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Background

The GCE Data Toolbox is unique in several ways
Software opftimized for LTER-scale, end-to-end environmental Data Management
Rare example of LTER site-developed Cl released as community tool
Multiple modes of operation — automated workflows to Pl/student use

Unusually long history — 18 years of production use and development

Webinar Overview

Short history of motivation and development process
Walk-through of key features for data processing, Q/C, publishing

Implementation and support resources

Quick demo of importing, checking, publishing as EML data package




Motivation

Georgia Coastal Ecosystems LTER started in 2000
Large data collection effort planned (cruises, sensors, lab analyses, marsh surveys, ...)
Minimal IM staff (0.75 FTE for ALL IT/IM support)

Needed to standardize and automate tabular data processing, quality control,
documentation

No ready-to-use software for LTER data management
Lots of great papers and reports, no tools to download

Relational databases emerging — site-specific, complex, require network

Developed custom data management framework in MATLAB

Benefits
Experienced using MATLAB for automating data processing, GUIs
Broadly used at GCE - better code-reuse potential than database/web solution
Cross platform code and data (Windows, Mac, Linux)
Good scalability
Cosfts

Commercial licensed source, limiting distribution (but often site-licensed)




Toolbox Influences

Approach influenced by highly

successful ‘Fluorescence Toolbox’ Fluorescence Toolbox

for MATLAB

Self-describing data model combining
data, metadata, settings, Q/C

API| for automation via workflow

GUI applications for high level use

Uncorrected EEM Data Scatter-corrected EEM Data

Model/API simplified software dev

Automated processing and GUI tools
were powerful research accelerators

Opened up new visual data analysis
approaches, major pubs

Very popular with Pls and students alike
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Toolbox Development

Requirements based on 1995 ESA FLED report, Michener 2000

Gross, K.L. and C.E. Pake. 1995. Final report of the Ecological Society of America Committee
on the Future of Long-term Ecological Data (FLED). Volume [: Text of the Report. The
Ecological Society of America, Washington, D.C.

Michener, William K. 2000. Metadata. Pages 92-116 in: Ecological Data - Design,
Management and Processing. Michener, Williom K. and James W. Brunt, eds. Blackwell
Science Ltd., Oxford, England.

Designed generalized tabular data model

Any number of numeric and text variables

Attribute metadata for each variable (hame, units, description, data type,
variable 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



Data Model (GCE Data Structure
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Toolbox Development

Developed 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




Command Line Interface (API

MATLAB 7.9.0 (R2009b)

File Edit Debug Deskiop ‘Window Help
hﬂ lﬁ & —\_] ..“5 L B u ﬁf ﬂ @ | Current Fglder:|c:'l,userFiIes'l,wade'l,svn_repositories'l,gce_toolbox V|E] =)
Shortcuts (2] How ko Add (2] What's Mew -\ GCE Toolbox
5 =» [a,mzg] = fetch usgs('02226000', 'realtine' 60, 'T565_Doctortown ') ;
2 s
w
8
wversion: 'GCE Data Structure 1.1 (29-Mar-2001)°'
b title: 'Data from USG3 Station 02226000 (ALTAMAHA RIVER AT DOCTORTOWM, Gi) for 05-Feb-2Z010 through 06-4pr-z010'
E metadata: {87x3 cell}
% datafile: {'usgs_02226000_realtime 20100406_1130_mod.txt' [5797]})
B createdate: '0O6-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*3fsec' ‘'mm'}
o description: {lxlZ cell}
& datatype: {'s' 's' 'd' £l dl d 'd tdl dl gl 'E e
b= wvariabletype: {1xlZ cell}
= munbertype: {1xl2 cell}
precision: [0O0O0&00000212]
values: {1lxl2 cell}
criteria: {1xlZ cell}
Elags: {'' '' ' tro a0y
»» listcols(s)
ans =
1: Agency -- string
2: &StationIl -- string
3: Prowisional -- integer
4: Date (serial day (base 1/1/0000) - GMT) -- floating-point
5:  Year (YYYY) -- integer
g: Month (MM) -- integer
7: Day (DD -- integer
§: Hour (hr]) -- integer
9: Minute (min) -- integer
10: GageHeight (m) -- floating-point
11: Discharge (m*3/sec) -- floating-point
12: Precipitation {mm) -- floating-point
»» dt = extract(s,'Date'}); discharge = extract(s,'Discharge');
»» whos
Hame Size Bytes Class Attributes
ans 12x63 1512 char
discharge 5797x1 45375  double
dc 5797x1 46376 double
nsg 0x0 0 «char
3 1xl 1346932 struct
sg>> |
4\ Start




GUI Application Interface

B About the GCE Data Toolbox ol = ==
n Real-time climate data from the SINERR/GCE/UGAMI weather statio... | = || & || & G C E Data TOO I box fo r MATLAB &
. R . B Dsta Editor (= =]
File Edit Metadata Tools Misc  Window Help Software for metadata-based processing, analysis, Fie Edi Options
visualization and transformation of environmental data ai_[oate Veur Wonth Doy Hour Minute Record Temp_air Max_Temp_air - |
Column List (select to display properties) __Mone _|(serial day (base {v¥¥¥) L) (00 thry {min} {number) e e ]
: ~ . (&) 733827.7083333 2008 s 7 7 0 0 3730 35500
Date (serial day (hase 1/1/0000) - GMT) B Toolbox Version 3.9.4 (27-Aug-2015) B [romrom . ; & 5 1
%ear YY) (cJ2002:2015 Wade M. Sheldon and the &) 733627.7201867 2008 8 7 7 B 2 35576 35909
onth (M) Move Lp . ; s 738627 7395833 2008 0 7 I3 45 3 35.363 35840
Day (OD) Georgia Coastal Ecosystems LTER Project EFR e oo : ; m . e
ove Dowvwn
Faur () Viade 1. Sheldr S m— L
Minute frir) : Dept of arins Sciences T — ﬁ : : E o —— —
Recard (number) - University of Georgia s 7336277918887 2008 g 7 19 0 g 6832 312
Temp_Air (°C) Athens, GA 30602-3636 i 733627 8020833 2008 5 7 18 15 B 34,663 35695
Max_Temp_Air (C) email- sheldon@uga_edu aLY 733627.8125000 2008 8 7 18 ) 1 a1 581 33676
Time_Max Temp Air (hhrm) L4 2 733827 5229167 2008 s 7 18 [ B
Min %EmpiAH’ (of:) Manual QC 13 733627 6333333 2008 8 7 20 0 12 26417 27.002
T R T . Dataset Editor | Search Engine Templates Documentation Exit MATLAB ‘ s 733627 8437500 2008 8 7 20 15 13 26.084 26318
L'meabﬂm—(;ejmp:ﬂ‘” ) fackl s 733627 5541667 2008 8 7 2 3 1 25708 26024
umigity (% —- Software Usa i i —
,ge Agreement and Disclaimer 118 7336278645833 2008 8 7 20 45 15 25690 25.002
Baro_Press (mbar) [l 733627 8750000 2008 B 7 2 0 18 25984 26138
Wind_Speed (m/s) The GCE Datz Toolbox for MATLAB is provided as a courtesy to the L s 733627 8854167 2008 s 7 21 15 7 250 27420
“Wind Dir (degrees) p Restare scientific community by the Georgia Coastal Ecosystems LTER T 13 733627 8956333 2008 [ 7 2 30 18 26,662 27 457
= Program (http://gce-lter.marsci.uga.edu/), Coweeta LTER Program — 20 7336279062500 2008 8 7 21 45 19 24848 24.092
. (http://coweeta.uga.edus/), and other collaborators in LTER. The 21 7336279166667 2008 5 7 2 0 20 24.795 25237
Celumn Name  Temp_Air latest versions of the software and documentation, as well as &) 733627 9270633 2008 s 7 2 T 20 2714 25205
Col Units | USEr SUPPOLt reJources, are avallablfﬂcn the World Wide Web at O 738027 9375000 2008 o 7 2 0 2 24470 2481t
olumn Unit (M https://gee-avn.marsci.uga.edu/trac/GCE_Toolbox. D2 7938278479167 2008 g 7 2 e 23 20970 25317
Descriptinn The GCE Data Toolbox i3 free software: you can redistribute it i ?‘25 706278563353 e o ! = 0 2 10 225 L’|
a Aifer i4 samdew the s = ereleam oo 1 Maets
Al temperature, 15 minute mean o Automatically load startup screen if all other windows are closed
E Visual QC/QA Tool I= =
Data Type floating-point number {f) ~ Data from Sea-Bird Electronics 37-SM MicroCAT sonde siNazasel " =
the Altamaha River hydrographic datalogger deployment near Ro 9 v
Wariable Type  measurements (data) - © . Island from 10-Jun-2011 to 08-Sep-2011 Flag Code 1o Assign [ = qusstonsble valus s
) : : - [ o)
Numerical Type | continuousiratio (continuous) -
Retur to PlotFigure and Assign flags |
Precision 3 decimal places il "-\ \RETER I | (Hote: Left clickidrag to assign flags, right clickidrag to clear flags)
7 ¥ Data Anomalies Metadata
Flag Criteria wa=-40="1"%>60=",x<-10="0", x> 40="1" flag_valuech: ‘ | FE] [ Auto-summarize | (v]inciuds Missing  Format | mmuaayyy -
| WA vaiwosararocoras 0 Tamporators it toggeo os [ crvaiavatue ovter =
i range))for date 09/0B/2011. Values of 2 récords In Conductivity were flagged as
L ¥ i ‘l | 1 (invalid value (out of range)) for date 08/08/2011. Values of 24 records in

Conductvty were flaggad s O (questionable value) for da
0612272011, 07/04/2011, 07/05/2011, 071082011, 07/07/2011,
07/13/2011, 0741472011, 0773072011, 077312011, 0810172011, 0B/02/2011,
08/04/2011, 08/05201, 08111/2011, 0611212011, 08/15/2011. Values of 2

records in Pressure were flagged as | invalid value (out of range)) for date
00/08/2011. Values of 2 records In Depth were flagged as | (invalid value (out of
range))for date 09/06/2011. Values of 469 records In Salinity were flagged as F
(undefined flag) for dates: 06/10/2011, 06/14/2011, 06/16/2011-06/22/2011, -

Value

10
Cancel ] (7] Automatically close plot dialogs on Accept Accept
e Sy
o nEn;im Eﬁu’z‘&ﬂl OTELM D?n‘&m 07/2‘6m aa.a'sm EB,'\IS.‘H cefz‘sm Dﬂm‘dm ;
Date (GMT)




GUI Application Interface

Primary GUI tool is the Data Set Editor

Displays attribute list, fields for
viewing/editing attribute metadata

Extensive menu system
File menu for import/export operations

Edit menu for viewing/editing data table,
performing data set operations

Metadata menu for managing/viewing
data set metadata

Tools menu for launching tools, plotting
Misc menu for managing templates, etc
Window menu for multi-data set views

Help menu for online documentation

Compact control panel for data set

nReal—time climate data from the SINERR/GCE/UGAMI weather statio... | = | = | £2 |
File  Edit Metadata Tools Misc  Window  Help
Column List (select to display properties)

Date (serial day (hase 1/10000) - GMT) B m
Year (YY) i
verth (410
e 00 (e v |
How )
Minute (min) =
Record (numhber)
Temp_Air (°C)
Max_Temp_Air (°C) W
Time_hax_Temp_Air (hhmm) - _
hin_Termp_Air (C)
Tirne_Min_Temp_Air (hhmm)
Hurmidity (%) .
Baro_Press (mbar)
Wind_Speed (m/s)
Wind_Dir (degrees) - RESER

Column Name  Termp_Air

Column Units  |*C

Description

Airtemperature, 15 minute mean

(]

=]

=]

=

o]

=1
1 »

Data Type floating-point number ()
Variahle Type measuraments (data)
MHumerical Type |continuousfratio (continuous)
Precision 3 decimal places

Flay Criteria we=-40="xx60="" x <-10="0" x =40="00" flag_w

aluech:




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 (YSI, Hobo, Schlumberger, OSIL, ...)

Network data sources
Federal databases (USGS NWIS, NOAA NCDC/GHCN, NOAA HADS)
LTER ClimDB/HydroDB
EML repositories (LTER Data Portal/EDI, DataONE, KNB)
SQL database queries (JDBC)

Data Turbine servers

Custom parsers can be added




Example — Adding a Parser

=

o el

u Data Structure Editor
File  Edit Metadata Tools  Mise  Window  Help

Column List (select to displa# R Edit Import Filters E\I El I@

Import Fitter Camphell Scientific TOAS Data - GCE Flux Tower CR3000 Fluxes v | new || copy || Detete |
Menu Label Camphell Scientific TOAS Data Menu Subheading GCE Flux Tower CR3000 Fluxes

Function Name imp_camphell_toas MATLAE function to use for imparting data files fwithout m)
Symtax Help Imports data from a Camphell Scientific Instruments TOAS ASCII file to create a GCE Data Structure

[,

syntax: [5,msd] = imp_camphbell_toasi,pntemplate, serial_date timezane waorkflow)

inputs:

Tt = name affile to import (default = prompted)

pn = pathname of file {default= pwd)

template = metadata template to apply {default= " for none)

serial_date = option to calculate a MATLAER serial date column from TIMESTARMP

Column Name 0=ho
File Mask bt dat mask far selecting files, e.0. *.mat or * &t * asc {Use wwyw for weh-hased)
Column Units
L. File Prompt Select a CSI TOAS data file text to display when prompting users for data file selection
Description
template GCE_Flux_Tower_Fluxes metadata template to apply (default = " for none)
serial_date 1 option to calculate 3 MATLAB serial date column from TIMESTAMP
timezone GMT time zone setting of logger {default="for unspecified)
Data Type unspecified workflow process_ogee_flux_fluxes name of a GCE Data Toolkax workflow function to call far post-pracessing

Wariable Type unspecifisd

Mumerical Type | ynspecified

Precision deci

Flagy Criteria




Adding/Importing Metadata

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

Many pathways for building Metadata

Metadata can be imported along with data

Logger file headers (Campbell, Sea-bird)

Station, parameter information from USGS, NOAA
Tokenized headers from Data Submission Template

Metadata imported from other GCE Data
Toolbox 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




Adding/Importing Metadata

Metadata Templates

(CO-OPS_Fort_Pulaski
CTD_Profile
GCE_AquaTroll_Logger
GCE_Baro_Diver
GCE_Cera_Diver
GCE_CTD_Diver
GCE_Flux_Tower_Fluxes
GCE_Flux_Tower_Time_Series
GCE_Hammock_Surveys
GCE_Hobo_Tidbit
GCE_Hobo_Tidbit_Hammock
GCE_Hydrolab_Logger
GCE_MiniTroll_Logger
GCE_Plant_Biomass
GCE_Sonde
GCE_Sonde_GCE1
GCE_Sonde_GCE2
GCE_Sonde_High_Salinity
Harvest_Demo
LTER_CIimDB
LTER_ClimDB_GCE
NCDC_Baxley
NCDC_Brunswick
NCDC_Climate
NCDC_GHCND
NCDC_GHCND_Baxley
NCDC_GHCND_Brunswick
NCDC_GHCND_CIlimDB
NCDC_GHCND_Glennville

aama s iosis.

Name  C0-OPS_Fort_Pulaski

Add Template
Copy Template

Delete Template

n Metadata Editor

Import Templates
Export Templates

Sort Templates

Edit All Metadata
Edit Aftributes
Import Attributes
Merge Attributes
Edit Doc Metadata
Edit Q/C Criteria

Sync Q/C Criteria

Cancel

Accept

File  Edit
Metadata Contents (click on rows to view/edit contents)

CATEGORY | FIELD | CONTENTS -
Dataset | Title | Peal-time climate data from the SINERR/GCE/UGAMI weather station  —
Dataset | Accession | none
Dataset | Investigator | |Hame: Dorset Hurley|Position: Research Coordinator|address: Geols
Dataset | Abstract | Air temperature, relative humidity, barometric pressure, precipii
Dataset | 2tudyType | Monitoring | &
Dataset | Themes | Meteorology
Dataset | LTERCore | PRegionalization
Dataset | Georeferences |  none
Dataset | SubmitDate | mnot applicable
Dataset | Eeywords |  elimate, metecrology, alr temperature, barometric pressure, humi. Sort
Project | Name | Cooperatiwve SINERR/GCE-LTER/UGA Marine Institute Climate Monitor:
Project | Leaders | |Mame: Dorset Hurley|Position: Research Coordinator|fAddress: Geo:
Project | StartDate | July, Z00Z
Project | EndDate | unspecified
Project | Objectiwves | Collect baseline climate data at Sapelo Island, Georgia, to supp
Project | Abstract | Cooperative agreement between the Zapelo Island National Estuaria
Project | Funding | Jointly-funded by SINERR, GCE-LTER Project, and UGh Marine Instit
Site | Location | ML _Met -- Marsh Landing Meteorological Station Deployment
Site | Coordinates | ML _Met -- 31 25 04.2 N, 051 17 43.5 W
dite | Physiography | ML _Met -- Barrier island 8
2ita I _Tandfarm I ML Mar. —— Tntertidal =salt marsh
4 | n | +

Category [pataset

Field Abhstract
Contents |Air tewmperature, relative humidity, barometric pressure, precipitation, A

Cancel

photosynthetically-available and total solar radiation, and wind speed and direction were
measured using an antomated Camphell Scientific Instruments climate station installed at Marsh
Landing on Zapelo Island, Georgia. Observations were logged at 15 minute interwals throughout
the study period. The sensors were mounted on a 10m aluminum tower, with wind sensors mounted
at the top, light sensors at approximately Sm, and other sensors at Z-3m Lo ninimize
interference from the surrounding landscape. This climate station was Jjointly operated by the
Sapelo Island National Estuarine Research Beserwve, the Georgia Coastal Ecosystems LTER
Project, and Thiversity of Georgia Marine Institute.

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




Q/C Analysis Framework

Programmatic Q/C Analysis
“Rules” (i.e. criteria) define condifions 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




Q/C Analysis Framework

nDatafmm Sea-Bird Electronics 37-5M MicroCAT sondes deployed at..| = || = || 82|
File  Edit Metadata Tools  Misc  Window  Help

Column List (select to display properties)

Latitude (degrees)
Instrurnent (none)
Purmp (none)
Date (serial day (base 1/1/0000) - GMT)
Year (VYY)
Manth (MM

Day (DD

Hour (hr)

Minute (rmin)
Temperature [°C)
Conductty (=/m)
Pressure (dhar)
Depth (m)
Salinity (PSU)
Sigma_t (kg/m*3)
Calibration (none)

:

Mo Diowen

u Q/C Flag Criteria Editor

= | =[]

Data Set Column: | Salinity (PSLY

Column Name |Zalinity

Column Units  |psU

Description

Salinity

Data Type floating-point number (f)

Variable Type calculations (calculation)

Precision 3 decimal places

Mumerical Type  cantinuous/ratio (cantinuaous)

Q/C Flag Criteria Expressions

x<0="'

col_Depth<=0=""

¥>38="0"

col_Depth<0.15="2"
flag_waluechange(x 5 51, 3=0Q"

Move First
Move Lp
Move Down
Move Last

Add Mew

Celete

YValue = 'i KL = Q- guestionable value

Custom Flags:

| AQHEdit QC Flag Function | | Ad/Edit Custom Criteria

Flags

Help

LS

Flag Criteria | x<0=""cal_Depth<=0="’x>38='Q",col_Depth=0.15= \)/




Example — CTD mooring

Value

40

| | | | | | | Temperatulre [
Salinity (PSL)
S A, —— F"?P_th_i_f_"? ________
30 L nay o KM RS | |Ii T e ‘| | 'h| |i| i I|iiiii| WL L
s ||WWMNWWWWhHMMWMWMWW%mWhWMMW
ol wwm“” wwwwmm$ﬂwmwww %MMww|'ﬂwjm
el i ] L FH el il i i L L i
20 it AL ||| |! .........................................
i ! it

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

0516511 0652611 07 06511 071651 07526011 08/05:11 0815511 082511 0204511
Date {GMT)



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

* | | | | | | | Temperatulre [
Salinity (PN
B T F"?P.th_(_f_"? ........ i
4 | ii!'ill. I
H I ||| || |F |I |||II ||I it ! i '|||| '| | J“'I ||| i|1::|']| i|i "hlﬂ |i i :
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Data Management Cycle

Dlejle! Import If\ndp?){’r Q/C
Source Data Metadata Analysis

Post-
Process

Archive /
Publish

Synthesis

Import Filter + Metadata Template
(One Step)




Post-Processing and Synthesis

Calculated columns can be generated SR —
using mathematical formulas, functions _
Date/Time Interval for Statistical Summaries: |Daily |

Data can be gap-filled, drift-corrected Available Colunns Column Selections

. Instrument (none) - roun Records ontiona
Derived data sets can be created by Pung o) o org)
filtering values or refactoring data table Do (1) Lot G
structure (e.g. combining or splitting i
columns) i
Data can be re-sampled or summarized by Calculate Statistics For
aggregation, binning and date/time scaling pomperatue (C :
Multiple data sets can be combined by
merging (union) and joining on key columns .

[C] Remove values flagged | <any= List

All derived data contain complete
metadata describing the entire processing

Flag as | - if percent missing = ~ 30

Flag as|Q - if percent missing = ~5

hISTory Flag as | v:ifpercentﬂagged> v:BD
Q/C rules can be generated for derived o] | TSRS i percent Teved > I
dOTO COlUmnS OUTomOTiCO”y bCISGd Oﬂ Statistics: Autornatic (hased on numeric and variable type) v: [¥] Time Minmiax

number or percent missing/flagged values

Close dialog after exporting the results




Example — Date/Time Aggregation

File Edit View Inset Tools Desktop Window Help GCETools

Data retrieved from ClimDB for GCE station ML from 08-Jul-2002 to
01<Jun-2012

——+— Daily AlrTemp_AbsMax_C (*C)
+— oo artemp_pead c C)
e gl Tomp A )

Value

A HJlHIUIAJILHUHIUIAJILHHHIHIJJIHILIHIHIJJIHIUHIHLHIHIHIH[LLHIHILIIHILIHIHILHUILIHIHIUIJ
an2003 Jan2004 Jan2005 Jan2006 Jan2007 an2008 lan2009 n2010 Jan2011 Jan2012
Date (serial day (base 1/110000))

vaxis: 1< <[ o[ -[>[>I] xaxis: (<] <[ +]-[>[>1] Reset [ manuai| pate Axis|auto - 4

[ Piot of Data retrieved from ClimDB for GCE station ML from 08-Jul-2002 to 01-J,. =% EoR ===

u Date/Time Interval Statistics
File Edit

[d
[&

[

B Piot of Monthly Summary of Data retrieved from ClimDB for GCE station ML from ..
File Edit View Inset Tools Desktop Window Help GCETools

Monthly Summary of Data retrieved from ClimDB for GCE station ML from
08-Jul-2002 to 01-Jun-2012
40
' ' *Mmm ek Dy ArTame_Adaiix © (0)
" = fonny_uean oy Artene_igh_c C)

RENATRAN /\/\ AViWiT VAW
AV AT AT TR
mV I\ /\\V ‘{ftﬂl“.‘ f/\*\‘ m ;“m\v\j}/\\ﬁ ,H\LV‘!

AR AT
B L

" \f

Value

I |4

Yy

1o ZEI‘EIZ ZEI‘[IA Z[I[IE ZEI[IS 2008 [I‘Elﬂ ZZEI‘\[I ZEI“\Z
Date (serial day (base 1/1/0000))

vaxis: I<] <[ +] <[ =] =] xaxis: 1] <[ +] -] >[>1] Reset [ manual [ pate axis auto PE|

Date/Time Interval for Statistical Summaries:

Monthly n

Available Columns

Column Selections

Daily_AtmPressure_Mean_hPa (hF =
Daily_GlobalRad_Total_mJm2 (MJ/
Daily_Precip_Total_MM (mm)
Daily RH_Mean_pct (%)

Daily_! WinD|r Mean_deg (degrees)
Daily_WindSp_Mean_msec (m/s)

4| 1 | 2

Group Records By (optional)

Calculate Statistics For

Daily_AirTemp_AbsMax_C (°C) B
Dail A|rTem Mean C (°C

Remove values flagged QI List
Flag as | - |if percent missing > - |35

Flag as Q - |if percent missing = ~ 10

‘..

Flag as | - |if percent flagged =

Flagas Q - |if percent flagged =

Cancel

Close dialog after exporting the results




Archive/Publish Data

i GO Oata Tooman Harvestee Wabpege 0. | &

= Data and metadata can be
exported in many formats @

Data Harvester Dashboard
= Text, MATLAB, XML/KML/HTML

» |nser‘|‘ed |n‘|'o RDBMS ‘I'O bles Calculated 5 Minute Summary Data and Fluxes from the GCE-LTER Flux Tower on Sapelo Island, Georgla

Dot harvest repert for 2013-09-17 03:20:00 10 2013 10- 23 19:00:00 {sdexed 2013-10-23 20:21:23)

Home > 0ata > Poctal > B Tower > AL¥atubics | Selected Varables

mvm Sedocted Variables

= Data can be refactored and R ) 3
published in CUAHSI ODM g% ] ==

database, Hydro-server g s - wwen —
©: : R lI | ]

QT miea x B0 0T

= Data can be displayed on e —— ko A4 YW “‘“\j

Max Ve 29 Q15T 1 -
Mo Vala 15512 1 o }

MATLAB-generated web pages s i =
and dashboards — e

= EML-described data packages e
can be generated/published in i
data archives :

= EDI/PASTA

= DataONE Member Nodes (e.g. KNB) ST i L SR e oty v, s s v (S

mrsang 3 (UW)
fap0es 0 0%

Ll week

PO,

[

» DEIMS (potentially)




Archive/Publish Data

= Export EML Data Packages for EDI

B 4:1] ] DAWade\Work\GCEVma X l+ ~
‘- » O W © | file

Vade/Worl

/marshianding jan

d Jeml.xsd"

public/files/
ml.org/schema/stmmi-1.1" "eml:// /eml-2.1.0"

4\ Export EML Dataset — X | <2xmi version="1.0" encoding="150-8859-1"2>
- <eml:em| ocation="eml:/ ‘eml-2.1.0 http://gce-Iter.marsci.ug:
“http:/ / 3.0rg/2001/XMLSchema-i "htty
“eml:, i i

s
knb-Iter-gce.999.1">

- <access scope= " order=";

Export Path D:\Wade\Work\GCE [ v

<permission>read</permission>

.1.0" system="gce-lter" packagel:
2 "knb">

</individualName>

h C

- <address>

@/ @ Move | B 7 g« | qBR = HxiE

</allow>
<éaccess>
- . . - « taset>
File Name |marsh|and|ngJan201 9.csv | Entity Name ‘data ‘ s Hydrographic dith from the SINERR monloring stition an Sapalo Teland at Lower DUplIn<ANS
T indnidualiames ;
hel B NoteTab Pro -  jan2019.csv
Data URL |http5. /gce-Ilter. marsci.uga.edu/private/datasets/ascii/marshlanding_jan2019.csv ‘ <surliame>Guy</surName> | fle ggt Sewch View Modify Document Favortes Tools Help

O@aF ¢ W@ Moo v

ABELE Biea

v gia Depa
<postalCode>31327</postalCode>
</address>
<phone>(912) 485-2251</phone>
<electronicMailAddress >rachel.guy@dn
- - </creator>
File Format |CSV (spreadsheet) v| Flag Option ‘Text flag columns (data/calc + others) v‘ oty
- <individualName>
<givenName>Patrick</givenName>
<surName>Hagan</surName>
</individualName>
<organizationName >Georgia Dept. of
<role>co-author</role>
</associatedParty>
- <associatedParty>
- <individualName>
<givenName>Wade</glvenName>
<surName>Sheldon </surName>
</individualName>
- <organizationName >University of Geo
Map Units <role>co-author</role>
</associatedParty>
<pubDate>2019</pubDate>
- <abstract>
<para>Water temperature, specific ¢
hydrographic dataloggers (YSI P{
</abstract>
- <keywordSet>
<keyword>conductance</keyword>
<keyword>hydrography</keyword>
<keyword >monitoring </keyword >
<keyword>oxygen</keyword>
<keyword>pH</keyword>
<keyword>salinity </keyword>
<keyword>sapelo</keyword>
<keyword>temperature</keyword>
<keyword>turbidity </keyword>
<keyword >water quality</keyword>
</keywordSet>
- <intellectualRights>
<para>Following academic courtesy
part of this dataset is used.</par:
</intellectualRights>
- <coverage>
- <geographicCoverage>
<geographicDescription>Overall bo|
- <boundingCoordinates>
<westBoundingCoordinate>-81.
| <eastBoundingCoordinate>-81..
<northBoundingCoordinate >31..
<southBoundingCoordinate>31.¢
</boundingCoordinates>
</geographicCoverage>

Header |5-Iine header (title, column names, units, variable types) v| []dataTable Only

Package ID |knb-|ter-gce.999.1| | AuthSystem
Date Format yvyy-mm-dd HHMMSS “|  Missing CharNaN |

Close dialog after performing export?

Public Access

10( "3B037€E4", "SAQGL",2018:
11| *3B0376E4", "SAQG1",201
12| "3B0376E4", "SAQGL",201¢
13| "3B0376E4","SAQGL",201
14| "3B0376E4", "SAQGL",201%
1s| =3B0376E4
16| "3B0376E4", "SAQGL",2019-
17| "3B0376E4", "SAQGL", 20.
18| "3B0376E4", "SAQGL",2019.
19| "3B0376€E4", "SAQGL", 201
20| "3BO376E4", "SAQGL",2019-
21| "3B0376E4!
22| "~3B0376E4","SAQG1",2019-01-0.
23| "3B0376E4","SAQG1",201
24| "3B0376E4", "SAQG1",2019-01-01
25| "3B0376E4","SAQG1",201
26| "3B0O376E4","SAQG1",201%-01~-
27| "3B0376E4
28| "3B0O376E4",
29| "3B0376E4",
30| =3B0376E4",
31| =3B037¢E4",
32( =3B0376E4

Jan2019.cov |

1

2 e .

3| "NESDIS_ID",*NWSLID","Date", "Year", "Month
4| "none”,"none","yyyy-mm-dd HH:MM:SS - GMT",
s

€

7

]

tinute”, "Temp_Wate
", "DD", "hz", "min®, **C", *none"

"nominal®, "nominal®, "datetime", .
"3B0376E4", "SAQGL",2019-01-01 00:00:00,201
"3B0376E4", "SAQG1", 201
"3B0376E4", "SAQG1", 2019
8| "380376E4", "SAQGL", 201

.000,

,0.000,""

0,0,0.00,%%,0.00,

00, *I¥,0.00,"Q",0.00, "~
15,0.00,"%,0.00,"", ,"Q",0.00
0,2019,1,1,0,30,0.00,",0.00,"",0.00, ™ .00, "",0.00, "I", 0.00, "Q",0.00, ", 0.000, **
0,2019,1,1,0,45,0.00,",0.00,"",0.00,"",0.00, *Q*,0.00, "Q", 0.00, I",0.00, *Q", 0.00, "*,0.000, **
00,2019, ,0.00,"",0.00,"Q",0.00, "Q", 0.00, *I*,0.00, "Q", 0.00, **,0.000, "
0, **,0.00,**,0.00, "Q",0.00, "Q", 0.00, "I, 0.00, *Q", 0 *,0.000, "*
0,"",0.00,"",0.00,"Q",0.00, "Q",0.00,"I*,0.00,"Q",0.00,"",0.000,""
0,%*,0.00,"",0.00,"Q" o, "Q",0.00, "I",0.00,"Q",0.00,"",0.000, "
9, "",0.00,"",0.00,"Q", 0.00, "Q", 0.00, "I",0.00, "Q", 0.00,"",0.000, **
0,**,0 =Q",0.00,"Q",0.00, *I",0.00, "Q" N
0,"*,0.00,"*,0.00,"Q", 0.00, "Q".
,"",0.00,",0.00,"",0.00,"Q",0.00, "Q", 0.
0.00,"*,0.00,"",0.00,"*,0.00,*Q",0.00, "Q",0.00, "I",0.00,"Q",0.00,"",
*1",0.00,"Q",0.00,"",0.000,""
0.00, "I",0.00,"Q",0.00, **,0.000, ""
0.00,"I",0.00,"Q",0.00,"",0.000, "

00:
00:
00:

01:0

"SAQG1",201

"SAQG1", 201

01-01 00, "@~,0.00, *I",0.00,"Q",0.00, ", 0.000, "

"*,0.000,""
"*,0.000,""

01-01 0S: 0 0 o 0
0.00,",0.00,"Q" 0.000,""
00,%*,0.00,"Q" 0.000,""
.00,%Q",
0.00,%0"

"SAQG1", 201
"SAQG1",2019-01-

1
33 "3B0376E4 1,1

34| =3m0376E4", 1,1

35| =380376E4", 5 *,0.000,""
36| =3mo37eEs 1,1 *,0.000, "
37| =380376E4 1,1 =*,0.000,"*
38 "3BO376E4", 1,1 "*,0.00,%Q",0.00,"Q%,0 **®,0.000,"
38| =380376E4", 1,1 **,0.00,"",0.00,"*,0.00,"Q",0.00, "Q", 0.

40| "3B0376E4", "SAQGL", 2019 0,2019,1,1 "",0.00,"",0.00,"",0.00,"Q",0.00, "Q", 0.

41| "3B0376E4", "SAQGL",201 0,2019,1,1 0,"",0.00,"",0.00,"",0.00,"Q",0.00, "Q", ¢

42| "3B0376E4", "SAQGL", 20. ,2019,1,1 .00,"",0.00,"",0.00, "Q",0.00, "Q", 0.0

43| =380376E4", "SAQG1",201 :15:00,2019,1,1 0.00,"Q",0.00, "Q'

44| "3B0376E4", "SAQGL", 201 130100,2019,1,1 0.00,"Q",0.00, "Q",0.00, "I",0.

45 "3B0376E4", "SAQG1",2019-01-01 09:45:00,2019,1,1 0, **,0.00,"*,0.00,"Q",0.00, "Q",0.00,"I",0.00,"Q",0.00,

46| "3B0376E4", "SAQGL", 20. 1 .00,"",0.00,"*,0.00,"Q",0.00, "Q", 0.00, *I",0.00, "Q", 0.00,

47| "3B0376E4", "SAQGL",2019-01- 1 00

48| =380376E4 1

49 "3B0376E4", "SAQG1",2019-01-01 1 .00,"",0.00,"Q'

50 "3BO376E4", "SAQG1",2019-01-01 1 "-,0

51

52| ¢




Automation — Batch Processing

. H ° B Batch Import Files == 2

Entire directories of raw data
files CO N be processed O'I' Source Path Cillsersiwsheldon\Documents\Meetings\L TER-ASM_2015Wworkshop\sample_data\batch_processil
once u Slﬂ g an |m p Or.l. fll.l. er Destination CUserswsheldon\Documents\Meetings\LTER-ASM_2015\Wworkshop\sample_data\batch_| Browse
Ond meTOdOTO Templcfe Import Filter GCE MicroCAT Sonde Data - General Template -

. Syntax Help Imports the data and header from a processed SBE 37-SM Microcat data file (.asc) -
Multiple GCE Data Structure to reate 2 GCE Data Snctre El

Q Q Q syntax: [s,msg] = imp_gcesonde(fn,pntemplate,calc_depth)
files in a directory can be
inputs:

batch-converted to TXT, CSV in = name offle to import

pn = pathname for file
template = metadata template to apply (default ="GCE_Sonde”)
calc depth = option to calculate total depth if bottom depth infermation is present in "parse 37sm.mat’ G

Multiple files can be merged

. . File Mask e (file name or file mask for selecting files to import)
via metadata-based union to template GCE_Sonde metadata template to apply (default ='GCE_Sonde’)
create anin Teg rated data set Il calc_deptn 1 option to calculate total depth if bottom depth information is present in

All directories containing GCE
Data Structures can be
indexed and searched, then

merged, joined and exported cise 7] Close diaiog after processing fles




Automation — Data Harvesting

Harvest
Manager

Workflow

Reports




Georgia Coastal Ecosystems LTER _/1-‘ // 3
Member of the NSF Long Term Ecological Research Network : k “:_‘:‘

Home > Data > Portal > Marshlanding > harvest > Dataset Details | Plots
Home Dataset Details
GCE News » DatasetiD:  marshlanding_realtime_oct11
Research » Dorset Hurley
e Title: Reaktime climate data from the SINERRIGCE/UGAMI weather station at Marsh Landing on Sapelo Island, Georgia, from
2 28-8ep-2011 10 21-0ct-2011
Field Planning > Abstract: Air termperature, relative humidity, barometric pressure, precipitation, photosynthetically-available and total solar radiation, and wind
speed and direction were measured using an auomaled Campbell Scientific Instruments climate station installed at Marsh
By Landing on Sapelo Island, Georgia. Observations were logged at 15 minute ntervals throughout the study period. The sensors were
mounted on a 10m aluminurm tower, with wind sensors mounted at the top, light sensors at approximately 5m, and other sensors at
Data Products » 2-3m to minimize interference from the surrounding landscape. This climate station was jointly operated by the Sapelo Island
National Estuarine Research Reserve, the Georgia Coastal Ecosystems LTER Project, and University of Georgia Marine Insfitute.
IS Resources »
KeyWords:  climate, meteorology, air terperature, barometric pressure, hurnidity, par, solar, wind, sapelo, marsh landing
Maps & Imagery »
StudyType:  Monitoring
Serimentd Study Period:  28-8ep-2011 to 21-0ct-2011
Outreach & Ed » Bounding Box: West longitude: -81.20541°
North latitude: 31.41785*
Informatics > Eastlongitude: -81.20541°
South latitude: 31.41785°
Personnel >
Site References: ML MET - Marsh Landing climate station, Meteorological station deployment
affiliates >

Downloads: @ Data Table: marshianding_realtime_oct11 (Main data table, 2196 records)
Private Site » Access: Public
Metadata: Text (ESAFLED)
Data Formats: Spreadsheet CSV text file, Tab-delimited text report, GCE Data Toolbox file, Standard MATLAB file, Custorn
MATLAB file, Custom Textfile

Column List:
Column  Name Units Type Description (show)
NESDIS_ID none string
L 2 /SLID none string
3 Date serial day (base 1/1/0000) - GMT  floating-point
4 ‘Year Y integer
5 Month MM integer
B Day oo
7 Hour hr
8 Minute min.
B B i Recent Weather Observations at Marsh Landing on Sapelo Island, Georgia
1 Max_Temp_Air c 5 : . . . . 1750
12 Flag_Max_Ternp_Air none —+— Ar Tempetature (°C)
13 Time_Max_Temp_Air hhmm Wiing Speed (misy
14 Min_Termp_Air h
15 Flag_Min_Temp_Air none 4 Precipitation (mm)
1 Timé Min Tmn A hhrorm Total PAR (uEim’fs)

1500

1250
1000
15 —750
10 —500

Air Temperature (°C), Wind Speed (mi/s), Precipitation {(mm)

o @
—
fore
% I
73
i
3

Date (EST)

Total PAR (uEir?is)



Key Concepts

Operations performed in context of a "dataset”

Passing data columns to a tool tfransports metadata as well
Dataset metadata used to guide transformation, plotting, analysis

Metadata used to auto-parameterize functions

Workflow steps generate new, complete 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") tfracked

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




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/publish data

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 values/flags to IMS for distribution (e.g. local IMS, DEIMS, ODM)
Upload processed data files and metadata/EML to EDI

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

Use toolbox as middleware (e.g. Data Turbine & ODM, Kepler, ...)




Toolbox Milestones

2001 - in production, released to GCE personnel

2002 - first public release (compiled code only)

2003 — USGS harvesting service for ClimbDB/HydroDB launched

2005 — added “Search Engine” for local data management

2009 — first supported cross-site use (CWT)

2010 — established SVN, Wiki (Trac), released as open source (GPL)

2012 - ARRA funding for training, enhancement; EML import support

2013 - CUAHSI ODM support, Data Turbine support, LNO sensor DM training
2014 — EML data package export support

2018 — over 4100 registered downloads, in use at >8 LTER sites (harvesters at
GCE, CWT, AND, HBR, NWT)

2019 — LTER/EDI GitHub forke LTER working goup¢ virtual training?




Resources

MATLAB
Website: http://www.mathworks.com/products/matiab/
Version R13 (2002) or higher required (full or student version)
Software Distribution

Website: https://gce-svn.marsci.uga.edu/trac/GCE_Toolbox
Documentation, Tutorial, FAQ

Distribution Downloads (stable, betaq)

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

Email: gcetoolbox-I@listserv.uga.edu (http://www.listserv.uga.edu/)




