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What we will cover today

· Scientific Multidimensional Data

· Ingesting and managing

· Visualizing and analyzing

· Disseminating and consuming

· Spatiotemporal Anomaly Detection 
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Scientific Data

Oceanographic

• Salinity

• Sea Temperature

• Ocean current

Meteorological

• Temperature

• Humidity

• Wind speed/direction

Terrestrial

• Soil moisture

• NDVI

• Land cover
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Challenges

variety of formats

volume & velocity

redundancy

portability

scalability

reproducibility

integration

standards

accessibility

Analyze ShareManage



Copyright © Esri. All rights reserved.

Multidimensional Rasters

Gridded

Multidimensional

Multivariate
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Ingesting and Managing Data
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Multidimensional Mosaic Dataset

mosaic

table

raster pixels

Representing multivariate collection of multidimensional rasters in ArcGIS

mosaic dataset

spatially-indexed catalog

multi-resolution, multivariate, multidimensional

reduce storage redundancy & pixel resampling

defines information products

on-demand processing

HDF

GRIB

netCDF

d-aware rasters
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Tabular View

Tabular view of items in a multivariate multidimensional mosaic dataset

Raster Shape Variable StdTime StdZ

… … Temperature 3/22/2016 -10

… … Temperature 3/23/2016 -10

… … Temperature 3/24/2016 -10

… … Salinity 3/22/2016 -10

… … Salinity 3/23/2016 -10

… … Salinity 3/24/2016 -10

… … Temperature 3/22/2016 -20

… … Temperature 3/23/2016 -20

… … … … …
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Metadata

· Variables

· Dimensions

· Values

· Statistics

Describing the structure of a multivariate multidimensional mosaic dataset
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Raster Types

Format-agnostic direct ingestion of rasters into a mosaic dataset

raster type

crawls disk

identifies rasters

extracts metadata

attaches processing

data on disk mosaic dataset

netCDF

HDF

GRIB

d-aware rasters

stores no pixels

references rasters

stores processing & metadata
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Geoprocessing

Managing a mosaic dataset

· Tools—building blocks for managing data

· Data Management ≻ Raster ≻ Mosaic Dataset

· Intuitive UI for interactive workflows

· ModelBuilder: composite operations 

· Python: automate or extend
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Demo

Make a netCDF raster layer

Populate a mosaic dataset using a raster type

Properties of a multidimensional mosaic dataset

Attribute table of a mosaic layer
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ArcGIS for Server

Make your mosaic dataset accessible to other users as a web-enabled dynamic image service

mosaic dataset image service

dynamic, on-demand

web-based access to data

rich information model



Copyright © Esri. All rights reserved.

Visualizing and Analyzing



Copyright © Esri. All rights reserved.

Filtering

slicing & dicing a multivariate multidimensional mosaic dataset

variables

value range(s) per dimension

SQL WHERE clause

dimension-orthogonal cutting & chopping

multidimensional filter
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Rendering

· Choose and customize

· Scalar or vector field

· Export and reuse 

Control how original or transformed data is presented on a map
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Vector-field mosaic dataset

Multidimensional mosaic layer on map

Dimensional slicing & animation

Demo
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Raster Function: Transforming Raster Data

… using raster functions for on-the-fly processing

raster-valued transformation

piecewise, scale-aware

local / focal

on-demand processing

arity: unary, binary, …, n-ary, polyadicinput rasters

output rasterraster function
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Chaining Raster Functions

… to compose a complex analytic model
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Demo

Applying a simple transformation
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Dimensional Aggregation

Multidimensional filtering followed by aggregation using a raster function

dimensional

filtering

aggregating 

function
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Python Raster Functions: Extending Analytic Capabilities

Choose from dozens of built-in functions or implement your own algorithm using Python

Learn more at: github.com/Esri/raster-functions
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Raster Models: Raster Function Templates

A portable & reusable chain of raster functions

raster variables
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Demo

Combining variables using a raster model

Raster models on a mosaic dataset

Aggregating temporal slices

Difference of means
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Applying a Raster Model

image service

mosaic dataset

mosaic dataset item(s)

image layer 
on a desktop map

choose & customize a raster model

image service layer 
on a web map

define & transmit a raster model

choose & customize a raster model
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Disseminating and Consuming
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Access / Identity

Apps

Services

Desktop Web Device

Online 
Content and 

Services

Server

multivariate multidimensional 
mosaic dataset

Disseminating

professional
geospatial analysts
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Dissemination Strategies

· Tiled map service

· Dynamic map service

· Dynamic image service
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Sharing your data as an image

· Mosaic Dataset ≻ Generate Tile Cache

· Avoid copying source image to ArcGIS Online

· Cache tiles generated using ArcGIS for Desktop

· Accessed via tiled map service

Enable access to a static representation of your data as a map service
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Sharing your map

· File ≻ Share As ≻ Service

· Features overlaid on rasters

· Static vs Dynamic map service

· Multidimensional WMS
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Sharing data & information products

· Mosaic Dataset ≻ Share As 
Image Service

· Pixels & item metadata

· On-demand server-side 
processing

· Raster models: predefined or 
client-specified

· multidimensional info, filtering, 
vector fields

Enable access to a dynamic representation of your information product as an image service
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Demo

Publishing a multidimensional mosaic dataset



Copyright © Esri. All rights reserved.

Consuming your services

· In any ArcGIS application or any WMS client

· In a web map

· Identify web services driven by maps or datasets

· Bring service layers into a web map

· In a map-based application

· Configurable apps

· Story Maps

· Web AppBuilder

· Custom web apps using ArcGIS API for JavaScript
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Maps & Apps
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Maps & Apps
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Maps & Apps

http://noaa.maps.arcgis.com/apps/MapJournal/index.html?appid=6e42461a745541a68dc52e718b30a0df
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Demo

Looking at Scientific Data- CFSR Sea Ice and Sea Surface Temperature
Anomaly Detection and how to slice through the multidimensional data to understand this change 
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On the fly analysis using Raster Functions

Sea ice concentration anomaly using NOAA CFSR data:
September 2012 anomaly with respect to 1980-2014 mean

Choose from dozens of built-in functions or implement your own algorithm using Python
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Pronounced El Nino event: January 1998 sea surface temperature
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On the fly processing: SST change over time using NOAA CFSR data
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GIS workflows that scale

Manage Analyze Share

mosaic dataset

raster types

geoprocessing tools

multidimensional filter

animation & rendering 

raster functions 

dynamic web services

web maps & apps

raster analytics

… built for the characteristics of multidimensional scientific data
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Announcements (Cont)

Join us and continue the conversation in the FedGIS 2017 group on 

GeoNet:

https://geonet.esri.com/community/events/fedgis
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Increasing Accessibility and Use 
of NASA Earth Science Data in Geospatial 

Applications

NASA Atmospheric Science Data Center (ASDC)

Matthew Tisdale, Booz Allen Hamilton (BAH), matthew.s.tisdale@nasa.gov

mailto:matthew.s.tisdale@nasa.gov


NASA Earth Observing System Data and 
Information System (EOSDIS)

• Provides end-to-end capabilities for managing NASA’s Earth 
science data from satellites, aircraft, field measurements, and 
various other programs. 

• Twelve discipline-specific Distributed Active Archive Centers 
(DAACs), process, manage, archive (14.6+ PB), and distribute 
(32.1+ TB /day) a variety of Earth system science data. 

48

https://earthdata.nasa.gov
https://search.earthdata.nasa.gov

https://earthdata.nasa.gov/
https://earthdata.nasa.gov/


• 4.1 Petabytes of data, over 58 million files, are in the 
archive as of January 2016

• Over 624 Terabytes of data were distributed to over 
165,000 customers in 158 countries

Radiation Budget - The radiation budget takes into account the 
sum of all radiation, transferred in all directions, through the 
Earth's atmosphere and to and from space. 
Instruments: CERES

Clouds - A visible aggregate of minute water droplets and/or ice 
crystals in the atmosphere above the Earth's surface. 
Instruments: CALIPSO, MISR

Aerosols - Suspension of particles of condensed matter (liquid, 
solid, or mixed) in a carrier gas (usually air). 
Instruments: CALIPSO, MISR, SAGE III

Tropospheric Chemistry - Measurements of chemical 
constituents in the atmosphere including the major (non-H2O) 
greenhouse gases (CO2, CH4, O3, N2O). 
Instruments: MOPITT, TES

The NASA Atmospheric Science Data Center 
(ASDC) at a Glance

https://eosweb.larc.nasa.gov

Hierarchical Data Format (HDF)

Preferred container for NASA EOS data

https://eosweb.larc.nasa.gov/


Addressing ASDC Geospatial User Driven Requirements

Leveraging ArcGIS Platform [Server, Portal Desktop, Pro] to meet guidelines 
of the White House’s Common Framework for Earth-Observation Data 
(CFEOD) Data-Access Services

Developed one-off 
“Data Recipes” for how 

to extract, transform 
and load data into 

traditional GIS formats 
(Shapefiles and 

GeoTIFFs)

Esri announces 
support for 

HDF/NetCDF/GRIB

Developed proof of 
concept to determine if 

NASA EOS data, in its 
native formats, can be 

used in ArcGIS Platform

Continuously 
receive 

request from 
users for 

data in “GIS 
format”

• OGC Web Map Service (WMS), OGC Web Map Tile Service (WMTS), 

OGC Web Coverage Service (WCS), OGC Web Feature Service (WFS)

• Data Access Protocol (DAP), Web Processing Service (WPS)

https://www.whitehouse.gov/blog/2015/12/09/improving-access-earth-observations


BEFORE

Geospatial Application Support for Multidimensional Data
Proof of Concept

• Until recently, GIS applications were frequently unable to read 
EOS data product files or unable to properly interpret the 
internal data structures necessary to be visualized or 
analyzed.

• Many geospatial tools, including ArcGIS, GeoServer, 
MapServer, and Quantum GIS (QGIS), rely on GDAL, open 
source translator library, to present a single raster abstract 
data model to the calling application. 

• Developing an extensible GDAL augmentation framework, 
that can be leveraged by data consumers and producers, to 
properly interpret EOS data products in GIS applications.

• Project known as GDAL Enhancements for ESDIS (GEE), in 
support of the Big Earth Data Initiative (BEDI)

EXAMPLE

Image Displayed Inverted

MOP03TM.005 (HDF4):  Retrieved Surface Temperature Night

Before

After



Visualization
• Visualize temporal change of a variable
• Visualize a variable at any vertical dimension
• Visualize flow direction and magnitude variables

ArcGIS Multidimensional 
Mosaic Dataset Indexing
HDF/netCDF/GRIB Data 

Warehouses

Publish ArcGIS Image Service Usable by ArcGIS Platform

Utilizing the ArcGIS Platform as an End-to-End Solution for 
Processing, Analyzing, and Visualizing NASA’s Scientific Data

Raster Functions
• On-the-fly Computing

• Image Processing (NDVI, pansharpen, 
image classification, etc.) 

• Raster Calculator (Convert Celsius to 
Fahrenheit)

• Processes the pixels that are requested
• Can be chained and avoid intermediate 

results

Mosaic Index

• Aggregate (mosaic) spatial, time, and 
vertical dimensions



DISCOVER-AQ Proof of Concept

• Deriving Information on Surface conditions from Column and Vertically 
Resolved Observations Relevant to Air Quality (DISCOVER-AQ)

• NASA began a multi-year airborne field campaign in 2011 to distinguish 
between pollution high in the atmosphere and that near the surface where 
people live and breathe. 

• Detailed observations of air pollution from the surface up into the atmosphere 
will help improve the capability of future satellites to monitor air quality around 
the world.

Story Map Journal

Comparison Template

Web Scene



Predication Of Worldwide Energy Resources 
(POWER) GIS
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Experience Being Phased Out Experience Being Phased In

https://asdc-arcgis.larc.nasa.gov/sse



MERRA 2

GEOS 5.12.4

SRB 3.0

CERES FLASHFlux

2H-3C

Data Not

Distributed*

Data

Stored
Data

Distributed

Recurring

Python Scripts
Native Gridded

Model Data

Server with

Enterprise GeoDatabase

Web

Server
Users Access On

Responsive Platform

* Data may become available in future depending on resources and user requirements. Icons Source: http://www.flaticon.com (Creative Commons 3.0)

1 32

Native meteorological model 

data is ingested and 

processed on a recurring 

cycle and stored.

A

B

A

Native solar model data is 

ingested on a recurring cycle 

and averages greater than 

daily are processed and 

stored.

B

1

2
Data is served to users via 

OPeNDAP and Esri ArcGIS 

Server (Image Services, 

Geoprocesing Services).

3
Users can access the data in 

commercial and custom 

applications via Desktop, 

Tablet and smartphone 

technologies.

NASA POWER Data Processing & Distribution



NASA ASDC ArcGIS Portal

Examples of Variables Available for Initial 
Release (Daily and Long Term Averages over a 
22 year Period):
• Global Horizontal Radiation
• Diffuse Radiation
• Direct Normal Radiation
• Latitude Tilt Radiation
• Clear Sky Insolation
• Top-of-Atmosphere Insolation
• NO-SUN or BLACK Days
• Air Temperature
• Relative Humidity
• Atmospheric Pressure
• Earth Skin Temperature
• Heating Degree Days Below 18C
• Cooling Degree Days Above 18C

ArcGIS Living Atlas

Increasing the discoverability of data, services, maps, and apps

https://asdc-arcgis.larc.nasa.gov/portal



Increasing Accessibility and Use 
of NASA Earth Science Data in Geospatial 

Applications

NASA Atmospheric Science Data Center (ASDC)

Matthew Tisdale, Booz Allen Hamilton (BAH), matthew.s.tisdale@nasa.gov
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