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Abstract Under the background of global warming it is possible to open the Arctic summer route and
even to conduct commercial utilization. The Arctic sea fog would seriously affect the navigation safety of
ships along the channel. The existence of sea ice makes the interaction between sea and air very
complicated which is a problem that cannot be ignored in the study of Arctic sea fog. Ship-based
observations show that unlike the common mid-atitude advection cooling fog whose formation sees the rate

of surface air temperature drop generally greater than that of sea water temperature drop the Arctic sea
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fog occurs when the rate of sea water temperature drop exceeds that of surface air temperature drop
because of sea ice. However it remains a doubt whether or not the distribution of sea ice would affect the
accuracy of the model simulation of sea fog. In this paper Polar Weather Research and Forecasting
( Polar WRF) model is used to simulate a sea fog case observed during China’s seventh expedition to
Arctic in summer and sensitivity experiments on sea ice fraction are conducted. The experiments are
verified by ship-based observations and the reanalysis data of European Centre for Medium-Range
Weather Forecasts. The results show that in areas of low floating ice fraction ( sea ice fraction lower than
50%) when considering distribution features of sea ice Polar WRF model can more accurately describe
latent heat flux and upward water vapor flux and simulate the process of surface air temperature drop and
humidification and the change of relative humidity. Therefore Polar WRF model with sea ice fraction can
better describe the three-dimensional structure and the evolution of Arctic sea fog.

Key words Arctic sea fog; sea ice fraction; Polar WRF model; latent heat flux; water vapor flux
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Table 1

Sea ice fraction ( colored units: %) in Exp-Ctr ( a) and Exp-Sen ( b) and track of the ship ( isoline for the sea ice fraction

of ERA green line for tracks of the ship blue line for the route with fog red star for the location of the ship at some time
nodes the graphic area is the area of Grid 2 in the model)

Parameter settings of the model

/km /h
Ferrier Kain¥ritsch Noah land-— 2016
30 43xa8 3 73N RRTMG ~ YSU
6 49 ( new Eta) ( new Eta) " » surface 7 24
160°W scheme scheme
10 97x97 1 microphysics 7 scheme ' model 2! 12
(n)

1.000 0 0.999 0 0.998 5 0.997 5 0.9950 0.9925 0.990 0 0.9850 0.980 0 0.977 5 0.970 0 0.954 0 0.934 0

0.909 0 0.8800 0.8506 0.8212 0.7918 0.7625 0.708 4 0.657 3 0.609 0 0.563 4 0.520 4 0.4798 0.4415 0.4055 0.371 6 0.339 7

0.3097 0.2815 0.2551 0.2303 0.207 1 0.1854 0.1651 0.1461 0.1284 0.111 8 0.096 5 0.0822 0.068 9 0.056 6 0.045 2 0.034 6
0.024 9 0.0159 0.007 6 0.000 0.
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Fig.3 Comparison of vertical structure ( a. temperature at 23: 00 UTC on 25 b. temperature at 23: 00 UTC on 26 c. relative
humidity at 23: 00 UTC on 25 d. relative humidity at 23: 00 UTC on 26; red line for the sounding observation of
temperature units: °C; blue line for the sounding observation of relative humidity units: %; black solid line for results of
Exp-Cir black dashed line for results of Exp-Sen)
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)
Fig.4 Comparison of circulation pattern at each layer at 00: 00 UTC on 27 ( a. 500 hPa of ERA b. 500 hPa of Exp-Ctr c¢. 500
hPa of Exp-Sen d. 1 000 hPa of ERA e. 1 000 hPa of Exp-Ctr f. 1 000 hPa of Exp-Sen; isoline for geopotential height
units: gpm; arrow for wind vector green line for the route red star for the location of the ship at the moment)
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Fig.5 Variation of temperature (a units: °C) sensible heat flux (b units: W * m™) latent heat flux (¢ units: W * m™)
specific humidity (d units: g * kg™')  water vapor advection (e units: 107g « kg™ *s™')  upward water vapor flux ( f
units: 107*g « s™" + m™) ( black solid line for Exp-Ctr dashed line for Exp-Sen red solid line for the observation data or
the result of calculation using it the observed value of flux in Fig.5b and Fig.5¢ is quadrupled; purple bar for observed time

of occurring sea fog)
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Fig.6 Comparison of latent heat flux ( colored units: W * m™*) and upward water vapor flux ( colored units: 107g * s™ * m™)
between Exp-Ctr and Exp-Sen ( a. latent heat flux at 13: 00 UTC on 26 in Exp-Ctr b. latent heat flux at 13: 00 UTC on 26 in
Exp-Sen c. upward water vapor flux at 00: 00 UTC on 27 in Exp-Cir d. upward water vapor flux at 00: 00 UTC on 27 in

Exp-Sen; red star for the location of the ship at the moment; isoline for sea ice fraction units: %)
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