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Abstract Many methods are available for air quality fore-

casting based on statistical and back trajectory models which

require past time series data. Future air quality prediction

through models is the best tool to make rational decisions by

policy maker. Limited work has been done on air quality

forecasting using dispersion models which require better

meteorological boundary conditions. TheWeather Research

and Forecasting (WRF) and American Meteorological

Society/Environmental Policy Agency Regulatory Model

(AERMOD) models have not yet been combined for air

quality forecasting. Here, a case study has been carried out to

forecast air quality using onsite meteorological data from

WRFmodel and a dispersionmodel namedAERMOD. Prior

to the use of AERMOD, a comprehensive emission inven-

tory has been prepared for all the sources in the study region

Chembur of Mumbai city. Chembur has been notified as the

‘‘air pollution control region’’ by local authority due to high

levels of air pollution caused by the presence of four major

industries, sixmajor roads in addition to a crematorium and a

biomedical waste incineration facility. The WRF–AER-

MOD system was applied for prediction of concentration

levels of pollutants SO2, NOx and PM10. A reasonable

agreement was obtained when predicted values were com-

pared with observed data. Results of the study indicated that

forecasting of air quality can be carried out using AERMOD

with forecasted meteorological parameters derived from

WRF without any requirement of past time series air quality

data. Such kind of forecasting method can be used for air

quality management of any region by policy makers.

Keywords Air quality model � AERMOD � Urban area �
Weather Research and Forecasting (WRF) �Meteorological

model

Introduction

The pace of urbanization in India has been rapid in the last

two decades. Swerts et al. (2014) indicated that population

of urban India will be about 14% of the world’s population

by the year 2050. The rate of growth of rural population

will be changing from positive to negative in fifteen years

(Song and Liu 2014). Demographic changes will affect the

regional and global environment as well as socioeconomic

profile. An integrated approach of air quality assessment

was correlated with climate change in Europe under AIR-

CLIM project (Alcamo et al. 2002). Long-term scenarios

like trends in emissions, acid deposition, nitrogen deposi-

tion and climate change were considered between 1995 and

2100 over the Europe region. Another integrated assess-

ment was carried for interaction between local air pollution

and climate change to highlight cost benefit analysis for

balancing environmental issues (Bollen et al. 2009). Fur-

ther, energy policies were added apart from air pollution

and climate change in the study to analyse cost benefit

analysis using optimization (Bollen et al. 2010). China is

directly contributing in increasing the level of air pollution

(Kan et al. 2012). The concept of co-benefit policy was

designed to reduce both air pollution and CO2 emission,

and its quantitative and qualitative were introduced to

stakeholders in Kawasaki city of Japan (Kanada et al.
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2013). It resulted in sharp decline of atmospheric sulphur

dioxide level and energy efficiency improvements. Greek

forest fires in 2007 has also impacted on the concentrations

of gaseous pollutants in the Eastern Mediterranean as

amount of O3 gas increased oxidising capacity of boundary

layer (Poupkou et al. 2014). The improvement of the out-

door and indoor air pollution was correlated with current

policies on climate change, energy access and air pollution

(Rao et al. 2013). A model was used to examine the

interaction among climate change, energy security and

access and air pollution (van Vliet et al. 2012). Air quality

assessment was also done using interpolation techniques

for rapid assessment for Mumbai (Kumar et al. 2016d).

Seven cities of Korea were found with high concentration

of sulphur dioxide as a major pollutant (Ray and Kim

2014). Urbanization and industrialization are associated

with the levels of air pollution, was studied using hyper-

bolic model (Barbera et al. 2010). Urbanization affects air

and water quality parameters of environments (Duh et al.

2008). Traffic emissions are major source at ground-level

concentration in urban site near the highway (Agudelo-

castañeda et al. 2016).

Air quality mapping using GIS with health impact

assessment was conducted for Mumbai city in India for the

year 2012 and showed 8000 USD monetary burden due to

NOx and PM10 (Kumar et al. 2016a). Patankar and Trivedi

(2011) also found significant health cost due to morbidity

in Mumbai city. Health cost due to air pollution at regional

scale was also estimated for current and future time in

Europe (Brandt et al. 2013). The air pollution level from

ethanol and petrol cars were assess and economic health

cost was calculated for Sweden (Fridell et al. 2014). Car-

diovascular risk due to indoor and outdoor air pollution

was also studied for a city of China (Kan et al. 2009). Short

and long term were studied for emissions from coal-fired

power plant and health impact assessment was done for

carcinogenic and non-carcinogenic (Mokhtar et al. 2014).

Various methods were used to estimate health risks due to

air pollution and compare results for two European cities

(Sellier et al. 2014). The effects of air pollution on plants

and human population were also studied for an Indian city

Tiruchirappalli (Sirajuddin and Ravichandran 2010).

Air quality forecasting

While it is important to address complex sources of air

pollution in cities for management of air quality, its pre-

diction through models is the best tool to make objective

and rational decisions. While dealing with action plans,

forecasting becomes a major tool for achieving future air

quality goals. Many methods are available such as physical

deterministic model, statistical, empirical and neural net-

work approach for air quality forecasting. Various studies

show air quality forecasting using a photochemical model

CAMx (Astitha et al. 2008), ensemble forecasting methods

(Debry and Mallet 2014), statistical analysis (Kumar and

Goyal 2011), a combination of linear regression and arti-

ficial neural networks (Voukantsis et al. 2011) and empir-

ical and combined method (Westerlund et al. 2014). These

models require long past time series data. Limited work has

been carried out on air quality forecasting using dispersion

models based on mass conservation approach. Forecasting

of air quality using dispersion model over the region can

help in making the rational strategies for air pollution

management as it provides spatial and temporal distribu-

tion of pollutants. Air quality management is not adequate

in the absence of good real forecasted meteorological data

combined with local emission inventory. Air quality dis-

persion model does not require past time series data. It only

requires emission inventory, meteorological data and geo-

graphical information. Accuracy of these air quality models

depend upon reliability of input data and uncertainty

caused by mathematical formulation and number of pro-

cessors. Mostly in these models interpolated meteorologi-

cal data from meteorological stations have been used.

However, WRF model has the capability to generate onsite

meteorological data and it also can forecast for any region.

The forecasted meteorology has been used to predict con-

centration of air pollutants in few case studies with three-

dimensional chemical transport models like WRF-Chem

(Chuang et al. 2011), WRF-Chem with –MADRID (Yahya

et al. 2014), CMAQ model (Djalalova et al. 2015) and

WRF online and offline (Grell and Baklanov 2011). All

these models require enormous input data such as chemical

species and gridded emission data and are generally

applied for a large area.

Applications of AERMOD

A popular air quality model, American Meteorological

Society/Environmental Policy Agency Regulatory Model

(AERMOD), has been developed by American Meteoro-

logical Society (AMS)/U.S. Environmental Protection

Agency (EPA) which is widely used for various purposes

for urban areas by research groups and is recommended by

regulatory authorities. AERMOD was used to appraise the

air quality around heritage site of Amritsar (Punjab) India

for various management scenarios (Gulia et al. 2015).

AERMOD has been used to predict concentrations using

meteorology generated by WRF for Chembur region of

Mumbai city in India (Kumar et al. 2015a, b). The evalu-

ation of control strategies for industrial sources has been

carried out for same region Chembur, Various averaging

periods based on the emission inventory was used to pre-

dict concentrations based on classified stability class and

Monin–Obukhov length (Kumar et al. 2007). AERMOD
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was used for evaluation in many studies with other model

ADMS-Urban (Mohan et al. 2011) and CALPUFF (Tar-

takovsky et al. 2013). Apart from this, AERMOD was used

for various purposes like environmental impact assessment

NO2 ground-level concentration (Seangkiatiyuth et al.

2011), modelling for various time scales in Dallas and Ellis

counties in Texas (Zou et al. 2010), odour modelling

around a pig farm building complex (Vieira de Melo et al.

2012) and estimation of emission factors (O’Shaughnessy

and Altmaier 2011). Ma et al. (2013) used AERMOD for

short-term air quality forecasting based on projection of

emission estimation but not with real-time forecasted

meteorology. Kesarkar et al. (2007) have carried out sim-

ulation of the air quality using coupling of WRF and

AERMOD but forecasting was not incorporated. Therefore,

it should be emphasized that this study is the first case

study yet where WRF and AERMOD have been used for

air quality forecasting using onsite forecasted meteoro-

logical parameters (wind speed, wind direction, rainfall,

pressure, temperature, humidity, cloud cover, ceiling

height and global horizontal radiation). This integrated

system used in the current case hereafter can be named as

WRF–AERMOD system.

WRF–AERMOD system

WRF–AERMOD system is an integrated approach com-

bining Weather Research and Forecasting–American

Meteorological Society (AMS)/U.S. Environmental Pro-

tection Agency (EPA) Regulatory Model. The AMS/EPA

has developed a steady-state Gaussian plume dispersion

model ‘‘AERMOD’’ with the designated goal of introduc-

ing current planetary boundary layer (PBL) concept into

regulatory dispersion models (Cimorelli et al. 2004). It

requires meteorology, emission data and geographical

information. The output of the model depends upon the

reliability of input data. Meteorological data are collected

from a weather station near the study area or it can be

derived using meteorological simulation model. The

advanced Weather Research and Forecasting (WRF) model

can provide reliable onsite meteorological input data for air

quality model simulation and forecasting. It is more

accurate than extrapolated meteorological data with time

and space which is collected from nearby meteorological

station from the study domain. The inputs of WRF model

will be different for simulation and forecasting. Fully

revised resources for researchers and practitioners in the

growing field of meteorological modelling are available as

the second edition of Mesoscale Meteorological Modelling

at the mesoscale. This next-generation mesoscale numeri-

cal weather prediction system is Weather Research and

Forecasting (WRF) Model which is designed to serve both

atmospheric research and operational forecasting needs

(Henmi et al. 2005). Meteorology also plays a vital role in

air quality (Seaman 2000). A photochemical air quality

model was used to study sensitivity of meteorological

parameters such as wind fields and mixing heights using

prediction of ozone concentration (Sistla et al. 1996). The

results of WRF are prepared as meteorological input in

AERMET preprocessor of AERMOD. The preprocessor

AERMAP requires geographical information for the study

domain which is derived from digital elevation model.

Once preprocessors of AERMOD have analysed meteoro-

logical and geographical data, emission inventory is pro-

cessed with outputs of AERMET and AERMAP in

AERMOD. AERMOD finally gives concentration profiles

for pollutants over the study area.

In case study, a short-term forecasting method (WRF–

AERMOD) has been carried out which can be utilized by

local authorities to implement appropriate actions for

reduction of air pollution. The major improvement of

present study is the use of AERMOD with forecasted

meteorology by WRF model for air quality forecasting as a

case study for the Chembur region of Mumbai city. Results

have been evaluated for prediction of meteorology and air

pollutant concentration and found good agreement. This

method of forecasting can be adapted for any region

without requirement of past time series data.

Study area

Urbanization generates emissions which cause air pollution

in a region and especially in winter season its impact is

severe in many cities of India (Kumar et al. 2016a).

Mumbai has a tropical wet and dry climate. It is moderately

hot with high levels of humidity. It is a coastal region

where temperatures do not fluctuate much throughout the

year. Maximum changes of Mumbai’s climate can be seen

in December and January. December is the starting point of

the winter season when air quality level becomes poor and

critical due to significant change in meteorology in terms of

low wind and lower mixing height. Also, Environment

Status Report (ESR) of Municipal Corporation of Greater

Mumbai (MCGM) and many other reports show that the

maximum pollution in Mumbai occurs in the month of

December. (URL2).

Chembur is a suburb in the industrial region in northeast

of Mumbai city with a population of 1.2 million. This

region is 6.5 km east to west and 8.45 km north to south

along the latitude and longitude of 19.05�N and 72.89�E,
respectively. Many industries have shut down over the last

two decades. However, two refineries; Bharat Petroleum

Corporation Limited (BPCL) and Hindustan Petroleum

Corporation Limited (HPCL) along with Tata Power Cor-

poration Limited (TPCL) and Rashtriya Chemicals and

Application of AERMOD for short-term air quality prediction with forecasted meteorology…
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Fertilizers (RCF) are still operating. It has many residential

colonies such as Anushakti Nagar Colony, Tata Colony,

BPCL colony, RCF Colony, Mhada Colony. North

boundary of study area is Sindhu Society and Shivnery

Nagar. South boundary is Tata Thermal Power Plant, west

boundary is RCF and Mahul, whereas on east boundary

Shahyadri Nagar and Prayag Nagar are located. Chembur

was referred to as the gas chamber of Mumbai in the 1980s,

because of huge emissions from garbage incinerators and

big industries. Recently, this region has been ranked 46th

in a list of the most polluted industrial clusters in India

(URL1). There are six major roads and numerous area

sources of pollution like hotels, domestic combustion, open

burning and crematorium. As shown in Fig. 1, locations 1

through 6 show roads of study area as line sources and

locations 7 through 10 represent industries of Chembur

region. The six major roads are Eastern Express Highway

Road, NGA Marg, Ghatkopar Mankhurd (GM) Road, V N

Purav Road, R C Marg and B D Patil Marg in Chembur

region.

An Industrial region Chembur in Mumbai has been

declared as the ‘‘air pollution control region (ACR)’’ by

Maharashtra Pollution Control Board (MPCB), a local

regulatory body, due to frequent digressions from stan-

dards. Central Pollution Control Board, New Delhi (India),

has published a document giving a Comprehensive Envi-

ronmental Pollution Index (CEPI) score for various

industrial regions in the country (CEPI 2010). The Chem-

bur region has a score of 69.19 in this report. This score

shows that the classification of this region comes as a

Fig. 1 Study area Chembur
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severely polluted area. The complexity of the air pollution

sources, dispersion pattern and exposure necessitates the

present study. The evaluation of control strategies for the

industrial region has been carried out based on change in

stack height and low emission fuel using dispersion model

AERMOD and WRF model (Kumar et al. 2016b). The

results of this study have shown the efficiency of various

control strategies for air quality management framework by

regulatory authorities. Stack height computation is based

on sulphur dioxide emission from stack by Indian regula-

tory authority, Central Pollution Control Board (CPCB).

However, the stack height can also be optimized and fixed

based on ground-level concentration of other pollutants

like PM. The WRF and AERMOD have also been applied

to vehicular pollution for Chembur region and compared

the predicted concentration from vehicular emission for

different time periods to understand the actual air pollution

level (Kumar et al. 2016c). Here, NOx concentration was

3.6 times higher in peak time than off-peak and evening

peak time. PM concentration was 1.45 times more in peak

time than off-peak and evening peak time.

Methodology

Advanced Research WRF model version 3.2 (NCAR 2011)

was used for forecasting meteorological parameters for 120

consecutive hours (5 days) using real-time global forecast-

ing system input data from National Oceanic and Atmo-

spheric Administration (NOAA) at National Climatic Data

Center (NCDC, U. S. Department of Commerce). This

Global Forecast System (GFS) is a weather forecast model

produced by the National Centers for Environmental Pre-

diction (NCEP). WRF is a limited area non-hydrostatic

primitive equation model with multiple options for various

physical parameterization schemes. This version employs

ArakawaC-grid staggering for the horizontal grid and a fully

compressible system of equations. A terrain following

hydrostatic pressure coordinates with vertical grid stretching

is implemented vertically. The time split integration uses a

third order Runge–Kutta (RK) scheme with smaller time

step for acoustic and gravity wave modes. The physical

options used in this study consist of the WRF model single

moment 6-class simple ice scheme for microphysics, the

Kain–Fritsch scheme for the cumulus convection parame-

terization, and the Yonsei University planetary boundary

layer scheme. The rapid radiative transfer model and the

Dudhia scheme are used for longwave and shortwave radi-

ation, respectively. The Noah land surface model has been

selected to run the WRF model in this study. The rainfall

study has been carried out using these parameters set up for

Indian monsoon (Kumar et al. 2014). The parameters like

temperature, relative humidity, wind, pressure and flux were

evaluated with same parameterization over the India region

(Kumar et al. 2015a, b). The outer domain (d01) extends

between 70�E to 95�E zone and 10�N to 35�N meridian,

consisting of 100 by 100 grid points with 25 km grid spacing

(Fig. 2). The second domain (d02) has 102 by 92 grid points

with 8.33 km resolution, and the innermost domain (d03)

has 114 by 117 grid points with 2.77 km resolution. The

model has been integrated starting from 1 December to 5

December during the year 2012. It has 28 vertical levels with

the top of the model at 10 hPa. Topography as well as snow

cover information has been obtained from United States

Geological Survey. The meteorological parameters have

been extracted from the WRF model at ground level.

The output from WRF was fed to Grads 2.2 (a post-

processing software) to generate digital hourly meteoro-

logical data arranged in an Excel spread sheet. Here, hourly

data for each meteorological parameter are provided in

different columns. The spread sheet meteorological data

were imported in AERMET of AERMOD version 7.6.1.

AERMAP, which is also an optional preprocessor of

AERMOD, has been considered for elevation of study

region from Advanced Spaceborne Thermal Emission and

Reflection Radiometer (ASTER) with 30-m resolution.

Finally, emission inventory was processed in AERMOD

with completed preprocessor module of AERMOD to make

the concentration profile over the region as shown in

Fig. 3. Emission inventory for industrial emission was

updated for each stack, whereas vehicular emission esti-

mation was based on actual vehicle counting, emission

factor and vehicle kilometre travelled (ARAI, Pune) for the

year 2011. For area sources such as domestic sectors,

cremation, bakeries and hotels, inventory was taken from

National Environmental Engineering Research Institute

(NEERI 2010). Air quality was forecasted for pollutants

viz. SO2, NOx and PM10 for December 2012.

Results and discussion

Results of WRF

WRF model provides more than twenty temporal parame-

ters on meteorology for a specific period at a particular

location of domain for the model run. Nine temporal

parameters such as cloud cover, temperature, pressure,

relative humidity, wind direction, wind speed, ceiling

height, rainfall and global horizontal radiation were fore-

casted for Chembur region for five days to be used in air

quality forecasting. The period of forecasting was during

1–5 December 2012. In the validation of WRF output wind

profile is more significant for air pollution as it affects

dispersion. Validation of wind profile has been done with

observed data of RCF (point 7) as shown in Fig. 1.
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Wind profile

Figure 4a shows wind rose of forecasted wind profile using

WRF model, and Fig. 4b shows wind rose from observed

data at RCF which is measured by the industry itself. Both

are not similar to each other because calm condition is

more in observed data of meteorology. The maximum wind

speed of observed data of RCF is 2.5 m/s, while the

maximum wind speed of WRF simulated wind profile is

7.7 m/s. The observed data of RCF have lower wind speed,

and it is likely to give less dispersion of pollutants than

WRF. The WRF model was run for Mumbai city. The city

has a variation in topography which also affects the wind

patterns. The main reason for the difference between

observed and forecasted wind roses is due to the fact that

observed wind rose has actual topographical effect,

whereas forecasted wind rose has simulated topography.

Results of AERMOD

Air quality forecasting has been done for pollutants SO2,

NOx and PM10 for a five-day period (1 December 2012 to 5

December 2012) for Chembur region. In addition, daily

Fig. 2 Three nested domains of

WRF model

WRF Model 
(Meteorology 
Forecasting)

AERMET

AERMAP

ASTER DEM 

AERMOD

Comparison of Modelled 
Results and Observed data

Fig. 3 Schematic methodology for the study
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forecasting of air quality has been done for the same

region. Figure 5 shows contour plots of concentration of

pollutants SO2, NOx and PM10 for a five-day period with

Universal Transverse Mercator (UTM) coordinates 43�N
zone. As shown in Fig. 5a, SO2 concentration is very low

at 5 lg/m3 in the northern side of the study domain. The

maximum concentration is 44 lg/m3 at central part of

points 8 and 10. The southern part of the study domain is

mainly affected by SO2 because the emission sources like

industries are in southern part of the study domain. Fig-

ure 5b shows NOx concentration contour plot for the five-

day period. It has a total of three hotspots at point 9,

Chembur Naka and Chedda Nagar. The NOx concentration

of both the places, Chedda Nagar and Chembur Naka, is

due to vehicular sources. The maximum concentration of

36 lg/m3 has been observed at Chedda Nagar and point 9

(HPCL). The concentration at point 8 (BPCL) was 27 lg/
m3 which is influenced by industries as well as vehicles.

The NOx concentration at point 7 (RCF) was less because

of very low NOx emission from stacks of industry.

There are mainly fugitive emissions from RCF industry

which are not included in emission inventory of the model.

Fugitive emissions are emissions from unknown, irregular

and unintentional leakage of gases to the atmosphere (EP

2000). Fugitive emissions are also defined as the emission

which cannot pass through a stack (EPA 1999). This may

occur from bricks or small cracks in seals, tubing, valves or

pipelines, as well as when lids or caps on equipment or

tanks have not been properly closed or tightened.

In the case of PM10, results of model were lower than

observed data as ambient PM10 concentration has major

contribution by resuspension of particulate matter due to

vehicle movement and wind entrainment. PM10 modelling

has been performed with background concentration of

65 lg/m3 for the entire region and includes resuspension of

PM10. This background concentration was estimated as

best fit to the model with observed concentration. Figure 5c

shows PM10 concentration plot for the five-day period.

There are four hotspots at point 8 (BPCL), point 7 (RCF),

Chembur Naka and Chedda Nagar as per the forecasted

PM10 values. The maximum concentration was 74 lg/m3 at

Chembur Naka and between point 8 (BPCL) and point 10

(Tata Power Industry).

Model evaluation was the first step wherein the given

location emission and meteorology have been put together

to verify the ground-level observation. The performance of

the model has been estimated for three pollutants SO2, NOx

and PM10. Figure 6 shows the comparison of forecasted

concentration with observed concentration for SO2 at

points 7 and 8. Forecasted results for SO2 are in good

agreement with observed data at point 8, but there is a

difference at point 7. Model was underestimated around

64% at point 7, while overestimated around 4% at point 9.

This was average of percentage average of five-day pre-

diction of air quality for SO2. It could be due to the effect

of fugitive emissions at point 7 in the region which are not

included in emission inventory of the forecasted model.

Similarly, Fig. 7 shows the comparison of forecasted

Fig. 4 a Wind rose forecasted by WRF and b wind rose by RCF for five-day period (1–5 December 2012)
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(a) (b)

(c)  

7 

8 

9 

10 

7 

8 

9 

10 

Chedda Nagar Chembur Naka 

7 

8 

9 

10 

Chedda Nagar Chembur Naka 

Fig. 5 Concentration (lg/m3) of contour plot for five-day period for pollutant a SO2, b NOx and c PM10
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concentration and observed concentration of NOx at point 7

and 8. Forecasted results for NOx are in good agreement

with observed data at point 8 but difference is at point 7.

Here also, model was underestimated around 67% at point

7, while overestimated around 5% at point 9 for NOx. This

too is attributed to fugitive emissions of the region. Fig-

ure 8 shows the forecasted PM10 concentration at point 7

only because concentration data of PM10 were not collected

at point 8 due to technical problem. Here, the modelled

PM10 broadly coincided with the observed data at point 7

because of addition of background concentration. Inclusion

of background concentration immensely improves the

agreement between observed and predicted concentrations.

After the addition of background concentration, model was

overestimated around 1% at point 9 for PM10.

After validation of the model at two specific locations,

daily forecasting was done for each of the five days. The

emission was assumed to be constant for the entire period

while meteorological parameters were forecasted on daily

basis by WRF model. The performance of the model for

forecasting of air quality pollutants SO2, NOx and PM10 is

given in Figs. 6, 7 and 8, respectively. A good agreement

between forecasted and observed results shows that this

method can be used for daily forecasting of air quality.

Conclusions

Prediction through model is the best tool to make objective

and rational decisions for regulatory purposes, and it has

been done in many studies. Limited work has been done in

forecasting which is based on statistics and back trajectory

models. The concentration of air pollutants in the winter

season are always found more in a year which indicates

metrological effects with same emission on concentration.

In this study, emissions are kept same for short-term air

quality prediction using forecasted meteorology. WRF–

AERMOD system was used for air quality forecasting for a

region as a case study. The achievement of this work is to

use this methodology in urgent situation of air pollution

regulation where air quality becomes poor in the region. A

similar kind of case study has been carried out for

(a) (b)

Fig. 6 Comparison of

forecasted and observed

concentration for SO2 at point 7

and 8. a Point 8, b Point 7

(a) (b)

Fig. 7 Comparison of

forecasted and observed

concentration for NOx at point 7

and 8. a Point 8, b Point 7

Fig. 8 Comparison of forecasted and observed concentration for

PM10 at point 7 with inclusion of background concentration
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simulation but not forecasting using WRF–AERMOD

system (Kesarkar et al. 2007).

WRF was applied to forecast meteorological parameters

which were used to predict air quality forecasting using

dispersion model. As a case study region Chembur of

Mumbai city was undertaken which was recognized widely

by regulatory authorities as a severely air polluted region.

It has four major industries, six major roads and other

sources like cremation and biomedical waste incineration.

Forecasted wind roses by WRF have been compared with

observed wind rose. Also, forecasted concentration of air

pollutants SO2, NOx and PM10 has been compared with

observed concentration and a reasonable agreement has

been obtained for SO2 and NOx. 4–5% of overestimation

was found by model where all known emissions were

included, while 64–67% of underestimation was found

where fugitive emissions were not included. WRF–AERMOD

system has underestimated for PM10 which can be

improved by including emission of resuspended particulate

matter and fugitive emissions in emission inventory of

PM10. Also, the WRF–AERMOD integrated model uses

onsite forecasted meteorological data which can reduce

resources of time and cost and give reasonably more

accurate results.
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