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ABSTRACT:
| | RSIG UNIQUE/KEY FEATURES: BARRIERS TO DATA USE INCLUDE: ARCHITECTURE:
(EII:QISC-.‘-RiT:;e-ImgeI:E ;rfijllsgig??:v;axidely used free FAST: Where it used to take months of manual eftort to Data Discovery: how and where to search for available data useful Public Components
y : : : . . . ‘ : ubli ;
- - : Ay et data, RSIG allows it to be done in minutes. ;
applet and web service for quickly and easily retrieving, | o _g_ S T T e e e e e 1 for particular research needs. « Applet: Researchers primarily use the RSIG2D applet whose simple graphical user interface and visualization features enable quick and easy
‘d"stua“f)'ng’ a_nctzl)lsavmg useL—_spdemfleq SszetJfS of atmospheric | Old Method : Cearming ¢ it dor's website and data-ordering too) selection, retrieval, visualization, and saving of subsets of air-quality-related data from a variety of sources, including NASA, NOAA, and EPA.
atd - by vargble, geographiic domain, and ime range. ' - ) . | -earning o Use Sach aatd provider's WebSHs and daia-ordeting 10015, * Webservice: The applet uses the free, publicly accessible webservice - rsigserver - to retrieve specified data variables subsetted by longitude-latitude
I [Remote Server / Local Client \ . including learning the nomenclature of the various data products. . . . s . - I
: : : rectangle and date-time range. The rsigserver webservice is based on OGC-WCS for compatibility, data discovery (REQUEST=GetCapabilities)
Petabytes of available data include thousands of variables : AN | . e o . ,
: : . . . . . and interoperability with external software applications (“mash-ups”).
from a set of NASA and NOAA satellites, aircraft, ground | | Step2: l * Having sufficient local disk storage to hold copies of the ordered,
stations, and EPA air-quality models. | | BGB filg) L GGB g | Subsetcopy| unsubsetted data files. Typically, this will be tens of terabytes.
I\ — Subset |
We describe the architecture and technical implementation | Step 1: Manually FTP all/unsubsetted files. Program) : * Having sufficient time to download a year of typical satellite data, which =
details of this successful system with an emphasis on ' (Required months of manual effort, the use (265 subset | is composed of hundreds or thousands of large binary data files. -~ RS I G Data F I ow D I a ra m
achieving convenience, high-performance, data integrity and : of large interim disk storage, and was very W / : Retrieving a year of satellite data could take months.
security. | sl_ow to tra_nsmlt because of size, i.e., l . htt .IIWWW eba OV/I'Si
- R I f]'g_abﬁ'tis Tsiea_d Sf TeEaEytfsﬁ ________________ _: » Data sleuthing: once the thousands of files have been acquired they must p p g g
<[> [+ 6 husi jofmpub.epa.gov s rsigservertrsigzD.hum ¢ J (@ Google _ _ _ be examined (using binary decoding programs) and deciphered to learn
oxVars Sconaro Optons Prots * How long would this have taken using web form+email+ftp? the details
Datns:luu.nms: Eimum 4] ™ [ wmoois B Elcm&.cnmzkm 4] ™ | Acs 4] ™ | aasp B o HOW many ﬁleS WOUld need to be downloaded’? ' .
Variables: 16 | [ I.total attenuated ... |4 " AoD 2 RE AOD B PM 2.5 '3 AOD 3] ' u
 How many GB of disk space would be needed to store the files? 5t LA SEIEET § PR sl SHEeEr
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Data Retrieval: The Old method encodings). - _ _
N http://ofmpub.epa.govirsig/rsigserver
—- = To get six days of CALIPSO data for the region of interest: - Complex data quality flag interpretation and filtering subset data or images NASA Public Server (Forwarding)
ol : -.. :" " P T 2 - _ http://cain.larc.nasa.gov/cgi-bin/calipsoserver
it A T _ _ PERL - CGI
o 2 RO R N S s 1. Register with the NASA Goddard DAAC to create an account.
’ . o e i, = . . o el Data filters :
...................... 2 LOQ IN tO the DAAC Web Slte- GASP Filter Settings http subset http subset
______________ 3. After familiarizing yourself with the NASA nomenclature, select aop our fraction. subset query data wes data
: 1; . » 1] ” AODSTD: . All data 2] -
____________________________________ the appropriate “project” and “parameters. as ; - | NASA Langley Firewall T }:1)
4. Wait three days for an email telling you how to download the files. oo ;. e S e e T EP A FD HH httob / Port 80
g AR U 5. FTP the HDF files. wos. " O irewa P
S L emwmg he R In this case, 144 files @ ~0.5GB / file = 72GB and takes hitp sleis NASA Internal Server (Dedicated)
120 110 100 Ty B0 70 data
e 50 hours to download. > R query
—_— . 8. Process the HDE files into useful. subsetted formats C”:?i:::::'::ET;:;"S’:Ml[m 1001 2o -] correcly dsinauisned serosoleious feature) 5 http://url.../calipsoserver
mod4 optical_depth_land_and_ocean GASP AOD CMAQ-east AOD AOD [ ‘ " _ _ - . ) . '. ’ _ o ;g?ﬂgl:&mmﬁiﬁ::whm of correctly distinguished E PA D E@@@Eﬁm @D @@ WW@W @E@ m@ Eﬁ@] D E@@) PERL - CGI
e : (Only 23 of the 144 files actually contain a track that intersects T e e ws  Subse Regrdded
20060703: finished rendering animation ] in absolute units - not percentage) [0, : |~} - ata ata
Use the Playback Controls to view the animation. @ the Contlnental US_) l: o= 0 9916, 200 aq Server http IIIOfm pa p1 lrs I gse rve r Subset
When finished, press 'Clear Image Cache' to process another scenario. L = u EmE Data
@ston] | Secoe e T e e i (pecept ) (Reser ) (_cancel ) < AQSmart (DB)> PERL - CGI forwarding script -
Blswel | = L2 103 (8§ 8 g, [ (OO Eiigfiéf?éiﬁi Most file-ordering “web—accessible” data sources provide similarly slow, g P AL
@ Help| | Number of days to process: LARED —86 . - £ Nation Play Rate: o - ..
= O T | cumbersome, and limited access to the data. http subset NASA Databace Server
s query data A4
—————————————————————————————— - Database
Generating Animation I I —
! New Method ! EPA Internal Server (Dedicated)
| ( \ [ 3 p—— \ | CALIPSOSubset.c Webservice Security: Safe and Secure Parsing _
BACKGROUND/MOTIVATION: Remote Server veel Cllen ‘IIrtom [ rv i
' \ I T 2 || The PERLCG webserer st r designod wih http:/irtpmeta.../rsigserver eer. -co) s
| | ' Subset doute satmmny -y e i e e || known security best practices, safe and correct parsing CMA
Atm_osphe.rlc researchers rngre access to meagured data from ground I G’rogram :>(Browser) I :zzzttczzizvfzfnagle; /- nane :}%eiaZevizjsﬁetieif;iy. Y * The code has passed all reviews by EPA and NASA forwards images dataQ forwards subset data WCS query data
stations, aircraft, and satellites for model evaluation and analysis | / Just extract and transmit 2MB subset l double aetinimm /¢ bininun OC value o accept. security experts. (Ca”psoserver ————
including exceptional events such as large-scale wildfires. l VERY FAST l et st i slee oy seninin sorimn | | TN SYStem has passed all security tests at EFA and WCS B AVYE
I ‘- " I  riteors .' /* above layers downward before filtering? */ NASA ISl 2DV|Z < WCS quer .
: ilterParameters; modisserver P __® NASA Goddard
| | I5GB f"el | etk v Mgl | = 11151 25 (1 X100 S nla) (S 1P ELE subse data
CALIFORNIA'S WILDFIRE I | T > \ 2GB subset / ' 2 o || - Untainting all query string input data query
1 \ J I static const Filterparansters filterTablel] = { « Restricting the environment variables |mages Cairnowserver D B e w < DATAFED.NET
I & b e e e e e ! cateso 2 osxumrRo, * Non-shell spawning processing as shown in the code |
Extinetion G0 Flag 3327, 0, 0.0, 0.0, DNtELerees, O /v Clear 0,1,4. +/ excerpts below _
) ) ) b S i Calrnowzserver
Data Retrieval and Vis: The RSIG Way - Quick & Easy aussosa om0, ltesubse
?:'.'CAD_Score", 0, -100.0, -20.0, 0, O CneSdisserver
Visualization 3
1 1 H . H /* Search table for variable name and apply each filter variable found: */ SUbset data
Just five minutes to stream and visualize six days worth of datal o o e " fagsc
ronst Fiitarparameeores const amery - Eivartbio 1 inder, | e agsdserver
+ CALI PSO LIDAR BaCkSCatter co:;;Z%n:w:.:Er-lgt;Pe == entry->type q
+ MODIS Ae rOSOI Optical De pth .. foursl:r():m[:( variable, entry->variableName ) == 0 );
+ MODIS Cloud Optical ThiCkneSS :zz::ei;zMgil;enzrenli Zni;;fzc_;giiiﬁ;? ? entry->qcLevels : levels; Y CMAQ fIIeS C Uvnetserver
. 22::ieigiM?§é§Dum== entry->gcMaximum; . (PERL C Gl)
+ Airow PM 2.5 ST o, e e local files
. . ! strcmp( entry->gcVariable, "CAD Score ; N iteSubset
+ NESDIS Biomass Burning PM 2.5 e o) | Sl __ete.
5 um“’ S s R GASP AOD | NOAA ftp site
Data Download pasa T Mase SOl gnd wmeaine 132 sond sase wnisineing cor rouine
Saving the data subset to local disk: ! T S
ok = filterDataByQC( swath->fileId, data, points, levels, my $count = @names;

my S$Sresult = 0;

Just five minutes to stream & save full-resolution subsetted data

entry->dataMinimum, entry->dataMaximum,

and yielded under 250MB in compressed simple—format files. SR o, i, e I
$ date g I ey i IMPLEMENTATION COMPONENTS:
Thu Feb 7 15:52:48 EST 2008 e o my flomerceseention - el gortion
$ date Ll s Csparees - . _ _ . . . . .
Petabytes of Air Quality (AQ) data are stored at centers around the Thu Feb 7 15:57:56 EST 2008 et maimmoet ety By 2 oo - Behind the scenes of the public components, there are a chain of webservices invoking data subsetting programs that read the data files needed
’ . . . . $ Is —asl */ L
country, such as NASA's Distributed Active Archive Centers (DAAC) and 64 —rw—rw—r— 1 plessel visstaff 31978 Feb 7 15:55 airnow. PM2.5_200710236.xdr.g2 ot o ot eeetatety - et eE e vamtabne 1 - for a request.

if ( *uncertainty ) { my $result = 0;
int found = 0; /* Does the generated uncertainty variable exist? */

NOAA’s National Climatic Data Center. However, access to these data 0 —rw—rw—r—— 1 plessel visstaff 0 Feb 7 15:55 aqs. PM2.5_20071023—6.xdr.gz

if ( $command =~ m#"(/[\w-]+/[\w -/., ' :?2=&]+)S# ) {

is often prohibitively difficult, time-intensive, and requires significant ez T ﬁg:g visstall 24231 J0AT Heh T ;gfsfgf)‘“gﬁgf??offfggﬁgogfsf‘6-Xdr-gz fo ( indn - 07 1 fowd . e < s arialaciuns i ) | R ——— - For large daily-generated datasets, these data-specific webservice applications and subsetters are installed at the data provider site.

} my $pid = open( the_pipe, "-|" );

 For small or static datasets, the data and processing is stored on a dedicated server inside the firewall at EPA.
* The webserver applications are PERL-CGI scripts that safely parse the query string, issue SQL to a database for the list of data files needed,

staff and computer resources by the consumer. 69000 —rw—rw—r—— 1 plessel visstaff 35298901 Feb 7 15:58 modis2_COT_20071023-6.xdr.gz

9904 —rw—rw—r—— 1 plessel visstaff 5070301 Feb 7 15:55 modis_AOD_20071023—6.xdr.gz

. if ( ! defined( $pid ) ) {
if ( found ) { die "Couldn't open pipe to subprocess";
ok = filterDataByQC( swath->fileId, data, points, levels, } elsif ( $pid ) { # Parent process.

-1000.0, 1000.0, MISSING VALUE,

while ( <the_pipe> ) {

uncertainty, levels, 0.0, print;

Scenario: Examine California Wildfires in Minutes ] ] . TetT——ern—y 2y e and invoke the subsetter programs to efficiently read the files - extracting and streaming the subset of data requested back to the EPA server - to be
. - — Data Retrieval and Subsetting: The RSIG Method oy LTI e e e 1 rendered into images for display in the user’s web browser or else the data is streamed back to the user’s computer and saved to their local disk.

Y ey ——— $ uncompress *.gz ) diee

| PR 9 1.

» Subsetter programs are designed for correct data processing, including complex data quality filtering, high performance, and efficiency.

ok = elevations != 0;

Bl ofmpub.epa.gov/rsig/rsigserver?rsig2 D.html > 2 Google b & |- $ ].S _381

if/i ok ) { return $result;

e — . 224 —rw—rw—r— 1 plessel visstaff 114367 Feb 7 15:55 airnow_PM2.5_20071023—6.xdr 0170509 Per WASA Tangiey CALTPSO Tean: }
"""""""" = ) 1615560 —rw—rw—r—— 1 plessel visstaff 827165389 Feb 7 15:55 calipso_TAB532nm_20071023—6.xdr L e n (S o ferrae (first 3 dayers)
% & s 5 */

128 —rw—rw—r—— 1 plessel visstaff 61444 Feb 7 15:55 goes—bb_PM2.5_20071023—6.xdr
292400 —rw—rw—r—— 1 plessel visstaff 149704919 Feb 7 15:58 modis2_COT_20071023—6.xdr
36232 —rw—rw—r—— 1 plessel visstaff 18548851 Feb 7 15:55 modis_AOD_20071023—6.xdr

if ( AND2( levels > 1,
IN8( swath->type,
CALIPSO L2 05KMAPRO, CALIPSO L2 05KMCPRO,
CALIPSO_L2_05KMALAY, CALIPSO_L2_05KMCLAY,
CALIPSO L2 O01KMCLAY, CALIPSO_L2_ 333MCLAY,
CALIPSO L2 VFM ) ) ) {
filterDataNearSurface( data, elevations, points, levels );

CONCLUSION:

Oct 26, 2007 9:00 GMT
=110 — 100

}

subsetProfileDataAndElevations( swath, data, elevations,
points, levels, rows, columns );

Uncompressed XDR files total just 1GB. * Development is driven by EPA research needs, as determined by the project’s principal investigator and his colleagues.

* Intuitive graphical interface allows users to quickly and easily access and compare selected datasets from massive, remote data repositories.

« Demonstrates the power of collaborative development across Federal Agencies, e.g., NASA and EPA have worked closely together to develop and
deploy efficient and secure data server and subsetting codes at the data sources, reducing by orders of magnitude the volume of data streamed
over the internet.

» Since project inception in 2005, RSIG has been used by over 100 institutions world-wide and its development continues to evolve with new data and

capabilities added every year.

result = swath->data;
}
}
}

ASCIl headers and XDR binary arrays are efficient and easy to read/parse:

$ head —12 airnow_PM2.5 20071023—6.xdr
AIRNOW 1.0

subset

2007-10-23T00:00:00—-0000

# data dimensions: timesteps stations

RSIG was created to remove these barriers to use and provide additional value
added such as regridded data to modules used by atmospheric researchers at EPA
and around the world.
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