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Abstract With the accelerating urbanization and deteriorating urban environment, the interaction
between urban heat island (UHI) effect and air pollutants has been attracting more attention. On
one hand, the circulation induced by the UHI effect could rearrange the distribution of the air
pollutants in the planetary boundary layer (PBL). On the other hand, air pollutants could
influence the UHI effect by absorbing and scattering effects on radiation processes. Using a
theoretical model, the relationship between UHI effect and air pollutants is analytically solved in
two types of city distributions: a single big city and urban agglomeration.

Dividing the long-wave radiation absorption spectrum into strong and weak parts, then the

radiation processes could be expressed as functions of the temperature distribution. Setting the

(973 ) (2014CB953903) . (2013YB45)
. .1984 9 ,2012 ,

. E-mail: liyaokun@bnu. edu. cn



730 (Chinese J. Geophys. ) 58

temperature declines exponentially with height, then the three-dimensional PBL motion could
also be expressed as functions of the temperature distribution. If fixing the air pollutants emission
intensity, the radiation absorption coefficients could be determined. Then substituting the
coefficients into the temperature equation, it is easy to solve the temperature equation and to
calculate the three-dimensional PBL motion which in turn could influence the air pollutants
concentration. Therefore, the UHI effect and air pollutants are coupled through the theory.

The UHI effect is directly determined by the anthropogenic heat release intensity. The larger
a city is, the stronger the UHI is. When the area of a city is given, the more scattering the city
is, the weaker UHI is. This provides certain theoretical support for the multi-city conurbation
approach in city construction and development. The situation is similar to the air pollutants
concentration. Stronger emission intensity corresponds to higher air pollutants concentration.
Same emission intensity causes more serious pollution in a single big city than in urban
agglomeration. It also implies that the multi-city conurbation could bring better air quality. With
strengthening emission intensity, the UHI effect intensity decreases to a minimum value then
increasing slowly. The scattering effect of the aerosol could decrease the temperature anomalies
by reducing the amount of solar radiation on the lower boundary. However, the absorption
heating effect could surpass the scattering cooling effect when pollutants concentration is high
enough. The UHI intensity would intensify with a moderate range under this circumstance.
Stronger UHI intensity could drive a stronger PBL circulation cell which could redistribute and
transport more pollutants far from the emission center hence reducing the pollutants
concentration there. Comparing with the relieving effect of the anthropogenic heat release on
pollutants concentration, its driving effect on the UHI is more significant.

Above results show that the interaction between the UHI effect and air pollutants
concentration could be coupled through a simple theoretical model. On one hand, air pollutants
could scatter and absorb the radiation hence weakening and strengthening the UHI intensity. On
the other hand, the stronger circulation cell induced by the stronger UHI effect could transport
more pollutants from the emission center and relieve the contamination extent of the air. Both the
UHI intensity and pollution extent are weaker in the urban agglomeration than in a single big city
which might provide certain theoretical guide for the city construction and development.
Keywords Planetary boundary layer; Energy balance model; Urban heat island effect; Air

pollutants concentration; Urban agglomeration
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