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Introduction

Recently, mesoscale models have been used to show the impact of the emissions of
anthropogenic heat on local-scale meteorology (Saitodl, 1996 Fan and Sailor,
2005). These effects include increases in urban boundary layer height, the magnitude
of vertical diffusive transport, ground and atmospheric temperatures, and decreases in
boundary-layer stability. Emissions of anthropogenic heat have been identified as a
important consideration in estimates of global warming (Crutzen, 2005). Recent work
has shown that anthropogenic heating may have a significant effect on the results of
regional operational weather forecasts (Makar et al., 2004).

The aforementioned meteorological parameters (boundary layer height, vertical diffu-
sivity, atmospheric temperature, stability) are all key factors in the determination of the
chemical state of the atmosphere. Urban regions are often the most significant source
of emissions of reactive chemical species. The mass concentration per unit volume of
these species will have a direct effect on the chemical rate of formation of secondary
pollutants known to have deleterious effects on human health. Accurate predictions of
the mixing state of urban regions are therefore necessary for accurate simulations of
atmospheric chemistry and the forecasting of air pollution. The impact of emissions
of anthropogenic heat on the chemical state of the atmosphere might therefore be ex-
pected to be large, due to the temperature dependence of the relevant chemistry and
the key role of vertical mixing in determining chemical concentrations.



An air-quality measurement intensive took place on the west coast of Canada during
the summer of 2001 (Pacific2001). In addition to highly time and speciation resolved
chemical measurements at three sites in the coastal city of Vancouver, this study in-
cluded estimates of meteorological parameters such as boundary-layer height inferred
from ground-based lidar and radiosonde measurements. The use of the latter led to im-
provements in the Canadian Global Environmental Model's (GEM) regional weather
forecast (Makar et al., 2005). Here, the impact of this improved meteorological param-
eterization on air-quality simulations using the Meteorological Service of Canada’s
AURAMS model will be described and compared to the air-quality measurement data
of Pacific2001.

Methodology

The modifications to the GEM weather forecast model are described elsewhere.
Briefly, they include the incorporation of anthropogenic heat fluxes (derived from
surrogate satellite data and national heat flux estimates; Chirkov, 2003), as well as
population based estimates of building height hence urban surface roughness (Oke,
1978), into the surface parameterization of the weather forecast model (Belair et al,
2003). Two separate meteorological simulations were performed for the period August
22 — 31, 2001, using the regional 15 km operational GEM forecast model. The first
simulation used GEM in its original state, while the second included the given modifi-
cations to GEM's surface and boundary-layer parameterizations. The output from each
weather forecast was then used as input to the Meteorological Service of Canada’s A
Unified Regional Air-quality Model (AURAMS)Moran et al., 1998; Zhang et al.,
2002; Makar et al., 2003).

The AURAMS output was compared to both regional monitoring network data for
speciated particulate matter, as well as the highly time-, speciation-, and in the case of
particles size-resolved measurement intensive data of Pacific2001.

Results

The comparison between GEM simulations across the North American domain
showed that the inclusion of anthropogenic heat results in a large increase (up to a fac-
tor of five) in nighttime urban boundary layer heights over major urban centers such
New York City, with accompanying increases of one to three orders of magnitude in
the vertical diffusion coefficients. The unaltered GEM forecasts showed significant
under-predictions of PBL height relative to Pacific2001 observations, while the pre-
dicted PBL heights were significantly improved with the inclusion of anthropogenic
heating in GEM. AURAMS simulations with the unaltered operational forecast model
meteorology as input showed over-predictions in the concentrations of many emitted
species at the downtown Vancouver (Slocan) site of Pacific2001. The enhanced mixing



associated with anthropogenic heating resulted in AURAMS results that significantly
these over-predictions.

Conclusions

The inclusion of anthropogenic heat into the driving operational weather forecast
model for an air-quality simulation was shown to have a significant effect on pre-
dicted concentrations of chemical constituents in urban regions and across the model
domain. The modelling results suggest that anthropogenic heating can have a signif-
icant impact on air-quality in urban areas, and that future air-quality modelling and
measurement activities should include these processes.
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