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Figure 6. The predicted spatial distributions of the annual average concentrations of BaP originating from wood combustion in the Helsinki
metropolitan area in 2008(a) and 2011(b). In�uence of the regional and long-range transported background is not included in the values of
these �gures. The main road network is shown for clarity.

Helsinki, however, the annual average concentration from lo-
cal wood combustion was below 0.2 ng m� 3.

3.3 Comparison of the observed and predicted annual
average concentrations

To compare the predicted to the measured concentrations,
a regional background concentration of 0.135 ng m� 3 was
added to the concentrations computed from local residential
combustion. This value was the median of the measured BaP
concentrations at the regional background station of Hyytiälä
(RB2) in southern Finland in 2009–2014. This regional back-
ground value was assumed to be a constant both in time and
throughout the entire urban area. Clearly, the actual hourly
values of the regional background depend, e.g., on wind di-
rection and other meteorological parameters. As shown in
Fig. 2, the values at RB2 varied between 0.09 and 0.25.
A fairly high temporal variation in the regional background
would also be expected for Helsinki.

The predicted and observed annual average concentra-
tions are presented in Fig. 7. Only those days with measure-
ments were taken into account. The predicted concentrations
agreed fairly well with the measured concentrations for four
detached-house areas (DH2, DH3, DH6, and DH7). For two
detached house areas (DH1 and DH5), agreement was rela-
tively worse. In the case of the urban background site (UB),
the agreement varied from year to year. For most stations and
years (except for DH2 in 2008 and DH3 in 2011), the com-
puted concentration was higher than the observed value.

One probable reason for the disagreements between mod-
eled and observed concentrations was the inaccurate descrip-
tion of the temporal variation of emissions. The treatment of
the temporal variation of emissions in the model is based on
temporal variation coef�cients (monthly, weekly, and daily).
However, the model did not take into account the in�uence
of the daily or inter-annual variation of meteorological con-
ditions (especially that of the ambient temperature) on the

amount of wood combustion (although it does take into ac-
count the in�uence of meteorology on the dispersion con-
ditions). Furthermore, the uncertainty of emission factors
can be substantial. Such uncertainties are partly caused by
a scarcity of experimental studies regarding the emissions of
various �replace types, especially for the stoves of saunas
(Sect. 2.3). Such uncertainties are also partially caused by
the wide variation of emission factors in terms of the quality
and processing of fuels, the quality and structure of heaters,
and combustion techniques and procedures (e.g., Ozgen et
al., 2014; Tissari et al., 2007, 2009; Savolahti et al., 2016).

The model also does not take into account the reactivity
of BaP in the air. Heterogeneous reactions of BaP on par-
ticle surfaces may have an effect on concentrations espe-
cially in the summer (Keyte et al., 2013). However, the de-
tailed chemical transformation equations of these reactions
are still insuf�ciently known; it is also expected that most of
the BaP molecules are located inside the bulk particles and
may, therefore, not be accessible for these reactions. There-
fore, BaP is expected to be removed mainly by the dry and
wet deposition of particles; the degradation of BaP through
chemical reactions, however, is expected to have a relatively
smaller effect on the measured BaP concentrations.

Another factor that causes differences between the mod-
eled and the observed concentrations is the spatial resolution
of the modeling; the emission sources were assumed to be lo-
cated in grid squares with a size of 100 m� 100 m. However,
measurements represent speci�c spatial points; especially in
the case of small-scale combustion, so the measured values
may be in�uenced by very local distributions of sources and
other features.

The regional background concentration was based on the
measured values at the s Hyytiälä station in southern Finland.
However, this site represented more continental conditions
compared with the HMA, and thus, it may not have been
suf�ciently representative of the study domain.
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