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What we have to discuss today??

•Why Models??

•What models need??

•How do they work??

•Type of Models??

•How does topography affects??

•What kind of modeling work we  are doing @ICIMOD??

•Some Example with HYSPLIT model (Online mode)

•May be discussion and question!!



Why do we need Models ??

Air Quality Goal 
Setting  

Emission Inventory Monitoring

Human and Environment 
Assessment  Control Strategies 

Legislations, Regulation 
and implementation 

Air Quality Modeling Compliance and 
enforcement 



http://www.ilocis.org/documents/chpt55e.htm



What kind of information we need to run the 
models??

Emission inventories 

Meteorology

Surface property/ 
land use land cover

Atmospheric chemistry 



Feedbacks ??



Types of Models we have ??

Air Quality Models



Variable at Surface
 Temperature
 Humidity
 Pressure
 Moisture Flux
 Heat Flux
 Radiation Flux

Variables in 
Atmospheric Columns
 Wind Vector
 Humidity
 Clouds
 Temperature
 Height
 Precipitation 
 Aerosols  

https://upload.wikimedia.org/wikipedia/com
mons/7/73/AtmosphericModelSchematic.png

Meteorological Models

Processes in Models
 Vertical exchange of 

variable
 Thermodynamics
 Fluid dynamics 
 Radiation budget
 Closure assumption 

stability for grids



Emission Model!!

https://www.sciencedirect.com/science/article/pii/S13522310173
00900



Source Dispersion Model

http://web.aria.fr/creator/
AS3/pages/Appli_STR.php

Information need 
from Source!!

 Physical Height
 Pollution 

emission Rate
 Co-ordinates 
 Stack Diameter
 Stack Velocity 
 Land use land 

cover nearby

Meteorology …
 Stability class
 Wind direction
 Wind Speed
 Mixing Height (PBL)
 Ambient Temperature
 Surface produce turbulence

For Receptor..
 Co-ordinates
 Ground level elevation 
 And Height above ground  

Receptor Model

Transport Model

 Look from source 
it’s Source 
dispersion model

 Receive it, it is 
Receptor model

 Trace it from 
source to receptor 
it is Transport 
model..



Chemical Model

http://www.dlr.de/pa/en/desktopdefault.aspx/tabid-8859/15306_read-37415/

http://pubs.rsc.org/en/content/articlelanding/2
012/cs/c2cs35181a/unauth#!divAbstract

http://www.jamstec.go.jp/kakushin21/kyousei/k
021open/results/FY2004/h16report321-e.htm



http://environmentalscience.oxfordre.com/view/10.109
3/acrefore/9780199389414.001.0001/acrefore-
9780199389414-e-536?print=pdf

Synoptic Weather Condition!!



Topography!! 

http://www.rag.org.au/tunnel/plumes.htm



Emissions for Model !!

Monthly Emissions
0.1 ˚ × 0.1˚

BC, BIGALK,
C3H6,BIGENE,
C2H4,C3H8,
C2H5OH,C2H6,
CH2O,CH3CHO, 
CH3COCH3,CH3OH
CO, MEK, NH3,
NMVOC, NOx,
OC, PM10, PM2.5,
SO2, TOLUENE

Daily Emission
1 ˚  × 1˚
BIGALK, BIGENE
C2H4, CO
NO, OC
SO2, 

Monthly Biogenic 
Emission
From MEGAN, 2003
Guenther et al.,2006

Global model(MOZART-4)
0.7 ˚ × 0.7 ˚ 
Produces > 70 species 
Horizontal and Vertical 
Concentration
We used about 40 species
To update
Initial and Boundary condition



What kind of modeling work 
we  are doing at ICIMOD ?? Air Quality and Meteorological Forecasting

Dispersion Modeling for Source identification and 
assessment of it’s impact

 Source Apportionment 
Assessment of city scale and regional pollution 

sources and it’s impact 
City scale heavy pollution events (Such as Delhi)
Monsoon Aerosol interaction
Cloud (and Rain) and Aerosol interaction
 Thunder and lightning interaction 
Heavy Pollution events (Such as Dust storm and 

Forest fire) and feedback on climate forcing 
(Radiative Feedback)  

Crop residue burning and it’s impact on regional 
air quality



Fire emitted Pollution 
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Figures by Tanomy Mukherjee



Aerosol Monsoon interaction!!Aerosol Cloud interaction!!

Potential source regions of ambient black carbon identified by the WRF-Chem 

model from September 2016 to August 2017 Figure By Chaman Gul

Figures by Vikrant Sapkota



{ If 

ά[ŜǘΩǎ ŘƛǎŎǳǎǎέ 

else 

fi }



Lets see one Practical example with HYSPLIT!!

https://www.arl.noaa.gov/documents/reports/hysplit_user_guide.pdfUser Guide is Available here

https://www.arl.noaa.gov/hysplit/hysplit/HYSPLIT Detail is Available 
here

https://ready.arl.noaa.gov/documents/Tutorial/html/install_unix.html
https://ready.arl.noaa.gov/HYSPLIT_linux.php

HYSPLIT for Windows/Linux 
is Available here

For Window you need to install Tcl/tk, ghostscript and 
ImageMagick for images

Linux is limited on request and approval from NOAA 

https://www.ready.noaa.gov/HYSPLIT_traj.phpLets see HYSPLIT online Trajectory

https://www.arl.noaa.gov/documents/reports/hysplit_user_guide.pdf
https://www.arl.noaa.gov/hysplit/hysplit/
https://ready.arl.noaa.gov/documents/Tutorial/html/install_unix.html
https://ready.arl.noaa.gov/HYSPLIT_linux.php
https://www.ready.noaa.gov/HYSPLIT_traj.php


Lets start
https://www.ready.noaa.gov/HYSPLIT_traj.php
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Frequency Plot!!



Online Available Data…
https://giovanni.gsfc.nasa.gov/giovanni/
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