Digital Transformation of
- Geoheritage Sites

Damian Spangrud
Director of Solutions, Esri



Is Undergoing a Massive
Digital Transformation
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Artificial Intelligence




The Geoheritage Landscape is Undergoing a
Digital Transformation &
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The Geoheritage Landscape is Undergoing a
Digital Transformation yy

Innovation Information
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Digital Transformation is Underway - Today

- Basic Digitalization Underway for quite sometime

- “Digital Natives” now on campuses and in organizations
- Driving New Digital Innovation and Use

- Well positioned when COVID-19 lockdowns hit

- COVID-19

- Turned “Interesting” Digital Projects into “Must Have”
- Spurred Innovation
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Tour of Geoheritage Sites

Touring Geoheritage Sites of Flagstaff and Environs Astorymap 01 W &

Geoheritage Tours e

Geologic Features  Archaeology & Museums

Tubacin

COCONINO

Tour of Natural Arches

* Kentucky Natural Arches of Kentucky

Geological Survey

B Bz, University of Arizona
' https://uagis.maps.arcgis.com/apps/Shortlist/index.html?appid=fdc2lae7afe74716830194bd466f

268a _ _
Tour of Geoheritage Sites

Nova Scotia's Geoheritage: A Billion Years in the Making NS Geoheritage Resources K3 W &

Nova Scotia has long been recognized for its rich and diverse geology, a heritage that defines our landscape, is reflected in our industrial history, and has influenced some of the
greatest ideas that have shaped human understanding of our place in the history of life.

Menifee

C Caves State
Park, Nat State Park, Cumberland Falls |

State P: i ational Recreation & —— .
Area in eastern Kentucky. ; o ‘ d

Natural arches can also be found in western | Powell o
Kentucky lammoth atio
although most of those natura ? [ ; = -
and do not appear on this i -
few natural arches in Carter Caves Sta | o 2
./ Image Nam - -
@ Date Taken: 2 1
Comments: Ko Y
Caption -
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Nova Scotia's Nova Scotia's rich geology and dramatic
5 seascapes open a world of exploration and

Geoheritage: a Billion discovery of our geoheritage. For more

Years in the Making Information on geoheritage resources dick here

University of Kentucky
https://kgs.uky.edu/arches/

Geoscience & Mines Branch, Nova Scotia, Canada
https://fletcher.novascotia.ca/geoheritage_ns_tour/index.html



Sapphires in MT

Landscape Exploration

m}"

Sapphires in Montana

Limestone Sources in Indiana

Montana Bureau of Mines and Geology

m GEOLOGICAL SURVEY Indiana Limestone Indiana Limestone Stone Belt Ancient Seas Quanymgumeslcn Milling Limestone Carving Limestone ~ Building Stone httpS //WWW m bmg ) mteCh ) ed U/| nformatlon/sto I’ymapS/Sap ph | resto rymap } asp
2 ,/ ~N Frt \

Stone Eelt i) 1 : . ] }
2] T = SE- PUY LR San Francisco Volcanic Field, AZ
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Exploring northern Arizona’s San Francisco Volcanic Field AGeological storymap B1 W & B

Indiana Geological Survey
https://igsmap.maps.arcgis.com/apps/Cascade/index.html?appid=b9ec967
ce39a49cd8de6fd24aaldd477

University of Arizona
https://uagis.maps.arcgis.com/apps/MapSeries/index.html?appid=4bdb
7afed5a649df98789cad92348ec8



3D Exploration

'S0 LiDAR Point Cloud StoryMap

Incorporating 3D Landscapes

Lidar

. Manitowoc County, WI
LandSI IdeS https://storymaps.arcgis.com/stories/d37d8a3d0d1e49579dce031be8aa36d9

@@Eﬁgw'“s The Bare Earth introduction volcances Fa a ors River: ficial Geology Washingron Geological Survey «§
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NYC DOITT
https://maps.nyc.gov/lidar/2017/

LANDSLIDES — CEDAR RIVER

In this bare-earth lidar image, multiple
landslides are visible along the Cedar River in

Washington State DNR
https://www.arcgis.com/apps/Cascade/index.html?appid=36b48
87370d141fcbb35392f996c82d9



Preservmg and Share First Nation Knowledge
Cultural Exploration ' ‘ "

[# | placenames | | Hentage |

Travel Routes &
Gathering Places

Inuit were, and continue to be, great travelers
covering extensive distances by foot and dog-
team throughout the year. However, they were
not nomadic but had strong affinities to g Kughduk
particular regions and particular places within
those regions.

Understanding Cultural Landscapes

%] | ANC EXPLORER

ZLIILINV AL

“Inuit looked for a permanent winter
camp when the ice started to form on
Home Find a Gravesite the fakes. Then inuit started to gather
in larger groups. They used to travel to
i H : other neighbouring groups that were
Arlmgton National wintering nearby, and they hunted in
Cemetery the summer. There would be ots of
tents

<oo-’

<, ookt S8 | When there are lots of tents it's hard to
itoly == I : b
Find a Gravesite " I ] 3 ]
- Kitikmeot Inuit Association (KitlA)
» &R !

https://www.ntkp.ca/
- Historical Context: Camp Nelson National Monument

Monuments

Meniorial Trees

Arlington National Cemetery
https://ancexplorer.army.mil/publicwmv/#/arlington-national/

Kentucky Geological Survey
https://storymaps.arcgis.com/stories/a998ea07070543e6a7acda28a219bd4e



Underground Railroad

Footsteps to Freedom: Underground Railroad Study Tour

Share with your friends

July 10-17, 2016

Rediscovering the Past

QOTSTERS

Exploring the Past with Technology

Since 1%, Black Voice Foundation has
organized the Footsteps To Freedom
Underground Railroad Study Tour teaching
educators and ofhers inferested in learning
more about one of America's most powerful
freedom movements. In its 20 year history
the tour has taught over 1000 participants.

T Re-Envisioning Greater Cahokia Back to Begining

ISAS LiDAR 1ﬁaée of the central Cahoki
7 | LESEa

This computerized program has revealed
aspects of the Cahokian landscape that we
never suspected existed, including
previously unidentified mounds and
features. Compare the outline of mounds
(black polygons) and borrow pits (red
polygons) identified by Fowler to
additional features visible in the LIDAR
elevation model.

Footsteps To Freedom

http://www.arcgis.com/apps/MapTour/index.html?appid=4c58d41064114a638
a94f31a2f61d676

Iternment Camps

University of Illinois
https://univofillinois.maps.arcgis.com/apps/Cascade/index.html?appid=
a58c2043100d4f3a891dc83d9bc00c2e

US Library of Congress
https://www.loc.gov/ghe/cascade/index.html?appid=69183af8d45d4f46a9dc4eba99440891



Science and Education

Class Material

Geophysical Survey

< USGS
science for a changing workd
Structural Geology StoryMaps R : : :
Mississippi Alluvial Plain: Shellmound, MS Geophysical Survey
GEOS 350: Structural Geology & Tectonics . =

A geonarrative by USGS
- '.—.,‘, gy Pafamon Seott Wilkerson - Fall 2019
e i

Airborne vs. Borehole

ogic Folds

DePauw University
https://storymaps.arcgis.com/sto g,
ries/236ddc5c0626492184ca0a e
645eleccc?

Schiater

gt
g iy

€9esri AsStory Mz

DOI Privacy Policy Legal Accessibility SiteMap ContactUSGS
U.S. Department of the Interior DOI Inspector General White House E-Gov NoFearAct FOIA

USGS

https://www2.usgs.gov/water/lowermississippigulf/map/shellmound_SM.html



Science Communication

Virtual Guidebooks

STORY MAPS

A Geologist in Grand
Canyon Storymap

Geoconservation and Geotourism Initiatives

P

STORY MAPS

Arizona's San Pedro

River Storymap b

Geogr’aphji: Information Technology (GIT
S S5 "% . Geotourism Initiative
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AZ Geological Survey & University of AZ
https://azgs.arizona.edu/outreach-geoheritage/arizona-geoheritage

University of Tasmanié
https://storymaps.arcgis.com/stories/f3fbc830c44d4f16a7f30003dc2b6714



Integrating Sounds and Geography

¢ ACOUSTIC ATLAS

-————

Sequoia and Kings Canyon NP, National Park Service .

https://nps.maps.arcgis.com/apps/Cascade/index.html?appid=9f33fa32af394a129b0b548429dce
do1

— .

Acoustic Atlas, Montana State University
https://storymaps.esri.com/stories/2018/sounds-of-the-wild-west/index.html



Liquid Water on Mars
Other Planets

oy M
Astorymap B} W & \'g:f-} esri
Discovering Liquid Water on

Mars

Palikir Crater

Another time lapse shows
dramatic streaking in Palikir, a

Moon M appl ng 10-mile-wide crater within a

much larger crater.

@H AUy sappingmertoon EXX ]

Palikir Crater
of Mars.

the same
ation map.
indicate lower

IS PRI PRI

NASA/JPL
http://storymaps.esri.com/stories/2015/water-on-mars/

Ordnance Survey UK
https://storymaps.arcgis.com/stories/65f55419593744afbec48276c6e5b63c



Representation of Geoheritage Sites is Evolving

Maps
(2D, 3D, 4D)
Videos Diagrams

fo e TE e P R TR L TR P E LR

Photos

Using Geography to Integrate all Information-



Technology is Also Helping in the Establishment of Geoheritage Sites

Drones
Lidar & Big Data Sensors & loT
Phone
Cameras Imagery & Remote Sensing
Incorporating Local
Multidimensional Jnstructurec Knowledge
el Historic
HOYIENTG Reality Capture Imagery  Soil Moisture
Real-Time Streaming  More Data
1o Creating New Insights from Narratives
: EEicseucing : Well Studied Locations
Enabli ng : : | | StoryMaps
- o 4 v el P 4 it GPR Interactive Maps
Citizen Engagement - PR T »

Providing New Ways to
Communicate |
e Infographics &
\ g Dashboards

Local Context

Incorporate Local
Knowledge

Respect Local

Beliefs 3D:Experiences (Screen,

Rk . Goggles, Augmented)



Ultimately We Need Digital Twins of Geoheritage Sites

Enabling Digital Exploration, Analysis, and Modeling...
Bringing Together All Information to Better Understand the‘Location
Making It Accessible And Engaging to Everyone Students,

Researchers,
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This is alreﬁady happening . . .



The Nature Conservancy C.J

Protecting nature. Preserving life,"

W 60"
4 Santa E

Vandenberg
Air Force

Base

Jalama X\
Beach
County

Park \

Qver 24,000 undeveloped acres (over 38 square m

Includes aver 8 miles of undeveloped coastline
9,000 acres of Annual and Native Grassland
5,000 acres of Coastal Scrub

4,500 acres of Foothill Woodland

2,000 acres of Coastal Live Oak

Many threatened or endangered plant and animal

{72 ‘ Adjacent to Point Conception State Marine Reserve

N

Developing a Digital Twin and & &= ot T
§ Open Research Repository ' e =

Point Conception
State Marine Reserve




Challenges ... -
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- “Level Up” in technology usage « = &
- Pace of Change B o

"

- Staying Relevant / Interesting

- Expectations Change with Technology
- Persistence of the data ir@taigital world:
- A Complete Digital Twin is a lot o’work p
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Realizing the Vision of how Technology Continues to
Transform the Geoheritage Practice . . .

. .. Requires More Than Science and Technology

Art of Storytelling

Collaborating- . e :
2 - Envisioning Solutions

Embracing Innovation =~ a.
- ; 4 \Binclusive Mindset

The Work of Geoscience Professiona o Al
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Damian Spangru
Twitter: @spangrud

Email: damian@esri.com
&
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