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Action

Geography Is Essential



Your Work

Is Already Creating
Geospatial Infrastructure o

i Everyone

Applying The Science of Where . . .



Your Work | <

Is Also Contributing to
Global Geospatial Infrastructure

1

&y
| -bCo‘nn ecting &
Integrating

Sharing Data, Apps =
... and Geographic Knowledge

... At Scale Creating a Global Nervous System

A System for Understanding . . . And Collaborative Action



Geospatial Infrastructure

Supports Individuals . . . Distributed
. .. And Organizations of All Sizes - And

Interconnected

Communities

-

Engaging
Everyone

Organizations

GIS at Scale

Departments

e OB 0 5 R . Sharing and =
S S e Collaboration



Integrating Open Science, Al and Machine Learning
Revolutionizing Spatial Analysis and Data Science

.a$o Analytic Services

<[> Python API

@ Integration

@ Al & Machine Learning

Python
Notebooks

Big Data
* GeoAnalytics
Spatial Analysis
& Geoprocessing
Geospatial
Infrastructure




Extending GIS to the Edge

Including and Integrating . . . Challenged Network Environments e 0ayices

Connected and ?
Disconnected S
& |
Edge Computing Nodes
e A @ ReplicationQ ;
; (Sync)

Analytics and
Data Management

o Geospatial
Infrastructure (Field / 10T / Remote Sensing)

Real-Time Measurement

Supporting GIS Workflows in All Environments



Accessing
and Leveraging
Distributed
Resources

Open Data \q f Fap gl 0 A 1%
GeoEnrichment = =
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Content Real-Time Measurement
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Analytic
Services
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Geospatial
Infrastructure



City Modeling

3D Visuallzathn Symbology

3D Symbols

BIM Integration

New and Improved Smart
Mapping

3D Smart Mapping

+ Mobile _
- Point Clouds ; | S Power Lines
- BIM Support i - 4 : — | -
i 5‘5‘%@&%‘@\“&«‘ - Effects Underground
+ Symbology / :

Extrusion

Augmented Reality / VR

BIM as Scene Layers

Edge Rendering

Mobile Scene
Packages




3 D An aIyS | S Volumetrics

Interactive Slice

Analytics

3D Interpolation (EBK) CityEngine

Procedural
Modeling

Lidar to Buildings

3D Visualization
and Analytics

PR Visualization
Line of Sight & Viewshed

Mobile



=T={s OperatiOnS Location-Enabling All Aspects of Field Work

Q D Location Navigation
Tracking

New Capabilities

- Tracking
« Offline Workflows

 Preplanned Routes

New

— Tracker

Planning and
Management

Workforce

Collector QuickCapture

Surveyl123

Maps & Mark Up

Dashboard

Explorer



Spatial Analysis and Data Science

ST SIENIEE Improved Processing

Logistical Regression

Balanced Zones

Many Improvements #

« Functionality
Hosted Python

« Scalability NoiLEeae

T Tool History to Models Models to Python OlCOCES

« Accessibility

Dee

Enterprise ‘,ﬂﬁ‘;-aﬁ Lear?ung
>,
Pro ®e2%e% Scalable
Forest-based N H :
s . ¢ | Classification and ::Ei:: e e
Charting 3D Interpolation  Regression Raster Functions
(F=19)

Floodplain
Delineation

Scatter Plot Matrix Data Clock i
[realy

DEM Error




Hosted PythOn Notebooks Fror Integration, Modeling and Automation

Ready-to-use Code

Integrating Distributed Services and Data . . . ,
Notebook Gallery and Code Snippets

... The World of Open Science & Big Data

Interactive
Computing
ArcGIS
Enterprise (Now)
= P
NG G SEREr pr— and Online (soon)
CONDA  ¥GBoost pyter = I N - Organizes
N’ 1 Cod
o T prolols
Id Keras  matplistlib cu _%.n . Data
OpenCV ®
. ’ - Visualization
T '@” S sciey ArcGIS Analytic Servers . Documentation

Data Stores / Lakes (Image, GeoAnalytics, Spatial)

-@ ? PYTORCH

SymPy TensorFlow

Open Science

Libraries Providing Notebooks as Items . . .

... and ArcPy Geoprocessing as a Service



Al, ML and Deep Learning Integrating Open Science

New and Improved

« Clustering

« Prediction
- Classification
- Regression
- Interpolation

« Object
Identification

Coming

« Feature Extraction
» Site Selection
- Event Prediction

Desktop GIS

Python
Notebooks

Spatial
Machine Learning

Empirical Bayesian
Kriging Regression

Prediction
B ’@
¥ R

Density-Based
Clustering

[ha oy
Training Data
Preparation

Pro

E.

Deep Learning

Al, ML and

Feature Extractio
= -&”"!‘

Accident
Prediction
3 &’i PACI, Kuwait
(2]
e¥ 2
OpenCV

TensorFlow

‘@" PYTOHRCH

Multiple Frameworks
& Platforms

m Keras



Real-Time Aﬂa|ytiCS Integrating Sensor Networks and loT

Supporting High-Velocity Data Streams
Tracking, Monitoring and Alerting

Situational g e Alerting

Awareness
w <2 [

Improved

- Performance

- Scalability
- Resiliency Sensors
+ Cloud Connectors _ O
« Actuation s
oo ]
o0 ]
Assets u‘@ [ —
c GeoAnalytics
Real-Time GebEvent Server
Environment Data Server

Enterprise Now . . .
... SaaS Coming

Collapsing the Time from Measurement to Decision Making



|magery A Comprehensive System for Imagery and Remote Sensing

New
 Image Cube Support Image
- Deep Learning Tools ﬁi Management
Image </>
Analyst
Y Image
Server
4 (vuti-
GE) Dimensional
i= Raster)
Image Mosaics Image Cube
I m age ry Dynamic Pre-Processed

Rich Content
All Types & Formats

Map Production

Analysis

Segmentation Deep Learning Tools

Raster Processing Fona
Functions ‘I

Pixel Classification Visualization &
Exploitation

Full Motion
Video

Structured Observations

DTM Generation



Engaging and Interconnecting Communities
Bringing Together People, Organizations and Stakeholders

Creating New Opportunities to Participate

Stories
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A Network for Monitoring SDGs Is Emerging

Connecting Statistics Agencies and Communities

s® @
Irel% ® 730 % UAE

ol

http://sdgsuae-fcsa.opendata.arcgis.com

http://data-
irelandsdg.opendata.arcgis.com

https://senegals-
ansdsdg.opendata.arcgis.com

| | O,
http://www.Sdg.org O O O : @ @

@ : Tanzania

Colombia

https://mapstat-psa.opendata.arcgis.com

Mexico

BEEO08 A

A Global Network of Collaboration

http://odsprueba-ambiente-esri-co.hub.arcgis.com


http://data-irelandsdg.opendata.arcgis.com/

Indicator
Direct measure or indirect
support to the Indicator

Target
Contribute to progress on the Target,
not necessarily the Indicator

Goal

No poverty

\ [/
s
' ‘ ! d g .01 3 Good health and well-being

4> - -
THE GI_UBAI_ GOAI_S 4 Quality education

For Sustainable Development Gender equality

Clean water and sanitation

Decent work and economic
growth

9 Industry, innovation and
infrastructure

Reduced inequalities

1.31 1162 1171

Responsible consumption
and production

Climate action

Life below water 14.5.1

Life on land 15.3.1 1541 154.2

Peace, justice and strong
institutions

Partnerships for the goals

EARTH OBSERVATION AND GEOSPATIAL INFORMATION

LINKAGES TO SDG GOALS, TARGETS AND INDICATORS


https://www.earthobservations.org/documents/publications/201704_geo_unggim_4pager.pdf

esri

NO
POVERTY

O] 1 ]2]+

UNITED
KINGDOM

e L Food Supply

SDG_1_2_1_DepIndex_ED:
268062

268062
EDENMORE

Preston
DUBLIN

Baile Atha Wémool
Cliath

Leinster
x  -16.49
x  -19.49
x -15.17

-16.49

‘Crop Rotation UN-Yemen

Malnutrition

Bulsion (i PHEA)

Precision
Agrlculture

> California
Philippines

New Zealand
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- Auto-detect features

- Focus on-site inspections to farms
that have regulatory issues

3 cm resolution



CLEAN WATER
AND SANITATION

Water and
Sanitation Projects

Mozambique

Sanitation
Cleanout
Locations

California

Water Monitoring

Los Angeles

Switzerland

Work Order
Management
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Montana
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Wind
Resources

Southern California

~

Philippines 7 England




rking Group Uganda - Open Data Site

Energy Sector GIS Working Group

Uganda Open Data Site

- Uganda (2016): 71 kWh/Capita
- Germany (2014): 7,035 kWh/Capita
- EU (2014): 5,909 kWh/Capita
- World (2014): 3,128 kWh/Capita

Solar Containers for rural

Electricity Consumption per n
communities

Capita:

sion support Model to decide whether it is more
illage using Solar Home Systems, Mini-Grid or On-

i oy S i <o

—

Grid connection 42% - Microgrids 33% - SAS 26%

Building Extraction from
Avg. system annuity 137.00 USD/year-hh — Avg. cost of energy: 0.53 $/kWh — Avg. reliability: 92%

Satellite Images

Load Transformer and
Distribution Line Data as
well as Electrification
Status Estimates

Sharing this
-_ information with
investors

Creating buffer around Create a Ranking of

. distribution lines and -; Villages/Trading Centres

Facebook Population Data . 7] ges/ . ° .
transformers according to to be electrified first

https://ciesin.columbia.edu/data/nrsl/ [P rtraptpres

Electrification Planning in Uganda using Satellite Data



s
ey
T =1
h.g b

L,
v
.

AN

Califo’rnia

Honolulu

. ' Greece re—
Switzerland Miami-Dade




1 RESPONSIBLE

CONSUMPTION
AND PRODUCTION
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Forest
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Marine
Protection Plan
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.

Martinique

3000 ®

Abu Dhabi, UAE

Australia
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e Predicting Environmental Phenomena

w Where Seagrasses Grows, Empirical Bayesian Kriging
(EBK), Random Forest classifier

B
Ef EMU_Global 90m X
Field: 5% Add [ Delete FH Calculate | Selection: 52 Switch i e AN - ) ’ A :
| OBIECTID | SHAPE | pointid | te calinity i nitrate | percOZsat ‘ v '

Point Z 24 21433144 (3418222 | <Null> | <Null> | <Null> <Null> - 4 py A ‘

Point £ 26 |-1.439 34, < > <Null=
Point £ 07 - 0 < Mull= s Mull= > <Null=
Point £ 1739 |-1.600642

Point Z 1740 | -1,

Point £ 2184 |-1.619008

Point £ 2185 |-1.6 z :
Point 2211 |-1.616002 |33.9 E : : 3 > <Null=

PointZ | 2219 |-1.607907 028 o <Nuli> | : eaam -
Poi oA |22 3 i h i 3 N 3 - B s CNIe" v Ly . B e ot pineree M HES
ointZ | 2220  -1.68471 33.92426 ; ; > | <Null> , e aen = = T
Point Z 169101 |33.04196 | <Null> > | <Null> o e L4 . . A
Point Z 169061 3393676 <Null> | <Null>  <Null> | <Null» i ) Emp|r|ca| Bayes|an Kr|g|ng
s v
5y ,.“-770 . B v 4 - o -

.

Guif of
Mexico

from sklearn.ensemble import RandomForestClassifier
import numpy as NUM

import arcpy as ARCPY

X import arcpy.da as DA

e0e0000esso0

import pandas as PD

import seaborn as SEA

import matplotlib.pyplot as PLOT

import arcgisscripting as ARC

import SSUtilities as UTILS import os as 0S
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1 PEACE AND JUSTICE
STRONGINSTITUTIONS

34
-

Syrian Government Forces

‘I'Iw

SYRIA

Delorme. FAO, NOAA STR

Syria

>

i
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’S~pat'r6fémpora| Crime Officer Involved Shootings
Patterns ot

Sunnyvale

Mesquite
Forney

Grand
Prairie

— Hutch

Louisiana

Tel Aviv, Israel
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Al4SDG - roadmap to a Global Data Commons to achieve the
Sustainable Development Goals (1/2) CE

Strategic support by:

McKinsey&Company
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&
Simmons

The Global Data Commons aims to
deploy Al to help achieve
the SDGs

The position papers discuss several
challenges that prevent the
implementation of a GDC

Our review of the position papers indicates that we can
follow an iterative and systematic approach to creating
the Global Data Commons

« Articulate use-case context and scope
~ Identify stakeholders, associated risks and rewards
* Identify legal and regulatory context

-~ * Identify rights and responsibilities for using data
W) £} * Articulate collaboration workplan and deliverables
Scope definition

and risk
assessment

@‘% SUSTAINABLE (oo AL S o Access to quality data

17 GOALS TO TRANSFORM OUR WORLD

N g e 4 5 o B o
BT 3 Bl ETOCLTIN ] ST
9 SISTMIELL (1S |

Data asset
definition, data
flow and
workflow

+ Identify minimal required datasets and associated characteristics

+ Define interoperability with existing data commens

« Igentity use-case specific data e, ization, pseudo
etc,

o Technical challenges

* Map out end-to-end data lifecycie ie, dataflow from origination to end-user distribution
* Map out workflow process for entire data value chain i.e,, ingestion, storage, analytics,
distribution et

* Define data control levers such as: access rights and duties, etc,

o Legal challenges

LR Political/ regulatory
o challenges

* Determine required technalogy architecture
* Determine technology requirements and select best-practice technology solutions/
implementations where applicable

Contracts and ©)
agreements =
definition

Technology
solution and
infrastructure

9/ @) covermance

transparen:y
accountability
and insight

* Define governance model
* Define stakeholder management model

* Define compliance risk management standards and procedures
* Define KPIs and reporting standards

o Social challenges

* Identity required agreements and contracts to be impiemented
* Tailor-fit standard templates to specific use-case context

1

o Business/ commercial
challenges

Example quotes from position papers

* Capitalizing on the immense volume of data o s S 2 e Conceptuatize —_

available and use Al to tackle the world's greatest vear 1 ] )

= . Defing sakghder mag, and danty 23 s * endty gl parners e
challenges v Qo detmtion " gmtomer i o ik Organizations, Governmes p ARTNERSHlpS
- e -t 2019 nd risk assessment  * Identiy legal and reguiatory framework d sign MOU:

* Detect, present and help scale-up use cases for Al ke g s ﬁ.f"i’gi‘ﬁ“m“'l!s"‘;f'ﬁ' - P

enabllng the 17 SDGs o L e " ,mf;m”"‘“&m%’iﬂ:‘h“ R :ﬂ:::xg‘:;wxzmmmmwpm ;:a:;l:r;\s:::;e;l:g;: FUR THE GOAI_S Cl_n_ﬂ_" WORLD
* The use of Al for Sustainable Development Goals s R s e R et a1 o Il s 11 GOVERNMENT

will allow us to: O ¥== E -

use of data, which some might consider too restrictive” “reasonable” of “appropriate” security mechanisms, without specifying = Define end-state target architecture
. . —Paul Hasting 2018 What mechanisms s2tsty such requirements” Technoloay olution - Define and implement pilot state architecture and Sar
— Monitor progress towards the achievement of s ~Comgon 215 Ocrctmatructire e UI-DQSJ” SUMMIT
sSDG © Usesnomsmmhmmes e Oy s oy e
. . . . = o * Establish reporting method and cadence impactzd populations
— Simulate implications Sz e S
— Predict outcomes of measures taken — : e Ol TSmO A s e G0 |
o W.wmmmw.ﬁmmmﬁ o = oo’ me definition A

— Provide recommendations for policy makers

Launch pilot use cases with trusted
govemment partners







