NATIONAL ECOLOGICAL OBSERVATORY NETWORK

THE ROLE OF OBSERVATORIES AND EXPERIMENTS IN LARGE
SCALE ECOLOGICAL FORECASTING

Russ Lea | National Ecological Observatory Network (NEON)




Outline

Rationale and Overview Design of NEON

Ecological Forecasting

Role of Ecologists and System Engineering Approach




Grand Challenge Areas

Biodiversity N IZ_.O I\l

Biogeochemical cycles

Climate change

Ecohydrology Grand Challenges in

Infectious disease

Invasive species

N o O A~ WD E

Land use NRC (National Research NRC (National Research
Council). 2001. Grand Council). 2003. NEON:
Challenges in Environmental  Addressing the Nation's
Sciences. Washington DC: Environmental Challenges.
National Academies Press. Washington DC: National

Academies Press.




Grand Challenge Areas

The goal of NEON is to enable understanding and forecasting of
the impacts of climate change, land use change and invasive
species on continental-scale ecology by providing infrastructure to
support research, education and environmental management in

CAUSES OF CHANGE

Climate Change: Understanding and
predicting climate variability, including
directional climate change and its impacts on
natural and human systems

Land Use: Understanding and predicting
changes in land use and land cover that are
critical to biogeochemical cycling, ecosystem

functioning and services, and human welfare.

Invasive Species: Understanding and
forecasting the distribution of biological
invasions and their impacts on ecological
processes and ecosystem services.

these areas.

Interactions

) and Feedbacks g

RESPONSES TO CHANGE

Biogeochemistry: Understanding and
predicting the impacts of human activities on
the Earth’s major biogeochemical cycles.

Biodiversity: Understanding the regulation
of biological diversity and its functional
consequences for ecosystems.

Ecohydrology: Understanding and
predicting changes in freshwater resources
and the environment.

Infectious Diseases: Understanding and
predicting the ecological and evolutionary
aspects of infectious diseases and of the
interactions among pathogens,
hosts/receptors, and ecosystems.




NEON Site Design
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NEON Site Design

Agriculture Systems Climate Change or Atmospheric Transport




NEON Science Sub Systems (alphabet soup)

Fundamental Sentinel

FSU . Human Obs. Bioarchive
Unit
Fundamental Instrument Automated
FIU . .
Unit Instrumentation
Airborne Observation Aircraft Remote
AOP .
Package Sensing

Human Obs/automated

AQU AqUatic/STREON Instrumentation

Land Use Analysis Satellite Remote
Package Sensing +

LUAP




Fundamental Sentinel Unit

A Biodiversity

A Population Dynamics

A Productivity

A Phenology

A Infectious Disease

A Biogeochemistry

A Microbial Diversity and Function
A Ecohydrology




Fundamental Sentinel Unit

Microbes

Mosquitoes
Aquatic Invertebrates

Beetles

Small Mammals

Generation Time

Plants




Fundamental Instrument Unit

INCIDENT/SYNOPTIC SCALE

1. Almospheric Stability 3. Wind Speed
2. Wind Direction 4. Surface Roughness

s \A VA TA

)

I

Wy

& Lz &

SOIL SCALE
NOT 1O SCALE ({from 40 m 1o 100 m - 200 m)




Fundamental Instrument Unit

U Physical and chemical climate
forcing

Ecosystem responses
Stand/plot level sampling
Automated instrumentation

Micrometeorological scalars
and fluxes

Soil array

U Over 2000 measurements per
core site at frequencies of

U Daily, and ~0.1 to 20 Hz
Total 50 Tbh y-1
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Airborne Observing Platform

Waveform Light Detection and Ranging What are we after?

_ S ———— A Detailed chemical, structural and
okl V| L taxonomic information on ecosystems at
m— fine spatial resolution
ot('_f__,—”‘—b Ground Elevation

40 60 80 100

High-fidelity Imaging Spectroscopy

EACH SPATIAL ELEMENT HAS A

Sl el s % nwmﬂ;ﬂ‘ A Sampling at the scale of individual
/ organi sms (~1m) over
% around NEON sites
=y rraad A Bridge the scales from organisms (i.e.,
trees or shrubs) as captured by plot
sampling, to stand scale observations as
measured from flux towers, to the scale of
satellite based remote sensing




Scaling Strategy
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Data Flow 24/7/365

Science Operations
Sensor data is put on a Manager (SOM)
queue, transferred over the  Problem Tracking

MPLS networkand received g Reporting (PTR)
at Cl by CMES

Scientists annotate and add value to

nomalies in processingtarersased \ising SOM.
CMES to PTR or 50M depending on the

nature of the pro em

'
DPMS pulls the sensor }

E data from CMES -
Q‘%@ > S

Data Processing
anagement System

(DPMS)

Data Products
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Common Messaging and
Event Service (CMES)

DPMS places the raw u 2
in the RDR via CDS.

The processed data is placed in the PDRyff DPMS pulls Iower level data products for

CDS. ﬁeas%('eg%l'm ved da[t)?3 gducts
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Calibration information {J c IHB %
) ) i" gu ed t
is pulled from AM via L@ ormatlon |nt
CDS. Eummon Da eveI and 2 data products.

Services (CD3)

999 3

Data products published to the PubDR
become available on the portal.

Portal




TIS Data Handling
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Data Flow

U Integrated the Data Flow Designs

A Command, Control, and Configuration (C*3) documentation

A Advanced QA/QC approaches

1 Plausibility tests which will be used for Site Acceptance Testing

A Algorithm Theoretical Basis Documents, LO to L1 DPs

A Data Verification Algorithms
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NEON Education

NEON EDUCATION

Creating data-driven educational resources
to support and build a more informed society

Science Engaging
scientists with

continental-scale
data Free & accessible NEON data

Online learning modules for
students & educators

Undergraduate research
experiences program

NEON DATA Internship program

Graduate field and analysis
course

Citizen science

Professional Postdoctoral research program
development

- Workshops, seminars, courses
and training Ps, !

Museum projects

Public engagement

activities Society

NEON's data-driven educational resources support a scientifically-literate society by engaging scientists, students, educators,
citizen scientists, and decision makers in exploring continental-scale ecological questions and contributing to new scientific
discoveries.




Ecological Forecasting

U Directly aligned with establishing a baseline understanding now

U Casts the cause and effect paradigm of NEON into
understanding present and future states of ecosystems:

AWnhat is the most likely future state of an ecological system

AProvides an appl Hidgd ogdmnteenx ta
made today

U Provides a conceptual framework that can be applied to all
elements in managing carbon science: theory, exp design,
experiments, implementation, infrastructure, data products




Ecological Forecasting
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Improvements in forecasts come from repeated
comparison between data and forecasts




How are ecological forecasting, experiments, and
observations related?

The need for observations of the starting point (now

The need for quantitative information about specific
processes (temperature sensitivity, susceptibility to
RNR2AZAKGZ OGALILIAY 3T LI2AYGA

A Estimates of system state
A Information on process parameters

A Experiments/process studies to elucidate unknowi
processes and nelinear responses

A Observations collected systematically over time
and space to challenge iterative forecasts

A paradigm for ecological research?




STREON Experiment

Instrument station, water sampling site
NEON Ping

control reach
Experimental units (baskets| | ])
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Advancing Ecology

U Means to address the 0G
A Cause and effect paradigm
A Scale in time and space
U New large tools T Observatories
A Other disciplines have Observatories
Particle Accelerators > high energy physicists

]
1 Telescopes > astronomers
I Research Vessels > oceanographers

A6O6Newd type of $

What are the roles of scientists in developing an
Observatory?




Balancing Scientific Creativity with Baseline
measurements

Scientistoés Approach At gypmori b¢eest t Sctiiggc
A Rationale for long term observations
[ Questions

A Capabilities-based (network development)

A Additional organizational complexity is
often layered

Pro e
n
"H Scientific creativity
w Comfort-level for scientists and
H H
* | bottom-up approaches
“H Complexity becomes open-
* | ended problem
“H Governance is often difficult,
* | and not extensible
“H Difficult planning for Program
+ | Officers/Sponsors
Data Collection :
“H Problematic for long term

sustainability




NEONOSsSs Near

Death Exper

NEON Construction/Cost Estimate
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NEONOs Near Death Exper

U Lat e é 9 Oohcept of standardized ecological observatory.

U 2000-2005¢é. Community workshops, est
Shopping list/Christmas tree approach (diag).

U (~2005)é é . NSF began to push in key directions. Replaced magt.
U 2006e é é . Integrated Science and Education Plan (ISEP).
i 2007¢ é € . PDR1: NEON needs further D&D, Mgt.
U 2008¢é e é . New D&D phase: flowdown & deliverables, site
design contract underway, project office ramp-up
(6-50 staff).
2009¢e ¢é é . PDR/FDR, (+65 staff), successfully completed FDR.

:

U 2010¢é é é . Prototyping and business operations (+135 staff).
U 2011¢é e é . Began construction.

Research / Research Activities MREFC - Construction Operations >

»

2006 2011 2012 2017




Balancing Scientific Creativity with Baseline
measurements

Systems Engineering Approach Formalized hierarchical requirements

Asks oOwhat mu s t be ¢

Measurements are considered baseline

Questions
(scientists)

To To To Io

Steps are parsed out (see diagram)

Publications

(scientists) Grant (scientists)

Co

n

H New roles for scientists, both
: internally and externally
H Clearly defines scope,
‘ budget, schedule, risks
Analyses N\ 7' Exp Design - Complexity is inherently
(scientists) ¥ W (scientists) - planned for
. Develops planning horizons for
H :
‘ Program Officers/Sponsors
"H Fosters long term sustainability
; Construction
Data Collection . : .
(Engineering (Er;%m?tﬁrr]mg, Requirement approach does
itting) "H | "H | not necessarily impose a single
unique solution




e N
Project management; communication
w/US; communication w/larger

scientific community
\_ J

e N
New Approach assessments of data
policies;common data IP8 policies and

new frameworks
N\ J

e A
Synthesis of ElJS RI commonalities,
development needs londerm
sustainability plan

-
.

EUUS data sharing, harmonizing of
standards, joint workshops,
interworkability and joint modeling
examples

Y4
\

Identify and harmonize shared bio
standards andservicesdevelop
community and common practices;
modeling case studies

Interoperability through the creation,
validation, calibration of data products,
and ISR data formats, structures, and

standards )

\/

Develop ocean communities of practice,
harmonizing of standards and
interworkability through joint modeling
and sampling protocols

Y4

N

Develop multidisciplinary
interoperability of data
(GNSIS data sharing) and computational

researchinfrastructures
(G J




