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Many thanks to AGU and ESSI for establishing the lecture series and for
giving me the opportunity to speak on behalf of my colleagues at Esri and our
collaborators

| would have loved to have met Greg and appreciated learning about him by
way of Chris Lynnes inaugural lecture in 2012

not only building bridges between data and science, but between informatics
and Earth sciences (for many of us = betw pure computer science and
domain science)
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Customary “wordle” consisting of the words in the titles of this year’'s ESSI
sessions. Lots of amazing research being presented which | cannot hope to
capture or fully comment on in this lecture. But | seek to contribute a few ideas
that | hope you'll find thought-provoking, stimulating, and helpful.
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| want to start off with the “story of the fourth.”

Data and big data are leading to a new science paradigm, the new science of
“big data” (the inundation of data from satellites, sensors, and other measuring
systems and the issues associated with those large data sets), as heralded in
these special issues of Nature and then Science

And there is also the 2009 book The Fourth Paradigm, which posits a new
paradigm of scientific discovery beyond the existing 3 paradigms of
EMPIRICISM, ANALYSIS, and SIMULATION to a 4t" where insight is
discovered through the manipulation and exploration of large data sets.



A Fourth Paradigm

EXECUTIVE LEGISLATURE JUDICIARY INFORMATION

INFORMATION the
FOURTH PILLAR
of DEMOCRACY

At the overarching level of SOCIETAL RELEVANCE, many are recognizing information
as the FOURTH pillar of governance as described so eloquently last night at AGU by

DJ Patil, Chief Data Scientist, US White House Office of Science, Technology and Policy
(witness too the recent, BIPARTISAN Geospatial Data Act introduced in the US
Senate)



Re-sil-ience [n.]

...deal with changes, threats

e e

...absorb disturbance, stress, catastrophe

...recover quickly to a prior desired state

What is resilience? The ability to ...
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We often think in terms of using the power of informatics to help make our
communities more resilient to CLIMATE CHANGE



Building a More Resilient Platform

Digital Resilience

But what about the flip side of making informatics, the tools themselves and
the associatied approaches more resilient? | call this not community resilience
but digital reslience. As such, in the short amount of time that | have this
morning I'd just like to share some ideas about how we can move toward this
digitial resilience

(graphic refers to GIS as an example tool, also functioning as a system of
record)



8 ldeas...

Toward Digital Resilience




(1) Communication are skills still paramount...
“Why America’s Obsession with STEM Education is

Dangerous”

— Fareed Zakaria, CNN Global Public Square & Washington Post column

https://www.washingtonpost.com/opinions/why-stem-wont-make-us-
successful/2015/03/26/5f4604f2-d2a5-11e4-ab77-9646eea6a4c7_story.html
No matter how strong your math, science, and computers skills are, you

still need to know how to learn, think and write.



Read deeply...

Write compellingly...

Analyze ideas...

In “understanding our world” (Esri tag line), the ability to write code, especially
Python, is important, but we can’t lose sight of the need to be able read
deeply, write compellingly, think critically so that we can analyze ideas. The
liberal arts education is still important, even for technologists.

For example, the importance of being able to write good technical reports and
software documentation, as well as good code.
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Organize your thoughts,
Organize your code.

“Training not for your first job,
but for the sixth...”

-- Drew Gilpin Faust, President of Harvard University

Indeed, being able to organize your thoughts will help you to organize your code.

Quote is from a Harvard president.
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(2) Just Making Data & Code “Available” NOT Enough!
We need to be more open about what we do WITH them!

Vulnerability Assessment

of Auckland, RDA 5" Plenary
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Just Making Data & Code “Available” NOT Enough!

Share workflows and use cases

ArcGIS FEATURES PLANS GALLERY MAP SCENE GROUPS MY CONTENT

Scientific Data Workflows

[B Code Sampie by RasterDevTeam
M ast wodified: March 27, 2015

| ##d# (1 rating, 34 downloads) esriurl.com,’workfl ows

5L O recetook [ Twiter

Description

Here you'll find examples to help you get started in working with scientific datasets, also known as multidimensional datasets. Inside of the download package is a
Scientific Data Workflows.docx file that goes through a number of general examples. Feel free to substitute your own data, and if you run into any issues or have
questions, please comment here, or better yet, on our blog. If you're interested in customizing these workflows, you should probably check out this page. It's dedicated

to all things related to custom image analysis and processing.

Includes scripts, a working toolbox, sample data, and step-by-step workflows
in Word and pdf form to help scientists work with a variety of multidimensional
datasets in GIS, including netCDF



Just Making Data & Code “Available” NOT Enough

Share workflows and use cases

ArcGIS

Features Plans Gallery Map Scene L Signin

Help

Landsat 8 Script

This is a 2)P archive containing Python seripts and documentation for bullding and configuring mosaie datasets containing imagery from Landsat 8

) Code Sample by ImageryWorkflowsTeam
Last Modified. May 2, 2014

s i 53 i esriurl.com/landsat8

Sign in to rate this item

I Facebook [ Twitter

Description

This is a ZIP archive containing Python scripts and documentation for building and configuring mosaic datasets containing imagery from the Landsat 8 satellite. This script requires
ArcGIS Desktop 10.2, and must also have installed the Landsat 8 patch available for download here (LINK). Data from Landsat & can be downloaded using GloVis or EarthExplorer.
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Location, Location, Location?

(3) Integrate, Integrate, Integrate!
Interoperability and Crosswalking
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Location, Location, Location?

Integrate, Integrate, Integrate!
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Along these lines we certainly want to engender interoperability and
crosswalking among approaches, such as the examples here with the Python
Scientific Computing Environment, or simple integration with a host of
scientific tools and libraries. Collaborations that help us integrate and
interoperate are vitally important too. Listed on the slides are some of the most
critical collaborations that Esri is involved in.
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(4) To Make it Reproducible, Make it Virtual

ital Earth 2015
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(4) To Make it Reproducible, Make it Virtual

Containers vs. VMs

Containers are isolated,
but share OS and, where
appropriate, bins/libraries

Host OS

Server

Containers is a technology to keep an
eye on for packaging and shipping
programs that might be included in
virtual journals. They are simpler and
more lightweight than Virtual
Machines, and allow a developer or
researcher to package up a collection
of integrated technologies —an
operating system, server, traditional
database, Hadoop or Spark (big) data
store, etc.—in a single executable file
that “just runs” for you.
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(4) To Make it Reproducible, Make it Virtual

The most popular platform for
containers at the moment appears to
be Docker. The 1.0 release came out
in June of this year. Our big data team
at Esri is experimenting a bit with it and
finding good results. The platform also
has one of the most whimsical logos
I've seen, which also reminds me of
my next Lego building project over
Christmas break.
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But | digress!
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(4) To Make it Reproducible, Make it Virtual

The Importance of Data Set Provenance for Science
By Denise J. Hills, Robert R. Downs, Ruth Duerr, Justin C. Goldstein, Mark A. Parsons, and

Hampapuram K. Ramapriyan 4 December 2015

Hopefully you have seen this article in
Eos which talk about the related issue
of data provenance, another ingredient
of this category of resilience

How data citation is great but may not completely solve the provenance

problem

Provenance and Context Content Standard (PCCS) advocated by ESIP
Journals need to require that data become not just available but reusable
— container technologies can help with that
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(5) Empower Everyone with Apps

Easy-to-use apps that work on any device, anywhere, anytime

Apps that work On any device

In the spirit of location enlightenment, this is actually a big thing in the
geospatial community, the GIS community

But for broader informatics | argue that apps can help to broaden the appeal of
our concepts, our approaches, our code to much wider audiences, both
speciaist and non-specialist

A great way to practice what we preach in terms of true interop with an app
that can work on any device

Students are embracing apps in droves. Great example is a course on
Computational ARTS at Santa Barbara High School that was highlighted last
week during Computer Science Education Week. Courses like this, with their
focus on app-building, are attracting more young women and young people of
color.

Indeed the trajectory of app building will likely rise, as some argue that the
education of geographers and Gl scientists, and of data scientists today needs
to prepare students to be MAKERS, not just users, of software tools. A lot of
this can be accomplished through app building
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(6) Ease Leads to Exposure. Exposure Leads to Adoption.

“Fear is the path to the dark side. Fear leads to anger. Anger leads to hate.
Hate leads to suffering.”

In the previous slide on apps there was an emphasis on EASY. Why?
Because, as Master Yoda says, “Ease leads to exposure. Exposure leads to
adoption.” We can’t be digitally resilient unless our intended audiences are
USING what we build.
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Ease Leads to Exposure. Exposure Leads to Adoption.
80,000 Landsat 8 scenes - esriurl.com/landsat - esriurl.com/landsat-story

An example of the great effort Esri has gone to with Landsat via a
collaboration with Amazon web services. Each night Esri downloads and
processes HUNDREDS of new Landsat scenes

This web app helps many more people to understand and USE this valuable
resource. Not just a pretty picture but the full information content. Not just
cached images but are dynamic, high-performance image services that
perform on-the-fly processing and dynamic mosaicking of Landsat’s multi-
spectral and multi-temporal imagery.
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Ease Leads to Exposure. Exposure Leads to Adoption.
esriurl.com/landsat esriurl.com/landsat-story

Exploring the different BANDS and then temporal and spectral profiles
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Ease Leads to Exposure. Exposure Leads to Adoption.
www.esri.com/products/maps-we-love

Javascript appplication for which you can not only view but download the code
— easy way to see all 14,000+ satellites currently in space, including space
junk

Beyond just exploring the different orbits that satellites occupy, good for
estimating when the flyover will be over a natural disaster area

Track satellites by nation, by orbit, by type (weather)
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Ease Leads to Exposure. Exposure Leads to Adoption.
www.esri.com/products/maps-we-love

Satellite Map

Javascript library and ArcGIS for Javascript API

Javascript appplication for which you can not only view but download the code
— easy way to see all 14,000+ satellites currently in space, including space
junk

Beyond just exploring the different orbits that satellites occupy, good for
estimating when the flyover will be over a natural disaster area

Track satellites by nation, by orbit, by type (weather)
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(7) Once upon a time...

We may get maps, we very often don't get graphs, but we are absolutely
hardwired to understand stories. As such, scientists MUST tell their
STORY and understand the importance of story
Every single scientific success is perfect fodder for a narrative structure
“People are moved by emotion. The best way to emotionally connect
other people to our agenda begins with “Once upon a time...”
Science backs up the long-held belief that story is the most powerful means of
communicating a message. Over the last several decades psychology has
begun a serious study of how story affects the human mind. Results
repeatedly show that our attitudes, fears, hopes, and values are strongly
influenced by story. In fact, fiction seems to be more effective at changing
beliefs than writing that is specifically designed to persuade through argument
and evidence.”
http://www.fastcocreate.com/1680581/why-storytelling-is-the-ultimate-
weapon
Scientists are often encouraged not to publish their work until it constitutes a
complete story.
Why not combine BOTH, especially to take advantage of the power of maps and
geography to educate, inform, and inspire people to action as well?
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Landsat: Unlocking Earth's
Secrets

Story map to go with the Landsat web app just shown to show and explain all
the band combinations in more details
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esriurl.com/ocnstories

Danish Sargasso Sea Story Map
Technical University of Denmark’s (DTU) research vessel Dana was on an
expedition in the Sargasso Sea in March and April 2014 to examine the role of

climate-induced changes in spawning zones in the violent decline of sole in
Europe.
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esriurl.com/analyticalstories
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Oregon Department of Fish & Wildlife created this story map to explain their
field monitoring work but also to share a population dynamics model (based on
statistical code written in R), that can be run interactively inside the story map
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esriurl.com/analyticalstories

shinyapps.io Powered by GStudio

Harbor seals by the numbers: Parameters
363 miles, 514 pictures, 11565 seals RMAX: MAXImUM Qrowtn rale
Interactive population dynamics e —

K: carrying capacity
Since newborn pups are sometimes hard to see, and since we 6500
sometimes miss the peak of the pupping season, we generally s o
restrict population modeling to the non-pup component of the 2: shape parameter
population, Of particular iNterest to us is whether the -
population is increasing, decreasing, or has reached the current [ E———
“‘carrying capacity" of the environment. At right YOU get to
model Oregon’s harbor seal population by interactively changing (Created with Shiny by RStudio)

parameters in the following population model:
N(t+1) = Nt + Nt * Rmax {1 - [Nt/ K]~z}

This equation describes the change in a population size N in
year t+1 based on the population size in year t and a density
- dependent growth function defined by parameters for growth
. rate Rmax, carrying capacity K, and a shape parameter z. The
v points on the graph come from a subset of our actual surveys.

Nate: application at right may be slow to load depedning on
your connection. If panel at right goes ‘grey’ and is un
then you may need to refresh your browser and try again

Population size {N)

For more information on our modeling of harbor seal
population dynamics in Oregon see the Octaher 2005 issue
of Marine Mammal Science.

Year (f)

Oregon Department of Fish & Wildlife created this story map to explain their
field monitoring work but also to share a population dynamics model (based on
statistical code written in R), that can be run interactively inside the story map



esriurl.com/ocnstories

Reefs at Risk Story Map

Explore data from the World Resources Institute showing reefs at risk. Click through the tabs to see the current situation and
projections for 2030 and 2050.

LEGEND

Reefs at Risk: Percent of Reefs Threatened
* Less than 50%
More than 60% of the world's ’ Between 50 and 90%

e ; | Atlantic Reefs |
= S| 75% of reefs in this region are currently
Click on any icon to learn mare g threatened. k
‘about reefs in a particular By Recfs n this area account for 10% of tne. ||

area to get a detailed view of et lﬁls:,eds Threatened

Zoom to

i
III ’.

We did this story map in collaboration with World Resources Institute to show
the results of GIS vulnerability analyses at varying scales
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Focus on a societal issue — this is an atlas of the Anthropocene
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storymaps.arcgis.com

A story map ny @ @& ESI‘i
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a Changing

Understanding natural
and human systems is an
essential first step
toward reducing the
severity of climate
change and adapting to a
warmer future.

Maps and geographic information
systems are the primary tools by
which scientists, policymakers,
planners, and activists visualize and
understand our rapidly changing
world. Spatial information informs

decisions about how to build a
__ better future.

Focus on a societal issue. This Atlas for a Changing Planet was prepared
expressly for COP21 in Paris and shows a broad range of climate change data
to help scientists communicate with policymakers, planners and activists.



esriurl.com/ocnstories
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SharkGIS

Ferocious Man-Eater?
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Sonic Sea

Beluga Whale

The Cook Inlet beluga whale is one of the
nation’s most endangered marine
mammals. Long a part of traditional life
and culture, it has made its home entirely
within the Inlet’s icy, turbld waters, apart
from all other members of its species.

Natural Resources Defense Council, esriurl.com/ocnstories

More conservation — Natural Resources Defense Council prepared this story
map
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Sonic Sea

Beluga Whale Habitat

In the 1990s the population collapsed from
excessive hunting. Despite enarmous
efforts ta recaver it —including an absolute
ban on subsistence hunting until its
numbers rebound—it continues to decline.
One of the most significant threats facing
this vulnerable population is the steady
industrialization of the Inlet. In addition to
noise from Anchorage shipping, three oil
and gas companies have conducted or
proposed multiple years of seismic surveys
within the beluga’s critical habitat, in the
Inlet’s middle and upper waters, exposing
it to high-energy airgun noise throughout
most of the year.

Natural Resources Defense Council, esriurl.com/ocnstories
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Sonic Sea

Arctic Cargo Shipping Density

Action: In 2008, NRDC successfully
defended the endangered species listing of
Cook Inlet beluga whales, opposing an oil
industry and State of Alaska lawsuit. Since
then, we have fought the industry’s
untrammeled use of seismic airguns in the
Intet, challenging surveys in court and
negotiating with the government to provide
programmatic protection for the whales
from the industrialization of their habitat,

Natural Resources Defense Council, esriurl.com/ocnstories
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(8) Promote a Culture of Sharing, Engagement, Collaboration

Enable People to Work Together by Securely Sharing Data, Apps, and Knowledge

Naveen Meghan Manny ® EWL] Kristin
IT Lead Student Field Ops Resource
Scientist Programs e Manager

AGCESS ssss ACCESS se ACCESS sess ACCESS » ACCESS »
FUNCTIONALITY  sas FUNCTIONALITY  sese FUNCTIONALITY  se FUNCTIONALITY e FUNCTIONALITY

=
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Toward a Digital Resilience
Bridging Informatics & Earth Science -

Don’t Forget Key Communication Skills

Share Workflows and Use Cases

Integrate! Interoperate!

To Make it Reproducible, Make it Virtual
Empower Everyone with Apps o
Ease Leads to Exposure, to Adoption 'i"
Be Willing to Tell Stories

1.
2
3.
4.
5.
6.
"
B.

Promote a Culture of Sharing

Requires More Than Technology

".0
()

. ' Shared
Location

Understanding

RETURNING to Chris Lynnes’ original Leptoukh lecture in which he
emphasized the bridging of informatics and EARTH SCIENCE ....
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2\ Z ELEMENTA S )
, \ Science of the Anthropocene e Rt Al B AESRETCE ACT

www.elementascience.org

An Elementa Special Feature

Avoiding collapse

Anthony D. Barnosky, Guest Editor s Departmentofdinis
Biology and Museums of Paleontology and Vertebrat:
f California

Forthcoming Articles Grand challenges for
science and society to

Toward a Digital Resilience solve b}’ 2050

Dawn J. Wright

Practice Bridge — Sustainability Transitions Sn‘nnt'u:ts have long known the global

ecosystem is under duress from human

impacts that, if they continued unabated,

Preprints of a forthcoming peer-reviewed article in Elementa are available for
those interested.
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Thank You

Dawn Wright | Esri Chief Scientist
Email: dwright@esri.com

Twitter: @deepseadawn
esriurl.com/scicomm
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