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Possible Impact of Urbanization on Severe Thunderstorms over Pearl River Delta
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Abstract During the late afternoon hours of 11 August 2004, convective storms moved through the urban areas of
the Pearl River Delta in South China. The convective system included severe thunderstorms with wind gusts (=30
m/s) and caused extensive damage in the urban and suburban areas. To investigate the impact of urban land use
changes on the evolution of the severe thunderstorms in the vicinity of Pearl River Delta, a high-resolution numerical
simulation is conducted using the MM5 (V3. 6) modeling system. In the current investigation, two comparison ex-
periments are performed. The first experiment (Expt 1) is carried out with the MMS5 original surface characteristics
and a simple five-layer soil model. Then, the second experiment (Expt 2) is designed to use a new land use dataset
derived from local GIS to identify the Pearl River Delta urban land use changes and couple the MM5 model with the
advanced NOAH LSM (land surface model) , in which the urban effects has been represented and enhanced by in-

creasing the roughness length to 0. 8 m and reducing the surface albedo to 0. 15. The two experiments employ three
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fixed grids with spacing of 36, 12, 2 km respectively. The outer two grids are set as a two-way run, and the 2 km
grid is nested within the 12 km domain by using a one-way run. The initial and boundary conditions are provided by
the NCEP FNL analysis and include assimilation of the upper air and surface observations. Both simulations are ini-
tialized at 0800 LLST on 11 August 2004 and run for 24 h through the course of the convective event. Model results
from the 2 km domain are compared with observations.

The comparison experiments show that the development and evolution of the simulated thunderstorm are sensi-
tive to local urban land use changes. By using the new land use dataset and coupling with Noah LSM, the MM5
modeling systems more successfully capture the characteristics of storm evolution. The simulation results show that
Expt 2 works reasonably well in developing an urban heat island (UHID) over Guangzhou city and convection that is
enhancing on the west bank of Pearl River estuary, the downwind side of the main urban areas. The UHI firstly ap-
pears over Guangzhou city at noon and then intensifies when it advects downwind of the main city areas. It is the en-
hanced low-level heating that made the urban atmosphere more unstable and favorable for the convection. Surface
convergence enhanced by urban roughness also plays an important role in initiating the severe storm. Analysis re-
veals that except for the low-level outflows from the former convection storm, convergent flows produced by the ur-
ban roughness also contribute to the enhancement of convergence around the urban areas. The urban induced conver-
gence firstly forms on the upwind side of the Guangzhou city, mainly located below 500 m, and then intensifies on

the urban downwind side, which produces the sufficient vertical motion to initiate new convections in front of the o-

riginal storm. As a result, convections on the downwind side of the urban areas are enhanced.
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Fig. 1 Urbanizations over the Pearl River Delta region (Urban landuse is indicated by red areas): (a) Landuse map based on the 1 km reso-

lution USGS 24-category; (b) landuse map based on local GIS dataset
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Fig. 7 Evolution of the first model level (50 m) heat island and wind field on 11 Aug 2004 in Expt 2: (a) 1200 LST; (b) 1300 LST; (c)
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Table 1 Variations of CAPE (Convective Available Potential Energy), the first model level temperature (T°) and dew point tem-
perature (T) at Panyu station (23. 00°N, 113. 40°E) on 11 Aug 2004 for different experiments
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Fig. 8 Vertical cross section of divergence (107*s~!) and winds (arrows) over Guangzhou city (thick solid line) along 23. 20°N in Expt 2 at

(a) 1500 LST and (b) 1600 LST 11 Aug 2004
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