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HYBRI D SI NGLE- PARTI CLE LAGRANG AN | NTEGRATED TRAJECTCRI ES
(HY-SPLIT): VERSION 3.0 -- USER S GU DE AND MODEL DESCRI PTI ON

Rol and R Draxl er

ABSTRACT. The al gorithns and equations used in the cal cul ation of
| ong-range pol |l utant transport and di spersion are presented fromthe
net eorol ogi cal data sources through the calculation of air

concentrations. The nodel cal cul ati on methods are a hybrid between
Eul eri an and Lagrangi an approaches. A single pollutant particle
represents the initial source. Advection and diffusion cal cul ations
are made in a Lagrangi an framework. However, neteorol ogical input
data can either be gridded fromraw nsonde observati ons or archived
fromother sources, such as the anal yses fields or forecast outputs
fromEulerian primtive equation nodels. As the dispersion of the
initial particle spreads it into regions of different wind direction
or speed, the single particle is divided into nultiple particles to
provide a nore accurate representation of the conplex flow field.

Air concentrations are calculated on a fixed three dinensional grid
by integrating all particle masses over the sanpling tine. The nodel

code can be run on a personal conputer. Calculations consist of

sinple trajectories froma single source to conplex nultiple source
em ssions. A flow chart of the calculations as well as several

exanpl es are given. The code is structured so that concentration
calculations or sinple trajectory (forward or backward) cal cul ati ons
can be performed on sigma (terrain followng) or pressure
coordi nat es

1. | NTRODUCTI ON

1.1 Modeling System Overvi ew

The devel opnent of the HY-SPLIT | ong-range transport cal cul ation techni que
has evol ved in several stages, froma sinple w nd-shear induced particle
di spersion study (Draxler and Taylor, 1982), to the inclusion of air
concentration calculations with only a day/night nm xing assunption (Draxler,
1982), to the calculation of vertical mxing coefficient profiles and vertica
particle notions (Draxler, 1987). The nodeling technique has many
simlarities to particle-in-cell (PIC) nethods (Lange, 1978) with the primary
exception that one starts with only a single particle that nay split into as
many particles as needed to describe the pollutant distribution. This
approach requires special nunmerical techniques to limt the nunber of
particles. The equations and cal cul ati onal nethods are discussed in much nore
detail in Appendix A



Al t hough each particle has an associ ated horizontal and vertical diffusive
component, simlar to a "puff" nodel, the subsequent particle divisions
determ ne the spatial and tenporal concentration distributions, rather than
the di ffusion about any one particle. Wth PIC nethods the initia
concentration distribution is defined by the distribution of particles, but at
later times there may be too few particles in adjacent cells to define the
concentration field without assumng a particle probability distribution. In
contrast with HY-SPLIT, near the source region, the concentrations are nost
sensitive to the assumed distribution about the single emtted particle, while
at further downwi nd distances the concentrations are npst sensitive to the
subsequent particle distribution.

In nost transport and dispersion nodels, the limting feature to the
accuracy of the calculations is the spatial and tenporal resolution of the
net eorol ogi cal data. In previous nodel versions raw nsonde observations, wth
limted spatial (400 km) and tenporal density (every 12 hr), were the only
data source. The raw nsonde data were then gridded on a user-sel ected pol ar
stereographic grid by a preprocessor program (see Appendix C. This was the
net hod used when the di spersion nodel cal culations were conpared with the air
concentrations neasured during the Cross Appal achian Tracer Experi nent
(CAPTEX) (Draxler, 1987; Draxler and Stunder, 1988). The current HY-SPLIT
version permts the use of neteorol ogical input data fromother sources, in
particul ar neteorol ogical data fields archived fromthe Nationa
Met eorol ogical Center's (NMC) Nested Grid Model (NGM - Phillips, 1975) over
the continental U S. (90 to 180 kmevery 1 to 2 hr) or data archived fromthe
initialization fields of NMC s Medi um Range Forecast Mdel (MRF) for globa
coverage (381 kmevery 6 h). These data are discussed in nuch nore detail in
Appendi x D. An explanation of how the HY-SPLIT code converts the different
data sources into a comon structure can be found in Appendi x B.

1.2 Validation Studies

One of the nore inportant aspects of any transport and dispersion code is
under st andi ng the causes of uncertainty and the potential errors in the
resulting calculations. A mgjor long-range validation experinment was
conduct ed during January through March of 1987, Across North Anerica Tracer
Experiment (ANATEX - see Draxler et al., 1991). |Inert tracers were rel eased
fromtwo sources routinely every 2% days and daily averaged sanples were
coll ected at distances of up to 3000 kmfromthe tracer sources. Enhanced 4
per day raw nsonde observations as well as high resoluti on NGM nbdel out put
were available for the three nonth experinmental period. A detailed eval uation
of several |ong-range transport nodels, including HY-SPLIT, using the ANATEX
dat a was conducted by O ark and Cohn (1990).

O her validation studies during ANATEX (Draxler, 1990) conpared the NGV
data with neteorol ogi cal observations on a 500 mtower. The results showed
that on average the NGM accurately predicted the diurnal variations of w nd,
tenmperatures, and mxing. One result fromthat study was the incorporation of
an Ekman/simlarity wind interpolation nodule within HY-SPLIT to cal cul ate the
wind profiles at |evels below the | owest signa |evel (about 180 n) avail able
fromthe NGM Another conclusion was that it is not possible to interpolate
the diurnal cycle of vertical mxing fromonly two observati ons per day.

Trajectory accuracy fromcal cul ations using HY-SPLIT during the ANATEX
period was estimated (Draxler, 1991) from back trajectories calculated from
aircraft observations of the tracer plune position. Transport distances
varied fromabout 50 to 300 kmfromthe source and cal cul ati ons were perforned
usi ng rawi nsonde data (4 per day) and high resolution NGM data (90 km every 2
h). Inthe 30 trials with aircraft observations, no significant difference was
di scernable in trajectory accuracy of cal cul ati ons using the different
net eorol ogi cal input data. Trajectory error ranged from 20%to 30% of the
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travel distance. Wen trajectories were grouped into simlar categories, the
NGM data provided the best results when smaller scale flow features were
present--ones that could not be resolved in the rawi nsonde network. The 4 per
day rawi nsonde data provided the best results when fronts or |ow pressure
systems were present in the vicinity of the tracer release. Slower transport

i n nore honogeneous zonal flow regimes resulted in sonme of the smallest errors
of around 15% of the travel distance. One general conclusion was that the NGV
generated initialization and forecast data was an adequate substitute for 4
per day raw nsonde observations in trajectory cal cul ations.

Hi gh resolution tenporal and spatial neteorological data are not al ways
avai l abl e when the data source is fromthe MRF. The effect of |ower resolution
data on trajectory accuracy (Rol ph and Draxler, 1990) was tested during the
ANATEX period by degrading the high resolution NGM data in space and tinme and
calculating the difference in those trajectories fromthe base case cal cul ated
with the high resolution data (90 kmevery 2 h). Transport tinmes of 96 h,
using 90 kmdata every 4 h, resulted in an error of 8% i1n contrast to an error
of 5% when the data were maintained at 2 h intervals but reduced to 180 km
resol ution. These errors are relative to the base case, which as was discussed
in the previous paragraph can be nuch larger. Essentially the NGV data were
initially nost sensitive to tenporal frequency rather than spatial resolution
This resulted in a decision to archive the NGM nodel output at every other
grid point, 180 km but at 2 h intervals, prinmarily to naintain the highest
I evel of accuracy, while still keeping the data archive as conpact as
possi ble. Wen the NGM data were degraded to 360 kmat 6 h intervals,
conparable to the MRF archive data, the relative trajectory error after 96 h
was about 17% Assuming fromthe previous aircraft validation study that the
average absolute trajectory error using the high resolution NGM data is about
25% then the use of coarser resolution MRF data would result in absolute
errors of about 42%

HY-SPLIT verification during ANATEX was not just limted to trajectories
and inert tracers. The neteorol ogi cal database was used to test a sulfur wet
deposition nmodul e (Rol ph et al., 1992) that can be incorporated into HY-SPLIT.
The particle em ssion routine was nodified to permt sinultaneous rel ease of
particles fromeach of the meteorological grid points with masses that
corresponded to the sul fur dioxide em ssions inventory for that grid square
The HY-SPLIT advection and dispersion algorithns easily handle multiple source
em ssions wthout any code nodification. A dry and wet deposition routine that
uses the NGM forecast precipitation and noi sture was added and the nbdel was
used to predict 24 h air concentrations of sulfur dioxide and sulfate (SG)
wet deposition. In general, for a mgjority of the wet deposition nonitoring
sites, the three nonth average nodel prediction to nmeasurenment ratios were
between 0.5 and 1.6.

2. PROGRAM AND FI LE STRUCTURE

Many of the technical details of the transport and di spersion
cal cul ations, and neteorol ogi cal data are di scussed in the Appendices, and
will be noted as needed. However, any nodel consists not just of the primry
cal cul ational routines but many of the pre-processing requirenents for the
data as well as post-processing of the results for nore neani ngful
interpretation. Obtalning correct results requires an understanding of the
entire process, a nodeling system which may include many options and choi ces.
One of the primary considerations of the main body of this report will be to
link the different conponents so that the results do not just come froma
"bl ack box" but froma systemthat can be easily nodified for different
appl i cations.



The nodeling systemis divided into three nmajor conmponents, a pre-
processor for the input and meteorol ogical data, the main transport and
di spersion code, and a variety of post-processing graphics and support
prograns. The transport and di spersion nodel may require as many as five input
files and may generate as nany as six output files dependi ng upon the options
sel ected. Sone output files are of course input files for other prograns.
The flow structure for the files used by the three major program el enents and

the program nanes are shown in Table 1. Not all input or output files are
shown in this diagram only the ones that are passed between program processes
are illustrated. Programnanes are shown in italics. Oher I nput and out put

files are discussed in Appendix G The prograns and files that correspond to
each part of the HY-SPLIT nodel are discussed in the sections (2.1, 2.2, and
2.3) that follow



Tabl e 1.--Mdeling systemfl owchart

I nput DEFAULT. DAT DEFAULT. CFG
|
Pr ogr anms HYEDI T
(2.1) HYPI CK
HYMAPS
|
CQut put DEFAULT. DAT DEFAULT. CFG
| nput METFI LE. CFG
|
Pr ogr ans HYMODEL
(2.2)
| |
Qut put ENDPTS. ASC VDLCON. BI N PRI NT. ASC
ENDPTS. CFG MDLCON. CFG
I nput SI TES. ASC
|
|
Pr ogr ans TRAJPLOT CONCPLOT GRI D2STN
(2.3) ‘ GRI DPLOT
|
I
CQut put PLT. DAT MDLCON. ASC
Progr ans HYTEK
[ | 1
CQut put PCL. 101 PRI NTER

2.1 Pre-processors

The ASCI| files called DEFAULT. DAT and DEFAULT. CFG are the two primary
files that contain much of the information that controls the nodel simnulation.
Most of the options that will be routinely changed are in the DEFAULT. DAT file
(see Appendi x E). Exanpl es include such variables as the |atitude and
| ongi tude of the source, neteorological data file nanmes, and the type and
frequency of output. Options that are changed |l ess frequently are set in
DEFAULT. CFG (see Appendi x F). Exanples include such paraneters as the
coordi nates of the nmeteorol ogical and concentration sub-grids, and directories
of input and output files.

The pre-processors consist of three different editor prograns that can be
used to modify input files that control the sinulation to be perforned. The
features are as foll ows:

Code Name File Edited Feat ur es

HYEDI T DEFAULT. DAT Text based editor with on-line help
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DEFAULT. CFG that can be used to edit any line
of either of the default files.

HYMAPS DEFAULT. DAT Mouse based editor that permts only
the selection of the source |ocation
and out put map donmai n. Val ues are set
by clicking on the appropriate points
on a graphics map background.

HYPI CK DEFAULT. DAT Mouse based sel ection of some of the
nore inportant text options. Can be
used in lieu of HYEDI T for sinpler
si mul ati ons.

In general input files can reside DEFAULT.DAT FILE EDITOR  (Jan 01, 1992)

in any directory and are not required

to be in the directory fromwhich the [mmESIEr..................... 01 OUTPUT/AVERAGING PERIOD....... 01
nodel is run. However, the DIRECTION. ......oovvvenn. FURD OFFSET TINE................ 0
DEFAULT. CFG nust be in the hone VERTICAL MOTION............ DAtA CONCENTRATION INDEX........ 1
directory because one of the fields STARTING MONTH................ 00 HEIGHT OF INDEX............ 1
inthat file is the directory nane in MY, 00 DISK QUTPUT OF ENDPOINTS......NONE
which all other input files can be HOUR. ..o, 00 CONCENTRATION. ............. NONE
found. If you installed HY-SPLIT DAYS TORUN.......ovvven, 01 AP OUTRUTS. ... NONE
with the install program (see NETED FILE................. TESTNGH  RUNTINE GRAPHICS........... NOKE
Appendix G, it sets up a directory ORIGIN LATITUDE............... 9.0 ASCIT PRINTER.............. NUL
structure and | oaded a batch file LONGITUDE. ................. 85.0 MAPLAT UPPER RIGHT............ 45.9
that works with that particul ar HEIGHT. ..ot 206.0 LAT LOGER LEFT............. 0.9
structure, invoking the options SOURCE VALLE.................. 0.0 LON UPPER RIGHT............ 85.0
di scussed in this section. ENISSTON HOURS............. 1 LON LOVER LEFT............. 95.9

INTERVAL.........oveen 9999

with any editor. The character text
information after the # symbols in case (test001) fromthe HYEDI T program

those files is only for conveni ence

and is not required by the nodel. However, the text is used by theHYEDI T
editor program HYEDIT can be used to edit either the DEFAULT. DAT or
DEFAULT. CFG files by invoking the DOS command |ine option of DAT or CFG (i.e.
HYEDI T DAT or HYEDIT CFG. The advantage of using this editor is that it is
custom zed for HY-SPLIT and help information is provided with each entry. An
exanpl e of the display is shown in Fig. 1

These settings shown in Fig. 1 will be used as the base conditions for al
the follow ng exanpl es. The base case settings are al so saved in the CFGFI LE
sub-directory under the prefix TEST during the installation of HY-SPLIT. In
all sections of this report, each exanple that will be discussed can be
i nvoked through the batch file. For instance, the base case can be run by
typi ng: HYSPLIT TESTOO1l. Including the DAT option will bring up the nenu shown
inFig 1.

I ndi vi dual entries are edited by using the cursor keys to place the marker
over the desired entry. Pressing ENTER brings the entry to the edit |ine at
the bottom of the display. Wen editing is conplete press ENTER again to
return to the main nenu. ESC saves the changes and exits fromthe program
The help screen is invoked with CTRL-I. The help files HLPDAT. TXT and
HLPCFG TXT must be in the same directory as the HYEDI T. An expanded version
of the help files is the main text of Appendices E and F.



_ Since the nost frequently edited HYPICK editor for default.dat
file is the DEFAULT. DAT file there LEFT- option by 1 RIGHI- option by 10  BOTH - savexit
are two additional editing options
available if you have a nouse. It is
necessary to first insure that the DIRECTION. ... FORVARD
mouse is active by |oading the NETEOROLOGY FILE.................coooits TESTNGH
appropriate software that came with START HONTH. ...t 0
t he nouse. The program cal | ed HYPI CK START DAY, .o e 0
will bring up the display shown in START HOUR. . oo 0
Fig. 2. START HEIGHT(R) .. 10
DAYS TORUN......ovveinini 1
The program | ets you select from
a nunber of options by just clicking OUTPUT INTERVAL(R).......oovvvniiininnn 1
the left nmouse button to scroll OUTPUT T¥PE.......cov e TRAJECTORY
t hrough the options by one or RUNTIME GRAPHICS.............ccvvinnn YES
pressing the right button to POST-PROCESSING . ...\ vvvevvvvveenennns A |
i ncrement the options by 10 each
time. Pressing both left and right Figure 2. Sanple display fromthe
buttons saves the changes to the DAT HYPICK default.dat mouse based fil e
file. edi tor.

Only a linmted nunber of the 27
i nput lines in DEFAULT. DAT can be edited with HYPICK.  Sel ection of certain
options automatically changes others within the file and certain options are
set to default values each tine the programis invoked. Some sinulations
requi re conbi nati ons of input paraneters to be changed that are not avail able
within HYPICK therefore, HYEDIT nust be used in those cases.

LEFT - Map left to right RIGHT - Click to rescale BOTH - Next option

To set t he source Ori gl n X-coord: 23.6 Y-coord: 14.3 Bot left: 33.81 94.84 Top rght: 45.14 80.49
| atitude, |ongitude and the |atitude s Xjﬁ
and | ongi tudes corners of the output ~ 5
nmaps, you can use a programcalled i ¢ _
HYMAPS. It draws a map background, as
shown in Fig. 3, representing the Q%
net eor ol ogi cal domain of the file you 5

selected for input in the DEFAULT. DAT
file for the sane exanpl e shown in
Fig. 1.

The di splay shows a box
representing the output map and red
dot for the source location. You can
then sel ect a new nap region by A
bringing the nouse to the |ower |eft (\ —_ REES
corner of a new map | ocation, press
the left nouse button and hold it as Figure 3. Sanple display fromthe

you nove the nouse to the new upper HYMAPS default.dat file nouse based
right location, then release it and a editor program
new out put domain box will be drawn.

You can keep sel ecti ng new donai ns
until you get one you like. The map can be redrawn so that the sub-grid wll

fill the entire screen by clicking on the right button.

To select a new source |ocation, press both buttons simltaneously and you
will be in the source selection nmenu. At this point just nbve the nouse to the
new source location, click the left button and the red dot will be redrawn.

Press both buttons to continue on to the exit menu, where pressing the |eft
button will save the new | ocations to the DAT file. The HYMAPS program
requires an input file of global geography called EZMPDAT. The file has the
sane format (see Appendi x G 3) as NCAR graphics map background files

Two pre-processor prograns are available to mani pul ate neteorol ogi ca
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data. One to grid station-based data into a fornmat conpatible with the nodel
i nput section and one programto mani pul ate the nodel conpatible gridded data.
The prograns are as foll ows:

Code Nane Feature
WI2GRI D W nd and tenperature soundings to gridded format
GAMDUP Ceneral Archive Managenent Disk Uility Program

Al'l nmeteorol ogical data read by HY-SPLIT nust be in the sane packed
gridded format. This format is described in detail in Appendix D. Al though
the format requirenents are fairly strict, the type and nunber of variables,
and order in the file are relatively flexible. HY-SPLIT contains an input
dat a pre-processing section, within the main transport and di spersi on nodul e
(HYMODEL) that converts the data or sets a variety of internal flags, to
permt a nore consistent set of calculations to be perfornmed dependi ng upon
the avail abl e data and sinulation options selected in the default input files.
This data preprocessing is discussed in Appendi x B.

The WI2GRI D routines supplied with HY-SPLIT permt user supplied
rawi nsonde, surface, and pibal data, to be converted to the gridded input
format consistent with Appendix D. This programis discussed in Appendix C
They are not designed to be as "user friendly" as other sections of the code
due to large variations in input data formats. Mst applications will require
code changes and reconpilation of the data input sections.

The utility routine, GAMDUP, is provided as neans to nmani pul ate the final
gridded data. It is a self contained programthat can be used to copy
portions of a data file, extract sub-grids froma larger grid, check header
| abel s with each record, and performother tasks. The details of that
program the options available, and the files required are discussed in
section 3.4. In addition, several other progranms (GAMPOP and GAMSOP) that can
be used to unpack, print, and plot the neteorol ogical data are discussed in
that section.

2.2 Transport and Di spersion

The main transport and di spersion code is contained within the program
HYMODEL. In addition to the two input files mentioned previously (DEFAULT. DAT
DEFAULT. CFG, four additional files are required. These are METFILE. CFG
ROUGLEN. BI N, EZMPDAT, and a scal able font file--MODERN. FON. Dependi ng upon
the options selected in DEFAULT. DAT, up to six output files may be generated.

The ASCI| file METFILE. CFG contains information regarding the grid
structure of various nmeteorol ogical data files that the nobdel nmay encounter.
Before running with a new neteorol ogi cal data source it is necessary to insure
that the horizontal dinmensions of the grid, its identification nunber, and
scaling paraneters are defined in this file. The data entry format for this
file is given in Appendix G Norrmally nost data file structures are already
defined in the file supplied with the program |[|f another data structure is
created, the prograns that are used to generate or extract the meteorol ogica
data will provide the necessary information for you to include in this file.

The nodel al so uses the aerodynam c roughness |length (ROUGLEN.BIN) to
conpute the vertical mxing coefficient for surface |ayer wi nd extrapol ation
The data are given on a 1° lat/lon grid--the two byte binary format which is
descri bed in Appendi x G -and upon input the nodel converts it to be conpatible
with the current neteorological data grid. This file is only required when
the surface |l ayer wind option is selected (See Appendi x B, section 4).



If you select to conmpute run-tinme graphical output it is necessary to have
the map background file: EZMPDAT. The sane file is also used by a nunber of
ot her progranms: the HYMAPS editor and both CONCPLOT, GRIDPLOI, and TRAJPLOT
post - processi ng graphics. The EZMPDAT file is in a format (Appendix Q
compati bl e with NCAR graphics. Qther compatible map background files can be
substituted in its place. The EZMPDAT file contains gl obal geography in about
500 kB, therefore, the resolution is limted to about 50 km |If you are
running HY-SPLIT over a nmuch smaller domain it is possible to obtain a
repl acement file for EZMPDAT that can have a maxi mumresolution of less than 1
km

One last file not mentioned is the neteorol ogical data. The file can have
any nane, although the default convention that is normally used is MONYR BI N
where MON represents the nonth and YR the year. Therefore, data from April of
1990 woul d be placed in a file called APRO0.BIN. The file nanme is set in
DEFAULT. DAT. It is not necessary to include the BIN suffix unless the suffix
is something else, then the full name is required. The directory for the
met eor ol ogi cal data is set in DEFAULT. CFG



The transport and di spersion cal cul ations performed in the program call ed
HYMODEL, is divided into nine conponents, each conposed of severa
subroutines, that represent the mmjor processes that must be nodeled. If the
optional Fortran source code is provided these are the file nanes that contain
various subroutines. These elenents include:

File Nane Description

MDRI VERS Mai n program and other utilities

SETMODEL Sets the conditions for the sinulation

METI NPUT I nputs and processes the neteorol ogy

EM SSI ON Emits particles to represent the poll utant

TRNSPORT Cal cul ates the advection and di spersion

VPROFI LE Anal yzes the nmeteorology at a grid point

SORTTI NG Sorts the particles for greater efficiency

PLOTTI NG ASCI | based text plotting routines

GRAPHI CS Run-time screen based graphics displays

The normal ASCI | screen display HY-SPLIT - Uersion 3.0 - April 1, 1992
produced by HYMODEL during a Hybrid Single Particle Lagrangian Trajectories
sinulation is shown in Fig. 4. The Roland R. Draxler - NOAR/ARL (391) 713-92%%

programidentification is shown at
start-up (fromthe batch file), then
several diagnostic |ines that

Press any key to continue . . .

describe the structure of the §°t:§§$2ﬁ“‘?ﬁif g 33 Zg
met eorol ogical data file are printed. [pocitioned netoo rec: °

Then, if the data are properly read,

g ; WODEL TINE  DATA TIME  PARTICLES RELEASE  CUTOFF
the nodel positions to the starting (MO DA HR) (MO DA HR)  (NUMBER)  (FRAC)  (HASS)

record and the subsequent output is a 11 1 © 11 1 8 1 .00
sinmple digital clock printout each I nre H o
time step that shows the internal 11 1 13 1 1 2 1 "00
nodel tinme and the day-tinme field 1 14 1 14 i <00
fromthe input neteorol ogi cal data s o H ¥
that apply for that nodel tinme step 117 111 6 1 .00
(in this case for the TEST001 nre nors h o
exanmple). In addition, the nunber of '
particles (or trajectories), the Figure 4. Illustration of the ASC
fraction of the released particle screen display during a model
mass that is still on the

conputational grid, and the particle ?;gg{ggh?h Wi thout run-time graphics

mass val ue that is used to determn ne
whi ch | owmass particles are dropped
once per day, are shown at each conputational tine step
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At the selected output interval, ASCII (w thout map backgrounds)
concentration or trajectory maps can be displayed on the screen, printed, or
saved to a file (PRINT. ASC) when that option is selected. If the run-time

graphics node is invoked the selected output will be drawn in real-time on the
screen. All the run-time graphics exanples will be shown in section 4.
Normal Iy error nmessages will appear on the screen, however, in run-tine
graphi cs node, error nmessages wll not appear on the screen, but will be

witten to a file called HYSPLIT. MSG More detail ed explanation of node
error codes and their causes are given in Appendix |

I ndi vi dual particle or trajectory endpoints can be witten to a file for
post - processing graphics. Two files will be generated: ENDPTS. ASC with the
actual endpoint data and ENDPTS.CFG with the map and | abeling information
requi red by the post-processing program |If concentration data are saved for
post-processing two files are also created: MDLCON.BIN with the unformatted
gridded binary concentration data and MDLCON. CFG cont ai ni ng the mappi ng and
labeling information required by the mapping prograns. Both file formats are
di scussed in nore detail in Appendix G

2.3 Post - Processi ng

In addition to run-time screen and printer output, one can set the nbde
to output certain files that can be subsequently used by other prograns to
draw trajectory maps, concentration maps, or take the gridded concentration
data and interpolate values at specific station |ocations. The graphics post-
processi ng prograns CONCPLOT, CGRIDPLOTI, and TRAJPLOT use NCAR graphics to
generate a vector based graphics output file. This file can then be printed or
di spl ayed with the enul ator program-HYTEK. The GRID2STN programis used to
convert to output concentration values at specific |locations on the grid--no
graphics are involved. HYVIEWIis used as an interface between cal cul ated
trajectories and the neteorol ogi cal data by draw ng soundi ngs al ong the
trajectory. The post-processing prograns are as foll ows:

Program Description

TRAJPLOT Draws a trajectory from endpoint positions
CONCPLOT Draws a density wei ghted concentration i mage

GRI DPLOT Prints the concentrations at each grid point

GRI D2STN Interpol ates the gridded concentrations to a point
HYVI EW Di spl ay Skew T di agrans al ong a given trajectory
HYTEK Interprets a Tektronix 4010 file

If the post-processor graphics option is chosen, the plotting prograns
read their respective input files and generate a graphics output file called
PLT. DAT. No input pronpts are available with the first three graphics
prograns. The HYMODEL code generates the control files ENDPTS. CFG and
MDLCON. CFG.  These can be edited prior to running the graphics prograns if
ot her output options are desired. The fornmat for these files is discussed in
Appendi x G

Wien the vector graphics output file PLT.DAT is generated one may either
display it, print it, or both. Since it is in standard Tektroni x 4010 format,
any commercial emulator can be used. For conveni ence a sinple enulator,

HYTEK, is supplied with HY-SPLIT. It can be used to display or print the
graphics on a dot matrix, laser jet, or paint jet printer. Detalled operating
instructions for HYTEK are given in Appendi x H.
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The program GRI D2STN can be used to read the MDLCON.BIN fil e and
interpolate the concentration data to specific latitude and | ongitude sites.
The programreads a file called SITES.ASC with the station names and positions
and generates an ASCI| output file with the correspondi ng concentrations at
each station. The first record in SITES. ASC contains the conversion factor
applied to all gridded concentration data. This is used to generate integer
rather than fractional output values. Formats for these files are al so
descri bed in Appendix G

HYVIEWis a nouse driven screen display programthat can be used to point
to a location and tinme on the calculated trajectory map and the plot the w nd,
tenperature, and dew point profiles in a SkewT format. It can use the sane
net eorol ogi cal data that was used to calculate the trajectory. You will be
pronpted to enter the neteorological data file nane. The trajectory position
at each output step is displayed on the display map background. dicking on
the right nmouse button increnents the tinme along the trajectory highlighting a
di fferent end-point position. The spatial |ocation of the nbuse pointer
desi gnates the neteorological grid location. dicking on the left npbuse button
will display a Skew T sounding at that location and tinme. |f the pointer is
over the trajectory the sounding at that location will be displayed. Pressing
both buttons simultaneously exits the program No hard-copy option is provided
beyond the conventional DOS screen dunp.

3. METECROLOG CAL DATA

Spatial and tenporal density of the input neteorology is probably one of
the nost inmportant factors controlling advection and dispersion cal cul ati ons.
The HY-SPLIT code was designed to use previously gridded data in synoptic
(tinme series) format. There are two options: (1) data are available only at
rawi nsonde and surface observation points or (2) data have al ready been
gridded. Regardless of the source, the gridded data are assuned to be in a
format as described in Appendi x D before being read by the nodel. For option
1, a pre-processor programis available to grid the data as required (see
Appendi x C). For option 2, the gridded data have already been archived in the
proper format. The neteorol ogical data then read by HYMODEL are first
processed (see Appendi x B) to conpute the necessary diagnostic variabl es
required in the nodel calcul ation. These cal cul ati ons depend in part upon what
variables are in the data set and what run-tine options have been sel ected.
The primary diagnostic variabl es conputed for dispersion and advection
cal cul ations are the vertical velocity (if not available fromthe input data)
and the vertical mxing coefficient profiles at each grid point over the nodel
domai n.

3.1 Upper Air and surface observations

A programcalled WI2GRID i s provided to convert tw ce-daily raw nsonde and
surface observations to the standard HY-SPLIT gridded format. The program
assunes that the raw nsonde data are in NAVER-W NDTEMP format. At each
synoptic time all the wi nd observations cone first followed by all the
tenperature soundings. The appropriate subroutine (INPNVR) within the W2GRI D
code can easily be nodified to accept data in other formats. The twice-daily
soundings are linearly interpolated to any desired tenporal frequency. |If
they are available nore frequently at sone stations, these observations
replace the interpolated values at grid points adjacent to the stations.

WI2GRI D al so accepts nore frequent (usually 3 hourly) surface observations

inaformat simlar to NCDC s TD- 1440 (airways surface observations). O her
i nput data formats can be custom zed in the | NPSFC subroutine. The optiona
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surface observations are used in two ways. First, they replace the | owest

| evel wind observations at all primary and interpol ated rawi nsonde observati on
times (assuming a 3 h interpolation interval). Second, the surface
tenperatures at the grid points replace the interpol ated soundi ng tenperatures
at the lowest level. The new surface tenperature in conjunction with the

| onest | evel interpol ated sounding tenperature will then be used to conpute a
vertical stability (and subsequent m xing coefficients) that nore accurately
reflect the diurnal cycle.

Once configured for a particular input data configuration and format the
programrequires four entry lines: the starting and ending dates, and the
i nput and output file names.

W2GRI D

Start (inclusive): YR MO DA
Endi ng (exclusive): YR MO DA
I nput raw nsondes file:
Qutput binary file:

Rawi nsonde data in a format that WI2GRI D has been configured to accept is
avail able fromthe National Clinmatic Data Center (NCDC), Asheville, North
Carolina 28801. Each NCDC tape contains six nonths of raw nsonde data for
North Anerica. The tapes are call ed NAMER-W NDTEMP and are archi ved under the
tape deck identification nunber TD 9743.

13



3.2 NMC gridded archive and forecast data

The primary sources of gridded archival data are fromthe Nationa
Met eor ol ogi cal Center's (NMC) Nested Gid Model (NGW and fromthe final
anal ysis of the Medi um Range Forecast nodel (MRF). The HY-SPLIT gridded data
format is sonewhat different fromthat used by NMC. The NMC data are read,
converted, and archived by ARL for transport and di spersion nodeling purposes.
The format differs primarily to conserve space and to maintain a fixed record
length to make it possible to randomy position the record pointers of the
nmodel within a large data file.

The primary source for archival data over the continental U S. is from
NMC's Nested Gid Model (Phillips, 1975). The archive data consists of a
series of 12 h forecasts made twice a day to generate a long tinme series of
di agnostic nodel data. Although the NGM conputational grid is 90 kmand it is
avail abl e every hour for the first 12 h, to conserve space only every other
grid point and every other hour is saved for the archive. This achieves a
consi derabl e space savings with a mnor |oss of trajectory accuracy. Data are
avai l abl e from January 1989 and consistently (from NCDC) after January 1991
Vertical resolution in the terrain follow ng sigma coordinate systemis quite
good with 10 | evel s avail abl e between the surface and about 400 nb.

In addition to the archive data, the hourly 90 km conputational data are
available in real-time on our in-house conputer system They are, however,
overwitten each day. Upon sufficient notice it is possible to save these
data for special applications.

Operationally we al so obtain the NGV forecast out to 48 h after the
initialization. These data are output only every 6 h on a grid which has a
resol ution of about 180 km These forecasts are also overwitten each day and
are not saved.

A obal coverage is obtained by saving anal yses from NMC' s d obal Data
Assinilation System (Kanam tsu, 1989; Derber et al., 1991). The anal yses are
produced by conbining observations with 6 h Medi um Range Forecast npde
forecasts and are available at the four primary synoptic times (0, 6, 12, and
18 UTC). The output is converted to ARL format on a 381 km pol ar
stereographic grid for each heni sphere. The data archive consists of the
nort hern hemn sphere data foll owed by the southern hem sphere data for each
synoptic time. These data have only been archived since January 1991.

Simlar to the NGM the MRF forecasts to 72 h are downl oaded twi ce-daily
to the ARL conputer and are available for conputational use. They are
however, overwitten with each forecast. Usually only the northern heni sphere
forecasts are available. Southern hem sphere forecasts can be initiated upon
request. One limtation of the MRF data with regard to boundary | ayer
research, is that it is routinely available only on mandatory pressure
surfaces.

Gridded net eorol ogi cal nodel output data archived fromthe NGM and MRF in
a format that HY-SPLIT is configured to accept is available fromthe Nationa
Climatic Data Center (NCDC), Asheville, North Carolina 28801. Each NCDC tape
contains six nmonths of NGM data (North Anerica) and two nonths of MRF data
(both northern and southern hem spheres). The tapes are archived under the
i dentification nunber TD- 6140.

3.3 Speci al Observational Data
A variety of special application output options are avail able by specia

request to ARL. These can be initiated for special experinments or in response
to major accidents that result in the atnospheric rel ease of substances that
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can affect human health. In particular, one option permts re-conputation of
the gridded output directly fromthe spectral coefficients of the MRF, so that
a high resolution (90 km) output wi ndow can be set up anywhere on the gl obe
This is a rather conputationally prohibitive programand is not avail able for
routine use.

3.4 Data archive managenent

There are three programs in this group all starting with the GAM acronym -
CGeneral Archive Managenent. There is the Disk Uility Program (GAMDUP) to
mani pul ate the archived neteorol ogi cal data; the Printer Qutput Program
(GAMPOP) to print the horizontal field for an archive variable or the sounding
for all variables at a specific location; and the G aphics Qutput Program
(GAM3OP) which can be used to contour the data fields over a map background.

These prograns are installed to the UTILITY sub-directory and use
METFI LE. CFG for input. The data nust reside on a PC disk file and you will be
pronpted to enter the conplete file name (directory\name) within single
gquotes. The GAM3OP program generates a PLT. DAT file as output and you can use
HYTEK to view that file. A sanple nenu for each programis shown bel ow,
however, each specific option requires additional input information

GAMDUP

I nput nmeteorological file (within single quotes):

SELECT OPERATI ON

0 - exit

- check headers

- inventory OR fill nissing
- first and last group

data copy by record

- data copy by day

- sub-grid data extraction

OO WNE
1

-~
1

PLEASE SELECT NUMBER

The first entry is the neteorological data file nanme. The subsequent entry

is the nunber of the operation that will be perforned on the file. At this
time six options are avail abl e:
1 - "Check headers" displays the ASCI| header |abel at the begi nning

of each neteorol ogical data record. These can show every record
or just one observation time each.

2 - "Inventory or fill mssing" checks for gaps or duplicate data in
the file and list those affected records. Options include
creating a new file without the problens. Under normal situations
the HY-SPLIT code will properly pass through nissing data and
there is no need for a fix.

3 - "First and | ast group" examines the first and last tinme group on
the file given an input of how many days of data are required to
be on that file. It is a quick way to check a file for the proper

nunber of records.

4 - "Data copy by record" permits extraction of specific records from
the file to be copied to another file.

5 - "Data copy by day" pernits extraction of a specific nunber of days
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froma particular start day to be copied to another file.

"Sub-grid data extraction”
the full grid in the input file.
data copy "by day" or for the entire file.

is the extraction of a sub-grid from
The extraction can be done as a
The extraction option

takes a little tinme as the data nmust be unpacked and repacked in

the new grid.
the extraction option is attenpted.

The GAMDUP routines are continually subject to nodification.
is possible to nodify your data in such a

be exerci sed when using GAMDUP as it
way that it cannot be used by HY-SPLIT.

The Printer

printing a sounding at a specific latitude and |ongitude (it

The new grid must be defined in METFILE CFG before

Care shoul d

Qut put Programonly has two nmenu choices at this tinme. One for

uses data from

the nearest grid point) and an option to print out the nunmeric data in an

ASCI| integer format at a particul ar |evel

i's shown bel ow.

GAMPCOP

(MAP option).

The sanpl e i nput nenu

I nput neteorological file (within single quotes):

SELECT OPERATI ON

0- EXIT
1 - SOUNDI NG
2 - MAP

? - PLEASE SELECT NUMBER
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After starting an option you will be pronpted for other inputs. Please see
t he GAM3OP di scussion bel ow as the requirements are very simlar

The Graphics Qutput Programis used to generate graphics output, however,
at this tine there is only one active option: the contoured map, cross-

sections are not yet available. The input nmenu, shown below, is sinmlar to the
previ ous ones.

GAMEOP

I nput neteorological file (within single quotes):

SELECT GRAPHI CS OPERATI ON
0 - exit

1 - contoured nmap

2 - cross-section

? - PLEASE SELECT NUMBER

Upon starting the nap option you will be pronpted for several inputs such
as the latitude and | ongitude of the display map corners, aspect ratio, and
several other paranmeters. These are all assigned default values and it is
only necessary to enter the line feed character (/) followed by the ENTER key
to accept the defaults. This is the recommended procedure unless you are not
satisfied with the default nmap display. After the first set of inputs a table
wi |l be displayed showing all the potential variables in the neteorol ogica
data file by their 4 character code. Mst identifications are obvious, for
others refer to Appendix D. At this stage it is only necessary to select the

time (day and hour) and the variable nunber and signa level. Note that
surface | evel variables are identified by level 0. The tabular options nmenu
will be displayed after each frane is conpleted. You nmay generate as many

franes as you like in the output file PLT. DAT before using HYTEK to print or
di spl ay each frane.

4. HY-SPLIT OQUTPUT OPTI ONS

The HY-SPLIT nodel calculation results can be displayed on the screen or
printer while the nodel is running. Options can be set in the DEFAULT. DAT
file to create certain output files so that post-processing graphics prograns
can be used to display particle positions, trajectories, or maps of air
concentrations on a variety of graphics devices. 1In this section exanples of
the various output options will be shown and expl ai ned.

As noted earlier, all exanples are given in the CFGFILE directory under
the fil e names TEST00?. DAT and .CFG  Upon invoking the HYSPLIT batch file,
for exanple with the DOS command |ine: HYSPLIT TEST003, the TEST003 files will
be copied to DEFAULT. DAT and DEFAULT. CFG The DEFAULT files are used by the
editors and then by the nodel to control the sinulation. Changes made to the
base case by |line nunber will be given with each exanple. Except when noted
ot herwi se, these line nunbers refer to the lines in the DEFAULT. DAT file as
sumari zed in Appendi x E.

The followi ng exanpl es can be used to devel op your custonized DEFAULT
files. After nodifying and editing a standard TEST case with your own
configuration options, run the nodel to confirmthe results and then renane
the DEFAULT files in the CFGFILE sub-directory to sonme other nane.
Subsequently you may then invoke that nane on the conmand |ine when you run
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the HYSPLIT batch file.

MODEL TIME pATA TIME PARTICLES RELEASE CUTOFF
4.1 Run-tinme Displays (MD DA HR) (M0 DA HR) (NUMBER)  (FRAC) (MASS)
11 123 11 122 50 .91

P S

One of the sinpler displays is
the particle position map, or
snapshot. This map illustrated in
Fig. 5 shows the position of all the
comput ati onal particles at a
particul ar instant--Nov 01 at 2300
UTC. The date and tine in the upper
| eft corner of the sanple gives the
time of the snapshot. The first
three lines are the same as the ASC
screen di splay, except they are
overwitten each tine step.

This simulation is given in
TEST002. Only three lines were
nodi fied fromthe base case file Figure 5. A snapshot map froma single
(TESTO01): the source term (line 12) rel ease (test002) after 24h travel.
was changed fromO0.0 to 1.0, the map
output type (line 21) was set to
SNAP, and the run-tinme graphics option (line 22) was set to YES. The
projection is polar stereographic and the display w ndow | atitude/l ongitude
coordinates are set in the DEFAULT. DAT file. The origin location is indicated
by the asterisk and the position of each particle is represented by a nunber
i ndi cating the maxi mum net eorol ogi cal data | evel reached by any particle in
that print position.

In this illustration the source was only a single particle released 24 h
ago at 0000 UTC near the Indiana/Chio border. The illustration in the figure
is only at one time. If you were running this case on the conputer you woul d
see the display updated each time step, as the particle noves to a new
position. These kinds of displays are useful for positioning aircraft or
simlar real-tine requirenents. Another application of the snapshot display is
that when it is updated every time step, running on a sufficiently fast
conputer, the resulting display becones an ani mation of the pollutant position
with tine.

MODEL TIME DATA TIME PARTICLES RELEASE CUTOFF
At raj ect or y exarrp| e | S Shovvn | n (M0 DA HR) (T[; Dt: gg) (NUHBI;IR) (Fﬂgg) (MASS)
Fig. 6. This display shows the path w1 i
a single particle would have taken
had it been rel eased at the start
time indicated in the DEFAULT. DAT
file. Note that in the base case
(Fig. 1) no start tine is indicated.
This nmeans that the nodel wll use
the first observation in the
net eorol ogical data file as the start
time for all calculations. The
rel ease height for this case, as al
others, was set to 200 m about the
first sigma | evel of the NGM The
simulation is given in the TEST003
file and only two changes were nade
fromthe | ast exanple: the source

term (line 12) was set back to 0.0 Figure 6. Trajectory map after 24-h
and the display output (line 21) was travel time with positions shown hourly
set to TRAJ. (test003).
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The TRAJ display is simlar to the snapshot,
positions as a function of tinme are indicated by a two digit
time day with respect to the rel ease day (1-first
etc.) and the second digit
starts at 1 and increases with time to 5 due to
notion associated with the | ow pressure system

first digit is the travel
day, 2-second day,
t he met eor ol ogi ca
the vertical

data | eve

If you were watching this exanple

updated each tinme step with an additiona
woul d not

opposed to a snapshot displ ay,
is erased before each new output. The
step (line 1). However, if you do not
time step you can set line 15 to sone
of the trajectory, 24 h.

except that the particle
nunber. The

is the sigma level. Note that

inreal-tine the display woul d be
position. The old positions, as

be erased. In Fig. 5 the old display
particle position is shown each tine
want to see the display updated each

ot her output interval, perhaps the end

An exanpl e of the average grid point concentrations for the same 24 h

period as in the preceding exanple Is
TESTO004. The only changes nmade to the
(line 12) was set back to 1.0,

the output period (l1ne 15) was set to 24,

shown in Fig. 7 and given in the file
previ ous exanpl e was that the source
and

the output type (line 21) was set to CONC. The height at which the

concentrations apply was set

Concentrations are represented by
three digits; the central digit is
| ocated over the grid point. The
first digit is the mantissa, the
second and third is the negative
exponent. For exanple, near the
source point the 713 would be
interpreted as a concentration of 7 x
10" mass units per cubic meter.
Noti ce the regions of concentration
are larger than the correspondi ng
particle positions because the
concentrations are 24 h averages
representing contributions to each
grid point that has been intercepted
by the particle trajectory.

In this exanple an additiona
change was made to the DEFAULT. CFG
file to permit concentration to be
output at a grid interval of 90 km
rather than the 180 km net eorol ogi ca
file as indicated above,
di splay. Additional
DEFAULT. CFG and saved in TEST004. CFG

limtations it would only be necessary to change |ine 9; however,

only every other grid point wll
changes were nmade to lines 1, 2, 6, 7, and 9 in

in the base case to 1 neter.

MODEL TIME PATA TIME PARTICLES RELEASE CUTOFF
(M0 DA HR) (M0 DA HR) (NUMBER)  (FRAC) (MASS)
11 123 11 122 24 .88

0 O

Figure 7. Run-time concentration map
di splay (test004) show ng the 24-h
aver age val ues.

grid. If you only make changes to the

appear in the
On a conputer w thout nenory
as the nodel

was conpiled with dinension maxi nuns (see GRI DVAL. DAT in the NMDLCODE sub-

di rectory)
addi ti onal

changes the concentration grid will
net eor ol ogi ca
sel ected di spl ay region.

| ess than what would be required to cover the whol e donain

nunmber of concentration grid points requires a selection of a
concentration sub-grid (lines 1, 2, 6,
default to the | ower
grid and the display may not show any concentrations over the

The

and 7). |If you forget to make these

left corner of the
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4.2 Post-processing Displ ays

Post - processi ng graphics is
controlled by a batch file, PLOITER
in the GRAPH C sub-directory. It is
called by the main batch file,
HYSPLI T. The vari ous prograns
descri bed below are called if the
mai n program as controlled by the
i nput paraneters, produced the
correct output files required as
i nput to these prograns.

The two types of displays that
can be created after the nodel is run
are simlar to the run-tine options.
The trajectory case, shown in Fig. 8
(TESTO05), is the sane case as
illustrated in Fig. 6. The only
change to the base case file was that
t he endpoints to disk option (line
19) was set to STEP. Now the
trajectory is shown by a snooth solid

line, with hash marks every 6 h. At Figure 8. Postprocessing trajectory
the bottomof the map is a projection output from TRAJPLOT (test005) is
of the trajectory in the vertical identical to that shown in Fig. 6.

pl ane for the correspondi ng

hori zontal positions. The ordinate
for the vertical projection is mllibars. Note the upward novenent of the
trajectory as it approaches the | ow pressure system The |abel at the top of
the map is the trajectory starting tinme. The TRAJPLOT programreads the
trajectory output file ENDPTS. ASC and creates a graphics file called PLT. DAT
The illustration shown in Fig. 8 is obtained by displaying that file with a
program cal | ed HYTEK (see Appendi x H)

Hi gh-resolution qualitative
concentration graphics output is
generated by a program call ed
CONCPLOT. The display is shown in
Fig. 9 (TEST006). This is the sane
simulation as shown in Fig. 7 with
only a change to the concentration to
di sk paraneter (line 20) of WRI TE.
The tinme (month 11, day 01, and hour
00) at which the concentration
average is started is indicated in
the |l ower |eft corner above the
averagi ng period in hours. The |arge
central panel shows the sanme
concentration field as in Fig. 7 with
t he dot shadi ng density correspondi ng
to the magni tude of the
concentrations. The |lower and |eft
si de panels show the vertica
concentration profiles in the
east-west (botton) and north-south Figure 9. Illustration fromaqualitative

(left) grid directions, respectively, concentration display (test006).
along the straight line in the

central panel that is the nost
parallel to the projection direction. The north-south line in the centra
panel is obscured. The heights along the sidebars indicate the m ni mum and

20



maxi mum vertical domain in neters of the concentration grid.

Quantitative concentrati on maps,
simlar to the display shown in Fig.
7, is created by the special program
GRI DPLOT. The sane sinul ati on setup
as in TESTO06 is used for this
exanpl e shown in Fig. 10. The
concentrations are interpreted the
same way as in Fig. 7. The setup that
produces the qualitative
concentration map creates the
MDLCON. BI N output file, which is al so
used by the GRIDPLOT program The
only difference is that GRI DPLOT nust
be called by its own program nane, as

the HYSPLIT batch file is designed to
call the CONCPLOT program when a
MDLCON. BIN file exists. This can of
course be changed to suit individual
needs. The main difference between this display and the one generated during
the nodel run is that the GRIDPLOT display will always show the entire
concentration grid domain, regardl ess of the display map donain selected in

t he DEFAULT. DAT file.

Figure 10. Illustration fromthe
quantitative concentration display.

5. SPECI AL EXAMPLES
There are many different simulations that can be perforned by various
conbi nations of the input options available. Several additional exanples wll
be di scussed in this section.
5.1 Backward Trajectories

The trajectory case shown in Fig.

6 was calculated in a forward
direction, that is the term nation

| ocation represented the position a
particle would have been 24 h after
it was released fromthe origin
position. W can take that end
position to conpute a backward
trajectory which will show the origin
of a particle for a travel tine of 24
h upw nd.

The trajectory case shown in Fig.
6 was calculated in a forward
direction, that is the term nation
| ocation represented the position a
particle would have been 24 h after
it was released fromthe origin
position. W can take that end
position to conpute a backward
trajectory which will show the origin
of a particle for a travel tine of 24

h upw nd.

The changes required to the
default file are that the direction Figure 11. Backward trajectory
(line 2) is set to BACK, and the conputation (test007) for the forward
starting time nmust be explicitly case shown in Fig. 6.
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stated (lines 4, 5, and 6) as nonth 11, day 01, and hour 24. The starting time
must be set to day-1 hour-24 rather than day-2 hour-0 because the nodel is
unable to position to the end of the one-day neteorol ogical data file (day-2
does not exist). One unique feature of this case is that the trajectory is
started at a specific pressure level in mllibars designated by the letter "P"
after the pressure height on input line 11.

This test case is saved in TESTO07 and is shown in Fig. 11. Now when the
simulation runs the nodel starts at the end of the tinme period and reads the
net eor ol ogi cal data
file backwards in time calculating the trajectory advection with a negative
time step. The backward trajectory is only a little south and west of the
initial starting location. This small difference represents the nunerica
errors associated with the trajectory conputation. This exanple would be
typi cal of sonme of the largest nunerical errors due to the extreme curvature
and vertical notions at the trajectory start in the vicinity of the | ow
pressure system

5.2 Vertical Mtion

In all the previous sinulations
the vertical notion option, line 3,
was set to DATA. The cal cul ation
used the onega term output by the
NGM |f that is changed to conputing
t he divergence, DIVG (TEST008), the
resulting trajectory is shown in Fig.
12. This is the sanme case as shown
in Fig. 6 with the exception that now
the vertical velocities are conputed
internally within HY-SPLIT fromthe
di vergence of the horizontal velocity
field. The velocities tend to be
smal ler and the resulting trajectory
stays closer to the first sigm
| evel .

This illustrates that horizonta
trajectories can be very sensitive to
the vertical velocity option. This
is of interest because sone

met eor ol ogi cal data sources do not Figure 12. Trajectory with vertica
report vertical velocities and hence Vvelocity conputed from the divergence
they nust be estimated by other field (test008).

means.

6. M SCELLANEQUS APPLI CATI ONS

One mmj or advantage of the HY-SPLIT code structure is that usually only
one or two subroutines need to be nodified to change the nature of the
nodel ing sinulation. Each option discussed in this section requires a version
of HY-SPLIT that has been conpiled with the changes noted in each subsecti on.

6.1 Multiple Source Em ssions

Repeat ed enmissions at regular intervals at the same |ocation can be
handl ed through the nornmal setup procedure in the input file DEFAULT. DAT.
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When simul taneous emissions at nultiple source locations are desired it is
only necessary to make a few changes to the main programthat calls the SOURCE
subroutine. A table of source locations and |loop that calls the SOURCE
subroutine for each emi ssion |ocation nust be added to the main program All
internal arrays, trajectory, and concentration cal cul ati ons automatically
account for the multiple particle positions that are generated. Trajectory

di spl ay outputs may however become difficult if not inpossible to read.

6.2 Sul fur Chemstry

This version is what was reported by Rolph et al. (1992) and requires a
precipitation chem stry subroutine (PRCHEM, a new em ssions subroutine
(SOURCE) that emits particles at each neteorological grid |ocation
corresponding to the sulfur enmissions in that grid square, and various other
input files describing the chem stry rate constants, and the seasonal SQ and
SO, em ssions in each neteorol ogical grid square.

Al though this version of the nodel can be run on a DOS based PC,
comput ational times can approach 24 h for a seasonal simulation. It is
reconmended that these sinulations be performed in a UNI X based workstation
environment. The Fortran code is fully conpatible with other conputing
platfornms. The only PC specific routines are the run-tine graphics
subroutines, which can either be altered to reflect the graphics environnent
of the conputing platformor disabled by commenting out all subroutines in the
main programw th the GRF prefix.

6.3 Nitrogen Chemstry

The nitrogen chem stry option is sinmlar to that of sulfur in that it
i ncludes the sulfur as well as the nitrogen chemstry. A fornmal report
describing the testing of this option is not yet available. The coding and
structure follows that of sulfur. However, due to the additional chenica
speci es that must be carried along in the conmputation it is not possible to
run this version on a DCS based PC

6.4 Particles, Deposition, and Decay

A generic dry and wet deposition subroutine with gravitational settling
and radi oactive decay may be included in the subroutine library. These
calculations are only performed if the deposition configuration file
(DEPVEL. CFG is included in the input files sub-directory. O herwi se no nmass
depl etion occurs. Required paraneters in this file include particle density,
size, nolecular weight, reactivity constants, half-life, |eaf-area-index, and
several other hard to determ ne paraneters

6.5 Radi ol ogi cal Routi nes

Speci fic radiol ogi cal dose calculations are only perforned in the post-
processing environment. However during the transport and di spersion
cal cul ations, the nodel does calculate the effects of radi oactive decay and
those results are saved to the gridded concentration output file. This file,
whi ch includes deposition anbunts as well as air concentration is then read to
produce dose estimates. This routine is under devel opnent and will only be
available for a limted nunber of species.
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APPENDI X A - TRANSPORT AND DI SPERSI ON

The nodel can be run in two basic nodes: transport alone or transport wth
di spersion. If only the transport option is selected, then each particle that
is released will be advected and its position calculated each tine step
wi t hout any horizontal or vertical dispersion. One can equate this to
followi ng the pollutant centroid position, and it is represented by a single
latitude and |l ongitude. The transport only option is available either in
forward or backward nodes. In a backward node the advection tinme step is
negati ve, neteorol ogical data are read sequentially backward in tine fromthe
starting time, and the resultant trajectory represents the upw nd source of
material at the specified starting location and tine.

The transport and di spersion option pernmits each released particle to
di sperse and potentially divide into many nore particles to represent the
pol lutant distribution. This option should not be confused with the
trajectory option above. |If trajectory output is selected with the dispersion
option, a conplex pattern may result due to the many particles that can be
generated by a single release due to particle division. The transport and
di spersion option is not available in the backward node because atnobspheric
di spersion is not a reversible process. Essentially when a backward
trajectory is started at a receptor one does not know if or how nuch of the
pol lutant is mxed toward the receptor from above or below. The only way to
properly attribute enissions through a hybrid-receptor nodeling approach
wi t hout the use of "diffusing" backward trajectory calculations, Is to run a
nodel from each of the potential source regions to calculate concentrations at
the desired receptor and then through statistical nmethods apportion the
em ssi ons.

A.1 Trajectory and Advecti on Conputations

Each particle is identified by its mass Q horizontal position in
cartesian grid coordinates by the horizontal position vector X, pressure P
and horizontal o, and vertical o, standard deviations of its position. The
hori zontal advection of the particle fromthe initial position X to the fina
position X, over the tine step At (line 1 in DEFAULT. DAT) is conputed by

X, = X, + 0.5(V, +V,) at , (1)

where V, is the horizontal wind vector at the initial position X and V, is the
wi nd at position

X, + V, At . (2)

This nethod is a sinple first-order approximation to account for curvature in
the wind field. The final horizontal position is conputed as the distance

wei ght ed average of X conputed using wi nds at the nearest data |evels bel ow
and above the initial particle height R (line 11 in DEFAULT. DAT).



The new vertical position or pressure of the particle is given by

P, = P, + 0.5(W + W) at . (3)

The vertical velocity W (total derivative of pressure) is defined at the sane
position as V,. A linear interpolation fromthe data grid is used to define
nmet eor ol ogi cal variables at the particle position. Particles can exit the
nmodel top or will run along the nodel terrain surface as defined by the
surface pressure field. Oher options (line 3 in DEFAULT. DAT) i ncl ude:

i sobaric cal cul ati ons, where W= 0; and an isosigna cal cul ati on, where the
particle maintains a constant ratio of P/R;.. In addition, if the vertical
velocity field is not available in the input nmeteorol ogical data field, the
vertical velocity can be defined by integrating the velocity divergence

W= ~-[* (du/dx + ov/dy) (-pg) " dz . (4)

A. 2 Di spersion Comput ations

Each particle emtted represents a growing cluster of particles until the
size of the cluster exceeds the cal cul ational grid spacing. This particle
distribution can be viewed as the uncertainty in the particle's position. One
can define those di nensions using the conventional notation of the standard
deviation of the particle position in the horizonal ¢, and vertical o,
directions. The rate of horizontal growh (line 12 in DEFAULT. CFG

do/dt = 1853 (5)

is constant (Heffter, 1965), where g, is in neters and t in hours. However,
the vertical growth rate

(d o, )2 /dt =2 K, , (6)

depends upon the local vertical diffusivity profile K, conmputed fromthe

met eor ol ogi cal data as described in Appendi x B. The upward growh is conputed
fromthe mxing at the k+1 index and the downward growth is conmputed fromthe
m xing at the k index. Mxing coefficients are defined at the top of each
nodel layer. Although this relationship between g, and K, was consi dered
valid primarily during stable conditions (Hunt, 1985), the values of K are so
| arge during unstable conditions that the exact formof the equation is |ess
important and it makes a useful approximation.

The particle, with its associ ated standard devi ati ons for conputationa
pur poses, can be considered as a cylinder. Because the exact distribution of
particles within that cylinder over |arger travel times becones nore
uncertain, the distribution is assumed to be uniform The diffusion equations
were initially defined for Gaussian distributions; therefore, one nust define
a rel ationship between the Gaussian and uniform"top hat" distribution, as
shown on Fig. 1A



At 1.54 o (line 13 in
DEFAULT. CFG, the ordinate of the
Gaussi an distribution is equal to the
aver age value of the distribution;
the areas above and bel ow t he
hori zontal dashed |ines are equal .
Wth this relationship, the
hori zontal radius R of the cylinder
becomes 1.54 ¢, and the vertica
height His twce that or 3.08 o,.

The horizontal growh is assumed
to be unbounded, but the vertica
growh is only limted by the ground.
The top of the nbdel donmmin can act
as a |leaky lid depending upon the
magni tude of the vertical mxing. The
m xing is always | argest within the
boundary | ayer and those particles
wi thin the boundary |ayer are only
constrained to that layer by the nuch
smal l er m xing coefficients in the
free troposphere. However, sone of a
particle's mass may eventual ly mx
out of the top of the npdel donmin

(Z,). A fraction of the particle's
mass
(Zm - Zcb)/(zct - Zcb)
(7)
remains within the nodel each tine

step when Z,>Z, . The renuminder is
| ost. The subscripts denote the

hei ghts of the cylinder top (ct) and
bottom (cb). Note that the

denom nat or nust equal 3.08 ¢, or

Z
and
Zcb

W =Z+ 1.54 ¢,

Z- 1.54 ¢, .

8
The vertical distribution g, is
redefined for particles when Z,
exceeds Z, or for particles with Z,
bel ow zero. In those cases the new
o, i s redefined by

oy = (th -
(9)
usi ng the new cylinder heights Z,

and Z, where Z, is redefined at Z,
or Z, at 0, respectively.

Z.)!3.08

Particles at heights that exceed
Z, are dropped fromthe cal cul ation.
Because the boundary layer (BL) depth
can change with the neteorol ogy,
particles above the BL can at |ater

NORMAL. PROBABILITY
e

-3 -2 -1 a 1 2 3
STANDARD DEVIATION

Figure 1A Normal probability

di stribution. The dashed hori zontal
line indicates the ordinate val ue at
whi ch the shaded area equals the area
above the line at 1.54 o

Fi gure 2A. The distance (A) a particle
is advected during a time step. Three
positions are interpolated so that the
concentrations can be conputed at al
grid points at the interpol ated
(dashed) and initial and final
positions (solid).
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times be below the BL. The condition of the BL depth occurring above Z,
shoul d be avoi ded by defining Z, well above the domain of interest, a |arge
mass | oss coul d occur through vigorous m xi ng out of the nodel top.

A.3 Air Concentration

Air concentrations are conputed froma sanpling grid defined at one or
nore user-specified heights, which do not have to be coincident with the
net eorol ogi cal levels, and on a horizontal grid that is either identical to or
a multiple of the nmeteorological data grid (line 9 in DEFAULT.CFG. Each grid
point is considered to be a sanpling | ocation, so that air concentrations are
conputed at that grid point, rather than as cell averages as in conventiona
Eul erian nodels. At grid point (i,j,k) the air concentration is where the
sums are taken over T/at intervals over the averaging time T,; over A/R
particle positions linearly interpolated over the distance advected (A) during
the time step; and over p particles. 1In addition, the cylinder radius Rwth
hei ght H nust intercept the grid point both in X Y, and in Z  The integration
of Eq. 10 is illustrated in Fig. 2A

T/t AR p
Giw=(at/IT)(RA 12 i i (Q(oRH) , (10)

The second of the three sunmations i s necessary since particle positions my
have to be interpolated to internedi ate positions during a tine step to avoid
mssing grid points if the cylinder radius is smaller than the advection

di stance. One additional constraint is that if the particle does not intercept
any grid points during an advection step, it is assuned to pass over the
nearest grid point. This avoids unrealistic gaps in the concentration field
near the source where the particle radius is snall

A. 4 Particle Managenent

Wien the growth of the cylinder
extends either vertically or
hori zontally over two or nore
net eorol ogi cal data points, thena | | ~ ~~ 77777t TTTTTTT
single particle position can no
| onger adequately represent the
advection-di ffusion process. At this
stage a particle is divided into two
or nore particles in which the sum of
their masses equal s the mass of the
initial particle.

Figure 3A Illustration of how a single
particle Q0 splits due to vertica
diffusion into two particle @ and (8.



In the vertical dinmension this process can be described as shown in Fig.
3A. Here the neteorol ogical |ayers are shown by the |ong dashed lines. The
sigma surface, where the neteorol ogical paraneters are calcul ated, is defined
at the layer midpoint. Wien the growth of the cylinder is |arge enough to
fully enconpass at |least two layers, that is Z, extends past Z, and Z, is
bel ow Z,, then the particle @ is divided into two particles of nass

Q Q)(Zz' Zl)/(zs' Z1)

Q (%4 - 2)/(Z - Z) .(11) _ o

The new particles Q and Q have the sane horizontal position as @Q but have an
el evation equal to the layer mdpoint. The ¢, value remains the sanme but the
new o, value is proportioned exactly the sane way as the nmss.

and

The horizontal growth continues
until the ratio of the cylinder
radius Rto the grid spacing Gis
greater than 1. This division ratio
can be set to sone other value in
line 14 of DEFAULT.CFG At this point
(Fig. 4A) the particle is divided
into four new particles, each with
0.25 of the initial nmass. The new
positions are orthogonal and
equi distant fromthe old position by
0.5 R with a g, value of 0.5 of the
initial value but with the same g,
val ue. The horizontal division is
not inportant until |onger trave
times; given the constant growth
rate, it would take 33 h for the
first horizontal split to occur on a
85-kmgrid and 68 h on a 190-km grid.

The key elenent to the practica
application of this nodel is the

elimnation of duplicate particles. Figure 4A Illustration of how a single

The generation of new particles, particle with radius R splits due to
especially due to vertical diffusion, horizontal diffusion into four

can qui ckly overwhel meven the particles each with radius R 2.
fastest and | argest conputers.

Particles are nmerged only if their o, values (function of age) are equa
(the relative differences in ages permtted to be nerged is set in line 16 of
DEFAULT. CFG, they are within the sane | ayer, and their respective cylinders
overlap by sonme predefined value. For instance, particles 1 and 2 are nerged
as shown in Fig. 5A, when the distance between their positions

| P,- P | <fR, (12)
where f is a fraction of the distance R The default value of f is 1.0 (line

15 in DEFAULT.CFG as in the exanple shown in Fig. 5A. The nmerged particle at
position P, then has these mass-wei ghted attri butes:

P, = (Q+tQP)/(Q+Q) ,

Q =QtQ ,

Ohz3 = Ong = Opg

OV3 = (QOV2+Q.OV1)/(Q+Q.) . (13)



Al t hough the nerging of
coincident particles is in itself
rather a trivial conputation, the
process can be cunbersone because
there are no lints to the nunber of
particles that can be generated or to
their ages. Further, the particle
positions are stored nore or |ess at
randomin a | arge one-di nensi ona
array. To quickly identify which
particles are clustered together in
the array, the particle position
array is first sorted by age, |evel,
X position, and Y position. In this
way nearby particles will be adjacent
in the array. The sorting routine is
quite efficient, requiring n passes
through the array where 2" equal s the
nunber of particles.

In addition, particles with a
mass | ess than the 99th percentile
mass val ue are dropped. |f al
particles with a mass | ess than the
99t h percentile mass are sumed, they
woul d only represent 1% of the mass
on the conputational grid. This is
simlar to a 1% per day mass | oss.
The mass drop cut-off fraction can be
set in line 17 of DEFAULT. CFG

The particle nmerging occurs after

Figure 5A. Illustration of when two
particles are nmerged into a single
particle. It occurs when the difference
bet ween the vectors is less than R

the vertical diffusion division, thereby

elimnating redundant particles at the same level. However, the horizonta
di vi sion occurs after the merge calculation to avoid having a particle split

and nerge in the sane tine step.



APPENDI X B - HY-SPLI T METECROLOG CAL PROCESSOR

There are three basic meteorol ogical data sources anticipated for input to
HY-SPLI T. These are NGM or MRF nodel anal ysis or forecast data, and
rawi nsonde data. Regardless of the source they are standardized into a sinmlar
format (discussed in Appendi x D). However, each source nmay contain different
variabl es on different surfaces. For instance, NGV data contain specific
humi dity on sigma surfaces, while the MRF data contain relative humdity on
pressure surfaces. In general HY-SPLIT attenpts to make the input data | ook
as much |i ke NGM data as possible. There is also a sinple Ekman boundary | ayer
nodel incorporated into HY-SPLIT to interpolate winds at |evels below the
| owest input sigma level. In particular this applies to NGV data where the
| owest signma | evel is about 200 m above ground. Additional neteorol ogica
| evel s between the surface and the first sigma | evel (200 m can be specified,
and the nodel will interpolate winds to those |evels for subsequent transport
and di spersion cal cul ati ons.

B.1 NGM data sources

The NGM npdel forecast is initialized every 12 h (0000 and 1200 UTC), and
the forecast fields are calculated to 48 h. ARL archives the forecast fields
from2 to 12 h at two hour intervals. The output interval of the forecast
fields can vary from1l to 6 h. The archived nbodel output can be avail able on
as many as 16 signma surfaces at the mdpoints of layers that vary in thickness
from35 nb at the surface to 54 nb at the nobdel top. The routine data that
are required for any cal cul ation includes the three-di mensional state
vari abl es:

U grid east-west w nd speed
V, grid north-south wi nd speed
T, tenperature

S, specific humdity.

The di agnostic vertical velocity Wis optional for HY-SPLIT. As noted in
Appendix A if not available, it is conputed fromthe vertical integration of
the horizontal velocity divergence. In addition, the follow ng

t wo- di mensi onal vari abl es are required:

Pos surface pressure (mnb)
Fis sensible heat flux at the surface (W md)
" surface nmonentum exchange (kg m? s™)
Z,, m xed | ayer depth (m.
Al though ot her variables are also available, only these will be discussed here

because they are used to develop the m xing coefficient profiles used in the
di spersion cal cul ati ons.

At each grid point the hydrostatic equation, dZ = -dP/pg, is integrated to
convert the nodel |ayers defined at signa surfaces to heights using the |oca
virtual tenperature where R is the universal gas constant,

T, = T/(1 - 0.608 S) . (1)
The air density is conputed from

o=MR'T,/ ', (2)
where Mis the nol ecul ar weight of dry air, T is tenperature, and Sis the
specific hum dity. The specific humdity is then replaced by the relative
hum dity
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R =SP/ (0.622 ¢) , (3)
where the saturation vapor pressure (e in nmb) is conputed from

exp[ 21. 4- (5351/ T)] (4)
with T in Kelvin.

Rat her than using the nunber of sigma |layers within the m xed | ayer,
reported by the NGMto conpute the m xed | ayer depth, the depth is conputed
directly fromthe potential tenperature profile at each grid point. The
potential tenperature is conputed fromthe virtual tenperature through

6 = T, (1000/ P)° 2% (5)

The m xi ng depth conputation then follows the method of Heffter (1980) by
computi ng the height at which the change in potential tenperature fromthe
base of the stable layer first exceeds two degrees. A stable layer is defined
as a layer in which the potential tenperature gradi ent exceeds 5C per

kil ometer. The variation introduced here is that if a stable layer is not
found with the first criterion, it is relaxed by one degree (to #£/km wth
each iteration. Three iterations are pernitted before the m xed | ayer defaults
to the nodel top.

The vertical mxing profile is determ ned by first conputing the
Moni n- Cbukhov | ength fromthe tenperatures and velocities at the first

L=u?T/k goe., (6)

nodel sigma | evel above ground. Von Karman's constant k is assumed to be 0.4
and the friction potential tenperature

6. =-F,/ oG u . (7)

Here C, is defined as the specific heat at constant pressure and the surface
friction velocity where the velocity (u) and air density (p) are at the first

u? =F,u / o, , (8)
sigma level. It is assunmed that the height of the constant flux |ayer Z
al ways equals the first nodel sigma |evel. These signma | evels exclude those
that may be defined for interpolation purposes. At the top of the surface
| ayer the vertical mxing coefficient

K, =kuz/ ¢. (9)

The normalized velocity profiles ¢ are taken from Busi nger (1973) such that
when

L<O0O : o

(1 - 16 Z/L)>* , and when
L>0 : o

(1 + 4.7 Z/L) . (10)

Two nmet hods are used to calculate the vertical mxing coefficient profile.
In the first method, the O Brien (1970) interpolation forrmula is used to
derive the K, profile to the top of the mxed |layer. Fromthe mixed |ayer
top to the top of the nodel a small value of 0.1 M s* is used for K. The
second nmethod is introduced to incorporate |ocal stability neasures above the
m xed | ayer. Because the above technique applies only to turbul ence generated
by a boundary | ayer from surface-based nonmentum and heat flux val ues, a bul k
Ri chardson nunber

R = g d(In e)/dz (du/dz)? (11)
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is calculated for each sigma |evel, and where R nust be > = -1 . Follow ng

the technique used in the NGM nodel calculation (Phillips, 1986), a vertica
m xi ng coefficient is calculated assuning an arbitrary maxi mum val ue of 30
s'' so that

K, = 30/ (2+R) . (12)
The final K, value at any grid point is the maxi num val ue obtained from either
of the two methods. |In this way, if significant w nd-shear-induced turbul ence
is generated at night or above the boundary |ayer, the particle dispersion
calculation will reflect the appropriately higher m xing rate.

The resulting vertical mxing coefficient profile is then limted to the
range of 0.1 to 30 ni s'*. Values at each nodel |evel that are less or nore
than the permtted range are set to the limts.

B.2 MRF data sources

When the data source is fromthe MRF several alternative cal cul ati on paths
are followed. The primary difference between the MRF and NGMis that data are
on pressure rather than sigma surfaces, and no surface heat or nonentum fluxes
are available. MRF humdity data is already reported as relative humdity, so
no additional conversions are required. Further the reported tenperature data
have been converted to virtual tenperature. The effect of these differences is
that the vertical mxing coefficient is conputed only through the bulk
Ri chardson nunmber method and the mixed | ayer depth is estimated from data that
have a rather |arge vertical spacing.
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B. 3 Rawi nsonde data sources

The processing of raw nsonde data for nodel input is acconplished through
a pre-processor programdi scussed in considerable detail in Appendix C. The
data are gridded according to the format described in Appendix D. The
structure of the data output by the raw nsonde pre-processor program | ooks
very nmuch Iike NGM data in terns of the variables generated. The program
accepts as input, raw nsonde or surface data, or a conbination of the two.
Options are available to process only w nd soundi ngs or include both w nds and
tenperatures. The former woul d be used for pibal observations or perhaps
profil er sounding data.

B. 4 Boundary Layer Ekman Interpol ation

For sonme applications it is necessary to have sone finer resolution in the
| ayers near the ground than what is available fromthe standard data sources.
For the application discussed here one can use the previously conmputed Mnin-
Obukhov Length, vertical mxing coefficient, and estimate of surface roughness
to conpute the wind profile in the | owest |ayers of the nodel. Follow ng Van
U den and Hol tsl ag (1985) one can conpute the wi nd speed at any hei ght bel ow
Z, from

W2 = UZz) UnNZIZ) -wfZ L) +u {Z, )]
[In(Z/ Zy) - v Zy, L)+ Zg, L) ] (13)

and where the stability functions are given by

U, = (1 - 16 Z/L)>* -1, and for L<O
Vv, = -5 2/L, for L>=0 . (14)

The roughness length, Z, is obtained froma file derived fromglobal terrain
hei ght data which represents the terrain conplexity within a grid square,

rat her than the | and-use roughness. Linitations on the range of applicability
of the simlarity profiles require Z < |L| < U/f, where f is the Coriolis

par anet er .

The wind direction profile is conmputed by fitting an Ekman profile to the
Z, wind direction over a layer inplied by the vertical mxing coefficient.
The departure of the wind direction with height fromthe geostrophic
direction, in radians, is defined by

A(Z) = /2 - arctan [exp(azZ) sin(az)* - cot(az)] , (15)
where a = (f/2K)*® and a<nz, . That is, the height of the Ekman |ayer shoul d

be no less than the first sigm level of the NGM The wind direction at any
hei ght below Z is then

X2) = DZ) - A2 + AZ) . (16)
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Wth this definition the derived wind direction profile nust match the w nd
direction at S. The above technique can be applied to data fromthe NGM or
MRF. However, the output fromthese nodels should include at | east one |evel
wi thin the boundary layer and a prediction of surface heat and nmomentum
fluxes. As noted in section B.1 the fluxes are used to conpute the m xing
coefficient. In the case of MRF data the m xing coefficient calculation
defaults to the val ue obtained fromthe bul k R chardson nunmber nethod.
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APPENDI X C - RAW NSONDE DATA PREPROCESSOR

C.1 General Program Structure

The met eorol ogi cal preprocessor (WI2GRI D) generates a tine series of
gri dded observations fromraw nsonde data and optional surface data, if
avai | abl e. Rawi nsonde observation frequency can be at any time interval, but
the program works best with at | east two observation tinmes per day. Near
regi ons where four soundi ngs per day are nade, the spatial interpolation
limts the influence of those | ocations to nearby grid points.

The inportance of nore frequent (greater than tw ce-daily) soundi ng data
cannot be overenphasi zed. Wth only two soundings per day, it is suggested
that nore frequent surface observations be included to provide nore realistic
tenmporal variations of the surface energy budget. O herw se |inear
i nterpolation between the two standard tinmes may result in mssing nost of the
diurnal cycle. The nore frequent surface data are used to alter the | ow |l evel
tenmperature profile, which then affects the stability and resulting surface
fluxes of heat and monentum

| nput meteorol ogi cal data are stored in three internal buffers to permt
tenmporal interpolation between 6 or 12 hour observation intervals. Buffer-1
contains data fromthe previous time, while buffer-2 contains the data 6 hours
later. The current data interpolation tinme falls between these two tines.
Buffer-3 contains the data for 12 hours after buffer-1. |If the interpolation
is occurring in a spatial region that does not contain any 6-hourly data, then
the tenporal interpolation occurs between buffers 1 and 3, otherwise it is
between 1 and 2. |In practice this nmeans that if you want to grid data
properly to the end of any one day it is necessary to have at |east the data
for the first observation tine of the next day available in the input
net eorol ogi cal data file.

The output of the programis to a
out put fromthe NGM di scussed in Appe
sensi bl e heat flux, are followed by t
each | evel above ground.

file that is conparable to the gridded
dix D. Surface fields such as pressure,
e

n
he wi nds, tenperature, and noisture at

C.2 Vertical Gidding

Rawi nsonde data above an observation point are first linearly interpolated
at the designated vertical grid resolution to the top of the nodel at the
nearest horizontal grid point. Wnd direction and speed are converted to
conponents relative to the polar stereographic grid. Tenperature and pressure
are directly interpolated to the vertical grid while dewpoint is first
converted to wet bulb potential tenperature and then interpolated to the grid.

The original sounding is used to estimate the m xi ng depth, assumed to be
the height of the base of the first elevated tenperature inversion (Heffter,
1980). An inversion is defined as the height at which the potential
tenperature increase within a stable layer first reaches 2C. A stable |ayer
is when the potential tenperature increases by at least 5/km |f no
inversion is found the first tinme two additional passes are nade with | ess
restrictive stable layer definitions (4°C and 3°C per kn).

The vertical levels are defined as signa |evels, fractional distances from
the surface (1) to the top of the atnosphere (0) in a data statenent in the
mai n program For subsequent vertical stability calculations it is good to
have a | evel near the ground and one near the top of the constant flux |ayer
(about 50 to 100m above ground). Subsequent |evels can be designated at any
interval. It is not necessary to output the additional |ower levels in the
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final gridded data set as one of the constants set in the main programis the
first data level to output. The lower levels may be omtted if one wants to
generate a data set that | ooks identical to the NGM data or perhaps to elimate
the influence of unrepresentative surface |evel w nds.

C.3 Vertical Stability

At this point the sounding is further analyzed to determine the stability.
The nmethod follows that of Pielke and Mahrer (1975) in which equations for the
Moni n- Cbukhov | ength, friction velocity, and surface friction potential
tenperature are solved by iteration using the surface |ayer flux relations of
Busi nger (1973). Wth the variable ¢ = z/L, the CGbukhov length L, surface
friction velocity u, and the surface friction potential tenmperature 6. are
gi ven by

L=6u?(kge)!

u. =k u(lnzliz, - v, + Uy, "

6*=k(6- ezo) (an/Zo' 1Uh-'-who)_li (l)
where the "o0" subscript refers to values at height z, the aerodynamc
roughness length. The equations for the normalized wind (m- nonmentun) and
tenperature (h - heat) profiles are given in the table bel ow

Tabl e 1C. Functions for normalized profiles of nonentum and heat.

Par anet er £>0 £<0

® (1- 16 ¢)”

U, -5.0 ¢ o - 1

U -5.0 ¢ 2 In[ 0.5(1+¢%) ]

The equations are solved iteratively for u until the variation is |ess
than 25% between iterations or up to a maxi mumof five iterations. At this
poi nt the sensible heat flux (H) and nonentum exchange coefficients (E) are
conput ed t hrough

H=-6.p G u , and
E=u pout, (2)

where the wind velocity and density are defined at the | owest output |evel of
the gridded data. The heat flux and exchange coefficient are then used by the
HY- SPLI T net eorol ogi cal processor (Appendix B) to conpute the vertical m xing
coefficient at each level and grid point.

C. 4 Horizontal Gidding

After all the raw nsonde neasurenents are processed and assigned to the
grid point nearest to the observation site, the data at the remaining grid
points are interpolated fromthe grid points containing the raw nsonde dat a,
using a conventional weighting (inverse distance squared). Fromraw nsonde
observations taken either every 6 or 12 h, the gridded data are then linearly
interpolated at internediate intervals as frequently as desired.

A variable scan radius is used in the gridding routine, such that data
fromthe off neteorological tinmes (0600 UTC and 1800 UTC), which are not as
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spatially dense, are gridded first in a one pass scan. An interpol ated val ue
is generated if neteorological data are within the scan radius of that grid
point. Gid points without nearby meteorol ogical sites remain with mssing
val ues. These m ssing values at |ocations away fromthe off tine data
stations are filled by tenmporal interpolation fromthe primry 0000 and 1200
UTC observation tines. Mssing grid point data are not permtted at the
primary tinmes. If missing grid points remain after the first pass, the scan
radius is incremented by the initial radius for the second pass. This process
continues until all grid points have a value or until the scan radius equals
hal f the grid dinension. At that point an error nessage will stop the
process.

C.5 Optional Surface Cbservations

I f surface observations are available, an additional step can be
i npl emented. Because the surface data are taken nore frequently over a much
denser spatial network, these data can be used in a variety of ways. One of
the nost uncertain aspects of the nodel calculation is the tenporal variation
of the vertical mxing coefficient between two daily raw nsondes. Wen
surface observations are available, as the interpolated fields are cal cul at ed,
the | owest level interpolated tenperature is replaced by the surface
tenperature observation. The stability is then reconputed as before, and new
vertical mxing profiles are cal cul at ed.

The surface data input programis designed to work only with a fixed
number of primary surface stations that report at three hour intervals. These
are identified in a data statement by WMO nunber. Limting the nunber of
sites prevents the uneven wei ghting accorded to regions with denser networks
or stations that report only part of the day.

After the rawi nsonde data have been interpolated in space and tinme, the
surface observation of wind, tenperature, precipitation, and noisture replaces
the interpolated gridded data at the | owest data |level. After horizontal
interpolation to fill all the grid points, the vertical mxing routine is then
called again and the stability is analyzed with the new surface observation
driving the gradients of wind and tenperature.

C.6 Vertical Mtion

After the neteorological data are gridded at each interpolation tineg,
vertical notions are estinmated by assuming that the wet-bulb potentia
temperature 6, i s conserved during an air parcel's ascent (Byers, 1974,

p. 132). This method is preferred over integrating the velocity divergence
because small errors in raw nsonde derived wi nds can produce |large errors in
the divergence field. Therefore, following the notion along a trajectory, the
total derivative of 6,is zero and hence the |local rate of change is due only
to advection. |If we ignore the diabatic effects in the boundary |ayer and
assunme the o, field is frozen in time for the duration of the transport nodel
advection time step, then the vertical velocity is

W = (-uode/ox -v a8/dy ) ( a8/oz ) ! (3)

In this case, Wis the vertical velocity required to maintain an air parcel on
the same 6, surface as conputed at each grid point at a particul ar observation
time. Applying this vertical velocity will not result in true isentropic flow
as defined by Danielson (1961), for it is based only upon the slope of theg,
surface with no energy constraints. However, in the boundary |ayer,

isentropic trajectories are frequently in error since d6,/dZ approaches zero

in a well mxed atnosphere. The primary purpose of defining Win this way is
to permt particle trajectories to maintain a nore realistic flow near air
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mass boundaries, where large horizontal and vertical gradients of 6, make the
cal culation of Wnore accurate. When the gradients are cal cul ated, one val ue
of 96,/0Z is conputed bel ow and one above the mi xed | ayer by a | east-squares
linear regression of 6, on height. The vertical velocity is then integrated
to each level fromthe appropriate average val ue of 06,/0Z and the centered

di fference horizontal gradients. |If the value of 06,/90Z is |ess than 0.001

K m!, then a well-nixed layer is assumed and Wis set to zero.

The final vertical velocity is the sumof the above termand the total
derivative of pressure defined by

oP/ ot + udP/ox + voP/ody . (4)
C. 7 Program Qut put
The final output of the neteorol ogical preprocessor then contains one byte

packed gridded fields of U V, W Q and T, at user-specified heights and time
intervals.



APPENDI X D - CRI DDED METEOROLOGQ CAL DATA FORVAT

The primary sources of archival data are fromthe National Meteorol ogica
Center's (NMC) Nested Grid Model (NGWM and fromthe d obal Data Assim |l ation
System which uses the Medi um Range Forecast nodel (MRF). These data are
available froma variety of sources, usually in Ofice Note 84 (ON-84) format.
Before the data are archived by ARL they are converted to the format discussed
in this Appendi x, rather than saving themin ON84 format. The advantage is
that our format is nore conpact and it can be directly used on a variety of
conputing platfornms with direct access I/O In addition to nodel generated
gridded data, the raw nsonde preprocessor programdi scussed in Appendix C will
generate a gridded data set matching the characteristics discussed bel ow.

Met eorol ogical data in this format can then be read directly by the HY-SPLIT
net eor ol ogi cal input subroutine without additional conversions. It is not
necessary that all variables or levels be present for HY-SPLIT to be able to
use the data. Depending upon the data source, NGM MRF, or Raw nsondes,

di fferent combinations of fields and |l evels are available. The HY-SPLIT

net eor ol ogi cal preprocessor subroutine (Appendix B) converts what is avail able
fromthe input file to what the nodel needs for conputational purposes.

D.1 Data Gids

In the follow ng table each data grid is identified by the nodel that
produced the data, an internal grid identification nunber, the nunber of West-
East (X) and South-North (Y) grid points, the grid spacing (A) in time and
space (true at the indicated latitude), the longitude to which the Y axis is
al igned, and the pole position in grid units. The given pole position results
inthe lowest left grid point to have a value of (1,1).

Tabl e 1D.--Structure and orientation of neteorol ogical data grids

Mbdel ID | X Y A A Tr ue Align X Y
Type # Max Max Hr Km Lat . Lon. Pol e Pol e
NGM 00 65 56 02 91. 45 60N 105W 25.5 84.5
NGM 01 28 20 02 182.9 60N 105W 10. 75 39. 25
VRF 02 65 65 06 381.0 60N 80w 33.0 33.0
MVRF 03 65 65 06 381.0 60S 100E 33.0 33.0
LFM 04 53 45 06 190. 5 60N 105W 27.0 49. 0
NGM 06 33 28 02 182. 9 60N 105W 13. 25 42.75
PEG 07 33 33 06 91. 45 60N 50E 17.0 99.0




The three primary sources of
gri dded neteorol ogi cal data are
illustrated in Figs. 1D - 3D. The
center location of each grid point is
represented by the "+" synbol and the
lower left mark is at the (1,1)
position. Al of the meteorol ogica
data grids are based upon a pol ar
st er eographi c projection. The HY-
SPLIT code is al so capabl e of
processi ng data on an oblique
st ereographi c projection. An oblique
projection is the default when the
grid spacing is 40 kmor |ess.

One special application, PEG
(Persian @ulf), not shown here, is an
exanpl e of some ot her out put
possibilities. In this case the MRF
data was output on a special higher
resolution grid on vertical sigm
rather than pressure surfaces, for a Figure 1D. NGM data grid # 6
two month period during the summer of ' '
1991.

Many different special grids can be derived fromthe primary data grids
through the utility program GAMDUP. It is possible to extract a sub-grid from
the larger grid to save the data only in the region of interest. In these
situations it is necessary to make an additional entry into the METFILE. CFG
file which describes the spatial domain of the new grid.

i i ,4(). ; o
Fi gure 2D. MRF northern hem sphere Fi gure 3D. MRF sout hern hem sphere
data grid nunber 2. data grid nunber 3.
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D.2 Historical Archive

The various nodel data have been avail able with considerabl e gaps starting
wi th the ANATEX experinment from January through March of 1987. The data
availability is summari zed bel ow

Tabl e 2D.--Availability of meteorol ogi cal data

Mbdel Source NGM NGM NGM VRF VRF LFEM PEG
Gid ldent 00 01 06 02 03 04 07
For ecast X X X

Speci al X X
Jan- Mar 1987 X

1989 X X

1990 X

1991 to present X X X

In addition to the tine periods noted for archival data, sonme data fields
are al so available on a "forecast"” basis. Forecast fields are not archived
and are only avail abl e operationally on the day the forecast is nmade. Specia
products, such as PEG are available only by request and require initiating a
procedure on the main-frame conputer to nake them avail abl e for routine use
These woul d nornally be termnated after the special request is satisfied.
The NGM and MRF data archives can be obtained from NCDC starting from January
1991 under identification TD 6140.

D. 3 Meteorol ogical Fields

Each archive data set has different fields available according to what is
nornmal | y produced by the nodel and disk space limtations. The fields are
identified by a description, the units, and a unique four character
identification that is witten to the header |abel at the begi nning of each
field. Data availability are identified by a two digit code. The first digit
indicates if it is a surface level variable (S) or an upper |evel variable
(U . The second digit indicates the order in which that variable appears in
the file. The following table identifies the data fields available with the
nost common data grids.
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Tabl e 3D. --Meteorol ogi cal paraneters and their organi zation
Field Type Units Label NGM NGM NGM MRF PEG
Gid Ident 00 01 06 2/ 3 7
Total Precip m TPPT Sl Sl S6 S2
Snow Cover 0/1 SNOW S2 S2
Exchange kag/ nR2/ s EXCO S3 S2 S7
Heat FI ux W np HFLX 4 S3 S8
Wat er Fl ux kg/ n2/ s WFLX S5 4 S9
Soil Tenp K TGRD S6
Sfc Tenperature K TMPS S2
Sfc Pressure nb PRSS S7 S5 S10 S1 Sl
M xed Layers Si gma MXLR S8 S6 S11
Terrain Hei ght m SHGT S9 S3
Sea Level Press nb VSLP S10 4 S3
| ce Covr Vter 0/1 | CWT S1
Convc Precip m CPPT S5
U Wnd n's UWND Ul Ul Ul Ul Ul
V Wnd n's VWD U2 U2 U2 U2 U2
Orega (W w nd) nb/ s WA\ND U3 U3 U3 Usa
Speci fic Hum kg/ kg SPHU U4 4 U4 4
Tenperature K TEMP US US U5 W4 U3
Rel ati ve Hum % RELH U6b
Pressure Hgts m HGTS U3

a - Vertical velocities available only through 100 nb.
b - Relative humdities available only through 300 nb.

D.4 Vertical Structure
The NGM data are output on sigma surfaces relative to nodel terrain while
the MRF data are output on the mandatory pressure surfaces, except for the

speci al out put devel oped for PEG (07), which is also on sigma surfaces. The
archive vertical structures are summarized bel ow.

Tabl e 4D.--Vertical |evels available in each data set

Si gma NGM | NGM | NGM Sigma | MRF b VRF

Gid 00 01 06 7 2/ 3
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. 022 X 50 X
. 146 X 70 X
. 286 X 100 X
. 434 X X . 497 X 150 X
. 509 X X . 594 X 200 X
. 582 X X . 688 X 250 X
. 653 X X L177 X 300 X
. 721 X X X . 856 X 400 X
. 785 X X X . 920 X 500 X
. 844 X X X . 960 X 700 X
. 897 X X X . 981 X 850 X
. 943 X X X . 995 X 1000 X
. 982 X X X

The data file will contain the data in synoptic tinme sequence, w thout any
m ssing records (mssing data will be represented by negative 1 in the
forecast hour field and/or NULL in the variable identification field).
Therefore, it is possible to position randomy to any point within a data
file. At each time period the surface | evel data are followed by all the
variables in each level fromthe ground up. The MRF data is also organized in
synopti ¢ sequence. However, for each tinme period the Northern Hem sphere data
cone first, followed by the Southern Hem sphere.

D.5 Data Gid Unpacking Procedure

The data grid is packed and stored into one byte characters. To preserve
as much data precision as possible the difference between the values at grid
points is saved and packed rather than the actual values. The grid is then
reconstructed by adding the differences between grid values starting with the
first value, which is stored in unpacked ASCII formin the header record. To
illustrate the process, assune that a grid of real data, R of dinmensions i,|j
is given by the bel ow exanpl e.
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Table 5D.--Gid structure of packed data

1,j 2, i-1,] i,]
1,j-1 2,j-1 i-1,j-1 i,j-1
1,2 2,2 C i-1,2 i,2
1,1 2,1 C i-1,1 i,1

The packed value P at a grid point (mn) within the (i,j) domain, is then
gi ven by

Pmn = (Rmn - le,n) PAL ) (1)
where the scaling exponent
N=1InaR,/ In 2. (2)

The value of AR,, i S the maxi mum difference between any two adjacent grid
points over the entire array. It is conputed fromthe differences al ong each
m i ndex holding n constant. The difference at index (1,n) is conputed from
index (1,n-1), and at 1,1 the difference is always zero. The packed val ues are
one byte unsigned integers, where values fromO to 126 represent -127 to -1
127 represents zero, and values of 128 to 254 represent 1 to 127. Each record
is then equal in bytes to the nunber of array el enents plus 50 bytes for the

| abel information. The 50 byte |l abel field precedes each packed data field and
contains the followi ng ASCI| data.

Field For mat Description

Year |2 G eenwi ch date for which data valid
Mont h |2 "

Day |2 "

Hour |2 "

For ecast |2 Hours forecast, if not initialization
Level |2 Level fromthe surface up (see D.4)
Gid |2 Gididentification (see D. 1)

Vari abl e A4 Vari abl e | abel (see D.3)

Exponent | 4 Scal i ng exponent needed for unpacking
Pr eci si on E14. 7 Preci si on of unpacked data

Value 1,1 E14. 7 Unpacked data value at grid point 1,1

An exanpl e fortran programto unpack the data array is given below Here
t he packed data array is in the variable QPACK and the unpacked real data
array is returned in variable RVAR NX and NY are the nunber of grid points in
the horizontal and vertical directions, respectively. The variable NEXP and
VAR1, are the packing exponent and value of the field at the 1,1 grid point.
These val ues are obtained fromthe header |abel information.

SUBRCUTI NE UNPACK( RVAR, QPACK, NX, NY, NXY, NEXP, VAR1)

CHARACTER* 1 QPACK( NXY)
REAL*4 RVAR(NX, NY)
SCALE=2. 0* * ( 7- NEXP)
VOLD=VARL

| NDX=0

D-6



DO J=1, NY
I =1, NX
| NDX=I NDX+1
RVAR( |, J) =(1 CHAR( QPACK( | NDX) ) - 127. ) / SCALE+VOLD
VOLD=RVAR( I , J)

END DO
VOLD=RVAR( 1, J)

END DO

RETURN

END
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APPENDI X E - DEFAULT. DAT | NPUT FI LE DESCRI PTI ON

Each input line of the DEFAULT. DAT file is nunbered in sequence, followed
by an identification, and flag identifying the field as character (C), integer
(1), or real (R).

(1) TRAJECTORY TIME STEP (1)
Integration tine steps can vary from1l hr to the frequency of the input
met eor ol ogi cal data in whole hour intervals. Larger tinme steps may be
sel ected to reduce conputation tines.

(2) DI RECTION (O
The cal cul ati on direction can be selected for forward (FWRD) or backward
(BACK). Note that concentration output is not available in the backward
node--only trajectories.

(3) VERTI CAL MOTION (O
The vertical notion cal culation can be made using either isobaric (ISOB)
coordi nates, isosigna (1SOS) coordinates, the onega vertical velocity
field fromthe MRF or NGM provided with the input data (DATA), or
t hrough vertical velocities calculated fromthe horizontal velocity
di vergence (DIVG. In the isobaric case a trajectory maintains the sane
pressure but nmay be displaced relative to the local terrain; while in
the isosigma case a trajectory maintains the same sigma |evel relative
to the local terrain, but may of course change its pressure level. In
the latter two options either may occur.

(4) STARTING MONTH (1)
This is the nmonth in which the nodel run will start. The starting tine
is used to position the nmeteorological input file to the correct initial
date. A value of zero will default to the meteorology file nonth and
cause the subsequent starting day and hour to be interpreted as relative
to the first data observation in the input file.

(5) STARTI NG DAY (1)
The starting day is the forward trajectory starting point or in backward
node it is the termnation tine of the forward trajectory. A value of
zero will default to the neteorology file starting day.

(6) STARTI NG HOUR (1)
Em ssions or trajectories will start on the hour selected. Al times are
in Geenwich. Setting a negative start hour results in no em ssions but
the input file will be positioned to that hour. That option is valid
only with starting endpoints read from di sk.



(7) DAYS TO RUN MODEL (1)
The nodel will run for the nunmber of days from 0000 UTC begi nning on the
start day. Only whol e days are permtted. If a trajectory is started in
the mddle of a day it will term nate that day unless nore than one run
day is specified.

(8) METEORCOLOGY FILE NAME (O
Only the prefix name, usually nonth\year, is required as the suffix
(.bin) will be assumed. If another suffix is specified it will be used
i nstead of the default value. The directory path is givenin file
DEFAULT. CFG.  Subsequent end of files encountered during the nodel run
require dynamc entry of a conplete file nane.

(9) ORIG N LATITUDE (R
This is the emission starting point for all particle trajectories in
degrees and decimal fraction. Use negative values for southern
hem sphere starting | ocations.

(10) ORIG N LONG TUDE (R
West | ongitudes are positive, east longitudes are negative, and as with
latitude it is in degrees and decimal fraction.

(11) ORIG@ N HEIGHT (R
Starting height is specified in neters above nodel terrain and not the
actual local terrain. Optionally the starting height may be specified in
absol ute pressure units (nb). In that case the pressure |level is
directly followed (no space) by the letter P

(12) SOURCE EM SSI ON RATE (R
The source termis always specified in mass units per hour, regardless
of the hours of em ssion or nodel time step. The units of mass are not
rel evant because output values are in nass units per cubic nmeter. A
source termof zero results in the release of one particle of unit mass-
-or a sinple single trajectory calculation. No concentration or
di spersion cal cul ations are performed when this option is sel ected.

(13) NUMBER OF HOURS OF EM SSION (1)
Particles will be emtted continuously for the number of hours specified
inthis field for any one em ssion repeat interval.

(14) EM SSI ON REPEAT | NTERVAL (1)
The eni ssions can be repeated for the nunmber of hours of emission at the
repeat cycle interval given in hours. For instance if you want 3 hours
of em ssion every 24 hours starting at 1200 UTC set this field to 24,
the previous one to 3, and the starting tinme at 12.

(15) QUTPUT and/or AVERAGQ NG PERI OD (1)
Al'l output tables and maps: printer, screen, or graphics; will occur at
this interval in hours. For concentration output this field specifies
the averaging interval. Al output maps are marked with the time at the
start of the period. Trajectory output is always identified by the
origin start tine regardl ess of how many maps out put.

(16) QUTPUT OFFSET TI ME/ START HOUR (1)
The value in this field specifies the UTC hour that the averagi ng or
output interval counters will start. For instance if you want 24-h
concentration output, but from 1200 to 1200 of the follow ng day set
this field to 12. No output will be printed for the first inconplete
aver agi ng peri od.

(17) CONCENTRATI ON AT | NDEX (1)

Concentrations are cal culated at a m ni nrum of one |evel. However, only
one level can be output in any one sinulation and that |level is selected
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(18)

(19)

(20)

(21)

(22)

(23)

by this parameter. To determne if your version was conpiled for multi-
| evel concentrations, the value of KCX in the GRI DVAL. DAT file would be
greater than one. In this entry select the index nunber of the |evel
desired for nodel output. A selection of zero in this field results in
out put of the deposition field if the appropriate subroutine was
included in the conpiled version

HElI GHT OF THE CONCENTRATI ON LEVEL (1)

In general the heights of each concentration level default to the
correspondi ng neteorol ogical sigma level. Interpolated sigma |levels are
included if that option was selected in the DEFAULT.CFG file (line 4).
However, by selecting a value greater than zero in this field you can
override the height above ground that corresponds with the previously
sel ected index. Oher levels remain unaltered. See file DEFAULT. CFG for
a listing of sigma | evels.

ENDPO NTS TQ' FROM DI SK ( Q)

Dependi ng upon the option selected you may WRITE all particle positions
to disk at the end of the run. The next tinme you start the nodel you
can READ the endpoints file and essentially continue the sane run and
wite again if MOD was selected. If you are doing concentrations it is
recommended that the end of a sanpling period correspond to the end of
the run. Concentration arrays are not reinstated to the previous

term nation values. Selecting the STEP option pernits endpoints to be
output to disk file ENDPTS. ASC at the interval selected for nodel output
(entry 15).

CONCENTRATI ON QUTPUT TO DI SK ( Q)

Val ues on the concentration grid can be saved (WRITE) to a disk file
(MDLCON.BIN) at the output interval. Regardless of the setting in line
18, all conpiled | evels of the concentration array are witten to the
data file. The nunber of levels witten to disk can be nodified by
adjusting the array size in the DEFAULT.CFG file (line 8). The
MDLCON.BIN file can be read | ater by other graphics codes for display
pur poses without having to reconpute trajectories. MODify adds to the
end of a previously created file.

MAP QUTPUTS- TRAJectories SNAPshots CONCentration (C)

Snapshots of the particle positions can be displayed at the output
interval by selecting SNAP or the cunulative trajectory of each particle
can be displayed by selecting TRAJ. The selection of TRAJ for output is
i ndependent of the selection of trajectory conputation through setting
the source termto zero. In the fornmer case although concentrations are
bei ng determnmi ned by the advection and diffusion of many particles their
trajectories can be displayed. However, in the latter case, if only one
particle trajectory is calculated, then a trajectory display is the nost
appropriate output. CONCentration output is given at each grid point.

QUTPUT GRAPHI CS MAPS (O

Graphics option NONE neans that the previously selected maps will be

di spl ayed on your standard output device in ASCII. No speci al
subroutines are required, but no map backgrounds are available with this
option. Set your printer for conpressed print for ASCII nmaps as they
default to 132 colums unl ess the DEFAULT.CFG file is nodified. A
graphics option of YES provides a real-tinme display of the same ASCl |
maps to the screen as they are being calculated. However, with the
graphics option on, error nessages and pronpts cannot be di splayed, and
are saved to a file called HYSPLIT. MSG Pl ease check this file for
nessages at the end of a run.

QUTPUT ASCI| NMAP DEVI CE SELECTION (O
The device selection is the default device for ASCII line printer style
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(24)

(25)

(26)

(27)

out put maps (needed if you only have a mainframe w thout other graphics
capabilities). If you don't care about hard-copy w thout the map
backgrounds or are getting run-time graphics select the NUL device (no
file created). Oher options are the screen (CONsole), LPT (standard
printer), or output to a FILE which will always be named PRI NT. ASC.
Default output directories are set in DEFAULT. CFG (line 26).

MAP BOUNDARI ES TOP LATI TUDE (R)

The orientation of all output maps is determ ned by these boundari es.
The top latitude is used to set the upper right corner of the map.

Zeros I n the map boundary fields will cause the programto determne the
nost appropriate map di nensi ons.

MAP BOUNDARI ES BOTTOM LATI TUDE (R)
The bottomlatitude is used to set the |lower left corner of the map.

MAP BOUNDARI ES RI GHT LONG TUDE (R)

The right boundary is adjusted to nmaintain the correct aspect ratio of

t he proper polar stereographic projection. It usually will be much
further to the right than what you specified. The lower |eft and upper
right corners in conjunction with the output nmedia are used to determn ne
the aspect ratio and scaling. The right boundary of the map then floats
to fill the rest of the page.

MAP BOUNDARI ES LEFT LONG TUDE (R)
The left longitude is used in conjunction with the bottomlatitude to
set the left boundary of the nap.



APPENDI X F - DEFAULT. CFG | NPUT FI LE DESCRI PTI ON

Each input line of the DEFAULT.CFG file is nunbered in sequence, followed

by an identification, and flag identifying the field as character (C), integer

(),

or real (R).

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

METEOROLOG CAL SUB-GRID X-AXIS LIMTS (1)
The sub-grid selection is required only if the nodel is conpiled, due to
core limtations, for a smaller conputational data grid than what is
avail able on the input data file. |If the default sub-grid, the
dinensioned limts fromthe |lower left corner of the input data, are in
the proper spatial domain, then default values of zero will be
sufficient. If the sub-grid needs to be shifted, then at |east the | ower
| eft corner position nust be specified. |If you don't have a clue as to
what value to put in, run the nodel for your source location, (turn off
run-tinme graphics) and the programwll tell you what value to enter for
the corner to get you selected source location to be in the center of
t he net eorol ogi cal sub-grid.

METEOROLOG CAL SUB-GRID Y-AXIS LIMTS (1)
See x-axis for instructions.

METEOROLOG CAL VERTI CAL SUB-GRID LIMTS (1)
Simlar to the horizontal, one may sel ect any number of consecutive
levels fromthe input data file. A default value of zero | oads whatever
number of levels fromthe input data file fromthe bottomup until the
conpi |l ed dinmensioned limts have been reached. Oherw se any range
within the vertical dormain and conpiled array limts may be sel ected.

NUMBER OF | NTERPOLATED SURFACE LAYERS (1)
One may specify additional |evels below the | owest neteorol ogical |evel
available in the data file. Wnds at these levels are interpolated
t hrough an Ekman/simlarity approach. It works best when surface
noment um and heat fluxes are available fromthe input data file (usually

NGM) .

HElI GHT OF | NTERPOLATED LEVELS | N METERS ABOVE AGL (R
Specify the height of each interpolated level. They all should be bel ow
the first nodel sigma |evel.

CONCENTRATI ON SUB-GRID X-AXIS LIMTS (1)
For simlar reasons as with the neteorology it nay be necessary to
specify a sub-grid. These values are in the sanme units as the
net eorol ogi cal data, therefore, if you are unsure as to what to do, use
t he sanme val ues as above. |f the horizontal spacing of the concentration
grid is not the same as that of the neteorological grid (see line 9
bel ow) you still specify the sub-grid in neteorological grid units.
However, the conpil ed di nensi ons may be exceeded as the actual nunber of
grid points within the sub-grid domain increases by the selected grid
factor. In that case it nmay be necessary to alter the I CX and JCX
variables in the GRIDVAL. DAT file and reconpil e the code.

CONCENTRATI ON SUB-GRID Y-AXIS LIMTS (1)
See x-axis limts.

CONCENTRATI ON NUMBER OF VERTI CAL LEVELS (1)
A zero defaults to the conpilation maxi mrum given in GRI DVAL. DAT ( KCX).
Use this paraneter to control the size of the output concentration array
MDLCON. BIN. Fewer concentration |evels also increase conputational
speed.
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(9) GRID SPACI NG MULTI PLI ER AS CONC GRID PTS PER METEO GRID PT (1)

(10)

(11)

(12)

(13)

(14)

(15)

Normal |y the horizontal spacing of the concentration grid wll be
identical to the nmeteorol ogical grid. However, one can obtain finer
resolution be setting this value to sonme integer greater than 1. It is

defined as the neteorological grid spacing divided by the concentration
grid spacing.

SOURCE MOLECULAR WEI GHT CONVERSION OF MMB to L/L (R

Normal |y source termvalues are specified in arbitrary mass units per
hour resulting in concentration output of mass units per cubic neter. If
you prefer volunme units (liter/liter) then specify the em ssions in
grans and set the appropriate gramnol ecular weight in this field.

MASS | NDEX TO USE ONLY W TH MULTI MASS SI MULATIONS (1)

You may have a conpiled version for nultiple species tracked at the sane
time. For instance (1)-SO2 and (2)-SO4, etc. In that case sel ecting
the appropriate index sets all output for that species. The default
value 1s 1.

HORI ZONTAL DI SPERSI ON RATE (R)
The default dispersion rate 1853 mhr represents the rate about which
the distribution about each particle grows.

SI GVA OF HORI ZONTAL RADI US FOR UNI FORM DI STRI BUTI ON (R)

The radi us about a particle is assuned to default to 1.54 of the

hori zontal variance, the case of a uniformhorizontal distribution (top
hat) .

HORI ZONTAL RADI US PARTI CLE SPLIT FRACTI ON (R)

Wien the ratio of the horizontal radius to the horizontal grid spacing
exceeds this factor a single particle is split into four particles with
the appropriate smaller radius and nass. The default value is 1

FRACTI ON OF RADI US OVERLAP FOR CONVERGENCE (R)

If two particles occupy the sane space they are nmerged if the distance
between their centers Is less than the above factor times the radius.
The suggested default value is 1.
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(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

TEMPORAL OVERLAP FRACTI ON BEFORE CONVERGENCE (R)
If particles are sequentially released at different tinmes, they can be
merged if the difference in release times over the travel tinme is |ess
than the above fraction. The suggested default value is 0.15.

DAI LY MASS PURGE FRACTI ON OF TOTAL MASS (R

One a day (at 2400 hrs UTC) the total nass on the conputational domain
is computed. The particle nass that represents the percent val ue noted
here (default 1% is determned fromthe cunul ative mass distribution.
Al particles with mass I ess than this value are dropped. The suggested
default is 0.01

MAXI MUM DURATI ON | N HOURS BEFORE TRAJECTORY TERM NATION (1)

Trajectories are del eted after the given nunber of hours. This
paranmeter is especially useful if you are running nmultiple trajectories,
say four per day over a 30 day sinmulation period, but you want each of
the trajectories to termnate after 24 hours. The suggested default

val ue is 999

HOURS M SSI NG DATA BEFORE ALL TRAJECTORY TERM NATION (1)

M ssing nmeteorol ogi cal data triggers a warning nessage, however, al
conputations continue until the next input cycle to see if the proper
data are present. The persistence of old data will continue for the
nunmber of hours specified in this field, before dropping al
conput ati ons. The suggested default value is 12.

I NI TI AL SOURCE | NDEX VALUE FOR CYCLED SOURCE TERM (1)

Each emi ssion cycle, as specified by the repeat index in DEFAULT.DAT is
nunmbered sequentially from1l. This value is witten to the output file
to identify concentrations associated with a particul ar emi ssion when
there are multiple em ssion cycles.

MAXI MUM SOURCE | NDEX FOR CYCLED SOURCE ONLY (1)
In addition to the field above, the source index can be used to limt
t he nunber of source repeat cycles, as specified in this field.

MAPS LAT/ LON LABEL | NTERVAL | N DEGREES (R
This is the label interval for latitude and | ongitude |ines.

MAXI MUM ASCI I PRI NT W DTH OF HORI ZONTAL CARRI AGE (R)

Normal ASCI| printer maps require 132 colums at 10 characters per inch.
If you only have a short carriage printer and no conpressed print node
you can set the maxi mum output |ength in inches.

DI RECTORY | NPUT FI LES FOR CFG DAT TXT FILES (O

The directory the nodel searches for all input files, except the

net eorol ogical data, is set inthis field. The exception of course is
this file, DEFAULT. CFG which nmust be in the default directory. That is
the directory fromwhich the nodel is |aunched.
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(25) DI RECTORY FOR METEOROLOGQ CAL DATA (O
The met eorol ogi cal data can reside in a separate directory. Note that
all directory specifications nust end with the slash, ie (\main\sub\).
If the desired default directory is the home directory, it can be
specified by a null field or dot in DOS or a ./ in UNI X

(26) DI RECTORY FOR MODEL QUTPUT FILES ( Q)
Al'l outputs, HYSPLIT. MSG MNDLCON.BIN, MDLCON. CFG PRI NT. ASC, ENDPTS. ASC,
and ENDPTS.CFG, will go to this directory. Note that if you generate an
output file that is used for input, it nust first be noved to the input
directory.
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APPENDI X G - | NSTALLATI ON, RUNNI NG, AND FI LE FORMATS

G 1 Installation

The program and test files may cone on one or nore di sks dependi ng upon
how nuch of the source code and additional neteorol ogi cal data has been
provided. It is packed using standard PKZI P routines and the nmain program
di sk contains a batch file that will install the nodel and unpack the data.
This programw || create appropriate sub-directories on any disk drive you
select. HY-SPLIT is nmuch easier to operate if it is installed to the hard
disk. To install the programon drive C. in a directory off the root
directory called HYSPLI T3, switch the default drive to the drive in which the

floppy disk resides (ie A:) and then type:
I NSTALL C. \HYSPLI T3 and press Enter. The follow ng subdirectories and files
will be created:
Subdi rectory Files Description
EXECMVDL READVE
HYSPLI T. BAT Batch file to run nodel
VDL CODE HYMODEL. EXE Conpi | ed HY-SPLIT
GRI DVAL. DAT Compi |l ati on constants
------- FOR Opti onal source code
CFGFI LE TEST00?. DAT Test data DEFAULT. DAT
TEST00?. CFG Test data DEFAULT. CFG
METFI LE. CFG Met eor ol ogi cal grids
ROUGLEN. BI N Aer odynam ¢ roughness
MODERN. FON Run-time graphics font
EZMPDAT Map background file
METDATA TESTNGM BI N Test NGM neteo data
TESTMRF. BI N Test MRF neteo data
UTILITY GAVDUP. EXE Archive managenent utility
GAMEOP. EXE Archi ve graphi cs out put
GAMPCP. EXE Archive printer output
GAM - - . FOR Opti onal source codes
WI2GRI D. FOR Rawi nsonde gri ddi ng code
WI2GRI D. | NC Rawi nsonde include file
GRAPHI C PLOTTER. BAT Post processing batch file

GRI DPLOT. EXE

TRAJPLOT. EXE
CONCPLOT. EXE

GRI D2STN. EXE

Quanti

Trajectory plotting pgm
Qualitative concentrations
tative concentrations
Gidto station conversion

-------- FOR Opti onal source codes
KOLMAP. DAT Colors definition table
HYTEK. EXE Tektroni x enul ator pgm
Subdi rectory Files Description
HYTEK. CFG Tektroni x configuration
HYVI EW EXE Skew T di spl ay
EDI TORS HYEDI T. EXE DEFAULT. DAT/ CFG text editor
HYMAPS. EXE DEFAULT. DAT nap editor
HYPI CK. EXE DEFAULT. DAT nouse editor
HLPDAT. TXT DEFAULT. DAT hel p file
HLPCFG TXT DEFAULT. CFG hel p file



G 2 Running the Mbdel with the batch file

Switch to the EXECMDL directory. The batch file HYSPLIT perfornms severa
oper ati ons dependi ng upon the options that you select. The format is as
fol | ows:

HYSPLI T [config] [dat] [cfg] [map] [pic]

[ config] The required prefix name for the .DAT and .CFG fil es that
will be copied into DEFAULT. DAT and DEFAULT. CFG.  The node
searches the default files for the input paraneters. To run
the exanpl e case you would for exanple enter TESTO05 in this

field.
[dat] I nvokes the editor for the DEFAULT. DAT file.
[cfg] I nvokes the editor for the DEFAULT. CFG fil e.
[ map] I nvokes the nouse driven editor to set the source |ocation

and out put map donmin in DEFAULT. DAT.

[ pic] I nvokes the nouse driven editor to set various options in
the DEFAULT. DAT file. Can be used instead of HYEDI T when
only sinple changes are required.

The options can be invoked in any order, upper or |ower case. Mst node
input files are located in the CFGFILE directory. The files to be edited,
files like TESTO01. DAT and TEST001.CFG are copied into the editors directory
for editing and then copied back into the cfgfile directory. 1In addition, a
copy of DEFAULT.CFG is placed in the MDLCODE directory. The directory from
which the nodel is initiated requires the DEFAULT.CFG file to tell it where to
find the other files.

You will see three different graphics screens that are used to edit the
nodel input files, two are keyboard text editors and one is a nouse driven
editor for setting the display map and source point. For this test simnulation
just press the ESC key or two-button mouse click, as appropriate, to exit each
nmenu. In the future you can use the CTRL-1 key to examne a help file that
goes along with each nodel entry in the text editor. After the nodel starts
you will be pronpted to press any key to continue, this gives you a chance to
BREAK after editing the input files before starting the nodel simnulation.
During the sinulation a real-time graphics display will followwith the
cal culation. After conpletion the nodel waits for ENTER to continue. The
post - processi ng graphics prograns use two nodel generated files, ENDPTS. ASC
for trajectories and MDLCON. BIN for concentrations, to generate a Tektronix
4010 format output file called PLT. DAT. You may display and print this file
with any conpatible software or the HYTEK enmulator that is provided with the
nodel .

G 3 File Formats

A sunmary of all nodel generated files and a brief description of the
format and contents foll ows:

ENDPTS. ASC - Particle endpoint positions for user applications or node
restarting option. ASCII file with record length of 70 bytes.

For mat Field

12 Year

G2



Mont h
Day
Hour

2 Latitude (deg)

2 Longi t ude (deg)
X-grid position
Y-grid position
Pressure hei ght (nb)
Vertical |ndex
Particle Age (hrs)
Particle depth (m
Sequential particle index

El4. 6 Particle mass

_______ﬂﬂ___
CUICICITITANONNN

ENDPTS. CFG - ASCI| file with the |abel and grid information required for post-
processing of trajectory inages.

Record For mat Field
1 Char Directory in which ENDPTS. ASC resi des
2 61 6 Maxi mum di mensi on of neteorol ogical grid

inl,J, K Beginning nonth, day, and hour
of the cal cul ation.

3 5F12. 4 Met eor ol ogi cal grid description: size in

km true latitude, x-pole position, y-pole
position, grid orientation |ongitude.
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4 7F6. 1 Qut put map paraneters: interval for
lat/lon lines, left and right |ongitudes,
top and bottomlatitudes, |atitude and
| ongi tude of the source point.

MDLCON. BIN - Binary unformatted dunp of concentration grid values for re-
di spl ay of cal cul ated concentration fields

For mat Field

I nteger-4 Sequential em ssion nunber

I nteger-4 Year

I nteger-4 Mont h

I nteger-4 Day

I nteger-4 Hour

I nteger-4 For ecast Hour

Real - 4 Gridded concentrations of sub-grid domain

MDLCON. CFG - ASCI| file describing the label and grid information required to
read the MDLCON. BIN file.

Record For mat Field
1 Char Directory in which MDLCON. BI N resi des
2 516 Maxi mum di mensi on of concentration grid

inl,J, K output level index of grid,
averaging time in hours.

3 5F12. 4 Concentration grid description: size in
km true latitude, x-pole position, y-pole
position, grid orientation |ongitude.

4 7F6. 1 Qut put map paraneters: interval for
lat/lon lines, left and right |ongitudes,
top and bottomlatitudes, latitude and
| ongi tude of the source point.

5 1216 Hei ghts in meters above ground of each
concentration grid plane. Maxi num val ue
defined as Kindex (3rd variab) in line 2.
MDLTEST. CFG - ASCII file, see Appendix F for description.
MDLTEST. DAT - ASCII file, see Appendix E for description.
METFI LE. CFG - Contains the grid descriptors for a variety of different

net eorol ogical grids that are available. It is an ASCII file of record length
130 bytes.
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For mat Field

A10 Met eor ol ogi cal grid |abel

I3 Gid identification nunber

I3 Lowest west-east grid coordi nate

I3 H ghest west-east grid coordinate

I3 Lowest south-north grid coordi nate

I3 H ghest south-north grid coordinate

2X,F6. 1 Met eor ol ogi cal grid spacing (km

F6.1 Gid spacing true at this latitude

F6.1 West - East grid coordinate of pole

F6.1 South-North grid coordinate of pole

F6.1 Longi tude at which south-north grid aligned
12F6. 4 Sigma | evel of each vertical plane from bottom

EZMPDAT - The map background file is in NCAR graphics format as a variable
length, unformatted file. Each record contains the latitude/longitude pairs
t hat nake up one I|ine.

For mat Field

I nteger-4 Nunber of points to read (NPTS)

I nteger-4 Li ne identification

Real - 4 Bi ggest latitude along the line

Real - 4 Smal l est latitude along the |ine

Real - 4 Bi ggest | ongitude along the |ine

Real - 4 Smal | est | ongitude along the |ine

Real - 4 NPTS nunbers, where the first and second val ues represent

the first latitude/longitude pair. There are NPTS/ 2 points
that nmake up the line.

ROUGLEN - The aerodynami c roughness |length for each degree of latitude and
longitude. On input it is remapped to the current neteorol ogical grid. Each
data value is a 2 byte integer In centineters. There are 360 x 180 data

val ues. Each record contains 360 values from-180 to +180 (west to east).
There are 180 records that go fromlatitude +90 to -90. You may al so have an
optional file called TERRAIN on your disk which contains the terrain height in
neters in the same format

SITES. ASC - An input file for program GRID2STN |isting the station nanmes and
their latitudes and |longitudes. The concentrations at these locations will be
i nterpol ated from MDLCON. BI N.

Record For mat Field

1 Li st Concentration conversion factor
used to multiply each value in
MDLCON. BIN before it is output.

2 end Li st Si x character station nane,
Station |atitude (deg. hundreds),
Station | ongitude (deg.hundreds).

MDLCON. ASC - The ASCI| output file from program GRI D2STN gi ving the
concentrations for the stations listed in SITES. ASC.

For mat Field

I3 Start tine of sanple average: year
I3 Mont h

I3 Day

I3 Hour
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10F6. 1 Concentrations at up to 10 stations
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APPENDI X H - HYTEK Tektroni x Term nal Enul at or

The HY-SPLIT graphi cs post-processi ng prograns produce an output file
called PLT.DAT. The images in this file are represented in a Tektronix 4010
format. The inmages can be printed or displayed with any commercially
avail able emul ator. However, for convenience a sinple enulator, HYTEK, is
provided with the HY-SPLIT nodel. It is highly suggested that this program be
run only on conputers with a math co-processor. The enul ator can be used to
display or print the PLT.DAT file. Supported printers include EPSON type dot
matri x and Hewl ett Packard Laser Jet and Paint Jet printers. The key
di fference between HYTEK and other enulators is that the graphics image on the
screen is not just dunmped to the printer, which only provides a print
resol ution conparable to that of the screen, instead the inmage is
simul taneously drawn in a reserved nenory area at the same resolution as the
standard 1024 x 1024 tektronix screen. It is this nmenory inmage that is dunped
to the print device. HYTEK can also be used as a communi cati ons program at up
to 2400 baud through the serial port. |In this way the HY-SPLIT nodel and
post - processi ng can be done on a renote conmputer and the inmage displayed
| ocal ly.

H1 First Tine Installation

HYTEK. EXE can be installed on any directory set in the path. However, the
configuration file (HYTEK. CFG nust reside in the local directory. The HY-
SPLIT install batch file installs HYTEK in the GRAPH C sub-directory since the
post-processing is done there. |If your conputer setup matches the default
setup in HYTEK CFG then HYTEK will start properly and it is quite likely you
can edit the CFGfile fromw thin HYTEK by invoking the Crl-X option.

However, if you get any startup errors, usually rather cryptic nessages with a
nunmeric code, then you nust first edit the CFG file using any standard ASCl
file editor. There are three fields on each Iine wthin double quotes,
separated by commas. Nornmally you would only edit the first field. The others
are for information and used in HYTEK as pronpts. The exception is the RGB
color indices, which can be edited. Follow the instructions bel ow regarding
setting the options in the CFGfile.

Error Trapping:
Turn off (OFF) extended error handling unless you are running on a 386
class PC as it slows down processing considerably. Turn it on (ON) during
the initial installation. Then turn it off for subsequent routine
oper ati ons.

Printer Type:
There are three types of printers that are supported -- HP Laserjet (LJ),
HP Paintjet (PJ), and EPSON dot matrix (DM . The PJ option will provide
support for 16 col ors.



Dot s per inch:
This paranmeter can be used to control the size of the printed output.
Valid options are those that apply to your particular printer. Regardless
of the dot density selected the quality of the printed output will be the
same. The smallest plot is obtained with 300 dpi, the largest with 100
dpi. Options for the Paint Jet are only 90 and 180 dpi

Col or Pl anes:
Al ways choose (1) for black and white (B&W printing. Select (4) for
color printing. Selecting fewer color planes reduces the nunber of color
choi ces avail able (27pl anes). However, additional color planes require
nore menory and sl ow down the processing. Therefore, if you have nenory
restrictions on your PCit may be necessary to linmt the color choices.
Al t hough you can do B&Wwith four color planes, it is best tolinmt it to
one plane for B&W printers.

Screen Resol ution:
Screen resol ution (CGA EGA VGA) is independent of printer output
resolution. The full Tektronix inmage is nmapped into the current screen
with whatever resolution is supported. However, the print inmage i s mapped
to menory at a one-to-one pixel resolution.

Monitor col or options:
Only color (COL) or nonochrone (MON) are available options. The selection
of the color option only affects the display and not the printing.

Left, Right, Top, and Bottom boundaries (printport):
Due to nenory limtations of 64KB per color plane, it is necessary to
select a smaller print window of the full 1024 by 1024 Tektroni x screen
Since the pixel mapping is one-to-one, eight pixels of the 1024 x 1024
screen can be represented by one byte. This nmeans that only about a 700 x
700 area can be printed at any one tinme. However, any subregi on can be
selected and it need not be square. The nunbering system representing the
hori zontal and vertical pixel nunber of the 1024 screen, increases from
left to right and fromtop to bottom

Screen Scal i ng:
The selected print window may fill the screen in relative coordi nates
(REL) or be shown in its true position on the 1024 by 1024 display in
absol ute (ABS) coordinates. This option only affects the screen display
and does not affect printing. The REL option nmeans that the printport is
mapped to fill the entire screen. Using the ABS option will result in the
screen representing the full 1024 display and the printport will appear as
a box in its respective position on the screen. The ABS option is nost
useful in trying to position the printport over an imge. |In the ABS
option the inage will always be drawn Iin its proper location even if the
printport does not cover it.
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Baud Rate:
If you are using this program for communi cations through the serial port
then you can sel ect either 300/ 1200/ 2400 baud rates. If no comuni cations
is selected this option has no effect. Note that slow conputers may have
buf fer overrun problenms. No handshaki ng protocols are supported.

Parity:
Only none (N), even (E), or odd (O, are supported

Data Bits:
Only seven (7) or eight (8) are valid options.

Local Echo:
Do you want the commands that you type on the keyboard echoed on the
screen (Y) or will your entries be repeated by the host conputer, which in
that case you will select (N)

| nput COM port:
If you are using HYTEK as a termnal emulator then set this value to the
COM port (either 1 or 2) to which your nbdemis connected. A math co-
processor is alnmost nmandatory to avoid buffer overflow If you are reading
a Tektronix data file, as m ght have been generated by HYSPLIT, set the
port equal to 0, and conmmunications will NOT be enabl ed

Input Data File Name:
This is the default data file name that will be opened for input when
COMEO. It is usually defaulted to PLT. DAT as generated by HY-SPLIT
graphi cs output. However, any file that exists may be entered here. It
nmust reside Iin the default directory and it nust exist, otherw se an error
nessage wi Il be generat ed.

Printer Path:
Select COMif you have a serial printer connected to one of your comports
(the one other than what the nbdemis connected to) or select LPT if you
have a parallel printer connection. If you don't know -- ask soneone.

Printer Port:
Sel ect the port number for either COMor LPT selected previously. Valid
options are 0, 1, or 2. |If you select "0" you are disabling the printer
If you print with the printer disabled, the programw |l open a file
called PCL.101 and wite the print image to that file. Subsequent print
requests increment the file by one, ie PCL.102, PCL.103, etc. These files
are binary inmages that can subsequently be printed at the DCS | evel
t hrough the command: copy /b pcl.101 prn

Backgr ound Col or:
The graphi cs background col or index is selected by the color palette
number listed in the followi ng entries.

Col or Sel ecti ons:
There are sixteen lines of color definitions consisting of three fields
each. The first field names the color and the second field associates
that color with an index or palette nunber. The third field defines the
color for printing. The display or printing of color is done through an
i ndex nunber. For HY-SPLIT post-processing graphics the colors are
defined and associated with an index in a file called KOLMAP. DAT. This
previously defined i ndex can be associated with any color in HYTEK t hrough
redefinition in this table. HYTEK can only be used to edit the first
field. If you need to edit any of the others use a ASCI| text editor. The
only time you may want to edit the third field is if the colors that the
Paint Jet printer produces require sone adjustment for inproved visua
clarity. See the printer manual for instructions about the constants
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associ ated with each color.

H 2 Standard Operation after proper initialization

Upon first starting HYTEK a portion of nmenory is prepared for saving the
graphics image, this initialization my take many mnutes on XT class PCs to a
few seconds on a 386 machine. After initialization an initialization fileis
written (ZERO 001 to .004 for each color plane) which is used if subsequent
initializations are needed. A help nenu is displayed next showing all the
commands to which HYTEK responds. All HYTEK commands are preceded by the Crl
key. Pressing any key will clear the help nenu. The programthen waits for
anot her key press before continuing in file node or communi cations node. The
HYTEK commands are sunmari zed bel ow

Crl Conmmand Sunmary

B - Sends break signal out the COM port when HYTEK is in
communi cati ons node

C - Cl ears the graphic display and nenory i mage. When background node
is enabled (see Ctrl-S) it resets the initialization back to the
ZERO. 00X file.

E - Exit the enul ator.

F - Input/CQutput file toggle. Opens and closes new files for 1/O In
file nbde it is used to specify a newinput file when, for
i nstance, you have finished displaying the inmage in PLT. DAT, or
the image you want to display is in a different file than the one
defined in the CFG file. In communications node it defines an
output file in which the incom ng Tektroni x data can be captured.
The capture file nanme defaults to TEK. 101 wi th subsequent
increnents in the suffix for each invocation of Crl-F

G - Autoprint toggle on/off. Wrks best in file node when you have
multiple frames on one file. Wen the toggle is set to on the
di spl ayed image will be sent to the print device if no command is

entered for 10 seconds after the inmage drawing is conpleted. The
print device can be set to LPT=0 so that a new output file PCL.10X
is created with each imge. To work properly it is necessary to

i nvoke the conmand before the first image is drawn. The | ast
image in a file will not be printed unless the file was created
with an additional frame at the end. This frame can be bl ank, as
all HYTEK needs is the new frame command to trigger the printing.

H - Backspace for comuni cations node.

K - Col or select toggle. Each press of the key will result in the
color index to be incremented by one. This can be used to
override color palette commands in the file or to generate a col or
imge froma black and white file.

L - Loads graphics image to nenory. A nap background, or any image can
be saved on a disk file (see Crl-S) so that when a new image is
drawn it will be drawn on top of this inage. This command wil |

load that image froma file called BKGD. 00X each tine it is

i nvoked. When a new frane is started the BKGD file is
automatically |loaded into menory, rather than the ZERO file, to
initialize the graphics imge. This can be cleared back to a
bl ank i mage by pressing Crl-C
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P - Prints the internal graphics inage to the current print device.
Thi s device can be defined as either LPT or COM0/1/2 in the CFG
file. A definition of "0" disables printing to a device and
i nstead sends the print inage to a file called PCL.101. This file
can be printed later on the DOS | evel by the conmand: copy /b
pcl. 101 prn. Each invocation of the command increments the file
suffix by one.

R - Read and skip the next frame. On multi-frame inputs HYTEK wil|
only read the next graphics frame and not display or interpret it.
It will pause at the next new frane character. This nethod is
slightly faster than displaying unwanted graphi cs i mages.

S - Saves the current internal graphics inmage to a file (BKGD) and
sets an internal toggle so that when a new graphics frane is
started this image will be | oaded rather than the blank map i mage
(ZERO) .

X - I nvokes the HYTEK configuration (CFG file editor, which pernmits
nodi fication of any of the first field paraneters. Exiting from
this will result in reinitialization of the graphics nmenory
printport.

Z - Redi spl ay of the help nmenu.

H. 3 Command Li ne Operation

Normally HYTEK is called fromthe DOS command |ine and after
initialization it will wait for appropriate user pronpts. However, sonetinmes
it is desirable to use the emulator in a batch file to convert or print
nmul ti ple graphics frames without operator intervention. This autonmatic
process is invoked on the command |ine by follow ng HYTEK with a FI LENAME.

The programwi ||l then process that file according to the current configuration
in H/TEK. CFG Options can be set to print frane in the file or convert each
frame to a printable PCL file.
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APPENDI X | - HY-SPLI T ERROR CCDES

Certain conditions will trigger premature termination of the HY-SPLIT
nmodel simulation. If the sinulation is performed in a non-graphics environment
the nmessages will appear on the display. If the graphics output option is

sel ect ed,

error nessages will be witten to a file called HYSPLIT. M5G in the

output directory. A summary of how these error codes can be interpreted

foll ows:

Code

Description

METI NPUT

101

102

103

104

105

106

107

There was an error in reading the header |abel information at the
begi nning of a nmeteorol ogical data record in the meteorol ogi ca
data input subroutine. Normally this error would not occur during
the initial execution as the data are checked by several other
routines first. However, if the data becane garbled further in the
file it would be caught in the normal input routine. Another
possibility is that you reached the end-of-file and requested a
new file to continue calculations and this new file is not in the
correct format or is froma different data grid. Subsequent file
opens do not undergo extensive testing.

In the normal openi ng sequence the nodel can't position itself in
the neteorological data file within two attenpts to the correct
starting record to match the requested start tinme. This can occur
if there are extensive missing or duplicate data records in the
net eorol ogical file near the tinme that the nodel is trying to
position itself. Another possibility is that there are nultiple
nont hs of data on the file. The nodel can only handl e a maxi num of
two nonths per file. One solution nmight be to break-up the file
into smaller data groups. M ssing or duplicate data problenms can
be edited with the neteorological data file utility program -
GAMDUP.

Simlar to 102 except after positioning the tine in the header of
the record doesn't match the requested tine.

There was an error in interpreting the header |abel of the

net eorol ogi cal data record in the initial neteorological data file
eval uation program This error is nost likely due to specifying
the wong grid dinensions, in x and y, for the data file
requested. These dinensions are set in METFILE. CFG  The possible
reason for this occurring is that you are using an old

net eorol ogi cal data set created before the grid ID nunbers were
standardi zed, resulting in the nodel matching the neteo file grid
IDwith a simlar IDin the METFILE CFG that identifies the wong
data grid.

The nmodel can't find the METFILE. CFG file. The usual reason for
this and simlar "can't find errors" is that the directory for

i nput data files in DEFAULT. CFG points to the wong directory.

In this situation the grid IDwitten in the header |abel of the
net eorol ogi cal data record can't be matched with any | D nunber
found in METFILE. CFG  Presunably you just got a new data file to
run but you forgot to update the METFILE. CFG to reflect the

addi tional data.

The DEFAULT.CFG file pernmits you to select a variety of sub-grids.
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108

109

For instance few PC nodel s have sufficient nmenory to read in the
entire 65 x 65 northern hem sphere MRF data archive. Normally the
nodel will default to a subset of the data grid that matches the
di mensi ons for which the code was conpiled. However, the default
sets the lower left corner at grid point 1,1. You rmay not want to
simul ate only the South Pacific, therefore you can define your

nmet eor ol ogi cal data sub-grid anywhere over the domain as |ong as
the delta-x and delta-y of your sub-grid do not exceed the
conpi l ed dinmensions. |If they do you nust either alter the sub-
grid or reconpile if the larger domain is required

The routine that sets the nodel grid characteristics cannot read
t he header record of the neteorological data file. This is the
first tine that the neteorol ogical data are read by the nodel, so
that the error at this point suggests that even the first data
record is garbled. Perhaps there was an inadvertent ASCI| to
EBClI DI C conver si on.

A nodel report that southern hem sphere data is not avail able can
nean several things. First it is |ooking for southern hem sphere
dat a because you requested a starting latitude that was negati ve.
Therefore, the initial file that is opened nust be identified in
METFILE.CFG as a file that has a grid with a true latitude of |ess
than zero. |If that is not the case the nodel next assunes that

t he sout hern heni sphere data nust be concatenated to the northern
hem sphere data. Typical, although not required, in the archive
format is that each data tine contains the northern hem sphere
data foll owed by the southern hem sphere data. |If this is not the
case then the nodel assunmes we are | ooking at a forecast fornmat
(not discussed in Appendi x D) in which the southern hem sphere
forecast data follows the northern hem sphere data after the | ast
forecast field (72 h). |If none of these conditions are nmet then
the error nmessage will be displayed. Note that although the

nort hern hem sphere data sets extend into the southern hem sphere
it is not possible to start a trajectory in the other hem sphere
for either hemi sphere's data. The only way to bypass this
restriction is to create an ENDPTS. ASC file that contains the
starting point and | et the nodel continue the calculation from

t hat point.

SETMODEL

401

402

403

404

Model can't find the DEFAULT. DAT file. Check to make sure that
the input file directory is properly set in DEFAULT. CFG

The nodel [ooks for DEFAULT. CFG in the home (default) directory.
The nodel needs to read this file before it knows in what
directory the other files are located. The HY-SPLIT batch file
first copies the DEFAULT.CFG file fromthe CFGFILE sub-directory
to the EXECMDL sub-directory. |If you get this error you are
probably running the nodel directly rather than through the batch
file.

The file MDLCON.BIN is only required when you are going to be
appending to it. As it is primarily an output file, even when used
for input it is defined in the output files directory in

DEFAULT. CFG

The ROUGLEN. BIN file contains a global extract of the aerodynam c

roughness length. It is required to be in the input files
directory.
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405

The ENDPTS. ASC can be used for input or output. Depending upon
its usage as defined in DEFAULT. DAT it nust reside in the
appropriate input or output directories as defined in DEFAULT. CFG

EM SSI ON

701

It is possible to define the latitude and | ongitude of a source
poi nt off the meteorol ogical data grid. This nmessage appears when
that condition occurs. The nessage al so contains the coordinates
that should be entered in DEFAULT. CFG for the lower left corners
(in x and y) of the neteorol ogical sub-grid so that the selected
originlies in the center of the neteo sub-grid.

GRAPHI CS

801

802

The nodel cannot set the graphics node for any nunber of reasons
such as an unsupported video graphics node. The only solution to
this is to turn off the run-tinme graphics option in DEFAULT. DAT.

The run-tinme graphics setup program cannot find the scal able font
file: MODERN.FON. It should be in the input files directory.

Anot her possibility is that the file became corrupted. |If you
have M crosoft fortran available just copy the font file fromthat
directory to the HY-SPLIT CFGFI LE sub-directory.



803 The run-tinme graphics setup program cannot set the font size for a
nunber of unknown reasons. Turn off run-tine graphics. Another
possibility is that there is some interference froma TSR program

Try re-bootting first before trying to renove sonme resident
pr ogr ans.

804 There was an error in reading data fromthe map background file
EZMPDAT. Perhaps the data has been corrupted and it is necessary
to obtain a repl acenent.



APPENDI X J - VERI FI CATI ON STUDI ES

J.1 ANATEX Val i dati on

The Across North America Tracer Experinment (see Draxler et al., 1991) was
used to test the concentration cal culation portion of the HY-SPLIT code. The
results reported here are only a coarse summary of all the possible tests that
coul d be perforned. ANATEX consisted of 66 tracer rel eases evenly divided
between two | ocations for a three nonth period during the winter of 1987.
Sanpl i ng was conducted at distances of 100's to 3000 km fromthe tracer
rel ease points.

Figure 1J. Three-nonth average , Fi gure 2J. Three-nonth av%gagﬁ
reasiPBda¥Bhaght F hAFBhH £BRCERI BAKEAN €Xpr&g @ed Qﬁ)ﬁdﬂﬂ(grré%m L el e

wgt Ml STC-st. d JBe at 7 sanpling
gggﬁPgﬂg I's s omnaﬁﬁ E}g.cﬁggd'The neasJ?e ég?% conzygfstdf(g tcgee-nonth

time series of 24 h average concentrations. These were averaged at each site
and shown in units of concentration by volune (parts in 10'). Contours are
drawn at about factor of two intervals (1, 2, 5, 10,...) at parts in 10°

Not e how the nmeasured concentration only drops about a factor of ten fromthe
source region, the north central states, to the Atlantic and Gulf coasts, the
edge of the sanpling domain




The comparabl e nodel calculation is showmn in Fig. 2J. This nodel
simul ation used only the first 6 sigma |evels of the NGM net eorol ogi cal data
In general the magnitudes of the calculations are simlar to the neasurenents
with the exception of some consistent over-prediction near the St. C oud
source region. The near-source over-prediction is due to a constraint within
the nodel that forces the concentration summation routine to sumto at |east
one grid point each advection step. This elimnates the possibility that a
narrow plunme may slip through a coarser concentration sanpling grid. The
nodel prediction may be nodified in this situation by increasing the
concentration grid resolution until the nodel calculation is no |onger
sensitive to grid size. At further downw nd di stances the nodel cal cul ation
is quite good, al so showi ng about an order of magnitude drop across the
cal cul ati onal domai n.

Mbdel performance can al so be evaluated fromthe individual 24 h sanples
The results are summarized in the table shown bel ow for rel eases from GGW and
STC with sanpling stations sorted into two di stance bands, those within the
2000 km arc and those at or beyond the 2000 kmarc. Each conbi nati on has the
correlation coefficient (corr), the ratio of calculated to nmeasured
concentration for all cases (nean) including cal cul ated and nmeasured zeros,
and the plunme cases where both the neasured and cal cul ated val ues were greater
than zero at the same tine. The plune statistic is a nmeasure of how well the
nodel cal cul ates di spersion for an individual release. The nean reflects the
di spersion as well as the accuracy of the advection because the overall nean
is also a function of the nunber of tinmes a calculated or neasured plune was
over a particular sanpler.

Table 1.--Statistical sumary of ANATEX sinul ations

< 2000 km >= 2000 km
corr nean plume corr nean plume
coef M COM coef M COM
eGew .69 2.9 3.2 .32 1.4 1.8
STIC .34 1.7 1.7 11 1.6 1.5

For unkown reasons, calculations [at GGWare nuch better than at STC as
r epresented by the correl ati on. However, |GGWN rel eases show rmuch nore over-
predi cti on than STC rel eases at the dloseg-in sanmplers. The three sanplers
surroundi ng STC were excluded fromthe cdlculations. The causes are difficu
[ o eval uate; one possibility is that |becquse the close-in sanplers around STC
surround the rel ease site, while the |GGMsanplers are at | east 500-km di st ant
and in a sector that requires Wst or| Nofjth-West winds, results in difficult
synoptic regi mes being under-represented|in the GGWrel eases while STC
r el eases woul d sanple all types of synoptfic events. Perhaps the WNWfI ow
associ ated with GGWrel eases has nuch noije dispersion than estimated by the
hodel .

J. 2 CAPTEX Val i dati on

The CAPTEX experinment was conductled during Septenber and October of 1983
consi sting of four perfluorocarbon rdl eages from Dayton, Chio and two from
Sudbury, Ontario. Six consecutive sqnplg¢s were collected at 84 | ocations for
cach tracer release. Sanple durationg valjied from3 to 6 hours dependi ng upon
di stance fromthe release site. In cdntrgst to ANATEX, tracer releases only
pcour eediwhanet Aget maasur ptiune was f or eceafitgure g).ovefertdye Sl g ekt wor K.
concentration (fL/L) fromall CAPTEX concentration fromall the CAPTEX
rel eases. tracer releases.
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Model simul ations of the CAPTEX experinment are a little different in that
no NGM data are available for this period. Raw nsonde observations were used
in conjunction with the gridding programW2GRI D to produce a nodel readable
input file fromwhich concentration calcul ations were made. A plot of the
aver age neasured concentration for all releases, simlar to the ANATEX
results, is shown in Fig. 3J and the conparable nodel prediction is shown in
Fig. 4J. Due to the higher background of the tracer used in CAPTEX to that in
ANATEX, concentration values are an order of nagnitude higher. The plotted
val ues and contours are shown in volune units of tracer in 10° units of air.

The resulting neasured and cal cul ated concentration patterns are nore

compl ex t
rel eases.
nmeasur ene

concentra ) ual ati ons
show a nu e e due to
t he decou As al
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regi on wojdy Ji nni ng of
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Figure 5J. The ratio of calculated to neasured concentration
pairs sorted by cunul ative percent for the CAPTEX and ANATEX
experi nents.
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J. 3 CAPTEX ver sus ANATEX

Al though there are considerable differences between the two experinents,
one sinple conparision wuld be how well the nodel predicts the plune
di spersion. Those cases when both the measured and cal cul ated concentration
is greater than zero. To nmake the CAPTEX data nore conparable to ANATEX the
concentrations at each sanmpling | ocation were averaged over each experinent,
resulting in an 18 to 36 h average concentration, conparable to the ANATEX 24
h sanpling periods. The resulting individual calcualated to nmeasured
concentration ratios were then sorted and are shown as a cunul ative frequency
distribution in Fig. 5J.

Overall the two distributions are
remarkably simlar, with CAPTEX
showi ng a nedian ratio of 0.6 and an
ANATEX nedi an closer to 1.0. Fifty
percent of the CAPTEX predictions
range over an order of nmagnitude (0.2
to 2.0) while 50% of the ANATEX
cal cul ati ons al so range over an order
of magnitude (0.3 to 3.0).

Met eorol ogi cal ly the main
di fference between the two
experinents is that CAPTEX was a
sumrer experinent while ANATEX was
conducted in the winter. The
di fferences in nodel performance
bet ween sunmer and wi nter suggests
that the calculated mxing is
probably too little in winter and too

great in sumer. |Inproved nodel -

predi cati ons can probably be achieved Te0

by reducing the range of cal cul ated a0 —_— .
vertical mxing. Wth the current Figure 6J. Trajectory using MRF data,
nodel m xi ng parameterization, this conparabl e to the case shown with NGV

is difficult to acconplish, without a Q{ata in sinulation test005.
maj or revision of how that part of

t he nodel is designed.

J.4 NGM versus MRF cal cul ati ons

Al t hough conparing cal culations with NGM and MRF data is not a validation
it provides an additional neasure of uncertainty that can be expected from
these type of calculations. As a special test nmeteorol ogical data for the
sanme period (Nov. 1, 1991) were extracted for a sub-grid over the continenta
U S fromthe MRF archive. The MRF trajectory for the same case (test005 -
Fig. 8) that was shown in the main text is illustrated in Fig. 6J. Note that
it is somewhat slower than the NGM trajectory and hence intercepts the | ow
(where the cyclonic curvature begins) further to the east. Further the
vertical notion associated with the |low also drives the trajectory upward as
it nmoves west.
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Figure 7J. Air concentration estinates
using MRF data, sinilar to the NGM case
shown in Fig. 10 (test006).



A simlar conparison can be made for the air concentration cal cul ati ons.
In that case the NGM sinul ation test006 (Fig. 10) is rerun with the MRF data
and is shown here in Fig. 7J. The range of concentrations and naxi mum val ues
are simlar, although not identical. This is to be expected due to
differences in the trajectory, w nd speed, and of course how the verti cal
mxing is computed for the two data sets. NGM m xing coefficients are
calculated fromthe surface heat and nonentum fluxes, while those fromthe MRF
are calcul ated froma bul k Richardson nunber estimated fromthe coarse
resol uti on MRF wind and tenperature soundi ng.



