
Challenge Interoperability of Research Infrastructures (RIs)

How do you enable different RIs, like NEON and the LTAR, 

produce data and information that can be ingested by consumers in 

as seamless a manner as possible?

First, a definition of research infrastructure:

· Physical Infrastructure:  Physical components and design 

elements that contribute towards a measurement, i.e., hardware 

physical integration, site design, and associated uncertainties, 

etc.

· Information Infrastructure:  End-to-end data flows that includes; 

how the measurement was made, its metadata, traceability, data 

formats, research questions, and archival and retrieval processes.

· Support Infrastructure:  Services to manage the construction 

and operation of a research infrastructure (systems engineering, 

project management, engineering, logistics, etc), data and 

information discovery services, and education and engagement 

services.

A requirements-driven observatory, like NEON, starts with high-

level science questions.  The ensuing structured decomposition 

successively yields detailed science requirements, system and 

subsystem design and their implementation, and eventually 

measurements and data products, culminating in a suite of metrics 

used to verify and validate scientific and technical designs and 

requirements.  This process facilitates traceability of design 

decisions, and is a useful tool to identify implementation priorities.   

Such a requirements-driven approach can be used to foster 

interoperability between RIs.  It is a framework that can be used to 

manage the complexity in designing inter-observatory processes.  

Too often, practitioners get “lost in the weeds” without appropriate 

mechanisms for the objective selection of competing alternatives. 

To leverage existing observation infrastructure 

and to guide the development of emerging 

infrastructure, NEON is currently developing 

and testing an interoperability framework – a 

“fabric” that is used to stitch together partner 

observatories like the LTAR so that data and 

information can be seamlessly integrated 

across systems to serve societal needs.

  

NEON is currently testing the implementation 

of this framework with its European partners.  

We anticipate using similar methods to 

integrate US Research Infrastructures (RIs) 

like NEON and the LTAR. 
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Requirements Driven Approach Interoperability Framework

The Interoperability “Fabric” that NEON uses to structure its 

interaction with its partners is inspired by the requirements driven 

approach.  The “fabric”, if successfully implemented, binds 

participating RIs along clearly defined interfaces to seamlessly 

deliver data and information to the public.

The components of the interoperability fabric are:

· Distillation of Science Questions and Hypotheses into 

Requirements

· Algorithms/Protocols

· Traceability of Measurements

· Informatics

R
e

q
u

ir
e

m
e

n
ts

In
fo

rm
a

tio
n

Environmental Science Questions 

(Focal Research Questions)

Usable Information 

(Data Product)

Measurements 

(Science Requirements)

Engineering and Cyberinfrastructure 

(Technical Requirements and Designs)

The Interoperability “Fabric”

Science Requirements

Measurements

Traceability

Data Products Algorithms

Informatics

· Mapping questions to ‘what must be done’ 

· Defining joint science scope

· Defining interfaces between subsystems

· Performing intercomparisons to quantify relative 

uncertainties

· Understanding sources of biases

· Using recognized standards

· Traceability to recognized standards, or first principles

· Ascertaining signal to noise ratio

· Managing QA/QC

· Quantifying uncertainty budgets

· Standards for data formats, metadata, web services, 

provenance, identifiers

· Ontologies and controlled vocabularies

· Data licensing, policies, legal constraints

· Authentication, identity management, access management

Co-location of research infrastructure is one way to ameliorate 

challenges around interoperability.  In this hypothetical example, 

NEON and LTAR are co-located at sites A, B, and C.  (NEON and 

LTAR are currently co-located at three locations.)

It is desirable to implement shared measurements between NEON 

and LTAR, regardless of whether those are at co-located sites.  

Shared measurements do not necessarily mean identical sensors, 

sampling regimes, or protocols.  For example, precipitation may be 

measured by different sensors in NEON and LTAR, but they are 

considered a “shared measurement” if the measurements are 

interoperable through common calibration, validation, and audit 

procedures such that their respective uncertain budgets can be 

quantified.

This enables variables between RIs to be fused (“data fusion”, as 

opposed to “data integration”) using statistical procedures, as a way 

to extend the observation footprint of either RI.

The same concept may be extended to other RIs, for example a 

distributed coastal observatory.  The figure below shows a “stacked 

observatory” configuration, where concepts of shared 

measurements and site co-location are implemented through a 

requirements-driven process. 

The interoperability fabric enables the seamless integration of data 

and information.  Co-location and shared measurements will 

facilitate estimation of variables at locations where they are not 

explicitly.  This can be accomplished using appropriately 

parameterized models.  

In light of the challenges facing agriculture over the next few 

decades, USDA and NEON leaders have been exchanging 

information on strategies for leveraging existing investments.  

Discussions have focused on the establishment of partnerships and 

the sharing of techniques, protocols, best practices, and physical 

infrastructure.  

In late 2012, the USDA launched its Long-Term Agro-Ecosystem 

Research (LTAR) network with an initial configuration of ten sites, 

three of which are co-located with NEON.  The objectives of the 

LTAR are to enable the better understanding of:

· How key agricultural system components interact at larger scales 

(e.g., watershed; landscape);

· How to forecast the environmental effects of shifting agricultural 

practices;

· How to improve the efficacy and information management of 

conservation programs;

· How to identify the broader societal benefits of modern agriculture 

(e.g., bio-energy production; carbon sequestration; improved water 

quality & water-use efficiency; wildlife habitat).

USDA LTAR
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Climate variability complicates our nation’s agro-ecosystem's role in 

meeting socio-economic needs for productivity and sustainable 

intensification, ecosystem services, and its interactions with 

management choice and policy.  We need to better understand how 

changes in agro-ecosystem functions differ at scales ranging from 

individual fields to whole watersheds, landscapes, and the continent 

(Whitacre et al. 2010).   

NEON is designed to fill a void in observing systems that collect the 

range of variables needed for a complete view of ecosystem 

responses to multiple interacting environmental stressors.  

Leveraging NEON is important given that:    

· PCAST 2011 states  

“...collaboration in monitoring could 

rapidly improve the information base 

available for assessment and 

management… recommendations 

should be developed for integrating 

the existing monitoring networks 

with the help of state-of-the-art 

informatics.

· NSTC 2013 states that one of its 

objectives is to “Advance the 

integration and harmonization of 

data at the sensor, platform, data-

processing, and application levels to 

ensure that data are comparable 

independent of sensor, platform, 

and organization.”

NSTC 2013

PCAST 2011
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