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1 Introduction

The purpose of this document I8 {0 describe oeganlzation and structure of data wsed amnd produced by ENLIL
code. There are additional documents descelbing the global context of helicapheric stmalations, numerical code,
and preparation of Input daca.

Hellgspheric slooulatbon s an activity that requires the user to specily nput data, conplle the osde, run the
computatbkon, amd process the eesulta. We have adopted varlous naming conventlons to simplily organization
and adminlstration of the above work, to [acilitate mutual wnderstanding and collaboeation, and to enable the
development of some auxillary tools such as data converters and user Intorfaces.

2  Organization of Data

Basic computatbonal schema s shown In Figuee 1. Input data and Input parameters are lnput to the code that
peoduces outpat data amd output log, These files ave placed within the directosles as shown In Flgure 2. System
ol naming conventions & adepted to identlly individual files as shown o Flguee 3.

2.1 Project

Computationg that are slmilar ave grouped together within a <profect= directory. The <project> name 8 to
he apecified by the wser 88 a combination of 1-8 alpha-numeric charvacters. The <project> directory contalns
e of more < oee, < cades, and < runds dieectorbes, as shown In Flgure 2. This classification enables to have
unigue dentifleations for computations of different physical cases by difforent numerical models with different run
parameters. Mote that there are different divectory names but the same file names. thus the unigue file ldentificatbon
reqguires o specily directory name as well.

2.2 Case

The casa. < cage= directory contalng Input data. The < s> name 5 deelved from the user specifled names into
ane af the following three possible steuctures:

< raabinl waluedss < grids=
< boundary valuest> < grid>
< il nalues < boundory veluess < grid=

The <initial valuess> and < boundory values= are to be specified by the user as a combination of 1-8 alpha-numeric
characters. The <grid> name ls to be specifled by the wser with the syntax <nl=x<nf>z<nf>=, where <nl>-,
<nf=, and <af> are the number of cells In the each dieection of the computational domain,

The case. < case’= directory contalns the lollowing names: ini.txt, bod. txt, grd .ne, ini.ne, bad . ne, ini . pog,
and bod . pog. Flles ini.txt and bod. txt store names and values of parameters used Inoa eceatlon of ini.ne bad . ne
fibes, pespectlvely. Flles fni . pag and bod . pog are representative Images showlng the maln chavacterlstles of Initial
and bhoundary data, respectively.

Input Diata Cutput Cata
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Imput Parameters Cutput Log

Figure 1: Basic computational scheme.
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Figure 3: Hlerarchy of naming conventbons.

2.3 Code

The code. < eode diesctory contalng array dimensions, makeflle, and complled executable, The < edel> name 18
a dorived name [see Flgure 3) and It has the following naming strecture:

<grid>.< PEs>=<maodel>

where < grid> 8 the number of geld cells (o the form of <nl=x<nf=x<nis), < PEs> I8 the number of processing
elements, and < model> 18 8 combination of 1-8 alpha-numerle characters deflnlng options selected durlng the
pre-proeessing step of the compllation. All these thres names arve to be specifled by the wser. Note that < grids>
speciication for the < eode> has to be identbeal with the specification for the < eage> (20 the previous Sectlon).

The code. < oode> directory contalns the lpllowlng names: code. txt, Hakelile, condim.F, anlil, mertim.
Flle code . txt store names and values of parameters that define the eode optlons and arvay dimensions that were
used to create of Makefile and comdim . F fles. Flles Makef ile and comdin. F are used at code compllation and
files enlil and merim are hinary executables.

2.4 Run

The run . < runz divectory contalng input parameters, output data, output bog, and, o the ease of a parallel system,
hateh serlpt and errors log. The <run> name has the followlng structure:

< mgets, < PEs= =< model> < jaremelers> |



(gee Fligure 3 for speciflcation of < eage=]. The < mrmamelerss> name I8 & combinatlon of 1-8 alpha-numerle char-
acters. Note: by using < PEs>=<mmlel= Instead of <eode’= there s only one <grid= name used In the <rmn=
name, slnee the < grd> names are ldentleal In < eose> and < code> names.

The run. < run> diectory contalng the ollowing names: par.txt, in, out, run, job, tim. rirr.8e, evh.ne,
eyl.ne, evg.ne, and evp.one. Flle par. txt store names and values of parameters that deflne sere used to create
in, run, and job files. File out contalng messages prosducs during the computatbon and files with .ne sufflx contaln
varbous output data.

3 Input Data

Input data are initlal and/or boundary valwes used o “drive” the numerical computations. Input dats are stored as
NetCDF files and Involve atteibutes, dimensbons, and values of varlables (stoped in the metele 51 system of physieal
units).

3.1 Files

There are four possible Input data flles as glven o Table 1. At least one of the data file has to be provided by
the user. Il only Inbtial values arve provided (fle type ini or res) then constant values [extrapolated from the
computatbonal domaln at the beginnlong of computations) are used at the Inner boundary, I enly boundary valwes
are provided (e type bed or pas) then initlal values at the beginnbng of computatlons are extrapolated feom the
houndary values and numerleal relazation s used to obialn physlcally conslstent initlal state.

The ENLIL code can produce up to eight data files glven in Table 7T depending on valwes of Input parame-
ters provided for computations. In the fle type tim, <rrer= B oa d-dight ldentification of the time level |(pecond
number), with leading zeros. In case of parallel computations, the tim. frreone fle I8 produeced (after Anlshing the
computatkon) by the MERTIM procedure that merges < pppce - tin. <rrredeone flles produced by Individuwal process-
ing elemsent on & pacallel system (< pppps= & a d=digit dentifications of the processing element (slab number jwith
leading zoros). Meaning of the x=s.ne amd ave . ne files s llusteated o Figures 4 and 5. respectively.

Table 1: Input data fles
File name Preclslon  Description

ini.ne Diouhle Initlal walues for the new computation

res, nc Diouhle Initlal walues fom the previous computation
bod. ne Diouhle Boundary values at the nner boundary

pas . nc Diouhle Boundary values from the previous computation

3.2  Attribites

Atiributes are deseripibve labels sssoclated with the each MetCDEF flle (glohal atiributes) and varlable [varlable
attributes) and they are lsted in Tables 2 and 3. respectively.

3.3 Dimensions

Dimsensbons of the NetCDF dataset defline the shape and skee of arcays contalning data for Individual variables.
Each spatial dimension has assoclated two array dimensions to distinguish between data stored at cell cenbers or
cell Interfaces. A paming conventions ls used In which the Individual spatial dimensions are numbered 1, 2, and 3,
Tollowed by a label b IF data at eell interfaces (thepe are just numbsers withou label b I data ave at eell centers).
Numbered dimensions 1, 2, and 3 coreesponds (o dimensions &, i, and z in Cartesian, v, ¢, and # In eylindrical,
and +, &, and  In spherleal oeoedinate systems,

Diferent flles contain arrays with different dimensions a5 glven In Table 5. Thelr spatial dimensions have o
corpespond to the <gHd> values specified at the compllation of the < ouedal=.

Dimenslons of the NetCDF dataset define the shape and skze of numerical arrays containing values of Individual
varlables, There are up to elght dimensions that can be used In nput and cutput data files a2 glven In Table 4.



Table 2: Attributes of lnput data flley

MName Dreseription

Lype File type (see Tab. 1)

title File content lakel

name Name of < soge [sep Sectlon 2.2)
project Project name lahel

initial Initial walwes label

FEE e Resume values Label

boundary Boundary values lahel

pasEaga Passage values label

grid Numerleal geid label

pecmetry Coordinate system (carteaisn, eylindrical or spherical)
code Computational code labeal

parameters Hun parameters label
refdate mjd Referonce date In Modified Jullan days [=J0-240000008.5 )
histery Drate and time of the Ole origin

Tahle 3 Atteibutes of Input data variables

Mame Diescelption
long name A long descriptive name [title)
unika Playyabeal unit used for the varlable's data

Spatial dimensions (81, 82, 13, nih, ndh, 83h) define the owmerdeal mesh. A naming convention 18 wsed o
which the Individual spatlal dimensions aro aumbeesd “17, “2"and “3". Arrays with dimenslons 1, 22, and 53
(nib, 5Zh, and a3h) contaln dats st cell centers (cell interfaces) of the numerleal mesh. Additional dimensbong
nblk and atime are used In case of the AMB computations and storing data at different thioe levels, respoctlvely.

Different array dimensions are wsed for maln varlables o the eomputational domaln (Table TT), at the lnopes
houndary [Table T?), and stored at the given positions (Table TT).

— Table d4: Dimensions of vaelables

Mame Array dimensiong

nl Number of cells in X 1-direciion
n2 Number of cells in X2-direciion
n3 Number of cells in X3-direciion

nih MNumber of cell interfaces In X1-direcibon
ndh MNumber of cell interfaces In X3-direcibon
n3h MNumber of cell interfaces In X3-direcibon
nhlk MNumber of computational hlocks

otime Number of time levels

Table 5: Dimensions of Input data vaclables
File name  Array dimensbons
ini.me nl ® n2 x nd = nhlk
res. ne nl ® n2 x nd = nhlk
bad.ne I = n2 x nld
pas.nc 2% n? xn2

i |



3.4 Variables

Input and output fles hawve three maln data strectuees 35 ghven in Tables T7, 77, and 7. Varlables are spatial
coordinates (x1, =2, =3, xilh, x2h, and x3h), physical {ime and numerieal timestep (time, dbatep), parametors
(gemma), and maln varlables (d, €, w1, %2, «3, bl, b2, b3, dp, bp}. Mumbers 1. 2, and 3 coerespomnd 1o
components x, g, and g o Carteslan, r, ¢, and # In eylindrical, and =, 8, and @ In spherlcal coordinate systems.
Note that varlables dp andfor bp are used in certain applications only.

Input and outputs data Ales that contain spatial distelbution of values at glven time levels (fle types res, tim,
xle, x2s, and x3a8) Involve variables glven In Table 77,

Boundary data fles contaln time-dependent values at the lnner boundary of the computational domalin. These
files [bnd.ne and pas.ne) Involve varlables given in Table T? wheee abl i3 1 or 2 for bod.ne oF pas.ne fle,

Temporal evolution Ales (evh.ne, evl.ne, evg.ne, and evp. e ) contain variables glven in Table TT where nobs
is nhel, neel, nges (=5), or opla (<=8) [or evh.ne, evl.ne, evg.ne, of evh.ne fle, reapectively.

3.5 Variables
Input data files contaln data given in Table §

Table 6: Varlables of Input data

Name Diescrlpibon Unlts
z1(ml] Hellospherle position of cell centers f
£2(n2] Meridional pesitbon of cell centers rad
£3(m3] Azimuthal position of cell centors rad
zihinik) Heliospherle position of cell interfaces  m

22h (n3h) Meridional pesition of cell Interfaoes rad
23k (n3k) Azimuthal position of cell interfaces rad
Lime Physlcal thme &
distep Time step &
Eamma Ratlo of specific heats -
d{ni,n?,n3)  Mass density kg /m?
t{nl,n2,n3) Temperature K
vi(ol,n2,03) Radial velocity 8
v2(nl,n2,03) Merdional velocity 8
¥3(ol,n2,03) Azimuthal velocity 8
bi(el,n2,03) Radlal magnetic feld T
b2(el,n2,03) Merdional magnetle feld T
b3(ni,n2,03) Radial magnetic feld T
dp(nl,n2,083) Cloud mass density kg/m*

bplel,n2,03) Magoetic feld polarity -

Mumbered dimensbons 1, 2, and 3 coreespomds to dimensions &, g, and z In Carteslan, +, ¢, and £ in cylindrical,
and +, &, and @ In spherlcal cpordinate systems.,

4 Output Data

Chitput data arve stored as NetCDF files and nvolve atidbutes, dimensbons, and values of varlables (stored 1o the
meetele 51 system of physical units).

4.1 Files

The ENLIL code ¢an produce data files given o Table 7 depending on values In input parameters provided Tor
computatbons.



Table T: Crutput data Hles

Narn Precision  Deseription

reE.ne Dokl Restart values for resuming the previows oormputatlon

Lim. rrrr.ne  Single Values within the computationsl domaln at glven time levels
xla.ne Singla Values on the Theta-Phi slice at B and at given time levels
x2a.ne Singla Values on the R-Phl sllee at Thota and at given time levels
x3&.ne Singla Values on the B-Theta sllee at Phl and at given time levels
evh.ne Singla Temporal evolutlon at glven positiong in hellosphess

eyl.ne Singla Temporal evolutlon at glven positlons on Sun-Earth line
aug.ne Singla Temporal evolutlon at geospace positiong

ayp.ne Singla Temporal evolution at planctary positions

Note that the tim fle 18 produced (after the compuotation = fnished) by the HERTIM procedure that merges tim

files

< PR bim. < PrTT DG,

peoduced by Individual processing element on a paeallel system (< pppp= and <rrere are d-dight identifleations of
the processlng element (slab number] and tlose level (record number ), with leading eoros, respectively).

4.2  Attributes

Adtributes are desceipilve labels associated with the each NetCDFE file (glohal atiributes) and varlable [varlable
attelbutes) and they ave lsted In Tables 8§ and 9, respectively. Note that global atiributes are replicated from Input

data, codde specificatbon label, and the very frat line of Input. parameters.

Table 8 Attributes of output data files

Name Dascription

Lypa File type {see Tab. T)

Litle File content lakssl

name Mame of <run>= (see Sectlon 2.4)

project Project name lahel

initisl Initial waluwes lalel

T e Resume values label

boundary Boundary values label

passage Passage values label

grid Mumerlcal grld label

Eeometsy Coordlpate system {cartesian, cylindrical, or spherical)
coda Computational code label

parameters Run parameters label

refdate mjd Referonce date In Modified Jullan days [=J0-240000008.5 )
histaery Drate and time of Ole origin

Table 9 Attributes of cutput data varlables

Name Diescription

lopg name A long descriptive pame [(1itle)
units Plysleal wnit used for the varlable's data

=1



4.3 Dimensions

Dimsenskons for & NetCDF dataset defloes shape and size of arrays contalning data [or individual variables. There
are two maln groups of KetCDE Oles.

Flles with values at glven time levels [(file types: ini, res, bed, pas, tin, x1s, x2a, and x3s) wse up to seven
dimenslons to speelly arcays depending on the Ole type and the partleular varable, As ln Sectlon 3, the Individual
spatial dimensions are numbered 1, 2, and 3, and values located at the cell centers unless a lahel b 5 used..
Numbered dimensions 1, 2, and 3 coreesponds (o dimensions &, i, and z in Cartesian, v, ¢, and # In eylindrical,
and +, #, and ¢ In spherleal coordinate systems. Finally, the temporal dimension s used In Ale types bod, pas,
sle, x2s, and x38) and It corresponds to the number of tkoe levels at which data ave stosed.

Diferent flles contaln areays with different dimensions as given o Table 10, Files with temporal evolution at
given polots (Hle types: evh, evl, evg, amd evp) have arcays with the st dimension corresponding to the numbses
ol ohserving points, and with the second dimension coeresponding to the pumber of time levels.

Table 1) Ddmensions of cutput data variables

File name Array dimensions
TEE.OC nl ®x n2 = nd x nhlk
tim.#rrr.ne 0l x 02 = nd x ohlk
xls.ne 1 = n? = nd

28 .0c nl x 1 = nd

38 .ne nl = n2 = 1

avh.ne nhel ® niloe

avl.ne nsel ® niime

V. ne nges ® niloe
avp.ne npla = ntime

Table 11: Varlahles of spatial-distributbon data

Name Deseelptlon Unlts
£1(nl) Helipapherle pesition of oell conters 1
£2(n3) Mesidional positbon of oell centees rad
£3(n3) Agimuthal positlon of eell conters rad
2lh(nik) Helipapherle pesition of oell nterfaces  m

22h (n2h) Meridional pesitlon of cell Interfaces rad
23k (n3k) Agimuthal position of cell interfaces rad

L ime Plyaleal thnoe &
dietep Tl step &
gamns Ratle of apecific hoats -
dini,n?,n3)  Mass density kg /m?
t{nl, 02,83}  Temperaturo K
vi(el,82,03) Radial veloeiy o/ 8
v2(p1,82,03) Merldional veloclty o/ 8
¥3(pl,82,.03) Azimuthal velecity o/ 8
bi(el,m2,03) Radial magnetic Qeld T

b2 (el,m2,03) Merldional magnetie feld T
b3(el,82,03) Radial magnetic Qeld T
dplol,n2,83) Cloud mass densiiy kg /m*

bplel,n2,03) Magnetic feld polarity —
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4.4 Variables

There are twip types of ocutput data Ales and they contaln different variables.

« Spatlal distributlon files (res.ne, tim.ne, xls.ne, x28. ne, and x38.ne) contain varlables given in Table 11

Point= in hoiosphene

Fainls an Sun-Earth linz

Farls at goeospace

Figure & Ontput fles with temporal evoluthon at polnts.

Table 12: Variables of temporal evolution data

Namme Diescription Unlis
xl(nobs,ntima) Helipapherle posltion fi
®¥2(nobs,ntima) Meridional pesition rai
x3(nobs,ntima)  Azimuthal positlon rai
Lime{ntime) Physical thme A
destep(otime)  Tloe step A
ganma(nt ine) Ratlo of specifc heats -
dinobs,ntime)  Mass density ky fm®
L {ruels, nt ime) Temperatur K
vi(nabe,ntima) Radial velocity 3
v2(nabs,ntima) Meridional selocity 3
vil(nabe,ntima) Azimuthal velodty 3
bllnobs,ntima) Radlal magnetic feld T

b2 (nobs,ntima) Meridional magnethe Gedd T

b3 (nobs,ntima) Radlal magnetic feld T
dplnabs,ntima) Cloud mass density kgfrﬂ"'
bplnobs,ntima) Magnetle field polarity -




& Temporal evolution fles (evh.ne, evl.ne, evg.ne, and evp.ne] contaln varlables glven in Table 12, with
values In single precision, where nebs i3 nhel, neel, nges, or npla for evh.ne, evl.ne, evg.ne, and evp.oe
file, respectively.

4.5 Mass Storage System [MSS)

NCAR's Mass Storage System (MSS] I & central, large-scale data archive that stores data used and genecated by
peograms executed on NCAR s compute seevers, The MSS I8 used from Intermediate and long-term storage of Oles.
Flles are stored ln one of theee locations, lsted here Ina hlecarchy with the shortest access time flests

1. the disk farm;
2. the robotie tape lHheary
J. the oflline tape archive

The M55 migrates fles among these theee storage systems to peovlde the most eflicient use of the system. Whene
the files reskde as & glven time depends on thele skze and bow regquently the files am requested.

5 Community Data Portal (CDP)

NCAR/SCD has established the Cornmunity Data Porcal (CDP), & collectbon of carth selence datasats [rom NCAR,
TCAR, TP, and partelpating organizations in the areas of oceanle, stmospheric, space weather, and turbulenes
mesearch (htep:/ fdataportal . ucar. adu).
Besults feom selected numerical slmulations are archived as data sets at the NCAR Supercomputer Center In
Boulder, CC, These data sets are avallable via the Community Data Portal (CDFP) that provides an Interactive ac-
¢eas to browslng, pre-viewlng, and downloading of data sets. The CDP can be actessed at hetp: £ /dataportal  ncar o edu: 3443/
where the user 18 asked lor registeatlon.

5.1 Classification
Results from helligspherie simulations are classifled according to:

& Dirmensionallty:

— spatial distributlon at glven tlme lowels (2.0 or 3D areays)

— temporal evolutlon at glven locations (o hellosphere, on Sun-Earth line, at gecspace, at planetary
positions)

— speclal (magnetic feld lne)

& Computational code:

— physical maodel
— method of solutlon

— numeriecal pesoluilon

& Dielver |Ume-dependent boundary valwes)

— analytle models

— emplrical models

— numerleal models
& Conditions

— amblent solar wind

— iransient disturbances
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5.2 Main Structure

Diata files aseessible via the CDP are hierarchieally organkeed as shown in Fig. 6.

5.3 DMain Metadata

Maln description of the avallable datasets Is contalned o the the maln metadata according (o a so-called Dublin

S

Flgure 6: Main structuee of the CDF data Oles.

Ciore Metadata as glven in Table L3

Mested Datasets

[nformation

6 Incorporation of Data into the CDP

6.1 Main Metadata

To [acllitate automatle conveesbon of helloapherle data lnbo the CDP system, we are providing the project . txt

file [Tab. 14) with Information reguired by Dublin Cose Metadats (Tal. 1.3].

6.2 Information and Data Files

Data archived at NCAR/MSS are then converted into NCAR /CDF using the relatlons given in Table 15

6.3 Automatic Conversion

T References
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Tahle 13 Breiel descripilon of Dublin Core Metadata

Name Deserlptlon

Litle Name glven to the resourog

creator The person or organization primarily responsible
subject Keywords or phrases describing the subject or content
description A textual description of the content (absiract)
publisher The entity responsible for making the resource avallable
contributer A person or organization whose contributlon 8 secondary
date A date assoclabed with the creation or avallability of the resouree
Lypa The category of the mespures

Tornat The data rmat

fdentifier A string used to unlguely ldentily the pesourcoe

HBOULCe Information aboui a second resouroe

language &0

relation An ldentifler of & second resouros

CovEerage Spatlal and/for temporal characteristics

rights A rights management statornent

Tahle 14: Example of the project . txt file

Litle 1897 May 12 Interplanetary Event

creater CU/CIRES and HOAA/SEC, Boulder, CO
creater SAIC, San Diego, CA

subject Space Weather

gubject Solar Wind

subject Loterplanetary Shock

description Boundary conditlons, distributlon and evolution
publisher NEF Center for Integrated Space Weather
contributor Dusan Odetreil

date 2004

Lype collection

f[ormat HetCDF

jdentifier cu.cires.anlil

source Numerical code ENLIL

language an

relation hitp: /feprg. sl berkeley.edo/cien
coverage 0.14=1.14 AU, 190Y May 12=23F
rights freely available

12



Takle L5:

Helation between files

Files in MSS Files in CDI* Comment

< praject= Catalog

prajecti=/project. Lzt Information Dheblin Core Metadata
cprajecti=/<case- Nesbed data set

wpraoject=/<case>/bad. txt Information Boundary parameters
wpraject:=/<case>/bod. png Information Boundary Image
praject=/<case/grd. nc NetCDF data Muwrmerical grid
<praject:=/<case>/boad. e NetCDF data Boundary conditbons
praject=/<code- Nesbed data set

<project=/<code>/code. txt Information Code parameoters
<project=/<code>/Makelile -

<praject=/<code>/eddin. F -

praoject=/<code>/fenlil -

praject:=/<code>/martim -

<praject:=/<runi Nesbed data set

praject:=/<runi=/par.txt Information Run parameters
wpraoject=/<run>/tim. rrrrone NetCDF data Spatial distributbon at glven tlme levels
praoject=/<run=/evh.nc MetCDF data Evolution at points In hellosphers
<praject=/<run=/evl.nc MetCDF data Evolution at points on Sun-Earth line
Spraject=/<runi=fevg.nc MetCDF data Evolution at geospace positlons
praject:=/<run=/evp.nc NetCDF data Evolution at planetary positions
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