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Background & Motivation

» Georgia Coastal Ecosystems LTER started in 2000

> Large and varied data collection effort
> NSF & LTER require data and metadata archiving, sharing

> Needed to standardize data processing, quality control, documentation

» No ready-to-use software for LTER data management

> Lots of great papers and reports, no tools to download
> Most LTER sites were using “flat files” - limiting

- Relational databases emerging - proprietary, complex, require constant
network access

» Developed custom data management framework using
MATLAB

- Experienced using MATLAB for automating data processing, GUIs
- Better code-reuse potential than database/web solution
- Best compromise: file—based but supports fully dynamic operations
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What is MATLAB?

» From Mathworks (www.mathworks.com):

"MATLAB is a programming environment for algorithm development,
data analysis, visualization, and numerical computation.”

» Benefits
> Ubiquitous in engineering and many science branches
- Rapid development, pre-built functionality, Java integration
- Code, GUIs and data formats multi-platform (Windows, Unix, Mac)
> Stable: good support and backward compatibility (~30 year history)
- Scalable (netbook to HPC) - good performance with huge data sets
> Broad I/O support (serial ports to web services)

» Costs

- Commercial ("licensed source") - limits flexibility, costs $-$$$
> Some programming required for maximum use
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Toolbox Development

» Used ESA’s “FLED” report to guide approach

Gross, Katherine L. and Catherine E. Pake. 1995. Final report of the Ecological Society of America

Committee on the Future of Long-term Ecological Data (FLED). Volume I: Text of the Report. The
Ecological Society of America, Washington, D.C.

» Identified information storage requirements

> Any number of numeric and text variables

- Attribute metadata for each variable (name, units, description, type,
precision, ...)

> Structured documentation metadata for dynamic updating, formatting
> Versioning and processing history info (lineage)
> Quality control rules for every variable, qualifier flags for every value

» Designed tabular data model in MATLAB

MATLAB object (“struct”) with named fields for each class of information
Detailed specifications for allowed content in each field

“Virtual table” design based on matched arrays for linking attribute
metadata, data, flags

Same philosophy as relational database table plus additional descriptors
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Data Model (GCE Data Structure)
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Toolbox Development

» MATLAB software library (“toolbox”)

- Utility functions to abstract low-level operations (API)

Create structure, add/delete columns, copy/insert/delete rows
Extract, sort, query, update data, update flags

- Analytical functions for high-level operations

Statistics, visualizations, geographic & date/time transformations
Unit inter-conversions, aggregation/re-sampling, joining data sets

> GUl interface functions to simplify using the toolbox

- All functions use metadata, data introspection to auto-
parameterize and automate operations (semantic processing)

» Indexing and search support (and GUI search engine)

» Data harvest management tools
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Command Line Interface (API)

J MATLABE 7.9.0 (R2009b)
File Edit Debug Desktop ‘Window Help

D B * % LE] ) h ﬁ @ @ | Current Fglder:|c:'l,userFiIes'l,wade'l,svn_repositories'l,gce_toolbox V|E] =)

Shortcuts [A] How ko Add (2] What's New <\ GCE Toolbox

5 >» [g8,mzg] = fetch usgs('02226000', 'realtine' 60, 'T3G3_Doctortowm' )}

2 s

w

=

E wersion: 'GCE Data Structure 1.1 (29-Mar-z001)'

E title: 'Data from USGS Station 02226000 (ALTAMAHA RIVER AT DOCTORTOWH, Gi) for 05-Feb-2010 through 06-4pr-z2010°
E metadata: {87x3 cell}

% datafile: {'usgs_022Z26000_realtime 20100406 _1130_mod.txt' [5797]})

= createdate: '06-Apr-2010 11:30:48"'

2 editdate: '06-Apr-2010 11:30:50'

£ history: [16x2 cell}

= name: {lxl2 cell}

E, units: {'none' ‘'none' ‘'none' ‘'serial day (base 1/1/0000) - GMT' C'¥Y¥¥¥y' 'MM' 'DD' 'hr' ‘'min' ‘'m' '®m*3/sec' ‘'mm'}
a dezcription: {1x1Z cell}

B datatype: {'s' 's' 'd' CE' dr 'd' A rdl o tdl E' Y 'R

g wariabhletype: {lx1Z cell}l

nunbertype: {lxlZ cell}
precision: [0O0O0&00000212]
wvalues: {1lxl2 cell}
criteria: {1xl12 cell}
Elags: {'' "' U0 0 gy

»» listcols(s)

ans =
1: Agency -- string

2: StationIl -- string

3: Prowisional -- integer

4: Date (serial day (base 1/1/0000) - GMT) -- floating-point
S Year (YYY¥Y¥) -- integer

g: Month (MM) -- integer

7: Day (DD -- integer

§: Hour (hr) -- integer

9: Minute (min) -- integer

10: GageHeight (m) -- floating-point

1l: Didischarge (m*3/sec) -- floating-point

12: Precipitation {(mm) -- floating-point

»» dt = extract(s,'Date'); discharge = extract(s,'Discharge']);

»> whoz

Name Size Bytes Class Attributes
ans 12x63 1512 char

discharge 5797x1 45376  double

dr 5797x1 46376 double

nag 00 0 char

3 1xl 1346932 struct

sg>> |

4\ Start
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GUI Application Interface

B About the GCE Data Toolbox [= )@ |[&=]
GCE Data Toolbox for MATLAB | = =
. . File  Edit  Options
Software for metadata-based processing, analysis, — ——— &
B Recl time climate data from the SINERR/GCE/UGAMI weather statio... | = || & || & | visualization and transformation of environmental data Wone_|(serialday (base (¥¥v¥) ) w0 () (miny (number) o) <) 4
733627 7083333 2008 8 7 7 0 0 34.730) 35.509)
Gl B Tolisehio  Tooh Wl Ul ] : g: 733627 7157500 2008 O 7 17 15 1 35157 35570
Toolbox Version 3.9.0 (08-Sep-2014) Fa | o . . " “ T
Column List {select to display properties) Da 733627 7385833 2008 8 7 17 s 3 35368 35840
Date (senal day (base 171/0000) - GMT) & (c)2002-2014 Wade M. Sheldon and the Os 53621 7500000 2008 s : s . . o008 Soe0s
Year (YYVY) 7 Georgia Coastal Ecosystems LTER Project &) 733621 7800167 2008 b v 1 s 5 stz 35308
WMonth (M) Wads M. Sheldon a0 753627 Tr0e 200 . 7 0 » g 30501 57009
Day (OD) s 733627 7812500 2008 [ 7 18 a5 7 36.549) 37398,
Hour () | Dept. of Marine Sciences s s ; = g g
binize i) 2 University of Georgia Do | rosnems 0 : O C T T
Record (nucnhar) Athens, GA 30602-3636 [mE7] 733827 8125000 2008 [ 7 13 E 1 31681 33676
Iﬂempfm (? = email: sheldon@uga.edu a2 733027 8229187 2008 s 7 19 a5 3
T_ax_ h:mpfl' " (A)' Hh (13 733627 8333393 2008 [ 7 x [ 12 26417 27 002
w;innmfer::’;rm(pﬂé)” {hhmm) m i Ta027 4370 000 . 7 » s - 20004 20010
Tims_Min_Temp_Air (hhmm) Search Engine | Dataset Editor ing Tools | Dy tati Exit MATLAB | (115 733627 8541667 2008 g 7 x Ed 1 25.708) 26.024)
Hurnidity ) Add [1s 733627 8645833 2008 s 7 EY s 15 25 690) 25902
Bara Press (mbar) —— Software Usage Agreement and Disclaimer —— [z 733627 8750000 2008 8 7 El [ 15 25,964, 26438,
Wind Speed (mfs) [1s 733627 8850187 2008 s 7 2 15 I 26 564, 27,420
Wind_Dir {degraes) L Restore The GCE Data Toolbox for MATLAR is provided as a courtesy to the [Cl1s 733627 5958333 2008 [ 7 2 30 18 26562 27 487
= scientific community by the Gecorgia Coastal Ecosystems LTER 20 733627 9082500 2008 B 7 2 a5 19 24648 24992
Column Name | Temp_Air Program (http://goe-lter.marsci.uga.edu/), Coweeta LTER Program (21 733627 3166667 2008 [ 7 22| i il 24735 25357
{http://coweeta.uga.edu/), and other collaborators in LIER. The 22 733627 9270833 o008 8 7 2 15 o 24714 25205
Column Units ~ =C latest versicns of the scftware and documentaticn, as well as (23 733627 9375000 2008 5 7 = 0 = 24470 24871
D, user support rescurces, are available on the World Wide Web at s 733627 8479167 2008 s 2 B a5 ES 26970 26317
p https://gce-svn.marsci.uga.edu/trac/GCE_Toolbox. iz 733027 850355 o6 5 B » o 2 25116 25203] + |
A ternperature, 15 minute mean - ) ) ) | »
The GCE Data Tooclbox is free software: you can redistribute it e
a as : " Pt Teals
i Automatically load startup screen if all other windows are closed
Data Type flaating-point number (f) -
Variable Type  |measurements (data) = E Visual QC/QA Tool =T
. " " Data from Sea-Bird Electronics 37-SM MicroCAT sonde S/N 3746 df
Numerical Type | continuousiratio (continuous) - the Altamaha River hydr ploy near Roj %t Column to Flag [sainiy 2
Precision 3 decimal places o . . Iflz"d m”‘ W.J“"-Z;MI to IIB‘-SBp-ZIHII LRSS C = ousationsbis vulus i
- [ c cace)
Flag Criteria w=-40="1,x=60="1"x<-10="0" x=40="Q"flag_valuech:
= | Return to Piot Figure and Assign Flags |

(Note: Left elickidrag (o assign Nlags, right clickidrag to clear fags)

Data Anomalies Metadata
| Aute-Summanz | []include Missing  Format | mm/ddiyyyy -

Values of 2 recards In Temperature were flagged as | (invalid value (out of
range) for date D9/08/2011. Valuss of 2 records In Conductivty ware flagged as
| (invalid value (out of range)) for date 09/08/2011. Values of 24 records in
Conductivity were flagged as O (questionable value) for dates: 06/13/2011,
062212011, 07/04/2011, 07/06/2011, 0710612011, 0710742011, 071102011,
07/13/2011, 0711412011, 07/30/2011, 07/31/2011, 06/01/2011, 0B/02/2011,
080412011, 08/05/2011, 08/11/2011, 0811212011, 08/152011. Values of 2
records in Pressure were lagaed as | (invalid value (out of range)) for date
08/08/2011. Values of 2 recards In Depth were flagged as | (invalid value (out of
range)) for date 09/08/2011. Valuss of 469 records In Salinity were flagged as
(undefinad lag) for dates: 06/10/2011, 06/14/2011, 06/16/2011-06/2202011,  «

Value

0}

cancol | 7] Automatically close plot dialogs on Accapt Accept

L L L L L L L L
OBABAT  OEZBA1 OROEMT  O7ABA1  OF2SA1  0@SA1  0AASA1 03251 094t
Date (GMT)
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Data Management Cycle

Add /
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Analysis Process
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Importing Data

» Generic parsers

- Delimited text (CSV, space, tab)
- MATLAB variables (arrays, matrices, structs)

» Specialized parsers

- Vendor-specific logger files
Campbell Scientific Instruments (tables, arrays)
Sea-Bird CTD, sondes
Others (Hobo, Schlumberger, OSIL, ...)

- Network data sources
SQL database queries (JDBC)
Federal databases (USGS NWIS, NOAA NCDC, NOAA HADS)
LTER ClimDB/HydroDB
EML repositories (LTER NIS/PASTA, KNB)
Data Turbine servers

» Custom parsers can be added
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Importing Data

,- Data Structure Editor | = El 2

File Edit Metadata Tools Misc 'Window Help

Column List (select to display properties)

‘ Wicree First
Micrve Lip
B Retrieve USGS Data e ® =
State/Temitary  Georgia o Update |
Ayailable Stations
02336003 Laboratory or sample-préparation area CAWST Bacteria Lab QAKGT Mondoring
3500 Lake ALLATOONS LAKE NEAR CARTERSWILLE, GA
Lake BERHELEY LAKE NEAR EERHELEY LAKE, GA
196838 Lake BUTLER CREEK RESERVOIR AT FORT GORDON, GA
02351400 Lake CARTERS LAKE NEAR CARTERS, G
2400 Lake CARTERS RE-REGULATION LAKE NEAR CARTERS, (A
00 Lake LAKE SIDRNEY LANMER NEAR BUFORD, Gﬁ. -
Columin Name [ Copy Selecied Station to anum Fonm ]
Column Units .
Deseription Station 1D Data Type Daily & Date Range: 2004-08-30 | to 2014-08-30
LSS Website URL  hitpuitwaterdata.usgs.govirmedss
Metadata Template  USGS_Generic -
Sawve Temp File
Data Type unspeciied
Variable Type unspecified [¥] Close dialog after retrieving dala [7] Open in new window Praceead
Numerical Type  unspecifisd .|
Precision decimal places

Flag Criteria Eoit
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Importing Data

ll::m Structure Editor (=@ =
File  Edit PMetadata Tools Misc Window Help

Column List (seloct to di@l#.mhwﬂ Filters o] @ (&=

Import Filter Campbell Scientific TOAS Data - GCE Flu Tower CR3000 Fluxes |+ | Hew ] | copy || Delete |
Kienu Label Campbell Sciendific TOAS Data Menu Subheading GCE Flux Tower CR3000 Fluxes
Funictiomn Nane imp_tampbell_toas Browese | MATLAB function to use for imparting data files deithout m)
Syritax Help Irmports data from a Camphell Scientiic Instruments TOAS ASC e o craate 3 GCE Data St i -
E
syrita [2 mag) = imp_campball_toasin,pnternplate serial_date Grezone workflow) 2=
inputs:
fri= name of file to import (default = prompted)
pn= pathname of file (defauli = ped)
ternplate = metadata termplate to apply (default = = for none)
serial_date = oplion to calculate a MATLAE serial date column from TIMESTAMP
Column Name L {=no
File Mask * bt * dat mask for selecting files, e.g, *mat or * " asc (use www for web-based)
Calumn Units
File Prompt Selocta CSI TOAS data file texd to display when prompting users for data file selaction
Description
temgplate GCE_Flux_Tower_Flxes metadata ternplate to apply (defaull = "for none)
serial_date 1 aplion to calculate a MATLAR =eanal date column fram TIMESTAMP
timezone GMT tirme 2one setting of logger (default = "for unspecified)
Data Type unspecified| | workfioe process_gee_flux_fluxes narne af a GCE Data Toolboo warkfiow function 10 call for post-procassing
Variable Type unspeciied
Humerical Type  unzpecified

Precision deci

| comcet | | swe |
I
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Importing Data

u Real-time climate data from the SINERR/GCE/UGAMI weather statio.. | o | & || 2 |
File  Edit Metadata Tools Misc  Window  Help
Column List (select to display properties)
Date (serial day (hase 1/140000) - GMT) -
Year (Y¥¥YY)
Manth (b Mave Up
02y OO =T
Hour (hr)
Minm:e l:mm:' = Month Day Hour Minute Record Temp_R&ir Max_Temp_Rir -
Record (numhber) (MM} (DD} thr} (min} (number) =Cy C) —
Temp_Air [*C) 2008 a 7 17 0 0 34730 35.509
Max_Temp_Air (°C) 2008 5 7 17 15 1 35.157 35,570
Time_Max_Temp_Air (hhmm) 5 2008 ] 7 17 30 2 35.576 35.909
Mlin_Temp_Air (°C) hdanual GiC 2008 8 T 17 45 3 35369 35840
Tirme Min _Temp Air (hhmm) 2008 5 7 18 0 4 36.004 36.605
Humﬂity _(%) - Al 2008 3 7 18 15 5 3B.412 36.908
Baro_Press (mbar) 2008 8 7 18 30 5 36.581 37.008
\ind_Speed (mifs) 2008 a 7 18 45 7 35,849 7,346
Wind Dir (degrees) i Restore 2008 8 7 19 0 B 36,632 37312
= 2008 8 7 19 15 3 34 BEQ 35 635
Column Name . 2008 8 7 19 30 10 3 681 33876
Temp_Air 2008 5 T 19 a5 11 s
. 2008 8 7 20 0 12 26417 27.002
Column Units  °C
2008 8 7 20 18 13 26.084 26316
Description 2008 8 7 20 30 14 25708 26.024
2008 8 7 20 45 15 25650 25,902
Alr temperature, 15 minute mean - 2008 8 7 21 0 15 25,964 26138
2008 8 7 21 15 17 26,554 27.420
2008 a 7 21 n 1@ 26,652 27 487
2008 8 7 21 45 1a 24 548 24,992
2008 8 7 22 0 20 24795 25237
Data T - - 1 2008 8 7 22 15 21 24714 25,205
ata lype floating-point nurmber (f) Wl 2008 5 7 2 30 2 24.470 24871
Variable T 1 2008 8 7 22 45 23 24970 25317
allElills UETE measurements (data) al 2008 8 7 23 0 24 25116 25.263| ~ |
. - - - 7 »
Numerical Type |continuous/ratio (cantinuous) -
Precision 3 decimal places
Flag Criteria re=-40="T,x=60="" x<-10="0", x = 40="2" flag_valuech:
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Data Management Cycle
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Adding/Importing Metadata

» Metadata entry is time-consuming (and tedious)!
- Metadata capture, re-use emphasized
- Metadata auto—generated whenever possible

» Many pathways for building Metadata

- Metadata can be imported along with data
Loggerfile headers (Campbell, Sea-bird)
Station, parameter information from USGS, NOAA
Tokenized headers from Data Submission Template

- Metadata imported from other data structures
- Metadata imported from data repository (EML/XML)

- Metadata added from user-defined “Templates”

Column (attribute) metadata matched to “variables”
Boilerplate documentation
GUI tool for creating/managing templates
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Adding/Importing Metadata

n Template Editor EI'E'@

Metadata Templates

CO-0PS_Fort_Pulaski
CTD_Profile ~|||__AddTemplate |
GCE_AquaTroll_Logger

GCE_Baro_Diver [
GCE_Cera_Diver
GCE_CTD_Diver | Delete Template |
GCE_Flux_Tower_Fluxes
GCE_Flux_Tower_Time_Series

»

Copy Template ]

m

GCE_Hobo_Tidbit [ Import Templates ]
GCE_Hobo_Tidbit_ Hammock

GCE_Hydrolab_Logger [ Expaort Templates ]
GCE_MiniTroll_Logger

GCE_Plant_Biomass _[ Sort Templates ]
GCE_Sonde

GCE_Sonde_High_Salinity
Harvest Demao

Edit All Metadata

LTER_CIimDB [ ]
[EJEEDRE_[:Elli;;EE ~6CE [ Edit Attributes ]
Eggg:gqu” :';;iﬂk [ Import Attributes ]
mggg:g:gmg_aamy | [ Merge Attributes ]
ESBE:SEEEE:EL“J ngk | EditDocMetadata |
Eggg:g:gﬁg:ﬂiﬂ?me [ Edit QU'C Criteria ]
MCDC_GHCHD_LUGAMI [ = ]

MCDC_Glennville -

Mame |co-0PS_Fort Pulaski

Cancel
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Adding/Importing Metadata

Field

Contents

Category Dataszer

Abstract

[ Clear ] [ Preview ]

Air temperature,

Landing on Sapelo
the study periocd.
light
interference from

at the top,

I=sland, Georgia.

relative humidity, barometric pressure, precipitation,
photosynthetically-awvailakle and total solar radiation, and wind speed and direction were
measured wusing an automated Campbell Scientific Instruments climate station installed at Marsh
Observations were logged at 15 minukbe intervals throughout
The sensors were mounted on a 10n alumingam tower, with wind sensors mounted
sensors at approximately Sm,
the surrounding landscape.

and other senscors at Z-3m Lo ninimjize

Sapelo Island National Estuarine Research Reserwve, the Georgia Coastal Ecosystems LTER

Project,

and Tniversity of Georgia Marine Institute.

This climate station was jointly operated by the

(Mote: use | characters to force line breaks in the formatted metadata)

B Metadata Editor (== |[==]
File  Edit

Metadata Contents (click on rows to viewledit contents)
CATEGORT | FIELD | COMTENTS -
Dataszet | Title | Real-time climate data from the SINERR/GCE/UGAMI weather station
Dataszet | Accession | none
Dataset | Investigator | |Name: Dorset Hurley|Position: Research Coordinator|iddress: Geols
Dataset | Abstract | Air temperature, relative humidity, barometric pressure, precipiil
Lataset | EtudyType | Monitoring 4
Dataszet | Themes | Meteorology
Dataset | LTERCorxe | Fegionalization
Dataset | Georeferences | none
Dataset | SubmitDate | not applicable
Dataszet | Keywords | climate, wmetecrology, alr temperature, barometric pressure, humi
Froject | MName | Cooperatiwve SINERR/GCE-LTER/UGA Marine Institute Climate Monitor
Project | Leaders | |Name: Dorset Hurlew|Position: Research Coordinator|iddress: Geo
Project | Starthate | July, Z002
Project | EndDate | unspecified
Project | Objectiwves | Collect baseline climate data at Sapelo Island, Georgia, to supp
Project | Abstract | Cooperatiwve agresement between the Sapelo Island National Estuaria
Froject | Funding | Jointly-funded by SINERER, GCE-LTER Project, and UGA Marine Instit
Bite | Location | ML_Met -- Marsh Landing Meteorolegical Station Deployment
Bite | Coordinates | ML Met -- 31 25 04.Z N, 021 17 43,6 W
Zite | Physiocgraphy | ML _Met -- Barrier island s
.C::itl'.ﬂ I T.ﬁvl\:rr;lfnrm I M. Matr. —— Trtreartidal =alt marsh -
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QA/QC Analysis Framework

» Programmatic Q/C Analysis
> “Rules” (i.e. criteria) define conditions in which values should be flagged
> Unlimited Q/C rules for each variable
> Rules evaluated when data loaded and when data or rules change
- Rules predefined in metadata templates to automate Q/C on import

» Interactive Q/C Analysis and Revision

> Qualifiers can be assigned/cleared visually on data plots with the mouse
> Qualifiers can be propagated to dependent columns
> Qualifiers can be removed or edited (search/replace) if standards change

» Automatic Documentation of Q/C Steps

> Q/C operations (including revisions) logged to processing lineage
- Data anomalies reports can be auto-generated and annotated

» Data analysis, synthesis tools Q/C-aware
> Qualified values can be filtered, summarized, visualized during analysis

- Statistics about missing/qualified values tabulated, used to qualify derived
data
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QA/QC Analysis Framework

File Edit Metadsta Tools

[ D2ta from Sea-Bird Electronics 37-5M MicroCAT sondes deployed at .| = | & || 3 |
Mizc  Window Help

Column List (select to display properties)

Lalitude (degrees)
Instrument (none)
Purnp (none)
Date (serial day (base 1700000 - GMT)
Year (YYYY)
Maonth (i)

Day (D)

Hour (hr)

Mlinute (min)
Termperature [*C)
Conductivity (Sim)
Pressure (dbar)
Cepth (m)

Sigma_t (kg/m*3)
Calibration (nome)

Column Name  Salinity

Column Units  pSL

P | ArPr—_
B Q/C Flag Criteria Editor

Data Set Column: | Salinity (PSL)

0¢C Flag Criteria Expressions

xel=T
col_Depth==0=1

col_Depth<0.15=0"
flag_valuechange(x 66,1 3="0"

:
il

i
g

g
E

Wariable Type
Humerical Type

Precision

Flag Criteria

calculations (calculation)

continuousfratio (continuous)

3 decimal places

Description
Salinity Delete
Value = ': 38 = |Q-- guestionable value v:
Custom F 3
Data Type floating-point number (f) : e

| AddEdItQC Flag Function | | AddiEdit Custom Criteria

Cancel

2
2

w<l=T,col_Depth==0=1"x>38="0",col_Depth<0,15= m

CUAHSI Virtual Workshop - Field Data Management Solutions




Example - CTD mooring

Data from Sea-Bird Electronics 37-SM MicroCAT sonde S/N 3746 deployed at
the Altamaha River hydrographic datalogger deployment near Rockdedundy

Island from 10-Jun-2011 to 08-Sep-2011

a0 T T T T I T T T T
Termger sture ("C)

06/26/11 070811 07 AenM1 072611 0840511 081511 0825411 0904411
Date (GMT)
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Data Management Cycle

Add / QA/QC

Analysis

Post- Archive /
Import

Metadata

Synthesis

Process Publish

Import Filter + Metadata Template
(One Step)
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Data Management Cycle

“Raw” Import
Data Data

Add /
Import
Metadata

QA/QC Post-
Analysis Process

Synthesis Archive /

Publish

CUAHSI Virtual Workshop - Field Data Management Solutions



Post-Processing and Synthesis

» Derived data sets can be created by o —
filtering values or refactoring data table | e Tt o S e e
structure (e.g. combining or splitting T TS
COI umn S) 'FTEIE::]"”F””D‘”SD”E) i Group Records By (optional)

L Site (hone &

» Data can be re-sampled or summarized E}:%{fﬁg‘j;?ébi%’” fé‘?fﬂdégﬁ?res
by aggregation, binning and date/time Samat g/
scaling ;

» Multiple data sets can be combined by ___Caleulato StatsicsFor___
merging (union) and joining on key
columns

» All derived data contain complete
metadata describing the entire
processing history

[T Remove values flagged <any= List
Flag as || -] if percent missing = ~|f30
Flag as Q v if percent missing > -5

Flag as | - if percent flagoed = - 50

» QA/QC rules can be generated for B s e

=

derived data columns automatically

based 0 n n u m be r 0 r pe rce nt Statistics: | Automatic (based on numeric and variable type) v: [¥] Time Miniax

m I SSI ng /fl agged Val ues Close dialog after exporting the results
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Data Management Cycle

A
“Raw” Import Imddoit QA/QC Post- Svnthesis Archive /
Data Data P Analysis Process Y Publish
Metadata
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Archive/Publish Data

»

Data and EML metadata can
be published in scientific
data archives, including LTER
NIS, DataONE Member Nodes
(e.g. KNB), Dryad,

Data can be refactored and
published in CUAHSI ODM
database, Hydroserver

Harvested data can be
displayed on MATLAB-
generated web pages and
dashboards

ane > 0ats > Poctal > B Tower > AR Vacubies |

GCE Data Toolbox for MATLAB

Data Harvester Dashboard

Selected Vanables

Calculated 5 Minute Summary Data and Fluxes from the GCE-LTER Flux Tower on Sapelo Island, Georgla

Data harvest repeet for 2013-09-17 05:20:00 16 2013 10-23 19:00:00 (isdexed 20131023 20:21:23)
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Mar Vabg 50 6765

Moan Vaild 14 6500
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Develcpment of the GCE Dats Foolio fOr MATLAS was supported by m-)u;.gy‘m_zm,;gum,nw
those of e ather(s) and do net necersanly ‘«llh-m dlh‘wm Foundation.
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Data Harvesting Workflows

Harvest
Manager

Workflow

L
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Key Concepts

» Operations performed in context of a "dataset

Passing data columns to a tool transports metadata as well
Dataset metadata used to guide transformation, plotting, analysis
Metadata used to auto—-parameterize functions

» Workflow steps generate new datasets

Each step along a workflow results in a complete data set with metadata
Intermediate datasets can be saved or overwritten in workflows

» Processing history ("lineage”) tracked

Each tool logs operations by date/time
Data revisions, deletions, flagging captured at user-specified detail
Lineage reported in metadata

» Metadata are "live", and updated automatically

Data column metadata and data revisions
> Calculations and unit conversions
- Code definitions
Metadata merged when multiple data sets are joined
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Implementation Scenarios

» End-to-End Processing (logger-to-scientist)

- Acquire raw data from logger, file system, network

- Assign metadata from template or forms to validate and flag data

- Review data and fine-tune flag assignments

- Generate distribution files & plots, archive data, index for searching
- Scientists can use toolbox on desktop to analyze, integrate data

» Data Processing and Q/C

- Acquire, validate and flag raw data (on demand or timed/triggered)

- Upload processed data files (e.g. csv) or values & flags to RDBMS
(e.g. ODM)

» Workflow Step

- Call toolbox from other software as part of workflow (tool-chaining)

> Use toolbox as middleware between other systems (e.g. Data
Turbine & ODM, Kepler, Taverna)
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Real-Time Sensor Data

» Good Scalability

- Data only limited by computer memory (tested >1 GB data sets)
> Multiple instances can be run on high-end workstations
- Good flag evaluation performance in use, testing

» Good scope for automation

- Command-line API for unattended batch processing
- Timed and triggered workflow implementations easy to deploy

» Support for multiple formats, protocols

- Formats: ASCIIl, MATLAB, SQL, specialized (CSI, SBE, NWIS, HADS, ...)
- Transport: local file system, UNC paths, HTTP, FTP, SOAP

» Already used at 6 LTER sites (5 sites evaluating)
» USGS data harvester for HydroDB since 2003

CUAHSI Virtual Workshop - Field Data Management Solutions




GCE Data Harvesting (> 12 years)

Member of the NSF Long Term Ecological Research Network

Georgia Coastal Ecosystems LTER -

Home > Data > Portal > Marshlanding > harvest > Dataset Details | Plots
Home. Dataset Details
GCE Mews » DataSetiD:  marshlanding_reattime_octi1
Research » Originator: Dorset Hurley
AT Ttle: Real-time climate data rom the SINERRIGCE/UGAM weather station atMarsh Landing on Sapelo lsland, Georgia, frorm
L 28-5ep-2011 10 21-0ck 2011
Field Planning » Abstract: Airtemperature, relative humidity, barometrc pressure, precipitation, photosynthetically-available and total solar radiation, and wing
Speed and direttion were measured using an automatad Campbell Stientfic Instuments climate station installed at Marsh
Bibliography » Landing on Sapelo Isiand, Georgia. Observations were logged at 15 minuie intervals throughout e study period. The sensors were
mouRtd on 3 10m aIUMIRUF twer, Wit wind SeRsors mounted atthe top, ight Sensors at approdmately 5m, and other sensors at
B Rmilies - 2-3m to minimize interference from the surrounding landscape. This climate station was jointly operated by the Sapelo Island
Mational Estuarine Research Reserve, the Georgia Coastal E cosystems LTER Project, and University of Georgia Marins Institute.
GIS Resources »
KeyWords:  climate, meteorlogy, air temperature, barometric pressure, humidity, par, Solar, wind, sapelo, marsh landing
Maps & Imagery »
Study Type: — Monitoring
Dosiments Study Period 28-8ep-2011 to 21-0ck 2011

Outreach & Ed »
Informatics >
Personnel »
Affiliates »

Private Site »

]

Bounding Box:

Site References:

Download

Westlongitude: -61.29541°
Morth latitude: 31.41788°
East longitude: -81.20541°
South Iatitude: 31.41785°

ML MET - Marsh Landing climate station, Metearological station deplayment
Data Table: marshianding_realtime_oct! 1 (Main data table, 2196 recards)
Access: Public
Metadata: Text (ESAFLED)

Data Formats: CSVtext file, Tab-delimited text repor, GCE Data Toolbox file, Standard MATLAB file, Custormn
MATLAB fle, Custorn Text file

1750

Column
Column_Name Units
0 NEsDie D . _ .
1 e one Recent Weather Observations at Marsh Landing on Sapelo Island, Georgia
4 ‘Year Y
® T
5 Month MM T
[ Day oD —— Air Ternperature (°C)
; ;;uu"g Vhﬂrm —e— Wind Speed {m/s)
9 Temp_sir c E. —a— Precipitation (mm)
10 Flag_Temp_Air nane
12 Flag_Max_Temp_Air nane c
13 Tirne_Max_Termp _Air hhmm c
14 Min_Ternp_ir C =
15 Flag_Min_Ternp_Air none o~
10 Lie Lo T Al [ E_

Air Temperature (*C), Wind Speed (m/s), Prec

1500

1260

1000

750

04
10/0B/09 1007109 100809 10/03/09
Date (EST)

0
1041209

Total PAR (uElm?ls)
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Ongoing Development

» Metadata model enhancements

- Add “schema” support for better EML alignment
- Improve metadata editor with dynamic form fields

» Improve harvest management

- Add GUI tools for configuring harvest info, plot info
- Add GUI for managing timers
- Add data harvesting “dashboard” for monitoring activity

» Workflow editor

» “Rebranding” as a community tool
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Resources
» MATLAB

- Website: http://www.mathworks.com /products/matlab/
> Version R13 (2002) or higher required (full or student version)

» Software Distribution
- Website: https://gce-svn.marsci.uga.edu/trac/GCE_Toolbox

Documentation, FAQ

Distribution Downloads (stable, beta)

Bug reporting (tickets)
> SVN: https://gce-svn.marsci.uga.edu/svn/GCE_Toolbox/trunk
- Code is open source (GPLv3) and cross-platform

» User Support
- Peer-to-peer model
- Sporadic training opportunities (LTER)
> Email: gcetoolbox-l@listserv.uga.edu (http://www.listserv.uga.edu/)
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Interactive Tutorial

» Introductionto the Dataset Editor application

» Importing and exploring data

> Generic ASCII
> Native logger files (Campbell, SeaBird)
- Data services (Data Turbine, USGS NWIS)

» Metadata management
- Defining attribute metadata
- Documentation metadata, templates

» QA/QC framework

> Defining flags and “rules”
> Visual QA/QC
> Managing flagged data

» Creating and exporting products

- Batch processing raw data
> Integrating data (join, merge)

Summarizing data
Exporting data sets and plots

Bl About the GCE Data Toolbox (== =]
GCE Data Toolbox for MATLAB

Software for metadata-based processing, analysis,
visualization and transformation of environmental data

Toolbox Version 3.5.0 (18-Apr-2013)

(c)2002-2013 Wade M. Sheldon and the
Georgia Coastal Ecosystems LTER Project

Wade M. Sheldon

Dept. of Marine Sciences
University of Georgia
Athens, GA 30602-3636
email: sheldon@uga.edu

Search Engine | Dataset Editor Mapping Tools | Documentation Exit MATLAB |

The GCE Data Toolbox is provided as a courtesy to the scientific community
to support offline analysis and customization of data sets distributed by

the Georgia Coastal Ecosystems Long Term Ecological Research project
http-//gce-lter marsci.uga_edu/). The latest versions of the software and
documentation are available on the World Wide Web at: http://qce-
lter.marsci.uga.edu/public/im/tools/data toolbox htm.

fam | »

The GCE Data Toolbox is free software: you can redistribute it and/or modify
it undar tho taro F tha (2RI I Dubklie |3 n ac nuhlichad hae th

Automatically load startup screen if all other windows are closed
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