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---1
YODA:2
  - {Version: "0.1.0", Profile: "TimeSeries", CreationTool: "Excel Template v0.3.1-alpha", DateCreated: "2016-01-21", DateUpdated: "2016-01-21"}3
DataSets:4
  - &DatasetID0001 {DataSetUUID:  "B50BF8EA-E7AD-4B2A-8F12-6EC980DE8070",  DataSetTypeCV:  "Multi-time series",  DataSetCode:  "TWDEF_AirTemp",  DataSetTitle:  "Air temperature at the TW Daniels Experimental Forest Climate Station",  DataSetAbstract:  "Air temperature at the TW Daniels Experimental Forest Climate Station. The data were measured using a Campbell Scientific HC2S3 temperature and relative humidity sensor. Measurements represent the average over the 15 minute recording period."}5
Organizations:6
  - &OrganizationID0001 {OrganizationTypeCV:  "University", OrganizationCode:  "USU", OrganizationName:  "Utah State University", OrganizationDescription:  NULL, OrganizationLink:  "http://www.usu.edu"}7
  - &OrganizationID0002 {OrganizationTypeCV:  "Research organization", OrganizationCode:  "UWRL", OrganizationName:  "Utah Water Research Laboratory", OrganizationDescription:  NULL, OrganizationLink:  "http://uwrl.usu.edu"}8
People:9
  - &PersonID0001 {PersonFirstName:  "Jeffery", PersonMiddleName:  "S.", PersonLastName:  "Horsburgh"}10
  - &PersonID0002 {PersonFirstName:  "Amber", PersonMiddleName:  NULL, PersonLastName:  "Spackman Jones"}11
Affiliations:12
  - &AffiliationID0001 {PersonObj: *PersonID0001, OrganizationObj: *OrganizationID0001, IsPrimaryOrganizationContact: NULL, AffiliationStartDate: "2014-01-01", AffiliationEndDate: NULL, PrimaryPhone: NULL, PrimaryEmail: "jeff.horsburgh@usu.edu", PrimaryAddress: "Civil and Environmental Engineering, Utah Water Research Laboratory, 8200 Old Main Hill, Logan, UT 84322-8200", PersonLink: NULL}13
  - &AffiliationID0002 {PersonObj: *PersonID0002, OrganizationObj: *OrganizationID0002, IsPrimaryOrganizationContact: NULL, AffiliationStartDate: "2015-01-01", AffiliationEndDate: NULL, PrimaryPhone: NULL, PrimaryEmail: "amber.jones@usu.edu", PrimaryAddress: "Utah Water Research Laboratory, 8200 Old Main Hill, Logan, UT 84322-8200", PersonLink: NULL}14
Citations:15
  - &CitationID0001 {Title: "Air temperature at the TW Daniels Experimental Forest Climate Station", Publisher: "iUTAH Modeling and Data Federation", PublicationYear: "2015", CitationLink: "http://repository.iutahepscor.org/Dataset/iutah-gamut-network-raw-data-at-tw-daniels-forest-climate-site-lr-twdef-c"}16
AuthorLists:17
  - &AuthorListID0001  {CitationObj: *CitationID0001, PersonObj: *PersonID0001, AuthorOrder: 1}18
  - &AuthorListID0002  {CitationObj: *CitationID0001, PersonObj: *PersonID0002, AuthorOrder: 2}19
DataSetCitations:20
  - {DataSetObj: *DatasetID0001, CitationObj: *CitationID0001, RelationshipTypeCV: "Is identical to"}21
SpatialReferences:22
  - &SRSID0001 {SRSCode: "EPSG:4326", SRSName: "WGS84", SRSDescription: "Horizontal component of 3D system. Used by the GPS satellite navigation system and for NATO military geodetic surveying.", SRSLink: "http://www.epsg-registry.org/export.htm?wkt=urn:ogc:def:crs:EPSG::4326"}23
SamplingFeatures:24
  - &SamplingFeatureID0001 {SamplingFeatureUUID:  "572DE772-2AF1-4C44-8C6A-074E82273C10", SamplingFeatureTypeCV:  "Site", SamplingFeatureCode:  "LR_TWDEF_C", SamplingFeatureName:  "Climate Station at TW Daniels Experimental Forest", SamplingFeatureDescription:  "This is a continuous atmospheric monitoring site that is part of the Gradients Along Mountain to Urban Transitions (GAMUT) monitoring network.", SamplingFeatureGeotypeCV:  "Point", FeatureGeometry:  NULL, Elevation_m:  "2629.2", ElevationDatumCV:  "NGVD29"}25
Sites:26
  - {SamplingFeatureObj:  *SamplingFeatureID0001, SiteTypeCV:  "Atmosphere", Latitude:  41.864805, Longitude:  -111.507494, SpatialReferenceObj:  *SRSID0001}27
Units:28
  - &UnitID0001 {UnitsTypeCV:  "Temperature", UnitsAbbreviation:  "degC", UnitsName:  "degree celsius", UnitsLink:  NULL}29
  - &UnitID0002 {UnitsTypeCV:  "Time", UnitsAbbreviation:  "min", UnitsName:  "minute", UnitsLink:  NULL}30
Methods:31
  - &MethodID0001 {MethodTypeCV:  "Instrument deployment", MethodCode:  "Air_Temp_HC2S3", MethodName:  "HC2S3 Air Temperature", MethodDescription:  "Air temperature measured using a Campbell Scientific HC2S3 temperature and relative humidity sensor. Average over 15 minutes.", MethodLink:  "http://data.iutahepscor.org", OrganizationObj: *OrganizationID0002}32
Variables:33
  - &VariableID0001 {VariableTypeCV:  "Climate", VariableCode:  "AirtTemp_Avg", VariableNameCV:  "Temperature", VariableDefinition:  NULL, SpeciationCV:  NULL, NoDataValue:  -9999}34
  - &VariableID0002 {VariableTypeCV:  "Climate", VariableCode:  "AirtTemp_Min", VariableNameCV:  "Temperature", VariableDefinition:  NULL, SpeciationCV:  NULL, NoDataValue:  -9999}35
  - &VariableID0003 {VariableTypeCV:  "Climate", VariableCode:  "AirtTemp_Max", VariableNameCV:  "Temperature", VariableDefinition:  NULL, SpeciationCV:  NULL, NoDataValue:  -9999}36
ProcessingLevels:37
  - &ProcessingLevelID0001 {ProcessingLevelCode:  "0", Definition:  "Raw Data", Explanation:  "Raw and unprocessed data and data products that have not undergone quality control.  Depending on the variable, data type, and data transmission system, raw data may be available within seconds or minutes after the measurements have been made. Examples include real time precipitation, streamflow and water quality measurements."}38
Actions:39
  - &ActionID0001 {ActionTypeCV:  "Observation", MethodObj: *MethodID0001, BeginDateTime:  "2010-06-03 11:15:00", BeginDateTimeUTCOffset:  -5, EndDateTime:  NULL, EndDateTimeUTCOffset:  NULL, ActionDescription:  "Generic observation action generated by Excel Template for TimeSeries v.0.3.1-alpha", ActionFileLink:  NULL}40
  - &ActionID0002 {ActionTypeCV:  "Observation", MethodObj: *MethodID0001, BeginDateTime:  "2010-06-03 11:15:00", BeginDateTimeUTCOffset:  -5, EndDateTime:  NULL, EndDateTimeUTCOffset:  NULL, ActionDescription:  "Generic observation action generated by Excel Template for TimeSeries v.0.3.1-alpha", ActionFileLink:  NULL}41
  - &ActionID0003 {ActionTypeCV:  "Observation", MethodObj: *MethodID0001, BeginDateTime:  "2010-06-03 11:15:00", BeginDateTimeUTCOffset:  -5, EndDateTime:  NULL, EndDateTimeUTCOffset:  NULL, ActionDescription:  "Generic observation action generated by Excel Template for TimeSeries v.0.3.1-alpha", ActionFileLink:  NULL}42
FeatureActions:43
  - &FeatureActionID0001 {SamplingFeatureObj:  *SamplingFeatureID0001, ActionObj:  *ActionID0001}44
  - &FeatureActionID0002 {SamplingFeatureObj:  *SamplingFeatureID0001, ActionObj:  *ActionID0002}45
  - &FeatureActionID0003 {SamplingFeatureObj:  *SamplingFeatureID0001, ActionObj:  *ActionID0003}46
ActionBy:47
  - {ActionObj:  *ActionID0001, AffiliationObj:  *AffiliationID0002, IsActionLead: TRUE, RoleDescription: NULL}48
  - {ActionObj:  *ActionID0002, AffiliationObj:  *AffiliationID0002, IsActionLead: TRUE, RoleDescription: NULL}49
  - {ActionObj:  *ActionID0003, AffiliationObj:  *AffiliationID0002, IsActionLead: TRUE, RoleDescription: NULL}50
Results:51
  - &ResultID0001 {ResultUUID:  "5861CFFC-4A0E-4DF6-ACCD-D4F8171DD99C", FeatureActionObj: *FeatureActionID0001, ResultTypeCV:  "Time series coverage", VariableObj:  *VariableID0001, UnitsObj:  *UnitID0001, TaxonomicClassifierObj:  NULL, ProcessingLevelObj:  *ProcessingLevelID0001, ResultDateTime:  NULL, ResultDateTimeUTCOffset:  NULL, ValidDateTime:  NULL, ValidDateTimeUTCOffset:  NULL, StatusCV:  NULL, SampledMediumCV:  "Gas", ValueCount:  3359}52
  - &ResultID0002 {ResultUUID:  "71F7D31E-26A7-4D11-B6F6-C2CAD5D96B92", FeatureActionObj: *FeatureActionID0002, ResultTypeCV:  "Time series coverage", VariableObj:  *VariableID0002, UnitsObj:  *UnitID0001, TaxonomicClassifierObj:  NULL, ProcessingLevelObj:  *ProcessingLevelID0001, ResultDateTime:  NULL, ResultDateTimeUTCOffset:  NULL, ValidDateTime:  NULL, ValidDateTimeUTCOffset:  NULL, StatusCV:  NULL, SampledMediumCV:  "Gas", ValueCount:  3359}53
  - &ResultID0003 {ResultUUID:  "435DA617-52E3-446B-8955-8F5F2D577CF6", FeatureActionObj: *FeatureActionID0003, ResultTypeCV:  "Time series coverage", VariableObj:  *VariableID0003, UnitsObj:  *UnitID0001, TaxonomicClassifierObj:  NULL, ProcessingLevelObj:  *ProcessingLevelID0001, ResultDateTime:  NULL, ResultDateTimeUTCOffset:  NULL, ValidDateTime:  NULL, ValidDateTimeUTCOffset:  NULL, StatusCV:  NULL, SampledMediumCV:  "Gas", ValueCount:  3359}54
DataSetsResults:55
  - {DataSetObj: *DatasetID0001, ResultObj: *ResultID0001}56
  - {DataSetObj: *DatasetID0001, ResultObj: *ResultID0002}57
  - {DataSetObj: *DatasetID0001, ResultObj: *ResultID0003}58
TimeSeriesResults:59
  - &TimeSeriesResultID0001 {ResultObj: *ResultID0001, XLocation:  NULL, XLocationUnitsObj:  NULL, YLocation:  NULL, YLocationUnitsObj:  NULL, ZLocation:  NULL, ZLocationUnitsObj:  NULL, SpatialReferenceObj:  NULL, IntendedTimeSpacing:  NULL, IntendedTimeSpacingUnitsObj:  NULL, AggregationStatisticCV:  "Average"}60
  - &TimeSeriesResultID0002 {ResultObj: *ResultID0002, XLocation:  NULL, XLocationUnitsObj:  NULL, YLocation:  NULL, YLocationUnitsObj:  NULL, ZLocation:  NULL, ZLocationUnitsObj:  NULL, SpatialReferenceObj:  NULL, IntendedTimeSpacing:  NULL, IntendedTimeSpacingUnitsObj:  NULL, AggregationStatisticCV:  "Minimum"}61
  - &TimeSeriesResultID0003 {ResultObj: *ResultID0003, XLocation:  NULL, XLocationUnitsObj:  NULL, YLocation:  NULL, YLocationUnitsObj:  NULL, ZLocation:  NULL, ZLocationUnitsObj:  NULL, SpatialReferenceObj:  NULL, IntendedTimeSpacing:  NULL, IntendedTimeSpacingUnitsObj:  NULL, AggregationStatisticCV:  "Maximum"}62
TimeSeriesResultValues:63
  ColumnDefinitions:64
    - {ColumnNumber: 0001, Label: ValueDateTime, ODM2Field: ValueDateTime}65
    - {ColumnNumber: 0002, Label: ValueDateTimeUTCOffset, ODM2Field: ValueDateTimeUTCOffset}66
    - {ColumnNumber: 0003, Label:  "AirTemp_Avg", ODM2Field:  "DataValue", Result: *TimeSeriesResultID0001, CensorCodeCV:  "Not censored", QualityCodeCV:  "Good", TimeAggregationInterval:  15, TimeAggregationIntervalUnitsObj:  *UnitID0002}67
    - {ColumnNumber: 0004, Label:  "AirTemp_Min", ODM2Field:  "DataValue", Result: *TimeSeriesResultID0002, CensorCodeCV:  "Not censored", QualityCodeCV:  "Good", TimeAggregationInterval:  15, TimeAggregationIntervalUnitsObj:  *UnitID0002}68
    - {ColumnNumber: 0005, Label:  "AirTemp_Max", ODM2Field:  "DataValue", Result: *TimeSeriesResultID0003, CensorCodeCV:  "Not censored", QualityCodeCV:  "Good", TimeAggregationInterval:  15, TimeAggregationIntervalUnitsObj:  *UnitID0002}69
  Data:70
    - [ ValueDateTime, ValueDateTimeUTCOffset, AirTemp_Avg, AirTemp_Min, AirTemp_Max ]71
    - [ "2010-06-03 11:15:00", -5, 1.0208, 1.022, 1.0232 ]  # YAML allows for comments72
    - [ "2010-06-03 11:30:00", -5, 1.0171, 1.0208, 1.0232 ]73
    - [ "2010-06-03 11:45:00", -5, 1.0208, 1.022, 1.0232 ]74
    - [ "2010-06-03 12:00:00", -5, 1.0195, 1.0208, 1.022 ]75
    - [ "2010-06-03 12:15:00", -5, 1.0171, 1.0195, 1.0208 ]76
    - [ "2010-06-03 12:30:00", -5, 1.0171, 1.0195, 1.0208 ]77
    - [ "2010-06-03 12:45:00", -5, 1.0159, 1.0183, 1.0208 ]78
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We have developed the Observations Data Model v2.0 (ODM2) standards and 
software ecosystem (http://ODM2.org) specifically to solve the challenges of 
managing, sharing and integrating diverse data from of biological and geological 
(BiG) disciplines for Critical Zone (CZ) science. 

ODM2 is at the core of functionality behind the a number of cyber-infrastructure 
projects, including: Interdisciplinary Earth Data Alliance’s (IEDA) EarthChemDB
(http://www.iedadata.org), EnviroDIY’s Water Quality Data Portal 
(http://data.envirodiy.org) and the BiG CZ Data Portal and Toolbox (http://bigcz.org). 

Introduction

BiG
CZ

ODM2 is a new information model aimed at facilitating greater interoperability 
across scientific disciplines and domain cyberinfrastructures, including:  hydrological 
time series, soil and sediment geochemistry, biodiversity surveys, oceanographic 
sensor profiles, multi-dimensional spectra, and more (Horsburgh et al. 2016).

ODM2 is a profile of Open Geospatial Consortium's (OGC) Observations and 
Measurements (O&M) standard. ODM2 was developed with community input by 
integrating and enhancing concepts from ODM1 (from CUAHSI Hydrological 
Information System), IEDA PetDB & SedDB and other existing information models. 

ODM2 metadata structure provides a powerful new way to describe sampling, 
sensing, and analysis workflows.
• A flexible Sampling Feature extension tracks relationships in nested hierarchies 

of sampling sites (weather stations, stream gauges, soil pits, wells, bore holes, 
etc.), field specimens (rocks, cores, soils, water, gas, plants, etc.), and lab 
specimens (i.e. subsamples, fractions, powders, extracts, digests). This extension 
is fully compatible with OGC O&M Sampling Features and International Geo 
Sample Numbers (IGSN).

• The ability to record Actions (e.g., sensor deployments, specimen collection, lab 
analyses), relationships between Actions, People that perform them, the Methods
and Equipment that are used, and their Results and Values of many types.

• Object-Relational-Mapping translates entity types to a class-subclass structure 
that enables inclusion of domain-specific attributes.

Observation Data Model v2 (ODM2)

ODM2 CVs were developed by combining the best terms from existing CVs (i.e. 
CUAHSI CVs, IEDA EarthChem CVs) and by developing numerous new “Types” 
CV lists to facilitate data integration across disciplines.  

We developed a new web-based system that combines community moderation with a 
Simple Knowledge Organization System (SKOS) and associated web services: 
http://vocabulary.odm2.org

ODM2 Controlled Vocabularies

The entire ODM2 standards and software ecosystem is available and 
documented on GitHub, https://github.com/ODM2, and is written in Python 
for cross-platform (Windows, Mac, Linux) use and to encourage contributions.

ODM2 Information Model Documentation & Relational Database Schemas:
Documentation and scripts for creating ODM2 relational databases with SQL Server, 
MySQL, PostgreSQL, and SQLite. https://github.com/ODM2/ODM2. 

ODM2 Python Application Programming Interface (API): A cross platform, 
Python and SQL Alchemy-based application programming interface (API) for ODM2. 
https://github.com/ODM2/ODM2PythonAPI. 

ODM Tools Python: A desktop application for visualization and managing sensor 
datasets in ODM2. https://github.com/ODM2/ODMToolsPython. 

ODM2 Streaming Data Loader: A Python based program for loading streaming 
sensor data into ODM2.  https://github.com/ODM2/ODM2StreamingDataLoader. 
ODM2 Web Streaming Data Loader: A Python/Django-based web application and 
web service for registering data collection devices and allowing them to stream sensor 
observations into ODM2. https://github.com/ODM2/ODM2WebSDL.  

WaterOneFlow for ODM2: A web service interface for delivering data from ODM2 
via WaterML 1.1 or OGC WaterML 2.0. https://github.com/ODM2/WOFpy.
ODM2 Admin: A web-based Django/Python admin app for inputing, managing and 
visualizing data in ODM2. https://github.com/miguelcleon/ODM2-Admin.  
HydroShare ODM2 Time Series: An ODM2 in SQLite for storing hydrologic time 
series in HydroShare. https://github.com/hydroshare/hydroshare.  

ODM2 Web Services: Web services for sharing all data types from ODM2. 
https://github.com/ODM2/ODM2RESTfulWebServices (under development).

BiG CZ Toolbox: A single, easy-to-install and easy-to-teach cross-platform package 
of the ODM2 software ecosystem, using conda packaging system & conda virtual 
environments. https://github.com/BiG-CZ/BiG-CZ-Toolbox (under development).

ODM2 Software Ecosystem

YODA is a text file representation of an 
ODM2 dataset, designed to be a self-
describing archival and exchange format. 
https://github.com/ODM2/YODA-File.

YODA Profiles describe metadata schemas 
for the enclosed data array for interchange by 
ODM2 web services, regardless of syntax 
(i.e. YAML vs JSON vs XML). 
https://github.com/ODM2/YODA-
File/blob/master/doc/YODA_profiles.md
YODA Tools is a library to validate data files 
according to YODA Profiles & ODM2 CVs, 
and to import/export data w/ an ODM2 
database. 
https://github.com/ODM2/YodaTools.
All under development

YAML Observation Data Archive & 
Exchange (YODA) File Format & Tools
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BiG CZ Data Portal
A web application prototype for intuitive, high-performance map-based discovery, 
visualization, analysis, access and publication of diverse data, including: points with 
sensor and sample based observational data, GIS data, and satellite data.
We have prototyped the ingestion 
of point observation data from 
many sources (USGS, CUAHSI 
WDC, System for Earth Sample 
Registration/IGSN and MG-
RAST at http://portal.bigcz.org. 

We have also developed the core 
geoprocessing within our, Model 
My Watershed project, based on: 
Amazon EC2 & Apache Spark; 
Amazon S3 Elastic File System; 
GeoTrellis Geoprocessing; Python, 
PostGIS, PostgreSQL; Django 
Python Web Framework. 

Anyone can now perform 30 m 
on-the-fly watershed delineation 
anywhere in the continental USA 
at https://app.wikiwatershed.org. 
Code at 
https://github.com/WikiWatershed

We are in the process of 
combining all of these 
capabilities.
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