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HDF and HDF and netCDFnetCDF in in ArcGISArcGIS



Scientific Data and ESRIScientific Data and ESRI

•• Direct support Direct support -- NetCDFNetCDF and HDFand HDF

•• THREDDS THREDDS –– a data server technology for multidimensional array a data server technology for multidimensional array 
data, integrated use by our customersdata, integrated use by our customers

•• Examples using ESRI technologyExamples using ESRI technology
•• National Climate Data CenterNational Climate Data Center
•• National Weather ServiceNational Weather Service
•• National Center for National Center for 

Atmospheric ResearchAtmospheric Research
•• Air Force WeatherAir Force Weather
•• Australian NavyAustralian Navy
•• Australian Australian Bur.ofBur.of Met.Met.
•• UK Met  OfficeUK Met  Office



HDF4 and HDF5 Support in HDF4 and HDF5 Support in ArcGISArcGIS



Displaying MODIS LST DataDisplaying MODIS LST Data
HDFView

ArcGISArcGIS



HDF4 and HDF5 Support in HDF4 and HDF5 Support in ArcGISArcGIS

http://help.arcgis.com/en/arcgisdesktop/10.0/help/



What is What is NetCDFNetCDF??

•• NetCDFNetCDF ((netnetwork work CCommon ommon DData ata FForm) orm) 
A platform independent format for representing multiA platform independent format for representing multi--dimensional dimensional 
arrayarray--orientated scientific data. orientated scientific data. 

•• Self Describing: a Self Describing: a netCDFnetCDF file includes information about the data it file includes information about the data it 
contains.contains.

Di t ADi t A ll b t f l d t t b dll b t f l d t t b d•• Direct Access:Direct Access: a small subset of a large dataset may be accessed a small subset of a large dataset may be accessed 
efficiently, without first reading through all the preceding data.efficiently, without first reading through all the preceding data.

Sh blSh bl it d lti l d i lt lit d lti l d i lt l•• Sharable:Sharable: one writer and multiple readers may simultaneously one writer and multiple readers may simultaneously 
access the same access the same netCDFnetCDF file.file.

NetCDFNetCDF is relatively new to the GIS community but widely used by scientificis relatively new to the GIS community but widely used by scientificNetCDFNetCDF is relatively new to the GIS community but widely used by scientific is relatively new to the GIS community but widely used by scientific 
communities for communities for many years. many years. 



Storing Data in a Storing Data in a netCDFnetCDF FileFile

Time = 1 to 3

Y = 1 to 4

X = 1 to 4



NetCDFNetCDF Support in Support in ArcGISArcGIS

•• ArcGISArcGIS reads/writes reads/writes netCDFnetCDF since version 9.2since version 9.2

•• An array based data structure for storing An array based data structure for storing 
multidimensional data.multidimensional data. TT

•• NN--dimensional coordinates dimensional coordinates systemssystems
•• XX, Y, Z, time, and other dimensions, Y, Z, time, and other dimensions ZZ YY

•• Variables Variables –– support for multiple support for multiple variablesvariables
•• TemperatureTemperature, humidity, pressure, salinity, etc, humidity, pressure, salinity, etc

XX

•• Geometry Geometry –– implicit or implicit or explicitexplicit
•• Regular Regular grid (grid (implicit)implicit)
•• Irregular gridIrregular grid•• Irregular gridIrregular grid
•• PointsPoints



Gridded DataGridded Data

Regular Grid

Irregular Grid



Ingesting Ingesting netCDFnetCDF data in data in ArcGISArcGIS

•• NetCDFNetCDF data is accessed asdata is accessed as
•• RasterRaster
•• FeatureFeature
•• TableTable

Di dDi d•• Direct readDirect read
•• Exports GIS data to Exports GIS data to netCDFnetCDF



CF ConventionCF Convention

CClimate and limate and FForecast (orecast (CFCF) Convention) Convention
htt // f di ll l /http://cf-pcmdi.llnl.gov/

Initially developed forInitially developed for
•• Climate and forecast dataClimate and forecast dataClimate and forecast dataClimate and forecast data
•• Atmosphere, surface and ocean modelAtmosphere, surface and ocean model--generated datagenerated data
•• Also for observational datasetsAlso for observational datasets

•• The The CFCF conventions generalize and extend the conventions generalize and extend the COARDSCOARDS ((CCooperative ooperative 
OOcean/cean/AAtmosphere tmosphere RResearch esearch DData ata SService) convention.ervice) convention.

CFCF i th t id l d ti f ti li th t id l d ti f ti l tCDFtCDF•• CFCF is now the most widely used conventions for geospatial is now the most widely used conventions for geospatial netCDFnetCDF
data. data. It has the best coordinate system handling.It has the best coordinate system handling.



NetCDFNetCDF and Coordinate Systemsand Coordinate Systems

•• Geographic Coordinate Systems (GCS)Geographic Coordinate Systems (GCS)
•• X dimension units: X dimension units: degrees_eastdegrees_east
•• Y dimension units: Y dimension units: degrees_northdegrees_north

•• Projected Coordinate Systems (PCS)Projected Coordinate Systems (PCS)
•• X dimension X dimension standard_namestandard_name: : projection_x_coordinateprojection_x_coordinate
•• Y dimension Y dimension standard_namestandard_name: : projection_y_coordinateprojection_y_coordinate

V i bl hV i bl h id iid i tt ib ttt ib t•• Variable has a Variable has a grid_mappinggrid_mapping attribute. attribute. 
•• CF CF 1.4 conventions 1.4 conventions currently supports currently supports twelve predefined twelve predefined coordinate coordinate 

systems systems ((Appendix F: Grid MappingsAppendix F: Grid Mappings))

•• Undefined Undefined 
•• If not GCS or PCSIf not GCS or PCS

•• ArcGISArcGIS writes (and recognizes) PE String as a variable attribute.writes (and recognizes) PE String as a variable attribute.



NetCDFNetCDF ToolsTools

Toolbox: Toolbox: MultidimensionMultidimension ToolsTools
•• Make Make NetCDFNetCDF Raster LayerRaster Layer
•• Make Make NetCDFNetCDF Feature LayerFeature Layer
•• Make Make NetCDFNetCDF Table ViewTable View

•• Raster to Raster to NetCDFNetCDF
•• Feature to Feature to NetCDFNetCDF
•• Table to Table to NetCDFNetCDF

•• Select by DimensionSelect by Dimensionyy



NetCDFNetCDF Layer/Table PropertiesLayer/Table Properties

RasterRasterRasterRaster

Feat reFeat reFeat reFeat reFeatureFeatureFeatureFeature

TableTableTableTable



Changing Time SliceChanging Time Slice

Time = 1



Using Using NetCDFNetCDF DataData

Behaves the same as any layer or table Behaves the same as any layer or table 
•• DisplayDisplayDisplayDisplay

•• Same display tools for raster and feature layers will work on Same display tools for raster and feature layers will work on netCDFnetCDF
raster and raster and netCDFnetCDF feature layers.feature layers.

•• GraphingGraphing
•• Driven by the table just like any other chart.Driven by the table just like any other chart.

•• AnimationAnimation
•• Multidimensional data can be animated through a dimension (e.g. Multidimensional data can be animated through a dimension (e.g. 

time, pressure, elevation)time, pressure, elevation)

•• Analysis ToolsAnalysis Tools
•• A A netCDFnetCDF layer or table will work just like any other raster layer, layer or table will work just like any other raster layer, 

feature layer or table (e g create buffers aroundfeature layer or table (e g create buffers around netCDFnetCDF pointspointsfeature layer, or table. (e.g. create buffers around feature layer, or table. (e.g. create buffers around netCDFnetCDF points, points, 
reprojectreproject rastersrasters, query tables, etc.), query tables, etc.)



Help on Help on netCDFnetCDF



Time in Time in ArcGISArcGIS



Why visualize data through time? Why visualize data through time? 



Temporal GIS PatternsTemporal GIS Patterns

DynamicDynamic
something that movessomething that moves

Discrete Discrete 
something thatsomething that
“j t h ”“j t h ”

StationaryStationary
stands still but stands still but 

ChangeChange
change or growthchange or growth

“just happens”“just happens” records changesrecords changes

•• PopulationPopulation
•• DistributionDistribution
•• Fire PerimeterFire Perimeter

•• PlanesPlanes
•• VehiclesVehicles
•• AnimalsAnimals

•• CrimesCrimes
•• LightningLightning
•• AccidentsAccidents

•• Weather StationsWeather Stations
•• Traffic Sensors Traffic Sensors 

•• Fire PerimeterFire PerimeterAnimalsAnimals
•• SatellitesSatellites
•• StormsStorms

AccidentsAccidents



GIS Integration of TimeGIS Integration of Time
New Ways to Manage Visualize & Analyze GeographyNew Ways to Manage Visualize & Analyze Geography

Vi li ChVi li Ch

New Ways to Manage, Visualize & Analyze GeographyNew Ways to Manage, Visualize & Analyze Geography

MultiMultiVisualize ChangeVisualize Change Multi Multi 
Dimensional Dimensional 

Data (Data (netCDFnetCDF))

Real TimeReal Time
Sensor NetworkSensor Network xx

yy
TT

Sensor NetworkSensor Network xx
FilesFiles

DBMSDBMS

StationaryStationary
MobileMobile

TT11

SimulationSimulation
ModelingModeling



Time is now builtTime is now built--in to in to ArcGISArcGIS

•• Simple Temporal MappingSimple Temporal Mapping

•• Unified experience for TimeUnified experience for Time
•• Configure time properties on the layerConfigure time properties on the layer

Use Time Slider to is ali e temporal dataUse Time Slider to is ali e temporal data•• Use Time Slider to visualize temporal dataUse Time Slider to visualize temporal data

•• Share temporal visualizationShare temporal visualization
•• TimeTime--enabled Map Servicesenabled Map ServicesTimeTime enabled Map Servicesenabled Map Services
•• Export videos or imagesExport videos or images
•• Generate temporal map booksGenerate temporal map books

using using ArcPyArcPy scriptingscripting
L d kL d k•• Layer and map packagesLayer and map packages



Visualizing temporal data using graphsVisualizing temporal data using graphs

•• Create a graph using a layer or table Create a graph using a layer or table 
•• Create an animation in the usual way, attaching the Create an animation in the usual way, attaching the 

layer or table to a time layer tracklayer or table to a time layer track
•• When the animation is played, When the animation is played, p y ,p y ,

the graph will animatethe graph will animate



Animation examplesAnimation examples

1979



Performing AnalysisPerforming Analysis



Spatial and Temporal AnalysisSpatial and Temporal Analysis

•• Several hundreds analytical tools available for raster, features, Several hundreds analytical tools available for raster, features, 
and tableand table

•• Temporal ModelingTemporal Modelingp gp g
•• Looping and iteration in Looping and iteration in ModelBuilderModelBuilder and Pythonand Python



Generate Rainfall StatisticsGenerate Rainfall Statistics

•• Calculates specified statistics for all time stepsCalculates specified statistics for all time steps
•• Outputs a raster catalogOutputs a raster catalog
•• Optionally outputs a Optionally outputs a netCDFnetCDF filefile



Generate Rainfall Statistics TableGenerate Rainfall Statistics Table

•• Calculates statistics for all time stepsCalculates statistics for all time steps
•• Outputs a tableOutputs a table
•• Optionally creates a graphOptionally creates a graph



DemoDemo



Use Cases and ApplicationsUse Cases and Applications
•• HydrographyHydrography andand METOCMETOC Branch,Branch, RoyalRoyal AustralianAustralian NavyNavy
•• AppliedApplied ScienceScience Associated,Associated, IncInc..
•• TheThe NatureNature ConservancyConservancy
•• TheThe UniversityUniversity ofof WashingtonWashington

TheThe UniversityUniversity ofof SouthernSouthern MississippiMississippi•• TheThe UniversityUniversity ofof SouthernSouthern MississippiMississippi



Observations and Model ForecastsObservations and Model Forecasts

•• Near realNear real--time observationstime observations
•• Weather satellite imageryWeather satellite imagery
•• Sea Surface TemperatureSea Surface Temperature
•• Significant Wave Height (altimeter)Significant Wave Height (altimeter)
•• Ocean WindsOcean Winds
•• Moisture and PrecipitationMoisture and Precipitation

•• Numerical model forecastsNumerical model forecasts
•• Fixed domain Global, Regional, Tropical and Local atmospheric models Fixed domain Global, Regional, Tropical and Local atmospheric models 

(ACCESS)(ACCESS)
•• Fixed domain Global, Regional, and Local wave models (Fixed domain Global, Regional, and Local wave models (WaveWatchWaveWatch 3)3)
•• Global Ocean Model (Global Ocean Model (BLUElinkBLUElink))
•• Relocatable highRelocatable high--resolution atmospheric and ocean modelsresolution atmospheric and ocean modelsgg pp

Source: Source: HydrographyHydrography and METOC Branch, Royal Australian Navy.and METOC Branch, Royal Australian Navy.



Climatology Climatology –– CCMP WindsCCMP Winds

Source: Source: HydrographyHydrography and METOC Branch, Royal Australian Navy.and METOC Branch, Royal Australian Navy.



Climatology Climatology –– CCMP WindsCCMP Winds

Source: Source: HydrographyHydrography and METOC Branch, Royal Australian Navy.and METOC Branch, Royal Australian Navy.



Ocean Model Forecast Ocean Model Forecast –– Custom DisplayCustom Display

Source: Source: HydrographyHydrography and METOC Branch, Royal Australian Navy.and METOC Branch, Royal Australian Navy.



Web Services Web Services -- GHRSSTGHRSST

Source: Source: HydrographyHydrography and METOC Branch, Royal Australian Navy.and METOC Branch, Royal Australian Navy.



Environmental Data Connector (EDC)Environmental Data Connector (EDC)

XML Features

DAP NetCDF

XML

ArcGIS
Rasters

Features

THREDDS
Java App,
Unidata

ArcGIS 
Extension

Source: Applied Science Associated, Inc.Source: Applied Science Associated, Inc.



EDC Screen and Time Slider ToolbarEDC Screen and Time Slider Toolbar
Synchronize and animate time-varying data inSynchronize and animate time-varying data in 

http://www.pfeg.noaa.gov/products/EDC/
http://www.asascience.com/TimeSlider/index.htm

Source: Applied Science Associated, Inc.Source: Applied Science Associated, Inc.



Time Series GraphsTime Series Graphs

Source: Applied Science Associated, Inc.Source: Applied Science Associated, Inc.



Climate WizardClimate Wizard

Developers: The Nature Conservancy, The University of Washington, and The University of Southern Mississippi Developers: The Nature Conservancy, The University of Washington, and The University of Southern Mississippi 

http://www.climatewizard.org/



Climate ChangeClimate Change

http://tncclimate.esri.com/TNC/ClimateChange.html

Developers: The Nature Conservancy, The University of Washington, and ESRIDevelopers: The Nature Conservancy, The University of Washington, and ESRI



Script ToolsScript Tools



Community Developed ToolsCommunity Developed Tools

•• Geoprocessing Resource CenterGeoprocessing Resource Center
http://resources.arcgis.com/geoprocessing/http://resources.arcgis.com/geoprocessing/

•• Marine GeospatialMarine GeospatialMarine Geospatial Marine Geospatial 
Ecology ToolsEcology Tools

•• Developed at Duke Univ.Developed at Duke Univ.
•• Over 180 tools for importOver 180 tools for importOver 180 tools for importOver 180 tools for import

management, and management, and 
analysis of marine dataanalysis of marine data

•• Australian Navy toolsAustralian Navy tools
(not publicly available)(not publicly available)



Script Tools of interest

•• Python is used to build custom tools for specific tasks or Python is used to build custom tools for specific tasks or 
datasetsdatasets



NEXRAD NEXRAD GeoprocessingGeoprocessing ToolsTools

•• Currently 6 Currently 6 geoprocessinggeoprocessing script toolsscript tools
•• Designed to work with NEXRAD Designed to work with NEXRAD netCDFnetCDF filefile
•• Can be easily modified for other datasetsCan be easily modified for other datasets
•• Customized tools for various workflowsCustomized tools for various workflows•• Customized tools for various workflowsCustomized tools for various workflows
•• Simplify repetitive workSimplify repetitive work
•• Automate GIS processesAutomate GIS processes



Download NEXRAD Download NEXRAD NetCDFNetCDF FileFile

•• Downloads Downloads netCDFnetCDF file from the THREDDS serverfile from the THREDDS server



Extract NEXRAD Rainfall To PointsExtract NEXRAD Rainfall To Points

•• Extracts the cell values for all time stepsExtracts the cell values for all time steps
•• Outputs a feature classOutputs a feature class



NEXRAD NEXRAD NetCDFNetCDF To Raster CatalogTo Raster Catalog

•• Creates a raster catalog Creates a raster catalog 
•• Each catalog item corresponds to a time slice in the Each catalog item corresponds to a time slice in the netCDFnetCDF filefile



Future DirectionsFuture Directions



Things to Consider…Things to Consider…

•• Embrace the Common Data Model (Embrace the Common Data Model (netCDFnetCDF, HDF etc.), HDF etc.)
•• Use Data and metadata standards (OGC, CF etc)Use Data and metadata standards (OGC, CF etc)
•• Make your data “spatial” (by specifying geographic or a Make your data “spatial” (by specifying geographic or a 

projected coordinate system)projected coordinate system)p j y )p j y )
•• Clearly define workflow and requirementsClearly define workflow and requirements
•• Create sample tools where possibleCreate sample tools where possible



Tools Under ConsiderationTools Under Consideration

•• Temporal StatisticsTemporal Statistics •• ClipClip
•• Get Variable StatisticsGet Variable Statistics

pp
•• Extract By VariableExtract By Variable
•• Extract By DimensionExtract By Dimension
•• Append By DimensionAppend By Dimension•• Append By DimensionAppend By Dimension

DataData ManagementManagementAnalysisAnalysis



Future directionsFuture directions

•• MultidimensionMultidimension data managementdata management
•• Temporal analysis toolsTemporal analysis tools
•• Additional support for HDF5 Additional support for HDF5 using using netCDFnetCDF 4.x library4.x library

•• What What do you need?do you need?



Questions?Questions?

Nawajish NomanNawajish Noman
Lead Product EngineerLead Product Engineer

@ i@ innoman@esri.comnnoman@esri.com

Jeff DonzeJeff Donze
ESRI F d l B i D l tESRI F d l B i D l tESRI Federal Business DevelopmentESRI Federal Business Development

jdonze@esri.comjdonze@esri.com



Sharing Temporal Maps & Data with Sharing Temporal Maps & Data with ArcGISArcGIS 1010

•• Publish timePublish time--aware mapsaware maps

•• Export videos or images, layer and map packagesExport videos or images, layer and map packages

Vi li d tVi li d t•• Visualize data Visualize data 
•• Access via REST APIAccess via REST API
•• Web APIWeb API

•• FLEXFLEXFLEXFLEX
•• JavaScriptJavaScript
•• SilverlightSilverlight

•• Time Slider web controlTime Slider web control

1979



How to store temporal data?How to store temporal data?

•• DATE is a special field type specific to timeDATE is a special field type specific to time
•• GeoDatabaseGeoDatabase provides DATE provides DATE 
•• If at all possible If at all possible –– use DATE typeuse DATE type
•• DATE field should be indexed for faster query performanceDATE field should be indexed for faster query performance

•• Numeric and String fieldsNumeric and String fields
•• YYYYYYYY
•• YYYYMMYYYYMM
•• YYYYMMDD                  YYYY/MM/DD                      YYYYYYYYMMDD                  YYYY/MM/DD                      YYYY--MMMM--DDDD
•• YYYYMMDDhhmmssYYYYMMDDhhmmss YYYY/MM/DD YYYY/MM/DD hh:mm:sshh:mm:ss YYYYYYYY--MMMM--DD DD hh:mm:sshh:mm:ss

Time dimension in aTime dimension in a netCDFnetCDF variablevariable•• Time dimension in a Time dimension in a netCDFnetCDF variablevariable



Animation examplesAnimation examples

Data source: Cavalieri, D., C. Parkinson, P. Gloerson, Data source: Cavalieri, D., C. Parkinson, P. Gloerson, 
and H.J. Zwally. 1996, updated 2005. Sea ice and H.J. Zwally. 1996, updated 2005. Sea ice 
concentrations from Nimbusconcentrations from Nimbus--7 SMMR and DMSP SSM/I 7 SMMR and DMSP SSM/I 
passive microwave data, June to September 2001. passive microwave data, June to September 2001. 
Boulder, CO, USA: National Snow and Ice Data Center.Boulder, CO, USA: National Snow and Ice Data Center.

Solar Solar InsolationInsolationSolar Solar InsolationInsolationSea ice concentration Sea ice concentration Sea ice concentration Sea ice concentration 
Data provided courtesy of Declan Butler - http://declanbutler.info/blog/

Stream flow analysisStream flow analysisStream flow analysisStream flow analysis Avian InfluenzaAvian InfluenzaAvian InfluenzaAvian Influenza



Atmospheric Model Forecast Atmospheric Model Forecast –– Surface WindSurface Wind

Source: Source: HydrographyHydrography and METOC Branch, Royal Australian Navy.and METOC Branch, Royal Australian Navy.


