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What we have to discuss today??

* Why Modelse?¢

« What models neede¢?

« How do they workee

e Type of Modelsee

« How does topography affectsee

« What kind of modeling work we are doing @ICIMODze?
« Some Example with HYSPLIT model (Online mode)

« May be discussion and gquestion!!
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Why do we need Models ??
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What kind of information we need to run the
models??
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J Air quality and the climate system
Feedbacks ??

% aq. chemistry

clouds

gaseous emissions
uonjisodap Aup

particulate
emissions

oeoovovsnnno




Types of Models we have ??
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Synoptic Weather Condition!!
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What kind of modeling work
we are doing at ICIMOD ?? v p
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Aerosol Cloud interaction!!

Aerosol Monsoon interaction!!

Source Apportionment Bhaktapur

Source Apportionment Kathmandu
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Lets see one Practical example with HYSPLIT!!

User Guide is Available here ——>

HYSPLIT Detail is Available '
here

HYSPLIT for Windows/Linux
is Available here I ffb
P
Lets see HYSPLIT online Trajectory mms) ffb
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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

NOAA

ARL Home > READY > Transport & Dispersion Modelil > HYSPLIT > HYSPLIT Trajectory Model

1

ﬁ]’ Trajectories

& AIR RESOURCES LAB

» Compute forecast trajectories » Current pre-computed U.S. trajectory forecasts

» Compute archive trajectories » Trajectory optimization for balloon flights

* Retrieve previous model results » Return to main HYSPLIT page

» Restart user session (clear user inputs)

Daily Limits
Users are limited to 500 trajectories per day in order fo share the resources available with all HYSPLIT users.

Publishing HYSPLIT results

Publications using HYSPLIT results. maps or other READY products provided by NOAA ARL are reg to include an ac g t of, and citation to, the
NOAA Air Resources Laboratory. Appropriate versions of the following are recommended:

Citation

Stein, A.F, Draxier, R.R, Rolph, G.D.. Stunder, B.J.B., Cohen, M.D., and Ngan, F, (2015). NOAA's HYSPLIT atmospheric transport and dispersion modeling system. Bull.
Amer. Meteor. Soc., 96, 2059-2077, http //dx.doi.org/10. 1175/BAMS-D-14-00110.1 O

Rolph, G., Stein, A., and Stunder, B., (2017). Real-time Environmental Applications and Dispiay sYstem: READY. Environmental Modeliing & Software, 95, 210-228,
https://doi.org/10.1016/].envsoft 2017.06.025 O1. (http /Avww.sciencedirect com/science/article/piirS1364815217302360) &

Acknowledgment

The authors gratefully acknowledge the NOAA Air Resources Laboratory (ARL) for the provision of the HYSPLIT transport and dispersion model and/or READY website
(http:/vww.ready.noaa.gov) used in this publication.

Redistribution Permission

Permission to publish or redistribute HYSPLIT model results using forecast meteorological data from NOAA ARL can be obtained by providing relevant information
(reason, to whom, from whom) via email to arl. webmaster@noaa.gov. For further information, see the HYSPLIT Use Agreement
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Type of Trajectory(ies)

Number of ®'1 Note: By choosing just one source location, more options for selecting the location will be presented on the next
Trajectory Starting 2 page, such as choosing by latitude/longitude, by WMO ID, or by plant location. Multiple source locations limit
Locations 3 the input to just latitude/longitude positions. This option is ignored for trajectory ensemble and frequency.

Type of Trajectory  ® Normal Matrix ' Ensemble ' ' Frequency

Next=>

Details

Trajectory Matrix

The trajectory matrix option will run a grid of trajectories bounded by the first 2 source locations (trajectory 1 is the lower
left grid point and trajectory 2 is the upper right grid point) and evenly spaced with a grid incremeant given by the distance
between the lower left grid point (trajectory 2) and trajectory 2. Only one height is allowed.

Trajectory Ensemble

The trajectory ensemble option will start multiple trajectories from the first selected starting location. Each member of the
trajectory ensemble is calculated by offsetting the meteorological data by a fixed grid factor (one grid meteorological grid
point in the horizontal and 0.01 sigma units in the vertical). This results in 27 members for all-possible offsets in ¥,Y, and Z.
Mote: the starting height should be greater than 250 m for optimal configuration of the ensemble.

Trajectory Freguency

The trajectory fequency option will start a trajectory from a single location and height every 6 hours and then sum the
frequency that the trajectory passed over a grid cell and then normalize by either the total number of trajectories or
endpoints. A trajectory may intersect a grid cell once or multiple times (with residence time options 1, 2 or 3).
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Meteorology & Starting Location(s)

Trajectory Calculation

Meteorology: HRRR (18h fcst, 3 km, 1 hrly, CONUS, sigma)

View Current NAM Fire Weather Domains

Source Location (enter using one of the following methods):

Click a location on the map or select from below: ?
a
* Decimal Degrees Latitude: N v
DDD/MM/SS Latitude: N
Deqg. Min. Sec.
City (Country or State: name: lat: lon): v
Airport or WMO ID (i.e., dca): ID Lookup

| Reset Form || Next>>

Longitude:

¥ | Longitude:

? More info P

+|

|

Leafiet | € OpenStrectMap

Deqg. Min. Sec.

o hall
[ R
Al (] o
Niger f

Tehad Lo

Nigeria Kodarasése
% bis

AP RE

Soomaaliya

India s

Ustinal F |

- Na

Leaflet | © OpenStreetMap

Click a location on the map or select fiy

Longitude: |84 7265625

¥ | Longitude:

* Decimal Degrees Latitude: v
DDD/MM/SS Latitude: N
Sec.
City (Country or State: name: lat: lon): v

Airport or WMO ID (i.e., dca): ID Lookup

Reset Form | Nexts>

Meteorology File

Meteorology: GFS05
Source Location: Lat: 27.839076 Lon: 84.726562

Select Meteorological Forecast Cycle: 00 UTC /20190303 «

Next=>

More info P
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Model Run Details

The current GFS035 mi

0 UTC and B4 hours of lerecast data b

Model Parameters

Trajectory direction:

Forward
Backward [Change the default start time!)

Vertical Motion: = Modad vertical velocity
Isobaric
Izentropic
Start time (UTC): aar h day
Current time: 05:08 i ¥ (1] ¥ 1] v
Total run time (hours): a4
Start a new trajectory every: a hrs Maximurn number of trajectories: 22
Start 1 latitude (degrees): 27.839075
Start 1 longitude (degrees): o4.723552
Start 2 latitude (degrees):
Start 2 longitude (degrees):
Start 3 latitude (degrees):
Start 3 longitude [degrees):
Level 1 height: 500 ¥ meters AGL
Lewel 2 height: 0
Level 3 height: a
Display Options
GIS gutput of contours? = Mone Google Earth (kmz) GIS Shapefile

The following options apply only to the GIF, PDF, and PS results {not Google Earth)

Plot resolution [dpi): a8 T Murs infa F
Zoom fackor: 70 Mars infa P
Plot prajection: ® Default Polar Lambert Mercator Mare infa B
Vertical plot height units: Pragsure @ Maters AGL Theta More infa
Label Interval: Mo labeals 1 hour = 6 hours 12 hours
Plot color trajectories? = Yo Mo
Plot source location symbol? ® yas Mo
Distance circle overlay: = Mofe At More infa
U.5. county borders? Yos = flp Mora infa F
Postseript file? Yag C Murs infa F
PDF file? m Yas Mo
Plot meteorological field . = PO LNty Chocs N )

s Mo rmeteorological variable Mrom  Mors infa

along trajectory?

Dump meteorological data
alang trajectory:

rrigters AMSL

Request trajsctory

Murs infa P

Mars infa P

Fhour . Qo
v e infa

o

Muore infs
Mere isfa
More isfa

More info

Mere isfa

Murs infa F

24 hours More infa #

ng at 03/ 3715 D000 UTC.

below to plot
Terrain Height (m}
Palantial Termpesa
Amibkient Temperature (K]
Rainfall {mm per hry
Mixed Layar Dag
Relative Hurrni

5
bure (K}

Downwand Solar Radiation Flux [W/m* =2}

Murs infa b

| Request rajectory {only press once!] |

HYSPLIT MODEL RESULTS FOR JOB NUMBER 113818

Sun Mar 3 89:10:4@ EST 2019
The model and graphics are now complete.
Finiched generating graphics for job 113818. -

Model
Status:

) Zip
} Modify the trajectory plot without rerunning the mo

3 « Trajectory endpoints file.

) o Trajectory endpoints format help.

) HYSPLIT SETUP file.

HYSPLIT CONTROL file.
HYSPLIT MESSAGE (diagnostics) file.

¢ MESSAGE file format help (pdf)

Source » at 27.84 N 8473 E

Meters MSL

ary

24A HYSPLIT MODEL
orward trajectorystarting at 0500 UTC 03 Mar 19

Mar GFSG Forecast Initialization

1408 F=

18 00 06
03/06

18 00 06 12
03/05

18 00 06 12
03/04

06 12

Job ID: 113818
Source 1 lat.: 27.839076

Direction: Forward

Tral%elacmﬁ
Vertical Motion Calculation Method:

Job Start: Sun Mar 3 05:10:33 UTC 2019
lon.: 84.726562  height: 500 m AGL

Duration: 84 hrs
Meodel Vertical Velocity

Meteorology: 00002 3 Mar 2019 - GFS05
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HYSPLIT MODEL
Gackward trajecto

uuuTC us Mar

ding at 0500 UTC 03 Mar 19
GFSG Forecast Initialization

e —

Qource »# at 27.84 N 84.7

Meters MSL

00 18 12 06 00
03/03 03/02

12 06 00 1

:00 UTC 2019
) m AGL

city

Job ID: 113837 Job Start: Sun Mar. 3 05:1¢
Source 1 lat.: 27 839076 lon.: 84 726562

Vertical Motion Calculation Method:

00 UTC 03 Mar

NOAA HYSPLIT MODEL

Backward trajectories ending at 0500 UTC 03 Mar 19
GFSG Forecast Initialization

rce % at multiple locations

_Start 1 latitude (degrees):

™" Start 1 longitude (degrees):

Start 2 latitude (degrees):

height: 50( gart 2 longitude (degrees):

Trajectory Direction: Backward DUFEI[L?I‘I;I"Z:I gﬁmﬂ;ﬁ cal Velo Start 3 latitude (degrees):

Meteorology: 00002 3 Mar 2019 - GFS05

Start 3 longitude (degrees):
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Frequency Plot

Legend
Traj. Freq. 0 = 100 *

number of trajecteries passing though each grid square / number of trajectories

- Mo residence time in grid cell (each trajectory is only counted once per grid cell)

Traj. Freq. 1 = 100 *
Traj. Freq. 2
Traj. Freq. 3 = 100 *

Model Parameters

Trajectory direction: Forward

® Backward (Change the default start timea!)

Vertical Motion:

* Model vertical velocity

Isobaric

Isentropic
Start time (UTC): year
Current time: 05:33 19 M
Total run time (hours): 48
Number of days to calculate trajectory frequencies (<32): |15 days
Trajectory frequency grid resolution: * (.25 deg.
Trajectory starting interval: * 3 hrs
Start 1 latitude (degrees): 27.839078
Start 1 longitude (degrees): 84 726562
Level 1 height: 500
Display Options
Plot resolution (dpi): 96 v
Zoom factor: 70
Plot projection: ® Default Polar
U.S. county borders? Yes * No
Postscript file? Yes * No
PDF file? ® yag No

month

0.50 deg.

6 hrs

Lambert

Request trajectory (only press oncel)

number of endpoints per grid square / number of trajectories
100 * number of endpoints per grid square / total number of endpoints
number of endpoints per grid square / maximum number of endpeints in any grid square

Mora info P

Mora info P

day hour

03 = 3 +| Moreinfo P

-

More info
More info

1.0 degq. 2.0 degq. More info P

12 hrs More info P
More info P
More info P

* meters AGL meters AMSL

More info P
More info P
Mercator More info P
More info P

More info P

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# trajs passing through grid sq./# trajectories (%) 0 m and 99999 m
Integrated from 0500 03 Mar to 0800 14 Feb 19 (UTC) [backward]
Freq Calculation started at 0000 00 00 (UTC)

E
S 60 ->90 %
3 >80 %
>70 %
E K >60 %
=l -0 %
>40 %
>30
w 20 %
ol 10 %
2|/ 1%
3
=z
o
0
~
~
o~ g
¥ /
© /
o &y b
32 o
o% ¥ 0
METEOROLOGICAL DATA
Job ID: 114051 Job Start: Sun Mar 3 05:35:20 UTC 2019
Sowsed L 27630076 lon: 84726562 haight 500 m AGL
Initial trajectory started: 5002 03 Mar
irection of trajectories: Backward Tlajecmrv Duration: 48 hrs
Frequency grid resoluton. 0.25 0.25 Cegres
Endpoint output frequency: 60 per hour
Number of trajectories used for this calculation: 120
Meteorology: 0000Z 3 Mar 2018 - GFS05
NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# endpts per grid sq_./total # endpts (%) 0 m and 99999 m
Integrated from 0500 03 Mar to 0800 14 Feb 19 (UTC) [backward]
Freq Calculation started at 0000 00 00 (UTC)
E
£ [ =
3 >80 %
>70
E 'y >60 %
= -0
=40 %
>30 %
w 20
~ |\ 10 %
R/ 1%
3
=z
@
®
Q|
~ b
[
w
o3 I {
2| o
[72] £
METEOROLOGICAL DATA
Job ID: 114051

Job Start: Sun Mar 3 05:35:20 UTC 2018,
Source { lat:27.630076 lon.: 84.726562  height 500 m AGL

Initial rajectory started: 5002 03 Mar 13

Direction of trajectories: Backward __Trajectory Duration: 48 hrs
Frectuency ard esoluton. 0.25 x 0.26 degrees

Endpoint output frequency: 60 per

Number of imjsctones uoed for this calculation: 120

Meteorology: 0000Z 3 Mar 2019 - GFS05

from 500 m

Sourcex 27.839 N 84.727 E

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# endpts per grid sq./# trajectories (%) 0 m and 99999 m
Integrated from 0500 03 Mar to 0800 14 Feb 19 (UTC) [backward]
Freq Calculation started at 0000 00 00 (UTC)

-0 %

>80 %
>70 %
>60 %
50
>40 %
>30 %
20 %
10 %
1%

0

METEOROLOGICAL DATA

Job D: 114061 Job,
Source 1 lat:27.839076 lon.: 84.726562 height: 500 m
Initial trajectory started: 500Z 03 Mar
irection of trajectories: Backward

Start: Sun Mar 3 05:35:20 UTC 2019
AG

19
Trajectory Duration: 48 hrs

Frequency gric resolution: 0.25 x 0.25 degrees
Endpaint cutput frequency: 60 per hour

Number of trajectories used for this calculation: 120
Meteorology: 0000Z 3 Mar 2019 - GFS05

IN 84727 E

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# endpts per grid sq./max # endpts in any grid sq. (%) 0 m and 99999 m
Integrated from 0500 03 Mar to 0800 14 Feb 19 (UTC) [backward]
Freq Calculation started at 000000 00 (UTC)

from 500 m

-0 %

>80 %
>70 %
>60 %
50 %
>40 %
>30 %
20 %
10 %
1%

60
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nline Available Data...

https://giovanni.gsfc.nasa.gov/giovanni/

« EARTHDATA Data Discovery ~ DAACS ~ Community ~ Science Disciplines ~

G’OVANN ’ The Bridge Between Data and Science v 4.29

Select Plot

[ * Maps: Time Averaged Map '] Comparisons:  Select.. = Vertical. Select.. = Time Series:  Select.. = Miscellaneous: Select.. =
Select Date Range (UTC) Select Region (Bounding Box or Shape)

YYYY-MM-DD HH:mm Format: West, South, East, North

R o - - g e x

Valid Range: 1948-01-01 to 2019-03-05
Select Variables

¥ Disciplines Number of matching Variables: 0 of 19387 Total Variable(s) included in Plot: 0

Aerosols (188) Keyword : Search | Clear

Atmospheric Chemistry (76)
Atmospheric Dynamics (423)
Cryosphere (13)

Hydrology (1190)

M= —— RE_l- —. fCm
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(1) (2) (3)

Maps Choices Comparisons Choices Vertical Choices
¢ Time Averaged Map * Map, Correlation a8l Lrnne Santing Lotitndo Dronnges oo
Intzractive map of average over time at each grid cell Simple linear regression of 2 variables at each grid cell B e L e
Details. .. Details. . T ==
Difference of Time Averaged Scatter, Area Averaged (Static) e e
Difference of two time averaged variable maps Scatter plot comparing area averaged time series for two variables .- =g roe
Details Details...

Animation Scatter, Time-Averaged (Interactive) e e
Time-averaged, interactive X-Y plot of 2 variables g

Map animated along the chosen timeline for each grid cell : e

s . Details. ..
Limited to 365 time steps
Datails. Scatter (Interactive) ——
- Interactive Scatter — =
Accumulated Details...
Accumulation of measurement over time at each grid point )
Details Sca!:ter (Static)
— Static Scatter
Time Averaged Overlay Map Details ..
Intzractive Cverlay map of average over time at each grid cell (4)

Details. ..

Monthly and Seasonal Averages
Average of Specified Month or Season

Details...

Miscellaneous Choices

® Zonal Mean
Zonal mean plot, averaged values are plotted over latitude zones

5)

Histogram
Distribution of values over time and space

Details...
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