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What is multidimensional data?

Geospatial data of our earth over time
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How is multidimensional raster stored?

A multidimensional raster is also called image/data cube

- Formats
- netCDF, GRIB, HDF, Zarr, OPenDAP
- Multidimensional CRF and multidimensional mosaic dataset

- Multiple variables

- Temperature
- Surface height ==
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- Multiple dimensions
- (Time, Depth/Height/Pressure, Lat, Lon)
- (Time, Lat, Lon)
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Multidimensional capabilities in ArcGIS
ArcGIS Pro, ArcGIS Enterprise, and ArcGIS Online

Visualization

Data
Management

ArcGIS API for Python

ArcGIS Pro
(ArcPy)

ArcGIS
> Online

O

ArcGIS Enterprise

Analysis



Visualization and
Exploration




Multidimensional raster visualization in ArcGIS Pro

Slicing, extracting pixel time series, 3D volumes, and animation

- Multidimensional tab
- Temporal profile

- Dimension profile

- Animation

- Voxel layer

- 4D+ support
- Symbology per variable

- Surface Profile




Visualizing multidimensional imagery layer

Multidimensional raster in the web

- Use ArcGIS Pro as a client

- Web Map Viewer
- Multidimensional tool on layer panel
- Dimension slider
- Time slider




Create Multidimensional
Raster
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Create Multidimensional Raster

Multidimensional raster data models

Direct access (local/cloud/STAC)

NetCDF, GRIB, HDF mam
Zarr m

Images 0

NetCDF and HDF
trajectory files

Multidimensional mosaic dataset Multidimensional CRF
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Create Multidimensional Raster

From multidimensional raster formats

- Create a mosaic dataset
- Use the Create Mosaic Dataset geoprocessing tool

- Add data to the mosaic dataset

- Use the Add Rasters To Mosaic Dataset tool
- Use NetCDF, HDF, or GRIB raster type

- Optional, Create a multidimensional CRF
- Use Copy Raster tool

Geoprocessing

v I X

© Create Mosaic Dataset @

Parameters Environments

Qutput Location
MyProjectl.gdb

Mosaic Dataset Name
weather

Coordinate System
GCS_WG5_1984
Product Definition

None
> Product Properties

¥ Pixel Properties

Geoprocessing v X

(© Add Rasters To Mosaic Dataset

© This tool modifies the Mosaic Dataset
Parameters Environments

Mosaic Dataset

weather

Raster Type

MNetCDF

Processing Templates

Default

Input Data
Folder

DAD _Data
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Create Multidimensional Raster (2)

From time series image data

- Create a mosaic dataset

- Add rasters to the mosaic dataset

- Use Landsat, sentinel, or other raster types

- Make it multidimensional
- Use Build Multidimensional Info tool

Llanos de
Mojos

- Use Process Raster Collection Function to aggregate

- Create from STAC search

- Example

- https://www.esri.com/arcgis-blog/products/arcgis-pro/imagery/create-image-cubes/ Llanos de

Mojos




Exploring a grib Time Series dataset
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Build a Time Series from slices (single time
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Create Multidimensional Raster (3)

From altimetry data

- Create Trajectory Dataset

- Add Data to Trajectory Dataset
- Sentinel-6, Sentinel-3, IceSat-2, CryonSat-2,
- Jason-2, Jason-3, GEDI, SWOT

- Interpolate From Spatiotemporal Points tool




Process multidimensional rasters

Subset, merge, interpolate, append, update

- Subset Multidimensional Raster tool
- Merge Multidimensional Raster tool

- Interpolate By Dimension raster function

- Manage Multidimensional Raster tool

- Smoothing

- Statistics raster function

: : : - : N O
- Dimensional moving statistics raster function N -
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Share multidimensional raster
Enterprise and ArcGIS Online

- Create a multidimensional imagery layer in Enterprise
- Publish using ArcGIS Pro’s Share As Web Layer
- Web Create Imagery Layer wizard

- Create a multidimensional imagery layer in AGOL
- Web Create Imagery Layer wizard Create layers and more
- ArcGIS Pro’s Create Hosted Imagery wizard

- Help topics

- https://pro.arcgis.com/en/pro-app/latest/help/data/imagery/web-image-layer.htm

- https://doc.arcgis.com/en/arcgis-online/manage-data/publish-imagery-layers.htm

- https://pro.arcqgis.com/en/pro-app/latest/help/sharing/overview/publish-hosted-imagery-layers.htm

raster type that best describes your imagery
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Multidimensional analysis — slice by slice

Using raster function

- Dimension-aware raster functions
]

Binary e Detect
Threshelding Analysis Change Change Usi...

Generate
Trend

Functions

\ 4

NDVI Predict Process
Colorized Using Trend  Raster Colle..,

Solar Energy
Zonal Remap
Tasseled C Weighted
(Kauth-The... Overlay Sum

Appearance Temperature

Zonal Remap ~  Cell Statistics Altribute Table

Classification
Conversion

Correction Soll Moisture

Zonal Remap
Data Management

Distance

Distance (Legacy) Precipitation

Zonal Remap

Hydrology
Math

Math: Conditional

Math: Logical

Math: Trigonometric
Reclass
Statistical

Surface



Using Time Series from Sentinel-2

Examples

R




Multidimensional analysis — reducing dimensions

Geoprocessing tools

Trend & predictive analysis PCA pattern identification

Data aggregation Interpolation

Find when and where Anomaly detection

Data Enrichment

4 & Multidimensional Analysis
C Aggregate Multidimensional Raster
= Dimensional Moving Statistics
Find Argument Statistics

Generate Multidimensional Anomaly

Generate Trer

X - .
4 5o Change Detection

Multidimensic
- Analyze Changes Using CCDC
Multidimensic
- Analyze Changes Using LandTrendr
Predict Using
g Compute Change Raster
Summarize C
.. Detect Change Using Change Analysis Raster




Trend and predictive analysis

- Generate Trend Raster tool

- Algorithms T
. : : Enanaanl)
- Linear, Polynomial, Harmonic I-lII--l:,g /
-------M|
- Mann-Kendal and Season-Kendal trend tests I-III--',gi
I
T

- Output trend Raster

- Multiband storing model coefficients
Time

- Predict Using Trend Raster tool
- Predict value raster for unknown time stamps oo .

y=Bo+ B+ 2, (ai*cos( l x) +y,*sin( 2 x))

365.25 365.25



Visualize trend raster

Trend maps

- Slope band

- Trend to RGB function

- &
Wu  0.00056 Mney

Temperature trend using slope

Trend of nighttime lights

y g



More tools for analyzing patterns

Aggregate and anomaly

- Aggregate Multidimensional Raster

+ Dimension

- Quarterly, yearly, monthly, weekly, daily

Variables [D

* Dutmt Multidimen

Aggregation Methe Parameters Environments

- Min, max, mean, median, sum, majority, std, percentile

nqgreqation Definit ¥ |nput Multidimensional Raster

- Generate Multidimensional Anomaly FR—

[+ Ignore NoData 4 Qutput Multidimensional Raster

- Calculation interval, all, yearly, monthly, daily

Variables [Dimension Info] (Description)

- Calculated mean, median, z-score

- Find Argument Statistics
- Date and duration when reaching max, mean, median,
- and specific value

Dimension Definition

Geoprocessing

& aggre

Favorites Toolboxes Portal

b R Geostatistical Analyst Tools
4 X Image Analyst Tools
b & Change Detection
b & Classification and Pattern Recognition
b &9 Deep Learning
4 &q Multidimensional Analysis
“\. Aggregate Multidimensional Raster
=] Dimensional Moving Statistics
Find Argument Statistics
Generate Multidimensional Anomaly
Generate Trend Raster
Multidimensional Principal Components
Multidimensional Raster Correlation
Predict Using Trend Raster
Summarize Categorical Raster

Ll
=y Overlay

Multiple Occurrence
Value

[+ Ignore NoData
Occurrence

First cccurrence

]




Compute correlations between two variables

Multidimensional Raster Correlation tool

- Quantify correlation, similarity, and synchronization
- Pearson, Spearman, Kendall

- Support lag

- Cross correlation

#ed

Monthly soil Monthly Correlation
moisture precipitation raster

Geoprocessing v X

(&) Multidimensional Raster Correlati_.. ()

Parameters Environments

# Input Multidimensional Raster 1
Dimension Name of Raster 1

Variable 1

I

* Input Multidimensional Raster 2
Dimension Name of Raster 2

Variable 2

I

Correlation Method

[] Calculate Cross Correlation at Lags
[] calculate P-value

# Output Raster




Change Detection
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Change detection of time series imagery
CCDC and LandTrendr

LandTrendr (Landsat-based Detection of Trends and Disturbances) Uil et
- Linear, temporal segmentation
- Yearly data t
- CCDC (Continuous Change Detection and Classification) \
- Harmonic regression —

- Accounts for seasonality T
- Dense image time series

\ 4

t1,12,13,.... t100



Change detection of time series imagery

Pixel time series change explorer in ArcGIS Pro

Share Time Appearance Data Multidimensional (&) hong (Esri Raster Development Team) ~

QO Mep  nsert  Analysis Edit  Imagery

Start End Variable - \: 2 &
(
- StdTime [1984-06-01T18:24:30.19 - | B > = e
Temporal Summary | Aggregate Anomaly Trend
Z ) Profile~ Statistics v/

- stdTime |All
Data
v Management ~

Multidimensional Extent Current Display Slice Analysis Data Management

7] wxe\cnange,q x Prope

- Detect and explore change for a pixel R R N <2 ST, S
across time Ly sy e T /o A —
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Symbol  Label
Locatior

Location 1

Select Bands

Band
i Band1

ing LandTrendr X and.

~ Define Model Parameters

Pixel change in NBR using LandTrendr S

Filter:
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Maximum Number Of [3
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Threshold =
Spike Threshold 09
Recovery Threshold
[] Prevent One Year Re
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v
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Change detection of time series imagery

Tools and functions

- Analyze Change
- Analyze Change Using LandTrendr tool
- Analyze Change Using CCDC tool

- Detect Change
- Detect Change Using Change Analysis tool

S

Change Map (Date)

P

Analyze change Detect change

Classify

Multidimensional raster

Change analysis raster




THE
SCIENCE
OF
WHERE"®




Deforestation in the
Brazilian Amazon
Rainforest

Hong




Multidimensional analysis in web map viewer

- Raster functions

- Multidimensional service tools

Use multidimensional analysis
Aggregate Multidimensional Raster

Find Argument Statistics f-.x RFT daymet monthly trendpredic

Generate Multidimensional Anc

Generate Trend Raster



Additional Imagery and Remote Sensing Resources

Help and Tutorials

AMPC Documentation
> https://doc.arcgis.com/en/microsoft-planetary-computer

> https://qithub.com/esri/arcqis-for-mpc

Learn lessons and blogs
> Monitor forest change over time

> Biomass Mapping using Landsat and GEDI Data

> Mapping Greenland ice changes using altimetry data

» Change Detection in Amazon floodplains

> Climate impact on wine using multidimensional analysis

Keep Learning about Imagery and
Remote Sensing in ArcGIS

Discover Imagery at the 2024 Esri User Conference

» Esriurl.com/UCImageryEvents

Find Case Studies, On-Demand Learning, & Pre-Made
Workflows

» qgo.esri.com/ImageryAndRemoteSensingResources

Sign up for an Instructor-Led Courses

» qo.esri.com/Imagery Learning

Read Blogs about All Things Imagery and ArcGIS

» qgo.esri.com/Imagery Blog
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Multidimensional Raster

Increasing Demand to handle large scientific datasets, deep temporal data stacks, Image Cube, Data Cubes

Multidimensional Raster

1\ O

Copy 4,,\.'"------ Transpose

Raster % —

longitude

Sensor/
Rasters netCDE Multidimensional Multidimensional
Mosaic Dataset CRF

Projection:
Pixel Size:
Number of bands:
Number of variables:

Fixed

Update with new Data: YES (append since 2.8
Optimized for: Flexibilit
irectly access in ArcGIS Pro
. ves | Yes

D
Server as Image Services

)

time
Transposed
CRF

Fast Temporal Profile
Aggregate, etc

CREF is optimum format for
Raster Analytics



Multidimensional Rasters

Increasing Demand to handle large scientific datasets, deep temporal data stacks, Image Cubes, Data Cubes

Mosaic Dataset
Multidimensional Mosaic Dataset

CREF - Optimized for cloud storage and processing — Output for Raster Analytics
Multidimensional CRF - Optimize for multiple variables/dimensions
Transposed CRF — Enable rapid dimension access and analysis

Multidimensional Raster

QQ— — e N T
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% i,'l I ‘ === ==
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3 = e

Sensor/ . . N longitude ® time

E NetCDF Multidimensional Multidimensional Transposed
Mosaic Dataset CRF CRF

GRIB,HDF



Optimized Data Models

Manage all form of imagery and rasters

TPK

% .
P Mosaic Dataset @
o’/ ‘ —

’5,1 Qe ____ Dynamic Imagery Services
---------- ._
R — Tiled Imagery Services
/& Raster datasets,
Aerial & Satellite,

Q Scientific

Multidimensional
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NetCDF e tme

Multidimensional _
m CRF
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Multidimensional Rasters




Multidimensional Raster for Analysis

Decision depends on Analytical task, frequency, need to update, ...
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Fixed
Fixed
Unlimited Unlimited
Fast Temporal Profile
Aggregate, etc

Optimized for: Flexibilt
Directly access in ArcGIS Pro
ServerasimageServices __________Yes -




1. The ArcGIS Pro Multidimensional Toolbar

Project Map Insert  Analysis  View Edit Imagery  Share Help Range Time

o

Configure

Raster Layer Data Multidimensional

Variable thetao A @'_ Wl_ﬁ‘

StdTime 2023-01-01T00:00:00 ~ 14 P »l =>
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StdTime

StdZ

Area of Interest polygon

| Extent Current Display Slice M=
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Training Samples Manager

Create and rmanage training sarnples for supervised
classification. 1 pixel's values across all slices in

Classify

Categorize pixels into classes,

Aggregate Anomaly Trend
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@ Malke Multidimensional Raster Layer

multidimensional raster layer from the

selected layer.

Subset
Extract slices
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More Tools...
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Mult
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Pred
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Geoprocessing
{(:—) Manage Multidimensional Raster
Parameters Environments

* Target Multidimensional Raster

Variables

Manage Mode
Append Slices
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| Update Statistics

+| Update Transpose




2. Multidimensional Raster Functions

~ Analysis

Compute Detect Generate Gradient LandTrendr Sz ) Process
Change Change Usi... Trend Analysis Using Trend  Raster Colle...

+ Classification

E

Classify Linear / Predict Using
Spectral Un... sif Regression

v Data Management

* “::3&!' . - +
roes % @%’ &|i -

Interpolate Aggregate Multidimen... Multidimen... Geometric
Raster By D... Multidimen... Median
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