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Take Away

« The ArcGlIS Platform has a robust data model and analytical tools for
conducting analysis with Multidimensional Data

« Platform with a format agnostic enterprise framework to share your
research result with a larger community

« Platform is extendable and Interoperable. Build Custom Apps to turn
your Data into Actionable Information






GIS Workflows that Scale L

* Scalable *Automated
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Data Analysis Relevant Data
Sources Framework Tools Products
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Spatial ArCGLSrIS;IbOX Hot Spot Analysis Map!
Temporal Deep Neural Network .
Tabular ArcGIS API for Python MaxEnt Widget

Tensorflow
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PySAL ean Center

Trends/ Relationships

. Web Applications
Written Resource

R Packages



Scientific and Multidimensional Raster Data

Meteorological

Big data - Temperature
- Large volume (Volume) - Precipitation
- Many types of data (Variety) - Wind speed
- Grow rapidly (Velocity) :
Terrestrial
- Soil moisture
Multidimensional _ NDVI
- Time - Land cover
- Depth
- Height Oceanographic
- Salinity

- Sea Surface Temperature

- Ocean current




at is Multidimensional Data?



What is Multidimensional data?
Spatial, temporal, and vertical dimensions
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longitude
- Contains one or multiple variables in one file t =
- Avariable is cube or cubes v/ t=2

- Avariable has a time and/or depth

- Eachslice is a 2D array

- Common formats

- NetCDF, GRIB, HDF




Multidimensional Raster Data Cube (Optimization) L

Nosaic Dataset
Aultidimensional Mosaic Dataset

_RF - Optimizedfor cloud storage and processing - Outputfor Raster Analytics
Fast Temporal Profile

Aultidimensional CRF - Optimize for multiple variables/dimensions
(Aggregate)

ransposed CRF - Enable rapid dimension access and analysis
Multidimensional Raster
A
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netCDF, GRIB,HDF Mosaic Dataset  cpp(pixel aligned image cube)
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\‘f- " Ingesting Multidimensional Data

“ Intro Demo







Multidimensional Raster Analysis - Using Geoprocessing Tools
Require ArcGIS Image Analyst or Spatial Analyst license

- Aggregate Multidimensional Raster

- Along a given dimension and interval
- Yearly, monthly, daily etc.

- Output multidimensional CRF

- Generate Multidimensional Anomaly
- Allong time series raster
- Output multidimensional CRF

. - Trend and Prediction

Aggregated
6

<
&

V



Multidimensional Raster Analysis - Using Raster Functions

Cube based analysis / cube based map algebra

- Support multidimensional raster (except global functions)

- Functions with one input - just works

S=Sa. > Unit Conversion e e CreaterThan ==Sa e

- Functions with two or more inputs - rules

- Variable names must match
- Disable the Match Variables option

V1+V2 T

Raster Functions

© Calculator Properties

General Parameters

Marme
Calculator
Description

tes a raster from a raster based mathematical

Output Pixel Type
32 Bit Float

* Multidimensional Rules

[ ] Match Variables
[ Union Dimensicns



Multidimensional Raster Analysis - Open Platform

Python / R/ Other Sources

Apps

Desktop ET:TJ D APIS
<>

Edit e View Plots Session Build Debug e Help
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#Load Data and Create a RasterBri objec
LS_open <- arc.open("C:/Users/mar
LS_select <- arc.select(LS_open)
LS_raster <- as.raster(LS_select)

#RGB Visualization
plot(LS_raster
plotRGB(LS_raster * (LS_raster

#Co ruct Data Frame for Random Forest Model Fitting

df_bnds <- data.frame(Bandl
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v

It

Edit  Imagery  Share

It v
owkw gt

Layer Templates

talog  [I] BAG_Bathymetry

Appearance

IMap R
s Map N

[E] Mape

Data



Precipitation Trends: Desertification /
Expansion of Sub Saharan Africa

(Multidimensional Space Time Cube)



e Parking Lot [ NARGISISAROMBITrERd R (%] Analysis-MultiD-SpaceTimeCube Analysis-Anom: ¥
~
' 1/1/1998 4pp| 17172016

<

ER/5 &

awing Order

Quantifying spatial and temporal patterns of fine
particulate matter (PM2.5) in Asia Pacific Region

(Multidimensional Space Time Cube)
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Multidimensional Mosaic Dataset

A mosaic dataset that manages multidimensional raster data

Multidimensional

/
)

- Mosaic dataset

- Catalog and index a collection of rasters
- Process on-the-fly

(KA

- Multidimensional mosaic dataset HDF, GRIB, netCDF
i, . . time series raster data
- Manage variables and dimensions

o Mo . Raster Shape Variable
- Multidimensional Info

Temperature
Salinity

Salinity.

Salinity

Temperature

Temperature

mosaic dataset

mosaic

E

~t
Q
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Time: January 1980

MD Ingest and El Nino Detection demo

Esri, DeLorme, GEBCO, NOAANGDC, and of contributors, Sources: Esri, GEBCO, NOAA, National Geographic,
Delorme, HERE, Geonames.org, and other c butors



Putting it all together: Open Interoperable Scientific Data Platform

Apps

\ Desktop H]] D
.Harvests Metadata APIs

<S>

Collection

Image

- Service
— /
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dmm— \/0saic
Dataset
Imager
NEYE
Form
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ArcGIS
E = Desktop
Points
" to original Raster
L Imagery Functions Raster

Products
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NASA Atmospheric Science
Data Center (ASDC)

Matthew Tisdale

NASA Langley Research Center
(LaRC)
matthew.s.tisdale@nasa.gov
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The NASA Atmospheric Science Data Center
(ASDC) at a Glance

e Curates more than 1,000 unigue science products and provides data services
for over 50 science projects

e 5+ petabytes of data, over 58 million files, are in the archive

o Data distributed to over 165,000 customers in 158 countries

Radiation Budget - The radiation budget takes into account the sum of alll
radiation, transferred in all directions, through the Earth's atmosphere and to and

from space.

Instruments: CERES Hierarchical Data Format (HDF)
Clouds - Avisible aggregate of minute water droplets and/or ice crystals in the Air temperature (kelvin)
atmosphere above the Earth's surface. DZa— ; -
Instruments: CALIPSO, MISR 25

Aerosols - Suspension of particles of condensed matter (liquid, solid, or mixed) in
8 acarrier gas (usually air).
| Instruments: CALIPSO, MISR, SAGE IlI &

2
Q_@F"Q . ,-/TD
. Tropospheric composition - Measurements of chemical constituents in the '*“'b /

1N NS ; atmosphere including the major (non-H,O) greenhouse gases (CO,, CH,, O, -ongitude (degrees)

| ey, Nzo) -

Instruments: MOPITT, TES 2

Preferred container for NASA EOS data

Height (meters)

https://eosweb.larc.nasa.gov



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

DAACs

National Aeronautics and Space Administration

Discipline-oriented
v Distributed Active Archive Centers
fre e (DAACS)
S

- Land Use,
Surface nvironmental
Sustainability,
q Geospatial Data
GES DISC
) Global Precipitation,
NSIDC DAAC Solar Irradiance,

Atmasphenc Composition
Snow and lce, and Dynamics

m_ Global Modeling
actions, Sea lce f——"
Gravity, Sea Surface l - CDDIS
Temperature, Ocean Space Geodesy. L F—§) Ocean Biology.
Winds, Topography, Solid Earth Sea Surface
Circulation & Currents Temperature

- 1@t MODIS & VIIRS
Level-1
and Atmosphere

GHRC DAAC Chemistry Data Products

Hydrologic Cycle
Saevere Weather Inter-
actions, Lightning
Atmospheric

DAACSs ingest, archive, process and Cvecicn
Biogeochemical

distribute data to users 5 iy

Environmental
Processes

WWwWw.nasa.gov




Earthdata Search

%% EARTHDAT : S o
in

gnmomr rea lkac are T . . & Earthdata Log
earch ) : .

Kazakhstan Mongoka

Browse Collections

Features
China

Map Irr

omizable

Platforms
Instrumer
Organizations

Projects

Processing levels 5929 Matching Collections

Relevance 3
+ © Learn More

Sort by ¢ Only include collections with granules @ Include non-EOSDIS collections

Global Maps of Atmospheric Nitrogen Deposition, 1860, 1993, and 2050 11 +

27 Granules + 1880-01-01 to 2060-12-31 - Th os heric deg NHx INH3 and NHE+), and M . "
trogen othe y N20L. in g N/m2/vear, for the =
IRS 1C LIS3 Standard Products o +
nt't / Imeragency - 1986-11.14 to 2007.09-20 + it ) 3¢ v tral bands - B2, B3, B4 n visible ne frared (VNIR) and B5 in Short Wi
framd (SWIF) providing data with 23.5m resclutior el § ) as0d goo od as woll &
LWIG - AL J
IRS 1C Standard Geo Referenced Product (i) -+
V1840 - Somch Time: 0.75 - NASA Official: Siepn Borick + y Poky + UBA oy Eanndai Access: A Secton 508 acossetio Mlamative

https://search.earthdata.nasa.gov




Tools Used with NASA Data Products

2018 ACSI RESULTS — All DAACs

* Significant increase in the number of — —
users interested in using NASA Earth T S R —

. . ArcGIS 64% 898

Science data in a GIS Convert to Vector &% 80

EMNVI 32% 450

* Perthe ACSI survey results for “Top tools used to ERDASIMAGINE . 2

work with data”: ArcGIS ranked number 1 at 64% Ferret 1% 10

m;}er 15% 206

GrADS 3% 46

GRASS 12% 174

< util . o 5 |

 GISis utilized to support the delivery of HEG 1% 20

. . . . 7% 100

priority data products, experiment with oV o 12

. . . IDRISI 7% 96

various geospatial technologies, and apReady 2 2

expand geospatial capabilities. MODIS Reprojection Tool (MRT) % 125

NCL 3% 47

Panoply 9% 121

Quantum GIS (QGIS) 42% 587

R 22% 315

SeaDAS 3% 46

Other/open source 23% 320

Don’t know/Not applicable 1% 8

Number of Respondents 3,656 3,656

~ Multiple responses allowed



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

ArcGIS Multidimensional

Mosaic Dataset Indexing Publish ArcGIS Image Service Usable by ArcGIS Platform

HDF/netCDF/GRIB Data

rehoues ‘ % @

Raster Functions i punctvon Tempiae kctae Vlsualizatlon

¢ On-the-fly Computing | 'f':x . e Visualize temporal change of a variable
¢ Image Processing (NDVI, pansharpen' ' bz':::nlnxm\- ¢ Visualize a variable at any vertical dimension
image classification, etc.) £ S wyumre ¢ Visualize flow direction and magnitude variables
e Raster Calculator (Convert Celsius to gl gt

_ o Fahrenheit) L
* Aggregate (mosaic) spatial, time, and * Processes the pixels that are requested S e
i i i } . . & rsdspent
vertical dimensions e Can be chained and avoid intermediate
results
OBJ| Faster | Mosa-u-_nlc Indexm |5 i Tima] - Croats Wivter Miremem Temperstios Time Sares 1870 - 2009
[ ;‘Rﬂﬂﬂ | hyciemn_glb_segpd nc-water_temp 0 | water tamp | EAT2013 | . - =] ’:é-—. .
NRaster | byceen glb reapd] me water temp 1 | water lamp | 572013 | . ;#. ‘ s = ——
3| <Raster | hycom_glb regpdl.nc waber_temp 2 | water_lamp | SAT/2013 . - % - — b o ':’ .
4|« | ycoen_gib. segp0l. e water_bemp 3 | water jemp | SHTRHIA | PO Sunio danytuies Qi Rx Duiwastis Butp Shgtowy o Snphyeee = :
5| «Ra o _glb_regpll neowaber_tempd | water lemp | SMTR20M3 Ll : -- - .-
.‘ E‘-ﬁ.. f&-—.—&u-_"—.* ....‘....—. ,:_:_ /-—
| 4
o i e g "
<4 . e e e =S j j'




Prediction of Worldwide Energy Resources (POWER) NQ'EA

The Prediction of Worldwide Energy Resources (POWER) Project's objective
is to integrate environmental data, analysis and modeling from NASA
research, and customize it to enhance decision support in energy production
and usage, as well as agricultural applications. To support this, POWER
targets three user communities: Renewable Energy (denoted as Surface
meteorology and Solar Energy or SSE), Sustainable Buildings (SB), and
Agroclimatology (AG) with geospatially enabled Analysis Ready Data (ARD).
The POWER Communities are provided ARD outputs in formats, naming
conventions, and units that are commonly employed in each user
community; all derived from the same underlying solar and/or meteorological
data in the POWER Data Archive. The POWER Data Archive incudes a total
of 275 parameters available on a 0.5° x 0.5° latitude and longitude global
grid, and are available at four temporal levels - hourly, daily, interannual, and
climatological. The POWER project can provide time series data ranging
from January 1, 1981, to within 4-7 days of a given current date.

Solar parameters are derived from NASA's GEWEX/SRB release 3.0
archive (July 1, 1983 — Dec. 31, 2007) and NASA's CERES FLASHFIux
project (Jan. 1, 2008 — to within about 7-days of real time).

Meteorological parameters are derived from the NASA's GMAO MERRA-2
assimilation model (Jan. 1, 1981 to within a few months of real time) plus
GEOS-5.12.4 FP-IT (End of MERRA-2 to within several days of real time).

SURFACE
RADIATION
' BUDGET

> P 0000 -
7 ——a—

malaam

The POWER Project's Data Access Viewer (DAV) uses the Esri Web Appbuilder
to host a series of widgets to support download of POWER data products from
the POWER's ArcGIS Image Services and Application Programing Interface
(API) via a simplified user interface. These include single point and global data
download, image services viewer, and temporal reports exports.

This can be accessed at: htips://power.larc.nasa.gov/data-access-viewer/



https://power.larc.nasa.gov/data-access-viewer/

NASA ASDC ArcGIS Portal

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

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

Featured Maps and Apps . Latitude Tilt Radiation

| — *  Clear Sky Insolation

« ._:’::' { ::": ;—*‘:@‘» . Top-of-Atmosphere Insolation
m — . NO-SUN or BLACK Days

= " m | *  Air Temperature

. Relative Humidity

Atmospheric Pressure

. Earth Skin Temperature

HOME GALLERY MAP SCENE GROUPS MY CONTENT MY ORGANIZATION NASA. Q

ASDC Geospatial Portal

22 Year average of Surface Dally Average Temperature Daily Averaged Surface POWER SSE
meteorology and Solar at 10 Meters maeteorology and Solar

The Axmospheric Science Data Center (ASDC) at NASA | wy Research Center Is responsible for the processing, archival, and datribution of
NASA Earth science data In the areas of i aca(onMoﬁ (Jov 5, 0rosois, and tropospheric chemistry.

The Dota Conter wes established in 1991 5 SUpport the Earth OBserving System (EOS) a5 part of NASA's Eath Science enterprse and the UsS . Heating Degree Days Below 18C
Globa! Change Research Program, and is one of saveral Distriduted Active Archive Canters (DAACS) sponsored Dy NASA a8 part of the Eartr
Obsarving Systermn Deta and Information System (COS01S). o Cool i ng Deg ree Days Above 18C

o Site Curator: NASA Langley ASDC User Services - Contact Us
* NASA Privacy Staternent, Disclaimer, and Accessibility Certification
¢ Copyright Information

B = JATA.GOV

@ oz [ ceopLaTFORM.gov  ArcGIS Living Atlas

https://asdc-arcgis.larc.nasa.gov/portal
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POWER Data Access Viewer 7

¥ POWER Single Point Data Access
1. Choose a User Community
SSE-Renewable Energy

2. Choose a Temporal Average

© Daily Interannual Climatology

3. Enter Lat/Lon or Add a Point to Map
v Latitude (Decimal Degrees)
Clear Longitude {Decmal Degrees)

4. Select Time Extent

Start Date 0012015 (MM/DO/YYYY)

End Date 03/0572015 (MM/DO/YYYY)

5. Select Output File Formats Select Al

@ ASCII  CSV  GeoJSON  NetCDF

6. Select Parameters  (Uma 20 paramaters)
The Oimatoiogy temparal period has the most paramaeters.

w
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Atmospheric Science
Data Center:
Arctic Wildfires

Wildfires in the Arctic often burn
far away from populated areas,
but their impacts are felt around
the globe. From field and
laboratory work to airborne
campaigns and satellites, NASA is
studying why boreal forests and
tundra fires have become more
frequent and powerful and what
that means for climate forecasting,
ecosystems and human health.



https://power.larc.nasa.gov/data-access-viewer
https://nasa.maps.arcgis.com/apps/MapJournal/index.html?appid=b911d46d408041829828dd9d67cf4a04

Take Away

* The ArcGIS Platform has a robust data model and analytical tools for conducting
analysis with Multidimensional Data

« Platform with a format agnostic enterprise framework to share your research result
with a larger community

« Platform is extendable and Interoperable. Build Custom Apps to turn your Data into
Actionable Information



Relevant Upcoming Sessions

- Working with Multisensor Imagery and Raster Data
- 143C| 4:00 - 5:00 pm



Print Your Certificate of Attendance

Tonight

6:30 pm — 9:00 pm
Networking Reception
Smithsonian National Museum of Natural History



Please Share Your Feedback in the App

Download the Esri
Events app and find
your event

N .
- - esrievents Q

All Events

Esri User
Conference
July8-12,2019
San Diego, CA

Esri Petroleum GIS
Conference

May 15-16,2019
Houston, Texas

Esri Southeast User
Conference

May 1-2,2019
West Palm Beach, F

Selectthe session

you attended

Schedule Q

ArcGIS API for JavaScript: An
Introduction

ArcGIS Apps for the Field: An Introduction

ArcGIS Data Reviewer: An Introduction

ArcGIS Enterprise: Creating Sites
and Pages

ArcGIS Enterprise: The Road Ahead

ArcGIS Excalibur: Experience the Value
and Power of Imagery through the Web...

Scroll down to

“Survey”

ArcGIS Data Reviewer: An Introduction

SDCC - Room 30 E

Add Reminder

Jul 10, 8:30 AM - 9:30 AM

iy

ata. Learn h

Login to accessthe

survey

Share your thoughts.
o im
nan

Complete the survey
and select“Submit”

Title and Description Consistent with Content

Poor Excellent

Well Organized/Clear Presentation

Poor Excellent

Public Speaking Skills

Poor Excellent

The content of the workshop was relevant to




Questions ?

SSHRESTHA@ESRI.COM

L.ZHANG@ESRI.COM
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