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GCE Data Toolbox for MATLAB

e MATLAB toolbox optimized for environmental data
management

* Based on a comprehensive data model for tabular data
> Any number of numeric and text variables
> Variable information (name, units, desc., data type, variable type, precision, ...)

> Structured documentation (metadata)
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Importing Data

* Generic parsers

> Delimited text (CSV, space, tab)
o MATLAB variables (arrays, structs)

e Specialized parsers

> Vendor-specific logger files

Campbell (tables, arrays)
Sea-Bird CTD, sondes
Others (YSI, 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 Metacat, LTER sites)
Data Turbine servers

e Custom parsers can be added
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Adding/Importing Metadata

e Metadata imported along with data
o Logger file headers (Campbell, Sea-bird)

o Tokenized headers from Data Submission Template
* Metadata imported from other data sets

e Metadata imported along with EML (XML)

Metadata added from “Templates”
> Column (attribute) metadata matched to “variables”
> Boilerplate documentation

> GUI tool for creating/managing templates

» Metadata capture, re-use emphasized
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Q/C Analysis Framework

Programmatic Q/C Analysis
> “Rules” that define conditions in which values should be flagged
> Rules evaluated when data loaded and when data or rules change

> Rules can be 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
> All Q/C operations (including revisions) logged to processing lineage

> Data anomalies reports can be auto-generated and annotated to capture rationale

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

o Statistics about missing/qualified values tabulated, used to qualify derived data



Example — CTD mooring
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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

I I I I I I I I I
——— Temperature (")

———— Zalinity (PSL)

0616411 062611 07 06411 07416411 072611 08/a5411 081511 082541 0904011
Date (GMT)



Data Management Cycle

Add/

Import
Metadata

QA/QC Post- Synthesis / Review /
Analysis Process Integration Archive

Import Filter + Metadata Template
(One Step)



Data Harvesting VWorkflows

Harvest

Manager

Workflow




Key Concepts

» Every operation is 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

o Intermediate datasets can be saved or overwritten in workflows

* Processing history ("lineage") tracked automatically

> Each tool logs operations by date/time
> Data revisions, deletions, flagging captured at user-specified detail

> Lineage reported in metadata

e Metadata is "live", and updated automatically

o Data column metadata and data revisions
o Calculations and unit conversions

o Code definitions
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Demo Workflow

e /demo/data harvester.m
> Documented demo workflow for Campbell data (.dat)

> Define metadata templates, Q/C rules, plot profiles for your
station (tutorial available)

> Modify XSLT to “skin” the web pages to match your site
> Add or remove processing steps as necessary

> Manage automatic execution using toolbox GUI

o

Just switch the parser and re-use for other data sources!
imp__ascii.m for generic delimited text
parse_seabird.m for SBE CTD
fetch_noaa_hads.m for real-time NOAA HADS stations
fetch_usgs.m for USGS NWVIS stations

e GUI workflow builder under development



Demo Workflow

%Example: imports CSI TOAS5 data using specified template, calculating a serial date and
%assigning the 'EST' timezone to date/time columns; note that QA/QC flags will be
%assigned automatically based on criteria in the template

[data,msg] = imp campbell toab(
fn source, ... %file to import
pn_source, ... %path to file
template, ... %metadata template to apply
1, ... %option to add a serial date column calculated from the time stamp
'EST' ... %time zone metadata to apply to date/time column units/description for conversions

)i

%check for valid data structure from import filter
if gce_valid(data)

code for basic data manipulation goes here

o oo oo

%check for optional sitecode, add to beginning of data set and document in metadata
if ~isempty (sitecode)

data = addcol(

data, ... %date structure to update
sitecode, ... %site code to add (will be replicated to all rows)
'Site', ... %column name to assign

Y, oo, $column units

'Site code', ... %column description

's', ... %data type

'nominal', ... %variable type

'none', ... %numeric type

0, ... %numeric precision

Yo, %Q/C flagging criteria

1 ... %column position in data set

)

supdate site metadata by looking up site in geo polygons.mat
data = add sitemetadata(

data, ... %data structure to update

'Site', ... $%site/location column name to match

Y, $site prefix to add

1 ... %auto-polygons option for looking up polygons for matched points

)

end



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
Distribution Downloads (stable, beta)
Bug reporting (tickets)

o SVN: https://gce-svn.marsci.uga.edu/svn/GCE_Toolbox/trunk

> Code is open source (GPLv3) and cross-platform

e User Support

o

Peer-to-peer model

o

Sporadic training opportunities (LTER)

o

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

o

Tutorials, video training modules in development



