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For urban weather finescale forecasting, obtaining accurate and up-to-date urban
canopy parameters (UCPs) is necessary and still a challenge. In this study, a
high-resolution dataset of UCPs was developed by using vector-format building
information and then applied in the WRF/urban system with the single-layer urban canopy
model (SLUCM)/building effect parameterization (BEP) model to improve the urban
finescale forecasting of a typical heat wave event during summer 2016 in Hangzhou.
A series of sensitivity experiments were conducted, and the results showed that the
high-resolution UCP data improved the model skill in simulating the spatial distributions
and diurnal variations of 2-m temperature, 2-m relative humidity, and 10-m wind speed in
the urban areas of Hangzhou, especially for the BEP model. Better results were produced
when refining the computation domain due to more realistic urban morphological
characteristics were adopted. The sensitive experiments suggest that the high-resolution
UCPs played a significant role in representing the UHI effect though changing the surface
thermodynamic parameters (e.g., roughness length), hereafter increasing the sensible
heat and surface heat flux, and finally resulting a notable urban heat island (UHI) effect.

Keywords: urban canopy parameters, finescale forecasting, WRF/urban modeling system, urban heat island,
Hangzhou

INTRODUCTION

Continuous and rapid urbanization across the world has drawn a great deal of attention to urban
climate studies in the past decades (Arnfield, 2003; Grimmond, 2007; Seto and Shepherd, 2009;
Stewart, 2011; Jankovi¢, 2013; Wang and Yan, 2016; Luo and Lau, 2018, 2021; Masson et al., 2020b).
Currently, there is a pressing need for urban weather and climate services (Baklanov et al., 2018),
as local weather conditions in cities have important implications for air quality (Baklanov et al.,
2016), energy consumption of buildings (Santamouris et al., 2015), and human health (Tan et al.,
2010; Heaviside et al., 2017). In order to mitigate the urban climatic and environmental issues,
regional climate models coupled with urban modeling system play an important role in accurate
urban weather forecasts and experiments on the complex interactions of urban surfaces and the
atmosphere (Chen et al., 2011; Kwok and Ng, 2021).

Nowadays, the “quiet revolution” in numerical weather prediction leads to a great progress
in weather forecast, which is beneficial to the development of the physical model and the usage
of new data (Bauer et al, 2015). The Weather Research and Forecasting (WRF) model is a
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FIGURE 10 | The (A) observed and simulated urban heat island (UHI) derived from (B) SNUA run and the difference of UHI between SNUA run and (C) SNUN, (D)
SNNA, (E) SNNN, and (F) SDNN runs.
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FIGURE 11 | The difference in (A,B) impervious fraction (unitless), (C,D) zero plane displacement height (m), (E,F) roughness length above canyon (m) between SNUA

The comparison of the “new” cases to the “default” cases
shows that the high-resolution UCP data improves the model
skill in simulating the spatial distributions and diurnal variations
of 2-m temperature, 2-m relative humidity, and 10-m wind
speed in the metropolitan region of Hangzhou, especially in
the urban area. The underestimate of the UHI and “dry island”
effects and the blocking effect on wind speed were reduced when
the high-resolution UCP data were applied in the SLUCM/BEP
models. More realistic urban morphological characteristics were

adopted when refining the computation domain, which produced
best results than the coarser domains. The sensitive experiments
suggest that using UCPs played a significant role in affecting
the UHI effect though changing the surface thermodynamic
parameters (e.g., roughness length), hereafter increasing the
sensible heat and surface heat flux, and finally resulting in a
notable UHI effect.

Due to the large disparity and uncertainty in data for the
WRF modeling grid, obtaining an accurate and up-to-date
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FIGURE 12 | Difference in (A1-D1) surface temperature(°C), (A2-D2) sensible heat flux (W m=2), (A3-D3) latent heat flux (W m~2), (A4-D4) ground heat flux (W
m~2), (A5-D5) temperature at 2m (°C) at night between SNUA run to SNUN run (A1-A5), SNNA run (B1-B5), SNNN run (C1-C5), SDNN run (D1-D5).
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high-resolution UCP dataset is still a challenge in the urban
finescale forecasting (Ching et al., 2009; Chen et al., 2011). The
development of a comprehensive UCP dataset from the vector-
format building data is an effective way in China, since this data
can be well constructed and updated by the government such
as the Surveying and Mapping Bureau. Although the improved
forecasts for temperature, humidity, and wind speed were found
in this study, more works still need to carry on this subject.
Improvement on some parameterization used in the finescale
forecasting is still needed, such as the underrepresentation of
horizontal scalar fluxes in the Smagorinsky first-order closure
scheme (Wyngaard, 2004), the development of a seamless
turbulence scheme in PBL scheme (Boutle et al., 2014), etc. In
addition, an obvious next step would be to evaluate the forecast
system at a long-time scale, which should give a robust result.
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