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Fig. 1.1. Number of (a) nonconvective wind fatalities and (b) tree-related nonconvective
wind fatalities in an 80 km × 80 km grid, 1980–2005 [From Ashley and Black (2008)].
Fig. 1.2. Composite charts of mean sea level pressure (hPa) for 52 high-wind events at
Buffalo, NY, for 1977–1997 for (a) 12 h before the event, (b) about the time of the event,
and (c) 12 h after the event [from Niziol and Paone (2000)].
Fig. 1.3. Spatial frequency of any thunderstorm wind occurrence (damaging wind or wind
measured ≥ 25.8 m s−1) per 26 000 km2 per year [from Kelly et al. (1985)].
Fig. 1.4. Favorable setup for development of squall lines with extensive bow echoinduced damaging winds [from Johns (1993)].
Fig. 1.5. KCCX 0.5° radar data valid at 1927 UTC 21 Jul 2003 showing (a) base
reflectivity and (b) storm relative velocity. White arrow denotes the split in the line [from
Grumm and Glazewski 2003].
Fig. 1.6. Storm reports received for 2200 UTC 9 Nov through 1200 UTC 11 Nov 1998.
Solid lines represent approximate isochrones of report times; gray shading represents
approximate regions of nonconvective high-wind or blizzard reports. Blizzard is defined
as the following conditions lasting for 3 h or more: wind speeds greater than 15.6 m s−1
(35 mph) and considerable falling or blowing snow with the visibility less than 0.4 km
(0.25 mi) [from van den Broeke et al. (2005)].
Fig. 1.7. Cloud-to-ground lightning detected by the National Lightning Detection
Network (NLDN) (number of strikes per 40 km by 40 km grid square per 3 h): (a) 0000–
0300 UTC 10 Nov, (c) 1200–1500 UTC 10 Nov, and (e) 0000–0300 UTC 11 Nov 1998.
Soundings are shown highlighting the 10° and 20°C isotherms (thick dashed diagonal
lines), wind (one pennant, full barb, and half barb denote 25, 5, and 2.5 m s−1,
respectively), and the path of the most-unstable parcel (thick solid gray line): (b) 0000
UTC 10 Nov at Norman, OK; (d) 1200 UTC 10 Nov at Wilmington, OH; and (f) 0000
UTC 11 Nov at Pittsburgh, PA [from van den Broeke et al. (2005)].
Fig. 1.8. Idealized schematic of the 4 Feb 1984 strong wind episode in the Northern
Plains. Surface features are moving southeast. Thick dashed lines are isallobars with
pressure rise–fall centers marked by +/− signs. Tubular arrows depict relative flow
originating at low and high levels. The X represents a midlevel vorticity maximum.
Surface anticyclones have an isentropic surface to represent the domelike structure of the
air masses. Scalloped lines show associated clouds [from Kapela et al. (1995)].
Fig. 2.1. (a) Greater Northeast (GNE) and (b) Northeast (NE) domains.
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Fig. 3.1. Spatial frequency maps depicting the percentage of days between 15 October
1993 and 31 December 2008 that (a) gradient- and thunderstorm-winds combined, (b)
gradient-winds, and (c) thunderstorm-winds occurred.
Fig. 3.2. As in Fig. 3.1 except for gradient-wind days between 15 October 1993 and 31
December 2008 in (a) October, (b) November, (c) December, (d) January, (e) February,
(f) March, and (g) April.
Fig. 3.3. As in Fig. 3.1 except for thunderstorm-wind days between 15 October 1993 and
31 December 2008 in (a) October, (b) November, (c) December, (d) January, (e)
February, (f) March, and (g) April.
Fig. 3.4. Histograms depicting the frequency of events based upon (a) event type and (b)
the quadrant within which the initial NE report occurred (pure gradient and hybrid
events) or the upper-level pattern (pure convective events). The values at each point
along the line represent histogram values.
Fig. 3.5. Histograms depicting the frequency of events and percentage of the total number
of events, broken down by event types, based upon (a) the cool season in which the initial
NE report occurred, (b) the month in which the initial NE report occurred, (c) the time
(UTC) of the initial NE report, and (d) the number of accumulated high-wind reports.
For all panels, the values at each point along the line represent histogram values. For
panels (a) and (b), only full cool seasons were used, therefore the 13 events that occurred
between 15 October 1993 and 30 April 1994 as well as the 14 events that occurred
between 1 October 2008 and 31 December 2008 were not included.
Fig 3.6. Pure gradient northwest composite (N = 32) depicting the location of the
composite initial NE report (star) and: (a) MSLP (hPa, solid), 1000–500-hPa thickness
(dam, dashed), precipitable water (mm, shaded), 1000-hPa total wind (kt, barbs); (b) 850hPa geopotential height (dam, solid), temperature (°C, dashed), 1000–850 lapse rate (K
km−1, shaded), 850-hPa total wind (kt, barbs); (c) 500-hPa geopotential height (dam,
solid), 1000–500-hPa thickness (dam, dashed), lifted index (K, shaded), 1000–500-hPa
shear vector (kt, barbs); (d) 300-hPa geopotential height (dam, solid), horizontal
divergence of the total wind (10−5 s−1, dashed), wind speed (kt, shaded), 300-hPa total
wind (kt, barbs); and (e) MSLP (hPa, solid) and 12-h centered MSLP change [hPa (12
h)−1, dashed].
Fig. 3.7. As in Fig 3.1 except for the pure gradient southwest composite (N = 55). The
black line in panel (a) indicates the orientation of the cross section shown in Fig. 3.8.
Fig. 3.8. Pure gradient southwest composite (N = 55) cross section depicting equivalent
potential temperature (K, solid), vertical motion (10−3 Pa s−1, dashed; upward indicated in
red, downward indicated in blue), relative humidity (%, shaded), horizontal component of
the total wind (kt, barbs), and the location of the initial NE report (star).
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Fig. 3.9. Pure gradient southwest composite (N = 55) soundings taken at the location of
the initial NE report at t = −06 h (red), t = 00 h (purple), and t = +06 h (blue).
Fig. 3.10. As in Fig 3.1 except for the pure gradient southeast composite (N = 45). The
black line in panel (a) indicates the orientation of the cross section shown in Fig. 3.11.
Fig. 3.11. As in Fig. 3.3 except for the pure gradient southeast composite (N = 45).
Fig. 3.12. As in Fig 3.1 except for the pure gradient northeast composite (N = 33).
Fig. 3.13. As in Fig 3.1 except for the hybrid northwest composite (N = 8).
Fig. 3.14. As in Fig 3.1 except for the hybrid southwest composite (N = 14).
Fig. 3.15. As in Fig 3.1 except for the hybrid southeast composite (N = 71). The black
line in panel (a) indicates the orientation of the cross section shown in Fig. 3.16.
Fig. 3.16. As in Fig. 3.3 except for the hybrid southeast composite (N = 71).
Fig. 3.17. As in Fig 3.1 except for the hybrid northeast composite (N = 30).
Fig. 3.18. As in Fig 3.1 except for the pure convective trough composite (N = 34). The
black line in panel (a) indicates the orientation of the cross section shown in Fig. 3.19.
Fig. 3.19. As in Fig. 3.3 except for the pure convective trough composite (N = 34).
Fig. 3.20. As in Fig 3.1 except for the pure convective ridge composite (N = 9). The black
line in panel (a) indicates the orientation of the cross section shown in Fig. 3.21.
Fig. 3.21. As in Fig. 3.3 except for the pure convective ridge composite (N = 9).
Fig. 3.22. Composite surface cyclone tracks for each subcategory based upon the location
of the composite cyclone center at 6-hourly time intervals for the (a) pure gradient and
(b) hybrid event types. The shaded box and black dot represent the central pressure and
location of the composite surface cyclone at t = 00 h, respectively. The star represents
the location of the composite initial NE report. The pure gradient southwest, hybrid
southwest, and hybrid northwest composite surface cyclone tracks do not extend to t =
−24 h, because a coherent center of low MSLP was not evident in the composite at those
times.
Fig. 3.23. (a) The locations of all high-wind reports associated with the 17 Feb 2006
hybrid high-wind event. (b) A meteogram depicting wind gusts at Saratoga County (NY)
Airport.
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Fig. 3.24. The track of the hybrid southeast composite cyclone and surface cyclone
associated with the 17 Feb 2006 hybrid high-wind event. The black dot and shaded box
represent the location and central pressure at t = 00 h, respectively.
Fig. 3.25. GFS analyses at 0600 UTC 17 Feb 2006 (t = 00 h) depicting the location of the
initial NE report (star) as well as: (a) mean sea level pressure (hPa, solid), precipitable
water (mm, shaded), 1000–500-hPa thickness (dam, dashed), 1000-hPa total wind (kt,
barbs); (b) mean sea level pressure (hPa, solid), 12-h centered mean sea level pressure
change [hPa (12 h)−1, dashed; increasing indicated in red, decreasing indicated in blue],
1000-hPa isallobaric wind (kt, barbs); (c) 850-hPa geopotential height (dam, solid),
temperature (°C, dashed), total wind (kt, barbs); (d) 700-hPa geopotential height (dam,
solid), relative humidity (%, shaded), vertical motion (μb s−1, dashed; upward indicated in
red, downward indicated in blue), total wind (kt, barbs); (e) 500-hPa geopotential height
(dam, black), absolute vorticity (10−5 s−1, shaded), total wind (kt, barbs); and (f) 300-hPa
geopotential height (dam, solid), wind speed (kt, shaded), divergence of the horizontal
wind (10−5 s−1, dashed).
Fig. 3.26. Radar images and hourly surface observations of (counterclockwise from top
right) pressure (hPa), temperature (°C), dewpoint (°C), wind speed and direction (kt), and
any station that reported wind gusts in excess of 40 kt (red) within 10 min from 17 Feb
2006 at (a), (b) 1200, (c), (d) 1500, and (e), (f) 1800 UTC. For panels (b), (d), and (f),
lightning flash reports, gradient-wind reports, and thunderstorm-wind reports that
occurred within 10 min of the radar image are overlaid and denoted by circles, squares,
and stars, respectively.
Fig. 3.27. GFS analyses at 17 Feb 2006 depicting 500-hPa geopotential height (dam,
black), CAPE (J kg−1, shaded), and 1000–500-hPa shear (kt, barbs) at (a) 1200 and (c)
1800 UTC.
Fig. 3.28. Vertical cross sections from the 1200 UTC 17 Feb 2006 GFS analyses
depicting: (a) potential temperature (K, red), relative humidity (%, shaded), potential
vorticity (10−6 K m2 s−1 kg−1, black); (b) potential temperature (K, solid), equivalent
potential temperature advection (10−4 K s−1, shaded), potential instability as indicated by
the vertical gradient of equivalent potential temperature (K km−1, dashed); (c) potential
temperature (K, solid), Petterssen frontogenesis [K (100 km)−1 (3 h)−1, shaded], vertical
motion (μb s−1, dashed; upward is indicated in red, downward is indicated in blue); and
(d) potential temperature (K, solid), vertical motion (μb s−1, dashed; upward is indicated
in red, downward is indicated in blue), total wind (kt, barbs). The orientation of the cross
section is indicated in Fig. 3.3a. The inset is a subset of the length of the cross section
overlaid on the radar image for 1200 UTC 17 Feb.
Fig. 3.29. As in Fig. 3.28 except at 1800 UTC.
Fig. 3.30. The locations of all high-wind reports associated with the 15–16 Apr 2007
hybrid high-wind event. Also plotted are the lightning flash reports that occurred
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between 81°W and 65°W and between 38°N and 48°N for 1400 UTC 15 Apr 2007 to
2300 UTC 16 Apr 2007.
Fig. 3.31. The track of the pure gradient northeast composite surface cyclone and surface
cyclone associated with the 15–16 Apr 2007 hybrid high-wind event. The black dot and
shaded box denote the location and central pressure at t = 00 h, respectively.
Fig. 3.32. As in Fig. 3.25 except for 1800 UTC 15 Apr 2006 (t = 00 h).
Fig. 3.33. As in Fig. 3.25 except for 0600 UTC 16 Apr 2006 (t = +12 h) and the location
of the initial NE report has been removed. The blue squares denote the locations of
gradient-wind reports that occurred within 10 min of the analysis time. The black line
indicates the orientation of the cross sections shown in Figs. 3.41a–e.
Fig. 3.34. As in Fig. 3.26 except for 1200 UTC 16 Apr 2006 (t = +18 h) and the location
of the initial NE report has been removed. The blue squares denote the locations of
gradient-wind reports that occurred within 10 min of the analysis time.
Fig. 3.35. As in Fig. 3.26 except from 16 Apr 2007 at (a) 0300, (b) 0600, (c) 0800, (d)
1200, and (e) 1800 UTC. Mean sea level pressure analyses from the RUC are plotted as
well as lightning flash reports that occurred within 20 minutes of the analysis time.
Fig. 3.36. Skew T–logp diagram of temperature (°C), dewpoint (°C), and wind (barbs)
for CHH at (a) 0000 UTC 16 Apr 2007 and (b) 1200 UTC 16 Apr 2007.
Fig. 3.37. As in Fig. 3.36 except at 0000 UTC 16 Apr 2007 for (a) WAL and (b) IAD.
Fig. 3.38. As in Fig. 3.36 except at 1200 UTC 16 Apr 2007 for (a) WAL, (b) IAD, and
(c) APG.
Fig. 3.39. As in Fig. 3.36 except at 0000 UTC 17 Apr 2007 for (a) WAL and (b) IAD.
Fig. 3.40. RUC analyses from 16 Apr 2007 depicting 500-hPa geopotential height (dam,
black), convective inhibition (J kg−1, dashed), most unstable CAPE (J kg−1, shaded), and
1000–500-hPa shear (kt, barbs) at (a) 0300, (c) 0600, and (c) 0800 UTC.
Fig. 3.41. Vertical cross sections from the 16 Apr 2007 GFS analyses depicting: (a) and
(b) potential temperature (K, red), relative humidity (%, shaded), potential vorticity (10−6
K m2 s−1 kg−1, black); (c) and (d) potential temperature (K, solid), equivalent potential
temperature advection (10−4 K s−1, shaded), potential instability as indicated by the
vertical gradient of equivalent potential temperature (K km−1, dashed); and (e) and (f)
potential temperature (K, solid), Petterssen frontogenesis [K (100 km)−1 (3 h)−1, shaded],
vertical motion (μb s−1, dashed; upward is indicated in red, downward is indicated in
blue). Panels (a), (c), and (e) are for 0000 UTC and panels (b), (d), and (f) are for 0600
UTC. The orientation of the cross section is indicated in Fig. 3.33c.
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Fig. 4.1 The conceptual models depicting the mechanisms responsible for the production
of high surface winds for the (a) 17 February 2006 and (b) 15−16 April 2007 events. For
both, MSLP is indicated by the solid black contours, potential instability is shaded in
orange, 12-h centered mean sea level pressure change [hPa (12 h)−1, dashed; increasing
indicated in red, decreasing indicated in blue], regions of warm advection (WAA) and
cold advection (CAA) are indicated by the blue and red shaded regions, respectively, and
the location of the dry-air intrusion is indicated by the (a) gray shading and (b) gray
arrow. The stars denote the locations where high winds occurred. The red and blue
arrows represent streamlines at the surface and at 900 hPa, respectively. Frontogenesis is
indicated as frontal forcing along the cold front in (a) and is indicated by the purple
shading in (b).
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