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Fig. 1 Topography of the study area. Square (a)
shows display area of Figs. 2a and 2b, and square (b)
shows display area of Figs. 2¢c and 2d. R and K show
the radar site and the location of the Koufumaru
observational vessel, respectively. Line P-Q shows
the cross section displayed in Fig. 5. The original
topography data are on a 50-m grid derived from a
global digital elevation model of the Geophysical
Survey Institute of Japan.
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Fig. 2 (a) PPI display of radar reflectivity obtained by
the mm-wave radar at elevation angle 0.0° at 0129 LT
on 1 August 2000. The square shows the plot area of
(c). R and K show the radar site and the location of the
Koufumaru observational vessel, respectively. Lines
P-Q show the cross section displayed in Fig. 5. (b)
Same as (a) but for Doppler velocity. The positive
(negative) value indicates direction toward (away from)
the radar. (c) and (d) Extracted grid data for the area

shown in the squares of (a) and (b).
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Fig. 3 (a) Wind velocity hodograph obtained by
the rawinsonde at 0100 LT on 1 August 2000
(solid line) and radar at 0100-0130 LT on 1 August
2000 (dashed line). The rawinsonde was launched
from the Koufumaru observational vessel. (b)
Same as (a) but enlarged from the square of (a).
Symbols X show wind velocity at 50 and 10 m
altitude intervals in (a) and (b), respectively. The
dashed lines show the wind direction at 50 m
altitude (based on rawinsonde observation). The
arrow in (b) shows the shear vector between 50
and 60 m altitude (based on rawinsonde

observation).
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Fig. 4 Altitude profiles of (a) temperature (solid
line) and dew point temperature (dotted line), (b)
potential temperature (solid line), equivalent
potential temperature (dotted line), and saturation
equivalent potential temperature (dashed-dotted
line), (c) square of the Brunt-V4iséla frequency
(N?), and (d) Richardson number (R;). (a)-(c) were
obtained from the rawinsonde at 0100 LT on 1
August 2000. Solid line of (d) was obtained from
the rawinsonde only. Dotted line of (d) was
obtained from the combination of the radar wind
and the rawinsonde potential temperature.
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Fig. 5 (a)-(g) Radar reflectivity and (h)-(n) Doppler velocity fluctuations obtained at every 5

minutes at 0113-0144 LT on 1 August 2000. The plot area is the same as for Figures 2¢ and 2d. R
shows the radar site. The positive (negative) sign of a contour value in Doppler velocity fluctuations
indicates direction from P toward Q (from Q toward P). Contour lines of radar reflectivity fluctuation
of 0.5 dBZ are displayed in (a)-(n). Vertical lines P-Q show the cross section displayed in Figure 6.
Horizontal dashed lines show a ridge of radar reflectivity or Doppler velocity fluctuation.
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Fig. 6 Cross sections of radar reflectivity (dashed line) and Doppler velocity fluctuations (solid
line) along line P-Q in Figures 2 and 5 during 0113-0144 LT on 1 August 2000. Horizontal dashed
(solid) lines show a ridge of radar reflectivity (Doppler velocity) fluctuation.
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Fig. 7 Schematic chart of the multi-scale structure of fog.
Intense regions of radar reflectivity are highlighted.

Multi-scale structure of fog observed with a millimeter-wave Doppler radar
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Synopsis
Multi-scale structure of sea fog was observed by a 35-GHz millimeter-wave scanning Doppler radar in
Kushiro, Hokkaido Prefecture on 1 August 2000. There were two different scales of organized fog structures.
One was fine-scale roll at an interval of 300-600 m perpendicular to the shear direction at 50-60 m altitude,
and the other was larger-scale band at an interval of 1.5 km perpendicular to the wind direction at 50 m
altitude. Two factors, Kelvin-Helmholtz instability (KHI) and atmospheric gravity waves, were cause of the
multi-scale structure of fog.

Keywords: fog, millimeter-wave radar, Kelvin-Helmholtz instability, atmospheric gravity waves
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