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Numerical study on the formation of atmospheric duct during a sea-land
breeze process in the nearshore of Qingdao

LIU Gui-yan', LIAN Xi-hu', GAO Shan-hong?, GAO Song', BAI Tao', DONG Lin*, CHEN Li’
(1.North China Sea Marine Forecasting Center of State Oceanic Administration, Qingdao 266033 China; 2. Ocean University of China, Qingdao
266100 China;3. National Marine Environmental Forecasting Center, Beijing 100081 China)

Abstract: The atmospheric duct in a typical sea-land breeze process occurred in Qingdao on 21st August, 2006 is
investigated using the state-of-the-art WRF. The WRF numerical results reasonably reproduces the occurrence
and development of the sea-land breeze and atmospheric duct. Based on the WRF numerical simulation with high
temporal and special resolution, a detailed analysis of the formation mechanism of atmospheric duct in the
process of sea-land breeze is conducted in this paper. The results show that the existence of the layer with abrupt
humidity change is the main factor leading to the occurrence of atmospheric duct, and there is no temperature
inversion layer in this duct process. Moreover, the atmospheric duct occurs with the appearance of sea breeze.
The land -sea temperature difference increases in the afternoon, and the sea breeze is formed driven by the
difference in thermal properties between the sea and the land, which brings a large amount of water vapor to the
shore and increases the relative humidity in the bottom atmosphere. Meanwhile, the warm and dry air on land is
advected to the ocean side under the influence of sea breeze and sinks over the ocean in the end. The ocean-
atmosphere boundary layer develops into a thermal inner boundary layer with stable stratification. The sinking
dry air and the bottom moist air causes a larger vertical gradient of water vapor, which is favorable to the decrease
of atmospheric refractive index along with height and the formation of atmospheric duct. When the sea breeze
circulation weakens and the land breeze forms and develops, the water vapor is mixed evenly in the vertical
direction, and the atmospheric duct weakens and disappears. Topography plays a significant role on the formation
of duct. A large amount of water vapor carried by the sea breeze accumulates on the seaward side due to the
terrain obstruction, and the duct is formed on the seaward side of the steep terrain under the influence of the sea
breeze circulation.
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