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An Information Systems Strategy for the Environmental Conservation Community

ABSTRACT

As the cause of environmental conservation emegesglobal priority, the need for a practical
information systems strategy shared among consenvatganizations becomes imperative. Historigally
researchers and practitioners in conservation h@teheir own information management and analysis
needs with inevitable variation in methodology, aetits, data formats and quality. Consequently,
conservation organizations have been unabdgstematically assess conditions and set informed
priorities at various scales, measure performahteetr projects and improve practices through &geap
management. Moreover, the demands on consenatochanging such that the bottom-up approach to
information systems will become an increasing aamst to effective environmental problem solving.
Where we have historically focused on the protectib“important” places and species and more régent
“biodiversity,” conservation is moving to a systewnsw, specifically ecosystem-based management,
where relationships and process are as importaheasdividual elements. In parallel, awarendshe
human dependency on functioning natural systeros the rise and with it the need to explicitly valu
ecosystem services and inform tradeoffs. Climhgnge requires conservation to develop dynamic
adaptation scenarios at multiple spatial and teaimales. Credible assessments and effective
conservation action increasingly rely on collabiorafrom multiple organizations and disciplines.
Finally, the business of conservation is underdgased pressure to account for its spending and
objectively measure outcomes of its strategies.ofhese changes translate to growing, not shmmk

demands on information and information systems.

In response to these challenges, this researchnisean information systems strategy for

the environmental conservation community. It psgmthe development of a distributed systems
infrastructure with end-user tools and shared sesvihat support standardized datasets. Key giegate
include removing the barriers to information shgyiproviding valuable tools to data producers and
directly supporting heterogeneity in conservatiatadets. The strategy concludes with a call fan-hig

level management involvement in information systsinstegy and collaborative investment in
implementation by the conservation community, partnn government and donors. Without these steps,

conservation as an industry may find itself ill-ggped to meet the changing needs of people andeatu
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Introduction

The project is intended to a compelling case fareth investment in an information systems platfom
the conservation community. The ultimate goahef project is to provide the foundation for more
systematic conservation across the conservatiomeonity, from large non-profits and natural resosrce

agencies to small land trusts.

The term “conservation information systems” referthose information systems that address the
information types, problems, and tasks specifisitaliversity conservation. Content areas includélfi
observations, species occurrence and habitat mgpgpecies viability analysis, ecological assesssnen
and trends analysis, land and water restorationagement of stewardship activities, measurement of
conservation project performance and improved mesthrough adaptive management. In all of these,
researchers and managers need to collect, orgamizmanage raw information as well as query,
visualize (e.g., via geographic maps), analyze nsarize, share results, and guide decision making at
various scales. Generally speaking, informatistesys facilitate productivity, analysis, workflows,
communications, process improvement and accouitjadiid can have a transformative effect on

business process.

The document begins with a presentation of the frasavestment in conservation information systems
in the context of a changing conservation agendiaen describe the primary challenges in the
development of effective information technology éonservation, most notability a fundamental
heterogeneity in conservation datasets and analyges strategy follows beginning with the
development of a distributed conservation infororagystems infrastructure in which cooperating data
nodes provide secure hosting of standardized,alyatixplicit datasets for their respective geodiap.
Companion tools allow local users to collect, aggte, manage and analyze these datasets. |tteess
importance of end-user applications and utilittest bring direct benefit to data producers anthet
same time, maximize interoperability of their datas The strategy then describes how emerging
semantic mediation technologies can address ttdafnantal challenge of necessary variation in the
structure of conservation data. Finally, to meetghactical challenges in implementation and evgjvi
needs, the strategy proposes specific mechanisorganize and galvanize investments by conservation

organizations and their partners in conservatiéorination systems.

| have designed the strategy to build alignmentfastér investment in phases starting within lssgale

conservation organizations such as The Nature @amsey, Conservation International, and World
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Wildlife Fund with increasing reach into the conggion community. The primary audience for the
strategy is senior managers, including but nottéchto IT managers. Science and conservationipeact
managers may also be interested as well as dorithrewinterest in the power of information tectogt
to bring new levels of efficiency, efficacy and agaotability to conservation. | have written thisasegy
for the non-technical reader who is interestednienstand information systems and their relatignsi
the problems in conservation. Wherever necesshaye attempted to explain technical concepts and
relate them to examples from conservation.
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The Case for Conservation Information Systems

Conservation of natural systems and their elemsridspendant on an understanding of complex,
interrelated biophysical and socioeconomic factqarating at multiple temporal and spatial scalésit
understanding in turn depends on effective infoiomatollection, management, analysis and
communication to support decision making. Yetdbeservation community, as an industry, lacks the
information systems infrastructure dgstematically assess conditions, set informed priorities, measur
performance of projects and improve practices tiincadaptive management. We lack even the most
basic unified views of protected areas, speciesantbgical community distributions and conservatio
projects. John Wiens, lead scientist at the Naluneservancy bemoaned the “data management
problem” as a threat to science-based conservatidradaptive management (Wiens & Comendant
2005). In 2002, The Heinz Center released itsrtapoecosystem conditions in the United Statebg T
State of the Nation’s Ecosystems.” In this repibre, authors declared the assessment incomplet® due
the lack of data collection, reporting and systamfrastructure to sufficiently assess ecosystenditiom
(Clark 2006). The Millennium Assessment projeetitified significant information challenges in its
analysis: incomplete, uneven coverage, incompatibllection methods, lack of metadata, and data
reliability (MA 2005).

Moreover, the demands on conservation as a busaneshanging such that the bottom-up approach to
information systems will become an increasing aamst to environmental problem solving.
Conservation has historically focused on the ptairof places and species on the basis of inwiitiv
values and, more recently, “biodiversity” with m@@phisticated analyses of critical species habitat
richness, rarity or irreplacibility. Yet, by neséy, the conservation agenda is in motion on astléve

significant fronts, all with significant ramificatns for information management:

1. Management ofcosystems: the systems-view of nature recognizes the neetbie beyond
individual species and places to address complebogical relationships and process.
Ecosystem-based management requires sophisticatgeling of ecosystem dynamics to, for

example, predict cascade effects of species lasgmtire shifts in regimes (Wu & Hobbs 2002).

2. Conservation biology increasingly recognizes thatdeographiscale at which analyses are
performed changes the questions asked and ans{iRedtbrd et al. 2003). As a result, multi-
scale assessments are required to effectivelyrmét@cision making within a given region
(Zermoglio et al. 2005).
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3. Awareness of the human dependency on functionityyalasystems is on the rise and with it the
need to explicitly value the services provided tayctioning natural systems. This view
recognizes conservation’s role in informing tradeaf the ongoing human domestication of
nature (Kareiva & Marvier 2007). Valuationagosystem services depends on highly
guantitative, spatially-explicit, multi-scaled aysgs based on both biophysical and

socioeconomic datasets (Nelson et al. forthcoming).

4. Global climate change requires conservation to look into the future. West develop models of
biodiversity response to changing conditions atadesthat can inform natural resource
management and landscape planning (Root & Schn2fi§). These analyses themselves must

respond to improved prediction algorithms and iasnegly granular and refined datasets.

5. The “go it alone” strategy has reached its apesthBBssessments and action increasingly require
conservation organizations ¢ollaborate with each other, partners in government and theg
sector. To effect decision making assessmentsstine spectrum of conservation subjects, from
the condition of individual species to integratedional land-use planning, increasingly require
contributions from multiple organizations and didicies. Similarly, implementation of
conservation projects more often involves activeigipation of cooperating organizations

(McShane 2003). These collaborations depend @nnvtion sharing and integration.

6. Finally, the business of conservation is underdased pressure from the donors and the public to
account for its spending andobjectively measure outcomes of its strategies (Christensen 2002;
Ferraro & Pattanayak 2006). Adaptive managemestiBpally requires that we do not “wait for
science” but rather measure and respond to measaterhour actions themselves (Lovejoy

2006). We must systematically account for progedts, benefits and strategies.

All of these changes translate to growing, notrgting, demands on effective information systems.
Information technology, when effectively designmsplemented and maintained, reduces costs and
creates opportunities. Moreover, information tetbgy can fundamentally transform business
processes. Private sector organizations pursuspegeific information technology strategy have on
average 20% higher profits (Weill & Ross 2004)on€ervation must adapt to the changes underway in
its core business. We risk relevancy to societyeifdo not invest in the information systems capaci

required to credibly inform human impacts and dejeecies on nature.
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Challenges

There are three fundamental challenges to the dewednt and maintenance of information systems for
conservation. First and foremost is the basicrbgineity of conservation information and analysis
followed by the accessibility, transparency andsgasity of current conservation datasets and findie
organizational challenges to understanding, praing, funding and controlling investments in

conservation systems. Each of these is descnbeubre detail below.

1. Conservation information is fundamentally heterogeneous.

The primary challenge to the development of coreg@m information systems arises from the problem
domain: natural systems. Natural systems are ctegiized by enormous variability of actors, that is
species and natural communities, each with their complexity, as well as complex ecological
relationships and processes. What matters dementte focus, location, and scale of a conservation
effort. In addition, human understanding of ndtsystems, their components and processes is
incomplete, constantly evolving and described fibwerse perspectives. Assessment and management
of natural systems, as the core functions of enwirental conservation, must therefore accommodae th
fundamental variability, complexity and evolutiontheir subject matter. Consider that businessailosn
such as finance or manufacturing are human-engdesrd can therefore follow a top-down model of
information systems design. In contrast, modemseovation, if we wish it to be based in sciencesim
somehow represent its diversity of semantics (nmegnschema (data structure) and analyses in a
bottom-up fashion (lves et al. 2005). These is$oies the central challenge to conservation infdioma
systems. Either by reduction or explicit suppimfigrmation systems for conservation must somehow

accommaodate a basic heterogeneity in their subjattier.

Apart from schematic and semantic variation in eovation datasets, a related challenge arises from
syntactic variation: the diversity of data formatldransparency. The vast majority of data torimfo
conservation is collected, managed and analyzed $pecific purpose and without considerationtor i
utility to other inquiries or different spatial alod temporal scales. Data format is almost alveaays
function of available tools. Description of thealéself (i.e., metadata) is a low priority to @at
producers who have little to benefit from the addest of annotation. This leaves other potensalsi
with the expensive task of interpreting meaning enathods, and therefore reliability, from the data

themselves.
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Variability in schema, semantics and syntax alastfates the development of general-purpose
information systems to capture, manage and analyzservation datasets. When information systems
are developed for conservation, they support aifspetethodology and therefore embed specific sdem
and semantics. To be functional to end-users, ggatiem provides to varying degrees its own user
interface, reporting, mapping, security, and imfgxyort functionality. When the subject mattecus

or methodology varies, new systems are often dpeelancluding all of the supporting functionality
(IABIN 2004). Itis as if each dissertation, besawf its unique content, required the developroéat

new word processor. The tight coupling of methodgland information systems combined with the
considerable costs of information systems develapinas meant that much of conservation research and
practice go unsupported by information systems.eiiools are developed, usually on shoe-string
budgets, end-users frequently suffer insufficiesahility and functionality as well as a system @atnot
keep up with changing practices. The diversitganservation’s domain has thus far limited the piodé

return on investments in custom information systdmslopment.

In response to these challenges, the Taxonomic\Wat&ing Group (TADWG), the Global Biodiversity
Information Facility (GBIF), the Conservation Comnsoand other groups have developed data sharing
policies and data format standards. “Data starsdane lauded as the cure for the menace of vanidti
conservation information. However, in the absesfogood tools for the data producer, standards
conformance benefits only consumers of conservatifammation and at sometimes considerable cost to
data producers. Moreover, standards efforts deetefe when variation can be resolved with
communication and negotiation. Standard data nsaxbainot address situations where variation is
irreducible. Given the lack of incentives to implement staddas well as the enormous variation
inherent in the problem domain, data producersfaomance to standards is unlikely to be realized.
Until standards conformance is either passive aviheincented, its ability to facilitate broad-¢ea

integration of conservation datasets will be limite

2. Conservation information is frequently isolated.

Apart from the practical integration issues thagefrom conservation data’s variability, potentiakrs

are simply unable to access many datasets of stteneseveral reasons. While data collectors and
managers decreasingly collect their datasets iemaptebooks, the spreadsheet on a personal compute
remains a popular data storage tool for consenvatza. In other cases, researchers and praetision
develop personal or shared databases. Even tlgitized datasets, however, remain offline,

inaccessible to researchers and practitioners whddaput these data to important use in consematio
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Online access requires data hosting services dnddipg tools which may be unavailable and cost-
prohibitive to producers of valuable conservatigioimation. Some reluctance to sharing is expthine
by risk exposure. Field researchers are oftergatdd not to publicize the locations of rare speoie
ecological inventory of private lands (Barker 200&;Shane 2003). In academic settings, the
considerable cost and research value field datepats/ents liberal sharing, especially prior to éwn
after publication of results. Finally, data prodrgcfrequently have little incentive to share thisitasets.
Even if a given data producer believes sharing@d,” sharing generally benefits someone else
somewhere else and usually comes at consideratii@ed sometimes risk (Barker 2008). When
incentives do arise, researchers will share datdmetmost often on an individual request basisdbas
not scale to broad accessibility. Overall, conaon as an industry lacks the mechanisms, incfudin
hosting, publishing tools and security, as wellresincentives for data producers to share théasgds.

Consequently, the industry is generally unablezedhe long term value of its information assets.

3. Conservation organizations have underinvested in information systems.

Determining the overall spending by on conservaitidormation systems is outside the scope of this
research. Consider, however, that average prseator spending in information systems is 4.2% of
annual revenues and rising (Weill & Ross 2004)veBithe pressure on non-profit organizations in

general to keep total overhead at or below 129 hard to imagine that any conservation orgaronasti

are devoting one third of that total to informat&ystems.

Donors are not inclined to specifically fund infation systems development over direct conservation
action (Barker 2008). Academia is sometimes lodkedr tools to assist in conservation. Yet viay
solutions originating from academic institutionsy@aeen wide-spread adoption in conservation.nAs i
other disciplines, academia is generally a goodcgoior methodology and algorithms but a poor seurc
of large scale, deployable solutions. Finally, ¢benbination of complexity and market size has flans
prevented for-profit companies from developing iohs specifically for conservation. So it appeituet
we in the conservation community are on our owprtavide the strategy, requirements and

implementation of conservation information systems.

Leadership of conservation organizations may beigdy skeptical of IT investment and with some
good reason. IT is expensive to develop and aatofdemonstrate promised returns (Barker 2008).
Conservation planning tools in particular may hagen oversold, ultimately limited by the demands of

sophisticated software engineering and lack of @irbje sources to inform their data-hungry analyses
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(Barker 2008). Yet, to-date, information technglég address these problems, that is, facilitata da

development, integration and online access, habeawt a priority.

Additionally, conservation organizations have bhesitant to develop expertise in information system
development; their IT leaders frequently have arsm, not IT background (Barker 2008). Information
systems analysis and design is its own rich dis@phvolving the development of user-friendly,tfas
reliable, interoperating, extensible and durabfeasare architectures. This discipline thus hasmatr@l
role in the success of conservation IT especiallyght of the significant challenges inherenthie t

subject matter and growing challenges in requirémen
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The Information Systems Strategy

While the challenges presented above may seemidgutitere is a way forward. It will take time,
expertise and commitment to realize. By combirgrigciples and technologies from the software
industry with insights into the problem domain,illgresent here an information systems strategytfe
conservation community, one that can be implemeotedtime, within and among organizations,

delivering value along the way.

There are four principals that inform the six saasi of the strategy described below. First, bexajiso
much of conservation analysis is characterizeddoypexity, variability and dynamism and b) coverage
of interoperable data is frequently the limitingta in credible, multivariate analysis, therefkey
information systems for conservation must be aeciatd from thdottom up. For many conservation
problems, users must be able to assemble theiisolutions from compatible components, whether those
components are interoperable datasets, applicammhsitilities or fine-grained definitions of dat@ihat
said, for other conservation problems, includingnsan climate change and ecosystem services
valuation, datasets and methodologies are sufflgistandardized to warrant investment in end-user
tools. We simply have to understand the conditfonsuccess. Second, while standards play anole
interoperability, they are by themselves not usefihly when standards are supportegéyerful,
usabletools, especially for data producers, do they have value. Thirdser-driven iterations play a

crucial role in the development of successful infation systems. For instance, this strategy
recommends against the upfront development of goeimensive set of standards for conservation
datasets. Rather, we begin with those that proimiseediate benefit to data producers, bolster tiétim
tools that fulfill the promise and build from ther&hriving information systems, like ecosystens, the
product of continuous iteration. Finally, effeeiinformation systems strategies depend on

organizations, specifically on technical expertise and ongoingagement of executive leadership.

Consistent with the “bottom up” principal, the $égy begins by proposing a distributed information
infrastructure for conservation data, follows witforitized standards selection or development tviaie
then supported by end user applications. The a@tdtecture is completed with the addition of etyi

of interoperable utilities to make the system peattand useful including data import, dynamic
transform, analysis, aggregation, workflow facitita, and more. Then, based on emerging semantic
web technologies, the strategy poses an approatchuate of tools to provide direct support for
heterogeneity of conservation data and analysie strategy concludes with specific steps for

organization and community engagement.
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1. Online Accessto Conservation Data

As mentioned above, potential contributors of valeaonservation information such as land trusts,
small research institutions and species-focusedaswation non-profits often lack the funding and
expertise to enable access to information they daveloped or assembled. To address the isolation
conservation datasets, we propose the deploymetistobuted data infrastructure as a service eoftifi
spectrum of conservation data contributors. Regigi#based data nodes can act as shared repofitory
contributors in the area. The nodes must be cordiyenable secure access as defined by the
contributors. Information assets specific to thgion should be cataloged and listed in globaktirges

such as the Conservation Geopontah(v.conservationmaps.aorgrhe ability to share their information

with partners in a secure hosted environment wigh hvailability and reliability along with end-use
applications and analytical tools, described latehe strategy, will encourage contributors’ paptation.
Data management nodes will also provide a systdatfopn for these data and analytical services and

end-user applications.

The development of this network of nodes is pdytiahderway. The core of the Nature Conservancy’s
Conservation Information Systems Strategy is th@ayenent of “Data Management Node” network to
be configured along ecological boundaries (TNC 2008ese nodes will act as a well-managed
repository for the Conservancy’s strategic datasetiseir local geography and allow GIS analystsrth
locale to perform ad-hoc queries and analysisutiog but not limited to conservation priority sedy,
based on these core conservation datasets. Nauegera will work with Conservancy offices at the
state and local level to aggregate datasets, namerthlem to standards for use by other local paréis
well as regional, national and world-wide purpos&be Conservancy'’s strategy specifically idengifie

the opportunity and benefits to hosting data fraheoconservation organizations (TNC 2006).

Conservation International is developing a netwadricopical forest field stations worldwide. The
Tropical Ecology Assessment and Monitoring Netw@EAM) is monitoring long-term trends in
biodiversity using standardized protocols in Cdraral South America. These field stations, culyent

numbering 14, may provide a natural data hostirtjeantess role for their contributors and partners.

Large conservation organizations and academidutistis, having both the interest and the capaaity,
currently the only potential providers of data hugservices. The systematic investments deschibegl

have begun and will prove (or disprove) the viaypidif this strategy. However, hardware, softward a
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administration costs may ultimately require a nforenal approach including shared funding (e.g.,

through the Conservation Commmons) or donor-speasfunding.

Summary of Information Benefits

A distributed network of data hosting providers Wbenable systematic sharing of conservation
information, reducing organization IT capacity dsaarier. The network would provide all developefs
conservation information that otherwise lack ttapacity with a reliable, available and secure locat

for online access to their datasets. These dataaatthen be more easily shared with partners and
aggregators such as the Global Biodiversity InfaromaFacility. Cataloguing capabilities of the ting
service would build awareness in the conservatoonmounity of datasets (leveraging such systemseas th
Conservation Geoportal). The distributed dataersnwill provide a foundation for data integration,
analysis and end-user applications describedilatéis strategy. Indeed, a data hosting capaaitiine
access and systems platform are all pre-condifmmihe rest of strategy proposed here. Finally, a
understanding of the economic and emissions costata centers increases (Robb 2007), shared bostin
services will enable conservation to share costsep consumption and leverage associated best-

practices.

Sample Conservation Benefits

The direct benefits to conservation of widely-aablé, shared hosting are limited. Many barriers to
effective information sharing remain and will bedegksed later in this strategy. At a basic ledala
hosting services enable access and therefore imgranticipation and thus the coverage of consemvati
information resources. Systematic registratiodaifisets in directories such as the Conservation
Geoportal may improve the efficiency of conservatiesearch and assessments. As a more specific
example, online access to biological monitoringinfation can improve researcher collaborations,
improve secondary analysis such as ecosystem-basealgement and climate change and highlight

information gaps.

Challenges
Costs of hardware and software for new data nodébevsignificant as will the ongoing maintenarafe

these assets. Node administration costs will antgibe significant and ongoing. In addition, this
strategy may enable a “tragedy of the data commahegtein contributors may take advantage of hosting
services and data provided by others while refiram contributing their own datasets and/or enaplin
access. Finally, online access to datasets malyenstifficient incentive for potential contributdos

participate.
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Where to Start?

» Formalize the criteria for access, availabilityliatgility and security for conservation data nodes.

* Publicize through presentations and whitepaperata Blanagement Node “recipe” consisting of
hardware, software and data standards for impleatientby those organizations with sufficient

capacity.

» Identify existing institutions with the interestdhnapacity to provide hosting services for

conservation data providers in their area.

» |dentify funding for the enhancement of candidaides to meet the standard as well as the

establishment of new nodes.

» Develop simple tools for the maintenance of nodemories and registration in the Conservation

Geoportal
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2. Interoperability of Conservation Datasets

While heterogeneity of conservation datasets isadienge, it is neither universal nor debilitatinbhis
strategy addresses the basic challenge in congerdstta interoperability by proposing the formatian

of information exchange standards for core conservalatasets. The emphasis is on a tiered approac
to information exchange, that is, tiered, secuta ichterfaces, and less on the standardization of
conservation data itself. This enables data masagemaintain datasets in the most appropriatador
while enabling secure access according to the egehstandard. The tiered approach enables standard
designers to structure complex domains into hibiasc For example, ecological assessments may be
decomposed into an array of vegetation classesaaget species, each with a description of extedt a
condition that is optionally further decomposed; dBructuring complexity into tiers, the exchange
standard will give data producers the flexibilibydublish at the most appropriate level of detSi&curity
is paramount to the pragmatic sharing. Many esdamtntributors of conservation data will not shar

those data unless they can completely control acces

Open Conservation Exchange

This strategy proposes the development of an Opeisé@vation Exchange standards program. The
program would prioritize conservation data thenmas @evelop exchange protocols based on Web
Services technologies. Information categories sisctprotected areas”, “ecological observationst] a
“ecosystem services” would be prioritized for themnategic value, dependencies and practicalityind)
an iterative and tiered approach to manage coniplestandards would be supported by reference
implementations by key stake holders as well dsiesi and end-user applications (both describest ia
this strategy) to ensure the practicality of tlendard. The data exchange is considered “opersusec
anyone can participate by producing data to thedst@l or consuming data through the standard.

However, access to specific datasets and evemadthiia datasets is subject to owner control.

The key to a successful standard is establishiagrilmvirate of a well-designed protocol and then
critical mass of producers and consumers. Togetihese will attract the rest of the industry. For
instance, when the Dolby noise reduction standasl developed, both data producers (media suppliers)
and data consumers (media players) had to getanm lfor the standard to take off. Take off it did.

the financial sector, the Open Financial Excha@€X) has enabled independent banking institutions t
exchange transaction information with custometseiobanks and vendors all possessing highly diverse

technologies and capacity. The lesson for consierves that the exchange standard is not enough; w
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must also ensure a critical mass of data prodaetconsumers that make use of the standard. With
these in place, the standard attracts secondadypeos, consumers, and tool developers resultiag in
“network effect” wherein the addition of each nearticipant improves the value of the network to all

participants.

The Services Architecture

This strategy recommends that the Open ConservEtohange standards are implemented via Web
Services. From an information systems point olwigata and analyses can be thought of as “serVices
Services, if they are compatible, can be combingatdduce new data and analysis, just like “Legos.”
What makes Legos work is their interfaces. Thentlustry has been developing the equivalent of kego
Internet-based protocols that enable interopetglufidisparately developed data and analysisthfer
past decade and calls them “Web Services.” Wehi@&sxyvas systems integration technology, are now
pervasive in both private and public sector infaiorasystems (Manes 2003). An individual web sasvi
is a component that can stand on its own and pes\ad‘service” to other components. It does noéla
user-interface but rather provides a programmatériace so that other information systems can make
use of its capabilities. Appendix A: shows how Web Services approach can be applied to individual
applications and a suite of solutions. From webelaapplications to integration infrastructures aow
even mobile devices, Web Services enable the ovafiégnéormation assets to centrally maintain the
integrity, security and business logic while enadplaccess to both internal and external clientss data
owner may even dramatically change its underlytngcsure, format and implementation technology, yet
so long as the Web Service interface is maintaidegdendant clients remain operable. Thus, the Web
Services interface is a technical contract thawadlboth data producer and consumer to evolve dicgpr
to their own needs while maintaining their benatficelationship. Because they can support multiple
interfaces or contracts, a substantial benefit eb\V8ervices protocols is support for an evolving
standard, that is, a standard that responds t@aoigbusiness and technical needs. Web Servieces ca
also be added to existing information assets, #eecdegacy systems” to enable their participation
modern data interoperability. Numerous case ssuaee demonstrated the transformative natureeof th

Web Services approach to individual companies &ed endustries (Manes 2003).

Conservation information, characterized by its 8itg of geography and providers and by the need to
scale across time and space, is an excellentfe Web Services architecture. By implementirgg th
Open Conservation Exchange on Web Services pratgspécifically REST), conservation information

asset managers will enjoy all of the associateztapterability, productivity, and durability bensfit

Kristin Barker
Nicholas School MEM Project, Duke University, 2008 Page 17



An Information Systems Strategy for the Environmental Conservation Community

Leverage Points
Standards for conservation datasets have alreadydmveloped with varying degrees of adoption.

These include the SEEK protocols developed at NCEA8cological datasets, DiGIR protocols for the
aggregation of biodiversity collections and fieloservations and marine observations standardsradtho
under OBIS. A national effort led by Greeninfo Wetk in cooperation with USGS and the
Conservation Biology Institute is developing a coef@nsive protected areas inventory (Barker 2008).
The Conservation Measures Partnership, the NatomseZvancy and Defenders of Wildlife are alll
investing in interoperability of spatially-expliabnservation project information (Barker 2008).
NatureServe has developed Web Services accesssioeities and ecological systems profile informatio
as well as specific location data (NatureServe 008e development of a set of Open Conservation
Exchange standards should strongly leverage egiptiotocols and data standards, adopting highly

successful standards and learning the lesson®sé fess successful.

There are a number of candidate datasets thapreWide substantial value to conservation if
standardized in an Open Conservation Exchange.HEmez Foundation’s report on the State of the
Nation’s Ecosystems, identified critical data gt prohibited systematic assessment of ecosystems
the United States including landscape patterntibigton and condition of key habitat elementstigk-
species and communities, non-native species; stagamiparian condition; nitrogen yield and load,
carbon storage and ground water levels (Clark 20068 Nature Conservancy has identified four
datasets as fundamental to their information sisaterotected areas, assessments (including
conservation targets such as habitats and ecosg)steomservation projects and threats to bioditxersi
(TNC 2006). Studies in the automated valuatioaaufsystem services require a different list of skt
including land use/land cover, soil types, hydrgldgjomass, timber production, age, use and market
value, agricultural production, costs and markdtie/aspecies habitat and more (Nelson et al.

forthcoming).

As stated above, data exchange standards andittrlying implementation through Web Services
should be developed using an iterative approachmd& begin with those that are the most practecal
identify or develop, most likely to be adopted qndvide the highest overall value to conservation.
Candidate starting points include already standattiaxonomies in conservation including the IUCN
Threats Classification Scheme (IUCN-SSC), the Cvasimn Measures Partnership conservation actions
standard (CMP-Actions), and vegetation and ecosysteassifications (Grossman 1998; Comer 2003).
This strategy proposes the development of an doalytamework that ranks the suitability of a

conservation dataset for standardization. Thedraonk would evaluate benefits (e.g., necessity to
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priority conservation analyses, existence of aasgftil data standard that can be used or levesageof
the producer sector) and contrasts them to cogts {ee heterogeneity of contributing datasesk ri

exposure). A sample framework is given in Apperiglix

Standards development requires sustained commitoventime. This strategy therefore recommends
that conservation organizations allocate resourethe ongoing development and maintenance of
exchange standards. However, | caution agairgg{scale, upfront standards efforts. Standardbese

when strategic, light-weight and fully supportedtbgls (see next strategy).

Summary of Information Benefits

Information standards, if they are widely used bémanteroperability between systems. A conseovati
data exchange standard would increase the weatthtagets available for analysis and save congaemvat
researchers and practitioners time in data preparal he Web Services approach enables sustaiyabil
of the overall architecture by a) facilitating cantof datasets by their rightful owners and b) ragdg
implementation variance through explicit data exg®acontracts. This in turn improves the potelffitial
data currency, reliability and accuracy. Conseéovatlatasets can evolve, growing in representatiah
variety, without disrupting existing clients. Hd same Web Service interface is implemented tesscc
data in different geographies, third-party cliecds aggregate data at a higher scale. Similavty, t
organizations collecting similar data can providmmmon Web Service interface, again allowing third
party clients to aggregate based on the stand@rdlly successful standards will attract new pials,
consumers and tool developers improving the valuadltparticipants. The realization of the bersefit
stated here is dependent on adoption of standgrdschtical mass of participants. This in turmpdeads

on the strategies described later in this document.

Sample Conservation Benefits

Assuming the conservation industry is able to aeh@itical mass participation in the production of
standards-compliant data, many conservation a@esvihay benefit. For instance, broad-scale adoptio
of a protected areas data standard, a goal thadhgdrustrated conservation, would enable autatve
gap analysis, inform the reliability of protectionlight of development pressures and help us wstded
the degree to which existing protected areas rheatéeds of wide-ranging species and/or ecosystems

responding to climate change.
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Challenges
Because of inherent heterogeneity in many categjofieonservation data, there may be numerous

conservation datasets that should not be standakdizat is, they do not pass the cost/benefiyaisal

Where standards development is justified, leadiestamdards efforts are often challenged to etiiist

required expertise. Standards development reqaispecial mix of expertise and communication skill

and yet is not a highly-regarded activity in conagion (Barker 2008). More fundamentally, standard

are challenged to respond to legitimate excepiiotiseir application. Eager adopters can lose thei

enthusiasm when faced with non-trivial informatloss. Emerging semantic web technologies may offer

a realistic means to support both heterogeneoaselatand, at the same time, interoperability (see

strategy number four). But for the time beingnstrds development and conformance for highly

heterogeneous datasets may require fundamentakoonge. Finally, in the face of competing

priorities, conservation will need to explicitlyrfd standards development, promotion and maintenance

Where to Start?

Formalize an analytical framework that evaluatesdbsts and benefits of selecting or developing
standards for each conservation information dom&ir. datasets characterized by heterogeneity,

hierarchical standards may be practical.

Start small and enable success: identify infornmatiomains within conservation that are strong
candidates for standardization. Support thesetsffath end-user tools and transformation

utilities (see the next two strategies)

Engage key data producer organizations on the dewent of Web Services to produce datasets
that adhere to the Web Services protocols spedifiettie standards. Where cost-effective,

“wrap” existing systems with web service protocols.

Engage key data consumer organizations on the @mweint of Web Services clients that can

demonstrate the value of the standards

Build awareness of Open Conservation Exchange atdadhrough case studies, live

demonstrations, papers and conference presentations

Encourage conservation organizations to adopt tek Bérvices architecture for all conservation
information systems development. Based on thesoomif an information system, coordinate

relevant data exchange standards through the Gatiger Commons.
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3. Toolsfor the Producers

Aggregators and analysts of conservation informegienerally agree on the imperative for data
standards. They are united by their common intémesgnthesis, analysis and decision support toessd
critical questions in natural resources managemedtconservation. This group recognizes both the
unmet need and the missed opportunity in each ceetsen dataset (e.g. observations, conservation
projects) that remains in simple spreadsheet fdrgitized but nonetheless disconnected and
undescribed. They are thus motivated to convenealaligerate, producing standards that reflect their
interests in the data and then cajole and/or caarother group, the conservation data producey to
out of their way to conform, convert, reformatiskate, crosswalk, describe and their data theoawiat
to shared data servers. Yet the benefits of thigtiadal effort are abstract, realized in anothlecg and
time and by someone else. Not surprisingly, coraenr data that is undescribed, disconnected and
highly variable in format and semantics continueadcumulate, the unfortunate outcome of mismatched
incentives. The result is a wealth of informatiomose potential to inform and direct the understagdi

effective management and conservation of natusikgsys is never realized.

This strategy proposes that we meet the needsarfiation producers with data entry, management and
analysis tools that 1) outperform all alternatirresolving the user’s problem in terms of eases#, ease

of learning, productivity, scalability and applidély to the problem at hand, 2) embed standards
conformance in the data they produce and 3) leeeo#iter information and computation services in a
service-oriented architecture. The strategy igpnino rules without well-behaved tools.” Verdhs
overt standards-promotion approach, this strategigtis on powerful and usable tools for data preduc
that happen to produce (and potentially consunagdstrds-conformant data. With sufficient adoption,
these tools thus define de facto data standardbéardata inputs and outputs. Only by providaiggct

and immediate benefit to data producers will waeaaehthe broad standardization required by data

consumers.

By taking a Web Services approach, tool developéts) enjoy increased efficiency by not having to
reinvent shared services and b) contribute thégquencomponents to the pool of services available t
other developers. Complexity in analysis can belleal through services hierarchies, in a mannér tha
parallels the tiered approach to information stamsldescribed above. For instance, in a tool under

development by the Natural Capital Project to supggstematic valuation of ecosystem services, the
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tiered approach will allow users to use the builtarbon sequestration models or supply their csvn a

long as it conforms to the carbon sequestratioa staindard (Nelson et al. forthcoming).

The predicate of each centrally developed end-agglication is the existence of specific methodglog
on which that application can be based. In additibe detailed methodology must be applicable in a

wide variety of situations, enough to warrant irteent in a software system.

For example, the Conservation Measures Partnef€i), a consortium of conservation organizations,
has developed a methodology to guide conservatmegis that defines “targets,” “threats,” “actidns
and “steps” as a means to abstract the highly ousfgproaches used by conservation practitioners.
Importantly, CMP has followed up with the develominef a desktop software tool, “Miradi,” to support
users in employing the methodology. If Miradi lggnproductivity to conservation practitioners withi
and beyond the CMP member organizations, conservatay have a powerful means, perhaps the only
practical means, to produce standardized conservptbject data. This in turn will enable systethes
aggregate and analyze project-level data. TherBl&@onservancy is actively investing in ConPro, a
web-based tool for managing conservation projéetseémploys the CMP standards and will aggregate
data from individual Miradi instances. Furthermae XML standard for conservation projects is unde
development that will at first enable data exchanefeen ConPro and Miradi but also enable other
organizations (e.g. Defenders of Wildlife) to denetheir own conservation project tools, aggregatio
and analysis systems. This is an example of thesfalization of the “no rules without tools” stegy.
Given the emergence of practical and powerful toat truly meet end user needs, that tool's datadib
becomes a de facto data standard. Providing tiaestindard is open and shared, other tools, peosluc

and consumers, can emerge around the originathaslenabling a new level of efficiency.

Existing and potential end-user applications tgueupconservation include:
* Field observations management
* Collections management
» Species and ecosystem distribution modeling, inotudlimate change scenarios
* Species population viability
» Vegetation classification automation from remotesgedata
» Watershed, wetland and benthic modeling
* Watershed pollution, erosion and runoff for wateality and quantity analysis
* Food-web analysis

» Natural resources supply/demand analyses (e.getirfibheries)
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e Urban growth modeling and development impacts amaly

* Regional or even landscape scale climate changgtmos and response analysis

* Invasive species observation, distribution, tremalgsis and control

» Stewardship activity management

» Easement and preserve compliance monitoring

» Conservation project management

* Protected areas data management

» Conservation planning (i.e., ecological assessments

» Policy and compliance (e.g. NEPA) analysis

» Ecosystem services valuation and mapping includindeling of regulation, provision, cultural

and supporting services

* Integrated landscape planning
The inter-relatedness of these domains pointseaitinificant benefits that may be derived by a
standards-based, leveraged approach. These nappbeially powerful when supported by analytical
units in a workflow context (see the next stratedydr instance, an integrated landscape planoiolg t
might combine ecosystem services valuations witlioggonomic development analyses. The ecosystem
services valuation might combine natural resouscgply and demand analyses with water quality and
guantity, carbon sequestration, biodiversity favsstem resilience and other services. Each séthe
might be further broken down. From this perspegttiie effect on conservation of an efficient dtrced

approach to information and information servicey ima transformative.

It is important to acknowledge that many valualsid-aser applications for conservation have already
been developed. The Ecosystem-based Managemelst Netwvork provides a database of tools, many
originating in academia, that address a wide-rarigesues in ecosystem-based management (see

www.ebmtools.orjy Yet the tool development has thus far beenaitarized by reinvention and

isolation. While recognizing the value of site asslie specific problem solving, the EBM Network
managers acknowledge the limited utility of manythase tools either because they are simply too
difficult to use and/or too tailored to a spectfiematic or geographic problem (Barker 2008). Mahy
the tools require users to prepare custom datisatgput, learn new methodologies and/or learn new
user interface conventions. Tools rarely levefagetionality from other tools. The format and
semantics of their outputs are frequently non-saashd Users pay a high price to derive the promised

value of these tools.
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Those tools that facilitate high productivity oftalgroducers and are based on a widely shared
methodology will be most successful. In the bemigmphases of this strategy, developers may lagk th
expertise or incentives to make their tools widghplicable, interoperable and usable. Here theeval
standards efforts supported by tools and an infdrooenmunity can be realized. This strategy
recommends that the Conservation Commons deveteptification and funding program based on a)
adherence to usability and interoperability stadgiaand b) provision of data and computational
accessible via Web Services. The program woulkl desor investments and then fund new tools or
certify existing tools according to a cost/benafialysis similar to the one shown above for data
standards. For instance, the framework would aealy the strategic value of output datasets or
analyses, 2) size of the data producer sectomtgnpal gains in data producer productivity and/or
compliance 4) likelihood of successful generaliaatbmation, more specifically, the developer’sigpil
to manage inherent heterogeneity of the data arldauelogy and 5) conformance and contribution to

the services architecture.

Summary of Information Benefits

The focus of tool development on conservation meseas and practitioners, as the providers of piyma
productivity within this information ecology, wifirst and foremost directly improve their efficigncBy
encoding standards conformance into these toods Tirojan-horse fashion, we remove idiosyncrate (i
syntactic) divergence of datasets. In domains wtate producers are successful, the secondary
beneficiaries are the data consumers whose atulitiggregate and analyze standardized informagion i
dramatically improved. This strategy, at a basiel, just makes the second strategy, “Operational
Conservation Data,” a practical possibility. Adaially, authors of tools in a Web Services ardtitee

are able develop more efficiently by leveraginghdtad components.

Sample Conservation Benefits

In domains unburdened by semantic heterogeneitpmiplex workflows, the combination of data
hosting services, data standards, end-user toeisable success of the standard are enough toeenabl
direct benefits to conservation. For instancéhefconservation project management methodology
forwarded by the Conservation Measures Partnershifherently sound, widely applicable and has the
potential to substantially improve the productiwatyconservation practitioners, an end-user apjptina
may not only manifest productivity improvement lilgo enable new capacity for accountability,

measurement of strategy effectiveness and unddistapatterns of conservation focus. As another

! A useful starting point for this standard may he tBest Practices for Developing Interoperable EBMtware
Tools” defined by the Ecosystem-based ManagemeolsTdetwork (sedttp://www.ebmtools.org/node/150
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example, for those organizations with direct resuitity for preserves and easements, land stewagrds
activities may be supported by tools and integratit biotic information using Web Services, thus

improving the compliance, productivity and capaigiti of land managers.

Challenges
Because of the inherent variation of the underlyirigrmation or required analyses, there may beyman

conservation activities that cannot be effectivgipported by tools. Similarly, in dynamic domasugh
as detailed ecological assessments or ecosystaraegsranalyses, tools development will lag behind
science and usability needs leaving researché®iodwn — non-standard - devices. Finally, evéeng

tool development or enhancement is practical, fugdnay be limited.

Where to Start?
* Investin tools for high-value conservation anaybiat are based on already standardized

datasets and methodologies.

* For each dataset warranting standardization, pecetai-user support in the form of tools for the
production of data that complies with the standardols must be easy to learn, use, consume
standardized datasets wherever possible and cleghpve productivity of their users. In
addition, they should support access to their dédaand computation through web-service

protocols.

» Develop a cost/benefit analysis framework to ptieifunding and support for the most strategic
and cost-effective tools. Investigate existingspsuccessful and otherwise, to inform the

analysis.

» Develop a certification and funding program thatairages the development and success of

usable interoperable tools
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4. Computation Web Services

Data management nodes will provide secure, reliab$ing of conservation datasets. Data web ssvic
will enable maintenance by their owners and dathaxge standards will enable secure access byleutsi
parties. Finally, end-user applications enabla @diting, management, reporting, mapping and some
forms of analysis. With the addition of computatgervices, the basic Web Services architecture
becomes truly powerful. Computation services aiteyucomponents that transform, crosswalk, corinec

analyze and synthesize conservation data.

Computation frameworks have been developed thawvalkers to assemble complex workflows or staged
analyses based on raw inputs, transformationshegas and analyses. NCEAS’ Kepler is one such
environment (Ludascher et al. 2006) as is ESRIGpgmcessing framework (ESRI 2008). These
frameworks can complement the tiered approachatudsirds so that workflows may automate complex
analyses with many intermediate yet still standaadliresults. In such a workflow, users can sulstit

the best suited analyses for individual componbased on availability of inputs and expertise.

Summary of Information Benefits

Computational services complete the support fordsiedized datasets in conservation by enabling
* Access to and conformance of non-standard datasets.

For instance, to increase coverage of the protertess dataset, some existing data repositories,
perhaps in the form of stand-alone files, may Heaged to a shared server where attributes can
be cross-walked to the standard and augmented&gtiired metadata. Alternatively, protected
areas data may be maintained in an existing rapgsand transformed on-the-fly in response to
the standardized Web Services queries. As aneianple, proscribed burn data may be
maintained by various custom applications or singpleadsheets. These data can be combined
by computation web services into a common standaadbling aggregation and analysis of
proscribed burning within and across organizatidrisially, both GBIF and NatureServe have
developed taxonomic reconciliation services, thlgswing the aggregation of biodiversity data
captured using diverse taxonomies. Computatiovicses therefore significantly enhance the size

of the pool of datasets accessible through starideedaces.

» Aggregation, synthesis and analysis
Computation services can provide users with simapglgregations of similar datasets, synthesis of

aggregated datasets into tabular reports, mapther wsualizations, and/or intensively analyzed
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to produce fundamentally new information. Aggrémaservices access any number of data
sources through Web Services protocols and contbaténformation. Some computation
services may stop there. For instance, the GBimaliversity Information Facility (GBIF)
aggregates collections and field observation dsitagMeb Services protocols and makes these
aggregations available in turn to other servicgsthe next stage, aggregated information may be
mapped or otherwise synthesized. Indeed, GBIFseMation data can be viewed on a web-
based map or transformed into KML for presentatin@oogle Earth. Finally, the information
may be intensively analyzed by a service. Foaimst, climate change models may combine
regional biodiversity and climate data provideduisgrs to produce climate change scenarios at

regional scales.

Computation services that combine aggregation tommon sources with intensive analysis
will be significantly improved with the benefits sftandardized inputs and the service
architecture proposed here. For example, MARXAB vgidely-used tool in conservation for
optimized reserve selection based on biodiversity@st data. The current implementation
requires users to assemble and transform datasiinottext files. Web computation services
can automate this process based on a variety aihooniiodiversity and cost data. An updated
version of MARXAN might support interoperable contiens to Web Services directly, both in
terms of its inputs and outputs. As another exanmgice an ecosystem services effort identifies
or develops a water quality data standard basedesation, soil, land cover, vegetation,
temperature and precipitation, software developanssupply companion computation web
services that connect to established data servinéders. Based on these inputs, the service
would then produce water quality data conformarnh&ostandard, perhaps tuned by end-user

parameters.

Connection and standardization of non-conservatiodatasets.

Computation web services may be developed thaekathese datasets from various sources and
transform them to a common standard. For instandaform ecosystem services valuation,
spatially explicit recreation data may be requirdthese datasets, however, are non-standard and
managed outside the conservation domain. Wheredtle of the dataset warrants investment,
computation services can use whatever means aiteldgaperhaps employing multiple
techniques for very similar datasets, to accesdrandform the information for interoperability

with conservation Web Services.
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* Publishing and export.
Outputs of analysis and synthesis can be optinfizedigh availability and performance or
exported into formats conformant with competinggternal formats. For instance, the detailed
delineation of spatially-explicit of conservationggities, perhaps informed by ecosystem
services valuation or high-probability climate charscenarios, can be shared with conservation
partners, government agencies and the public iméndia that will maximize their impact for

each audience.

The value of the service-oriented architecturefisnation of the number of participating servicdhat
is, as the number of shared services and interbpgrapplications increases, each new solutiohas t
much more leveraged. The diagram below (figurdebjicts a high level view of interoperating sersice

and applications at a data center sponsored b§dheervation Commons. Services shown may be

distributed world-wide and among several coopegatirganizations.
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Infrastructure and Application Support Services
I
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Figure 1: The Conservation Commons Systems Platform.

This figure shows a hypothetical mix of servicesaorirtual systems platform hosted by the cons@matommons. Any given
service may provide its functions by leveragingeotbervices. Services need not be collocated -usedapplications provide
data entry, management and analysis to their widgrtlatasets. Utility data services provide refiee datasets for
standardization. Transform services provide risa¢-transformation of datasets hosted outside litéopm to meet the
Commons’ standards. Similarly connection serviammect and aggregate externally hosted (and angecvation) datasets for
use by the Commons’ solutions. Analysis serviegstze combined with data, connection and transgmmices to provide rich
analytic workflows. Finally, infrastructure andpdigation support services provide security and iagstration functions.

Sample Conservation Benefits
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Computation services give us the ability to transfand thus incorporate non-standard datasets.
Moreover, they can provide cost-effective suppartcomplex analyses and workflows. The ramifiaatio
for conservation may be dramatic. For instanoe attility to aggregate biodiversity data across
taxonomic systems improves the scope and coverajdes more accurate indicators for biodiversity
health such as the “Living Planet Index” (Loh et28l05). Conservation assessments have increased
transparency, scope and coverage and can theratmeeeasily inform policy at multiple scales. Sdthr
view of conservation priorities makes for less mdancy and better issue coverage among conservation
organizations. Complex relationships and processesosystems can be modeled dynamically based on
online data sources thus enabling change predittiains closer to real-time. Computation servicisr

a realistic means by which spatially-explicit ecgisyns services valuations can be created and
maintained based on a wide variety of biotic, ggspal and socioeconomic data, thus enabling
tradeoffs-based decision making. The practicatiynpleteness and durability of climate change
analyses may be improved because analysis cansbedhan shared, high-end servers and separated from
data transformation and management. Conservaitirerefore in a better position to forward climate

change adaptation scenarios.

Challenges:
Again, the solutions proposed here will be limitedhose datasets and analysis unburdened by semant

heterogeneity. For instance, detailed ecologiss¢ssments are based on raw observation dataHeom t
field. These inherently diverse datasets aredtliffito standardize. In import and dynamic
transformation services, those datasets that diveegrantically from the target standard will lose
information in the conversion processes. Simibahe other strategies, funding for computationises
may be limited. However, because computation sesvieverage so many other information assets, thei

investment should be easier to justify.

Where to Start?
» Develop computation services that support the pyidatasets identified in step one and enable
interoperability to valuable but inaccessible dettss For instance, data adaptors that transform

non-standard datasets may be essential to thessuotthe standards.

»  Workflow frameworks will enable end-users to dyneatly assemble solutions to meet their
specific needs. Investigate existing frameworlchsas NCEAS Kepler and ESRI’s

geoprocessing framework.
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In some ways, computation services that aggreggiehesize, analyze and publish conservation
information are the pay-off for investment in tlrstfthree strategies. Without these strategies, t
development of such capabilities is nearly costinitive. However, with availability of a shared
computation platform, the standardization of ingata sources supported by end-user data entry and
management tools and a library of other computaitdities, the trend will reverse. Conservation

will be a position to systematically assess coadgj inform priorities and steward its holdings.
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5. Kestrel: Supporting Variation with Sandards

To address the unavoidable complexity, variatiosh@wolution in conservation practice, we must pievi

a solutions platform in conjunction with applicatgfor end-users. The imperative to respond terdev
and changing conditions requires that users betalaksemble their own solutions from a library of
components and within an overall framework. Ouwalgeto design these components and framework to
provide both end user productivity, solving thelpeon at hand, andi;ansparent to the end-user,

produce standards-compliant data that can be agige@nd analyzed elsewhere. Dynamic assembly
from standardized components can operate on tveddeirst, as described above, users may combine
datasets with transformation and workflow toolpésform a specific analysis. At a deeper level, to

respond to semantically novel situations, users dediyne schema itself from component parts.

The field of computer science is actively researglthe area of semantic mediation wherein data from
diverse, heterogeneous sources can be recondiedjvely combined and queried (Green et al. 2007,
Halevy et al. 2005; Ives et al. 2005). Not suipgly, scientific datasets and especially bioinfativs,

are the proving ground for these ideas (lves €2(4)5). Researchers have developed semantic web
languages such as Resource Description Framew@k)(Bnd Ontological Web Language (OWL) to
facilitate a full ontological description of datacaenable software systems to discover relatiosship
between arbitrary entities and reason based oremdes (Wang et al. 2004). Accordingly, the burdien
semantic description is high. By limiting the seay the problem space (entities in a specific doma
such as conservation) this research suggests artdsious approach: thdefinition of entitiesis limited

to that which will enable information systems to provide useful data entry, management, and query.
NatureServe has developed an initial implementadidhis system, codenamed “Kestrel,” to manage
observation data (NatureServe). This project naggal the basic viability of the core concept: steyn
that operates on independently-defined schemaeasdble and provide aggregation across diverse
datasets. Projects in the open source communigytmanvestigating similar approaches (Alon Halevy,

personal communication.

While the strategies presented above are baseddaetywised technologies in the private sector and
government, this strategy relies on emerging smhsti While it is valuable to develop the concepts
presented here for conservation information systemither conservation organizations nor their dsno
will or should fund the realizations of these cqrtse This research presents an approach to sinmport

semantic variation with community-driven standasdgshat we may see its benefits and work with
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dedicated information systems developers, includimdj perhaps especially those in the open-source

software community towards an implementation thiltmeet the needs of conservation.

A Closer Look at Schema Variation

As noted above, representations of complex prolsigaces such as biodiversity conversation are
dominated by heterogeneity. That is, while theeamncepts in conservation such as field obsemngtio
species and ecological community occurrences, stislvgp activities, managed areas and biodiversity
threats can be modeled in an information systeenrgtevant attributes required to adequately
characterize them significantly vary, a functiorsofentific understanding and the specific purpafse
conservation activity. In much if not most of g®blems of conservation, a generalized data model

cannot be defined to adequate capture all of ttelgleequired to address the problem at hand.

Conservation Example: Species Observations in thadid

In characterizing a field observation of a birdevant attributes might include the observer idgnti
location, time and date, the species, genderstdge, nest characteristics etc. In character&ing
plant observation, however, attributes in commatuige observer identity, location, time and date,
and the species but also include phonological stameerage extent, as well as soil type, aciditygl a
moisture. While these are both “species obsemsfidhe information required to describe them
differs as a function both of taxonomy and the psgpof the survey.

Not surprisingly, most field researchers use gertenls such as spreadsheets to manage highly
variable conservation information. These solutiaresseasy to use and extremely flexible and thus
meet the basic needs of data producers to capteirariformation. However, they offer very littile
the way of data validation or analyses specificdnservation. Furthermore, the resulting datasets
are completely non-standard and thus of littlemwalue to data consumers.

The alternative is a custom data management sy&iéed to a given conservation problem. Developers
of such systems have three possible approachest, &core data model or schema may be standdrdize
and provided support in the end-user applicatiéor. instance, in developing a species observata d
management system, the core schema of an observadip consist of a species identifier, an observer,
with the date and location of the observation. eth a system will not meet the needs of any
sophisticated exercise in species observatiorh®data model is far too limited. Second, a gdizexh
schema may be developed that attempts to abstaation. However, meaningful variation is not
always subject to successful abstraction, as icdlse of the observation data described abovallyin
developers might take the “kitchen sink” approabhthis approach, we allow the schema to expand in
order to meet the needs of a wide, and poteniiafiyite, variety of data producer problems. Wtslech

a system suffers less the problems of compromisehema, it may be very difficult for data prodscter
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use and for developers to maintain. No matter gpeaach, the return on investment in custom data

management systems that operate in a domain chdrad by schema variation is inherently limited.

The Solution: Directly Support Semantic Variation

The solution to the problem of supporting semawdigation in conservation information systems arise
from (@) the recognition that the structures ofdattities in conservation, such as observations,
conservation projects, stewardship activities, sl@acommon core and components, (b) the similar
recognition of a high degree of overlap in conseovesystems functionality (e.g., supporting dattrye
data validation, data search, data browse, regpmiapping, import, and export) and (c) the opputyu
provided by the maturity of certain informatioch@ologies such as XML and the processing speed of
widely available computers which together enabesys to take a much more dynamic approach to

basic application functionality.

We address the dichotomy of leveraged supportddalile schema by separating schema from systems
functionality. In traditional software applicat®nthe schema is enmeshed with systems functignalit
That is, application source code precisely andieidglreferences the structure of data. This aeske
proposes a system wherein application functiondligiuding data entry, management, and analysis, i
independent of schema. To provide functionality to end-us#rs,system acts on schema that is
externally defined. This separation of schema fsgstem enables the fundamental innovation in this

approachstandardization of data is accomplished by sharing schema definitions among users.

There are seven components to our shared-schemeansysferred to for simplicity’s sake as “Kestrel.
These components are: (1) a mechanism for desgrdainservation schema, that is, the entities and
attributes common to conservation, (2) informasgatems that operate on these schema descriptidns a
provide functionality to end users for data entmgnagement, reporting and more, (3) the hearteof th
system, an authoritative library of schema comptsewned and managed by the conservation user
community (4) a solution designer to instantiatd emstomize existing schema and if necessary create
new schema (5) aggregation and analysis toolscHmaharvest datasets based on shared schema)and (6
data adaptors as a bridge to existing datasets@rsgrvation information systems and, finally, (7)

community support tools.
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Conservation Example: Species Observations in thadid

The central power of Kestrel lies in the outcontdadilitates. Users of the system meet their own
information management needs and yet contributieetovealth of standardized data for use by
others. Returning to our species observation el@rttps system enables the aggregation and
subsequent analysis of diverse observation dataBetsinstance, a researcher may create a specjes
inventory of a watershed in as a first step to ustdeding its ecological processes. In doingke, s
may document the location of several plant specksnetime later, a second researcher documents
the extent of a specific rare plant in a neighlgpmatershed. Both surveyors document the date,
location and species, yet each captures a varietgiditional attributes. If both researchers use
Kestrel to gather their observations, the secosdaieher can easily harvest observations from thg
first researcher’s survey that reference his tar@et plant, thus further informing him of the extef
his target species. Later, a third researchercoaybine both surveys’ documentation of the rare
plant species with her own in another geographyiatedsect all of these observations with soil type
acidity, moisture, aspect and temperature to utetgishe habitat characteristics of the rare plant
and/or model its full distribution.

D

1. Describing Conservation Schema
The commonality of schema components allows usakenupfront investments in their definition that
can be leveraged across a wide-variety of usesinbtance, if a species observation commonly cbaiSi

of the attributes “who,” “what,” “where,” and “whe&nwve can provide the individual definitions of &ac
along with the entity “species observation corefigisting of all four attributes. The definition eftities
(i.e. data records) and attributes (i.e., data$iehs components of schema (i.e., data struature)
contain sufficient information to enable systengiddo provide a rich user interface for data entry
management, reporting, etc. Accordingly, attribdeénitions include the basic data type (e.gingtr
integer, date, and location), description, a refeego the component’s author, a short label, asitb
help text. The definition language, based on Xlsllgws attributes to reference other entities, gnog
of attributes, and default or fixed attribute valpattribute measurement types (e.g., area, lenghinne,
mass, temperature, etc.) and default units, vatidatiles, end-user annotations, confidence ratmgs

more.

Entity definitions, as descriptions of things thate an independent, though not necessarily mhteria
existence, consist of a set of attributes. Exampfecommon entities in conservation include a igsec
ecological system, field observation, species papr occurrence, protected area, restorationigtiv
burn event, etc. Further, entity definitions mapstrain or otherwise customize the attributes they

contain including specifying default and fixed v@dyaugmenting validation rules, guiding usage, etc
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To facilitate reuse, the definition language suppotheritance so that new schema components can be
expressed as an extension of existing compondiits.schema language gives full support to the ¢jloba
conservation community: all display text associatéti entities and attributes can be localized ey
language. Finally, both entities and attributeswariquely identified via a unique namespace (e.g.,
“entities.standards.iucn.org”) and name (e.g., EmsObservation”). Appendix C: provides the deiam

of a sample observation entity and associatedatés.

2. Schema-Independent Information Systems

Overlap in basic systems functionality allows usn@ke leveraged investments in the development of
systems which are independent of detailed schémthese systems, schema is treated as data that
prescribes what have traditionally been staticesydtehaviors. In the system diagram below, a data
entry form for observations is presented and paedlaith a specific observation record in four step
The data management system begins by (1) readengcttema from the schema repository and (2)
passing this description to the user interface aomapt. The user interface code parses the sct®ma (
and generates the data entry form. For instaheegdefinition of the “Number Observed” attribute is
translated in to a label and textbox on the fokvith the form in place, the data management sy$fgm
reads the data from the data repository and (Sgsathis to the user interface component (datashrow

italics) which in turn (6) populates the data erfitym with the data.
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Figure 2: Dynamically Generating the User Interface from 3che

The data management system generates the dataisetrinterface by (1) reading schema, (2) passioghe user interface
component where it is (3) translated into datayefotrms. The system then (4) reads the entityta decord from the data
repository and (5) passes this to the user interfamponent which (6) populates the form with thadttributes. The system
provides basic data entry functionality such aa datidation, intuitive entry based on data typegremessages, help text and
annotation all based on the schema read from thensa repository.

Besides data entry, the system can also providerdahagement capabilities such as add, modify, and
delete with entity records as the unit of operati&mtity records can be queried and reported using
common attribute and entity definitions, a foreshaitig of the independent aggregation and analysis

tools described below.

An attribute’s simple data type allows the systemrbvide a significant amount of functionality femd-
users. The system shown in figure 2 providestintidata entry based on data type (e.g. drop distan
for list-value selection, calendar selection foredaand location specification through maps). System
can support attributes that are references to ethities with data entry tools such as rich seardh
browse capabilities. For instance, the system so@yport data entry for a species-reference attribuyt
leveraging search and browse capabilities offeethé referenced entity’s data source, a species
database, perhaps in the form of Web Servicesof@eg functionality using date and location can

include visual representations of time and space.

Data entry and management systems can be creataddniety of platforms including web-applications

personal computers, and even field devices. Ag &mthese systems can consume the standardized
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definition of schema components and support thedstalized protocols for query and aggregation of
resulting data, “competitive” offerings differertéa on usability, computer and networking resource

demands, and even price serve to enhance, nottjétoam the overall success of the system.

3. Schema of, by and for the Community: the CommunitySchema Library

Separation of schema from systems functionalityoiswithout precedence. Intuit's QuickBase,
GoogleBase and Microsoft's SharePoint are all exesnpf systems that allow users without database
expertise to define schema and offer basic datg,enanagement, reporting and data exchange with
other formats. However, in each of those systénesschema and schema components are independently
authored based on simple data types (e.g., stritager, date). This research proposes that sératnt

rich schema components are defined by the user cmityrusing easy-to-use tools and managed by the
community in a common library. It is the communityyned and managed conservation schema library
that distinguishes this strategy for it enablesipotivity for data producers and, most importarithg,

ability to aggregate resulting datasets based on shared schema.

The Community Schema Library is the central repogifor schema components. In contrast to the
development of existing systems for conservatioa developers of schema, as the contributors o thi
library, are conservation researchers and pracétg subject matter experts, not software engsneler
the figure 3, two separate observation data empjieations reference a common set of attributese

datasets that result from these systems can begaggd with respect to the intersection of thenesta.
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Figure 3: How Shared Schema Enables Standardized Data.

Observation data from two independent data entriyraanagement systems can be aggregated with respbet
intersection of their common attributes. A usesgyrfl) identify attributes “Gender” and “Life Statun the
Community Schema Library and (2) add them to astigrg observation entity definition where they w8) be
presented by the data entry and management syistéime user interface. Should a different useirbegth the same
entity definition, (4) identify the same “Gendetlribute in the Library and (5) add it to the eptiefinition for (6)
presentation in the user interface, then obsemvatada from all of the common attributes includignder” can be (7)
aggregated and analyzed.

The Community Schema Library, as the central répgsfor schema components, must facilitate

community stewardship and evolution of its contéht. that end, there are several requirements.

a. Users must be able to find the entity and attrilolg®nitions they are looking for. Because
aggregation of datasets relies on reuse of schemaanents, rich search and browse capabilities

are critical to the success of the system.

b. Schema must be allowed and encouraged to evolgersnust be able to provide feedback and
suggest enhancements to schema components. Caombpoitieors, as self-declared subject
matter experts, must be able to provide updatestiema components based on their own
experience and feedback from users. Users must kiow to judge the fithess and quality of
schema components. Here we can take a queue fnmmenity-driven resources such as sites
for downloadable “shareware.” Component descnhigtimust include objective usage counts and
subjective user-ratings and comments. Author l@®8hould include credentials such as

institutional affiliations and a list of schema qmoment contributions, and perhaps publications
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and other information systems contributions. Is thiay, users may gage the appropriateness and
reliability of schema components and authors mésees themselves with successful schema
contributions. Emulating natural evolution, usagents, ratings and comments will enable the

“fittest” schema components to rise to the top.

Uncontrolled changes to schema components, ay antitattribute definitions, will dramatically
compromise the reliability of datasets which refeethese definitions. Consequently, in
contrast to completely open community resourceb asd/Nikipedia, this research proposes that
the evolution of schema components is controlleddyponent authors, an approach similar to

that taken by the open-source software community.

c. The library should be “seeded” with the schemaruligdins reflecting existing standards from
conservation, bioinformatics and the IT industRor example, GBIF, Conservation
International, The Nature Conservancy, NatureSétl&N and the Conservation Measures
Partnership all have detailed standards that catefieed in the library. Early adopters of the
system will thus enjoy a strong foundation of schermmponents for meeting their own needs.
If the system succeeds, translating these stanttamigity and attribute schema components may

constitute a dramatic act in support of their pcattapplication.

The Community Standards Library has dramatic ingpidns for the standards definition efforts desamlib
in the second strategy of this document. Firstfanemost, the standards definitions, as schema
components, ardirectly useful to their constituents. They are immediately usatgstable and can be
offered as viable alternatives to existing stanslaif®econd, because users can submit their own fine
grained schema components, a given “standard” neeble perfect in order to be viable. The user
community can address minor defects. As probleme ar enhancements are requested, schema
component authors can adapt their solutions to theateed, providing crosswalks from earlier statsia
as necessary. Finally, the suitability of indivallschema components can be measured in terms@é us
counts and ratings. This is valuable informatimistandards developers who previously have limited

means of obtaining feedback on their work.

4. Application and Schema Designers
Users may draw schema components from the libarin€lusion in an application. Users must be able
to start with an existing entity or family of ends and add customizations, including new schema

components. In an easy-to-use user interfaces usay query the Community Schema Library for the
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schema components that generally meet their negtjsraa “drag and drop” fashion, instantiate and
customize them as necessary. With a schema dedim customized to the need at hand, users may

“deploy” the application for data collection in anapanion data entry and management system.

Conservation Example: Conservation International’sRapid Assessment Protocol

A researcher for Conservation International (Clyra charged with leading a team to assess the
biodiversity value of an area under immediate thréssuming CI's Rapid Assessment Protocol has
already been translated into corresponding schemg@anents in the library, the researcher may find
and “drop” the observation and associated schemmganents into a workspace. From there, she
may customize these to her particular assessmedsns providing names, constraining the locatjon
and date of observations, provide default or fixaldies for the observation purpose, etc. She may
also annotate the existing protocol, as defindtienentity schema, with additional guidance. Hna
she may preview the data entry forms, reports,rags. At this point, she may transfer the
customized schema to any number of data entry arhgement systems, including those hosted jon
handheld devices. Resulting data captured inighe ¢an be fully aggregated with all survey data
captured using the same schema components.

Either in the same application design tool or separate schema design tool, users must be adlgitor
new attributes and, less frequently, entities.rite authorship consists of filling out a formthwbasic
information such as a name, purpose, the basicyladameasurement type, default units of measure,
localized labels and usage guidance text. Attélautthors may elect to begin with a pre-existitigbatte
and extend it. Entity authorship will most oftemtequired in order to accommodate a newly defined
attribute. That is, when a new attribute is defiren entity definition must be updated or origiubthat

references that attribute.

Note that entity and attribute definitions haveeasdary usage: they describe the data they collect
Consumers of diverse datasets can attest to theriamze of quality metadata, yet again becausddtee
producer has little or no inherent incentive toati® their own datasets (“I know what | mean”)tada
consumers situated elsewhere in place and timala@st always frustrated. Because entity andoatiei
definitions rigorously define the authorship, pisgpusage and validation of schema components, for

these are all necessary to the workings of theesyshterpretation of data is substantially impichve

Like the data entry and management system, conveeitiiplementations of application and schema
designers can happily coexist. Implementationsl rmedy consume standardized schema components and
conform to the same standard in their customizatamd authoring of new components.

5. Aggregation and Analysis Tools
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The community-driven standards approach enablegggtjon tools to harvest standards-conformant
data from semantically heterogeneous datasetsa rbay be harvested across geographic scales and
across organizational boundaries. Aggregatiorstowy query repositories using Web Services
protocols. So long as all entity and attributeadataccompanied by its schema reference, thecdathe
properly interpreted and combined. Analysis t@als be constructed based on attributes commonsacros
the resulting datasets. The extent of sharedyeatitl attribute usage directly defines the extédata
available for aggregation. All rests upon broadpdidn, not of specific data entry, management,
aggregation or analysis tools, but of the Commu8itiiema Library and the schema standards it reqquire

Conservation Example: Broad-Scale Cost/Benefit Angbis of Proscribed Burns

Proscribed burns may involve a wide variety of gpetechniqgues and measurements across
organizations and geographies. Using the systeomoped here, the extent of adoption of a core set
of attributes for burn events will determine theeg of data available for analysis. At broad
geographic and temporal scales, a variety of aaalgan be conducted. For instance, data from
proscribed burns may be combined with that of fiependant species distributions to determine
overall efficacy of burn treatments in ensuringrthr@bility.

6. Data Adaptors and Semantic Mediation

The approach to standardized conservation datidets here may appear to suffer from a significant
drawback: only datasets originated in the systarsabject to its benefits. However, a final catggd
tools can be developed to address this drawbatk:adiapters. Data adapters can be used to bring
existing datasets and even tools into the oveyatesn. Data adapters can be created to crosshalk t
schema from existing datasets to schema compoimetiits Community Schema Library, thus making

their data available for aggregation.

Indeed, a core tool category in the overall suitg ilpe the “data adaptor factory.” A data adapotdry
can interpret one or more vendor-specific databakema definitions such as SQL, Oracle’s
implementation of SQL, or, as a de facto standdidrosoft Excel. Given an existing dataset capdure

a compatible database technology, the adapterresemt the native schema to the user and walkstse u
through an easy-to-use process of mapping datadeca field to schema components in the
Community Schema Library. A sophisticated adaptay assist the user in specifying transformatidns o
the input data to match existing schema compondditgct crosswalks will not always be possibla. |
that potentially common situation, users can chiedeeen losing information and creating new ergiti

and/or attributes.
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Data may be adapted to the system as a single frestbrage in a Kestrel-compatible data managémen
system (i.e., import) or, when the dataset mushamtained in its original format, as a dynamic
transformation. Excel spreadsheets are a stramdja@te for one-time import thus “bringing into the
fold” a potentially vast amount of previously inassible and nonstandard datasets. In the coniggrvat
community, there are numerous large biodiversitaskets hosted by sophisticated data management
applications with a sizable user community and sugg by advanced processes and companion
systems. In these cases, the benefits of transigdo a dynamic-schema system are unlikely tovbeh
the costs. However, a run-time data adaptor cspored to Web Services requests Kestrel-compatible
aggregators and dynamically transform these datasetymenting them with schema component

references and transforming the raw data wheressacgand as defined by the adaptor.

Finally, data adaptors themselves can be registerg® Community Standards Library in association
with the entities and attributes they support. iAgahile tolerating competition, the fittest adaist will
rise to the top. Whether as a single event or aiyeelly through time, the Kestrel approach has the

potential to mediate semantic differences betweégpadate datasets.

7. Community Support

An obvious and final addition to this suite of gss is a community web site that defines the olveral
system, clarifies the ownership and community manant of the schema definition standard. For end-
users, the site should provide tutorials on the @anity Schema Library as well as a directory of too
implementations. For tool developers, the site prayide documentation of the schema definition

language and a more technical view of Kestrel.

As stated above, the only system that must be distbat of the Community Schema Library.
Competition in all but this can be supported withcampromising the integrity of the overall system.
However, it should also be clear that the commustilyuld encourage substantial investments in shared
systems. Indeed, because investments can be dedeaaross widely varying conservation domains, for
systems are no longer tied to specific schemalamld specific problem domain, users may enjoy

remarkable richness of functionality, usability gretformance in all of the systems described here.

Summary of Information Benefits

By separating schema from systems functionalityfantitating shared schema components, the Kestrel
approach encourages standards while not stiflinigitvan. Users can take advantage of rich software

functionality for data defined on their terms amd no longer wait several months (or years) femisw
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version of the software to come out that includhedrtrequested changes to the data structure. drmls

the tyranny of the software developer over useeseh Software developers build functionality; tiser
community builds, maintains and retires schemae den-source approach to the schema library allows
disagreement and facilitates selection of thedfittehema components and adaptors. Open source
projects are most successful when users are cottrgy as will be the case with the Community Schem
Library. Finally, data created or adapted from own schema components can be aggregated. While
imperfect, this approach creates community-drigeistainable and adaptive data standards. In tys w

it is far superior to the explicit standards effattescribed in the second strategy.

In combination with the first three strategiesjmplementation of the Kestrel approach completes th
potential of this overall strategy. At this poiognservation datasets, even those that are stibtan
heterogeneous in semantics and structure, areepskture, reliable, maintained by their rightfwhers,
self-describing and available for aggregation amalyssis by the conservation community through web
services protocols. As the basic functions of @atay, management, reporting and access are ehlaple
shared, schema independent applications, tool dewrelnt can focus on more specialized needs in

analysis or high performance aggregation.

Sample Conservation Benefits

Overall, the information systems strategy propdser@ enables science-based conservation. By
tolerating variability in the context of evolvingasdardization, the strategy supports the prodigtf
researchers and practitioners in the field with tmols and enables downstream aggregation angsimal
of their data at larger geographic and tempordescarhe implications for specific data domains ar
vast. This approach makes operational monitorfregosystems of the kind called for in the “Stdte o
the Nations Ecosystems” practical. A “Living Plafdex” might summarize observation data with far
more scope and coverage. Analysts can assesgeablioformation dynamically to inform decisions
and multiple geographic scales, generalizing amthsarizing as a function of the input datasets.
Ecologists can similarly assemble climate changeagos from heterogeneous data sources to
summarize specific biotic responses to changingtabtonditions. Land-use planners can similarly
value ecosystem services based on a combinatigenafralized calculations and analysis tailoread¢all
conditions. All conservation analysis, includimgt of ecosystems, ecosystem services and climate

change, can more responsive, complete, and satafiyifcredible.

Similarly conservation practice need not be coivstdhby widely accepted methodologies, standards an

tools. Conservation practitioners can manage thetoration and ecological stewardship activities
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fine detail, while still enabling managers to aggtte common elements. In this way, the system

provides practical support for adaptive management.

Challenges
The problem with this approach is that the techgiel® on which it is based are not fully developed.

While systems developers have created the initiplementations, full-scale development is several
years away and is largely in the hands of technst®gutside of conservation. We will share thdsas
and collaborate on requirements. In the meantimeservation must work with static data models and
build infrastructure. Even with implementationg#able, divergence of schema will occur in

community factions. There will always be a role $tandards bodies and a need for negotiation.
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6. Sustainable Information Systems: Organizations and Community

Because information technology (IT) reduces costsaeates fundamentally new opportunities, private
sector organizations pursuing a specific informatechnology (IT) strategy have on average 20%érigh
profits. Yet IT is expensive. Average privatetsespending is 4.2% of annual revenues and rising
(Weill & Ross 2004). Senior managers must theeetorderstand and control IT spending to ensure
return on investments. Furthermore, infrastrucimvestments such as those proposed in this syrareg
crucial for they allow managers to balance neanteaturns with flexibility to support future needs.
Finally, in information-intensive organizations, ifust be explicitly supportive of and integratetbin
organizational strategies (Weill & Ross 2004). has been shown here, conservation is increasingly

information-intensive.

Success of IT strategies directly correlates tonbapagement engagement (Weill & Ross 2004). To
realize the benefits of systems, development, gepdmt and maintenance of effective information
systems is necessary but not sufficient for oveedllirn on investment. The user community must be
committed, whether by carrot or stick, to the regdichanges. Furthermore, centrally developed and
managed IT is no longer possible or desirablesubtessful distributed organizations, IT spending
originates all over the enterprise and is coorédatith central investments. Central IT investraent
focus on infrastructure and shared services whigress units develop utilities and end-user aains

to meet more specific needs (Weill & Ross 2004).

In response to the information-intensive demandtsdfusiness, this strategy proposes that menabers
the conservation industry invest in informationhiealogy consistent with private sector, specificall
4.2% of annual revenues. In tandem, we propoddghdership in conservation organizations a)
prioritize their own understanding and developnwrihe role IT plays in conservation strategiesset)
clear objectives for both IT as well as user comities) c) invest in infrastructure and shared s&wi
development and maintenance, d) establish stadleffective governance and e) closely monitor

progress.

To encourage data sharing, especially given sefftaleployment of hosting services and supporting
tools, conservation organizations should explogeirements and rewards such as convincing research
journals in related disciplines to require “pubtioa” of datasets (i.e., their availability on assible

servers) as part of publication of peer-reviewesbagch articles.
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To support coordination efforts and facilitate istiy-wide learning, this strategy proposes an annua
Conservation Information Systems Conference hdsggtie Conservation Commons. At this meeting,
conservation organizations, their public and pevaartners and donors can gather to ensure aligrohen
their strategies and leverage funding. Specificks may inform the management of regional datas,od
build initiatives around specific conservation déditames, negotiate data exchange standards (ioflieu
solutions like Kestrel), provide incentives for @aharing and systems development and share lessons

learned from both successes and failures.

Finally, the Conservation Commons website shouldigeificantly enhanced to support the ongoing
development and implementation of an informatiostesys strategy for the conservation community.
“We will lose the race to conserve nature unlessareestablish systematic collaboration among
conservation groups. This cooperation could sesthge for reaching a consensus about a set of
conclusions and metrics for measuring and achiegioal conservation. These could then be used to

obtain broad society support for the conservatigssion.” (Redford et al. 2003)

Kristin Barker
Nicholas School MEM Project, Duke University, 2008 Page 46



An Information Systems Strategy for the Environmental Conservation Community

Conclusion

This research has proposed an information systaategy for consideration by the conservation
community. The foundation is basic access to datahich we can build an infrastructure for
interoperable datasets. We will foster the devalempt of standardized datasets in a ground-upfikera
fashion, sustained on all sides by powerful, ustdmés. As stated above, users in conservatiost i
able to assemble their own solutions from interapker components. In the initial phases of thaexg
these interoperable components are web-servicdezhdhatasets supported by entry and management
tools as well as computational services to tramsfoeconcile, aggregate and analyze. In the [dtaese,
bolstered by emerging semantic web technologiesinteroperable components are the very definitions
of data, the entities and attributes defined ardeghin a common library. The fine-grained legeraf
data definitions, authored by the user commundglit will enable unprecedented aggregation and
analysis of associated datasets. Finally, nonkesfe advances will occur without the commitment of
leadership to engage and invest, integrating indtion management and systems into their core

strategies.

The game has changed in conservation. We camgeraely on intuitive valuation of species, plaoes
even biodiversity and the idea that “more is bétetell us where to work. Rather, the systenesavis
taking hold, one that requires intricate understamadf ecological relationships and dependencie&s an
most significantly, explicitly incorporates humanpgacts and dependencies on nature. Conservation
strategies are changing in parallel. We are irstngdy dependant on partners to incorporate coasierv
objectives and detailed plans into their work. Mgst inform policy and market prices based on $ocia

economic and ecological principals and detailedyzses.

In the new game, information and information systgatay a crucial role. With this strategy in place
will be able to readily assess priorities, suppegthodologies and measurement requirements with. too
Productivity of researchers and practitioners aasignificant enhanced. We will know what worksl an
where we coordinate or need to improve. We casrimfpolicies such as State Wildlife Action plansian
payment systems for ecosystem services. We cammirtfadeoffs and change societal priorities with
hard, credible data. Accordingly, senior managaust understand and manage the role of information

technology in accomplishing their goals.

Proven technologies and recent developments frentetthnology industry are available and can

transform the business of conservation to beconmehmuore information driven, as it must be. Strigteg
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investments that solve real problems have a wagkifig off. As a participant in the data manageimen
workshops on the State of the Nation’s Ecosystamigqt remarked, “Experience has shown that when a
credible organization creates an architecture andketines for integration and publishes it (with
opportunities for feedback to refine and evolvedhehitecture and guidelines) the community wilbptd

and adapt to the architecture and guidelines aateenof course” (Clark 2006). The collective ross

of conservation organizations, whether to consepeeific species, places or the conditions of dlmea
planet, demand that we dramatically improve ouragament of information and seize the opportunities
provided by information systems. We must prioetibis need and convene the conversations to move
forward. This strategy hopefully clarifies the ndedthat critical conversation and offers somefulse

approaches to consider.
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Appendix A: Web Services Application Architecture

Web Services provide a stable interface to funefipnand data, protecting client applications thse
them from the details of their implementation. Bdyvices therefore provide a means of integrating
previously incompatible technologies. In a techirigometimes called “wrapping”, a Web Service
interface can be added to an existing applicapotentially developed decades earlier thus allowhiig)

legacy applications’ data and functionality to nojgerate within a modern Service-Oriented Architezt

TNC'’s ConPro:

Easements A Conservation Project
DMS | Data Mgmt System (DMS) Defenders of
-I Project DMS i - Wildlife
H— onservation
N End-User . Project

Interface ;
—U W

Assessments .

. Web
Dl i Project DMS } Service
m—— Web Service l Interface
i N

Partners Staff Threat Species
Directory Directory Project DMS Taxonomy Taxonomy
Repository

Figure A-1: ConPro in a Web Services Architecture.

The Nature Conservancy's web-based applicatiomfimaging conservation projects, ConPro, was naguled from the
perspective of a Service-Oriented Architecture.wkleer, its core functionality and data can be “vpeg’ in a Web Service.
This will allow other applications, including thotacking the activity on the Conservancy’s easdméda “pull in” conservation
project data from ConPro and integrate that datathre presentation of easements.

In figure A-1, a Defenders of Wildlife’'s Consenti Project Viewer application can read conservation
project information from multiple organizations @ss geographies providing that participating server
offer the same Web Service interface. Web Serngaesalso provide functionality such as taxonomic
reconciliation, mapping one species definitiontother, thus allowing client systems to interoperat
without adopting a common standard.
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Appendix B: Evaluating Investments in Data Standards

To evaluate investment in the standardization dditaset category such as “protected areas” or
“ecological assessments,” a number of criteria begonsidered. | offer here a sample framework to
evaluate investments in a given data standardh E@erion is assigned a value ranging from “Very
Low” as 0 to “Very High” as 5, the value is weigtitand all criteria are summed to give the final
cost/benefit score. The focus of this researett &higher level. Future research should refiige t
framework by testing it against a variety of conaéion datasets.

Sample
Sample Criterion Definition Weight
Benefits
Value to Conservation Value to conservation of ysialbased on 1.0
aggregated datasets. Value may be a function of
both urgency and strategic importance.
Dependency on Dependency of the value to conservation on th@®.2
completeness completeness of producer participation
Successful Data Standard If there are existing statadards in place, 0.6
score their adoption by data producers
Producer Rewards Direct value to producers by @pdiing (i.e., 0.5
contributing data)
Value of Tools to Producers Direct value of anyadaithoring and 0.6

management tools to the producers of
contributing datasets

Producer Signers Percentage of potential data pevdu 0.6
organizations committing to the standard. This
value might be weighted by each organization’s
percentage of the producer sector.

Size of Producer Sector Relative size of data pred(providers) sector 0.4

Size of Consumer Sector Relative size of data goes|jusers) sector 0.4

Costs

Heterogeneity Complexity, variation and dynamism of -0.7
contributing datasets

Publishing Complexity Complexity and controversyr@fiuction -0.3
transformations required to publish to the
standard

Tier-able Heterogeneity and publishing complexay e 0.1

offset if the dataset can be represented by a less
complex, less controversial hierarchy of
complexity

Shared Methodology Degree of acceptance of adimaeghodology 0.2
to produce standard-conformant data. The
methodology must lend itself to automation in a
software application.

Cost of producer influence Cost to conservatioranizations of -0.2
influencing data producers to participate. Lack
of influence translates to higher costs.

Risk Exposure Sensitivity of data records will ie@se the -0.3
costs of securing data exchange protocols and
exposure should security systems falil
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Sample
Sample Criterion Definition Weight
Dependant Datasets Cost analysis of datasets awie value of -3 (0.1 *

this dataset depends. Each dependant datasetG®st(dataset))
scored and weighted separately and then added

to this dataset’s score. More and costly

dependencies reduce the overall value.

Note that the cost/benefit analysis for the devalept of an exchange standard is malleable. Spaltyfic
it may be improved by finding ways to reward datadpicers, provide them with inherently valuable,
structuring the dataset’s complexity, or develomhgred methodologies.

In the sample analysis below, that is, not basedgamous research, the overall value of a protkateas
exchange standard is significantly higher than dfi@gcological assessments.

Cost/Benefit Analysis
of Exchange Standard Protected Areas Ecological Assessments
Weighted Weighted
Criterion Weight Value Value Value Value
Benefits
Value to Conservation 1.0 5 5 5 5
Dependency on completeness -0.2 4 -0.8 3 -0.8
Success of Data Standards 06 2 1.2 0 0
Producer Rewards 0.5 1 0.5 3 0.5
Value of Tools to Producers 06 1 0.6 4 0.6
Size of Producer Sector 04 3 1.2 2 1.2
Producer Signers 0.5 4 2.0 3 2.0
Size of Consumer Sector 04 5 2.0 5 2.0
Costs
Heterogeneity -0.7 1 -0.7 5 -0.7
Publishing Complexity -0.3 1 -0.3 5 -0.3
Tier-able 0.1 4 0.4 4 0.4
Shared Methodology 0.2 3 0.6 1 0.6
Risk Exposure -0.3 2 -0.6 3 -0.9
Cost of producer influence -0.2 3 -0.6 5 -0.6
Dependant Datasets -2 (0.2* 0 -6.0
-Cost(dataset))
Total 10.5 2.2
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Appendix C: Sample Field Observation Schema

The schema below describes a field observatiotygftibservationCore”) in the Conservation Commons
domain in terms of the attributes that defineSbme sample attribute definitions follow including

species identification, evidence type and evideaseurce.

<?xml version="1.0" encoding="utf-8"?>

<obs:schema

"http://services.conservationcommons.org/observatio

ns" >

<EntityDefinition "observationCore" "entities.datastd.conservationcommons.org"
"http://services.conservationcommons.org/observatio ns" >
<AttributeRef "speciesldentification.attributes.datastd.conservat ioncommons.org"
"true” "true” >
</AttributeRef>
<AttributeRef "dateRange.attributes.datastd.conservationcommons.o rg" "true"
"true" >
<LabelText ">
<Text "en-US" >Observation Date </Text>
<Text "fr-CA" >Date de l'observation </Text>
</LabelText>
<HelpText ">
<Text "en-US" >Day, month, and year when observation was made. Use Date Range if
precise date is not known.. Use Date Range if preci se date is not known. </Text>
<Text "fr-CA"  >Jour, mois et année au cours duquel I'observation a été réalisée.
Entrez une plage de date si la date précise est inc onnue. </Text>
</HelpText>
</AttributeRef>
<AttributeRef "location.attributes.datastd.conservationcommons.or g" "true"
"true" >
<LabelText>
<Text "en-US" >Location </Text>
<Text "fr-CA" >Emplacement </Text>
</LabelText>
<HelpText>
<Text "en-US" >place where the observation was made </Text>
<Text "fr-CA" >L'endroit ou I'observation a été réalisée </Text>
</HelpText>
</AttributeRef>
<AttributeRef

<LabelText>
<Text
<Text
</LabelText>
<HelpText>
<Text
information about it
<Text
</Text>
</HelpText>
</AttributeRef>
<AttributeRef

celle-ci

<AttributeRef
"false"
<Behavior>

"person.attributes.datastd.conservationcommons.org"
"true" >

"en-US" >Primary Observer
"fr-CA" >Observateur principal

</Text>
</Text>

"en-US" >Person who is made the observation or who is the pr
<[Text>

"fr-CA" >Personne qui a fait I'observation ou du principal ¢

"sensitive.attributes.datastd.conservationcommons.o
"true" />
"evidenceType.observation.attributes.datastd.conser
"true" />

<AllowMultiple/>

</Behavior>
</AttributeRef>
<AttributeRef
"false"
<Behavior>

"evidenceResource.observation.attributes.datastd.co
"true" >

<AllowMultiple/>

</Behavior>
</AttributeRef>
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<AttributeRef "habitatDescription.observation.attributes.datastd. conservationcommons.org"
"true" "false" />
</EntityDefinition>
<AttributeDefinition "observation.entities.datastd.conservationcommons.o rg"
"speciesldentification” "attributes.datastd.conservationcommons.org" >
<DataType>
<CoreType>
<EntityReference
"speciesldentification.entities.datastd.conservatio ncommons.org" />
</CoreType>
</DataType>
<Confidence "true" "interval5percent" />
<LabelText>
<Text "en-US" >Species |dentification </Text>
<Text "fr-CA" >Espece ldentification </Text>
</LabelText>
</AttributeDefinition>
<AttributeDefinition "evidenceType" "attributes.datastd.conservationcommons.org"
"observation.entities.datastd.natureserve.org" >
<DataType>
<CoreType>
<PickList>
<ListValue "sighting" >
<DisplayValue "en-US" >sighting </DisplayValue>
<DisplayValue "fr-CA" >observation </DisplayValue>
</ListValue>
<ListValue "specimen” >
<DisplayValue "en-US" >specimen </DisplayValue>
<DisplayValue "fr-CA" >spécimen </DisplayValue>
</ListValue>
<ListValue "capture" >
<DisplayValue "en-US" >capture </DisplayValue>
<DisplayValue "fr-CA" >capture </DisplayValue>
</ListValue>
<ListValue "photograph" >
<DisplayValue "en-US" >photograph </DisplayValue>
<DisplayValue "fr-CA" >photographie  </DisplayValue>
</ListValue>
<ListValue "sound" >
<DisplayValue "en-US" >sound </DisplayValue>
<DisplayValue "fr-CA"  >son </DisplayValue>
</ListValue>
<ListValue "soundRecording” >
<DisplayValue "en-US" >sound recording </DisplayValue>
<DisplayValue "fr-CA" >enregistrement sonore </DisplayValue>
</ListValue>
<ListValue "dna" >
<DisplayValue "en-US" >DNA:/DisplayValue>
<DisplayValue "fr-CA" >ADN/DisplayValue>
</ListValue>
<ListValue "tracks" >
<DisplayValue "en-US" >tracks </DisplayValue>
<DisplayValue "fr-CA" >pistes </DisplayValue>
</ListValue>
<ListValue "scat" >
<DisplayValue "en-US" >scat </DisplayValue>
<DisplayValue "fr-CA" >excrément </DisplayValue>
</ListValue>
<ListValue "otherSign" >
<DisplayValue "en-US" >other sign  </DisplayValue>
<DisplayValue "fr-CA" >autre signe  </DisplayValue>
</ListValue>
</PickList>
</CoreType>
</DataType>
<LabelText>
<Text "en-US" >Evidence Type </Text>
<Text "fr-CA" >Type de preuve </Text>

</LabelText>
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<HelpText>
<Text "en-US" >The type of information on which the observation re cord is based.
<[Text>
<Text "fr-CA" >Type d'information sur lequel s'appuie I'enregistre ment de
I'observation </Text>
</HelpText>
</AttributeDefinition>

<AttributeDefinition "evidenceResourse" "attributes.datastd.natureserve.org"
"speciesldentification.entities.datastd.natureserve .org" >
<DataType>
<CoreType>
<DigitalAsset/>
</CoreType>
</DataType>
<LabelText>
<Text "en-US" >Evidence </Text>
<Text "fr-CA" >Evidence </Text>
</LabelText>
<HelpText>
<Text "en-US" >Provide the digital audio, video or image </Text>
</HelpText>
</AttributeDefinition>

</obs:schema>
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