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Course Goals

• Understand the ArcGIS platform as a Web GIS system

• Reach familiarity with vector, raster and point cloud data in ArcGIS

• Get to know ArcGIS’ spatial data science and spatial analytics possibilities and 

frameworks: pattern detection, clustering and prediction tools



Agenda, day 1.

• 09 AM -12.15 PM

- Lesson 1.  9.10 AM – 11 AM

- Introduction to Web GIS and ArcGIS platform (30 min)

- ArcGIS Pro desktop software

- Hands-on: the ArcGIS Pro UI (30 min)

- Get Started With ArcGIS Pro –exercise 

- Lesson 2. 11 AM - 12.15 PM “Nose-dive to Analytics”

- Introduction to Spatial Science and Spatial Analysis on ArcGIS 

- Hands-on: Cluster and Outlier Analysis and Regression tools



Agenda, day 2.

• 09 AM -12.15 PM

- Left-overs from day 1.

- Lesson 3. 9.10 AM – 10.15 AM

- Short Introduction to Point Clouds in ArcGIS Pro

- Hands-on: Point clouds and derivatives

- Hands-on: Raster Functions (altogether)

- Lesson 4. 10.30 AM – 10.50 AM “GeoAI”

- Introduction to Deep Learning workflows on ArcGIS platform

- Instructor demo

- Lesson 5. 10.50 AM – 11.30 AM

- Multidimensional Datasets & Rasters (ArcGIS Notebook exercise!)

- Temporal Charts

- Lesson 6. 11.30 AM – 12 PM

- Collaboration and Communication

- Demo introduction to Dashboards, Story Maps, Sentinel-2 Explorer etc. and other configurable app templates

- Configuring Web Apps with WebApp Builder 

- Wrap-up & Summary 12 PM – 12.15 PM



Introduction to Web GIS and 

ArcGIS platform





Fast Performance WebGL

Data-Driven 3D

Dynamic

Clustering

3D Point Extrusion

Directional Mapping

Graduated Symbols

Predominance Mapping

Today: Smart, Data-Driven Mapping and Visualization

Vector Feature Tiles

Dot Density

Multivariate

Exploratory Mapping

https://www.arcgis.com/apps/Media/index.html?webmap=cabbd03603ce405bbacac205034b7143&legend=true&legendOpenAtStart=true&details=true
https://www.arcgis.com/apps/Media/index.html?webmap=5066330645184b0a97bd124a2875cf2b&legend=true&legendOpenAtStart=true&details=true
https://www.arcgis.com/apps/Media/index.html?webmap=cabbd03603ce405bbacac205034b7143&legend=true&legendOpenAtStart=true&details=true
http://jsapi.maps.arcgis.com/home/webscene/viewer.html?webscene=86601041e27b42b2bb21930d67c0b087
https://devtesting.mapsdevext.arcgis.com/home/item.html?id=b6f4d4b2e8d44486aaa778f1f81ae39a
https://ekenes.github.io/conferences/ds-2019/plenary/dot-density-housing/


ArcGIS is Advancing Rapidly . . .
Integrating Many Innovations

Computing

Data Measurement

Science





Creating Massive 
Transformation

Using the Power of Location to Integrate Everything

Web GIS Is Driving Digital Transformation
Interconnected Information, Processes, and Workflows . . .

. . . All Happening at the Same Time 

Geospatial

Portal

Simultaneous

Integrated Operations

Collaboration



Geo-Enabled 

Systems

Indoors

Insights

(Spatial BI)

Hub

Urban 

Planning

Business 

Analytics

Mapping & 

Location

Developers

Expands the Reach of the Geospatial Community

. . . Providing Many New Opportunities

GIS
Esri

More than 

traditional GIS

The Esri Geospatial Cloud
“Portal” =

ArcGIS Enterprise (on-premises)

ArcGIS Online (www.arcgis.com)



Dashboards

Story Maps

3D GeodesignViewer AppsAnalytic Apps

Field Apps

Across Organizations and Beyond

Desktop Pro App

Web Services-Based

ArcGIS Apps
Extend the Reach of GIS to Everyone

Portal



ArcGIS Online Complete Mapping and Location Platform

www.arcgis.com

• User Types

• Search

• Large Organization 
Administration

• Configurable Basemaps
(Vector Feature Tiles)

• Smart Mapping Styles

• 3D

• New StoryMaps

New and Improved

• 7+ Million Users

• Billions of Maps

• 25 Million Items

• 150k Open Datasets

Configurable
Apps

Pro
APIs

• New Map Viewer

• Bulk User & Item 
Management

• Org-to-Org Collaboration

• Tracking

• Notebooks

• Hosted Imagery

• IoT Integration

Coming

Content

2D / 3D



Sites

ArcGIS Enterprise Comprehensive GIS for Your Organization

Monitor

• Bulk Publishing

• Webhook Events

• Notebook Server Manager

• Sites Editor

• Templates and Apps

• Machine Learning & AI

• Feature Service Drawing Performance

New and Improved - 10.7.1 & 10.8

• Cloud-Native Deployment Option

• Microservices

• Supports Distributed Applications

• Better Security

• Dynamic Scaling, Streamlined Installation, Easier 
Maintenance, and Faster Updates

• Initial Release Q1-2021

Coming - ArcGIS Enterprise on Kubernetes



Maps

Scenes

Layers

Models

ArcGIS Integrates All Types of Data

Imagery 

Lidar

3DVector

Features

Real-Time 

(IoT)
Unstructured

CAD / BIM

Multidimensional

Geospatial

Infrastructure

Geospatial Web Services

Big Data
Tabular

Data Management … Editing and Updating … Visualization …. Analytics



The Foremost Collection of Digital Geographic Information . . .

. . . a Living Atlas of the World

Thousands of Ready-to-Use Maps 

and Datasets from Esri

Soils

Vegetation
Traffic

Landsat

Land Cover

Population

Elevation

Demographics

Boundaries

FloodplainsHazards

Protected Areas

OSM

Topo Maps

Geology

Oceans

Roads

Weather

NAIP

DigitalGlobe

POIs

Agriculture Addressing

Stream Forecasts

Railroads

Distribution

Wildfires

Historical

Maps

Lifestyle

Water

Planes

Climate

Rainfall

Stream

Gauges

EarthquakesEcology

Sea Temperature

Species

Sentinel

MODIS
Biology

Basemaps

Scientific

Landscape

Imagery

• Vector Basemaps

• Dynamic OSM 

• Sentinel-2

• Imagery Styles

• Clarity & Firefly

• Wayback

New

Millions of Maps, Layers, and Data Sets 

Shared by Users

ArcGIS Content: Living Atlas | A Fundamental Part of the Platform

https://livingatlas.arcgis.com/



3D Mapping and Visualization

Visual Variables

3D Mesh

Edge Rendering

BIM

Rich 3D 

Symbols

Textures

Smart Mapping

3D Mobile Apps

Urban

• Smart Mapping

• Mobile Apps

• Point Clouds

• ArcGIS Earth

• Revit Support

• Symbology

• Standards

New and Improved

Massive 

Point Clouds

Lidar

I3S OGC 

Community 

Standard

Global Scenes

Augmented Reality / VR

Mobile



Analytics

3D Analysis

Isometric

Views

3D Measurement

Shadow Analysis

Stereo Display

Pro

Procedural 

Modeling

CityEngine

Scene Viewer

3D Objects and Analytics

Earth

Scenarios 

and Dashboards

Line of Sight

Interactive Slice

Volumetrics

3D Fences

Apps



• 60+ New Tools
(1,200+ total)

• Charting

• ModelBuilder

• Space-Time

• VRP Solver

• Hydrologic Analysis

• Python API

New and Improved

Big Data 

Computation

Improved Processing

Comprehensive Spatial Analysis | Enabling Geospatial Data Science

API for 

Python

Charting

Improved VRP

and Allocation

Corridor 

Analysis

Hydrologic Tools

Contour

Polygons

Network Analysis

Raster Analysis

Flood Modeling

Data Clock

Uncertainty

Data Understanding

Relationships

Big Datasets 

(230 Billion)

Spatial Statistics
Space-Time Cubes

Outlier 

Analysis

4D Hot Spots
Space-Time

Pattern Mining

Batch

Geoprocessing

Improved 

ModelBuilder

Integrated Analytic 

Notebooks



• Clustering

• Prediction

• Classification

• Regression

• Interpolation

• Object 
Identification

New and Improved

• Feature Extraction

• Site Selection

• Event Prediction

• Image Analysis

Coming

Artificial Intelligence, Machine Learning, & Data Science

ArcGIS Includes Machine Learning 

. . . and Integrates AI & Data Science

Empirical Bayesian Kriging

Regression Prediction
Density-Based

Clustering

Training Data 

Preparation

Spatial 

Analysis

Accident

Prediction

Feature Identification

AI
Feature Extraction

Python 

Notebook 

Integration

ArcGIS

• CNTK

• TensorFlow

• scikit-learn
• Microsoft

• IBM Watson

• Amazon

Data Science

R Integration

SAS

pandas



Aerial Photos

High-Resolution Satellites
Small Sats

Imagery | A Comprehensive System for Imagery and Remote Sensing

Integrated and Massively Scalable

Indexes

AI / Deep Learning

Classification

Change Analysis

Raster 

Processing 

Functions

Analysis

Image

Analyst

Management 

& Dissemination 

Image Server

Temporal 

Profile

Spectral Profile

Charting

Visualization & 

Exploration

Full-Motion Video

Image Space 

and Mensuration

Street Views

Oriented Imagery

Drone2Map

SiteScan

Drone Mapping

Map Production

DTM 

Generation

Seamless 

Orthophotos

Ortho Mapping

Stereo

Ortho Maker

Content

All Major Sensors

3D Mapping

nFrames: SURE



Deployable 
Independently

Improved Developer Program

JavaSwift

.NET

Qt

Xamarin

Objective-CC++

C#

Kotlin
QML

SDKs

For Devices, 

Web, and Desktop

Connected and
Disconnected

Web Apps

Desktop Add-Ins

Python API

Pro SDK

JavaScript 

API

ArcGIS

Native

Device Apps

Runtime

SDK

Supports Flexible Development and Deployment 

Scripting

Build Apps & Solutions

ArcGIS Developer Platform | Extending the Platform and Creating New Apps

• Mapping and 
Location Apps

• Geocentric Apps

Supporting Multiple 

Types of Developers



JavaScript API | Enabling Powerful and Modern Web GIS Apps

Data-Driven 

Visualization

Widgets and Tools

3D Scenes

Directions

3D Measurement

Drawing Tools

3D Mobile

Web

Client-Side Mapping 

and Analytics

Fast Interaction with 

Large Datasets (WebGL)

Smart Mapping

Client-Side Projection

Real-Time

Geometric Analytics

Interactive Analysis

Fast Display of 

Large Datasets

http://www.arcgis.com/home/webscene/viewer.html?webscene=6ee9615ce7ff41cba235939d6c96d0c5


500,000+ Web Apps Created and Deployed AppStudio

Build Once, Deploy on Any Device

Simple and Powerful

Web AppBuilder

3D

ArcGIS App Builders | Enable Everyone to Build Apps

Experience Builder



Workforce
Navigator

Field Maps

Survey123

Plan & 

Monitor

Field Operations | Empowering Mobile Workers

Smart

Forms

Connected and

Disconnected

G

• Data Capture

• Coordinating Work

• Navigation

• Mapping & Markup

• Location Tracking 

Dashboard

QuickCapture



StoryMaps: Publish your Results to the Rest of the World 
… or just for colleagues and stakeholders…



Esri Geo-Enabled Systems – directly supporting focused workflows

Indoors
Indoor Mapping

Hub
Engagement

Urban
Urban Planning

Mission
Awareness and 

Collaboration 

Business Analyst 
Business Intelligence

ArcGIS Insights
GeoBI



ArcGIS Platform (PaaS): Location Services
Provide spatial context and geo-enable your information

Maps

GeoEnrichment

Routing

Geocoding



An online platform for sharing important information at scale

Johns Hopkins CSSE
Sonoma County

Centers for Medicare 
and Medicaid Services

USCity of Tampa

A single trending map app may receive many thousands of requests/second and have millions of concurrent users



Location Analytics

Analytics
Spatial

Temporal

Statistical

Predictive

Link/Graph . . .

Charting
Distributions

Interactions

Measurement

Part to Whole

Relationships

Change . . . 

Mapping
Multiple Geometries

Flow Maps

Chart Symbology . . .

Link Charts

Spatial / 

Temporal

• Insights Desktop

• Subtypes and Domains

• New Visual Analytics

• Link Analysis

• Data Science Integration

New and Improved

ArcGIS Insights

Data Visualization and Analytics

Domains & Subtypes

Integrate spatial and traditional analysis across your organization . . .

ChartsSelf-Service



ArcGIS Pro desktop software



ArcGIS Pro

ArcMap / ArcCatalog

ArcGIS Pro

ArcGlobe / ArcScene

CityEngine

64-bit software…

Parallel Processing…

GPU computing…

Performance-wise, far superior to ArcMap



ArcGIS Pro: project

Data Connections

Cloud Server Database Folder

Maps, 3D-scenes and map layouts

Map 1 Map 2 3D-scene Map layout

Tools, geoprocessing models, scripts, reports

Tool GP model Script Report



Project folder



User Interface

Attribute table



User Interface

Quick Access functionalities
Menu

Project-

menu
Project settings

and options

Button/Functionality

Hidden button

to open more

settings

Mouse pointer over

button shows pop-up

information

Context-based menu





+ Environment Settings, Portal Login, File Geodatabase…

Hands-on: the ArcGIS Pro UI



Hands-on: the ArcGIS Pro UI

• Let’s do a simple exercise from learn.arcgis.com website to learn the basics of the 

UI

• Open web browser and go to:

- https://learn.arcgis.com/en/projects/get-started-with-arcgis-pro/

• Do the exercise.

https://learn.arcgis.com/en/projects/get-started-with-arcgis-pro/


• Introduction to Spatial Science and Spatial Analysis on ArcGIS
• ArcGIS Pro desktop software 
• Hands-on: Cluster and Outlier Analysis and Regression tools

“Nose-dive to Analytics”



What is Data Science, Spatial Analysis?

• Data science is an inter-disciplinary field that uses scientific methods, processes, 

algorithms and systems to extract knowledge and insights from many structural 

and unstructured data. Data science is related to data mining, deep learning and big 

data. (Wikipedia 2020)

- In GIS context it is often understood for the use of supervised and unsupervised machine 

learning techniques and methods

- clustering, classification and prediction techniques are some of the most widely used methods in 

machine learning

- Machine Learning methods have been around GIS and spatial analysis for a long time…

• Spatial Analysis examines the topological, geometrical or geographical properties 

of given features or phenomenon. These properties include i.e. relationships and 

neighborhood properties.



Spatial Analysis and Data Science

Charting

Data ClockScatter Plot Matrix

Calendar Heat Map

• Functionality

• Scalability

• Accessibility

Many Improvements

Spatial Statistics

Logistical Regression

Forest-based 

Classification and 

Regression3D Interpolation 

(EBK)

Balanced Zones

Density-Based

Clustering

Deep

Learning

Improved Processing

Python Notebooks

Enterprise

Scalable

GeoAnalytics

Pro

Tool History to Models Models to Python

Cost Distance

Floodplain 

Delineation

River Classification

DEM Error

Raster Functions



AI, ML and Deep Learning Integrating Open Science

Training Data 

Preparation

• Clustering

• Prediction

- Classification

- Regression

- Interpolation

• Object 
Identification

• Feature Extraction

• Advanced Site Selection

New and Improved

ArcPy

Accident

Prediction

Object

Detection

PACI, 

Kuwait

Feature Extraction

Pixel Classification 

ArcGIS

Notebooks

Easily snap together ArcGIS and open science AI libraries to do amazing work

Current focus areas: multispectral imagery, feature extraction from 3D point clouds and meshes 



Imagery A Comprehensive System for Imagery and Remote Sensing

Visualization & 

Exploitation

Oriented Imagery

Full Motion 

Video

Structured Observations

Map 

Production

Drone2Map

(Multi-Spectral)

Ortho Mapping

Stereo 

Feature 

Capture

DTM Generation

Pixel 

Editing

Flight Planning

Analysis
Damaged Structures

Raster Processing 

Functions

Deep 

Learning

Segmentation
Object Detection

TrainingLand 

Cover

Image Cube

T
im

e

(Multi-

Dimensional 

Raster)

All Types 

& Formats

Image

Management

• Image Cube Support

• Deep Learning Tools

• NTM Support

• Drone Imagery in Cloud

• Flight Planning

New

Image 

Server

Image 

Analyst



Real-Time Analytics Integrating Sensor Networks and IoT

Supporting High-Velocity Data Streams

Tracking, Monitoring and Alerting

Sensors

Situational 

Awareness

Analytics
Alerting

Collapsing the Time from Measurement to Decision Making

• Cloud Native Service

• Very Fast

• High Volume

• SaaS

ArcGIS Online

Real-Time

Data

GeoAnalytics

Server
GeoEvent

Server

Enterprise

IoT Platforms

Analytics

for IoT

New



3D Analysis

Apps

Scene Viewer

Analytics

Flood Impact

Shadow Analysis

Lidar to Buildings

3D Measurement

Elevation Profile

Line of Sight & Viewshed

Interactive Slice

Volumetrics

Volumetric Slicing

3D Interpolation (EBK)

Procedural 

Modeling

3D Visualization

and Analytics

3D GIS

Visualization

Earth

Mobile

CityEngine

Pro



AI, ML, 

& Deep Learning 
Spatial Machine Learning

Neural Networks

Natural Language Processing

Data 

Engineering
Data frames

Geoenrichment

Geocoding

Create and edit layers

Spatial Analysis
Standard Analysis Tools

Geoprocessing (ArcPy)

GeoAnalytics

Raster Analytics

Automation
ArcGIS API for Python

Built-in scheduling (coming)

Import existing notebooks

ArcGIS Pro

Hosted in ArcGIS Enterprise 

and Coming to ArcGIS Online

Notebook Server ManagerNew

New

ArcGIS Notebook
Pro

Enterprise

Online

ArcGIS Notebooks Jupyter Notebook for Integration, Modeling and Automation



Cluster and Outlier Analysis (Anselin Local Moran’s I)

Optimized Hot Spot Analysis

Density Based Clustering

Multivariate Clustering

Regression tools for predictions

Hands-on: Cluster and Outlier 

Analysis + Regression tools



Hands-on: Cluster and Outlier Analysis

• In the next exercise we first examine for clusters and outlier anomalies of residence 

sales information in Helsinki Metropolitan area…

• …  then we determine density clusters of road traffic incident clusters

• … and make demographic segmentation based on local demographic profile data

• Cluster and Outlier Analysis (Anselin Local Moran’s I) tool to test clusters of 

features for statistical significance 

• We use Density-Based Clustering (DBC), Multivariate Clustering (MVC) utilize 

unsupervised machine learning methods to determine clusters from input data

- These classification methods are considered unsupervised as they do not require a set of 

pre-classified features to guide or train on in order to find clusters in your data.



Cluster and Outlier Analysis

• Cluster and Outlier Analysis 

(Anselin Local Moran’s I)



Speaking of Hot Spots…



Detecting and Quantifying Patterns
Where are the significant hot spots, anomalies, and outliers? 

What are the local, regional, and global spatial trends?

Which features/pixels are similar, and how can they be grouped together?

Are spatial patterns changing over time?



911 Calls in Baltimore

Where are the actual hot spots? Where is the variation higher?



911 Calls in Baltimore

The subjectivity of visual pattern analysis is (sometimes) something we want to minimize.

Natural Breaks Quantile

Heat maps vs. hot spots!



Statistical Significance is tested vs.
Null Hypothesis of

Complete Spatial Randomness (CSR)

Is there a pattern?

We want to find patterns that are so distinctive, that 
they could not have occurred by a random process



Z-scores and p-values are used to determine
the chance the pattern occurred randomly









Clusters and Outliers

Hands-on: Residence Sales 

Information



Clusters and Outliers

• Check the course page for Exercise 2.!



Road Accident data, Statistical Grid data

Hands-on: Density Based 

Clustering and Multivariate 

Clustering



Density Based Clustering

• Let’s continue to analyze clustering on traffic accidents…

• The “Density Based Clustering” tool this tool creates clusters 

based on feature locations

- detects areas where points are concentrated and where they are 

separated by areas that are empty or sparse

- points that are not part of a cluster are labeled as noise

- uses unsupervised machine learning clustering algorithms which 

automatically detect patterns based purely on spatial location and 

the distance to a specified number of neighbors.

- Recommended reading: https://pro.arcgis.com/en/pro-app/tool-

reference/spatial-statistics/how-density-based-clustering-

works.htm

https://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/how-density-based-clustering-works.htm


Density Based Clustering

• 3 clustering methods:

- DBSCAN:

- uses fixed search distance

- clusters of similar densities

- fast

- HDBSCAN

- uses range of search distances to find clusters of varying 

densities

- data driven, requires least user input

- OPTICS

- uses neighbor distances to create reachability plot 

- most flexibility for fine tuning

- can be computationally intensive



Density Based Clustering

• Road Accident Clusters:

- Pro’s Catalog: search ArcGIS Online for 

“tieliikenneonnettomuudet” and add the 

“tieliikenneonnettomuudet_2009_2017_

pksLaaja” feature service to ArcGIS Pro

- Right click -> Add To Current Map

- From Geoprocessing window, search 

for tool “Density Based Clustering” and 

execute it

- Create a Line Chart from observations (might take some time…):

- Right-click layer in Table of Contents -> Create Chart -> Line Chart

- Notice the “Chart Properties” window in right-side of UI

- Number or Data: “Tunti”

- Aggregation: Count

- Split By: “Weekday”

- Try also: Calendar Heat Chart, Data Clock



Multivariate Clustering

K Means



Variables

% values

Which features/pixels are similar, and how can they be 

grouped together? What are the areas with similar 

characteristics based on socioeconomic status?



Multivariate Clustering

• From Pro’s Catalog window, search for a dataset ‘RTTK2014_Ratios’ and add the 

“RTTK2014_Ratios” feature service to ArcGIS Pro

- Right click -> Add To Current Map

• Open attribute table and familiarize yourself with attributes

- almost all fields contain ratio values

- null values exist, because of Finnish data privacy policies

- you could calculate all nulls to zeros, but is it the same thing…? No.

- the Multivariate Clustering tool runs with nulls, so we don’t make any alterations to input data

- notice at the end of attribute table the field ‘SeedObservation’

- seven 1s and the rest are zeros

- the 1s are so-called Seed Points that can be used in MVC tool to determine the initial processing 

locations or calculation features (they have a pre-determined distinctive profile)

• Fill in the tool dialogue 



Regression tools in ArcGIS Pro

• ArcGIS Pro has several good regression tools for 

prediction analysis

- Exploratory Regression (OLS)

- Forest-based Classification and Regression

- uses random trees (ML algorithm)

- Generalized Linear Regression (OLS, Poisson, Logistic)

- Geographically Weighted Regression (GWR)

- coefficients are locally calibrated

- Ordinary Least Squares (OLS)

• These can be found from the Geoprocessing pane, 

under Spatial Statistics toolbox and Modeling Spatial 

Relationships



End of Day 1!



Start of Day 2!



Regression tools, publishing datasets to Portal…

Leftovers…



Short Introduction to Point 

Clouds in ArcGIS Pro



LAS Dataset



Lidar surveys in ArcGIS Pro

Aerial Terrestrial Mobile Drone/UAV









Point clouds and derivatives

Raster functions

Hands-on: 



Point Clouds and Raster Functions

• Let’s do Exercise 3.!

• Remember to download point cloud file from course page and unzip it!

- it’s a .las file from National Land Survey of Finland

• Follow the instructions

• On Raster Functions, we’ll check them together



GeoAI











Deep Learning workflows in ArcGIS integrate to open common deep learning frameworks. 

ArcGIS Pro version specific deep learning libraries are available in GitHub: https://github.com/Esri/deep-learning-frameworks

Installer is ready-to-run, but read the instructions.

https://github.com/Esri/deep-learning-frameworks


























Also post-processing!



ArcGIS uses common

external deep learning 

frameworks for DL tasks.

An installer package is

available in GitHub
https://github.com/Esri/deep-learning-frameworks



Esri’s Living Atlas service provides ready-to-use deep 

learning models for inferencing on various topics.

https://livingatlas.arcgis.com/en/home/

https://livingatlas.arcgis.com/en/home/


GeoAI Examples





























GeoAI Demo

Road Extraction



Multidimensional Datasets 

and Rasters



Multidimensional rasters

• Multidimensional data represent data captured at multiple times and/or multiple 

depths or heights

- commonly used in atmospheric, oceanographic and earth sciences

• Multidimensional raster data can be: 

- captured by satellite observations where data are collected at certain time intervals

- generated from numerical models where data are aggregated, interpolated or simulated 

from other data sources

• Common storage formats for multidimensional raster data are netCDF, GRIB, and 

HDF

- Oceanographic data are often stored in netCDF format (.nc), weather data in GRIB format, 

and NASA often uses HDF format to store scientific data

• ArcGIS Pro is capable of managing, visualizing, and processing multidimensional 

raster data, and publishing them as a web service



Multidimensional rasters

• Multidimensional formats share common capabilities for storing multiple variables, 

with each variable being a multidimensional array

- i.e. a netCDF file can store temperature, humidity, and wind speed for every month from 

the years 2010 to 2014, and at elevations of 0, 1, and 10 meters, respectively

• More information on multidimensional rasters:

- https://pro.arcgis.com/en/pro-app/help/data/imagery/an-overview-of-multidimensional-

raster-data.htm

https://pro.arcgis.com/en/pro-app/help/data/imagery/an-overview-of-multidimensional-raster-data.htm


i.e. NetCDF multidimensional datasets can be published to ArcGIS Online as Geoprocessing Samples (zip)… Download to use in ArcGIS Pro.



https://www.esri.com/arcgis-

blog/products/arcgis/imagery/precipitation-patterns-and-trends-

predictions-multidimensional-data/

Hands-on: multidimensional 

rasters and ArcGIS Notebook

https://www.esri.com/arcgis-blog/products/arcgis/imagery/precipitation-patterns-and-trends-predictions-multidimensional-data/


Wrap-up & Summary





A very Short list of Esri terms

• Common

- Shapefile

- Feature Class

- Feature Layer

- File Geodatabase

- Enterprise Geodatabase

- LAS Dataset

- Mosaic Dataset

- ArcGIS Online

- ArcGIS Enterprise

- Portal

- Portal Items

- Map Viewer, Scene Viewer

- ArcGIS Pro, CityEngine…

- Solutions (ArcGIS Urban, ArcGIS Hub etc.)

• Portal Items

- Feature Service

- Imagery Layer

- Tile Layer

- Map Image Layer

- Scene Layer

- Building Scene Layer

- Point Cloud Scene Layer

- WebMap (2D map)

- WebScene (3D scene)

- Apps (Collector, Survey123, Quick Capture etc.)

- App Templates

More: https://developers.arcgis.com/rest/users-groups-and-items/items-and-

item-types.htm

Without explanations ☺

https://developers.arcgis.com/rest/users-groups-and-items/items-and-item-types.htm


Wrap-up & Summary

• If using Esri’s training license – please sign-out in ArcGIS Pro!

• Useful links:

- Esri Spatial Statistics homepage: https://spatialstats.github.io/

- lots of material, presentations, instructions to install ArcGIS-R bridge etc.

- GeoAI:

- medium.com/geoai (highly recommended reading; thoughts on where AI and GIS intersect)

- ArcGIS Python API: https://developers.arcgis.com/python/guide/geospatial-deep-learning/

- Deep Learning in ArcGIS Pro: https://pro.arcgis.com/en/pro-app/help/analysis/image-analyst/deep-

learning-in-arcgis-pro.htm

- learn.arcgis.com

- guided lessons on real-world problems

- https://learn.arcgis.com/en/

- ArcGIS Pro roadmap May 2021 (most recent, updated after new versions)

- https://community.esri.com/t5/arcgis-pro-documents/arcgis-pro-roadmap-may-2021/ta-p/1060636

https://spatialstats.github.io/
https://developers.arcgis.com/python/guide/geospatial-deep-learning/
https://pro.arcgis.com/en/pro-app/help/analysis/image-analyst/deep-learning-in-arcgis-pro.htm
https://learn.arcgis.com/en/
https://community.esri.com/t5/arcgis-pro-documents/arcgis-pro-roadmap-may-2021/ta-p/1060636


Wrap-up & Summary

• Questions & Comments:

- aki.kaapro@esri.fi

- riikka.jantunen@esri.fi (CSC and University coordinator at Esri Finland)

- licenses, activities etc.

• Websites: www.esri.fi and www.esri.com

• Twitter: https://twitter.com/EsriFinland (@EsriFinland)

• Facebook: https://www.facebook.com/esri.finland/

• Instagram: https://www.instagram.com/esrifinland/ (@esrifinland)

mailto:aki.kaapro@esri.fi
mailto:riikka.jantunen@esri.fi
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