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evaporation ducts in response to the Kuroshio sea surface temperature front based on observations and simulations. Acta Meteorologica
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Abstract Evaporation ducting is the dominant mechanism affecting the detection performance of marine radar systems. The
inhomogeneity and abrupt changes of the evaporation ducts caused by sea surface temperature (SST) front remain an important
research topic. During the Air-Sea Interaction Survey (ASIS) in the spring of 2018, the observation vessel passed through the
Kuroshio SST front twice and obtained precious observational data. Based on these data and combined with the European Centre for
Medium-Range Weather Forecasts reanalysis data (ERA-Interim) and the Hybrid Single Particle Lagrangian Integrated Trajectories
(HYSPLIT), two important periods are distinguished and highlighted. The S1 segment, which lasted for 21 h, was dominated by a
stable condition with air flowing from warmer water to colder water. During this period, the airflow passed from the warmer Kuroshio
water area to the colder shelf water area, leading to a marine inner boundary layer with strong temperature inversion and the
formation of sea fog. Meanwhile, the evaporation duct height (EDH) suddenly dropped to zero. The S2 segment lasted for almost 66 h
and was dominated by a near neutral to slightly unstable condition with the air flowing from the colder water area to the warmer water
area and the model-derived EDH was about 12 m. Numerical simulations show that during the simulation period, the inhomogeneity
and abrupt changes of the EDH over the Kuroshio SST front maintained, and the abrupt changes were more robust over areas where
warmer water flowed to colder water. This enhanced synoptic forcing of the Kuroshio SST front on the evaporation ducts is related to
abrupt stratification change and sea fog formation.

Key words Evaporation duct, Atmospheric duct, Kuroshio, SST front, Electromagnetic wave propagation
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Fig.2 The observational track during 31 March to 3 April 2018 (dots indicate locations of hourly automatic meteorological

observations, pentagrams are the locations of high-resolution soundings, and different observational periods are marked by different
colors) and 24 h backward trajectories of air parcels at 10 m height from the HYSPLIT model (solid lines with different

colors, red: the S1 segment; blue: the S2 segment; yellow: the S3 segment; the left-side point of the solid line is the

observational point and the right-side point is the backward source) overlaid by the averaged SST

(shaded, unit: °C) within this period and 10 m horizontal winds (vector, unit: m/s)
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Fig. 3 Specific humidity at 2 m height (shaded, unit: g/kg), sea level pressure SLP (black contour, unit: hPa), and horizontal
winds at 10 m height (vector, unit: m/s) at (a) 00: 00 UTC 31 March, (b) 00: 00 UTC 1 April, (¢) 00: 00 UTC 2 April,
(d) 00: 00 UTC 3 April (the blue dots and the pentagrams are the daily observational points; the synoptic situations of SST, 10 m

winds, SLP, 2 m specific humidity and the data used in backward trajectory calculation are from the ERA-Interim 0.125°x0.125°)
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Fig. 4 Hourly automatic meteorological measurements during 00: 00 UTC 31 March to 23: 00 UTC 3 April: (a) SST and
sea surface air temperature (SAT), (b) bulk Richardson number Riy , (c¢) relative humidity, (d) visibility, (e) horizontal

wind speeds, and (f) wind directions (all data were measured at 7 m above the sea surface; the whole observational period is

divided into S1, S2, S3 segments, and the transitional period between S1 and S2)
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Fig. 7 Simulated horizontal distribution of SST (a) in part of the domain D02 (00: 00 UTC 31 March 2018 after 12 h of
integration; black dots and stars indicate the track of observations) and the evolution of EDH in the domain D03 at
(b) 12: 00 UTC 31 March after 24 h of integration, (c) 00: 00 UTC 1 April after 36 h of integration, and
(d) 00: 00 UTC 3 April after 84 h of integration
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Fig. 8 Vertical profiles of air temperature (a) and relative humidity (b) from the high-resolution (~ 6 m) soundings
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