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Abstract

The MapGive initiativas aState Departmenmdroject designed to increase the amount of free and
open geographic data in areas either experiencing, or at riskfanitaranemergency. To
accomplish this, MapGive seeks to link the cognitive surplus and good will of volunteer mappers
who freely contribute their time and effort to map areas at risk, with the purchasing power of the
United States Governme(@SG), who can acés a catalyzing force by making updated high
resolution commercial satellite imagery dable for volunteer mapping. Leveraging the

CyberGIS, a geographic computing infrastructowdt from open source softwar®lapGive
publishesupdatedsatelliteimagely as web services that can dpgickly and easily accesd via

the internet, allowing volunteer mappers to trace the imagery to extract visible features like roads
and buildings without having to process the imagery themselves. The resulting baseline
geograhic data, criticato addressing humanitarian data gaps, is stored in the OpenStreetMap
(OSM) database, a free, editablegephic database for the world under a licensecthsires

the data will remain open in perpetuity, ensuring equal access kdegGive is built upon a

legal, policy, and technological framework developed during the Imagery to the Crowd phase of
the project. Philosophically, these projects are grounded in the open source software movement
and the application of commobsised peerrpduction models to geography data. These

concepts are reviewed, as is a reconception of Geographic Information Systems (GIS) called GIS

2.0.



Acknowledgements

First | have to thank my wifBlilary, for her love and support through this arduous journey.
Without her, | could not have completed it. Our entélationshiphas been in the shadow of this

dissertationand | look forward t@ur next chaptetogether

This work would not have been possible without the dedication and support of a number of

people. I would like to thank my advisDr. JeromeDobson and the committee for their time

and supportor the duration of this proceddearned a tremendous amodmm each of the

committee member@nd their influence will continue to shape my professional liésond

being an advisor, | would like to thaitk. Dobsorfor sharing his broad visicand passioffor
geographyHis belief in the power of geographic beology, and vision for its role in science

and societygave metileour age t o dream audaciousl y. Next,
The Geographer of the United States, for the opportunity to widHedJ.S. Department of

State. Dr. Schwartz pradedthevision for the role of GIS in humanitarian emergencies, the
platformfor actionin the form of the HIUandthefi t o p ¢ puvseerthese idedswas an

honor to serve my countrgnd represent the diplomatic corps of the State Department

My colleagues at the HIU wergitical elements to the successloése projects. Patrick Dufour
brought incredible technical talent and creativity, without him, none of these would have become
a reality. Additionally Christine Fellenz, LTC Karen Puschus,CTauren Kulinski, Erin

Sawyer, and Lisa Gregory all deserve credit for their efforts. From the Office of Innovative
Engagement, Hilary Brandt, Janine Byas, Oliver Mertz, Nathan Kleekamp, Kate Henderson, and

Deborah Eisenbergvere amazing collaboratorsdatheir efforts transformed Imagery to the



Crowd into MapGive. Honorable mention goesakmham Lampa fotonnectinghe pieces

together

Getting anything done in the federal government is a challenge. It requires taking risks and
having people to back yo up. To that end, there are a group of special individuals who were the
team that pushed Imagery to the Crowd into a reality: Benson Wilder, Katie Baucom, Shadrock

Roberts, and Chad Blevins, aka, the Original Master Cluster. Much love.

Finally, therewob d be no reason for I magery to the Cro
Crisis Mappergommunity The collective humanity, passion, intelligence, and creativity of this

group provided the fertile ground for these ideas to take Jobh Crowley desergea special
commendation; representing multiple stakeholders and communities that formed the critical

nucleus around the Camp Roberts experiments. Addittbaaksaredue to the Humanitarian
OpenStreetMap TearKate Chapman, Mikel Maromnd Schuyler Ed And ultimately, it is the

volunteers that makall of this work.Without the crowd, there is no crowdsourcing. This project

is useless without the consistent, dedicated efforts of the unpaid volunteeanthiautetheir

labor in service of helpingumanity, proving time and again, their efforts make a difference.



Table of Contents

Title Page

Acceptance Page
Abstract
Acknowledgements
Table of Contents
Introduction

The Open Source Paradigm Shift
GIS 2.0

Humanitarian Data Gaps
Imagery to the Crowd
MapGive

Future Directions
Conclusions

Reference Cited
Appendix 1

Appendix 2

Appendix 3

Appendix 4

Appendix 5

Appendix 6

10
26
39
67
124
134
140
141
149
151
152
153
1%4

157

Vi



Introduction

Geography is a critical componentdisaster response, disaster risk reducttomplex

emergency responsand sustainable developmenhe ability to visualize changing events over
space and time is a proven method for providing situational awareness and coordinating activity
before, during, and after a disastBEne digital tools of geographic data collection, analysis, and
visualization(Geographic Information Systems (GIS), satellite remote sensing, Global
Positioning System (GPS), and cartographic visualization) are recognized as the required tools,
but expensive proprietary solutions and the lack of trained staff still hinder widdsgateption

in the developing world where both disaster risk and occurrence are Higluekt Bank2014)

And whilethere is an abundance®fidenceo confirmthisr epor t s enfuli tl ed A Suc

Response St arftGeoNrtahp PAl dMalpmf,or mati on f or Sust

(National Research Council 2007, 200&)d the Report of the Parl United Nation Peace
Operation(Brahimi 2000) indicatethere are oftegaps ingeographic data that is vitedr
preparation and responspecifically, it is thdack ofdigital geographic data that $$ructured,
pre-processedand formatted for a Glfhathinders theeffectiveness o6GIS in humanitarian

applicationgCurrion 2006; Wood 2000)

However, this situation is changirfgdvancements in internet connectivitize proliferation of

user friendly geographic tools, distributed volunteer communaresppen source softwar

have begun to improve access to the power of GIS and geographic data collection. Empowered
with these tools, new organizatioase fundamentally changing the methods by which

geographic data can be creatadalyzed, visualized, and sharétis emergingollection d

tools,methodsand organizational structurdsymed GIS 2.0 herein, are the foundationthe

~
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development of a new methodology to catalyze the production of geographibatatan be

used across the response and development spedtnerMapGive initiative, deployed by the

U.S. Department of Statksverages the notions inherent to GIS 2.0rre#ort to engage a

globally distributed volunteer mapping netwdok the creation of free and open geographic

data. The amount of dat@nd speed of productipfrom this volunteer mappingroup is

fundamentally changing the dynamics and economics of geographic analysis is disaster response

and development.

MapGiveis aunique development at the State Departmemirganization traditiaily more
comfortable with narrative text and qualitative description than geographic data and
visualization, but its utility has been recognized in two distinct manners. First, MapGive was
selectedhy the State Departmeas a flagship initiativéor the20140pen Governmerilan

(U.S. Department of State 2014nd second, it was referenced in the 2015 Quadrennial
Diplomacy and Development Review (QDDR) in the Harnessing Knowledge, Data, and
Technology sectio@U.S. Department of State 2015c¢, 5@pwever, MapGive did not emerge
spontaneouslyt was born fronthevision for the role of Geographic Information Systems (GIS)

in complex emergencies laid out by William Wood, former State Department Geographer.

Published in GeopoliticdVood (2000)everages experiences responding to the Kosowdlict

to describe thg@otential of GIS for compleemergency response planning and coordination. In a

guote that presaged the need for MapGiWepd (2000, p. 29liscussinghe need for data in
humanitarian interactive magst at es AUnf ortunately, such maps
and/ or assumed to already eRecognizihghevdewasia mor e of

systematic gam knowledge about complex emergencies, Wood and others at the State



Department created the Humrian Information Unit (HIU), the office | worked in féive
years. he origin andnissionof the HIUwere used tanderstad the problem space of
geograpla data gaps inomplex emergencieandthe HIU itself provided the organizational

platform tobuild the geographic tools and proces®quired toaddress it.

The MapGive Initiative

This dissertation is abouty five year effort to further embed the tools of geographic,data
analysis, and visualizationto the operational capabilities of the U.S. Department of State,
specificallywithin the Humanitarian Information Unit (HIU), an interagency unit focusethen
coordnation and analysis of compldaumanitarian emergencieBhe crowning achievement of
this workis the creation of th&lapGive, Imagery to the Crowd, and Cyber@iiiatives. In
short,these three initiatives represemt intentional strategy to combirteetWeb 2.0 concepts of
networkenaled collaboration angeerproduction of knowledgewith a highperformance
geographic computing infrastructure built solely from open source software, tabuild
repeatable, sustainable process to address the probfggoghphic data gaps in complex

emergencieand humanitarian disasters

The culmination of this workhe MapGive initiativejs a State Departmerirandedoroject

designed to increase the amount of free and open geographic data in areas either expenienci

at risk of, ahumanitariaremergencyU.S. Department of State 2015b)p accomplish this,

MapGi ve seeks to | i (shirky2diBandigoaa wihof volunteer mapparsp | u s o
who freely contribute their time and effort to map areas at risk, with the purchasing power of the
United States Governme(@SG), who can act as a catalyzing force by making updated high

resolution commercial satellite imagery dable for volunteer mappind.everaging geographic



computing technologyWlapGive publishesipdatedsatelliteimageryas sandard compliant web
services, essentially a standardized method of communicating map data across the network.
These services cdre quickly and easily accesdvia the interngtallowing volunteer mappers to

trace the imagery to extract visible featuliks roads and buildingsithout having to process

the imagery themselve$he resuihg baseline geographic dataitical to addressg

humanitariardata gapsis stored in the OpenStreetMap (OSM) database, addi#able

geographic database for thendobeing built by volunteers, largely from scratch

(OpenStreetMap Wiki 2015ePDSM is ofterreferred to as the Wikipedia of mapsd it uses a

similar data license that ensures the data will remain open in perpetuity, ensuring equal access to

all.

MapGive howeverdoes not accomplish athe mapping oiits own rather itparticipates asne

elementof a larger ecosystem built around themanitarian OpenStreetMap Team (HOA)

U.S. based neprofit organization HOT is thecommunityof volunteer mappers that utilize

crowdsourcing anthe OpenStreetMap thibasd or t he mi ssi on of Aappl yi
open source and open data sharing to humanita
(OpenStreetMap Wiki 2015b; Humanitarian OpenStreetMap Team 200 poal of

MapGive is to help catalyze volunteer efforts through Hproviding updated imagery for

projects witha vetted humanitarian need, atmincrease the number of volunteers by providing

outreacheducationand training materials.

Ma p Gi v e 0s ugngadre voliinteer mappelsverageswo uniquefeatures of OSM
mapping. Firstsince the satellite imagery services are delivered via the internet, there is no

requirement that a volunteer be in the place being ma@uelbng as they have an internet



connection, a volunte@an contribute efforts to mapping tasks that could beédcanywhere in
the world. Second)SM supports two data editing applications, one a stédonke software
install intended for advanced mappers or those who frequently work offhdéhe second is
intended to be more user friendly and runs in a stanglebdorowsefFirebaugh 2013)This
means that &OT volunteerdoes not have timstall and configursoftware to participate, and

with a bit of training can begin mapping without needirgaakground in GIS.

This proces®f mapping fromimagety known as fA radomsvoluateensdrgnp i ng o,
around the widd to collaborate simultaneously, producing map data at incredible rates and
density.HOT also provides access to their microtasking platform, the OSM Tasking Manager, an
application specifically designed to coordinate mapping volunteers by breakindatgen

mapping tasks into smaller, individual areas to rfidgmanitarian OpenStreetMap Team

2015a) Mapping projects that utilize MapGivsuppliedimageryserviceshave produced data

used by responders and development practioners in a range of situations and locations; the results

of whichare often stunning.

At the time of this writing there is a global effort underway to map the area affected by the Nepal
Earthquake, with mapping contributions from volunteers from around the V@baltistics from

May 3, 2015 indicate that 3,988 mappeasd contributed to the effort, with 2,672 starting their
OSM accounts specifically to help the respoffsederson 2015)Figurel below shows the

temporal pattern and volume of volunteer mapping. Due to the large amount of imagery openly
donated by commercial satellite imagery providers, Map&ingplied imageryas only needed

in two areasFigure 2 shows the mapxtents of the edits made from the MapGsugpplied

imagery service.
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Figureli Chart showing the number of active users and OSM chasgeeetted during the HOT Nepal
Earthquake respongAnderson 2015)

OSM Changesets of the last 7 Days filtered by #mapgive it

Figure2i Bounding boxes showing the extents of MapGive related map edits in support of the Nepal
Earthquake betweetpril 26 - May 2, 2015Neis 2015)

The MapGivenitiative is actually composed of three distinct, yet intelated componds. At
the foundation ishe HIU CyberGlIS the project name for thlgeeogaphic computing

infrastructure built specifically for the computing needs related to the analysis and coordination



of complex emergencies. | desigreattibuilt the CyberGIS using sally free and open source
software,it is fully accredited for network security to run on both the internal State Department
computer network and i n a fdcl oBSeatand, thelmdgey me nt
to the Crowd project was a multear effot to establish the leggbolicy, and technical

framework for sharingy SG-purchasedommercial satellite imagery with volunteer mappers

And third, MapGive is theducational and outreach componetgsigned t@xponentially scale

the number of volunteerappers participating ihumanitarian mapping projects.

MapGive also links in with other elements of the State Department mission and was intentionally
designed to connettie foreign policy objeatesof supporing humanitarian criseand

decreasing corifit with the public diplomacy goal of outreach to foreign populations. Since

2008 he State Department has spent signifiedfart building and maintaining social media

presence, with estimates2013that the Departmeritad approximatel@0 million fans and

followers across all iteearly3,000 platforms and accourfBrandt and Campbell 2013)his

huge following has tremendous potential, and MapGive was anmttemt o t r alnsf or m # s
media followers intsocial mediadoe r s 6 by providing them the mea
important, how to map in OpenStreetMap, and to connect them with vetted mapping tasks known

to have a humanitarian impact.

MapGiveandlmagery to the Crowa@rea data focused projebtiilt upon the technological
foundation ofthe CyberGISHoweverthe CyberGISs designed talo much more, includinthe
publishing ofanalytical interactive mapand spatiatlata catalogunctions for sharing
geographic datthat can beisedby the State Department to comnicate and coordinate efforts

internally and with external partneihe CyberGIS project borrowssiname and design



paradigms framt h e ¢ o nGewspgatiaCybdrinfrastructure(Yang et al., 2010and was

built to support the needs of complex emergency analyslizing a malular architecturehe
CyberGIS ighuilt from solely free and open source software. This choice of open source was
based on much more than simply cost, and was intended to be a mealiebtrativelydevelop
capabilities that could be freely sharedhnther government agencidgjmanitarian

organizatios, and wher@iseful back to the open source software code repositdriesugh the
CyberGIS project, the HIU invested significant resources to add functionality to the open source
mapping components agell as to openly publiskoftwareimprovements made internally

(Humanitarian Information Unit 2015b)

At their core, MapGivelmagery to the Crowdind the CyberGIS relied on new developments in
geographic technology that have fundamentally changed the accessibility and udability o
geographic data and analysis. Advancdstiernet connectivityand software development have
led to online communities that collaborate in new ways, leading to a n@fva®@iditions in

which to deploy geographiools Through the lens of the Open $o& Paradigm Shiftieview

how networkenabled collaboration, the peer production of knowledge, and software
commoditizatiorhave created new opportunities for organizations to leverage the power of
geography. These factors form the underlying strategthtdevelopment of MapGivdmagery

to the Crowd, and th€yberGIS

This paper is divided into six sections. In the fasttion,The Open Source Paradigm Shift,
ideason network collaboration and peer production of knowledge aidrilationship to pen
sourcesoftware and the economics of knowledge production are explored. The second section,

GIS 2.0, reviews howechnologyadvances and peer production systemgelchanged the



application of gographyThe third section discusseamanitarian data ga reviewing the
requirements o€urrion (2006) an&Vood (2000) for incorporating GIS applications into

complex emergencies and how those requirements helped found the Humanitarian Information
Unit (HIU) at the Department of State. This section also «otlexr emergence of the Crisis
Mappersand HOT.I t wa s HOT 2040Haitoelarthquake redpdnge that changed the art

of the possible in disaster response, prayvided much of the inspiration for MapGive

The fourth section reviews how the Imagerythe Crowd initiative was created, with a particular
focus on the technology, legal, and policy challenges faced in developing an imagery sharing
framework. The section includes results friime Imagery to the Crowd projects, each in a
different geograpic location and for a different purpose. The fifth secti@tusses the

development of MapGive, the collaborative team, some of the successes of the project, and the
educational and social media resources generated from it. This section concludegwigtv a

of the outreach efforts to date and the role of mapathons in increasing the number of volunteer
mappersThe sixth section discusses future research directions for these projects and reviews

some of the issues addressed in the critical GIS literatur



The Open Source Paradigm Shift

Since 2005, the world of geographic technology has undergone tremendous growth, leading to
the proliferation of online mapping services, an almost ubiquitous ability to access maps and
navigation, and a renaissance of geography (or at least maps) irbtheipe 6 & theténn d .
years since thiaunch of Google Mapsnd the start of this revolution, there has been a
convergence of several technologiaal sociafactors that have fundamentally changed the way
geographic data is created, analyzagsijalizzd,and sharedl'he roots of this revolution lie

outside of geographyoundprimarily in the world of telecommunications, information
technology, and theew model for knowledge creation pioneered withdphen source software
movementUnderstanding thdynamics behind thispen sourceevolution is necessary for

building the next generation of geographic applications.

The defining characteristics of open source software are enscorteadrielateddocumernd

called the fAFree BeoifGpweanr eS oluer fciEreelboeftivamd ta nodn 0O
Foundation 2015; Perens 1999; The Open Source Definition .ZDl&gedefinitions establish

the principles by which source code will be ¢esband distributeca model that seeks to protect

a userod6s freedom to run, copy, di.AsWaebd&rut e, st
(2000, 2) summari zes, @t he eisthatashapen, pollic,angen so
nonp r o p r iTe praectyhsedreedomssource code is released undpecifically designed

software licenses, whichr e al so r ef er r e d There aransanyiopgen gopyrdee f t 0
licensesavailable and parsinghe differencess beyond the scope of this wotlyt the fird and

most famous of these in the GN&keneralPublic Licens€Free Software Foundation 2007)

10



Software created using open source procdsaeproven to be extremely valuable, and is used to
power themajority of the infrastructure of the internet, including domain name service (DNS),
the Linux operating systerthe Apache web serverarious database, and multiple programming
languages. In describing these projects Weber (2000, 35) states:

Open source projects have demonstrated that a large and complex system of code can be

built, maintained, developed, and exded in a notproprietary setting where many

developers work in a highly parallel, relatively unstructured way and without direct

monetary compensation. The resulting piece of knowledgédechnical artifact called
software-- is remarkably powerful, effient, and robust.

Beyond the source code and licenses, the true power of open sourcéleway knowledge is

produced, anthe socal changes it precipitates when applied outside of software

Coined byO 6 R e (2003),yhe Open Source Paradigm Shift is an attempt to explain how the
mechanisms used by early software developers to build and share open source software became a
social revolution that has extendedharlyevery fieldof human endeavoBy casting s
arguments in Kuhnés not i o(R0865, 480argaes thiafpptter adi gm s h
concepts of operosirce exend significantly farther thasource code and software licenses, that

open source is the fAnat ur allnexpamdiggtidsyiewgy of net w
O 6 R e (2003, 480)s moving openaurce from a technolacal to a social phenomendhat

can apply to ay mode of knowledge productioanddefiningopensourceas nf i el d of
scientific and economic inquiry, one with many historical precedents, and part @idebsocial

and economic etr y . 0

The basis fo© 6 R e iclaim gf pasadigm shiftests ora collectiveset of intefrelated
technological and social processes that entefigen buildingopen sourcsoftware a process

that involvesa distributed, volunteer community of softwareelepersworking collaboratively

11



to build a new generation of complex software by using the Internet as a means of
communicationl n t he Open Source Par gdmnagyontBehi ft, OO0 Re
technologicaimplicationsthat emerged frowidespread use ajpen source process(software
commoditization, network collaboration, and software customizability), andithg#act on
business model3.hesocial implications of applyingpen sourc@ractices is limited in his
review; however, othescholars also observed this relationship, furthetoeim the
implicationsof network enabled mass collaboratanmd applying it to the production of
knowledge and cultural gooddn expanding the view beyorsbftware Benkler (2002, 7¥tates
Rather than trying to explain what is special about software or hackers, | generalize from
the phenomenon of free software to suggest characteristics that makecklee
collaborations in many information production fields sustainable and piredic the

digitally networked environment without reliance either on markets or managerial
hierarchy.

Benklerlabeledt hese char act er i-bsatsiecds paese rt hper taidoutee m oonnso
Acommpanssedo el ement f r om usihgdicermseseorenssrotoerfreedomp r a c t
of source code a rram thiegadadlaoratiye naduce wfdhe pradacton.tAo
comprehensive definition fronBenkler and Nissenbaum (2006, 3€éfines this modedsa:

fia socieeconomic system of production that is emerging in the digitally networked

environment. Facilitatedy the technical infrastructure of the Internet, the hallmark of

this societechnical system is collaboration among large groups of individuals, sometimes

in the order of tens or even hundreds of thousands, who cooperate effectively to provide

information,knowledge or cultural goods without relying on either market pricing or
managerial hierarchies to coordinate their com

Benkl erds recogni t i -enmabled tollabdnatoand aefiritionds of net wor
commonsbased peer production mhels is a more robustterpretation othe mechanics of
O6RgbdbEl open s our lnaway thasaterm(§SPS and dorhnotdssed peer

production)can be used interchgeably, with the distinctionth@ 6 Rei | | y was f ocuse

12



technological and business model implications oftiass collaboratigrand Benkler on
describinghow it could apply in both technical and social domains. In either case, it is the
connective power of the Interntet bring together distributed individualgo communitieghat

precipitated these changes.

Paradigm Shifts

Originally published in 1962, Thomas Kuhndés T
the term Aparadi gm shi ft siacebecomeoan ioflwantialovarbnt u r a |
the dynamics of ideas in scien@a@ihn 1996, xi) In Structure, Kuhiprovides a theory to explain

how new ideas in science come to replace old anesguence by which scientific ideas are

accepted (becoming a paradigaereinforced through experimentation designegrove the

paradigm, and how gapsr anomaliesn the paradigm are eventually identified. The

accumulation of anomalies causes the community to question the viability of the original
paradigmprecipitatinga p er crisi® . o Duii i ng t &eerintentatienicantinpes r i o d
unt il a new theory explains the anomalies mis

~

acceptthemew par adi gmrevolutto® peri od of i

While the domain of Structures is clearly the physical sciences, its model fatthe of

paradigms and how they emerge, persist, and collapse can be applied to other domains. The rigor
of scientific observation and crisp conclusions of mathematically derived formula often do not
transcend into the social or cultural domains, but ttane of the battle of ideas does. Paradigms
exist in any domain where theory is used to explain behaamat in this case, thgaradigms in

conflict are theeconomic models for producing goods and knowledgeview of open source

software history, beghing withtherelease of the Linux operating system in 198@iough the

13



2000s and the emergence of wabfmabiledndsmad t oday o
devicesreveals several f K u h n 6 sat work and servgs lassagimeline for defining t

milestones of the open source paradigm shift.

The two competing paradigms in this battle @aglitional firmbased production model and the
commons based peer productiéns Benkl er (2002) explores in AC
traditionalmodelsof production relied on eithenarket pricing or firrdbasecdhierarchical project
managemendsthe forces that organized the production of go&ig with the introduction of

digital networks, a third model based on the notion of comrbassed peer prodtion emerged.

In this modelad hoc networks of distributed actors participate cooperatively in the production of
knowledge without the hierarchical control of the firm maaled without the pricing signals
provided by the marké€Baveri, Rheingold, and Vian 200Beer production models run contrary

to the existing firm and market modéts two reasons. First, activity is salfganized in a

bottom up approach, and secohdcause the motivations of participants in these systems is not
driven bymarket pricing and monetary rewaalcharacteristic that confounded many

economists

These duelingnodelsof knowledge production aldorm the central argument of Eric

Ray mo n d §2601)amthiskera obpensource of t war e devel opment ent.
Cat hedr al a RaymandcenteBded tlrabthie dirm model resembledbirdown

processes of building a cathedmgiarded structuredandintegrated, whereas open source was

more like thebottomup approach of theazaarchaotig rapid,and iterativeBesides

highlighting that the open source method was dramatically different than the standard,

commercial approach to software development, this book described how the molusio

14



collaborative volunteers, connected over the internet, produced better software Hezaose

was open and could be reviewed.

Continuing with the paradigm shift metaphanyvastrends in the softwanmarketduring the

1980s towards increasing jpreetary control over source cotteath i ghl i ght ed an fAan
within the firm model of software productiofhis anomaly violated thepen sharing of source
codethatwas araccepted process in the culturecofmputer scientisfsa practice that was

techmologically required during the mainframe computing period before it became a

philosophical principleUpon the introduction of wide area networkiimglividual software

developersvho heldtheview that source code should remain opeame suddenly able t@ork

together, collaboratively, to create software in a-pmprietary modelThefact that developers
participated in these collective projects without any monetary reward presented an additional

anomalyin thefirm based productiomodelfor software.

Whenthe Linux operating systemas releaseth 1991,it exposed the failure of the firased

production model to explain why open source practices were capable of producing complex and
power ful software. &uhsi despeibed, tWhenapréene
explains a phenomenon. The resolution of the crisis phase occurs when a new paradigm emerges,
and by Weber (2000) and Benkler (2002), the commons based peer productioproadel a

viable alternative. Witlthe emergence of successful business models built from the principles of
peer production and ot h@&averiiRha@ngdidnand Viag 20853 of c o

around the turn of the millennium, thevolution phasef the paradigm shift had begun.

In a more structured analysBaldwin and von Hippg2010)i n an articl e entit|

Par adi g oom@iethfee tgpes of innovation models, including the producer (analogous to

15



the firm model), single user, and open collaborative (analogous to the peer production model).
Theiranalysissuid i vi des each innovation modelesiont o a s
composed of o ur fdesigrs cosmmunicationypductian, and tansactionThese costs can

be estimate for any given product, and depending upon the relative breakdown of the costs, the

utility of a given innovation model can be assessed. EsHgitlies framework provides a

mechanism foestimating the impact that a given process change or new technology may have

on the optimum innovation model, providing the ability to model Hosvgrowth of internet

connectivityanddecreasing compute costffect software production.

During much of the 20th century, the dominant
this model, producers are motivated to develop innovations in which they can sell back to
customers, in the form of goods and servicesiih the potential for multiple customers

allowed firms to spread the cost of development over a large base. This model reinforced the
system of Intellectual Property, in which the firm has legal protection over its ideas, thereby
protecting its abilityd sell or license its products without fear of copyiimgthis case the high

cost ofdesigning new products and coordinating teams to work on the product (communication

cost)tipped the economic conditions such that the producer model was most viable.

However,with the growth of internet communication and ever decreasing computelmihts,

design and communication costs have decreased, resulting in an incréasetility of single

userand open collaboratiomodelsAs not ed i n both Benktheser and OO
technological featurgsrecipitatedhe emergence of peer production modelsoftware

producton. In Baldwin and von Hippél s f r a me wahmologicabdvarsesand

concomitant reduction in costave allowed theingle useand open collaboration modéts
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become more viable across the economic spectailawing them to competsith the producers
model in many sectors of the econor@yuotingthem(p1399:
AThe shift to t hdlabadtioninhoeatiom sx@dels issdrivén bpmew n ¢
technologie$ specifically, the transition to increasingly digitized and modularized

design and production practices, coupled with the availability of very low cost, Internet
based communication

Baldwinand von Hi ppel s conclude that the technol
open collaboration innovation models is profound enough to be considered a paradigm shift,

echoing O6Reillyds analysi s.

Kuhn states that it can take an extended peridisng from heinitial crisis, to theemergence of
a new theorythrough theend of therevolutionand a new paradigm is dominatttook
approximately 15 yeanntil the release of Linux translated into succesdfab 2.0business
models built on openosircepracticesof network enabled collaboration and commbased peer
production.Paradigm shiftsake so much time because they ultimatebult in a changed world

view, meaning previous scientific inquiry on the subjeas to be reconsidereQuotingKkuhn

(p7):

AThat i s why a new theoryéis seldom or never |
known. Its assimilation requires the reconstruction of prior theory and-theaheation

of prior fact, an intrinsically revolutionary process that is seldompdeted by a single

man and never overnight. oo

Additionally, Kuhn defines an additional characteristic to determine if a paradigm shift has
occurredpll):

AiTheir achievement was sufficiently unpreceden
adherents away from competing modes of scientific activity. Simultaneous, it was
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sufficiently operended to leave all sorts of problems for the redefined group of
practitone s t o resol ve. 0

Determiningifmienduri ng group of adherentsodo exists r
different ways, including as software, as knowledge production, and as businesslh®dtdar
that open source software, and the legindevelopers who contribute their efforts on GitHub,
BitBucket, and other source code management platforms, meets this dMeile@astatistics are
difficult to obtain,GitHub reports there are 22.4 million individual code repositories on their
platform (GitHub 2015) though it is uncleanow many of these are privata terms of peer
production of knowledge, th@ost significan@pplication ofopen source methodologiesybead
softwareis Wikipedia, a wekbased, freeontent encyclopedia project. Wikipedia has
consistently grow since its introduction in 2001, with over 4.8M English language arti2&d
registered users, and almost 808Mts(Wikipedia 2015b) Figure3 shows the trajectory of
growth in English language articles curve that is stilincreasing at an impressive rate, and that

clearly indicates a large number of people are still contributing to and using the system.
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As the business models that emerged out of Wele2éndinto their second decade, we can

evaluate theiperformanceNames like Google, Amazon, Facebook, and eBay are all essentially
for-profit business models that harnessdbgut ofnetworkenabled communitiesn their own

way, each one of these companies relies ain tdity to aggregate the actions of individual

users on their platform, then analyze tbattent and present it back to usersupport otheir

efforts tosearchthe web find product andreviews,or connect with peoplé heir impacis so

| arge that we now cannot i magine a past witho
paradigm shifts causing totalexaluation of previous fact. Thereascadre offenture

capitalists that are essentially the new adherents to the peer production business model, and as

the endless array of social media and file sharing applications demartsiegtare actively

applying this new paradigm to evadgmainpossible, determinmthe limits of success and
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failure points of the paradigm Ma ny o tollabdraGveenceonn oimy 6 c omp,ani es

AirBnB, and Instacantepresent the next wave of this approach, taking netenabled
collaboration mdels from the knowledge domagrding geographic location, and applying it to
problem of optimizing the delivery and usagepbjsical goods. These businesses, themselves

built from open source software and internet collaboration, have thrived in the marketplace,

displacing many of theld guard companies and our notions of how companies should operate.

Taken collectivelythe academic research on innovation models, the successpobfibr
businessnodelsand te continued growth ingen source software developers aviipedia
articlesdemonstrates thd@ibpen souragis more than a softwagghenomenonOpen Sourcas a
collaborative practiceasfundamentall}changedhe wayproducts and knowledge are designed
and built, attracting an enduring group of adherents over the 25 yearstsimtroduction to

society, and hence qualifying for the designation pamadigm shift.

Implications for Geography

Geography as a science, geographic information as digital data, and geographic functions
implemented as software all exist withire broader domain of knowledge that has been
impacted by the Open Source Paradigm Shift. The introduction of network enabled
collaboration, open source software development, and peer prodencideishaveall had an
effect ongeographyincreasing the availality of geographic software and introducing a new

model for geographic data production.

With the first releases of the MapServer and GeoServer web mapping servers around 2000, open

source began to make its mark on geography and web mapping. Over teeveeat years the
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pace of development and deployment increased substantially, driving a process of
commoditization across t he #f s(spatial dadabase, wehe ogr ap
mapping servers, and client rendering librari€)mbine that sdvivare with commoditized

A ¢ | ebasdddcomputing models, and the cost to deploy an entegpaide geographic

computing infrastructure is measured in pennies per Adwer process of commoditization was

increased by with the establishment of Open Geodpaiasortium (OGC) standards for

encoding geogphic features in a spatial dagse (Simple Features Specification) and the
communication of geographic data over the network (WebpisgpServices). The introduction

of OGC standards broughtteroperabilityinto geographic computingnd had the knoekn

effect of increasing the adoption of open source components as modular systems built from a

hybrid of open and proprietary software applications could be assembled together.

As predicted by disruptive innotran theory and the law of conservation of attractive profits
(Christensen and Raynor 2008)process of commoditizatialves not destroy valumstead,
commodtization drives a concurrent process ofclemmoditization at an adjacent tier or sub

system of the technology stack. Value migratasofthe commoditized tier into the adjacent de
commoditizedtier i n this way val ue iThectadsicekarmple ofthig e d, |
processs the standardization of IBM personal comptutardwaranterfaces in the 1980s

leadingto the rapid commoditization of once profitable computer hardware. As the cost of

computer hardware came down dramatically, vahiéed to the subsystems of the computer,

mainly the central processing unit and the operating system. Out of this process, Microsoft and

Intel reaped tremendous benefits.
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By 20 and the release of Google Maps and Google Earth, the commaoditization of the
geographicsoftware tier began to drive value into ndjacendata tierData refers here tooth
the vector data usddr cartographic basemgmavigationrouting functionsand poirxof-
interest (POI) searches, and the raster imagery used as abasaalap. Companies like
TeleAtlas and Navteq built billion dollar businesyy collecting, cleaning, and reselling road
and POldata, while DigitalGlobe and GeoEye did the same for satellite imabeeynajor
commerciaimap providers, Google, Bing, Yah@and MapQuest, weadl licensingdata from

these companies

O6 Rei | | aJsoc{teddisfufgiyen novati on theory and the Al aw
profitso as the best way to explain the i mpac
introdudion of open source softwar® most Web 2.0 business mosled peer production model

is utilized to offset the cost of building a proprietary database. For example, Amazon uses a

open source software stack to runitltatacenters. Value in this case flows from the

commoditized tier, computing, into the-demmoditized adjacemtatatier, information about

books andther productsAmazonbuilt tremendous valuiom their ability to present detailed

book reviews andatings for nearly every book, and to tell a user that individuals who purchased

the book they are viewing, also bought some other book. To build the database for support this,

Amazon essentially used a peer production systemotedsource reviews and ragjs.

O 0 R e (003 43 specificallyreferencegieographic data and mapping applicatiagthe
A ¢ o wexampl®to overcomingle-commoditization, as no geographic applications yetdo
leverage the power of peer production models to address theoddiasueO6 Rei I 'y (2007)

repeats this notion when discussing Web 2.0 business mdtiedsneans that by 2007 one of
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the brightest minds in Silicon Valley had repeatedly published the idea of a huge market
advantage to those who could apply the priespfthe Open Sarce Paradigm Shift to
geographiaata This somewhat shockingeality highlightsa strangdeatureof geographic
technology, it tends to run®0 years behind mainstream IT. | hanast been able to determine

why thisistrug b u t y lghlighesiit,lahd it is commonly accepted in the geographic
software industryHowever, this could be viewed as a positive, as there are advantages that can
be gleanedYydetermining trends and processes that succeed in traditional IT, and deploying the

geographic corollary to it.

Setting aside the data issue for a moment, it is important to remembghetir@troduction of

Google Maps in 2005 did laungeographic technology into the Web 2.0 era and kick off a

decade of tremendous growtrh e A grlaippp yi nt er face of Googl e Map
of Google Eartfundamentally changetthe user experience of online mappiagd seta new

modelfor mapping interfaces. Howevehe truerevolutionemerged when developers figured

out how to integratethei own data with a Google bagpémap, cC
Underlying the mashup concept was a technology built using web services where a user could
publish their own datéhotos, GPS tracks, favoriteffee shopsetc) inasimple data format

that contained atructuredgeographicoordinatgTurner 2006) The Google Mapapplication
programming interface (API) could then consume tlzaformat, extract the location, and

place a hypertext icon as awerlayon the basemap depicting the locatsomd linking to the

source datalrhe mashupgombined with GP&quipped mobile devices, expogsbd power of

mapping to everyonm a simple wayandis what drove the popularity of mgimg with average

citizers.
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There have been many names giverhephenomenowf nongeographers using online

mapping tools to create custom maps, includiaggeographyTurner 2006)volunteered
geographic informatiofGoodchild 2007)popular geographig®obson 2012and the

wikification of GIS (Sui 2008) My pointin mentioning these is not to review the large body of
existing literature on this subjeatsHaklay et & (2008)iiWeb Mapping 2.0: The Neogeography
of the GeoWebdoes a tremendous jobut to highlight the role that mashups had on allowing
distributed communities to collaborate over the internet using geographi®@gatianplifying

the process of adding geographceda t o user 6s content, applicat
for individual photo contributions to ggregate@nd shared from a central location an under a
license that defined the level of shariirgthis way he map mashup became the tool that
enabled gyeographyfocusedpeer production model for cultural knowled@dis process was

what OOReilly had indicated was missing from

However, the popularity of the mashup had a downsidiestitled a false dichotomy in users
minds that mapping was about putting simple dots, that they controlled, on top of copnelex
rendereasemaps, that they did not contéss.Haklay et. al. (2008point out, theentire

process of neogeographglied upon the rich geographdatabas@rovided by the large
corporatemapping providerfor geocoding and routing he seeming ubiquity of the Google
basemapand the fact that wasbasically free to useneanghat for most peopland most
applications, therevasa tremendous amount of highly curateskedatainstantly available
However this instantly raises a problem for humanitarian applications. What do you do when

Google does not have data?
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This brings the discussion backgeographicdataafdd Rei | | yds point that g
appliedpeer production methodologiés datacreation However , that wasnot
the OpenStreetMaf©OSM)projecta i free, editable map of the w
by vdunteers largely from scratch and released with an-gpenn t e n t had begureim 20@40
(OpenStreetMap Wiki 2015epSMis discussed iadditionaldetail in a later sectiqributfor

now it is important to recognize that OSM is the geographic data extension of the Open Source
Paradigm ShiftThrough itspeer production modelplunteer mappersontribute geographic

data collected from GPS tracks or by tracing imagery and upload it to a centralized server. As

with other peer production systems, voluntgericipatefor the samearied and nommonetary

reasons. OSM has experienced tremendous growth since its introduction is now a locus of
tremendousvaludnd as [ 06l show with MapGive, when tF

geographic data, OSM contributors can create data at a rate that hasceevsedn before.

This section has attempted to review the complex dynamics andetagonship that have
emerged as distributed communities became linked by the internet. The peer production
collaboration model and new digital tools that emerged orgliyiitom this increased level of
communication have precipitated a paradigm shift in how we conceive of the production of
knowledge across all domains and economic endeavors. Geography is no exceptipand this
with an understanding of these dynamitgs possible to craft the next generation of geographic

applications that leverage their capabilities.
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GIS 2.0

When originally proposed, this dissertatiotendedo focus on a new model of Geographic
Information Systems (GIS). Termed GIS 2.0, it was anticipated this reformulation @idsI8
share key similarities to theformulation of the Internet that became knowméeb 2.0 web
centric, service oriented dmtectures, peer production systems harnessing collective intelligence,
data focusedand useexperience focud he origins ofmy thinking began in the mi@000s,

when the rate of innovation in the geographic spaas explodingVith the Google Earth and
Mapslaunchin 2005 andthe first Apple iPhone in 2008uddenly geography and maps were
accessibleverywhereandusable by everyondy 2010, when | was finally able to begin work
directly at the State Departmeittwas no mystery that geography wasry dramatically
affected by the internet, and thevere more aumber of new names to descrih€eTite concepts
of WebGIS the Wikification of GIS Volunteered Geographic Informati¢Gl), Virtual Earth
Digital Earth Neogeography, Web Mapping 2@opular Geographicand the GeoWebegan

to occupy the semantic space used to describe the combination of Geography and Web 2.0

conceptd had envisioned

Now in 2015, it is redundant to predict the emergence of a reformulated GIS, it already
happenedThe implications of the combination of Web 2.0 and geography have been discussed
in the literature for many yearwith VGI and GeoWeb appearing to be the lasting terms of art
And while the name at this point is almost irrelevant, | believe therstill enough differences
betweenwhat | termed3IS 1.0 and GIS 2.® warrantdiscussionTherefore theeview

presented herns not designed to recap every work along the way, but ratheghdidgfit the
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concepts of GIS 2.thatprovided theechnologicaktructure | used to builthe CyberGIS and

MapGive.

Using an analogy from the Web 2.0 definition,
is defined by (a0O&R aivli HyarefiHalpi@hic represerting the
0 memes 6 t hagravimtomapcores o GI$ h0e At the center is the set of requisite core

competencies thatbelieveorganizations whic implement GIS 2.0 must have:

1 Geographic analysis

1 Widespread data collection
1 Open Source

1 Collective Intelligence

1 Network Effects

1 Mobile

Y Grassroots

Surrounding tle coreis a set of technological themesnovation modelsand social contexthat

are contributing elements to GIS 2With few exceptions, each of the contributing elements
representsome facet brought on by either the open source paradigm shift or the concept of the

web as a platformAsO 6 Re i | | y stated@iibdVeb 2304many of the technologies that
underl ie it were not new, but the craembi nati on
potential of the web platform. Thi s s ame | o g buinadifferéntway Fot o GI S
GIS 2.0, mosbf the geographic theory and GIS functi@menot new,but the combination of

geographic principles wittveb technology designs and open source procéssegad to a

Afuller realization of the potential of geogr
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This notion of GIS 2.0 walsuilt specificallywith the analytical issues relatéo humanitarian
emergencies and the Hib mind. And while most of the themesd contextgould apply to any
domain, the focus on global issues and populations aanedke y el ement s of t he
analytical portfolio.Similarly, the core competencissction represented tkentraltenets of

what | believed the HIU needed organizationally to leverage the capabilities of GT$2.0.

design of the CyberGIS had to take into account the type of applications ancaitalysuld be

used for, as well as ¢horganizational culture that was trying to us&datr four years kept a

copy of this graphic tacked above my monitors at the HIU, as it is the blueprint for what | was

trying to build.

GIS 2.0 Meme Map

Global Issues
Populations at Risk

Resurgence of Geography
Web 2.0

Disruptive Innovations
Web Services

Catalytic Innovation
Open Source Paradigm Shift

- GIS 2.0 -- Core Competencies
Developer Community

Geographic Analysis Neogeography

Lightweight APIs Widespread Data Acquisition
Open Source FOSS4G
: Collective Intelligence
Modular Architecture Network Effects
Mobile
Citizens as Sensors Grassroots

Open Standards

Spatial Database

Volunteered
Geographic Virtual Globes
Information

Wireless Networks
GPS

Architecture of Participation
Cloud Computing
Themes
While several features of GIS 2.0 are not Context
+ new, the combination is a fuller realization of Legend

g S : Core C tencil
the potential of geographic analysis ore ~ompeoncies
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Figure4: GIS 2.0 Meme Map composed of core competencies (¢cgmest), technological themes
(bottom half, blue), and philosophical contexts (upper half, red).

Technology

The intersection of the webpen sourceandgeographic technology had a tremendous impact
on the mechanisms for implementing geographic functidha conceptual level the impact has
been a subtland consisterdiffusion of GIS functions from staralone, local systems into the
distributed, networlenabledT mainstream, what some have called SpatigRamsey 2014)
This diffusioninvolved atechnological shift from specialized analytical and data handling
software bespoke geographioifmas, and local computing systentg the integration of
geographic data and functions into standartbtls,formats and workflows, with connectivity
and reach extended from the desktop tdib&ibuted on the web. Usirgmodified version of
Clarke's (1995} efinition of GIS, Table 1 listthe characteristics of hoaach GIS function was

implemented in GIS 1.0 vs GIS 2.0.

GIS Roles GIS 1.0 GIS 2.0
(modified from Clarke
1995)
General Trends High capital costs, required Nearzero acquisibn cost,
significant expertise, local increased usability, web service
computing systems, proprietar| architecturevirtualized, cloud,
software, publishing model mobile, open source software,
participation model
Collection Survey, digitize, Stand alone| GPSenabled mobile devices,
GPS, Authoritative data High resolution commercial

satellite imagerypeer production
Natural languag processing

Storage / Retrieval | Flat files, dbf files, local systen] Spatial RDBMS & NoSQL, clouc
computing, distributed

Integration Manual Semantic Ontology
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Analysis Stand alone software and | Integrated into database functio

algorithms, algorithms and dat| (SQL), distributeddata andveb
on local systems services (WPS) , MapReduce

Hadoop, GeoTrellis, GeoMesa

Visualization Paper maps, on screen, primar,  Web distributed, accessible by
2D multiple devices in multiple
formats,web browseinterfaces
(virtual gl obe
Dissemination Hard copy maps, physical med Digital maps and data, spatial d¢

catalogs catalog services for we
standards (CSWiHlistributed web
services (W*S)

Table 1: Comparison of GIS 1.0 and GIS &dits
Of all the technologies listed in Table 1, there are a few that should be highlighted as particularly

diagnostic of the GIS 2.0 transitibrom desktop to web.

1 Spatial Database

The development of the Simple Features standard by the Open GedSpasiaitium (OGC)

and International Organization for Standardization (ISO) defined a standard encoding format for
geographic objects, such that they could be stored as a native data type in a relational database
andmanipulated using structured query langeidSQL)(Open Geospatial Consortium 2007)
Additionally, standard GIS vector overlay operations are also included and accessible via SQL.
From a philosophical level, the migration of standard GIS functions into the database and
accessible via standard SQL processes marks a tremendous step towards theogiomiion

of GIS into standard IT. PostGIS, the open source spatial extension for the PostgreSQL database
fully implements this standard. As part of the CyberGIS project, the HIU invested in the
completion of PostGIS version 2.0, which also incorporedster analysis functionality

(PostGIS Project n.d.)
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1 OGC Web Services

Collectively the Open Geospatial Consortium created a series of standards that defineddnterface
for communicating geographic data across the web. These include standards for raster, vector,
imagery, and geoprocessing functions. These standards provide a mechanism by which a client
application, usually a web browser, can make request for geogdgihicsing aefined

structure, encode that request in a URL that gets passed over the network to a web mapping
server. The server can then parse the URL request to determine the geographic layers, extent, and
map projectionThe role of standards is a pexful force in both Web 2.0 and GIS 2.0 in that

they provide interoperability, allowing software created by different organizations to

communicate across a common interface.

1 Powerful web browsers

As the computing aspect of GIS is pushed to the web, sthddaktop / thick client installations

of software are decreasing and the web browser is becoming the client of choice. Advancements

in browser technology has allowed for larger and more complex geographic applications to be
consumed via the web. At thdWwe had to wait until the Department approved Google

Chrome for use on OpenNet, the Departmentos i
applications. Before that point, only Microso

could not handle thprocessing load of the application.

1 Growth in GPS and commercial high resolution satellite imagery

While not internet related, the transition to GIS 2.0 could have occurred without the development

of these two technologies. Specifically it was the incdnf GPS chips into mobile phones that
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enabled georeferenced mobile data collection and lochtisad services. The development of a
commercial remote sensing capability that hadeiter and less spatial resolution introduced a
new mechanism for the crt@an of spatial datd.think it is important to highlight the role the
United States government played in the development and commercialization of these two
technologiesln two differentpolicy decisionsmplemented by President ClintoBelective
Availability on the GPS signakas removed on May 1, 208gnificantly increasing its

locational accuracy and precision, aedtrictions limiting the developmeat high resolution
commercial satellitesere removed, leading the new generation of satetit@ing now

(Berger 1994)

As discussed in the previous chapter, the Open S&®adigm Shift resulted in anter-related

set oftechni@l and social processes. As suGiS 2.0 waslsoenvisioned to be more than just a
technological implementation, that it woll/eragethe social features of peer production of
knowledge Building a true GIS 2.0 system at the HIU required the integration of two existing
projects representing the technological and social element: Geospatial Cyberinfrastructure and

OpenStreetMap.

Geospatial Cyberinfrastructure

The term Acyber i nnftiretate 1990s m thel cordedttbfecntieal g e d

infrastructure underlying cyberspace, and has over time been defined generically as the
combination of Adata resources, network proto
services that bring peopleformation, and computational tools together to perform science or
otherdatar i ¢ h ap Yangetal A00nsaovhi t epaper entitled ACyYyDb

Visionforthe2fCent ur yo t he Nat i q2007)defiri®ddnewmodelf Foundat i
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computingfor scientific discoveryuilt from the concepts of cyberinfrastructf&). The report
documentedour guiding principles hat woul d gui de NSFO06s ilpvest me
high performanceomputing,2) data, analysis, visualizatioB) virtual organizations for

distributed communitiesand 4) leaning and workforce developmets expressed in these two

definitions, cyberinfrastructure encompasaesgidearray ofcomputing,analytical, and
organizatiorcomponents necessary to collect, store, analyze, model, visualize, and disseminate

data.

The Internet plays a central role in cyberinfrastructure as it connects distributed database and
analytical enginesia web servicesto a seamless computing environment. Similarly, the
notions of networlenabled collaboration are built into the framework of cyberinfrastructure in
the form of tools for community development and collaborat@yherinfrastructuréas been
extended into thgeographiaomain by including specialized componentsHandling

geospatial dataspatial analysis and modeling functipasd cartographic visualizatigiang et

al. 2010; Wang 2010Referred to as Geospatial Cyberinfrastructure or CyberGIS, these
computational frameworks are often, if not exclusively, built from open source sofavatare
predicated on networ&nabled collaboration for both people and compute functions. The term
CyberGIS has also been usedagroject name for an NStended projet that is researching the
technological and social elements of spatial problem so(MWang et al. 2013)Geospatial
cyberinfrastructure is the clogdechnological instantiation and semantic description of the
requisitetechnologicaklements | had envisioned for GIS 2abd & such, the system that | built

at HIU wasentitled the CyberGIS.
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OpenStreetMap (OSM)

Started in 2004, the OpenStreetMap project is
being built by volunteers largely from scratch and released with anmopgent ent | i censeo
(OpenStreetMap Wiki 2015eln many ways OSM is the geographic equivalent to Wikipedia,

where a user can createanacdounand begin to contribute i nforr
Cooper at i on (Saven, Reeingold, ard Yiane200%)SMwould qualify as both a
peerproduction network and a knowledge collective, meaning it leverages crowdsourced efforts

of individual mapping edits and aggregates them irderdralized databas¥olunteer mappers
contributedigital geographic data in vemt format obtained from GPS devices or from tracing

features (roads, rivers, buildings) from imagery. Attributes describing elements of the features

(road name, business name, address) are also collected. OSM requires that for a feature to be
included in he database it must be physically observable. For instance demographic data at an

aggregated level would not be appropriate for inclusion.

Since its beginning in 2004, OSM has seen tremendous growth, having recently exceeded 2M
registered users (FiguB(OpenStreetMap Wiki 2015cAnd at just over 2.8 billion nodes, OSM
hasbecome an incredible resource for geographic data, often the de facto map in areas of the

world where there is limited commercial motivation to produce geographic@ah.has been

the focus of a significant amount of research in geography, a trenéltdons ee s | owi ng d
Neis and Zielstra (2014rovide a deeply researched and comprehensive survey of the history,

recent developments, and future research directions with @B&Irelevance of OSM ithe

context of GIS 2.0s its opersource foundig principles,organizational structurend potential

application in the humanitarian domain.
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OSM has proven, just as the open source software movement proved with the release of Linux
and Apache, that a distributed, volunteer community utilizing a corsii@sed peer production
model is capable of producing and maintaining a complex, sophisticated body of knowledge.
Metrics fordata quality, accuracy, and completeness in @8Mously vary by location, butyb
20090SM had grown enough in many parts of theited Kingdom and western Europe that the
data was becoming commensurate in terms of quality and quantity of that produced by national
mapping agencie@iaklay 2010) In Germany, where OSM is extremely popular, it compares
quite favorably to a commercial dataset, missing only 9% of features, but as the OSM mapping
includes a number alidewalks, paths, and trails not included in the road dataset, it exceeds the
total number of segments by 27%. Neis and Zielstra (2014) provide an extensive review of

several data quality analyses.

Organizationally, the OSM Foundation is a foofitfoun d at i on Asupporting,
controlling, (Q@péanStre€\aplFoprmdatipn@lBleither OSM nor the OSM
Foundation has any paid employees, which is amazing given the technological skills needed to
maintain the network and server infrastructure of the system. Data stored in OSM is protected by
datas peci fi ¢ fc o |ledthecOpen DatabaseLear(®mrn Rat Commons n.dg

variant of the type of licese applied to open source code, which ensures the data will remain

free and open.
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Figure51 Growth curve of number of registered users in OpenStreetMap

Imagery Services aridemote Mapping

In the first several years of OSM the majority of mapping was throanghe-ground surveys
conducted by volunteers carrying GPS devices (walking, biking, and driving). While effective at
generating quality dataising GPS track as the primary method dhdaollection required that
themapper physically be ithe location they were mapping, a constraint that limited mapping to

accessible and permissive arelsis changed with the widespread introduction of OSM

mapping from satellite imagery.

On July 122007, the internet company Yahbecame the first company to all&SM users to
use their imagery service for tracing and extraction of vectors into the OSM da(islloase
2007; Yahoo! Aerial Imagery n.d.JThis was a significant development as it was the first

instanceof acommercial venture (Yahothatwas able to navigate the legal constraints under
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which they licensed the iageryto allow OSMtracing Licensing is a complex legal issue, and

one the OSM community spends a significant amount of ener{@@enStreetMap legdalk

Archives n.d.) As such, it is beyond the scope of this work to cover all issues, save those broad
guestions related to imagery licensing and its impadt@yery to the Crowd and MapGive
(discussed laterps it relates to OSM the tricky legal question is whetherdcompany can

allow user to trace geographic features from the imagery and then store those extracted vectors in

the OSM database and associated open data license.

A few years later, on November 30, 2010 Microsoft opened access t8itngimagery

holdings for tracing by the OSM communit@®penStreetMap Wiki 2015a) his was a

tremendos boon to OSM mapping as the Bing cover af
and at finer spatial resolution in many populated area. As reported by Neis and Zielstra (2014)

the introduction of Bing imagery greatly increase the amount of building mgppiOSM a

feature type that is often useful in humanitarian applicatond=r om per sonal exper
determined that Bing maintains a high standard for the georectification accuracy of the imag

they use in the map service, and | have a reasongjtlycbnfidence that the data extracted from

their service is reliable.

On April 9, 2014 DigitalGlobe announced they were partnering with MapBox to allow OSM
tracing right to the imagery service they had already been providing to MgBBtack 2014)

The MapBox service acts as a good compliment tdthg imageryas often thescenes at a

given location are different, so a volunteer mapper can choose the better option. The MapBox
service has one potential drawback in tnsgrs are limited in how far they can zoom in, which is

occasionally lesthan wtat is needed for certain tasks. Given that DigitalGlobe recommends a
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mapping scale of 1:12,000 based on their oréwtification processing pipeline, this limit may

be tied to that scale.

Personal experience processing DigitalGlobe imagery has also sieated that georectification
accuracy is highly affected by the afadir angle of the collectioigitalGlobe satellites have

the ability to look in either direction by a fair margin, which dramatically shortens revisit time,
but there is an accuratyadeoff in collecting data in that manner. The reason the imagery in the
Bing service is more consistent, even though it is also Digital Globe imagery, is that they only

accept images with a very low affdir angle.

In this chapter | have attemptedexiend the Open Source Paradigm Shift into a visioGi&
2.0, defining a set ofechnological themes and philosophical contéxé$combineinto a set of
core competencigbat an organization using GIS 2.0 needs to emb&uecifically tailored for
humanitarian taskshis vision of GIS 2.0s built upon a set of technologies that are moving
traditional GIS into a networknabled, collaborative model. To build GIS 2.0 will require the
computing architectures of geospatial cyberinfrastructure anaetinork enable data

collection processes of OpenStreetMap volunteers combined with satellite imagery providers.
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Humanitarian Data Gaps

The previous sectioattempted to establish a framework for understanding that a new

geographic toolkit emerged frothe combined effects of the open source paradigm shift and
advances in geographic data collection from GPS and high resolution commercial satellite
imagery. The combination of these forces represeptsverfulnew capability for the discipline,

so the qustion obviously becomes, for what purpose?

It has been long recognized that data gaps in emergencies are alsedoausceo effective

action. Whether it be the iftféosg odr oMalrar yi nt heh ef
humani t aWaisaand Koffmtan 200,/dheinability to take collective aon due to a lack

of information is a fundamentahd persistentroblem.Geographic Information Systems (GIS)

have been demonstrated to be an effectiveftwaloordinatinganalyzing,and visualizing data

for situational awareness and decision suppadnumanitarian emergenciégerjee 2005, 2007,

Cowan 2011)peace keeping operatiofBahimi 2000; Currion 2006and complex

emergencie$\WWood 2000)But even with widespread recognitiohthe value of GISCurrion

(2006) points out, there are many impediments slowing broader GIS adoption, including the lack

of integration of GIS processes into operatiomatkflows and the inability of GIS staff to

executeat the necessary tempodemamstrate the valueduring a humanitarian emergency

Wood (2000) also highlights the needritegrating GIS into operations before the disaster, and
to prepare data and applications before the disdstirtherdiscussing the rolef GISfor

coordinated responsa@scomplex emergencie$Vood(p29) makes several key assertions:
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1. GISbased 6humanitarian planning map(s)o6 ar
disparate sources of information.

2. To be effective, geospatial data and digitahpiag maps need to be buwalhd integrated
into the planning procegsior to the intervention.

3. To be useful these planning maps must be clearly organized, standardized, and fully GIS
compatible.

4. Dynamic base maps must form the core of an informatiokgagecthat interveners bring

with them to the response.

At the time that article was written, William Wood was the Chief Geographer at the State
Department and working on humanitarian issues in Kosbwis. combination of needsiimed
some of the requireemts that Woo@nd othersised to propose and build the Humanitarian

Information Unit (HIU) at the U.S. Department of State

Humanitarian Information Unit

Established in 2003, the Humanitarian Information Unit (Hibides in the Office of the
Geographeand Global Issues withthe Bureau of Intelligence and Reseaatlthe Department

of Stateand serves as an interagency center that collects, analyzes, and disseminates information
that helps U.S. Government decision makers and partners anticipatspomdréo humanitarian

crises worldwidgU.S. Department of St 2013) To accomplish this mission, the HIU utilizes

a geospatial perspective and Geographic Inform&imtems (GIS) tools as a fundamental
component of its business processes. As a result,hiidgtroducts are mapased infgraphics
designed foranior policy makerat the State Departmenthese map products are usually

formatted for a single sheet of paper and provide a snapshot view of a given sisesiéigure
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6 (U.S. Department of State 20158Yhile these single page products are useful for senior policy
makers, HIU experienceab proven that manysersatthe State Department and across the
interagencyvould benefit from having access to HIU data and products in a dynamic and

interactive environment.

UNCLASSIFIED
Syria: Numbers and Locations of Refugees and IDPs

i~ S S Refugee A Refugeecamp @ Reception center Prindpalareas % Nationalcapital  |\| 12.2 million people are
A Y = of conflict and estimated to be in need
=) and IDP 1 Transitionalsite 1D site displacement © Border arossing of assistance in Syria,
loations o o e Areas with Syian inSyria — International Including more than
refugee presence boundary 7.6 million internally
i d persons (IDPs).
(Source: UN OCHA, March 2015)

Number of refugees
from Syria by country

Turkey
1,738,448 WNACR, Masch 31, 2015)

Lebanon

1,196,560 (MHCR, Apri 10, 2015)
Palestinians from Syria (registered):
45,000 (NRWA, March 18,2015)

~Ayn al ‘Arab
/(Kobane)
Buhayrat
glAsad Ar Raqash

Al Hasakah®:

Jordan

628,427 (INCR, Apet 8, 2015)
Palestinians from Syria (registered):
15,219 (UNRHA, March 18, 2015)

Iraq
247,861 (UNH(R, Macch 31, 2015)

Egypt & N. Africa

(hkgera, Libya, Morocco, and Tunsta)
157,917 (NHCR, Ape 14,2015)
Palestinians from Syria (registered):
4,000 (NRWA, Eqypt, March 8, 2015)
NOTE: UNHCR refugee figures combine
those registered and awaiting
registration. Government officials

estimate the number of Syrians in their
countries to be higher than the UNHCR
figures.

Significant numbers of 1,738,448 Total number of Syrian refugees in neighboring countries: 3,969,213

Syrian refugees who are 1 One square equals 10,000 refugees Camp pop = Non

ot in camps in Turkey are

inthe provinces of 19 '

Istanbul, tzmir, Ko

okacasd B T 628,427

population s not depicted B 247,861

on the map. Numbers are 62% 157,917

included in the chart. T _sssussmmes—38% i ——

/ Lebanon Jordan Iraq Egypt &N. Africa

Nar;ues‘ and boundary are not Sources: UNHCR, UN OCHA, UNRWA, U.S. Department of State April 17, 2015 - U1214 STATE (HIU)

UNCLASSIFIED

Figure61 Example of a typical HIU product

During my five years at theIU, | workedto increase the efficiency of thexisting product line,
with the goal of extendinBglIU products into a web format that could be easily updated and
provide users an interactive vielm.many ways the HlWacesthe same criticisms that Currion

(2006) illustrated. GIS had been identified as useioil, but maps were never explicitly
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integrated into State Department practices, so when the HIU was tasked for a product it could be
on a very short timeline. Given there is always some lead timedéecdbtain and process data
for a GIS analysis, this often meant thieJ struggled to move at the high tempo of humanitarian

emergenciedrustratingHIU analysts and policy customers alikéitimately theHIU had to get

more agile and similar to Currmand Wood s r ecommendati ons, the sol

as possible to prepare systems and data ahead of time

This process started withsubstantiatevisiontot he HI Uds i nt er stracturedat a
and GISworkflow, restructuring it for cosistency and reusabilitffoor data management

practices were a significant drag efficiencyas it was difficult to identify datat thestartof a

project, or to understand how a project was constructed when it needed to be upkbased.

changes had @emonstrablyositive impact orthe productionworkflow as it introduced

consistency through all phases of the GIS workflow, from data acquisition though analysis,

cartography, dissemination, and archiving

The next step was to address the systems §itthe @quation, effectively how to graft a web
based publishing model on the existing HIU workflow. To do that we had to build a system, the
choice was to pursue a new geographic computing infrastructure designed from the principles of

GIS 2.0 This projet came to be known as the HIU CyberGIS.

CyberGIS

The Humanitarian Information Unit (HIU) Geospatial Cyberinfrastructure (CyberGIS) is a web

m

platform for transforming the HIUG6snappiagp capab

applications. This @itform delivers geospatial data, analytical web services, and integrated
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mapping applications through a range of applications and formats. From a technical perspective,
the platform is built fronfree andpensourcesoftware, supports existingpen veb standards,

utilizes aservice-orientedarchitecture, and is deployed in &tualized environment for

datacenter and cloud deploymeRtinding to build the CyberGIS was obtained through two
proposals to an internal State Department competitive grant péed ddle Innovation Fund.
CyberGIS Phase | was awarded the largest amount of any grant givessalted ina set of

scalable, extensible, and reusable geospsdialvaretoolsthat can bavere accredited for use on
OpenNet, the State Department intranet, and that can be steselyd within the Department,

broader USG, and humanitarian communiyberGIS Phase Il followed on the success of

Phase | and obtained additional funding for tle®Sode spatial data catalog.

As a web platform, the CyberGt®mbines the visual power of mapping and Geographic

Information Systems (GIS) with the rapid dissemination capabilities of the Internet. This

combination, termed Geospatial Cyberinfrastructur€yberGIS(Yang et al. 2010; Wang et al.

2013)was designedasmat ur al ext ension of t hexteAHdngibs exi s
into an interactive web environment. Beyond simply replicating HIU products on websites, the
CyberGIS unloks new ways of displaying and interacting with humanitarian informatfibe.

goal of the CyberGIS is to increase the HI Ub6s
visualization across space and time, and communication with policy makers about the

geographic dimensions of complex emergencies.

Underlying the HIU CyberGIS are four technological principles: Free and Open Source
Software, Open Standards, Serviedgented Architecture, and Cloud deployment. Designing the

CyberGIS around these principlesa coseffective and innovative solution that increases the
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efficiency of HIU processes, expands access to products, and leverages existing technology
investments. At a higher level, the HIU CyberGlgports a number of HIU and State
Department strategigoals related to humanitarian analysis and information technology, and
demonstrateBepartment of State (Do®adership in the Federal Open Data movement, the
Free and Open Source Software movement, and the respective DoS and Federal Cloud

Computing Stategies.

Defined generically, a CyberGIS is a wislsed collection of geospatial functions, implemented
through a set of technologies that enables users to obtain, analyze, and visualize geospatial
information. The proposed HIU CyberGIS follows this pait and separates the implementation

of these functions into three general technological categories:

1. Mapping serveand spatial database
2. Browserbasedmapping applicatios
3. Spatial data catalog

Web mapping applications are the primary way users interact with the CyberGIS. Delivering
these applications requires development on both the server and clieQrsithe. server sidehé
web mapping serveand spatial database work together as a data,shap rederingengine,

and analyticatoolbox The clientsideis awebbrowser application focused on user interaction
and provides functions for map display, map rendering, map interactiootterdnterface
functions. Each of the software elemeintshe stack are open source projebt are bundled

into a single deploymerknown as the OpenGeo Suite Enterprise Edition. Each of the various
software components in the OpenGeo Suite are proven open source software\pithjects
extensive developelommunities. OpenGeo has built the Enterprise Suite to work as a single

install package with a predictable update schedule, and keeps key developers from each project
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on staff. The OpenGeo Suite contains the components required for the web mapping server
(PostgreSQL, PostGIS, GeoWebCache, and GeoServer), and thesdemteb mapping
applications (OpenLayers and GeoEXT librariesge Figurd. The mapping servemnd spatial
databasevill be built as a VMWare virtual machiseand Amazon Machine Instancégvs)

with an Ubuntu Linux operating system, Tomcat servlet contaaret,the Apache web server

software.

® @) GeoExt & OpenLayers CI |e nt Tle I
)
Ab.
aan €==D GeoWebCache
| T Application
Qb; GeoServer Tler
(web mapping
: server)
{ a PostGIS
e ’ Spatial
PostgreSQL Data ba Se

Figure7 17 Diagram displaying a simplified CyberGIS architecture and the open source components used
in each tier

The third element of the CyberGIS, the GeoNsplatial data catalogs a web application that
allows a user to search, visualize, and download geospatial data. The HIU CyberGIS will make
relevant data available through this application in a range of teramal web serviceshé

spatial data catalog is built from teame suite of technology listed above, @dditional
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libraries that provide the catalog service #mel Pythorbased web framework Djandor the
web interaction tierAll data loaded intohte spatial data catalog will have International

Organization for Standardization (ISK9137 compliant metadata

Beyond the software itself, web services are the other key enabling technologies used in the HIU
CyberGIS. Underlying the entire system is av@eroriented architecture (SOA) design pattern,

with specific support for the Open Geospatial Consortium (OGC) collection of web service

standards. Widely utilized in Web 2.0 mapping applications, SOA technology allows OGC web
services to beremixedintbar i ous appl i cat i ounpss 0 ,Altslbe ken oavmp lai
can integrate web services published from a range of providers. A single application can contain

one or many different services, and in a CyberGIS application can contain both mapping data

and analytical web services. These different types of services can work together to produce

integrated fAdashboardo applications.

Additionally, web services can be consumed by a range of software clients beyond web

browsers. In this case, HIU web servicasbe consumed by professiodalel desktop GIS

software (both open source and proprietary), Google Earth, and rapplleations Initially the
system would Apusho data to these clients, bu

clients cantribute information back to the system.

The true innovation of this project is not in its technical specifications, open source software, or
cloud depl oyment . |l nstead the nAdilsvweragmgthev e i nn
geographic dimensn of data aan analytical framework and medium of communication. At its

core, theState Departmern$ organized geographically, but it is currentlyatjuipped to

leverage its own geographic informati@hristian (20073escribes the limited use of GIS
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within the Department, despiteidespread interest in the technoloBpS information is

inherently placebased, but without the inclusion of maps with data, that information is translated
solely via unstructured text written as cables or emails. By removing the geographic component
from reporting, the information becomes very difficult to overlay with other data. Combining

text reporting with structured geographic data means multiple streams of information can be
visualized together and analyzed across time and space. The innovakierHti) CyberGIS is
beginning the process of DoS harnessing its geographic information for analysis and

visualization.

The HIU CyberGIS reinforces a number of strategic goals ranging from the HIU itself, up
through the Department and the broader UBG8ow is a summary of strategic goals taken from
the HIU mission statement and several otkeégvantstrategic planat the time when the grant

proposal was written

HIU Mission Statement:

#1:. Analyze and disseminate unclassified information critical to d&&sion makers
and partners in preparation for and response to humanitarian emergencies worldwide

#2: Promote best practices for humanitarian information management

Office of the Geographer and Global Issues:
Support INR mission as the Executive AgtOutreach at the Intelligence Community

Support development of Web 2.0 applications to more effectively link various
humanitarian communities of practice

Bureau of Intelligence and Research (INR) Strategic Goals FY2012:
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#3: Create and maintain an erp&orkforce
#4. Support the provision of humanitarian assistance

#5: Provide timely and focusedalburce analysis related to the promotion of peace and
security

DoS/USAID Joint Strategic Goals 20@D12:
# 1. Achieving Peace and Security: Conflict Rretvon, Mitigation, and Response

#5: Providing Humanitarian Assistance: Prevent and Mitigate Disasters

Department of State IT Strategic Plan 220113 Goals:
#1: Digital Diplomacyi Collaboration, Information and Integration
#2: Cloud Computing

#3: IT Leadership

Federal Cloud Computing Strategy 2011

The National Intelligence Strategy 2009:

Intelligence Community Enterprise Objective #4: Improve Information Integration and
Sharing

National Security Strategy 2010 Goals:
Security: Invest in the Capacitf Strong and Capable Partners
Prevent the Emergence of Conflict

Values: Promote Dignity by Meeting Basic Needs

48



Leading Efforts to Address Humanitarian Crises

CyberGIS Applications

The following section reviews three of the CyberGIS applications Wélgbal of displaying the

potential of geographic visualizatimeombined with structured data collection and thoughtful

user interface desidgor understanding the spatial and temporal dimensions of a humanitarian
emergency. Additionally, | hope these apations demonstrate that geospatial

cyberinfrastructure can be used to address several of the requirements put forth by Wood (2000)
and Currion (2006) and make the deployment of-&i8bled applications more relevant to both

policy makers and humanitariane s ponder s. | 0 dsewral®tber Cybek4S t o0 no't
applications that were built during my time at Hht were equally as innovative as what is

discussed below, but that they aue reviewed here as they were built for internal purposes

only.

Daily Humanitarian News Brief

The first application of the CyberGi&as built as a graphical interface for an existing project
called the Daily Humanitarian News Brief (DHNB). One of the first changes | made at the HIU
was to create a database reporstrgcture for the DHNB where HIU researchers could index
important news stories of the day. An email is sent out every morning with a summary of these
stories. The DHNB applicatiocombines a map interface with geocoded news eventalkwgs

a user to exXpre the last six weeks of news events by date, keyword, or loc&tgure 8
Additionally, the entire DHNB archive is available on the HIU data gaigenanitarian

Information Unit 2015a)
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@ Hum\mnnmn mro\umon UNIT Daily Humanitarian News Brief

August 14, 2012 August 26, 2012

Figure81 Screenshot of the Daily Humanitarian News Brief web application

Horn of Africa (HoA) Viewer

The first integrated CyberGIS application was built as a visualization platform to explore the

Horn of Africa famine of 201-R012. In it users can interactively explore the geographic and

temporal components of famine zones, vegetation health, livelirmuegszcurated news

reporting, and refugee data to understand the relationships between transnational food security
issues and political, economic, demographic, and physiographic variables. The user interface was
designed to be as sleek as possible,osaali d at the ti me AGoogl e Map
none of the traditional Gl®olbars or map interface controls. There are two basemaps, the Blue
Marble satellite layer and OpenStreetMap, and then a series of overlays that can be selected from

the Map Lagrs dialogue baxFigure 9

The most innovative part of the HoOA Viewer interface is the Time Slider element at the bottom

of the map view. Since the HoA Viewer is built on several ts@Bes datasets, we needed an
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intuitive way to communicate to the usenat time period they were viewing as well as the

number of other time segments of that data are available. When a new layer is selected from the
Map Layers box, several elements of the map automatically update. The Legend updates to
display the relevannhap key information and to display the date of the data being displayed.
Additionally the Time Slider updates, displaying a date range under the entire control,
highlighting the selected time period of the data in bright yellow, and then using altetighting

grey / dark grey boxes to display the temporal extent of other time slices of that dataset. A new
time slice can be selected by moving the carrot on the time slider to a new pegiiicimwill

update the map view and reported date range in thadeljethe example below, the Food

Security Conditions layer has three potential time slices

Modiy Search
08/08/2011 3 o9/15/2011 3 Search

Items For 8/8/2011 - 9/15/2011
GroupBy: | Dste | Type | Categary

Map (2) -

LEGEND
Food Security Conditions:

[ Jrooee
[ fiomet

TIME SLIDER [ Boees

Dcﬂsls

[Emergency

August8,2011  September 15, 2011 [Catastrophe / Famine
Refugee Camps

‘Source: Published by FEWSNet at {link]

Figure91 Screenshot of the HOA Viewer ATi me SI
In order to understand the spatial dimension of the Food Security Conditions, | wanted to
comparehe reported famine zones to sateltierived data of vegetation health to understand

how much of the famine wakie toweatherersuscaused by humans. We used two vegetation
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health datasets, both derived from MODIS 16 day NDVI composites. The firsetaahe
vegetation health for that 16 day period, and the second a comparison of that specific 16 day
period with the 5 year average for that period. As seen in Figlmed11 below, the temporal

density of the data is visually discernible in the tshider control.

To further contextualize the vegetation dat a,
feature in the space above the timeline. In this example, the rainy season calendar and

agricultural harvest calendar can be toggled on and dfappear in the correct temporal

position relative to the time slider. Any type of date range event can be a calendar feature, in this
example they are agricultural and climatic events, but in another scenario they could be political

or electoral events.

SAEnE

{AN INFORMATION UNIT Horn of Africa Viewer

NDVINOW EXPANDED
. TO GREATER HORN

LEGEND

East Africa eMODIS 250m
Temporally Smoothed NDVI*:
T

£}
i B

7

r &
LK
LI

3

Figurel0i Scr eens hot of the HOA Viewer, NDVI data and
dark grey bars in the Time Slider control indicating temporal frequency of the dataset.
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ARIAN m’ro\n\u-non UNIT Horn of Africa Viewer
/

Home >> Horn of Africa Viewer (July 2011 - December 2011)

R, BTET
o Y T

NDVINOW EXPANDED
. TO GREATER HORN

East Africa eMODIS 250m
NDVI Anomaly*:
o

>3 M
Non
Ve

Figurell -- Screenshot of the HOA Viewer, NDVI difference foryGe ar aver age data and
function. Note the light grey / dark grey bars in the Time Slider control indicating temporal frequency of
the dataset.

Curated news events, recorded in the DHNB, wereiategratednto the HoA Viewey as were

the sear interfaces from the DHNB application. A given news event is geocoded to the closest
relevant geographic entity in the story, appearing as a color coded circle icon. On clicked the
icon will open a dialogue box displaying relevant information about the seory and a link to

the original source. The view below, in Figdr2 displays these elements as well as the fact that
the Time Slider control will automatically collapse into a smaller object when not used. Moving

the mouse cursor over the box veltpand it again.
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LINK TO SOURCE T

LEGEND

‘Somalia pleads for extra troops to UN (AFP) Food Security Conditions:

DNO Data
[:INormal
I:Istressed
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.Emergency

Qovernient fight Islanst mikants.

Timeline .Calastrophe / Famine

August 8, 2011 -
September 15, 2011 Refugee Camps

‘Source: Published by FEWSNet at flink]

Figurel2i Screenshot of HoA Viewer, integrated Daily Humanitarian News Brief data feed and user
interface controls

The most powerful dataset in the HoA Viewer is the location of large refugee camps in Ethiopia
and Kenya and daily updastatistics about the camp populations and demograplhiesource

data on refugees was openly published by the United Nations High Commission on Refugees
(UNHCR) through their website. The problem was the data was released in pdf format as
numerical takes; HIU researchers manually entered these numbers in a custom HIU database
built for the HoA Viewer.The camp data can be accessed by clicking on the map icon or the
camp name in the right hand dialogue box. Once selected a dialogue box will opere @aanh
displaying a snapshot of the current statiste® Figurd3. This interface was carefully

designed to provide the maximum amount of information in the easiest to consume visual
format. The Time Slider metaphor is translated from the larger agiplicand appears as a

smaller slider at the bottom of the dialogue box. In this case the temporal density of the data is
represented by the individual black lines on the slider. The dialogue box opens on the closest

data point to whatever date is currgrgklected in the larger Time Slider, from there the user can
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explore the refugee data independerflyink to the original UNHCR report for that day is also

displayed above the time slider; the link updates depending upon the day selected.

FORMATION UNIT Horn of Africa Viewer

Modify Search
ol | 0771772011 2 1372672011 3 Search |
Items For 7/17/2011 - 11/26/2011
Hagadera (Kenya) X | GroweBy:| Date || Type..| Category

! 4 Mow (75) *
Report (217) -

|-Snapshat || Popusaticn | Demograptics | Data

As of october 7, 2011

CHANGE IN POPULATION
206  +3% REFUGEE CAMP
— DATA PORTAL

‘Sudan Healh Highlgts - Week 36,3 -9 Sest
| uudan Heath Hghigtts - Week 35,27 August -
‘Somela Farmine & Drougft Stustion Report

9 Days 32 Days
(Since September 28, 2011) (Since September S, 2011)
CAMP ESTIMATES
141,014 44,328
Individuals Households

Source: UNHCR Population Statistical Reports {link]

TIME SLIDER - = [ o:’ﬂ"ITI’ 21“1‘ i

LEGEND o - 8
Food Security Conditions:

[Catastrophe / Famine
@wugee Camps

Source: Published by FEWSNet at fink]

Figurel3i Screenshot of HoA Viewer, Refugee camp data portal
The initial view of the camp data displays changes in the camp population in the last 7 and 30
days. These values are coetmded to show whether the camp expanded (red) or decrease (green)
in size. Belowthese relative measures are the actual counts of the population, both by individuals
and households. Tabs at the top of the dialogue box provide different graphical representations of
the camp population data, including trend lines over time (Figureatid)timeenabled bar
charts of the several demographic measures of the camp population (gender, age) (Figure 15).
The last tab at the top provides a link to the downloadable HIU version of the refugee population
database, available in both proprietary apeén data formatdHumanitarian Information Unit

2012)
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Figurel5 -- Screensbt of HoA Viewer, graphical view of refugee camp demographic data
Lastly, the OpenStreetMap basemap is an option for display as well. Egbedow shows the
density of data in OSM over Mogadishu, Somalia, the result of the Humanitarian OpenStreetMap

team importing a United Nations road database into OSM. Figlaéso displays the OSM
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database, this time for the area over the Bokolmanyo refcaap in Ethiopia. This camp

contained approximately 40,000 refugees at that time and was not represented at all in the
database. And it was not alone, almost all of the 10 large camps tracked in the HoA Viewer had
little to no spatial data in OSM. Thisith gap provided the first opportunity to test the Imagery

to the Crowd methodology, which was being developed at the same time as this application.

et STATE

NITARIAN INFO\thATION UNIT Horn of Africa Viewer
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Figure16 -- Screenshot of HoA Viewer, OpenStreetMap basemap integration
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Figurel71 Screenshot of thBokolmanyo refugee camp as depicted in the OpenStreetMap database
(May 20, 2012)

GeoNode

The development of the CyberGIS spatial data catalog applic@mwNode, was intentionally
pursued after thdevelopment bthe other viewer technologieAs a resli its deployment

occurred a couple months after my departure from the HIU. ThatGaalNode recently
receivedsecurityapproval to be deployed on the OpenNet internal netveor# has already been
depl oyed on t he HI WUsingthextiudbdepdoymemt,fthe BIY teleaseda u r e
GeoNode specifically tailored for the Ebola respofed®mlageonode.organdwas able tavork

with acoalition of responding organizatiomeluding the Red Cross, United Nations, and World
Bankto createa common dateepositoryfor the respons@-igure 18) While this may not sound
impressive, it has historically proven to be very challenging. The reason it was able to happen

now is simply one of infrastructure, the HIU had the internal capability and cloud infrasgruct
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\?‘ Ebola GeoNode

y e _’y'— \ .
This is a partnership platform for sharing geospatial'data, analysis and mapsrelated to the Ebola
emergency response. The platform is intended to minimize the time that GlS analysts spend locating
up-to-date data. Users are able to make maps on the fly, view metadata, and access the reports behind
GIS layers. Curators are working to ensure that the layers are recent, clean, useful, and legally and
technically open. [

To contribute data, you will need a user account: Requ

Need help Getiing Started
Click to search for geospatial data published by other Data is available for browsing, aggregating and styling to GeoNode allows registered users to easily upload
users, organizations and public sources. Download data in generate maps which can be shared publicly or restricted geospatial data in several formats including shapefile and
standard formats. to specific users only. GeoTiff.
Explore Layers Create maps » Sharedata»

Qe Swosmons @GFDRR OHTEY - S

Figure 18/ Screenshot of the Ebola GeoNode

Crisis Mappers

Starting in 2009 a new community of technologists and humanitarian professionals began to

coal esce around t he Whattstarechas a Smallicéhferersa of 80 pedglep i n g
in Cleveland, Ohio has grown into an international distributed netwadtioosand®f

volunteers and humanitarian professionals all working together to bring the power of peer

production networks into humanitarian respofGesis Mappers 2015)'he emergence of this

discipline is reviewed b¥iemke (2012)Yescribinghe central elements of crisis mapping:

crowdsourced event data, mapping, imagery, visualization, and analytics.

For the purposes of this report, the Crisis Mapping agtus a quintessential moded the Open

Source Paradigm Shift applied to humanitarian respdstiezin g network enabled
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collaboration, open source software, aqml@aer producti on of cri sis
mapper so have proachto efermation calectioe, procaspinand analysis

(Meier 2012; Liu and Ziemke 2013; Liu 2014ne hallmark of crisis mapping is a workflow

that combines crowdsourced eveata, typically from social media and SMtext message
reporting,with an interactive map to present a geographic view of rapidly changing events on the
ground.The open source software package, Ushaprdvides the tools and workflow to process
unstrictured crowdsourced reporting into structured, quantized, translated, and georeferenced

entities that are often visualized on an OpenStreetMap bagé&igape 19jOkolloh 2009)

Search Reports Here: | Q DOWNLOAD REPORTS (3589) &, REPORTS RSS [E)

Haiti

The 2010 Earthquake in Haitl E
A Haitian Diaspora Community: (i) Announcement >
We need your help! Help Us Help Haiti » Peace Dividend Marketplace can link you + SUBMIT INCIDENT
Ushahidi-Haitl with goods and services in PAP: call 29 41 10
e Tufts i

FILTERS = NEWS PICTURES VIDEO  TODO VIEWS - +CATEQORY FILTER

ALL CATEGORIES
n 1. URGENCES | EMERGENCY

L 2 URGENCES LOGISTIQUES |
[Y%'d viraLunes

3. PUBLIC HEALTH
E 4. MENACES | SECURITY THREATS

Terms of Use

s

<
i ENND
3
:
\"

) N - ;
] A > R4 e« 5. INFRASTRUCTURE DAMAGE
= a \ A A - o
\ A P
m " & = A A pres’
2 A ‘.;. 2 A A ™ Y 6.NATURALHAZARDS
S S A A A a = &
| Scale=1:217K | -72.26223, 18.61436 | EPSG:900913 | ® OpenStreetMap contributors, CC-BY-SA !
7. SECOURS | SERVICES
+ TIMELINE OF EVENTS AVAILABLE

Figurel9i Screenshot of Ushahidi Haiti application
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Over the last five years this loose affiliation of volunteersdudlivided into many different
peer productiowolunteer networks specializing in particular skills, including the Standby Task
Force (information processing), Humanitarian OpenStreetMamTenapping), DataKind (data
manipulation), etcln conjunction withthe United Nations Office for the Coordination of
Humanitarian Affairs (UN OCHA) thesaarious volunteer grougermalizedtheir activation
procedures in an effort to formakyngage withthe traditional humanitariacommunity. This
process resulted in the formation of igital HumanitariarNetworkand an established
methodology by with the humanitarian community can formally request help from volunteer
organizations, with the expectati that help will coméFigure 20jCapelo, Chang, and Verity
2012) Just as the peer production networks thiaaited Linux and OpenStreetMalpe Crisis
Mappers have@roven their utility andecome amndispensablelement of humanitarian

response
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DH Network Community Interaction Diagram

Version 1
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Figure207i Digital Humanitarian Network activation process
| 6m pr oud apartofthe eignal brisiemappershavingattendedthe first
International Conference on Crisis Mappiagpgdamoneo f onl y t hr eatenge@ op | e
all five. Thefirst event in Cleveland started a revolution, and we all knew it. | was struck at the
time how much the meetingsemne d | i ke a case study ofvonil ead
Hippel (1986)for the creation of novel product concepi, role in this organization has always
been tgpromote the role of geographic data in humanitarian response. As stated in an earlier
section, the seeming ubiquity of Google Maps often lulls people into thinking dense geographic
bags data is avail abl &ocial media sepohimgagqwerfullioelthati t 1 s
canhelp direct relief efforts in redime, but only if those reports can be geocoded and

visualized.
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Haiti Earthquake Response

The first Crisis Mappers conference was held in October 2009, and as stated above, there was a
distinctfeeling that crisis mapping was going to have a major impact on disaster response.
Unfortunately, | did not take long to test it. The Haiti earthquake struck on January 12, 2010, and
that response introduced crisis mapping to the world. The role of migiping has been

detailed in several reports and articles, the best overall perspective from the humanitarian
community isCrowley and Chan (201@isaster Response 2Mgier and Munro (201Qeview
crowdsourced reporting img SMS, andZook et al. (2010yiscuss the role of crowdsourced

mapping and volunteered geographic information.

It is the role OSM mapping played in the response, and the methods of how it was produced that
are useful here. Haiti was the first signifitactivation of the Humanitarian OpenStreetMap

Team. Almost immediately after the earthquake struck, vearststarted digitizing old street

maps and anything they could find to build up OSM in the areas arounduFRrince. Figure

21below is a snap®t of what the city looked like in OSM before the earthquake.

! As an aside, immediately after the earthquake | worked with Matt Dunbar, another KU Geography PhD, to publish
old basemaps of Haiti and P@at+Prince as web services that could be used by volunteer mappers; these services
are still running on the KARS WIS platform fittp://kars.ku.edu/research/hadtarthquakedisastesportal)
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Port:au-Prince
K

.

Figure21i Portau-Prince in OSM before January 12, 2010
(http:/iwww.flickr.com/photos/itoworld/4351891226/sizes/m/in/photostream/

Within days after the earthquake, the commercial s&efhitgery companies started freely
releasing satellite imagery over the affected area under an open license that allowed it to be
traced by OSM volunteerghe transformation in the OSM basemap was incredible, see Figure

22 below, and soon the OSM basentmzame the de facto operational basemap of the response.
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Figure22i PortauPrince in OSM in February 2010
(http://www.flickr.com/photos/itoworld/4351891526/sizes/m/in/photostrgam/

For me, the critical question coming out of this response conceimeither this level of
volunteer effort was a onreff event spawned by the magnitude of the disaster, or if it was
repeatabl@lt was clear that the provision of updated satellite imagery provided a catalyst to
mapping efforts, but the imagery was massivsize and needed to be processed for easy
consumption into the OSM editing tools. In this case a caufplelunteers with a background in
imagery and software development had a huge impact. Using server space and bandwidth
donated by the University of 8diego Supercomputing Center, they processed all of the

available imagery and published it as web services in an application called the Haiti Crisis Map,
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see Figur@&3below.These web services could also be consumed directly in the OSM editing

software.
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Figure 23 Screenshot of the Haiti Crisis Map, highlighted area on lower left side display links to the

various imagery datasets processed and published by this application

This much image processing was a tremendous effort, but it enabled the aaderer

community to donate their time mapping and not image processing. Unfortunately, six months

later, a system administrator cleaning up server space accidently deleted the entire set of imagery

caches, all 15 terabytes, gone in an instaatin tems of determining if the process was

repeatable, the critical elements includgdlated imageryjedicated computing and bandwidth

resources, experienced personnel who knew imagery and sofandeeyweb service publishing

modelthat allowed volunteers tasily connect to the imageriyhisseemed to bthe recipe for

supporting and

catalyzing volunteer mapping effort, so the next quesgoame, could the HIU

provide all ofthose requirements? And would the crowd come help?
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Imagery to the Crowd

Born from the conceptual framework of GIS 2.0 ampired by thevolunteer mapping response

to the Haiti earthquake, Imagery to the Crowd (IttC) was designed to be a repeatable, sustainable
mechanism for the U.S. Government to help catalyze and direct valimagping efforts. The

goal is to produce geographic data about areas at risk of, or experiencing a complex emergency.
These situations range from fast onset natural disasters, typhoons, floods, epidemiological
outbreaks, to slownset issues of food sedyror political and economic security issues that

lead to large scale human migratioefugees and internally displaced peofeyond being just
reactive to disasters, the intent was to asmtify areas at risk, and working witlapners, help

produe datafor disaster risk reduction and community resilience projects.

IttC (pronounceditsy) is an intentional attempt to link the cognitive surplus of the crowtthan
form of the volunteer networkehindthe Humanitarian OpenStreetMap Team (HOT), with the
purchasing power of the Unites States Governpterdatalyze the production of quality, open
geographic foundation datAs was reviewed in the Haiti example, it was the release of current,
high resoluibn satellite imagerpublished as web services that enablecttbevd to focus on
mapping.In reviewing the critical elements of what made the Haiti mapping a successtltevas
availablity of current imagery, the computing infrastructure to publisant the personnel with
the right combination of skills that made it possilde thekey questiormoving beyond Haiti
waswhetherHumanitarian Information Unitould fill all these roles and help catalyze the

crowd.

IttC was predicated on the belieitithe USG could provide the key structural elemamdsd to

supportvolunteer mappinglrhese baseline requirements included:
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1. Vetted humanitarian need to assure that volunteer efforts directly supported humanitarian
and resilience organizations that woutinediately benefit from the availability of
updated data

2. Updatedcommerciahigh resolution satellite imagery

3. Imageryformatted as web servicézat could be consumed in OpenStreetMap editing
software

4. Process to ensure thaitd created by volunteensuld bestored inOpenStreetMap, and

not controlled by the USG

To accomplish this, several components were negedsast, we had to determine if the USG
had the right within itexisting contractual structute share imagerpased web services with

the then nascent crisis mapping communityis portion of 1ttC dealt with thBlextView license,
the agreement that defingéte sharing provisions for imagery purchased through the NextView
contract vehicleSecond, we had to build a geographic computinggtfuctureand

organizational capability to ingest, process, and publish imdgpsgd web services at a speed
and scale to be usefllccomplishing this was a significant technical challeraged leveraged

the HIU CyberGIS.Third, we had tayain the trust of the crisis mapping community that the U.S.

Government was actually Ahere to help. o

Understandindnow Imagery to the Crowd canm@o existence requires some background on the
history of satellite imagery sharing in the US&ksues relatto the sharing of high resolution
satellite imagery between the USG and partner organizations goes back to the eanyh2000s
the first USG commercial imagery contracts were established. Specifically it is the sharing

agreemenbuilt into theNextView contractthat iscentral tolmagery to the Crowd. However,
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because volunteer mapping was such a new corlt€ppresented a new set of issues than
previously encountereahdrequired a separate reviewhe full story of satellite imagery sharing
is beyor the scope of this report, biliis effort built uporextensive efforts of thBureauof
Intelligence and Researddffice of the Geographer and the National Geospétialligence
Agency In terms of sharing NextView imagery with the humanitarian conityyusignificant
work was also done in 20@8r projects inAfghanistan(Crowley 2015) Given the long history
and multiple graps involved the intent here is to only include the elements of the NextView

history, timeline, and conclusiotisat relate to IttGnd that | had direct involvement with.

NextView / EnhancedView Contracts

Beginning in 2003, the USG, led by NGA, estal#idltontract vehicles to procure commercially
available, high resolution satellite imagery from the firms DigitalGlobe and GeoEye. The first of
these contracts was titled AClear Vi ewo, its r
the latestversion s cal | ed A En h anc edgndniios of these comtractsvariedi ng a
in the early years, but beginning in 2005 Dig
ability to share imagery purchased under the NextView contract, a document thatresrefers

the NextView license. By 2007, both DigitalGlobe and GeoEye were bound bigdhag

provisionsin the NextView licenseand sinc012 wherDigitalGlobe acquired GeoEyall

commercial imagerpurchased by the USIS licensed undeihe NextView license With the

transitionto the EnhancedView contract vehicle in 20tt@ NextViewlicense was carried over

andis still in effect

Since 2007, the NextView and EnhancedView contracts have been structured as multiple year

agreements with renewabletmm years annually. EnhancedView started in 2010 and lasts until
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2019. There are several components to the contract, but the core is the Service Level Agreement
(SLA) that provides imageryesvices to NGA, essentially a baseline amount of imagery per day

plusa certain amount of tasking priority for a set monthly price. \Wélaunch of the

WorldView-3 satellite, the current payment for that SLA is $25M per month, for a total of

$300M annually(DigitalGlobe,Inc. 2015) The amount of imagery and tasking are both redacted

in the SEC 1« filing cited above so the specifics of the contract are not publically reported,

not surprising given NGAOs menfhiesamsehdp@t i n t he
indcat es that 60.4% of Digital Gl obeds 2014 reve
55.3% from the EnhancedView contract. This is simply to demonstrate that the tifeRayg

customer for the compg. Some additional characterits of the EnhancedView coraict as

well as some history, is reviewed@rampton etl. (2014)

NextView License

The NextView license is the key component in the Imagery to the Crowd and MapGive projects.
It is the legal agreement between DigitalGlobe and the United States Government that defines
the sharing provision®r commerciaimagery purchasednder the NextView and

EnhancedView contrag{see Appendid for complete license)A digital copy of the license is

included with every image that is downloaded or delivered to the USG.

In my opinion, he NextView license is ancredble documentn terms of thdatitude of sharing
permission that it grants the US&ndit is a credit to the government officials and contracting
officersthat negotiated ifThe EnhancedView contract represents a significant investment by the
USG insatellite imagery, and the NextView license ensures that we qpaj@xs can get the

most benefit from that investment. The licenselisief 1-page documengnethat | believe is
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fairly straight forward to interpret. Howevdor a multitude of reasong has proven difficult to
determine exactly what is allowable under the license therefore, textract the value from
the license that we are paying.f@io understantdow IttC evolvedwe have to start with ¢h
exact language ohe license. Wat ollows is an annotated version of the license, with

interpretations of the key elements.

NEXTVIEW IMAGERY END USER LICENSE AGREEMENT

1. Introduction. This End User License Agreement ("EULA") is between DigitalGlobe,
Inc., a Delaware Corporation ("Digi@lobe" or "Seller") and National Geospatial
Intelligence Agency ("NGA"), the purchaser of this EULA, which governs the use of the
data products or documentation ("Products") accompanying this EULA in accordance
with Contract NMA 30103-3-0001 (the "Contret").

2. Applicability. This license applies to imagery and products licensed under the
Contract, including data downlinked to domestic and foreign ground stations.
The above clausaefines this document as tBad User License Agreement (EULax)d futher
establislesthe two parties in the contract, the contract vehtble products that the EULA

coversthegenericterms that will be use@nd the geographic extent.

3. License Granted and Permitted Uses.

a. General Terms
1. This clause applige all unprocessed sensor data and requireruampliant
processed imagery, imayeservices, imagergerivedproducts and imagery
support data licensed under this Contract. No other clauses related to intellectual
property or data rights of any sort dht@dve any effect related to the unprocessed
sensor data and requirementsnpliant processed imagery, imagery services,

imageryderived products and imagery support data delivered under this
Contract.

Thisfirst clauseunder the General Terms headasgfblishes two things, first, that this EULA
applies to alunprocessed sensor data and requirementspliant processed imagery, imagery

services, imagergerived products and imagery support ddtat are delivered as part of the
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Contract The key elemerfor IttCi s t h e 0 rceognpil ri eame n tpsr gobrase,ase d | ma
most imagery used in the project has already been processed to someStegmt, that there

areNo other clausess h a | | have any effect related to the
essentially saying there is no other document that will supersede the terms established in this
document. This clause is critidaécause it expressly states that the EULA is the governing

document for all products purchased under NextView and nowriErb&iew.

2. All license rights for use of the unprocessed sensor data and requirements
compliant processed imagery, imagery services, imagenyed products and
imagery support data provided to the U.S. Government purchased under this
NGA contract arén perpetuity.

This clause states that the rights granted under this EULA apply to the data puichased
perpetuity another key element as it means products purchased at one point during the Contract

retain these terms into the future.

3. Licensed wers may generate an unlimited number of hardcopies and
softcopies of the unprocessed sensor data and requirecoempdiant processed
imagery, imagery services, imageadgrived products and imagery support data
for their use.

This clause states thhicensed Userswho are defined in the following clauses, have the right to
make unlimited cogis (both hardcopy and softcop., digital reproduction) of Products

purchased under the Contract.

4. (i) Licensed users may generate any derived product froticémsed
unprocessed sensor data; and requirenmeortgpliant processed imagery,
imagery services, imagederived products and imagery support data.

This clause states that&enseduser can modify the imagery to madey derived product

This placesio limitation on the amount or type of analysis or dissemination formats.
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(i)  Unprocessed sensor data and requirermsorigpliant processed
imagery, imagery services, imageadgrived products and imagery support data
licensed under this NGA contibhave no restrictions on use and distribution, but
shall contain the copyright markings.

This clause is again key ttiC, it expressly states that Products purchased under this Contract
haveno restrictions on use and distributionith the only caveat that tlempyright markingoe

maintained on any distributed product.

b. Licensed Users

1. The imagery may be used by the U.S. Government (including, all branches,
departments, agencies, and offices).

2. The U.S. Government may provide the imagery to the following
organizations:
State Governments
Local Governments
Foreign Governments and irtgovernmental organizations
NGO's and other neprofit organizations

This section defines two things related_icensed UserdFirst, in clause lthis Gntract is

intended to be accessible to thiee U.S. Government. So while NGA is responsible for

maintaining the contract, they do not act as the gate keeper or adjudicator of who uses the
imageryandforwnta pur pose. This clause stands in agre
Asupport agencyo, meaning their mandate is to
congressionally granted authority over particular elements of the government (Department of

Defense for defense, State Department for foreign policy, Department of Interior for
management of domestic natur al resources, etc
Government may provide imagery to a range of other organizations, includiegl$tedl, and

Foreign governments, intgovernmental organizationeXamples include thenited Nations,

NATO, andWorld Bank), and nogovernmental organizations (NGOs) and other-piafit
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organizationsClearly the latitude of clause 2 is to ensurd tha USG can share the imagery it

purchases with almost any organization that it needs to.

3. In consideration for the flexibility afforded to the U.S. Government by

allowing unprocessed sensor data and requirertentgliant processed

imagery, imageryeyvices, imagenrgerived products and imagery support data

to be shared, the United States Government shall use its reasonable best efforts to
minimize the effects on commercial sales. Acquisition and dissemination of
imagery and imagery products colletteithin the United States shall be

restricted in accordance with law and regulation.

This is the only clause that places any constraint on the sharing of Products under the Contract.
Two phrases are key heta,consideration for the flexibility afforded the U.S. Governmerd

clear nod to the fact that the EULA is very liberal in granting USG broad rightkanng

imagery andthe United States Government will use its reasonable best efforts to minimize the
effects on commercial saldsis this ldter statementhat is the key element that had to be
interpreted for IttC, and more broadly, it is this clatisgleads to variability in the

interpretation of the EULASeveral questions emerge from this clause:

1 How do you definavhata reasonablbest effortis?

1 Wha is a commetial saleOnly to commercial / foprofit entities?

1 Areinter-governmentabrganizatios or NGGs that might purchase imagery considered a
commercial sale?

1 What doesninimize mean?

As will be discussebelow, there arether guidance documengsovided by NGAthatdesigned
to explain theguidelines for sharing imagery.oMever, these documentan be contradictory

and / or lesprecisethan the EULA. Thisnakes it difficult to determine what exactly is
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permissible and wose,potentially violates the EULAsGeneral Terms, Clause dtateghere is

no document that supersedes the term of the EULA.

DigitalGlobe, Inc.
NextView EULA 5749 Rev 1.0
08/10/05

Finally, this closing element is worth noting as it is dated to August 10, 2005, and is still in effect

today.

NextView and You

In order to provide standard guidance on how to interpret the Nexfi¢emse NGA has
provided a supplementary documen tFiguwe24abeldwl ed A N
andAppendix4). For the most part, it does simplitye NextView EULA but also introduces
definitions of product types that do not exist in the ELAAIsome caveats about dissemination
for those product typed/ost problematic is the introduction of a false dichotomy between
Ai mageryo and fii magery derived products (I DP)
You may sharémagery or IDPswith anyone directly working with/for the USG,
including ¢é
U.S. Government Employees / Contractprs
Universities supporting USG via contract(s),
State / Local Governments,
Foreign Governments,
Intergovernmental Agencies,

NGOs & Nonprofit Organizations
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Note theadditional interpretedistinction of the original Licensed Users to include USG
employees and contractoesd Universities working for USG via contract or grant. However, in

the next two bullet points it states,

You may:
Post properly attribute dfu mb 6 | DPs on public web sites
Post/disseminate imagery usingaceessnt r ol | ed web/ FTE sitesodo (emp

original documentassume FTE is a typo and they meant FTP site

It does not make sense that you are simultaneously limited in who yobharanaes IDP with and

be able to post it on an open website.

In the EULA General Terms, Clause 4(ii) stathere is no restriction omse or distribution of
unprocessed sensor data, requiremearasipliant processed imagery, imagery services, imagery
derived products and imagery support dataagery or imagenderived productsyet here, a

distinction between thallowable modes alissemination of an IDP and Imagery has been

introduced mai nly what <can go ofinacaceisgpdubdli c&d webweash
This distinction is somewhat understandable, as it is trying to take into considénation

commercial clausand the fact that the USG should not just be giving away imabenyever,

thisis animportantdistinctionas it afects a formatting decision that IttC has to make.

With these two rules now in placiae question turns to the distinction betwénlmagery and
ImageryDerived ProductypesThe f#ADefinitionso section at the
provides a descriptioaf the key terms and distinctions, including Imagery, Imagery Derived

Product, and Notfiteral Imagery Derived Product:
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Imagery is the image and associated metadata. Imagery can be further manipulated,
enhanced, & processed. Example: GeoPDF, GedNiffF.

Image Derived Product (IDP)i any product created from raw imagérgould include
i mage metadata, but gener al |l yi ndaogeeso not and

Non-literal Imagery Derived Product is a product derived from the imagery but no
longer laks like an image. Example: Lirdrawings, maps.

From a remote sensing perspective, these definitions are lacking clarity in thedtifileye the
properties ofawimagery withthe potential formats it could be encoded in, and beyond Heat, t
formats glected do not consider the implications of web services and how they deliver
geographic data over the netwoRecommendations for changing these definitions are

discussed in more detail in a later section.
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NextView License and You

You must: You must not:
Properly attribute {(mark) all NV Imagery and imagery Provide/share imagery or IDPs made from NV licensed
derived products (IDP) with its Copyright information and imagery with anyone planning to sell it or used it for
educate anyone that receives the data on the license terms commercial gain
You may: You should seek clarification

« Share imagery or IDPs with anyone directly working with/for (see POC |i5t) before:

the USG, including:
9 - Publically releasing or openly disseminating imagery or IDPs

— U.S. Government Employees/Contractors* with image metadata

— Universities supporting USG via contract(s) = Sharing with Educational Institutions for strictly

_ StatefLocal Governments educational/research purposes (even with USG grants)
= Sharing with a company or other entity that might profit from
- Foreign Governments the imagery shared

= Intergovemmental Agencies - Posting imagery to a web site without access controls

- NGO's & Non-profit Organizations = Allowing Imagery or IDPs to be shared with a third party

+ Post properly atiributed “dumb” IDPs on public web sites = Sharing Imagery or IDPs with Universities with USG grant(s)

+ Post/disseminate imagery using aecess-controlled web/FTE - Contacting the Vendors directly
sites

* Confractors® Government sponsor must provide oversight and approval for this sharing arrangement.

Definitions

- Imagery is the image and associated metadata. Imagery can be further manipulated, enhanced, & processed. Example:
GeoPDF, GeoTiff, NITF.

- Image Derived Product (IDP) — any product created from raw imagery — could include image metadata, but generally does not and often
referred to as “dumb-image”

+ Non-literal Imagery Derived Preduct is a product derived from the imagery but no lenger looks like an image. Example:
Line-drawings. maps.

+ Third Party Partner — Party otherwise affiliated with the original USG sharing pariner, but not the USG directly

Figure24i The fANext Vi ew Liumenhse and Youo doc

NextView License Acknowledgement

There is one additional NextView document that is relevant to tié€License

Acknowledgement. This a paragraptong document that accompanies any imagery that is

shared with partners (see Append)xEssentially the Acknowledgement is to ensure that a user
understands they are accepting the terms of the NextView License, a copy of which is also
included. The key el ement to this document i s

termsismpl i ed by your wuse. 0 Therefore, this acknc

78



informs the user of the NextView license and some of its terms, and obligates the user to follow
the NextView terms if they use the imagery. The latter is needed to demorstrbk8@® is

doing its part to ensure that partners respect the NextView terms.

Existing Imagery Sharing Protocols

It is important to recognize that the Department of State, mainly through the Humanitarian
Information Unit, has been sharing imagery with ageaof partners from the beginning of the
ClearView/NextView contracts. There is an established internal process for vetting requests that
includes a policy review of the operational partners and the justification for the release. This
process requires thtte relevantlements at State Department and USAID have to approve that
the release of I magery to a specific group,
This process ensures that there is a high level of support within the Stateniggpand USAID

for a particular imagery releasEhis review process demonstrathe value placedf making
thecorrect policy decisionegarding imagery sharing, as well as a concern to operate within the
reasonable best efforts constraint of the EULAwdver,the NextView EULA does not require

this level of reviewand any NextView considerations have come fealditionalinterpreted

guidance Once aequest is approvetmagery is either shipped on disc to the partner or pushed

from the online imagergrchives to the recipients FTP site.

[ttC Workflow

The Imagery to the Crowd (IttC) projetciok two yeargo develop, andequired that several
legal, policy, technology, and organizational challenges be addressed before it could be

implemented. In the flowing sections each of these fact@sliscussed, told in the order they
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were addressedpncludingwith the launch of the IttC prototype and the results from some of

thenotable IttCprojects.

IttC had itsgenesis in a series of meetings that beg@citober 2010 around thé%2

International Conference on Crisis Mapping (ICCM 2010) between John Crowley (National
Defense University & Humanitarian OpenStreetMap Team), Dick Williams (NGA), and Joshua
Campbell (HIU). This initial meeting led to a seriddalow-on meetings between NG/Atate
Departmentandindividuals fromthe broader crisis mapping community. Thistof the follow

on meetings began witnDecember 2010 meeting held at the HIU, and again in February 2011
at theResearch & Experimentan for Local & International Emergency & First Responders
(RELIEF) 11-2 workshop in DC. The topic for all of these meetings was K@ and the
broademational System for Geospatitmtelligence (NSG)could interface with the emerging
Avol unteer technical community (VTC) o, pri mar
AVol unt eer & T e owagthe camé givéhdontima nasdent grisis mapping
community in the Disaster Relief 2.0 repdetailing the Haiti respons@Crowley and Chan

2010) and while itis seldom used nowt was the term of adsedto describe the crisis mapping

communityin theearlyimagery sharing discussians

Coming out the RELIEF 12 meetingthethought was that NGA could best exygdhe options

for how b engage with the VTC through a forneadperiment, also called a taklgp exercise.

% The National System for Geospatial Intelligence (NS@) &sf i ned i n ahe2odnbBinatiom e por t
of technology, policies, capabilities, doctrine, activities, people, dathcommunities necessary to

produce geospatial intelligence (GEOINT) in an integrated smikiligence, multidomain environment.

The NSG includes the Intelligence Community (IC), the Joint Staff, the Military Departments (to include

the Services), th€ombatant Commands (COCOMSs), international partners, National Applications

Office, Civil Applications Committee members, industry, academia, Defense service providers, and civil
community service provideis. https://www.hsdl.org/?view&did=19363
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So planning began for the construction dimited Objective Experiment with the VTC to
address four key themes: Legal/Policy Review, Techni¢atdperability (tabletop exercise),
Awareness and Familiarization with the Volunteer Technical Community (VTC), and a
workflow for engaging in future efforfdNaval Postgraduate School 201R)anning took place
over a series of conference callsgddhe experiment was scheduled for the RELIER 11

exercises to be held in August 2011.

It is worth noting that nearly all of the early IttC meetings were held as part of RELIEF
experimentsRELIEF was createdlhen humanitarian researchers at the CdatéFechnology

and National Security Policy at the National Defense University began to integrate with an on
going set of experiments held by the Naval Postgraduate School and U.S. Special Operations
Command. Thelecisionto workthe imagery sharing procethrough theRELIEF experiments

was a significant benefit, as the experimemts r e d e s i cpndectdd i comuli e A
institutional field setting; providing a sesiructured learning environment capable of promoting
collaboration and relationship buitdy across an increasingly diverse governmental and civilian
response netwodqOros 2014, 16)At that point, John Crowley, working on contract to the
National Defense Univeity, was a program lead for the RELIEF project and was playing a
pivotal role in coordinating with NGA and the crisis mapping commuRBLIEF events were
held quarterly, with most located at Camp Roberts, a National Guard base located in central
California near Paso Robles, and usually one a year held in Washington, DC. The goal of
RELIEF is to create an environment where the complex technological, organizational, and
bureaucratic challenges related to disaster relief, stabilization, and reconstruattbheco

addressedRELIEF6 s hal |l mar k was the ability to bring
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networks (humanitariapractitioners technologists, government and militafg) handson

collaboration.

As the experiment planning for RELIEF-#lwas ramping up, a process conducted primarily by
NDU and NGA, | had been workirthe details of how the imagery sharing process could work
within the HIU.Having studiedhe NextView EULAandLicense Acknowledgenm, the

NextView License and You documerand the existing State Department procedure for sharing
imagery | believed that IttC was legally possible, but thatahdgity to move forward hinged on

a clear definition on several key factors:

1 Recognition othe State Department as the Lead Federal Agenaynggery sharing
related to foreign policy, includingpmplex emergencies

1 Determine whether the crisis mapping community could qualify as a sharing partner

1 Determine whether @iled Map Service ret the equirements of an Imagery beed
Product

1 And most importantlydetermine whether the extracted vectors, mapped from NextView
licensed web services and stored in the OpenStreetMap database, violate the commercial

sales clause of the EULA.

As hopedor, the breakthrough effort occurred in August 2011 at the RELIE& étperiments
held at Camp Roberts in California.the tabletop exercise, a disaster scenario involving a
hurricane in the Caribbean was used to work through a process for providing caamhmerci
satellite imagery to the VT@Vhat emerged from the table top exercise was an otitimeow
imagery sharing could be implemented, this outline later evolved intonthgery to the Crowd

process.
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The most important portion of the experiment wasleconference back to DC with the

assembled group at Camp Roberts and members of NGA General Courstehotably the

lawyer who negotiated the NextView licen3ée goal of the teleconference was to investigate

the legal and policy considerations behadring Nex¥iew imagery with the VTC. By

considerations in the discussimerethe role of the Lead Federal Agency in determining who to
share i magery with, NGAG6s role in supporting
be considered BicensedUser, and the legal status of vector features extracted from NextView
licensed imagerylheassembled group includesembers of several NGA Offices,

USAID/Office of Foreign Disaster Assistance (OFDA), State Department/Office of the

GeographerQffice of Naval Research, and leaders in the VTC.

During that discussion the outlines of a legal framework were defined that reinforced the role of

the Lead Federal Agency (USAIDFDA for disasters and DoS for complex emergencies) in

determining appropriate partndrso wor k wi t h, that NGAG6s rol e wa
Agencies, andhe critical distinction, thatector features extracted from NextView licensed

imagery and stored in the OpenStreetMap database would not violate the NextView terms.

Getting to his answer was a difficult process, having taken almost a full year. The picture below
(Figure25) was takerwith my iPhongust after theNGA General Counsehade the statement

on the teleconferendet he assembl ed groupbés reaction speak
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Figure25: Photo taka at RELIEF 114 during teleconference regarding sharing NextView licensed
imagery with the VTC  Isdated neahe camera in the blue shirt.

Immediately following RELIEF 1#4 work continued on refining the process by which

NextView imagery could be obtaindxy a Lead Federal Agency (LFAhd shared with the VTC

for mapping into OpenStreetMapuilding on thelegal outlines from the RELIEF

teleconferencdt was further establishatiere is a difference bewe e n fA pi x pixeso, and
and that the NextView prTheddsinctomtsenmgagthated onl vy
imageryderived products and vector dateracted from imagenyerenot regulated by

NextView. An example of this would be a road that was mapped from Nexiidensed

imagery. If you wanted to share the raw imagery olvat toad, then NextView applieduB if

you viewed the imagery in a GIS and mapped the road into a vectahkemhat vector would

not be impacted by NextVieand could be shared openiydditionally you could make a map

product with the raw imagery as a backdaopglthe road vector styled on the map, export the
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mapintoagr aphic file (.jpg, .tidef]jvetdc pldmogbed t ©Oh e c

subject to NextView.

From these legal conclusionshe HIU prototyped two technological options for sharing imagery
with the Humanitarian OgnStreetMap Team. At that point, late 20thie HIU CyberGIS was

not complete, so we were trying to work with partnersaimagery hosting planrhe first
option,for HOT to host the imageryas quickly ruled out due to limitations in staffing and
resourcingHowever we did receive significant technologiaalidance angdupport fom HOT
membes during this time, which significantlyjnprovedelementsf the final imagery sharing

plan The second option was to work with the United Nations Institute for Training and Research
Operational Satellite Applications Programme (UNOSAT), whom the HIU already had an
existing imagery sharing relationshipcawho was building a web mapping capability that could
potentially host the imagery. However, significant technological challenges relatethiork
firewalls between th&tate Department and UNOSAT computer networks, hardware

configuration, and web sexv performanceliminated that option.

In the few months that we were testing the UNOSAT option, progress on the HIU CyberGIS
progressed to the point where it became the viable option for publishing the im&gerihe
CyberGIS in minda modifiedworkflow was built where HIU wouldet incomingimagery
requestsising thecriteriaalreadyestablishedt the State Departmetat determine the viability

of the requesting organization, purpose of the imagery, and whether having the imagery mapped
into OpenSteetMap was useful. If yes, the HIU wouwttainthe NextView licensedmagery

from an existing archive or submit a new request for tasking. Once reciigegdagery was

processed Hmouseand at various points includggometric correction, subset andsaic
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operations, contrast enhancemeatgiresolution merge operation&fter processing, the

imagery was transfegd to the HIU CyberGIS platforandpublished asn imagebased web

service, specifically diled Map Service (TMpthatcould be directlyead by OSM editing
software.Once the TMS was published, it wiagsegrated into thé&lumanitarian OpenStreetMap
Teammicrotasking platform¢alledthe OSM Tasking Managefthe reasons for using the TMS
structure and for integrating with the OSM Tasking liger are grounded in practical and legal
distinctions. From the practical perspective, we needed to engage with the volunteer community
using the tools and methods they were already using, and from the legal perspectiees we

taking a very conservatiepproach and wanted to leverage the user name and password login

structure implemented in the Tasking Manager

Tiled Map Service

The use of a Tiled Map Service as the web publishing standard for 1ttC was bdkeskon

factors: it wasan open standard that was already supported by OSM editing tools, it offered the
bestperformancen terms ofscalability andspeed oflelivering map tiles to the client

application andto meet theNextView and Youcriteriarelated to imagergerived prodcts To
understand the use of a TMS, a review of how other web servicessnrkessaryn a

traditional Web Mapping Service (WMS) when the client application makes a regjgeatuser
zooms into a map embedded in a web page, the client applidatemmineshe bounding box,
selected layergrojection,and other informatioabout the map viewndconstructs a URL that
containsall the information about the requefhat URL is passed to theap serverwhich

parses th&RL toidentify the relevaninformation, and begin the map rendering process. The

map server extracts the needed data layers from the spatial database or file systemeasd
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the requested data using the cartogm@plies it is programmed witiThe completed image is
compressechto animage file (usually .png or .jpgand sent back to the client for display. Note
that at no point in this transaction does the server ever send the client the actual data, only the
rendering of the datd his process is computationally intensetasmap server and spatial
database are used for every generated \Benwefitsof this approaclarethat a user can change
layers and styling dynamically, bh&s the downside asignificantcomputational load and

performance challenges for any system Htafes to support many users.

The solution to this problem was to change the order of wisgmrendering takes placestead

of waiting for a map request atfien drawing the specific view, the idea was tergrader every

possible map view and storeethrer e nder ed map 0 Withtiliagsibis pbssille us e | &
to prerender acomplex map with many layers thent o r e  othe til@ésoradsk\Vehibe this
approach el i minat es t handstydesdyamicalybhaslsignifigantt o ¢ h a
performance advantagd®y pre-caching tilesthe map server has to work hard up front to render

and store all the tiles on disk, but at runtjmerformance is greatly increas@d2 orders of

magnitude)as the computational overheiaddeliver a map tile over the network is reduted

file system call to identify and send the requested {Me=taCarta bbs 2010)This approach

works well for complex basemaps where the data is fairly statithegbal is to have a

consistent cartographic renderjgnd for remote sensing imagery

The development of tiled mapping schemas was a&laygeniof GIS 2.0,andis the technology
thatthe majority of modern web maps are based3wuogle was the first to introduce the concept

in Google Mapsand the world was immediatelytakeei t h t he Asl i ptbag mapo t

alloweda usetto pan seamlessly around the m&tippy maps work because the browser is
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requesting tiles that are outside the current bounding box of the map and storing them in the
browsets memory; this way if a user scrolls in any direction, the data is already on the client,
and the processfeedse aml ess. Additionally, map tiling i s

possible, given a few cavedltsat are explained below.

The popularity of Google Maps meant it was becoming a de facto standard for web mapping.
Beginning in 2006, the open source geograpbftware community recognized the needé¢o
interoperable with Google Maps and begastemdardize the parameters for buildargl
consumingiles. Out of the FOSS4G 2@@onference, th&Veb Map Servicé Cache (WMSC)
specification was developedhich later morphed into thgenericTiled Map Specification
(Kralidis 2008; Open Source Geospatial Foundation 2@%tahe same timesupport for TMS

was added to thOpenLayersveb mapping library, ensuring that web clients could conghme

TMS format(MetaCarta Labs 2010; OpenlLayers 2015)

It is this standardization thatade the map mashup, the ability to comlglata from different
serveron the same web mapossible. It alsallowsdifferentbasemaps to be used across
applications an important enabler for tla&option of OpenStreetMap. Tieeare several

cartographic conventions that had to be standardized to make tiled magsch&moperable.

The baseline requirements involeecommon reference grid for the entire woKdown in

cartography as a map projection, the tiles have to be of uniform size, and there has to be way of
determining a common set of map scales that wipilegendered. These requirements are why

the Web Mercator projection has become dominant in online maps, and why tiles are almost
always rendered at tH#56x256 pixelsize Beyond projection and tile size, the other

requirement is to have a defined methor changing between scales, which in this case are
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referred to as zoom leveMlhile it is possible to create tiling schemes with any projection and
tile size, becauséoogle had a hugaresence in the markehost everyone adopteheir

conventions anthey became encoded in the baseline TMS standard.

In a TMS structure, the world is projected in Web Mercator (a rectangle with coordinates ranging
from -85to +85and-180 to +180)At zoom kvel 0, the entire world is rendered as a single .png
or .jpegimage with a dimension of 256x256 pixetee Figur@6. Eachincrease irzcoom level
doubles in both dimensions, abmomlevel 1, the entire world isdded into 4 equal size tiles
eachquadrantigainrendered as a single .png or .jpeg image with a dimension of 256x256
pixels. As eaclzoom kvel increases, each previous tile is-didded into 4 equal size tileso
zoom level 2 has 16 tiles, zoom level 3 has 64,lé$mg this structure, each koon on earth
exists in everya@omlevel, and the location can be described by a combinatinoom Evel, X,

Y structure, ®e Figure27 for an exampleThe finest level of resolutiofor mapping aerial
imageryusually does not exceed Zoom Le%8| an appraimate latitude dependemhap scale

of 1:1,128 At zoom level 19it would take274 billion tilesto cover the globe; however, in

reality that number is much smaller as ocean tiles are not cgdfhepBox n.d.; OpnStreetMap

Wiki 2015d; Wikipedia 2015a; Open Source Geospatial Foundation 2012)
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Figure261 Example of a TMS at zoom level(™MapBox n.d.)

Figure27i Example of a TMS at zoom level(MapBox n.d.)

In order to satisfy the NextView requirements, the prototype IttC workflow was designed to be
as conservative as possible, maintaining the strict approval processes that theuldllusedo
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share actual imagery, comledwith the prerendering aspect of the TM&nd theuser
management controls of tl#SM Tasking Manger (discussed belo@hming out of the

RELIEF 114 meetings it was clear that in order for IttC to work, we needed to take particular
care to potect tle actual imagery pixelndto maintain the appropriate copyriglty using a

Tiled Map Servicenve determined we could provide access terprelerediles of the source
imagerythat could be used for mappinghile simultaneousiyever providinglirect acess to
theimagery datatself. As discussed above, the TMS only sends a compressed image file (or
series of files) to the client for viewing. These individual map tiles, formatted as .jpeg or .png,
cannot be reversed engineered to convert back to ragenmyan every other use case in which
satellite imagery is used to make a map that is then exported to a .jpeg or .png, the output product
is considered an imag#erived product, yet we continued to receive pushback that we were

sharing imagery.

In orderto perform the rendering for a TMS, a standard Web Map Service is involved.
Essentially theiling operationsystematicallyalksthrough a WMS service, rendering each
individual tile at the specific zoom levelsor theWMS to render, it does have to read the raw
imagery but after the tile is created, the raw imagery is no longer required. Smat, almost
absurd, level of protectiome would only enable the WMS during the tiling operation, then shut
if off while running the TMS, thereby absolutely ensuring that at no point was actual imagery

every shared.

The final criteria we needed to uphatyolvedthe expredyg stated condition in the EUL#&at
copyrightbe maintairedwith appropriatattribution. In a standd imagederived product, this

could be a simpl®DigitalGlobe attribution in the corner of the map. For IttC we went a step

91



farther in meetinghis copyright requirement, argketup the TMS rerating to include the

©DigitalGlobe watermarlon each tile inthecache see Figur@8. By including the watermark

as part of the rendering process, it is permanently embedded in each image tile, thereby
exceeding the gover nandimitng o the maximumsertentrpessilei r e me n
the risk that someoneight try to download every tile and attempt to reassemble the data to sell

for a commercial profit

Figure287 Screenshot of IttC TMS service containing appropriate copyright markings on each map tile,
note the faint ©DigitalGlobe marks on each tiléhite arrows highlight three of these. Attribution
watermarks @& permanently embedded in each tile.
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HOT Tasking Manager

The final step in the prototype workflovwvolvedvolunteer mapperaccessinghe TMS. To
accomplish this, we leveraged tHamanitarian OpenStreetMp Teamdés mi cr ot as ki

the OSM Tasking Servehitp://tasks.hotosm.oygThe Tasking Manager &sweb application

that is used to manage volunteers working collaboratively on a specific map task, and is capable
of managinghundreds ofasks at the same time. For each task, a description, instructions,
tagging guidanceand organizations involved are includegiwell as a map interfader

managing volunteers working on the task. As Figd#ehows, the Tasking Manager sutivides

a large mapping task into a series of smaller tasks, providing a mecHansstarge number of
volunteers to map concurrently without mapping over the top of each dthelis important as

OSM does not have a mechanism to detect conflicts irtireal The workflow starts with a

volunteer selecting an unmapptid, which will then automatically open tHeSM data editor of

their choice with the imagery TMS asgatialextent of their mapping area highlighted. Once
mapping is completed, the user checks the data back into OSM and marks the task complete in

the Tasking Manageturning the square from grey to red.
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http://tasks.hotosm.org/

C i O taskshotosm.org/job/34
OSM Tasking Manager

GOVERNMENT

® w-® )

NGOs

MapAction W\I:E

Bokolmanyo-Camp Roberts/RELIEF

Description Task Users Stats

Help us test a new imagery agreement and workflow for more information read
the article on HOT's blog: http://bit ly/nextview

This workflow allows the Humanitarian OpenStreetMap Team and

O Map access to imagery through the U.S. government's
NextView license. The primary use of the imagery to derive vectors must not be
commercial. For this exercise the primary purpose is to provide better logistical
information by tracing the roads and footpaths within various refugee camps in
Ethiopia and Somalia

[ Feedback |

|
@ & unitar
UNOSAT

IGOs

U)lkaM o::. c..mm.m.v ( INFORMATION STILL NEEDS
Lux ex TO BE COLLECTED

ACADEMIA 3 CC ] } [Moymy
Total (169) Ml Done (115) M Validated (0)  Cur. worked on (0)

Designed and built for the Humanitarian OpenStreetMap Team with initial ity Fork the code on github.
hip from the tralia-Ind Facility for Disaster Reduction. See Team

the about page for complete information

*{

.
T

ABILITY TO REQUEST
NEEDED INFORMATION

HOT VOLUNTEER

- INFORMATION COMPLETED D NFORMATION STILL NEEDED

Figure2971 Annotated view of HOT Tasking Manager Task page, depicts the map interface used to
manage volunteer efforts and how individual $akks appear as smaller grid cells. Grey indicates the tile
still needs mpped, Red indicates its been completed.

Access to the Tasking Managemanaged using Vv o | ueridtireg © 8N user name /

password loginprocess,nd i f needed, the Tasking Manager
users to furtherefine who can acss a task. Customadifications weranade to the Tasking
Managerto accommodatéhe NextView license requirements, specifically, a mechanism to

ensure that &olunteer mappehnad to review andccepthe NextView licensacknowledgement

before they couldaess the imagery for the ta@kgures 30 and 3).
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OSM Tasking Manager You are disruptiveGeo

South Sudan, Nimule -- Updated Imagery, 05 January 2014

Description Instructions Task Users Stats

Mapping Goals

Please update the following features:

roads

streets I

paths

buildings
walls

rivers

streams

Refer to the High
appropriate road tagging structure

age for help in understanding the

Save with credit to HotOSM and MapGive Comment the changeset with

1 Total (108)
South Sudan, Nimule, $hotosm-task-445, %MapGive

Source=Worldview-2, DigitalGlobe, Nextview, @5 January 2014

Imagery Details

This imagery is from Digital Globe's WorldView-2 satellite taken on January 05
2014. The image is 1.5 GB in size and has been pan-sharpened (combined
panchromatic and multispectral images) for visual clarity and orthorectified for
terrain corrected geographic precision (CE90=8.4; RMSE=3.9). No contrast
stretch was required for the image and it has been processed into a Tiled Map

Sendcs (IS} pedmance “Access to this
imagery is limited by
the NextView license

] agreement”

Figure301 Modification to OSM Tasking Manager to require a user acknowledge the NextView license
before gaining access to the imagery.

OSM Tasking Manager You are disny

NextView License Acknowledgement

Access via this site 1o imagery identified as "Mextiew" is subject to the following usage terms:

"This date is licensed for use by the US Government (USIG) under the NextVisw (NV] license and copyrighted by Digital Globe or GeoEire. The NV license alfows
the USG to share the imagery and Literal Irnageny Derived Products (LIDP) with entities outside the USG when that entity s working directly with the USG, for the
USG, orin a manner that is directly beneficial to the USG. The pary receiving the deta can only use the imagens or LIOP for the original purpose or only as
otherwise agreed to by the USG. The party receiving the data cannot share the imageny or LIOP with & third party without express permission from the USG. At no
time should this imagens or LIDP be used for other than USG-related puiposes and must not be used for commercial gain, The copyright information should be
maintained at all times. Your acceptance of these license terms is impliad by vour use.”

In other words, you may only use Nextview imagery linked from this site for digitizing OpenStreetMap data for humanitarian purposes

| AGREE Mo, thank you

Designed and buitt far the Humanitarian OpenStreethiap Team. See the about Fork the code on github,
page for camplete information

Figure31: NextView License Acknowledgement integration itte OSM Tasking Manager platform
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During RELIEF 122 held at Camp Roberts in February 2012 ptwotypelttC workflow

(vetted imagery requests, TMS enabled, watermarked, password protected behind the Tasking
Manager, and NextView acknowledgement requestjfor sharing imagery over the Horn of

Africa refugee campwith VTC for mapping into OSM was again presentedNGA General

Counsel for reviewand again, agreetb. The primary factor again wa G A &upport of the

Lead Federal Agency, and State Deéparent 6 s det er mi nati on that the
USG interestsWith this concurrence, the project moved forward, but progress was slowed by

technological development at the HIU and challenges in obtaining appropriate imagery.

ANext Vi e wand Rrapos¥doDefinition Changes

In addition to the prototype workflow, ageest to consider a change to the defingiosed in

the ANext Vi ew an dsomadeto NGAdGeneral Eaunsalswparisf RELIEF

12-2 in February 2012, araijaina yeadaterin Janary 2013.In my opinion, here are several

revisions that are needed for the NextView and You docutoeaddress confusion regarding
thelmagery to the Crowthet hodol ogy, and the speandfi c crite
AlmageDerived Prodct (IDPY. NGA Gener al Counsel s concl usi i
to pixels, and not IDPs is significant, yet theid#ons used to describe these tedacks the

specificity needed when consideriwgb service methodbkat emerged after the origih

document was releasethe revised definitions provided below are intendegréundthe

distinction between Imagery and Image Derived Progluchageryscience and the technical
characteristics of sensor derived imagery. By using this perspectiaefthions allow for

easier interpretatiom the futureas new formats and communication standards arise.
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The Open Geospatial Consortium (OGC) has created a series of web communication standards

for the transmission of geographic data over the Internet. This family of standards began with the

Web Mapping Service (WMS) and has extended to include Web CovesageeSWCS)and

Web Tiled Map Service (WTMSEach of these services requests, processes, and netsters

geographic datancluding imageryin fundamentally different way8ased on the current

definition of Imagery and IDP, there is not enough {giea to account for the ways these

services workAs an example, the WMS and WMTS, a variant of the TMS standard, both
compress the requested i mage into a Adumbo
to the client and as such shouleldonsicered IDPs. Yet the WCS standard streams raw pixel
values back to the client, allowing these streams to be used in additional analysis that leverages

the sensor derived characteristicshe imagery, and as sudhould be considered the same as

raw imagey.

Referringback to thdiNextView and Yoo document (Figur@4 and Appendix 4)

Imagery
Original

Imagery is the image and associated metadata. Imagery can be further manipulated,
enhancd, & processed. Example: GeoPDFeoTiff, NITF.

Proposed

Imagery: imaery in digital format with associated metadata. Imagery can be further

manipulated, enhanced & processed, while retaining its original spectral and radiometric

characteristics. Example: GeoTiff, NITF, or a compression thereof.
Image Derived Product (IDP)
Original

Image Derived Product (IDR)any product created from raw imagérgould include
i mage metadata, but gener al | yi nlaogeesd n ot
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Proposed

Image Derived Product (IDPa visualization made from digital imagery, butigthhas
undergone some form of image transformation in which the original spectral and
radiometric characteristics of the imagery cannot be reverse engineered. Can be in either

an individual file format (JPEG, PNG, PDF or GeoPDF), or accessed via a wenmap
service. Also referred to as a Literal Imagery Derived Product.

Non-Literal Imagery Derived Product
Original

Nortliteral Imagery Derived Product a product derived from the imagery but no longer
looks like an image. Example: Lirdrawings, maps.

Proposed

Nonrtliteral Imagery Derived Produd a digital vector or product derived from the
imagery. Example: digital vector files, lirdrawings, maps.

IttC Prototype: The Horn of Africa Refugee Camps

Over the course of 2011 and 2012, famine raged attrtedsorn of Africa(ReliefWeb 2012)
Theoccurrencef this famine corresponded with the technology development of the CyberGIS

and the IttGnitiative, and as such, made a natural test case. The previous CyberGIS section
describes the construction of the nddignadtd/i ewer
communicate the spatial arehporal patterns of the famiaad its impact on human migration.

The most dynamic element of the HOA Viewer was the daily updated refugee camp statistics that
were harvested from United Nations High Commission fefiuBees (UNHCR) documents. The
visualizationsand interfacesreatedo display theséata in the HoA Viewewere impressive,

but there was a problem in the geographic doraaitheOpenStreetMapasemap we were using

only had very limited information (sé¢egure32). Thecommercial mapping companies actually
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had worse coverage witlo data over the camps, and the Blue Marble satellite layer was too

spatiallycoarseto see the camps.

Figure32: Screenshot of the Bokolmanyo refugee camp as depicted DpgbnStreetMap database
before the HIUled Horn of Africa Mapping Experiment (May 20, 2012) .

This presented a unique opportunity to test the Imagery to the Crowd methodology. l@mdne

it was a practical exerciseh@& lack of easily accessible, upeldt GISready data for the five
refugee camps in Ethiopia, collectively known as DoltibAand the five camps in Kenya,
collectively known as Dadaalmeant that the HoA Viewer itself was limited in its utility as a
visualization platformThe work would ot be duplicative, for as far as we could tell, the data

did not existas confirmed in personal communications with GIS staff at the United Nation High
Commission on Refuge€UNHCR), the organization responsible for building and maintaining
the camps. Oanother level, it was a moralsue;the inability to visualize the geographic

footprint of approximately 600,000 people living in tents meant they were easy to forget. Their
representation on the map was a critical element in understanding the situation.
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By May 2012, the technological development of the CyberGIS had caught up with the legal and
policy work on IttC, and ipossible taise the HIU system in a prototype mapping experiment.

As part of RELIEF 123, the HIU working in partnership with the Humtarian OpenStreetMap

Team held a mapping experimenhe goal waso produce detailed vector data for the refugee
camps, including roads and footpaths in and around the caipsvery limited advertising,

consisting of one short blog post and two twe#te goal was to determindlie volunteer

mapping community would respond to a humanitarian mapping request from the HIU. The

answer was yes, and over the course of three days, a large portion of the ten refugee camps were
mapped. The total amount ofapping was impressive, as illustrated-igures33 and 34as was

the fact that less than 35 volunteers participated.

The results of the experiment yielded two positive outcomes, first it provided the evidence we
needed to convince internal policy mak#rat this process did work, that the crowd was capable
and willing to contribute their mapping efforts, and that the resulting data was of sufficient
guality to meet the needs of multiple stakehold8exond, the integration of the high resolution
imagery services and the updated OSM data over the refugee camps significantlydrtbeease
utility and presentation value of the HoA Viewer, providing a vote of confidence to the

CyberGIS initiative.
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APPLICATIONS IN DEVELOPMENT:
HUMANITARIAN OPENSTREETMAP TEAM (HOT)

Imagery digitizing experiment May 21-23, 2012:
Bokolmanyo Refugee Camp, Ethiopia

Before HOT After HOT Close up view
(taken May 20, 2012) (taken May 24, 2012) (taken May 24, 2012)

Unclassified = 23

Figure331 Sequence of images showing the OSM bageover the Bokolmanyo refugee camp during
the IttC prototype

UNCLASSIFIED
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Figure 34i OSM basemap over the Dadaab refugee camps (Hadadera, Ifo 1 and 2, and Dagahaley) after
the IttC prototype
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Figure361 Results of IttC prototype visualized in the HOA Viewer
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Results

Results of four other IttC projectse also presented hefiéhey occurred in different areas of the
world, for different humanitarian purposesd engaged different partners. Collectively they

represent a good crassction of thautility of OSM data and the value of IttC to support it

Community Resiliencé Gulu and Lira, Uganda American Red Cross

This project was the second IttC deploymeamd aupported an American Red Cross project
focused on community resilience in two cities, Gulu and Lira, in northwest Uganda. Both cities
had grown significantly in the last couple of decades and there were no good road or fire hazard
maps available. Thed®l Cross project involved training local university students in the cities on
howto map in OSM and how to conduct on the ground surveys to validate their mapping effort.
A remote mapping party was held in DC to help the project by mapping as much imsgery

possible, so that the field teams could focus on validation.

The biggest risk in both cities were the large numbers of circular thatch huts built in close
proximity to each other and other residential structures. Fjubelow shows what the raw

OSM data looked like, and Figug8 showsthe rendered basemap, aappears on the OSM

website. In both examples the large numbers of huts are easy to detect. As part of the field survey
portion, the local teams also collectagsiness names and other details not visible in the

imagery. In one of my favorite examples, there is a restaurant mapped in F8gaiéed

Alulululub s Por k R dNatsboth of thesd aitiesnvéere essentially blank slates in OSM

before this projecstarted.
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However, itis Figurd9t hat speaks to the potential of t
This map is a simple extraction of the OSM road network in Gulu, mapped in grey, with all the
huts that were mapped displayed in red. This mdpeofisk is an extremely valuable tool for

the local first responders, and since they were also trained by the Red Cross on OSM mapping,

they have the tools and kndvow to keep this data about their community up to date.
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Figure377 OSM data displayeth the JOSM editor, note the large number of small circular huts.
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Figure38i1 OSM rendering of the data, displaying number of huts, trees, and business names.
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