - 850 mb Temp (°C) 8.0 3.6

700 mb Temp (°C) -11.7 -3.5

700 mb Wind Direction 253 240

700 mb Wind Speed 56 55
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Table 3. Temperature (°C), surface pressure, pressure tendencies at 1, 3 and 6 hours, and
wind speed and direction at Buffalo, NY during 22 February 1997.

Time
(UTC)

Temp
(°C)

Pressure
(mb)

delP
 (1hr / 3hr /6hr)

Wind

0500 12 993 - / - / - SW 10

0600 15 993 0 / 0 / - SW 22 G 29

0700 15 992 -1 / - / - SW 17 G 25

0800 15 991 -1 / -2 / - SW 22

0900 15 989 -2 / -4 / - SW 21 G 27

1000 10 992 3 / 0 / - SW 22 G 31

1100 6 993 1 / 2 / 0 SW 16

1200 4 994 1 / 5 / 1 SW 26 G 36

1300 2 995 1 / 3 / 3 SW 24 G 47

1400 -1 999 4 / 6 / 8 SW 38 G56

1500 -2 1003 4 / 9 / 14 SW 30 G 50

1600 –3 1005 2 / 10 / 13 SW 36 G 53

1700 -3 1007 2 / 8 / 14 SW 30 G 41

1800 -3 1009 2 / 6 / 15 SW 28 G 38

1900 -3 1010 1 / 5 / 15 SW 32 G 41

2000 -3 1012 2 / 5 / 13 SW 29 G 35

2100 -3 1013 1 / 4 / 10 SW 21 G 32

2200 -3 1014 1 / 4 / 9 SW 20

2300 -3 1014 0 / 2 SW 18 G 24

2400 -3 1016 2 / 3 SW 18 G 25
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Table 4. Temperature (°C), weather, surface pressure, pressure tendencies at 1, 3 and 6
hours, and wind speed and direction at Buffalo, NY during 27-28 February 1997.

Time
(UTC)

Weather Temp
(°C)

Pressure (mb) Del P
1 / 3 / 6hr

Winds

0500 R- 3 1003 - / - / - NE 8

0600 R- 2 1002 -1 / - / - NE 6

0700 R- 2 1002 0 / 0 / - NE 6

0800 R 2 1002 0 / -1 / - NE 5

0900 R 2 1000 -2 / -2 / - ENE 7

1000 R 3 999 -1 / -3 / - E 9

1100 R- 3 999 0 / -3 / -4 NE 6

1200 R- 3 997 -2 / -3 / -5 NE 12

1300 CY 3 996 -1 / -3 / -6 E 8

1400 R- 6 995 -1 / -4 / -7 SE 10

1500 R- 7 995 0 / -2 / -5 SE 9

1600 CY 11 993 -2 / -3 / -6 S 10

1700 PS 17 992 -1 / -3 / -7 SW 24 G 36

1800 PS 8 994 2 / -1 / -3 SW 23 G 31

1900 MS 7 996 2 / 3 / 0 SW 35 G 54

2000 MS 6 997 1 / 5 / 2 SW 36 G 56

2100 MC 6 999 2 / 5 / 4 SW 47 G 61

2200 CY 4 1001 2 / 5 / 8 SW 44 G 56

2300 CY 3 1004 3 / 7 / 12 SW 37 G 53

0000 CY 2 1007 3 / 8 / 13 SW 33 G 44

0100 CY 2 1010 3 / 9 / 14 SW 24 G 35
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Winter - 180 Events
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Figure 1. Great Lakes Storm Climatology (1960-85) by weather element that caused at least one
death or $500,000 damage to property and crops for Fall and Winter seasons across
the Great Lakes Region (Hubert et al. 1987).
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Seasonality of High Wind Events at Buffalo, NY
1977 - 1997
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Figure 2. High wind events for the time period 1977-97 at Buffalo, NY categorized by month.
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Prevailing Wind Direction for Events at Buffalo, NY 1977-97 
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Figure 3.  The prevailing wind direction for high wind events at Buffalo, NY 1977-97. 
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Figure 4. Tracks of surface lows that produced high wind events in Buffalo, NY from 1977-97
during the late Fall through early Spring months.
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(A)

(B)

(C)

Figure 5. Composite charts of 500 mb geopotential height (dm) and vorticity for fifty-two high
wind events at Buffalo, NY from 1977-97 for  A). 12 hours before the event, B).
About the time of the event and C). 12 hours after the event.
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(A)

(B)

(C)

Figure 6. Composite charts of 850 mb geopotential height (dm) and temperature advection for
fifty-two high wind events at Buffalo, NY from 1977-97 for  A). 12 hours before the
event, B). About the time of the event and C). 12 hours after the event.
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(A)

(B)

(C)

Figure 7. Composite charts of Mean Sea Level Pressure (mb) for fifty-two high wind events at
Buffalo, NY from 1977-97 for  A). 12 hours before the event, B). About the time of
the event and C). 12 hours after the event
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A.  0600 UTC 22 February 1997 D.  0600 UTC 22 February 1997

B. 1200 UTC 22 February 1997 E.  1200 UTC 22 February 1997

C.  1800 UTC 22 February 1997 F.  1800 UTC 22 February 1997

Figure 8. 0000 UTC 22 February 1997 Eta forecast at 06, 12 and 18hrs for: a-c) mean sea level
pressure (solid lines) and 1000-500 mb  thickness (dashed) and d-f) 850 mb height
(solid lines) and temperature (dashed).
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A.  0600 UTC 22 February 1997

B.  1200 UTC 22 February 1997

C.  1800 UTC 22 February 1997

D.  0600 UTC 22 February 1997

E.  1200 UTC 22 February 1997

F.  1800 UTC 22 February 1997

Figure 9. 0000 UTC 22 February 1997 Eta forecast at 06, 12 and 18hrs for: a-c) 1000/500 mb 
thickness (solid lines) and 500 mb vorticity (dashed), and d-f) mean sea level pressure
(solid lines) and 6 hr surface pressure change (dashed).  
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  (A)

  (B)

  (C)

Figure 10. Observed soundings at Buffalo, NY taken at  a). 0000 UTC 22 February 1997, b).
1200 UTC 22 February 1997, and c). 0000 UTC 23 February 1997.  
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A.  1200 UTC 27 February 1997

B.  1800 UTC 27 February 1997

C.  0000 UTC February 28,
1997

D.  1200 UTC 27 February 1997

E.  1800 UTC 27 February 1997

F.  0000 UTC February 28,
1997

Figure 11. 1200 UTC 27 February 1997 Eta forecast at 06, 12 and 18hrs for: a-c) 1000/500 mb 
thickness (solid lines) and 500 mb vorticity (dashed), and d-f) mean sea level pressure
(solid lines) and 6 hr surface pressure change (dashed). 
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F.  0000 UTC 28 February 1997

D.  1200 UTC 27 February 1997A.  1200 UTC 27 February 1997

B.  1800 UTC 27 February 1997 E.  1800 UTC 27 February 1997

C.  0000 UTC 28 February 1997

Figure 12. 1200 UTC 27 February 1997 Eta forecast at 00, 06 and 12hrs for: a-c) 1000/500 mb 
thickness (solid lines) and 500 mb vorticity (dashed), and d-f) mean sea level pressure (solid
lines) and 6 hr surface pressure change (dashed).  
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Figure 13. Observed sounding at Buffalo, NY taken at  a). 1200 UTC 27 February 1997
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A.  1200 UTC 27 February 1997

B.  1800 UTC 27 February 1997

C.  0000 UTC 28 February 1997

Figure 14. 1200 UTC 27 February 1997 Eta model forecast at 00, 06 and 12hrs for 500mb
vorticity (solid lines) and 1000/500 mb relative humidity (dashed).  Heavy Solid
arrows show the location of the dry slot.
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