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Abstract

Using an on-line meteorology-coupled chemical transport model, two kinds of simulations were conducted in the
Kanto area of Japan for 2002 fiscal year; one with anthropogenic heat release and the other without it. Simulation
results showed anthropogenic heat release decreased markedly concentrations of primary pollutants (nitrogen
oxides) in urban areas mainly because of increased planetary boundary layer height, whereas anthropogenic heat
release was found to increase concentrations of one of the secondary pollutants (ozone) in such areas. The
simulation results with anthropogenic heat were much better correlated with available observations for both
meteorological variables and air pollutants concentrations, suggesting it is crucial to incorporate anthropogenic
heat release into the model to estimate regional distributions of long-term average pollutants concentrations
reasonably.
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1. INTRODUCTION

Owing to growing computational performances, regional distributions of long-term average pollutants
concentrations can now be estimated using sophisticated three dimensional Eularian models such as CMAQ.
These models often use outputs from meteorological models, such as MM5, WRF, or RAMS, as input
meteorological variables (e.g. wind and temperature). In these meteorological models, urban effects are usually
considered only by changing surface parameters (e.g. roughness length, albedo, and heat capacity) but not by
incorporating anthropogenic heat release (refereed to as “AHR” hereafter). Therefore, it is important to evaluate
the significance of the effects of AHR on pollutants concentration distributions to determine whether these effects
can be reasonably ignored, as is often the case, or not. The impact of AHR on pollutants concentration
distributions, however, has been rarely studied; especially no study has been conducted, as far as we know, on
the impact onto the long-term average concentration distribution which is crucial to quantify health effects posed
by atmospheric pollutants. In the present study, we estimated effects of AHR on regional distributions of long-term
average pollutants concentrations as well as regional climate using an on-line meteorology-coupled chemical
transport model.

2. METHOD

2.1. Model description

We developed an on-line meteorology-coupled chemical transport model and utilized it for the above-mentioned
purpose. The core of this model consists of a meteorological model, Regional Atmospheric Modeling system
(Pielke et al. 1992) version 4.4, and a chemistry model, updated Carbon Bond mechanism IV (CB99, Adelman
1999). CB99 represent complicated atmospheric reactions forming secondary pollutants such as ozone (O3) or
aldehydes by 96 chemical equations of 36 chemical species. For calculations of chemical processes which
include reaction, deposition, and emission of a specific source category (biogenic emission), meteorological
variables are accessed every simulation time step. Weather clustering technique (Yoshikado et al. 2006) can also
be used for estimating long term average concentrations. This technique includes weather clustering on the basis
of synoptic scale pressure distribution and incoming solar radiations, and determination of representative days for
each weather pattern on the basis of transport paths of atmospheric pollutants. With this technique, simulations
are conducted only for these representative days so that time required estimating long-term average
concentrations gets much shorter. This technique was also applied for this study.

2.2. Simulation setup

The simulation domain covered eastern part of Japan with grid 1 which was nested with grid 2 covering the
Kanto area which included the Tokyo metropolitan area (Fig.1). The main target area of the present study was the
Kanto area so that only the simulation results for grid 2 will be shown in the following section. The horizontal grid
spacing was 20 km for grid 1, and 5 km for grid 2. Vertically, both grids expanded from ground surface up to
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20,000 m with variable grid spacing. The vertical spacing of the bottom layer was 50 m. Though target period was
set throughout the 2002 fiscal year (FY), simulations were conducted only for 29 days which were representative
for each weather pattern. Each bottom grid cell was deviled into at maximum four different land use patches (e.g.
water, trees, farming, and urban) to consider heterogeneity in heat / mass exchange at ground surfaces within
each grid cell. Emission amounts of primary pollutants, nitrogen oxides (NOx), carbon monoxide (CO), and
volatile organic compounds (VOCs), used in the atmospheric model was estimated on the basis of Kannari et al.
(2007). Biogenic VOCs emission factors were modified to reflect those of Japanese inhabitant plant species
measured recently by Bao et al. (2008).

 Two kinds of simulations were conducted: one with AHR (case 1) and the other without it (case 0). For case 0,
urban effects were represented only by changing surface parameters specific to urban landuse, which was
original representation of urban effects in RAMS v4.4. For case 1, anthropogenic heat was put directly into the
bottom atmospheric grid cells which had urban patches. For each urban patch, AHR of 100 w/m2 was assumed
after Pielke (2002).

Fig. 1. The simulation domain and grids. Grid 1 are represented by red rectangles and the outer frame of grid 2 is represented
by green rectangle.

3. RESULTS AND DISCUSSION

3.1. Geographical distribution of surface air temperature

Figure 2 shows geographical distribution of calculated annual mean temperature at the bottom model layer along
with that of observed annual mean surface air temperature at Air Pollution Monitoring Stations over the Kanto
area. It can be seen observed temperatures are higher in the Tokyo metropolitan area than in the surrounding
area (Fig.2 a). It is noticeable that the distribution of predicted temperature of Case 1 (with AHR) agrees well with
that of observations (fig2.c) while that of Case 0 (without AHR) do not.
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Fig. 2. Geographical distributions of observed and calculated annual mean surface air temperature in the Kanto area for 2002
FY.

Fig. 3. Scatter plots of observations versus calculation results of each case for the Kanto area of Japan. Each plot represents
each grid cell which has monitoring stations. All variables are averaged for 2002 FY. Pfac2 denotes fraction of data points
calculated within the accuracy of factor 2. Note that most data within the Tokyo metropolitan area, significant urbanized
areas, are plotted in the right (higher) side on the left and the middle panels but are plotted in the left (lower) side on the right
panel according to the difference of geographical distribution of each variables.

3.2. Impact of anthropogenic heat release on temperature, concentrations, and model performance

Figure 3 shows scatter plots of observations versus calculation results of each case over the Kanto area of
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Japan for different variables. All variables are shown in average values for 2002 FY. The difference between
results of case 0 and those of case1 clearly shows that AHR affects significantly pollutants concentrations as well
as surface air temperatures. AHR decreased markedly primary pollutants (NOx) concentrations in urban areas,
whereas it increased one of the secondary pollutants (O3) concentrations in such areas. These phenomenon
could be explained mainly by the increase of planetary boundary layer height caused by AHR, as can be seen
from fig.4. Furthermore, It is noticeable that the simulation results with AHR is much better correlated with
observations for both temperature and air pollutants concentrations.

Fig. 4. Scatter plots of calculated planetary boundary layer height (PBL height) ratio (PBL height of case1 / PBL height of
case 0) versus calculated concentration ratio (concentration of case1 / concentration of case 0) for NOx and Ozone (O3). Each
plot represents each grid cell of the grid 2. All variables are averaged for 2002 FY. Increase of PBL height caused by AHR is
closely related to decrease of NOx concentrations and increase of ozone concentrations.

4. Conclusions

Our simulation results reveal AHR has significant effects on regional distributions of long-term average pollutants
concentrations as well as regional climate. Though these effects of AHR on concentrations have been rarely
taken into account in the model calculation, AHR is found important to incorporate into the model calculation to
estimate regional distributions of pollutants concentrations reasonably.
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