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ABSTRACT

A climatology of mesoscale banded precipitation events, composites of banded and nonbanded events, and selected case studies in the northeast US during the cold season (October through April) are presented. Precipitation systems in the northeast US that exhibited greater than 25 mm of rainfall or 12.5 mm liquid equivalent during a 24 h period were identified as cases for study using the Unified Precipitation Dataset (UPD). Composite radar data from these cases were viewed to develop a band classification scheme. This scheme was then applied to cases in April 1995 and from October 1996 through April 2001. Out of the 111 cases identified during this period, 88 had complete radar coverage. 

Application of the band classification scheme to these 88 study cases yielded 48 single-banded events, 40 transitory events, 36 narrow cold-frontal events, 29 multibanded events, and 9 undefined events. Thirteen cases exhibited no defined banding, while several cases exhibited more than one type of banded event during their duration. Further investigation of the single-banded events highlighted banded structure in the comma-head portion of storms, with nearly 80% of the bands exhibiting some portion of their length in the northwest quadrant of the surface cyclone. 

Composites were calculated from the NCEP/NCAR reanalysis dataset and Eta model analysis and forecast fields for the single, multi, and nonbanded events to distinguish characteristic flow regimes. All banded composites were marked by significant cyclogenesis in the 12 h period preceeding initial band development, while the nonbanded composite exhibited minimal cyclogenesis through its evolution. The northwest composite (incorporating all single-banded events exhibiting a majority of their length in the northwest quadrant) exhibited a closed circulation from the surface to 700 hPa and featured a deformation zone with an identifiable col point and confluent asymptote northwest of the surface cyclone. Significant frontogenesis northwest of the surface cyclone center coincided with the confluent asymptote of this deformation zone. Cross sections through the composite band in the banded composites revealed a relatively vertical frontal structure and deep layer of frontogenesis. Frontogenetical forcing in the presence of weak conditional stability appeared to support a strong, narrow updraft on the equatorward flank of the frontal zone.

The nonbanded composite exhibited a much weaker disturbance located in the confluent entrance region of an upper-level jet. The absence of a closed midlevel circulation in the nonbanded composite precluded significant deformation and subsequent frontogenesis northwest of the surface cyclone. Although midlevel confluence ahead of the surface cyclone contributes to frontogenesis in the nonbanded composite, cross-sectional analysis revealed greater conditional stability and weaker frontogenesis than in the banded composite cross section. 
Composite results were affirmed by analysis of three case study investigations of a banded case, a nonbanded case, and a null case.


These results suggest that mesoscale band formation can be understood in the context of cyclogenesis, and associated deformation and frontogenesis. The frontogenetical response is dependent on the environmental stability, as dictated by the Sawyer–Eliassen equation. Frontogenesis in the presence of weak conditional stability will lead to an intense narrow updraft and subsequent band formation, while frontogenesis in the presence of large conditional stability will still result in vertical motion, but it will not be focused into a narrow updraft. Assessment of these parameters in a “top-down” approach provides forecasters a flow chart for predicting mesoscale band formation, and alerts forecasters to the possibility of a banded event as much as a few days before the event.
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Fig. 2.4 Distribution of multibands relative to surface cyclone position (origin). Each shaded area represents the area covered by each multiband event at the analysis time. Events were overlaid when occurring in a coincident area.

Fig. 3.1. Single band lifetimes.

Fig. 3.2. Multiband lifetimes.

Fig. 3.3. (a) Geographical distribution of all 48 single bands studied. The axis of each  


band at the representative time is identified by a solid black line. (b) Geographical distribution of
surface lows responsible for the observed single bands at the analysis time (defined in text). Each surface low position is identified as a “x”.

Fig. 3.4. (a) As in Fig. 3.3a, except with all northwest class bands. (b) As in Fig. 3.3b, except the centroid position of the surface lows is identified by the large bold X, and the mean position of the northwest bands is identified by the single solid line.

Fig. 3.5. As in Fig. 3.4, except for the northwest-near class.

Fig. 3.6. As in Fig. 3.4, except for the northwest-far class.

Fig. 3.7. As in Fig. 3.4, except for east class.

Fig. 3.8. As in Fig. 3.4, except for multiband class with multiband occurrences shaded in (a) and mean multibanded region stippled in (b).

Fig. 3.9. Surface low center positions of nonbanded composite members (x) and nonbanded composite centroid position (X).

Fig. 3.10. Six-panel summary for the northwest class composite at T = –12 h. (a) 1000 hPa heights (black solid) contoured every 30 m (~4 hPa) and 1000–500 hPa thickness (black dashed) contoured every 6 dam. (b) 850 hPa heights (black solid) contoured every 3 dam, temperature (black dashed) contoured every 5ºC, and temperature advection (shaded according to scale) in ºC (day)-1. (c) 700 hPa heights (black solid) contoured every 3 dam, temperature (black dashed) contoured every 5ºC, and Miller 2-D frontogenesis (shaded according to scale) in ºC (100 km)-1 (3 h)-1. (d) 500 hPa heights (black solid) contoured every 6 dam, and absolute vorticity, shaded according to scale above 12 x 10-5 s-1. (e) 300 hPa height (black solid) contoured every 12 dam, and windspeeds, shaded according to scale above 30 m s-1. (f) 200 hPa heights and windspeeds as in (e).

Fig. 3.11. As in Fig. 3.10, except at T = 0 h.

Fig. 3.12. As in Fig. 3.10, except at T = 12 h.

Fig. 3.13. As in Fig. 3.10, except for northwest-near class.

Fig. 3.14. As in Fig. 3.13, except at T = 0 h.

Fig. 3.15. As in Fig. 3.13, except at T = 12 h.

Fig. 3.16. As in Fig. 3.10, except for northwest-far class.

Fig. 3.17. As in Fig. 3.16, except at T = 0 h.

Fig. 3.18. As in Fig. 3.16, except at T = 12 h


Fig. 3.19. As in Fig. 3.10, except for east class.

Fig. 3.20. As in Fig. 3.19, except at T = 0 h.

Fig. 3.21. As in Fig. 3.19, except at T = 12 h.


Fig. 3.22. As in Fig. 3.10, except for multibanded class.

Fig. 3.23. As in Fig. 3.22, except at T = 0 h


Fig. 3.24. As in Fig. 3.22, except at T = 12 h.

Fig. 3.25. As in Fig. 3.10, except for nonbanded class.

Fig. 3.26. As in Fig. 3.25, except at T = 0 h.

Fig. 3.27. As in Fig. 3.25, except at T =12 h.

Fig. 3.28. Time series of the evolution of the minimum 1000 hPa height for each composite class (NW = northwest, NW1 = northwest-near, NW2 = northwest-far, E = east, MUL = multi, NB = nonbanded) from 12 h before to 12 h after band initiation.
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Fig. 3.34. As in Fig. 3.30, except for northwest-far class.
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Fig. 3.36. As in Fig. 3.30, except for east class.
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Fig. 3.44. Observed total snowfall (in) from the 5–6 February 2001 snowstorm with overlaid hand analysis.

Fig. 3.45. WSR-88D radar composite images for the 5–6 February 2001 snowstorm at (a) 5/12, (b) 5/18, (c) 6/00, (d) 6/06, (e) 6/12, with the band axis evolution depicted in (f) by solid line, and surface low position marked by an “x” at respective times from 5/18 to 6/06. Note the development of the intense band by 6/00 (c), and that it pivots as it translates with the system.
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Fig. 3.47 As in Fig. 3.46, except at 5/18, and (f) shows cross-section orientation.

Fig. 3.48. As in Fig. 3.47, except at 6/00.

Fig. 3.49. As in Fig. 3.47, except at 6/06

Fig. 3.50. As in Fig. 3.47, except at 6/12 and without cross section in (f).

Fig. 3.51. Cross section through band at 5/18 (cross-section orientation shown in Fig. 3.47f). (a)  Geostrophic saturated equivalent potential vorticy [contoured every 0.25 PVU (1 PVU = 10-6 m2 K s-1 kg-1) as labeled, negative regions shaded according to scale], and equivalent potential temperature contoured every 3 K. (b) Frontogenesis [positive areas shaded according to scale in ºC (100 km)-1 (3 h)-1], equivalent potential temperature (contoured every 3 K), and tangential full wind and vertical velocity (black arrows, reference vector shown near title). (c) Model vertical velocity contoured every 2 x 10-3 hPa s-1 (dashed where negative), and the –12 to –16 (C layer (shaded). (d) Relative humidity contoured every 10%, and shaded > 70%.

Fig. 3.52. As in Fig. 3.51, except at  6/00 (cross-section orientation shown in Fig. 3.48f).

Fig. 3.53. As in Fig. 3.51, except for 6/06 (cross-section orientation shown in Fig. 3.49f). 

Fig. 3.54. WSR-88D composite radar images for (a) 1406, (b) 14/12, (c) 14/18, and (d) 15/00.




Fig. 3.55. As in Fig. 3.46, except for the 14–15 February 2000 snowstorm at 14/06.

Fig. 3.56. As in Fig. 3.55, except at 14/12 and lower right panel shows cross-section orientation.

Fig. 3.57. As in Fig. 3.56, except at 14/18.

Fig. 3.58. As in Fig. 3.56, except at 15/00.

Fig. 3.59. As in Fig. 3.51, except through frontogenesis maximum at 14/12 (cross-section orientation shown in Fig. 3.56f).

Fig. 3.60. As in Fig. 3.59, except for 14/18 (cross-section orientation shown in Fig.3.57f).

Fig. 3.61. As in Fig. 3.59, except at 15/00 (cross-section orientation shown in Fig. 3.58f).

Fig. 3.62. WSR-88D radar composite images for the 21–22 March 1998 snowstorm at (a) 21/12, (b) 21/18, (c) 22/00, (d) 22/06, (e) 22/12, and (f) 22/18. 

Fig. 3.63.  As in Fig. 3.46 except for the 21–22 March 1998 storm at 21/12.

Fig. 3.64. As in Fig. 3.46, except at 21/18.

Fig. 3.65. As in Fig. 3.46, except at 22/00.

Fig. 3.66. As in Fig. 3.47, except at 22/06.

Fig. 3.67. As in Fig. 3.47, except at 22/12.

Fig. 3.68. As in Fig. 3.47, except at 22/18.

Fig. 3.69. As in Fig. 3.51, except at 22/06 (cross-section orientation shown in Fig. 3.66f).

Fig. 3.70. As in Fig. 3.51, except at 22/12 (cross-section orientation shown in Fig. 3.67f).

Fig. 3.71. As in Fig. 3.51, except at 22/18 (cross-section orientation shown in Fig. 3.68f).

Fig. 3.72. Time series of the evolution of the minimum 1000 hPa height observed for each storm during its evolution. The   0 h time for each storm was defined as 22/12, 14/18, and 6/00, respectively.

Fig. 3.73. Eta model 80 km display grid 6-h accumulated forecast precipitation (mm) shaded according to scale: (a) 6-h forecast valid at 05/18, (b) 12-h forecast valid at 6/00, (c) 6-h forecast valid at 6/06, (d) 12-h forecast valid at 6/12. Solid lines represent band axis at the start and end of each precipitation accumulation period (6 h), with times labeled.  

Fig. 3.74. Eta model 40 km display grid 3-h accumulated forecast precipitation (mm) shaded according to scale: (a) 3-h forecast valid at 05/21, (b) 6-h forecast valid at 6/00, (c) 3-h forecast valid at 6/03, (d) 6-h forecast valid at 6/06, (e) 3-h forecast valid at 6/09, (f) 6-h forecast valid at 6/12. Solid lines represent the band axis at the start and end of each precipitation accumulation period (3 h), with times labeled.

Fig. 3.75. Comparison of EPV calculations along 6/00 cross section: (a) Eta analysis 80 km display grid geostrophic EPV contoured below 0.5 PVU, shaded where negative according to scale, (b) as in (a) except full wind EPV, (c) Eta analysis 40 km display grid geostrophic EPV along central segment of original cross section, (d) as in (c) except full wind EPV.

Fig. 3.76. Model analysis at 6/00 illustrating how absolute vorticity and subsequent calculation of EPV is affected by use of the geostrophic and full winds: (a) Cross section (as in Fig. 3.52; orientation shown in Fig.3.76d) of geostrophic absolute vorticity (shaded above 15 x 10-5 s-1. (b) As in (a), except absolute vorticity calculated with the full wind. (c) 700 hPa geostrophic absolute vorticity (thin solid contours every 2 x 10-5 s-1, dashed when negative, shaded above 15 x 10-5 s-1), and heights (thick solid, contoured every 3 dam). (d) As in (c), except absolute vorticity calculated with full wind, and cross section orientation shown. 

Fig. 3.77. As in Fig. 3.76, except with 40 km display grid, thin solid contours every 5 x 10-5 s-1, and shorter portion of original cross section (orientation shown in Fig. 3.77d).

Fig. 3.78. VRS diagnostic results valid at 06/00 for (a) 900 hPa, (b) 800 hPa, (c) 700 hPa, and (d) 600 hPa. Shaded regions represent areas that exhibit negative geostrophic EPV (calculated over 50 hPa layer), conditional stability, inertial stability, near saturation (> 80% relative humidity), and ω exceeding –5 x 10-3 hPa s-1.

Fig. 3.79. As in 3.78, except EPV calculated with full wind.

Fig. 3.80. As in Fig. 3.78, except valid at 14/18.

Fig. 3.81. As in Fig. 3.79, except valid at 14/18.

Fig. 3.82. As in Fig. 3.78, except valid at 22/12.

Fig. 3.83. As in Fig. 3.79, except valid 22/12.

Fig. 3.84. FWS diagnostic valid at 06/00 for (a) 800 hPa, (b) 750 hPa, (c) 700 hPa, (d) 650 hPa. Shaded region represents area exhibiting 2-D Miller frontogenesis exceeding 1ºC (100 km)-1 (3 h)-1, weak stability (-0.1ºC hPa-1 <
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< 0), near saturation (> 80% relative humidity), and ω exceeding –5 x 10-3 hPa s-1.

Fig. 3.85. As in Fig. 3.74, except valid at 14/18.

Fig. 3.86. As in Fig. 3.84, except valid at 22/12.

Fig. 4.1. Conceptual model of a single-banded system highlighting the key parameters. Features drawn include 700 hPa frontogenesis (shaded), 700 hPa deformation zone (encompassed by scalloped line) and associated primary dilatation axes (dashed line), 700 hPa streamlines (black lines), and 300 hPa jet cores (wide dashed arrows).

Fig. 4.2. As in Fig. 4.1, except for nonbanded system.

Fig. 4.3. Schematic cross sections through a (a) typical mesoscale band environment and (b) a typical nonbanded environment. Fields shown are frontogenesis (shaded), saturated equivalent potential temperature (thin solid), and ascent (dashed) with length of arrow proportional to the magnitude of ascent. Cross-section length is approximately 1000 km.

Fig. 4.4. Summary of the 5–6 February 2001 storm from the 6/00 Eta model analysis. Fields plotted include 700 hPa heights (black solid) contoured every 3 dam, 700 hPa frontogenesis (values exceeding 1ºC (100 km)-1 (3 h)-1 in light shading), deformation (contoured in dotted line at 6 x 10-5 s-1), and 300 hPa wind speed (values exceeding 60 m s-1 in dark shading), with conventional surface features overlaid and surface low pressure labeled in hPa (bold type).

Fig. 4.5. As in Fig. 4.4, except for 14/18 analysis.

Fig. 4.6. As in Fig. 4.4, except for 22/12 analysis.

Fig. 4.7. Flow chart of the key components and interactions involved in band formation.
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