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Dust devil-like vortices along sea-breeze fronts detected by a

3-D scanning Doppler lidar
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Abstract

We conducted atmospheric boundary layer (ABL) observations in an urban area (Sapporo, Japan) from April

2005 to July 2007 using a three-dimensional scanning coherent Doppler lidar (3D-CDL). During this period, 90

dust devil-like vortices (DDV) along local fronts (e.g. sea-breeze, land-breeze and foehn) were detected in the

area. The diameters of the vortex cores ranged from 40 to 220 m, and maximum vorticity was 0.43 s™'. More than

90 % of the vortices were cyclonic, the rest were anticyclonic. A comparison between a case of presence and

absence of DDV was examined to identify optimal conditions for development of DDV associated with

sea-breeze front. This optimal state was found to include 1) substantial across-front horizontal shear, 2) high

boundary layer height, and 3) balance between vertical wind shear in the ambient environment ahead of the

sea-breeze front and sea-breeze circulation.
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Table 1. Characteristics of dust devil-likve vortices and parameters of environmental condition.

Time Rotation Maximum Horizontal Convergence ABL T difference
direction (+/-)  vorticity (s')  shear (ms')  (ms”) height (m)  (K)
9 June 2007 1748-1833  4/0 0.17 7.4 4.1 900 1.2
10 June 2005 1611-1652 - - 2.0 4.6 500 1.2
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FIG. 1. (a) SNR and (b) Doppler velocity at an elevation angle of 2.2°in a PPI scan at 1812 JST on 9 June 2007.

White arrows and circles indicate detected dust devil-like vortices.
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FIG. 2. SNR at an elevation angle of 2.2° in a PPI scan at (a) 1810:18 JST on 9 June 2007 and (b) 1636:01 on 10
June 2005. The square boxes A and B in (a) and (b) are expanded in (c) and (d), respectively. White circle
indicate a detected DDV. Detailed SNR (shaded) and 0 m s™ lines of Doppler velocity (gray lines) at (c) 1810:18

JST on 9 June 2007 and (d) 1636:01 on 10 June 2005.
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FIG. 3. Vertical cross section of (a) SNR and (b) Doppler velocity along 1,-1,- in Fig. 2a at 1732:36 JST on 9 June
2007. (c) Vertical profile of the horizontal wind component along 1,-1,- in Fig. 2a at prefrontal region (black) and
post-frontal region (gray) derived from a RHI data from 1712:57 to 1734:41 JST. (d) and (e) are same as (a) and
(b), respectively, but for the line ly-1,- in Fig. 2b at 1708:26 JST on 10 June 2005. (f) is same as (c) but for the time
from 1706:19 to 1726:39 JST on 10 June 2005.



