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% Large-scale environmental stressors like climate- f .
change, land-use change, and invasive spedies
impact the natlon's natural, managed, and urban
landscapes.

!. Compilex intersctions between
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Environmental Stressors

Large-scale environmental stressors like climate-
change, land-use change, and invasive species
impact the nation’s natural, managed, and urban
landscapes.

Complex interactions between
stressors and impacts

These landscape impacts modify the strength
and nature of the stressors through
perturbations in land-surface reflectivity, water
cycles, nutrient cycles, natural and
anthropogenic gaseous emissions, and others.

Landscapes

NEON Site
Constellation

Measurements of these stressors, their impacts,

and the complex interactions between them, are
captured by NEON’s integrated observing
infrastructure.

NEON Airborne
Platform

Existing Satellite
Platforms
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These landscape impacts modify the strength
and nature of the stressors through
perturbations in land-surface reflectivity, water
cycles, nutrient cycles, natural and
anthropogenic gaseous emissions, and others.

Measurements of these stressors, their impacts,
and the complex interactions between them, are
captured by NEON’s integrated observing

infrastructure.
NEON Site NEON Airborne Existing Satellite
Constellation Platform Platforms

Site-based measurements are used to calibrate  Site-based and airborne measurements are used

and validate airborne measurements, and to to calibrate and validate space-borne
produce regional-scale data. measurements, and to produce continental-scale
data.
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Micrometeorology, including:
« Airtemperature
* Incident and reflected radiation
« Diffuse radiation
«  Wind velocities
«  Humidity
* Pressure
« Precipitation
Fluxes, including:
« CO2 eddy covariance
« H20, CO2, CH4 profile
Soils, including:
«  Water, CO2, temp profile
+ Heat flux
Atmospheric chemistry, including:
«  Optic aerosol optical depth
« Reactive N and O3 conc. & flux
«  Wet deposition




Biological Observations

neen

* Plant biodiversity
« Plant biomass, leaf area, and chemical composition
 Plantphenology

« Birds

* Ground beetles

+ Mosquitoes

« Small mammals

» Infectious disease

« Soil microorganisms
« Soil biogeochemistry







Artist’s rendition of a typical site with aquatic instrumentation

Aquatic Blata




Aquatic Sensors

In-stream/Lake

Discharge/Height (pressure =
transducers)

Multisonde: Twater, DO, pH,
Conductivity, Turbidity, Chlorophyll

CDOM
N, P
PAR

Near-Stream Meteorology Station
Tair, Barometric pressure
PAR. Net radiation
2D wind speed and direction
Camera

Groundwater

Multisonde: Twater, Water level,
Conductivity

L neen



Aquatic Biota

« Fish/top consumer: once per year

« Sampling regime (subject to change):

Measure samiles/ samf:ling Total
date dates/yr
Stream algae 12 2 24
Pond algae 9 2 18
Macroalgae 5 2 10
Macrophytes 5 2 10
Bryophytes 5 2 10
Benthic 3-12 2 6-24
invertebrates
e Zooplankton 3-9 2 6-18
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These landscape impacts modify the strength
and nature of the stressors through
perturbations in land-surface reflectivity, water
cycles, nutrient cycles, natural and
anthropogenic gaseous emissions, and others.

Measurements of these stressors, their impacts,
and the complex interactions between them, are
captured by NEON’s integrated observing

infrastructure.
NEON Site NEON Airborne Existing Satellite
Constellation Platform Platforms

Site-based measurements are used to calibrate  Site-based and airborne measurements are used

and validate airborne measurements, and to to calibrate and validate space-borne
produce regional-scale data. measurements, and to produce continental-scale
data.
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Test Data from Instrument
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These landscape impacts modify the strength
and nature of the stressors through
perturbations in land-surface reflectivity, water
cycles, nutrient cycles, natural and
anthropogenic gaseous emissions, and others.

Measurements of these stressors, their impacts,
and the complex interactions between them, are
captured by NEON’s integrated observing

infrastructure.
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produce regional-scale data. measurements, and to produce continental-scale
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NEON Site NEON Airborne Existing Satellite
Constellation | Platform Platforms

Site-based measurements are used to calibrate Site-based and airborne measurements are used

and validate airborne measurements, and to to calibrate and validate space-borne
produce regional-scale data. measurements, and to produce continental-scale
data.
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Site-based and airborne measurements are used

Site-based measurements are used to calibrate
and validate airborne measurements, and to to calibrate and validate space-borne
produce regional-scale data. measurements, and to produce continental-scale
data.
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Data, Tools, Workflows, Documentation

Data to support forecasting and decision making across a number of applications, like those stipulated in the Global
Earth Observation System of Systems (GEOSS) Societal Benefit Areas:
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NEON Data Products

Level 0 Level 1
Raw Data Calibrated Data

Level 2 Level 3/ _ S udtiylle
Temporally Spatially’ p— . rocess,

Bectified Data RectifiedData Model

Layafed
Algusitiile ug
Wlodal Zegediges



Data Product Breakdown

Habitat/Landscape _Land use/Land Cover  giodiversity/Invasive Species/

Atmospheric/Air quality
% 7%
Hydrology/Ecohydrology

7%

Bioclimate/Energy Balance
10%

Soll Structure/Physics
8%

Ecological Stoichiometry

~ 1600 Level O data products {primary

observations)
o Raw voltages from sensors
0 Captured flora/fauna
o External DNA analysis
] Raw LiDAR returns

~540 Level 1 data (QA/C, minimally
processed)

o One-minute average air temperature
o Site-level species demography
0 Georectified, radiometrically-corrected LiDAR

structure 3%

No.el:;r‘aphv Phenology Population dynamics/
Sk 2% Demography
a%

Microbial diversity/function
I%

Infectious Diseases/Parasites
4%

Biogeochemistry
24%

+ ~75 Level 2 (rectified) & Level 3 {common

gridded)

o Gridded canopy nitrogen estimate (L3)
o Gap-filled one-minute air temp (L2)

+ ~120 Level 4 (high-level, cross-subsystem
integrative)

] Net ecosystem exchange
0 Canopy nitrogen

o Microbial diversity

o Aquatic nutrient flux
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Data to support forecasting and decision making across a number of applications, like those stipulated in the Global
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Integration with US National Assets

*...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”™

- US President's Council of Advisors on Science and Technology's
(PCAST) 2011 report on "Sustaining Environmental Capital”

REPORT TO THE PRESIDENT
SUSTAINING ENVIRONMENTAL
CAPITAL: PROTECTING SOCIETY
AND THE ECONOMY

Executive Office of the President

President’s Council of Advisors

on Science and Techns logy




Observation Systems / Data Sources

Spaceborne Airborne Social
Observatory

Observatory Observatory

Terrestrial Ocean Virtual
Observatory Observatory Observatory

The Interoperability “Fabric”

Science Requirements | |

Data Products Algorithms | |

Measurements
Traceability

Informatics [ J

B

Infarmation

Applications

Research

Scientific
Visualization

Public
Engagement

Decision Resource
Support Management
Vulnerability
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Stacking Environmental Observatories

“Crarge”
TS et
unigue f2 NE

“Red” meazurements are adopled across hefworks and nteropen ble though common

Collapsing the Observatory Stack

e P by

Observatory Integration

appear seami
Co-tocation and common vatiables acr v atories enable estimation of
variables at locations where they are not explicitty measured (via models)
« Assuming that uncetalnties can bs quantified and documented, this model
n be extended to includs ciizen sciance data

measurment. calibration. and vaitationprotocale. She may be co-located ormot



Stacking Environmental Observatories

Coastal
Observatory
Network

“Blue” measurements
are uniqueto Coastal
Observatories

USDA “Green”
LTAR measurements are
uniqueto LTAR

NEON ! : “Orange
measurements are

unigue to NEON

“Red” measurements are adopted across networks and interoperable through common
measurement, calibration, and validation protocols. Site may be co-located ornot.
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Coastal
Observatory
Network
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Observatory Integration

- -

» Users should not need to worry about where the data comes from: it should
appear seamless.

+ Co-location and common variables across Observatories enable estimation of
variables at locations where they are not explicitly measured (via models).

« Assuming that uncertainties can be quantified and documented, this model
can be extended to include citizen science data.




NEON and ICOS
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NEON and ICOS

NEON — National Ecological Observatory Network - US
*...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 these areas.”

7 grand challenge areas
single supporting agency — National Science Foundation

ICOS - Integrated Carbon Observing System - EU
‘A research infrastructure dedicated to high precision observations of greenhouse

gases fluxes and their attribution”

EU structure 17 member countries,
Terrestrial, Atmospheric, and Oceanic environments
each with individual funding commitments
iIncludes Coordination Office, Thematic centers, and Central Analytical Lab

Using the ERIC mechanism for governance -- not yet ratified



NEON and CoopEUS COOPEUS

|nitiated July 2011

EU FP7 activity to map the bioinformatics / data interoperability / data
harmonization among EU and US (NSF GEO and BIO) Observatories.

Hank Loescher | NEON
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Chuck Meertens | UNAVCO | Earthscope pe
WWW, aarthscope org
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Formal EU FP7 Partner
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