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Introduction Spatial Data Infrastructure (SDI) is a
framework to support spatio-temporal data discovery,
access, and utilization [1]. Implemented SDIs are a
combination of people, regulatory mechanisms and poli-
cies,naccess technologies, standards, and spatial data
themselves [2,3]. Given spatial data acquisition chal-
lenges and costs, it is necessary to treat spatial data as
a multi-use infrastructural product [1] that provides the
foundation for leveraging consistent and reliable spatial
expertise from multiple institutions. Planetary spatial
data without a coherent planetary spatial data infrastruc-
ture plan propagates the current inefficient state of man-
aging this precious data resource, impedes fulfilling fu-
ture goals and objectives efficiently, and squanders op-
portunity to fully exploit the data and expertise.

We propose the development of a Planetary SDI
(PSDI) akin to the existing U.S. National Spatial Data
Infrastructure (NSDI) [2] that identifies spatial data, spa-
tial data practitioners, and spatial data interoperability as
issues of national importance. This user motivated ef-
fort can serve as a framework to enable more effective
longer range NASA planetary spatial data driven science
planning [1,4]. PSDI is not a long range planning docu-
ment or ”roadmap”. Instead, PSDI describes the facets
and bounds within which spatial data planning should
occur, and seeks to identify, understand, and codify spa-
tial data usage requirements, technologies, standards, ac-
cess requirements, and regulatory issues. PSDI is an ini-
tial step in developing spatio-temporal data exploitation
strategies over the next 35 years.

Rajabifard [3] identifies five primary components to
SDI that directly translate to the needs of planetary sci-
ence: ”policy, access network, technical standards, peo-
ple (including partnerships), and data”. These compo-
nents are grouped into two themes: human-data interac-
tion (data and people), and facilitating technologies (pol-
icy, access, and standards). People are the key to SDI
and a realign from technology-centric to human-centric
is a necessity; SDIs exist to support complex decision
making and knowledge synthesis by the user community.
This is a user-centric view that contrasts with the tech-
nological driven approaches being applied to long-range
planning.

SDIs have developed to address three primary issues
that exist across many communities that leverage spatial
data. First, data collection can be prohibitively expen-
sive. Therefore, data reusability should be a primary
concern for the data provider and SDI seeks to provide
a framework for high reusability rates. Second, in the
case of planetary science, costs associated with data pro-
cessing and generating derived data products can be high

and cost-sharing or reuse of large scale derived prod-
ucts and tools offers an opportunity for cost reduction
and collaborative relationship development. Third, cross
group data sharing or tool development without a stan-
dards based regulatory environment can be exceptionally
challenging and SDI seeks to deploy common framework
data themes such that derived product generators are en-
couraged to integrate back into the SDI ecosystem. All
three of these goals support high vertical and horizontal
integration potential.

Motivating a Planetary Spatial Data Infrastructure
Masser [5] identifies the challenges in developing an SDI
to serve the needs of a broad user community that are
not experts in spatial concepts and whose general usage
needs are met without depth to their spatial awareness.
The majority of the planetary data users are experts in
some subdomain of planetary science and not spatial data
experts; these users want spatial data to ‘just work’. The
current focus on low level data capture and raw data stor-
age requirements does not begin to address lowering the
barrier of entry and allowing easier (standardized) data
discovery, access, and utilization. The previous state-
ment is not intended as a critique. In fact, we argue that
this initial focus is critical, and the proposal of a PSDI
premature without precursor work that focused primarily
on data and technical concerns.

The proposed PSDI has a complimentary relationship
with two other critical community services: the Plane-
tary Data System and the NASA decadal surveys. The
PDS plays a critical role not only in laying the founda-
tion for proposal of a PSDI, but also in the success of
said PSDI. In part this is achieved by recognizing that
the fundamental goals of the PDS and PSDI are orthog-
onal. PDS seeks to be a long term archive for low-level
data to allow for continued and consistent access as in-
evitable technological advancement occurs. In contrast,
the proposed PSDI is a living framework that seeks to
fill user driven needs by leveraging the data within the
PDS, transforming said data to meet the standards and
policies defined by the PSDI, and providing transparent
data access mechanisms. The NASA Decadal Survey
is a medium term planning document that encompasses
science needs and goals. The proposed PSDI seeks to
provide a framework (bounds) for spatial data collection,
management, and community utilization that would en-
able the science goals outlined by the planetary commu-
nity to be realized to their fullest potential.

We propose a vision for a PSDI that draws from
the successful development of terrestrial SDIs, the crit-
ical infrastructural successes of the PDS in archival data
management, and the needs of a diverse planetary sci-
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ence research community (academic, government, and
most recently private). A PSDI exists to support NASA
strategic goals by identifying and describing apsects of
spatial data to support increased utilization. The broad
components of the proposed PSDI are largely inline with
[3], but the specific people, technology, and data require-
ments are uniquely planetary.

People: Spatial data users pervade all components
of a PSDI and are the primary drivers [6]. Management
of the human components includes the development and
stewardship of the critical skills necessary to realize a
PSDI, the outreach mechanisms to engage and educate
stakeholders (data collectors, providers, and users), and
the techniques to connect with non-expert and new users
[7]; this is a user-centric and not techno-centric view.

Standards: Data standards support accurate geoposi-
tioning, interoperability, and usability. Spatial location
is critical for both horizontal and vertical integration of
spatial data sources. Accurate positioning is a function of
accurate pre-launch sensor calibration, in flight calibra-
tion, and data-driven in situ calibration. Interoperabil-
ity and usability of complex spatial data are also a ma-
jor concern for terrestrial SDIs and significant effort has
been dedicated to the development of robust specifica-
tions, e.g. the Open Geospatial Consortium (OGC) spa-
tial standards or the Community Sensor Model (CSM).

Policies: SDI as a regulatory mechanism is success-
ful through a combination of stakeholder engagement,
organizational (whether government or otherwise) poli-
cies, and volunteer compliance. Federal Geographic
Data Committee (FGDC) releases periodic policy guide-
lines and NASA is in an ideal position to echo these
guidelines and modify as required to more fully address
the needs of planetary data. These policies assist in en-
suring that standards for data creation and access are
standardized, as well as supporting the necessary infras-
tructural components of the PSDI with respect to user
engagement.

Access Network: SDIs exist to share data and some
organization of providers with spatial expertise must be
identified. The federated nature of the separate science
discipline nodes within the PDS provides a template for
future PSDI access requirements and the FGDC model of
organizational leads spearheading individual framework
components and framework elements is ideally suited for
two reasons. First, distributed ownership of the PSDI
significantly increases institutional buy in. Second, dis-
tributed ownership allows for specialization within the
sub-domains described here in. SDI is an inherently
complex system [1]. In conjunction with policy, feder-
ated ownership supports specialization without fragmen-
tation. From a purely technological perspective, the ac-
cess network need only keep pace with the current, stan-
dards based approaches leveraged by our terrestrial col-

leagues as these methods are broadly applicable and well
vetted by a large scientific user base.

Data: OMB [8] identifies 34 terrestrial data themes
critical to national spatial data utilization. Of these,
seven are considered foundational or framework data
sets; the remainder are more specialized, ancillary data
sets with smaller user bases. We identify three frame-
work data themes: geodetic coordinate systems, eleva-
tion, and orthoimagery (the remaining four are Earth cen-
tered). Geodetic coordinate systems provide the basic
positional framework upon which all other data themes,
whether framework or not are registered. Within the
planetary context the International Astronomical Union
has traditionally defined geodetic control through a ca-
denced revision schedule [9]. Elevation data, whether
point observation, vector TIN or gridded is a critical
data product and key input for derived data products.
The diversity in elevation data representation, collection,
generation, and utilization formats has lead the FGDC
to define elevation schema to support utilization of this
data type. We echo that elevation data is foundational
and concentrated research required to identify best prac-
tices within a planetary context. Digital orthimagery is
the third framework data theme. Digital orthoimagery
includes not just the availability of the highest quality
available imagery, but also governs methodologies for
the registration of data and accurate reporting of accu-
racy metrics to other framework data products.
The Role of PSDI in Planetary Science The ultimate
goal of a PSDI is to provide seamless discovery, access,
and exploitation of spatially enabled data for all data con-
sumers without any predetermined requirement of spatial
data expertise through the use of cutting edge technolo-
gies, standards, and transparent policy initiatives. The
development of a strategic PSDI plan is foundational in
realizing the ability to fully leverage NASA collected
spatial data over the next 35 years. NASA plays a pivotal
role in driving the development of a PSDI, identifying
policy alignment with existing SDI mandates and filling
policy gaps, and empowering partners to codify a user
centered plan for spatial data management.
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