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canopy and the wind direction holds. However, there will not be any significant change in the ambient 
air concentration due to deposition, since the source strength is very strong and the township is close 
to the power station. Nevertheless considerable amount of pollution is deposited and contours of the 
same for an hour are shown in Fig. 8. Totally, 4.5 kg of SO2 is deposited onto the canopy within the 
township, in an hour.  

 Although deposition does not affect the air quality at the township, it will have a beneficial 
effect on areas surrounding NLC since some amount of the polluting gas has been removed. This 
study can be generalized for any wind driven plume, over any part of NLC with a canopy cover.  

There is another situation in which the trees play an important role. The wind direction will 
eventually change or a period of sustained wind may be followed by a calm. In either case, pollution 
will remain hanging over a given area (township in this study) as residual pollution. The following 
section investigates the role of trees in this scenario. 

 

 
 
Figure 8. Mass of SO2 deposited per unit area in 1 hr for the concentration distribution of Fig.7 
 
3.2. Removal of residual pollution and improvement of air quality 

 
 The residual pollution left over by a plume will be diluted throughout the mixing layer. The 

mixing layer is the well mixed region of the atmosphere adjacent to the earth’s surface. The height of 
this layer varies with the time of day, the location of the site (latitude) and the atmospheric stability. 
This pollution will remain hanging over the township until it is advected away by the wind. In such a 
situation wherein there is no replenishment of pollution from the stack, the trees can play a significant 
role in air quality improvement. A first order removal of species from the bottom of a closed stirred 
tank is a simple way of modelling this process. A mass balance on SO2 for a mixing layer of height 
Hmix yields: 
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3. Cleansing efficacy of the evergreen canopy 
 

 Having calculated values of Vd, it is a simple matter to obtain the flux of species via Eq. (1) if 
the concentration at the reference height is known (10 m). Measurement of these concentrations for 
various months of the year is currently in progress. After obtaining this data it will be possible to 
estimate the total amount of material deposited on the canopy year round. However, this paper is 
concerned with establishing the efficacy of the cleansing action of the evergreen trees and their role in 
improving air quality. This is best done by focusing our study on a particular day. On the 13th of May 
2009, the wind blew in from the southwest and transported pollution directly over the township. The 
wind speed was 2 m/s and the solar radiation was 544 W/m2. In order to obtain the concentration of 
SO2 over the township, we apply a tailor made atmospheric gaussian-dispersion model which accounts 
for the stability of the atmosphere via the Pasquill Stability classes. A detailed exposition of gaussian 
models can be found in Sienfeld and Pandis (2006) and Hanna et al. (1982). 
 
3.1. Deposition from a plume 
 

 The emissions from the stacks of TPS1 and TPS2 are driven by the wind over the NLC 
Township. The ground level concentration computed from the dispersion model is shown in Fig. 7. 
The township is demarcated by a rectangle; white markers represent the power stations with TPS1 on 
the edge of the township. The text markers indicate locations of air quality monitoring stations. From 
Fig. 7 it is clear that much of the township experiences concentrations above 10 μg m-3. Areas closer to 
TPS1 receive higher amounts of polluting gas and the concentration in the narrow region surrounding 
the plume centerline exceeds 100 μg/m3. 
 

 
 
Figure 7. The ground level concentration over the township on 13th May 2009 at 14:30 
 

 Due to the presence of the evergreen canopy, there will be a continuous deposition of material 
from the plume of pollution onto the trees. This flux will be greater in regions of higher concentration 
and can be evaluated using Eq. (1). Material will be deposited as long as the plume remains over the 

and contours of the same for an hour are shown in 
Fig. 8. Totally, 4.5 kg of SO2 is deposited onto the 
canopy within the township, in an hour. 
	 Although deposition does not affect the air quality 
at the township, it will have a beneficial effect on areas 
surrounding NLC since some amount of the polluting 
gas has been removed. This study can be generalized 
for any wind driven plume, over any part of NLC with 
a canopy cover. 
	 There is another situation in which the trees play 
an important role. The wind direction will eventually 

change or a period of sustained wind may be followed 
by a calm. In either case, pollution will remain hanging 
over a given area (township in this study) as residual 
pollution. The following section investigates the role 
of trees in this scenario.

3.2. Removal of residual pollution and improvement 
of air quality

	 The residual pollution left over by a plume will be 
diluted throughout the mixing layer. The mixing layer 

Figure 7. The ground level concentration over the township on 13th May 2009 at 14:30

Figure 8. Mass of SO2 deposited per unit area in 1 hr for the concentration distribution of Fig.7
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 This equation when integrated yields the following expression for the time dependent 

concentration in the mixed zone of the atmosphere, where C0 is the initial residual concentration. 
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 The initial residual pollutant concentration can be obtained by first estimating the total amount 

of pollution left over a given area and then distributing it uniformly throughout the mixing layer. This 
is done by integrating the plume concentration predicted by the dispersion model throughout the 
atmosphere for all points within a designated zone (say the township). 

 The above calculation and the application of Eq. (8) to study the removal of residual pollution, 
requires the estimation of the height of the mixing layer. In this work we make use of the CSIRO 
mixing height calculator which is based on the work of Luhar (1998). The calculator accounts for both 
mechanical and convective turbulence and requires input of temperature gradient and latitude apart 
from other meteorological parameters. Returning to the 13th of May when the atmosphere was 
unstable, we set the gradient as 0.01°C/m. The temporal variation of the mixing height as calculated is 
shown in Fig. 9.  
 

 
 
Figure 9. Height of the mixing layer on 13th May 2009 
 

 From Fig. 9 we see that there is considerable temporal variation in height. A value of 1000 m is 
on the upper end and is common during summer days. It is lower during winter days and during the 
night (Seinfeld and Pandis, 2006). For our purpose of demonstrating the cleansing action of trees, we 
choose two representative values- 1000 m and 500 m. This calculation of mixing height was done to 
get an estimate of the values which commonly occur during tropical summer conditions at NLC. Thus 
the above calculation is sufficient despite obvious changes in wind speed and stability which occur 
during the day. 

 The reduction in concentration with time due to removal by the canopy over the township is 
apparent from the application of Eq. (8). Fig. 10 shows the decrease in concentration at both mixing 
heights. Clearly, the cleansing effect is more pronounced at lower mixing heights.  

is the well mixed region of the atmosphere adjacent to 
the earth’s surface. The height of this layer varies with 
the time of day, the location of the site (latitude) and 
the atmospheric stability. This pollution will remain 
hanging over the township until it is advected away 
by the wind. In such a situation wherein there is no 
replenishment of pollution from the stack, the trees 
can play a significant role in air quality improvement. 
A first order removal of species from the bottom of a 
closed stirred tank is a simple way of modelling this 
process. A mass balance on SO2 for a mixing layer of 
height Hmix yields:
			    					   
				    (7)

	 This equation when integrated yields the following 
expression for the time dependent concentration in the 
mixed zone of the atmosphere, where C0 is the initial 
residual concentration.
			    					   
			   (8)

	 The initial residual pollutant concentration can be 
obtained by first estimating the total amount of pollution 
left over a given area and then distributing it uniformly 
throughout the mixing layer. This is done by integrating 
the plume concentration predicted by the dispersion 
model throughout the atmosphere for all points within 
a designated zone (say the township).
	 The above calculation and the application of Eq. 
(8) to study the removal of residual pollution, requires 
the estimation of the height of the mixing layer. In this 
work we make use of the CSIRO mixing height calcu-
lator which is based on the work of Luhar (1998). The 
calculator accounts for both mechanical and convective 
turbulence and requires input of temperature gradient 
and latitude apart from other meteorological parameters. 
Returning to the 13th of May when the atmosphere was 
unstable, we set the gradient as 0.01°C/m. The temporal 
variation of the mixing height as calculated is shown 

in Fig. 9. 
	 From Fig. 9 we see that there is considerable tem-
poral variation in height. A value of 1000 m is on the 
upper end and is common during summer days. It is 
lower during winter days and during the night (Seinfeld 
and Pandis, 2006). For our purpose of demonstrating the 
cleansing action of trees, we choose two representative 
values- 1000 m and 500 m. This calculation of mixing 
height was done to get an estimate of the values which 
commonly occur during tropical summer conditions at 
NLC. Thus the above calculation is sufficient despite 
obvious changes in wind speed and stability which oc-
cur during the day.
	 The reduction in concentration with time due to 
removal by the canopy over the township is apparent 
from the application of Eq. (8). Fig. 10 shows the de-
crease in concentration at both mixing heights. Clearly, 
the cleansing effect is more pronounced at lower mixing 
heights. 
 
4. Conclusions

	 In this study we quantify the removal rates of SO2 
by the evergreen canopy located in a large thermal 
power plant in South India. It is interesting to compare 
our results of deposition velocity with those obtained by 
other modelling and experimental studies. Xu and Car-
michael (1998) have employed the methods described 
in this paper to calculate deposition velocities of SO2 
for the entire Asia region, including South India. How-
ever, the spatial resolution of these results is limited. 
Moreover our calculations consider the meteorological 
and climatic conditions unique to NLC as well as the 
effect of wet leaf surfaces. Nevertheless some results 
are comparable. Their values of Vd (daytime) for May 
and August are 0.3 and 0.45 respectively. Their value 
for December is much lower at 0.2 as compared to our 
result of 0.487. This is due to the mild winter experi-
enced at NLC with optimum temperatures of around 
20°C for stomatal opening. 
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canopy and the wind direction holds. However, there will not be any significant change in the ambient 
air concentration due to deposition, since the source strength is very strong and the township is close 
to the power station. Nevertheless considerable amount of pollution is deposited and contours of the 
same for an hour are shown in Fig. 8. Totally, 4.5 kg of SO2 is deposited onto the canopy within the 
township, in an hour.  

 Although deposition does not affect the air quality at the township, it will have a beneficial 
effect on areas surrounding NLC since some amount of the polluting gas has been removed. This 
study can be generalized for any wind driven plume, over any part of NLC with a canopy cover.  

There is another situation in which the trees play an important role. The wind direction will 
eventually change or a period of sustained wind may be followed by a calm. In either case, pollution 
will remain hanging over a given area (township in this study) as residual pollution. The following 
section investigates the role of trees in this scenario. 

 

 
 
Figure 8. Mass of SO2 deposited per unit area in 1 hr for the concentration distribution of Fig.7 
 
3.2. Removal of residual pollution and improvement of air quality 

 
 The residual pollution left over by a plume will be diluted throughout the mixing layer. The 

mixing layer is the well mixed region of the atmosphere adjacent to the earth’s surface. The height of 
this layer varies with the time of day, the location of the site (latitude) and the atmospheric stability. 
This pollution will remain hanging over the township until it is advected away by the wind. In such a 
situation wherein there is no replenishment of pollution from the stack, the trees can play a significant 
role in air quality improvement. A first order removal of species from the bottom of a closed stirred 
tank is a simple way of modelling this process. A mass balance on SO2 for a mixing layer of height 
Hmix yields: 
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Figure 9. Height of the mixing layer on 13th May 2009
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	 Matsuda et al. (2006) performed field experiments 
to determine the dry deposition velocity of SO2 over a 
tropical forest in Northern Thailand. They report values 
of deposition velocity up to 0.31 cm/s (daytime) and 
0.11 cm/s (nighttime) for the dry season. The night time 
value is nearly the same as our results. Generally the 
values of Vd (daytime) at NLC are higher, possibly due 
to year round higher solar insolation. In their work, they 
describe the importance of accounting for the effect of 
wet leaf surfaces and the resultant higher values of Vd 
during the rains.
	 Having determined the removal rates, we couple 
this information with an atmospheric dispersion model 
to investigate the cleansing efficacy of the evergreen 
canopy. A particular emphasis is placed on the sensi-
tive township which receives the full impact of stack 
emissions on 13th May 2009. Focusing on this day, we 
demonstrate the removal of SO2 from a wind driven 
plume as well as the removal of residual concentration 
when the wind direction changes. It is observed that the 
trees improve air quality in the latter case. This effect 
is more pronounced at lower mixing heights. During 
winter days, the mixing layer can be a few hundred 
meters high and just 100 meters at night due to the 
formation of an inversion layer. Under such conditions, 
pollution emitted during the early hours is trapped at 
night and can result in high levels of pollution. Harmful 
effects can be mitigated by the presence of trees and 
their cleansing action. Thus it is especially important 
to plant trees in urban areas where the major pollution 
source are located at ground level.
	 The implications of these results as well as the 
model developed in this work can be applied to other 
developing nations of Asia, who are grappling with 
the problem of air pollution from the burning of fos-
sil fuels. Nature has an ability to absorb and dissipate 
anthropogenic stresses such as air pollution. These 
natural mechanisms are pronounced in South Asia 

where convective boundary layers and evergreen trees 
are a saving grace. While this is not a green signal to 
continue polluting the environment, it does emphasize 
the importance of understanding nature’s protective 
mechanisms and utilizing them to mitigate and control 
pollution in an economic and sustainable manner.
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Figure 10. Depletion of residual SO2 concentration over the 
township due to removal by trees.
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Figure 10. Depletion of residual SO2 concentration over the township due to removal by trees. 
 
4. Conclusions 
 

 In this study we quantify the removal rates of SO2 by the evergreen canopy located in a large 
thermal power plant in South India. It is interesting to compare our results of deposition velocity with 
those obtained by other modelling and experimental studies. Xu and Carmichael (1998) have 
employed the methods described in this paper to calculate deposition velocities of SO2 for the entire 
Asia region, including South India. However, the spatial resolution of these results is limited. 
Moreover our calculations consider the meteorological and climatic conditions unique to NLC as well 
as the effect of wet leaf surfaces. Nevertheless some results are comparable. Their values of Vd 
(daytime) for May and August are 0.3 and 0.45 respectively. Their value for December is much lower 
at 0.2 as compared to our result of 0.487. This is due to the mild winter experienced at NLC with 
optimum temperatures of around 20°C for stomatal opening.  

 Matsuda et al. (2006) performed field experiments to determine the dry deposition velocity of 
SO2 over a tropical forest in Northern Thailand. They report values of deposition velocity up to 0.31 
cm/s (daytime) and 0.11 cm/s (nighttime) for the dry season. The night time value is nearly the same 
as our results. Generally the values of Vd (daytime) at NLC are higher, possibly due to year round 
higher solar insolation. In their work, they describe the importance of accounting for the effect of wet 
leaf surfaces and the resultant higher values of Vd during the rains. 

 Having determined the removal rates, we couple this information with an atmospheric 
dispersion model to investigate the cleansing efficacy of the evergreen canopy. A particular emphasis 
is placed on the sensitive township which receives the full impact of stack emissions on 13th May 
2009. Focusing on this day, we demonstrate the removal of SO2 from a wind driven plume as well as 
the removal of residual concentration when the wind direction changes. It is observed that the trees 
improve air quality in the latter case. This effect is more pronounced at lower mixing heights. During 
winter days, the mixing layer can be a few hundred meters high and just 100 meters at night due to the 
formation of an inversion layer. Under such conditions, pollution emitted during the early hours is 
trapped at night and can result in high levels of pollution. Harmful effects can be mitigated by the 
presence of trees and their cleansing action. Thus it is especially important to plant trees in urban areas 
where the major pollution source are located at ground level. 

 The implications of these results as well as the model developed in this work can be applied to 
other developing nations of Asia, who are grappling with the problem of air pollution from the burning 
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