ARC3.2 Climate Change and Cities Chapter 2 Urban Climate Science

Case Study 2.1 Urban Heat Island in Brussels

Rafig Hamdi The Brussels Capital Region (BCR) in Belgium has experienced a

rapid transformation of agricultural land and natural vegetation to

Royal Meteorological Insitute of Belgium, Brussels — puilt areas (e.g., buildings, impermeable pavements) over the past
century. There has been a rapid expansion of the city since the
1950s. The acceleration of urban growth is linked to widespread use

Keywords Urban heat island effect, urban of the car as a new mode of transport (Fricke and Wolf, 2002). The

growth, impervious surfaces, evolution of the fraction of impervious surfaces over the BCR since

minimum temperature increase 1955 was studied by Vanhuysee et al. (2006). The results indicate a

. sharp increase in impervious surfaces areas, nearly a doubling from
Population 2,061,000 (UN, 2016) 26% in 1955 to 47% in 2006.

(Metropolitan Region)
At the same time, a gradual increase in temperature has been

Q;ee?o(rl:/;etropolltan 1§1'38 lfm;t tistics. 2015 observed at the national recording station of the Royal Meteorological
9 (ErEssE ShRiEes, ) Institute (RMI) of Belgium, located just south of the center of the capi-
Income per capita US$46,010 (World Bank, 2017) tal in the Uccle suburb. This time series has a long history dating back

to 1833 and has been homogenized within the EU IMPROVE project

Climate zone Cfb — Temperate, without dry season, (Camuffo and Jones, 2002).2
warm summer (Peel et al., 2007)
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Case Study 2.1 Figure 1 (@) Evolution of the average percent imperviousness of the Brussels Capital Region from 1955 to 2006; (b) and (c), annual mean urban heat
island (UHI)effect on minimum and maximum, near-surface air temperature observed at Uccle, estimated asthe difference with the rural climatological stations, with

the linear trend, 1956-2012. Réis the coefficient of determination. Theannual mean maximum temperature is substantially less affected by urbanization than the annual
mean minimum temperature, which is consistent with previous studies in other cities (Landsberg, 1981; Kalnay and Cai, 2003; Huaet al., 2008). Theincrease of annual
mean urban bias on minimum temperature may be attributed to: (1) higher thermal inertia, which, in combination with lower albedo of urban surfaces, delays the cooling of
the cities at nights compared to rural areas (Hamdi and Schayes 2008) (2) limited evapotranspiration that prevents evaporative cooling of urban areas, and (3) the
contribution of anthropogenic heat during night hours, which can also influence the long-term trend of near-surface air temperature.
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It is important to understand whether, and to what extent, esti-
mates of warming trends at Uccle can be explained by the growth
of the UHI of the city of Brussels due to urban sprawl. If observa-
tions of near-surface air temperatures in growing cities are used in
the assessment of global warming trends, these trends may be
overestimated.

Two stations belonging to the RMI climatological network, situated
13 kilometers away from the center of Brussels are used to assess
the degree to which the Uccle near-surface temperature trends are
amplified by urbanization.3

The UHI intensity is defined as the difference in near-surface air
temperature between urban and rural stations. Estimates of urban
bias (influences of urbanization on the observed trend) at the Uccle
recording station on annual-mean minimum and maximum tem-
perature calculated between 1956 and 2012 are plotted with the
linear trends in Case Study 2.1 Figure 1. The UHI effect on minimum
temperature is shown to be rising with increased urbanization, with
a linear trend of 0.18°C (x 0.02°C) per decade. The coefficient of
determination is R2 = 0.70, which indicates a strong dependence
between the increase of urban bias on minimum temperature and
the changes in the percentage of impervious surfaces.
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