4 3 \ol. 41 No. 3
2017 5 Chinese Journal of Atmospheric Sciences May 2017

. 2017. [J]. , 41 (3): 421-436. Wu Xiaojing, Zhu Jiang, Wang Xi, et al. 2017.
Sea fog simulation with assimilation of FY-3A microwave data [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 41 (3): 421-436, doi:10.3878/j.issn.
1006-9895.1610.16105.

Zua' KL IR Bk

1 100081
2 100029
FY-3A MWHS
MWTS 3DVar Three-dimensional variational data assimilation WRF
MWHS MWTS
1006-9895(2017)03-0421-16 P413 A

doi:10.3878/j.issn.1006-9895.1610.16105
Sea Fog Simulation with Assimilation of FY-3A Microwave Data
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Abstract Inappropriate description of physical processes within the boundary layer and errors in the initial condition
are two primary reasons for the low accuracy of sea fog simulation. In order to obtain more satellite data assimilation and
simulation experience for improving the initial condition, the present paper investigates the impact of assimilation of
FY-3A MicroWave Humidity Sounding (MWHS) and MicroWave Temperature Sounding (MWTS) data derived from
optimal channels. The WRF-3DVar (Weather Research and Forecasting—Three-dimensional variational data assimilation)
is applied to assimilate these data that have been quality controlled and bias corrected in simulation and prediction
experiments of sea fog over the Yellow Sea and Bohai. Analysis of the increments of temperature and relative humidity
from the assimilation system over the sea fog region detected by Geo-satellite indicates that differences in the model
capability for sea fog simulation and various types of sea fog that are related to the environmental condition have
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significant influences on the assimilation effects, i.e. the model performance is greatly improved by assimilation for the
simulation of cold-type advection sea fog, which the model already has a strong simulation ability. However, for
warm-type sea fog that involves non-typical mixing processes, data assimilation results in little changes in the simulation.
In order to determine the reasons, direct comparisons between the simulated temperature and relative humidity at a sea
fog covered grid and standard rawinsonde observations nearby, and analysis of the evolution of the temperature and
relative humidity and their increments from assimilation at all sea fog covered grids, are carried out. The results show that
the increments from assimilation at the cold-type sea fog covered grids can make up the deviations between observations
and simulation by reducing temperature and increasing relative humidity; meanwhile, the atmospheric water vapor and
liquid water contents also appear to be adjusted by assimilation. Possible increments and adjustment in the boundary layer
by assimilation are also found in the vertical direction. However, similar phenomena and other beneficial signs of

adjustment are not found during the warm-type sea fog period.

Keywords Satellite data, Data assimilation, Sea fog simulation, MicroWave Humidity Sounding (MWHS), MicroWave

Temperature Sounding (MWTS), Boundary layer
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Fig. 1 Evolution of RH,, (relative humidity at 2-m height) increments by the MWHS radiance data assimilation overlapped with the sea fog area (yellow

regions) detected by satellite at 4-hour interval from 1200 UTC 20 to 1200 UTC 22 February 2011. “ ” *“.”, and “A” denote increases, decreases, and

unchanged; red circle represents obvious increments of the sea fog area
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Fig. 2 Asin Fig.1, but for the RH,n, increments by MWTS data assimilation for the period from 0600 UTC 12 to 1000 UTC 13 March 2011. Red circles and
blue circles represent obvious increments of the sea fog area in northern Yellow Sea and along the coast of central Jiangsu Province, respectively
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3 2011 3 12 2200 13 06:00 RHzm  Windign RHom RHam
RHom
Fig. 3 Simulations of RHyy, and Wind;om (wind at 10-m height) without assimilation for the period of 2200 UTC 12 to 0600 UTC 13 March 2011. Shaded areas
denotes RH,y,. White and yellow circles represent low RH,p,, in northern Yellow Sea and low RH,y,, along the coast of central Jiangsu Province, respectively
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Fig. 4 Temporal evolutions of cumulative incremental values at sea fog grids for the period from 0500 UTC 12 to 1200 UTC 13 March 2011: (a) RH,y and
temperature at 2-m height (T,y); (b) 1000-hPa water vapor content (Q,) and cloud liquid water content (Qc)
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Fig. 5 \Vertical distributions below 600 hPa of relative humidity (RH), temperature (T) at observation point (37.1°N, 122.29°E) and RH, T, RH increments, T
increments at sea fog grid point (36.667°N, 122.983°E) at 0000 UTC 21 February: RH at observation point (left of Fig. a), RH without assimilation at sea fog
grid point (left of Fig. a), RH increments (ARH) with assimilation (right of Fig. a); T at observation point (left of Fig. b), T without assimilation at sea fog grid
(left of Fig. b), T increments (AT) with assimilation (right of Fig. b). (c, d) As in (a, b), but for 0000 UTC 13 March, sea fog grid point is (37.167°N, 123.483°E)
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Fig. 6 \Vertical distributions of simulated (without assimilation) (a) temperature and (b) vertical velocity (w) averaged over all the sea fog grid points during

the periods of fog processes of February (black lines) and March (red lines). Statistical average period for February is from 1200 UTC 20 to 1200 UTC 22
February and that for March is from 0500 UTC 12 to 1200 UTC 13 March
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Fig. 7 Temporal evolutions of RH,y, averaged over all the sea fog grid points from simulations without and with assimilation for the (a) February process and (b) March

process. Red lines represent analysis increment of RH,y, with assimilation of MWHS data, blue lines represent analysis increment of RH,,,, with assimilation of MWTS data
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Fig. 8 Vertical distributions of increments of (a) temperature (T), (b) relative humidity (RH), (c) Q., (d) Q., and (e) vertical wind speed (w) below 900 hPa
after assimilation of MWHS data and MWTS data for the February process and March process. Statistical period for February is from 1200 UTC 20 to 1200
UTC 22 February and that for March is from 0500 UTC 12 to 1200 UTC 13 March
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