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HDF and netCDF in ArcGIS




Scientific Data and ESRI

e Direct support - NetCDF and HDF

« THREDDS — a data server technology for multidimensional array
data, integrated use by our customers

« Examples using ESRI technology
* National Climate Data Center "X hy _ " S
= Direetarate f Oanag}'anhy & M_&_L@

 National Weather Service - -

* National Center for
Atmospheric Research

e Air Force Weather

bt |t |y jetmenrs | Usoutms

* Australian Navy
e Australian Bur.of Met.
« UK Met Office
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Displaying MODIS LST Data

HDFView
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HDF4 and HDF5 Support in ArcGIS

[ ArcGIS 10 Help

e

Hide Locate

Options

Resource Center

Cortents | Favortes I Search |

=

=] Q’l] Rasters and images
[£] what is raster data?
@ Essential raster data vocabulary
@ Fundamertals of raster data
=] m Supported raster data

% Supported raster dataset file formats

% Technical specfications for raster dataset formats
=] What is a raster type?

% Supported raster types

% List of supported image and raster data formats
=] ESRI Grid format

[£] ESRI ASCII raster format

=] BIL. BIP, and B5Q rasterfies

=] BIL file format example

% BIF file format example

=] BSGQ file format example

=] Raster data with subdatasets

% Exracting subdatasets from the parent file

% Building a customized raster format

@ Using specific mster types
Q Properties of raster data
% Building and managing a raster database
% Displaying raster data
Q Processing and analyzing raster data
% Serving raster data
@ Tutorial and workflows
@ Shapefies
@ Subtypes
? Relationships and related objects
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What is NetCDF?

e NetCDF (network Common Data Form)

A platform independent format for representing multi-dimensional
array-orientated scientific data.

o Self Describing: a netCDF file includes information about the data it
contains.

e Direct Access: a small subset of a large dataset may be accessed
efficiently, without first reading through all the preceding data.

e Sharable: one writer and multiple readers may simultaneously
access the same netCDF file.

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




Storing Data in a netCDF File

netcdf mynetcdf{
dimensions:

X=4;

Y=5;

Time=UNLIMITED;
variables:

float X(X);

float Y(Y);

int Time(Time);

dataﬂoat Temperature(Time, Y, X): ....
= 10, 20, 30, 40; |

Y =110, 120, 130, 140;
Time = 31, 59, 90;

Temperature = Time=1to 3
111,211,311,411,121,221,321,421, p—
131,231,331,431,141,241,341,441,
112,212,312,412,122,222,322,422, X=1to4
132,232,332,432,142,242,342,442,
113,213,313,413,123,223,323,423,
133,233,333,433,143,243,343,443;



NetCDF Support in ArcGIS

e ArcGIS reads/writes netCDF since version 9.2

 An array based data structure for storing
multidimensional data.

 N-dimensional coordinates systems
* X, Y, Z, time, and other dimensions

» Variables — support for multiple variables
« Temperature, humidity, pressure, salinity, etc

o« Geometry — implicit or explicit
* Regular grid (implicit)
* Irregular grid
e Points




Gridded Data

Regular Grid

Irregular Grid




Ingesting netCDF data in ArcGIS

 NetCDF data is accessed as
- Raster
- Feature
- Table

S SN SN
Sl el oSO

e Direct read
e Exports GIS data to netCDF I

Record: ﬂiﬂ—f _P]ij




CF Convention

Climate and Forecast (CF) Convention
http://cf-pcmdi.linl.gov/

Initially developed for

- Climate and forecast data

« Atmosphere, surface and ocean model-generated data
« Also for observational datasets

« The CF conventions generalize and extend the COARDS (Cooperative
Ocean/Atmosphere Research Data Service) convention.

« CF is now the most widely used conventions for geospatial netCDF
data. It has the best coordinate system handling.




NetCDF and Coordinate Systems

e Geographic Coordinate Systems (GCS)
- X dimension units: degrees east
- Y dimension units: degrees north

e Projected Coordinate Systems (PCS)
- X dimension standard _name: projection x coordinate
- Y dimension standard _name: projection_y coordinate
- Variable has a grid mapping attribute.

- CF 1.4 conventions currently supports twelve predefined coordinate
systems (Appendix F: Grid Mappings)

e Undefined
e If not GCS or PCS

» ArcGIS writes (and recognizes) PE String as a variable attribute.




NetCDF Tools

Toolbox: Multidimension Tools
- Make NetCDF Raster Layer
Make NetCDF Feature Layer
Make NetCDF Table View

Raster to NetCDF
Feature to NetCDF

Table to NetCDF ArcToolbox

| = ﬁ Mu|t|d|rr1n=nr|cm Tools

Select by Dimension %, Feature to NetCDF

' %, Make NetCDF Feature Layer

. #, Make NetCDF Raster Layer
f T Make NetCDF Table View =110
--'-'-.-;:::' Raster to NetCDF B
%, Select by Dimension

.. # Table to NetCDF




| General | Source | Exent [ Display | Symbalag‘ NetCDF | fme

Variable;

% Dimension:

¥ Dimension:

Band Dimznsion:

Dimension Values:

Dimen sion
time

NetCDF Layer/Table Properties

[rainall

[Ioﬂ

Joins & Relates

HTML Popup  ge——

‘ General I Source I Selectian I Display | Symbalogy | Fields

| Defirtion Query | Labels | NelCDF

[Iat

Value
12/3111895

Variables:

elewation

rainfall

Row Dimensions:

time

¥ Variable:

¥ Variable:

7 Variable:

M Variable:

Dimension Yalues:

Dimension
time

Value
12/31/1295

pe
Table Properties

Variables:

Row Dimensions:

time:

rairfall

Feature

lon
lat

|Genem| I Source | Display | Fields I Definition Queryl NetCDF IJoms A Relates I Time |
—r

Dimension Values:

Dimension
time

Value
12211882




Changing Time Slice

- 3 I - — - -
Layer Properties ¥ #* Select by Dimension

General | Source | Bxent | Display | Symbology | Fields  NetCDF |-.Icins & Relates | Input Layer or Table
trnin_Layer

Variable: Dimension Values {optional)

X Dimension:

Dimension Value

¥ Dimension: year 111910

Band Dimension:

Dimension Values:

Dimension

BY_VALUE




Using NetCDF Data

Behaves the same as any layer or table
e Display
o« Same display tools for raster and feature layers will work on netCDF
raster and netCDF feature layers.

e Graphing
e Driven by the table just like any other chart.

e Animation

e Multidimensional data can be animated through a dimension (e.g.
time, pressure, elevation)

* Analysis Tools

* A netCDF layer or table will work just like any other raster layer,
feature layer, or table. (e.g. create buffers around netCDF points,
reproject rasters, query tables, etc.)




Help on netCDF
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Time ilTArcGIS




Why visualize data through time?




Temporal GIS Patterns

Dynamic

something that moves

* Planes

* Vehicles
* Animals
» Satellites
e Storms

Discrete

something that
“just happens”

e Crimes
e Lightning
e Accidents

Stationary

stands still but
records changes

e \Weather Stations
* Traffic Sensors

Change

change or growth

* Population
e Distribution
* Fire Perimeter




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

Visualize Change : Mult.i
Dimensional

ZE m Data (netCDF)
| LA i

Real Time
Sensor Network D’
_ A

'-/ i

wan |
Mobilel. I‘l’—‘J:

Stationary

Simulation
Modeling




Time I1s now built-in to ArcGIS

- Simple Temporal Mapping

- Unified experience for Time
- Configure time properties on the layer
- Use Time Slider to visualize temporal data

- Share temporal visualization
- Time-enabled Map Services
- Export videos or images
- Generate temporal map books
using ArcPy scripting
- Layer and map packages

Tuesday, September 22, 2009

—

e

Thursday, September 24, 2008 | »




Visualizing temporal data using graphs

* Create a graph using a layer or table

e Create an animation in the usual way, attaching the
layer or table to a time layer track

 When the animation is played,
the graph will animate

1/1/1950

Pepulatien Pyramid 1950 - 2050

United States Popwialion by Ags and Gendsr
|

Celsius)

Max Temperatire

1500 AU UU U S,U0U oy u

MALE
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Animation examples
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' Performing Knalysis




Spatial and Temporal Analysis

e Several hundreds analytical tools available for raster, features,
and table

« Temporal Modeling
* Looping and iteration in ModelBuilder and Python

Create Winter Minimum Temperature Time Series 1870 - 2099




Generate Rainfall Statistics

» Calculates specified statistics for all time steps
» Outputs a raster catalog
e Optionally outputs a netCDF file

‘2 Generate Rainfall Statistics

Tnput MEXRAD netCNF Fle
| C:\NEXRAD\Data\5T4_AggDaily_20050823_20050831.nc
Input Palygen Features
) CNICKRAD \DiataatrinaStates. shp
Polygon Id beld
STATE_MAME
CHifmi It Ganriatahass
| C:\NFXR AN \Cdp HFYR ANPONS.goh

Ragter Catalog Mame (optional)

Gulf of Mexico

CIERAD\CUtpUt\5T4_AggDallyMax_2005082%_2005083 L.nc

Hoasty Irecigethinn (m

OK | Cancel | Envirenments... Show Help > >
Hourly Pracipitation on August 29, 2009




Generate Rainfall Statistics Table

» Calculates statistics for all time steps
e Outputs a table
* Optionally creates a graph

Mxamum lotal freapdation

Maximum Total Precipltation

I'alygon 1d Hicld
ATE_NAME
Cutput Table
G HERAD \Dulpu VHEXRAD 2005, gl TulalPr eip3 12108 25Tu831

F Create Gr:{'h {c-pﬁnnal] o Aug-0s 30-4ug-05

Graph Statistics T Time
Max
| Cancel Environments...

31-.Aug-05

Alahama
AESESI0M
Luursina

I Fluiriu







Use Cases and Appﬁcations

Hydrography and METOC Branch, Royal Australian Navy
Applied Science Associated, Inc.
The Nature Conservancy

The University of Washington
The University of Southern Mississippi




Observations and Model Forecasts

* Near real-time observations
 Weather satellite imagery
e Sea Surface Temperature
» Significant Wave Height (altimeter)
* Ocean Winds
* Moisture and Precipitation

e Numerical model forecasts

» Fixed domain Global, Regional, Tropical and Local atmospheric models
(ACCESYS)

» Fixed domain Global, Regional, and Local wave models (WaveWatch 3)
* Global Ocean Model (BLUEIink)
* Relocatable high-resolution atmospheric and ocean models

Source: Hydrography and METOC Branch, Royal Australian Navy.
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Model Forecast — Custom Display

Hydrography and METOC Branch, Royal Australian Navy.




Web Services - GHRSST

Minister | Nawy | Army Air Force | Depanment

Navy METOC

Home About Us Products & Services

. Publlc Unclassifled
=2 Met Office [ G—_g_ A ,
| L O IVIET OITICE USTITA a1 Alnan

Source: Hydrography and METOC Branch, Royal Australian Navy.




Environmental Data Connector (EDC)

EDC Java-based interface for dataset browsing. EDC selection of variables and spatial and  ArcGIS display showing data retrieved using EDC.
temporal subsetling. All datasets shown are from OPeNDAP sources.

Features

Rasters

THREDDS -
Java App, Extension

Unidata

Source: Applied Science Associated, Inc.




EDC Screen and Time Slider Toolbar

Synchronize and animate time-varying data in

* ForNewsletler mxd - ArcMap - Arc¥iew [= ==

Cls Eof Wew [uost gelection Iook wondow EDC pslp

oyCI

LT

= ) | View Tine [SIBIZ00E 120000 FM 3

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

Source: Applied Science Associated, Inc.




Time Series Graphs
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Climate Wizard
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Climate Change

/& Climate Change - Windows Intemet Explorer
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Community Developed Tools

e Geoprocessing Resource Center
http://resources.arcgis.com/geoprocessing/

Maodel coral larvae dispersal Map species biodiversity
orsl reet cover maps CEETCaTents data tarvat demst i i o Ee———
¥

 Marine Geospatial
Ecology Tools
* Developed at Duke Univ.

e Over 180 tools for import
management, and e oot __:_ N
analysis of marine data

Predict species habitat using animal sightings and oceanography

e Australian Navy tools
(not publicly available)




Script Tools of interest

 Python is used to build custom tools for specific tasks or
datasets

ArcToolbox

ArcToolbox
~ & NetCDF Tools
2 Clip NetCDF
-2 Get NetCDF Min Max
Wind Speed Tools
& Create wind Layer
2 u¥ To speed Direction ArcToclbox
2 wind Renderer ,
Ea MEXRAD Tools
| 2 Download NEXRAD NetCDF File
Favorites Search | Result 2 Extract NEXRAD Rainfall Te Points
> Generate Rainfall Statistics
Generate Rainfall Statistics Table
Make NEXRAD Rainfall Layer

5 MNEXRAD NetCDF To Raster Catalog
Search | Hesults




NEXRAD Geoprocessing Tools

e Currently 6 geoprocessing script tools

e Designed to work with NEXRAD netCDF file
» Can be easily modified for other datasets

e Customized tools for various workflows

o Simplify repetitive work

« Automate GIS processes

Arcloaolbox

& NEXRAD Tools

.2 Download NEXRAD NetCDF File
Extract NEXRAD Rainfall To Points
Generate Rainfall Statistics
Generate Rainfall Statistics Table

: Make NEXRAD Rainfall Layer
... & NEXRAD NetCDF To Raster Catalog

Favortes | Index | Seanch | Results




Download NEXRAD NetCDF File

e Downloads netCDF file from the THREDDS server

2 Download NEXRAD NetCDF File atalog

http: / /www.ncdc.noaa.gc

Input NEXRAD netCDF Dataset
| 5T4_Agg_2005-TEST.nc
Qutput netCDF File
| C:\MEXRAD'Output\ST4_AggDaily_20050829_20050831.nc
URL {optional) e subsct Scrvice for Grids
|htbp;,fjwww.ncdc.nuaa.gav,%redds(ncssfgridj[adar/stw mEVSARY. Fan -adds/ncssigridiradar/StVISTA Agg 2005-TEST.nc
Extent (optional) 23 nour-agg-tesss (R ER R

Y Maximum 1 .. o

edds Data Ferver

R RRIpU R

I SIS Aoy FOOY_TENY
ST4 Agg 200R-TEST »a): Chooss Spatial Subset:

X Minimum % Maximum S04 Agg ZUUT-TEDT . palaluan °

2 Humnding Bex {deacimel degnzeal:

I ETd4 Agg JO00&-TFST.ne Herth

5r4 _Agg FUUL-TESYT nc LW

Y Minimurmn ST4_Rgg_?004-_TEST .ne Wt TETIS W

I uI_Agu_2UUY TEST.uc T

ATy _LUUZ-LEDl.ne Liguth

Smrt —I—Ime @Dnal) Ehoose Time Subeat:
I 2005-08-29T12:00:002 :
End Time (optional) il Fenngr

I 2005 08 31T12:00:002

saming 2005 05 20T12 06007

| nehag PTARSRED 11 HHER

Ok Environments... Show Help == unicontal sum:

a1 At o 1o Hie

[ Add 1 a8 an wnnimbles




Extract NEXRAD Rainfall To Points

» Extracts the cell values for all time steps
e Qutputs a feature class

Input NEXRAD netCDF File
ﬁmbﬁ'sﬁmﬁly_.mu S0&29_ 2005083 LAC
Input Point Features

l CANEXRADData'\RainfallStations.shp

Output Point Features
CNEAE AU NEXREADZ2005,gdb\Tots

PrecpAtStations08329Toils

Canicel Environments... Show Help ==
Hourly Preclpltation on August 25, 2008

Ml $Laluon
3 MIELE RHL &7
B HICEVILLE
I COVINGTON 4 MW
I L5V CITHUS RECH SIN
N oUW

1 AN ERE RS

Tecizitat on e
e B

LA |- N R N3 -~ A~




NEXRAD NetCDF To Raster Catalog

* Creates a raster catalog

e Each catalog item corresponds to a time slice in the netCDF file

frotalPredpitation0329To0831

Cancel I Environments... Show Help =

E Attributes of TotalPrecipitation0829TO0831

T oniectio- | Shape | Raster | tlame | Shape_Longi | _Shape Ares ] [rimeines »“
S — N T [ N Y| I
| 2|roboon |<Rasten [tprecpi | 19071.052 | 2240486 -

| 3[robon |<Raster |wrecpz | feoriosz| 22

Record: ﬂj 1 jﬂ Show: W Selected | Records (0 out of 3

3 SeleN




Future Directions




Things to Consider...

e Embrace the Common Data Model (netCDF, HDF etc.)
 Use Data and metadata standards (OGC, CF etc)

 Make your data “spatial” (by specifying geographic or a
projected coordinate system)

e Clearly define workflow and requirements
* Create sample tools where possible




Tools Under Consideration

» Temporal Statistics « Clip
« Get Variable Statistics « Extract By Variable

» Extract By Dimension
 Append By Dimension

Analysis Data Management




Future directions

 Multidimension data management

« Temporal analysis tools
* Additional support for HDF5 using netCDF 4.x library

P

e What do you need?




Questions?

Nawajish Noman
Lead Product Engineer
nnoman@esri.com

Jeff Donze

ESRI FeFeraI Busmess Development
jdonze@esri. com -




Sharing Temporal Maps & Data with ArcGIS 10

- Publish time-aware maps
- Export videos or images, layer and map packages

« Visualize data
« Access via REST API
« Web API
« FLEX
- JavaScript
- Silverlight
« Time Slider web control




How to store temporal data?

« DATE is a special field type specific to time
» GeoDatabase provides DATE
o If at all possible —use DATE type
 DATE field should be indexed for faster query performance

 Numeric and String fields
e YYYY
* YYYYMM
* YYYYMMDD YYYY/MM/DD YYYY-MM-DD
e YYYYMMDDhhmmss YYYY/MM/DD hh:mm:ss  YYYY-MM-DD hh:mm:ss

* Time dimension in a netCDF variable




Animation examples

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

4

Human Cases of Avian Influenza since 2004

Reported Human Cases

® Sep-Dec 2003

May-Aug 20
Sep-Dec 2004
Jan-April 2004

Jan-Apr 2006

May-Aug 2006 !

{

Avian Influenza




Atmospheric Model Forecast — Surface Wind

Regien> _w| wind | foo =] o |2 M =< M| & ¥ Ontions Cstombodes | @ | |E B & & &

Source: Hydrography and METOC Branch, Royal Australian Navy.




