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HYSPLIT Model
➢ Continuous development at NOAA Air Resources
Laboratory (ARL) for more than 40 years
➢ ARL HYSPLIT modeling group (~10 scientists)
➢ Trajectories
➢ Plume Dispersion (generally > ~1 km):
▪ Puffs (top-hat or Gaussian)
▪ “Particles” (i.e., computational points)
▪ Eulerian grid

➢ Forward and Backward
➢ Dry and Wet deposition
➢ Chemical and Radiological Transformations
➢ Simulation Modes:
▪
▪
▪
▪

Run online (READY)
Download – run via Graphical User Interface
Download – run via command line and scripts
Windows, Mac, Linux

➢ Users:
▪ Emergency response & science at NOAA
▪ Emergency response & science - other agencies (e.g., MACCS)
▪ Scientific community: e.g., Stein et al. 2015 ~ 3000 citations
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Two different kinds of HYSPLIT simulations
●

●

Trajectory
○

Center-line of a plume -- an oversimplification, but can provide very useful information

○

Can go forward or backward

○

Does not factor in any deposition or chemistry

Concentration - Dispersion
○

The full 3D transport and
dispersion of a plume

○

Includes transport by wind, but
also dispersion around center line

○

Gives air concentrations downwind
-- (e.g., can compare with public
health thresholds)

○

Can include chemistry and wet and
dry atmospheric deposition
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Source-Receptor
Information?
●

●

●

●

Hg from
other sources:
local, regional &
more distant

atmospheric fate
and transport

Which – if any –
emissions sources are
impacting a given
measurement site?
Why are some
measurements
higher or lower than
others?
Where do the airmasses come from
that impact any given
measurement?
When the
measurements are
high, where do the
air-masses come
from?

air concentrations

emissions

wet deposition
dry deposition
Measurement of
wet deposition
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One approach is to estimate forward
trajectories from sources
Forward trajectory from
source #1 at time #1
Forward trajectory from
source #1 at time #2
Source #1
Trajectory does not have to exactly “hit” the
measurement site to indicate an impact

When – if at all – do air
masses from a given
source impact a given
measurement site?

Forward trajectory from
source #1 at time #3

Forward trajectory from
source #1 at time #4

Measurement site

Source #2

Forward trajectories from
source #2 at different times
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Another approach is to estimate forward
plumes from sources
Forward plume from
source #1 at time #1
Forward plume from
source #1 at time #2
Source #1

Forward plume from source
#1 at time #3

Forward plume from
source #1 at time #4

Measurement site

When – if at all – do air
masses from a given
source impact a given
measurement site?

Source #2

Forward plumes from
source #2 at different times
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Another approach is to estimate backward
trajectories from measurement sites

Backward
trajectory from
measurement
site at time #4

Source #1

Trajectory does not have
to exactly “hit” the source
to indicate an impact, but
should come “close”

Backward trajectory
from measurement
site at time #3
Backward trajectory
from measurement
site at time #1

Measurement
site

Source #2

When – if at all – do air masses
arriving at a measurement site
appear to come from a source?
Note – you can also do
backward plumes

Backward trajectory
from measurement
site at time #2
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Back Trajectory Analysis – Episodes
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At its core, the HYSPLIT model just transports “particles” as they are blown along by the wind
z

+y

wind
speed
and
direction
at
position 1

wind
speed
and
direction
at
position 2

wind
speed
and
direction
at
position 3

x

particle movement
in time step 2
particle movement
in time step 1

-y
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Trajectory ~ Center Line of Plume
z

With a real-world
pollution release,
there is always an
expanding plume as
the pollutants travel
downwind
The trajectory of a
single computational
point particle released
from the source and
simulated with the
HYSPLIT Trajectory
xmodel is the center
line of a plume of
pollutants emitted
from a source

+y

-y
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Atmospheric Turbulence → particles don’t follow simple paths, but follow “turbulent trajectories”
z
To simulate this
dispersion, the
HYSPLIT concentration
model adds in an
additional turbulent
motion of the
computational point
particles as they are
blown downwind.
x
+y

-y
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Plume simulation = A collection of turbulent particle trajectories
z

To simulate a plume from a
source, we release many particles
at a time, and this cloud of
particles is transported
downwind
Each computational point particle
gets additional motion based on
the amount of turbulence in the
atmosphere.

+y

Here we are showing just 6
particles released at one time. In
a real HYSPLIT run, you would
x
release 100’s or 1000’s or even
more particles at any given time.
If the pollutant release was ongoing, you would keep releasing particles from the source as
long as you wanted to simulate the emissions.
As the wind changes speed and direction, and as the turbulence in the atmosphere
changes, the plume will be dispersed in different directions and will be dispersed to
different extents.
-y
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z

x
+y
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Met Data for HYSPLIT: Overview
▪

HYSPLIT is driven by gridded meteorological data, required as an
“input”
▪

Data must be supplied in ARL Packed Format

▪

Conversion programs exist to convert most met model
output data to ARL Packed Format

▪
▪

▪

z

x

+y

There is also an inline version of HYSPLIT embedded within
the WRF meteorological model

-y

NOAA has several forecast and reanalysis datasets in HYSPLIT
format
▪

CONUS+ grids (e.g., 3 km HRRR; 12 km NAM)

▪

CONUS+ 27km WRF reanalysis

▪

Global grids (e.g., 0.25 deg GFS)

z

HYSPLIT interpolates spatially and temporally to estimate
meteorological variables at any given point in the simulation
domain

▪

Can have multiple meteorological grids during the same
simulation (e.g., local, regional and global), and HYSPLIT will use
the finest grid at any location

▪

Ability to treat complex terrain? Largely depends on resolution /
capability of meteorological model output used to drive HYSPLIT

x

+y
-y
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Selected Meteorological Datasets Available from NOAA ARL Archives* (~100 TB)
(https://ready.arl.noaa.gov/archives.php)

Dataset

Global

Continental U.S. and
surrounding regions

HRRR-3km

NAMS-12km Hybrid

Horizontal
Resolution
(km- approx.)
3

Full-grid
dimensions

Temporal
resolution
(hrs)

Vertical
Levels

Period of
each file

1799 x 1059

1

37

¼ day

3.2

390

Jun 2015 -> present

30
19
21

2010 -> present

CONUS - 12
Alaska - 12
Hawaii – 2

Size of Total size for
each file one month of
(GB)
data (GB)

1

40

1 day

1.0
0.64
0.71

Availability

NAM-12km

12

614 x 428

3

27

1 day

0.395

12

May 2007 -> present

WRF-ARW-27km

27

216 x 174

1

35

1 day

0.210

6.4

1980 -> present

NARR-32km

32

309 x 237

3

24

1 month

2.8

2.8

1979 -> 2019

EDAS-40km

40

185 x 129

3

27

½ month

0.6

1.2

2004 -> 2018

GFS - 0.25o

27

1440 x 721

3

56

1 day

2.7

82

Jun 2019 -> present

GDAS - 0.5o

55

720 x 361

3

56

1 day

0.468

14

Sep 2007 -> Jun 2019

GDAS - 1o

111

360 x 181

3

24

1 week

0.571

2.5

Dec 2004 -> present

Global Reanalysis - 2.5o

278

144 x 73

6

18

1 month

0.11

0.11

1948 -> present
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Different Ways to Use HYSPLIT
●

●

Online - READY Website (https://www.ready.noaa.gov/index.php)
○

Specialized applications for different needs

○

Research / Agency access

○

Public access

Download model (free) and run on your local computer
○

GUI = Graphical User Interface

○

Command Line / Scripts

Note -- In the above two local computer options, one must
download met data to run HYSPLIT from ARL website
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Running HYSPLIT online
using the READY system

https://www.ready.noaa.gov/HYSPLIT.php

18

Running HYSPLIT online
using the READY system
https://www.ready.noaa.gov/HYSPLIT_traj.php
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Running HYSPLIT online
using the READY system

https://www.ready.noaa.gov/HYSPLIT_disp.php

To run forecast
dispersion (plumes)
simulations, you must
be a registered user

Anybody can run
archive dispersion
simulations (i.e., for
times in the past)
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Different Ways to Use HYSPLIT
●

●

Online - READY Website (https://www.ready.noaa.gov/index.php)
○

Specialized applications for different needs

○

Research / Agency access

○

Public access

Download model (free) and run on your local computer
○

GUI = Graphical User Interface

○

Command Line / Scripts

Note -- In the above two local computer options, one must
download met data to run HYSPLIT from ARL website
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Downloading the model to run on
your local computer
https://www.ready.noaa.gov/HYSPLIT.php
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Running a backtrajectory using the
Graphical User Interface
(GUI) after installing
HYSPLIT on your local
computer
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Making a map of a
trajectory using the
Graphical User Interface
(GUI) after installing
HYSPLIT on your local
computer
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This is the “tdump” file, short for
“trajectory dump” where the basic
data from the simulation are
written.

Displaying numerical
values of trajectory
endpoints using the
Graphical User Interface
(GUI) after installing
HYSPLIT on your local
computer

Unless otherwise specified, it is
written to the “working” directory
time

lat

long

height

pressure
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Selected Meteorological Datasets Available from NOAA ARL Archives* (~100 TB)
(https://ready.arl.noaa.gov/archives.php)

These are files in global 0.25 degree
met data archive

These are files in global 1-degree
met data archive

If you want to run the
model on your local
computer, you have to
download met data to run
HYSPLIT.
You will probably need to
use an FTP client browser,
like FileZilla or WinSCP to
view / download met data,
as most browsers no
longer support FTP
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Online via READY

➢ Don’t have to
download met data or
install any software
Advantages ➢ A few utility program
are only available on
READY (e.g.,
meteograms,
windroses)

➢ Limited options – but
Disadvantages
if you can do what you
want, then great!

Local Computer with
Graphical User Interface
(GUI)

➢ Many more options
available

➢ A great way to learn
how to use HYSPLIT
➢ Scripting examples are
provided in the Tutorial

➢ You have to download
meteorological data to
drive HYSPLIT (or
create your own)

Local Computer with Scripts
➢ Full control over pre-processing, the
simulations, and post-processing
➢ All HYSPLIT options are available
➢ Can use any scripting language (e.g.,
DOS Batch, Shell scripts, R, Python)
➢ Can automate simulations and do
repetitive runs very easily

➢ You have to learn how to do scripting
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Backward trajectories from wet
deposition measurements?
●

Wet deposition measurements are
typically accumulated over a long time
(e.g., one week, or two weeks)

2.5
2

●

1.5
In the ideal case, one knows “when” it
Rainfall
rained during the sampling period, and
amount
1
can then run back-trajectories just for the
rain periods
0.5

●

And in the perfect case, there was only
one rainy period during the entire sample

●

But, of course, these conditions are not
always met

●

This is why event-based sampling is
sometimes used, even though it is
certainly more costly

One big rain event
for entire sample
#2 – could start
backward
圖表標題
trajectory for this
sample at this time

0

time
Wet
deposition
sampling
period # 1

Wet
deposition
sampling
period # 2

Wet
deposition
sampling
period # 3
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Can combine trajectories
into a “frequency” map
●

For example, take all the back trajectories
for periods when the samples were high

●

Use the trajectory frequency feature to
make a map of the geogrpahical
distribution of trajectories
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Can combine trajectories
into a “frequency” map
Back Trajectory Analysis – Trajectory Frequency Analysis

Top 10% GEM vs. Bottom 10%
GEM at Beltsville, 2007-2009

Top 10% GOM vs. Bottom 38%
GOM at Beltsville, 2007-2009
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The HYSPLIT Tutorial may be helpful
in learning how to use the model

https://www.ready.noaa.gov/documents/Tutorial/html/index.html

+ many other sections, e.g., on plume
simulations and other applications
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HYSPLIT Documentation and Learning Resources
●

HYSPLIT Tutorial: detailed instructions on using the GUI + example scripts; can be run online or downloaded to local computer

●

The GUI is a great way to learn HYSPLIT
o even experienced users use it when trying something new
o can create a run in the GUI, and then look at associated input/output files to tell you how to to create a script to do similar simulations
o you can do some relatively complicated procedures (e.g., trajectory clustering)

●

HYSPLIT Users Guide: online (and also in hysplit/documents directory)

●

Download HYSPLIT and other resources: https://www.ready.noaa.gov/HYSPLIT.php

●

HYSPLIT Cheat Sheet

●

Model Overview: https://www.arl.noaa.gov/hysplit/hysplit/

●

Equations: https://www.arl.noaa.gov/wp_arl/wp-content/uploads/documents/reports/arl-224.pdf

●

HYSPLIT Forum: https://hysplitbbs.arl.noaa.gov/

●

HYSPLIT FAQ’s: https://www.arl.noaa.gov/hysplit/hysplit-frequently-asked-questions-faqs/

●

Recent HYSPLIT Training Workshop: https://www.ready.noaa.gov/register/HYSPLIT_hyagenda.php

●

Stein et al., 2015: NOAA’s HYSPLIT atmospheric transport and dispersion modeling system, Bull. Amer. Meteor. Soc., 96, 20592077, http://dx.doi.org/10.1175/BAMS-D-14-00110.1

●

Rolph et al., 2017: Real-time Environmental Applications and Display sYstem: READY. Environmental Modelling & Software,
95, 210-228, https://doi.org/10.1016/j.envsoft.2017.06.025
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Thanks for your interest
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