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Lagrangian Stochastic Modeling of
Unstable Atmospheric Surface Layer

Jihoon Shin!, Jong—Jin Baik?

'Department of Environmental Atmospheric Sciences, Pukyong National University

“School of Earth and Environmental Sciences, Seoul National University

This study evaluates the performance of a recently developed Lagrangian stochastic model (LSM), which solves the
transport equations for turbulence probability density functions (PDFs), for simulating the unstable atmospheric surface
layer (ASL). The simulated statistics are compared with the Monin—Obukhov Similarity Theory (MOST) predictions for
mean gradients, standard deviations, turbulent Prandtl number, turbulence kinetic energy (TKE) budgets, and turbulence
PDFs. The LSM successfully captures many aspects of ASL structure and turbulence characteristics, particularly the mean
gradients and standard deviations of potential temperature, specific humidity, and vertical velocity, which align closely
with MOST predictions. However, the model shows limitations in reproducing the stability dependency of mean gradients
of horizontal wind speed. Additionally, the model underestimates the probability of high vertical velocity fluctuations,
leading to underprediction of turbulent transport and thermal convection initiation. The simulated turbulent Prandtl
number showed dependency on stability but was generally weaker than MOST predictions. The study identifies that the
parameterizations of dissipation, pressure redistribution, and pressure transport need to be enhanced to ensure that they

have correct stability dependency, in order to improve the model’s accuracy in simulating ASL dynamics.
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Impacts of changes in soil moisture on urban heat islands and
urban breeze circulations: Idealized ensemble simulations

Abeda Tabassum, Seong—Ho, Kyeongjoo Park, Jong—Jin Baik

School of Earth and Environmental Sciences, Seoul National University

Soil moisture plays important roles in land surface and hydrological processes, and its changes can greatly affect
weather and climate. In this study, we examine how changes in soil moisture impact the urban heat island (UHI) and
urban breeze circulation (UBC) through idealized ensemble simulations. As soil moisture increases, the latent heat flux
increases considerably in the rural area. Hence, in the rural area, the sensible heat flux and surface temperature decrease,
which decreases the rural air temperature, The decrease in rural air temperature leads to increases in UHI intensity
and thus UBC intensity. The urban air temperature also decreases with increasing soil moisture since the cooler rural
air is advected to the urban area by the enhanced low—level convergent flow of the UBC. However, the decrease in air
temperature is smaller in the urban area than in the rural area. As the UBC intensity increases, the sensible heat flux in
the urban area increases. The increase in sensible heat flux in the urban area further increases the UHI intensity. The
positive feedback between the UHI intensity and the UBC intensity is revealed when soil moisture increases. The decrease
in air temperature in both the urban and rural areas leads to the decrease in planetary boundary layer (PBL) height. As a
result, the vertical size of the UBC decreases with increasing soil moisture. As the UBC intensity increases with increasing
soil moisture, the advection of water vapor from the rural area to the urban area increases. Combined with the decrease
in PBL height, this reduces the water vapor deficit or even leads to the water vapor excess in the urban area depending

on soil moisture content.

Keywords: soil moisture, urban heat island, urban breeze circulation, ensemble simulations
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Changes in initiation and evolution of urban—induced
precipitation with background wind speed: Roles of urban
breeze circulation and cold pool

Seong—Ho Hong!, Han—Gyul Jin?3, Ji-Young Han*, Jong—Jin Baik!

!School of Earth and Environmental Sciences, Seoul National University
“Department of Atmospheric Sciences, Pusan National University
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This study examines how the initiation and evolution of urban-induced clouds and precipitation systems change with
background wind speed, to understand the role of background wind in urban—induced precipitation. Idealized ensemble
large—eddy simulations with initial background wind speeds (U,) of 0, 1, 2, 3, 4, and 5 m s™' are conducted under a
condition representative of August in Seoul. As the background wind speed increases, the urban breeze circulation (UBC)
weakens and the UBC—induced cumulus clouds are advected more rapidly downwind of the UBC center where updrafts
rise repeatedly. Hence, the development of the UBC-induced clouds into deep convective clouds is impeded and the
onset of precipitation is delayed with increasing background wind speed. For strong background winds (U, = 4 and 5 m
s71), the UBC-induced clouds end up dissipating without precipitation. Instead, the mechanical lifting of the warmer air
of the urban boundary layer over the cooler rural boundary layer triggers a precipitation system around sunset. When
the background wind is absent, the urban—induced precipitation system remains over the urban area, concentrating
precipitation there. Meanwhile, when the background wind is present, the urban—induced precipitation system can
be fed by the new updrafts produced from the downwind gust front of the cold pool, developing into an organized
precipitation system. This feeding effect is most prominent for a moderate background wind (U, = 3 m s™) in which a
precipitation system lives long and produces a considerable amount of precipitation over a distant downwind area. This

study gives insights into large precipitation amounts observed in and downwind of several cities.
Key words: urban—induced precipitation, background wind, urban breeze circulation, cold pool, large—eddy simulation
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