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ABSTRACT 

Accurate representation of dispersion of air pollutants is 

essential for environmental management and planning 

purposes. In the present study, an attempt has been made to 

investigate the improvement of pollution dispersion using 

AERMOD model which includes atmospheric boundary layer 

processes explicitly.  Ranchi region, a fast growing urban city 

with industries and vehicular pollution in the Jharkhand state 

of India is chosen. Surface micro-meteorological tower data 

and upper air radiosonde observations are utilized in the 

study. Surface boundary layer parameters such as friction 

velocity and sensible heat flux used as input to AERMOD 

model are obtained from flux-profile relationships and 

validated with turbulence measurements. The pollutant 

concentrations includes industrial as well as vehicular sources 

predicted by AERMOD are validated with the ambient air 

quality data of Central Pollution Control Board at Ranchi. 

Results reveal that AERMOD performed well in representing 

air pollution dispersion over Ranchi region. 

General Terms 

AERMOD  

Keywords 
Air Pollution, Dispersion Model and Atmospheric boundary 

layer  

1. INTRODUCTION 
Air pollution has been existing since the first fire was lit and 

is considered to have considerable influence on the global 

environment. In many countries with ambitious economic 

growth targets, the acceptable levels of air pollution have been 

transgressed, resulting in an urban skyline characterized by 

smog and dust clouds. In several Indian cities with population 

of over a million, air pollution levels exceed World Health 

Organization (WHO) standards. Serious respiratory disease-

related problems have been identified for both indoor and 

outdoor pollution in major cities of several countries [1]. Air 

pollution models are routinely used in environmental impact 

assessments, risk analysis and emergency planning, and 

source apportionment studies [2]. In highly polluted cities in 

India such as Delhi, Kolkata and Chennai, regional scale air 

quality models are used to forecast air pollution. The results 

from these models may initiate compulsory shutdown of 

industries or vehicle restrictions. Various roles served by air 

pollution models, which cover a broad range of scales from 

local to global, lead to distinct modeling requirements. The 

emphasis is on Gaussian-plume type models for continuous 

releases, which are at the core of most U.S. Environmental 

Protection Agency (EPA) regulatory models. 

[3] have studied the dispersion of pollutants in convective low 

wind conditions using three different dispersion models of 

Gaussian type, over few places in Delhi and found that the 

transport and dispersion of pollutants becomes weak under 

low wind conditions, resulting in large ground level 

concentrations (GLC). [4] have examined a point source 

plume at high altitudes using a modified Gaussian model.  [5] 

have estimated assimilative capacity and dispersion of 

pollutants due to industrial sources in Visakhapatnam bowl 

area by computing the GLCs of gaseous pollutants using 

Gaussian models. [6] have discussed the impact of an 

industrial complex, located in the outskirts of Hyderabad city, 

on the ambient air quality using ISCST-3 model. 

[7] have discussed on provision of services to develop 

Guidance for air dispersion modeling in ISC-AERMOD view. 

[8] has reviewed the inter-comparison studies of AERMOD 

and ADMS, and discussed the output features of these 

models. [9] have compared the results obtained from 

AERMOD and ISC PRIME models, in which they have 

shown AERMOD gives the better results compared to 

ISCST3.  [10] have used ISC-AERMOD to predict the 

concentration of NO2 and SO2 from a diesel power plant 

complex based on worse-case scenario operation.  

[11] have discussed the regulatory and compliance-based 

modeling for air quality impact assessment for predicting 

future air quality under various management scenarios 

particularly where air quality monitoring data are limited. 

They have computed the concentration of CO, NOX, SO2 and 

PM10 at sensitive receptor locations and compared to WHO 

interim guidelines.  [12] have studied the health hazards due 

to suspended particulate matter (RSPM or PM10) over Delhi 

employing AERMOD. [13] have presented a methodology for 

implementation of the AERMOD modeling system when 

local data is incomplete.  

The 1-hour, 8-hour and 24-hour averages of criteria pollutants 

(NO2, SO2, CO, PM2.5 and PM10) monitored during 2004-

2009 at three observational sites in Delhi were compared with 

the Central Pollution Control Board (CPCB) standards by [14] 

and emphasized the requirement of good emissions inventory 

and advanced modeling approaches for developing emissions 

control programs.  
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It has been observed from literature that several dispersion 

models are available for studying the dispersion of air 

pollutants emitting from different sources such as point, 

vehicular or mobile, area and volume sources. As AERMOD 

is the latest model being used as preferred model for 

estimating the GLCs of pollutants, it is proposed to use 

AERMOD in the present study to assess the pollutant 

dispersion due to industrial and vehicular sources.  From the 

literature it is also noticed that the studies regarding the 

performance evaluation of AERMOD in dispersion 

calculation are very few in India. Hence, the present study 

mainly focuses on evaluation of atmospheric boundary layer 

parameters and also validation of the GLCs computed using 

AERMOD with observations over Ranchi. The uniqueness in 

the present study includes the validation of atmospheric 

boundary layer variables with high resolution turbulence 

measurements. 

2. STUDY SITE  
Ranchi is the capital city of the newly formed state of 

Jharkhand, India. Ranchi is located on the eastern part of the 

Indian sub-continent (Fig. 1). The summer is warm but 

bearable with average high temperature around 37.2 ºC where 

as the winter is quiet pleasant with average temperature 

dipping up to 10.3 ºC. Ranchi city is located between the 

geographic co-ordinates 23º18‟43.54” N to 23º22‟39.35” N 

and 85º16‟47.88” E to 85º21‟38.71” E, 274.5 and 652.70 

meters above sea level. The monitoring location (receptor) 

called as Albert Ekka Chowk (23º22‟11.84” N, 85º19‟30.15” 

W) and Industry location, namely, Usha Martin Industry 

(23º22‟06.13” N, 85º25‟39.61” E) are depicted in Fig. 1.  

 

 

 

 

 

 

 

 

Fig. 1: Location of Industry, Ambient Air Quality 

Monitoring Location and Meteorological data monitoring 

station in the study area (Ranchi) 

Average annual precipitation is 2078 millimeters with 34% of 

the total rainfall occurring in the month of July and monthly 

averages rainfall is 7.20 cm. About 28% of Ranchi is covered 

by forest. The climate of Ranchi follows a typical seasonal 

monsoon weather pattern. The peak temperatures in April and 

May are as high as 35.5 ºC before monsoon.  

It has a population of 2,912,022 [15] making 46th largest city 

in India. Ranchi has been under stress due to increasing 

urbanization and industrialization and it has become one of 

the industrial colonies of Jharkhand. Traffic flow is Ranchi is 

also high and comparable to the traffic in other major cities of 

India. About 0.9 million vehicles are plying on city roads 

during the year 2010, of which, 80% are two wheelers while 

the rest fall in the category of   heavy vehicles, three wheelers 

and four- wheelers. In addition to this are the vehicles used by 

the floating population. 

3. DATA USED  
The emission rates of oxides of nitrogen (NOx) emitted from 

the industrial sources and their source characteristics, 

meteorological and ambient air quality data collected during 

2010 in the study area are described in this section. 

3.1 Meteorological data 
The meteorological data for 7 days (3, 5, 8, 12, 15, 19 and 22, 

April 2010) obtained from 32 meter micro-meteorological 

tower at Birla Institute of Technology; Mesra at Ranchi is 

used in the present study. The tower data consists of slow 

response as well as fast response data (for more details of the 

data and instrumentation, refer [16]. The slow response data 

consists of wind speed (ms-1), wind direction (degrees), air 

temperature (°C), relative humidity (%), pressure (mb), 

radiation components (Wm-2), and cloud cover (oktas). Fast 

response data consists of 3-D wind components (ms-1) and 

temperature (°C) with 10 Hz temporal resolution. Upper air 

observations (radiosonde data) during the study period are 

obtained from web-link of University of Wyoming 

http://weather.uwyo.edu/upperair/.  

In the present study, the flux profile relationships are used to 

compute the boundary layer parameters such as surface 

friction velocity, connective velocity scale, and sensible heat 

flux in unstable and stable conditions. 

Flux profile relationships 

The wind speed (U) and potential temperature (θ) on the basis 

of surface layer similarity theory [17], are given by:  
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where z0 is the surface roughness length, z is the height above 

surface, k is the von Karman constant, θ0 is the potential 

temperature at the surface, u* is the friction velocity, θ* is the 

friction temperature, L is the Obukhov length and ψm and ψh are 

the stability functions: 
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where z' = z/L and ϕm and ϕh are the basic universal similarity 

functions [18,19]. 
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The Obukhov length is defined as:  

θkg

uθ
 = L

*

*

2
0

                                                            (5) 

where g is the acceleration due to gravity. 

The similarity functions are numerically solved using iterative 

method in unstable or convective conditions using [20] and in 

stable conditions using [21] profiles as discussed in [22]. The 

mixing height/inversion heights are computed following [23]. 

These parameters are to be given as input to AERMOD along 

with meteorological data such as wind speed, wind direction 

and temperature. Eddy correlation technique has been 

employed to obtain the observed sensible heat flux and 

friction velocity using fast response data of wind and 

temperature monitored by sonic anemometer [20,24,25]. 

These observed fluxes were utilized for the validation of the 

computed fluxes. 

3.2 Emission Data  
3.2.1 Industrial Source 
There are about 28 stacks or point sources located in an 

industry at Ranchi that are considered in the present study. 

The sources characteristic such as stack height, internal 

diameter, exit velocity and exit temperature are considered 

along with emission (in gs-1) of NOX. The location (X, Y) on 

the Cartesian grid of these point sources is also taken. The 

locations of stacks on a Cartesian grid network with the centre 

point at (10000 m, 10000 m) and origin (0, 0) is at SW corner 

or lowest left corner of the grid network. A grid spacing of 

500 m is used over the total grid area of 20 km X 20 km i.e. 

Ranchi station and region for predicting the GLCs of NOX. 

3.2.2 Vehicular Source  
Petrol/diesel driven vehicles, such as cars/taxis, two/three 

wheelers and buses and trucks are the major sources of 

pollutants such as NOX, PM10 and SO2 in the study area.  The 

ambient air quality data of the Ranchi were collected at Albert 

Ekka Chowk by CPCB, Ranchi which is a busy traffic 

intersection. The emissions due to vehicular traffic (treated as 

volume sources) have been estimated using pollutant emission 

factor [26], total vehicular population, average distance 

traveled per vehicle, fuel consumption per day and average 

distance of travel per liter of fuel. These values produced an 

emission rate q (gs-1m-1). 

Emission ate q of the pollutant is determined from the product 

of emission factor of pollutant and the number of vehicles per 

unit length. The latter quantity is found by dividing the rate of 

vehicle passage through a point by vehicle average speed:                                      
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The vehicular data along with pollutant emission rates are 

given in Table 1 

 

 

 

 

Table 1: Emissions of NOx due to vehicles at Albert Ekka 

Chowk (monitoring location) in Ranchi. 

 

4. METHODOLOGY 
A brief description of the AERMOD, for computing GLCs of 

pollutant due to industrial and vehicular sources in Ranchi is 

given.[27] has discussed the formulation of the American 

Meteorological Society (AMS) and U.S. Environmental 

Protection Agency (EPA) Regulatory Model (AERMOD) 

Improvement Committee‟s applied air dispersion model. A 

comprehensive description of the AERMOD dispersion model 

formulations, including AERMOD‟s characterization of the 

boundary layer, the representative terrain used to influence 

flow and the specification of model dispersion algorithms for 

both convective and stable conditions in urban and rural areas 

are given.  

A notable strength of AREMOD‟s formulations, particularly 

in the characterization of the boundary layer, lies in its 

reliance on previously successful modeling approaches that 

have been established in the literature, coupled with the 

developers‟ efforts to avoid major discontinuities that are 

often found in atmospheric dispersion models. The 

computerization flow chart of AERMOD model given in 

figure 2, in this figure we are seeing that working process of 

the AERMOD model.  

The concentrations of the pollutants are computed using 

equation (7) in AERMOD model [28]: 
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Type of 

vehicle 

No of 

vehicles 

per 

hour 

Emission 

Factor 

(gkm-1veh-1) 

Emission Rate (gs-

1) 

 

Two Wheelers 

    (petrol) 
 

200 0.54 0.015 

Three wheelers. 
(diesel) 

150 1.47 0.031 

Car (petrol) 100 1.13 0.016 

MUV(diesel) 50 2.46 0.017 

Bus (diesel) 50 15.25 0.106 

Truck (diesel) 50 13.84 0.096 

LVC(diesel) 50 2.48 0.017 

Total   0.298 
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 Fig.2 Flow Chart of AERMOD model 

 

where c(x, y, z) = concentration at x, y, z;   u = wind speed 

(downwind, ms-1); y and z = standard deviation of 

concentration in y and x; Q = emission (gs-1) and Heff = 

effective stack height 

One of the important conservation equations used in this 

model is as follows:  
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g =vertical dispersion parameter = g1+ g2 + g3 
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g2= vertical dispersion due to reflection from the ground        
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g3= vertical dispersion due to reflection from inversion led 

aloft = ∑(A+B+AA)BB 
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C =concentration of emissions (gm-3), at any receptor located 

at: 

x =meter downwind from the emission source point  

y =meter crosswind from the emission source point 

z =meters above ground level  

Q =source pollutant emission rate, g/s 

u = horizontal wind velocity along the plume centerline, ms-1 

z = vertical standard deviation of the emission distribution, 

m 

y = horizontal standard deviation of the emission 

distribution, m 

H = emission plume centerline above ground level, m 

L = distance from ground level to bottom of the inversion, m 

The sum of the four exponential terms in g3 converge quite 

rapidly, for most cases, the summation of the series with m=1, 

m=2 and m=3 will provide an adequate evaluation of the 

series. It should be noted that z and y  are functions of 

the downwind distance to the receptor.  

Input and output parameters for AERMOD 
AERMOD model uses boundary layer parameter such as 

sensible heat flux, friction velocity, connective scale velocity, 

Obukhov length, roughness length, albedo, Bowen ratio and 

meteorological hourly data such as wind speed, temperature 

and wind direction. The source characteristics and emission 

rate of pollutants along with receptor location are also input to 

the model. The model generates the output in terms of hourly 

concentration of air pollutants at designated grid location and 

at discrete receptors. 

5. RESULTS AND DISCUSSION 
The ground level concentration (GLCs) of NOX due to an 

industrial complex in Ranchi was computed using AERMOD. 

The model is run on 24 hour basis and the results obtained for 

three days (5, 12, 22 April 2010) are presented in this study.  

The comparison of computed and observed boundary layer 

parameters and AERMOD estimated GLCs of pollutants on 

24 hourly average basis and the validation with observed 

concentrations are presented in this section. 

5.1 Variation of wind speed and direction 

during the study period 
A fair estimate of the dispersion of pollutants in the 

atmosphere is possible based on the frequency distribution of 

wind direction as well as wind speed [29]. Figures 3a, 3b and 

3c showing the wind roses depict the diurnal variation of wind 

speed and wind direction for 5, 12 and 22 April 2010, 

respectively. Calm winds of the magnitude less than 1ms-1 are 

noticed during early morning and night time on 5 April 2010 

as seen in Fig 3a. A maximum wind speed of about 4.2 ms-1 is 

noticed at 14 h LT.  

The winds are observed to be predominant from NW and 

WNW directions on 5 and 12 April respectively where as on 

22 April winds are blowing mostly from SSW followed by 

SW and WSW directions. Variable wind directions are 

noticed on 5 and 12 April. The wind speed varies between 0.5 

ms-1 and 4.2 ms-1 in all days. 
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Figure 3: Wind roses for a) 5 April, (b) 12 April and (c) 22 

April, 2010 respectively over Ranchi. 

5.2 Validation of computed boundary layer 

parameters 
In this section, the estimated atmospheric boundary layer 

parameters such as friction velocity and sensible heat flux 

required for AERMOD as input data are obtained using flux 

profile relationships with that of observed values obtained 

using eddy correlation as explained in Section 4.1. 

Figure 4 illustrates the validation of diurnal variation of 

computed (Fig.4b) friction velocity and the observed (Fig.4a) 

values during 5, 12 and 22 April 2010. The range of computed 

friction velocity on 5 April (Fig. 4b) is 0.02 to 0.85 ms-1 

where as the observed friction velocity (Fig.4a) is from 0.15 

to 0.58 ms-1. The computed friction velocity values show 

slightly higher during day time and slightly under-estimated 

during night time compared to observed values on 5 April 

2010.  It is noticed that the range of the computed friction 

velocity is 0.003 ms-1 to 0.55 ms-1 and the observed range is 

0.18 ms-1 to 0.52 ms-1 on 12 April (Fig. 4b).  

The computed and observed friction velocity is in good 

agreement during day and night time on 12 April 2010. But 

the range of the computed and observed friction velocity on 

12  April 2010 (Fig. 4b and 4a) are respectively 0.11 ms-1  to 

0.98 ms-1 and 0.13 ms-1 to 0.61 ms-1. It is observed that 

friction velocity is higher compared to observations during the 

day time on 22 April 2010. Both the computed and observed 

values suggests moderate to strong mechanical turbulence 

during day time and weak turbulence during night time on all 

three days.  Friction velocity variation is proportional to the 

wind speed. It is expected that the higher the wind speed the 

more is the friction velocity. Thus higher friction velocity is 

noticed on 5 and 22 April 2010 as winds are observed to be 

moderate to strong as shown in Fig.3. 

The comparison of computed and observed sensible heat flux 

during 5, 12 and 22 April 2010 is shown in Figure 5. 

It is noticed that the range of the computed sensible heat flux 

is 0.0 Wm-2 to 320 Wm-2 and the observed sensible heat flux 

range is -10 Wm-2 to 200 Wm-2 on 5 April (Fig. 5a). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:  Comparison of computed and observed friction 

velocity (ms-1) for (a) Observed (b) Computed respectively. 

The computed sensible heat flux values show slight over-

estimation during day time and slight under-estimation during 

night time compared to observed values (Fig 5b). The 

computed and observed sensible heat flux ranges are 0.0 Wm-

2 to 175Wm-2 and -25   Wm-2 to 200 Wm-2 on 12 April (Fig. 

5a & b), Computed and observed sensible heat fluxes are in 

good agreement during day and night time on 12  April 2010. 

Whereas, the range of the computed and observed sensible 

heat fluxes on 22 April 2010 (Fig. 5a) are respectively -5 Wm-

2 to 370 Wm-2 and -5 Wm-2 to 220 Wm-2. The computed 

sensible heat flux on 22 April 2010 over-estimated compared 

to observed sensible heat flux and in day time and night time.  

 

 

 

 

 

 

 

 

 

 

Figure 5: Comparison of computed sensible heat flux 

(Wm-2) with observations for (a) Observed (b) Computed 

respectively. 

Observations revealed well defined diurnal variability of 

sensible heat flux during a drier atmosphere as seen in all 

three days. Computed sensible heat flux is found to over-
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estimate the observed maximum on 5 and 22 April 2010 

where as under-estimated on 12 April 2010. Overall the 

computed fluxes are in agreement with observed values. The 

variation sensible heat flux suggests moderate to strong 

turbulence during day time and weak turbulence during night 

time during the study period.   

 

 

 

 

 

 

 

Figure 6: Diurnal variation of mixing height (m) on 5, 12 

and 22 April 2010. 

Estimated mixing height during 5, 12 and 22 April 2010 are 

shown in Fig. 6. A maximum mixing height of 1250 m, 1100 

m and 950 m are noticed on 12, 5 and 22 April 2010 

respectively. 

5.3 Comparison of Ground Level 

Concentrations (GLCs) of Pollutants  
The GLCs of NOX were predicted using AERMOD in which, 

the boundary layer parameters (surface friction velocity, 

surface sensible heat flux, Monin-Obukhov length and 

inversion –mixing height) determined using the flux profile 

relationships in addition to the tower based micro- 

meteorological data are used as input. Volume source is added 

at the monitoring location (Albert Ekka Chowk) which is 

located 6 km in west direction from the industry considered in 

the present study. The concentrations were computed over an 

area of 20 km x 20 km with the industrial area at the centre of 

the region. The total area is divided into 1681 grids with each 

grid having a distance of 500 meter. The results are presented 

in the form of 24 hourly concentrations in µgm-3. 

 5.3.1 Comparison of 24 hourly GLCs  
 Industrial Source Alone  

The 24 hourly concentrations of NOX computed using 

AERMOD is compared with the observations at Albert Ekka 

Chowk for 3, 5, 8, 12, 15, 19 and 22 April 2010 are given in 

Table 3. The comparison shows that the GLCs of NOX 

predicted by AERMOD are varying from 0.65µgm-3 (19 April 

2010) to 2.49 µgm-3 (15 April 2010), but the observed values 

are high in magnitude compared to the predicted values. The 

reason for low values of predicted GLCs to that of 

observations is due to non inclusion of domestic fuel burning 

and vehicles traffic in the models.  

To account for vehicular emissions at the receptor, the model 

is run with industrial as well as vehicular emission during the 

study period and is compared against observations from 

Albert Ekka Chowk, is described in the following section. 

 

Table 2: Comparison of NOx 24 hourly concentrations 

predicted by AERMOD with observed values during the 

study period (April 2010) over Ranchi. 

 

Including Industrial and vehicular sources 

The 24 hourly GLCs of NOX as 24 hourly averages are 

computed using AERMOD for 5, 12 and 22 April 2010. These 

three days were chosen based on the meteorological features.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7:  Spatial distribution of NOX concentrations 

obtained from AERMOD over Ranchi for (a) 5 April, (b) 

12 April and (c) 22 April, 2010 respectively. 

The incremental GLCs of NOX computed using AERMOD 

due to the emission from industrial complex  and volume 

sources (vehicular traffic) are shown in Figures 7(a, b and c) 

receptively for days 5, 12 and 22 April 2010. vehicular 

emissions are considered. 

The maximum incremental GLCs of NOX (Fig. 7a) are found 

to be very close to the monitoring location and in NW and 

NNW direction on 5 April 2010. However on 12 April 2010 

the maximum incremental GLCs of NOX (Fig. 7b) are found 

to occur near the monitoring location and in NW and WSW 

Serial 

No.  

Date Concentration of NOx 

(gm-3) 

 

AERMOD Observed  

1 3 April 2010 1.54 32.9 

2 5 April 2010 0.75 33.3 

3 8 April 2010 1.19 34.3 

4 12 April 2010 1.07 35.2 

5 15 April 2010 2.50 34.2 

6 19 April 2010 0.66 34.2 

7 22 April 2010 1.20 35 
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direction. However   on 22 April 2010 the maximum 

concentration is observed in the SE direction to the 

monitoring location where 

Figure 8 is shows the comparison of NOX concentration 

obtained from the models with observations on 3, 5, 8, 12, 15, 

19, and 22 of April 2010. AERMOD show good agreement 

with the observed values on 3, 5 and 12 compared to the rest 

of the days, during which AERMOD is under-predicted with 

respect to observations. 

 

 

 

 

 

 

 

 

Figure 8: Comparison of NOX concentration estimated 

using AERMOD with observed values of Albert Ekka 

Chowk 

From these results it is observed that AERMOD is under-

predicting in the case wherein industrial sources only 

considered. This may be due to the fact that the computed 

concentration is very less compared to the observed values 

because observed value is inclusive of local sources such as 

vehicular traffic at the receptor considered in the present 

study. However, by considering vehicular sources along with 

industrial sources showed AERMOD performed better. This is 

clearly seen in the validation of AERMOD predicted GLCs 

with those observed GLCs at Albert Ekka Chowk.  

6. CONCLUSIONS 
In the present study an attempt has been made to understand 

the dispersion of air pollution by employing a dispersion 

model namely AERMOD over Ranchi during pre-monsoon 

period of 2010. It is observed that the model show distinct 

variations of spatial concentration from day to day. Validation 

of predicted GLCs with the observations without considering 

the volume sources reveals that the model is largely under-

predicted the magnitudes due to the consideration of industrial 

sources alone. After incorporation of the volume sources due 

to vehicular transport, it is seen that AERMOD has provided 

reasonable pollutant concentration distribution. The reason 

could be attributed to the fact that AERMOD uses the bi-

Gaussian distribution during the day time convective 

conditions. This study clearly demonstrates the AERMOD 

having explicit boundary layer dynamics could able to provide 

better estimates of pollutant dispersion. The present study 

concludes that AERMOD model would be better option for 

dispersion modeling studies. 
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