National Ecological Observatory Network

Project Overview

T. Beasley/NEON Project Team
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NEON

NEON: A continental-scale ecological observatory.

Set of fundamental science subsystems sampling the
drivers/responses of ecological change on spatial scales from
microbes to land-masses, proc/store/publish by integrated Cl & Ed

Experimental infrastructure backbone for other experiments in
NEON domains... e.g. STREON.

Status

Design & development phase: May 2008- May 2010:
Project/Observatory design, cost estimates.

Preliminary Design Review: June 2009
“Bridge Funding”: Apr 2010 — Apr 2011:
Risk mitigation, prototyping, key facilities, staffing.
Construction: Oct 2010 — Oct 2015...
Operations: 2012/13 -
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Grand Challenges in
Environmental Sciences

Biodiversity
Biogeochemical cycles
Climate change
Ecohydrology
Infectious disease
Invasive species

Land use

NRC (National Research Council). 2001. Grand Challenges in Environmental
Sciences. Washington DC: National Academies Press.

NRC (National Research Council). 2003. NEON: Addressing the Nation's
Environmental Challenges. Washington DC: National Academies Press.
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Level 1 Data Product Deliverables
(Total = 584)

Science Sub-System Level 1 Examples

Products

Species ID, number of individuals,
FSU 269 Hantavirus presence, tree diameter,
leaf N concentration

Algal cell count, macroinvertebrate

Aquatic/STREON 164 biovolume, stream discharge
FIU 104 Temperature, humidity, PAR
AOP 4 Spectral reflectance, vertical
waveform
Topography, satellite spectral
LUAP (Level 3) 43 reflectance, human population

density

TOTAL 584
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Level 4 Data Product Deliverables
(Total = 117)

: Level 4
Suite Products Examples
Bioclimate 18 Climate forcings, LAI, fPAR
Biodiversity 31 Abundance, diversity, phenology,
demography
: i Ecosystem-atmosphere exchange,
RO 22 nutrient stocks and fluxes
Soil moisture, water-balance,
Ecohydrology 10 stream discharge
Infectious Disease 7 Disease prevalence (WNV, Lyme,
dengue)
Land Use Change 29 Environmental properties, land

cover, land use
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NEON System Design

NEON System Design

N g

DAQ - Data Acquisition IDP — Integrated Data Processing

DooE - - - -

N 4 N Ve

OLS - Operations, Logistics and Supportability SDPM - Science and Data El — Education and
Products Management Interface

Technical Support
{ AL } { NmCc } { Facilties } {Facilities} - . bl Portal}

and

Education
Outreach

Details in Obs Design talk.....
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FSU:

FIU:

AOP:

LUAP:

A-S

NEON Science Subsystems

Human

Fundamental Sentinel Unit
Observers/Samplers

Automated

Fundamental Instrument Unit i
Instrumentation

Aircraft Remote

Airborne Observation Platform ]
Sensing

Satellite Remote

Land Use Analysis Package Sensing +

Aquatic/STREON Instr. + field sampling

+ Education mission: Prepare society/scientific

community to use NEON data, information, forecasts...
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NEON Deployment

e Headquarters (incl. Cl, labs, facilities) - CO

e 20 Domains
e 20 Core sites (wildland)

e 40 Relocatable sites (~land-use sites)
(62 distinct sites)

e 10 Mobile laboratories (AK, HI, CONUS+PR)
e 3 Airborne Observation Platforms
e Cyberinfrastructure/Data Center/LUAP
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[ ] 1 Northeast I 5 Great Lakes [ 9 Northern Plains 13 Southern Rockies/Colorado Plateau [ | 17 Pacific Southwest

N EON D - [:] 2 Mid Atlantic [:] 6 Prairie Peninsula I: 10 Central Plains |:] 14 Desert Southwest : 18 Tundra
omains D 3 Southeast :] 7 Appalachians/Cumberland Plateau [: 11 Southern Plains |:[ 15 Great Basin 19 Taiga
|:| 4 Atlantic Neotropical [: 8 Ozarks Complex [:1 12 Northern Rockies :] 16 Pacific Northwest E 20 Pacific Tropical
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NEON — sampling drivers/responses
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Sensor Infrastructure

Drivers.....
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Tower Sensors

e Advanced Towers

— complete set of measurements — environmental, radiation,
atmospheric chemistry

— core representative site

e Relocatable Towers

— Similar to Advanced; moved every ~5 years to new sites

— Domain/regionally specific, ecologically significant gradients

e Mobile Deployment Platforms

— Truck or trailer mounted towers with measurement packages
— Educational packages

— Rapid response to disturbance/Targets of Opportunity
— Characterize within and among Domain scales of variance
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Tower Sensors -ENG

Soil Array
Keep Out Boundaries

Access Path
: _ to Auxiliary Portal

e

Instrumentation Hut

Tower Guy Wires
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Soil Array Design

5 replicationS——8~— 3
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A/S -Field Sample Design

Types of aquatic sampling

Sample reach boundaries
é Water chemistry
‘!ﬂ‘ » Sediment/detritus chemistry
Algae, attached (periphyton)
Algae, floating (phytoplankton)
Macroalgae, macrophytes, bryophytes
& Benthic invertebrates
@) Zooplankton

Fish, stream morphology, riparian mapping sampled
throughout the sample reach 1x/yr

Types of water flow (e.g. habitat)

A

————_—_. Fast, rough (riffle)

—_——

Moderate, smooth (run)
\) Slow, circular. (pool)

NEON FDR

Aquatic Design

FSU plant biodiversity plot

)

/ Groundwater wells

W)

Aquatic instruments

/@

Micromet station

FSU mosquito traps




NEON Experiment — STREON (10 sites)

NEON
control reach

l water flow

STREON
treatment reach
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NEON FDR

Instrument station, water sampling site

Experimental units (baskets| | ])

e
S A
EFEE BT
Es Eas ——>

Consumer exclosure
(electrified barriersy )

Nutrient addition station

Basket incubation
EH (e.g. streamside flume or in
situ recirculation chamber)
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Site-specific Engineering Designs — 62 Locations

NEON FDR

24



Domain Network Design
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Supporting Facilities

e Chemical analysis resources
e |sotopic analysis resources
e Genetic analysis resources
e Disease facility

e BioArchive collections

e Headquarters - Boulder

e Engineering labs, data center, science, Education, mgnt/admin
e (Calibration/Validation Laboratory

e Advanced Development Lab (skunkworks)
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Airborne Observation Platform (AOP)

e Sub-regional scale sampling
(~400 km?)

e 3 Aircraft Platforms

e Annual repeat for core and
relocatable sites

e |[ntensive sampling at a
subset of sites + TOO

e Vis-IR spectrometer
e Waveform LiDAR
e Digital Camera

e Vegetation structure and
biochemistry
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Integrated Payload

\

N ow
N\

Payload Integration
mount (PIM)
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Baseline Aircraft: Twin Otter

e Accommodates baseline payload with some room to grow

Parameter

Target Ground Speeds
Cruise Speeds

Survey Altitudes

Science Instrument Power

Payload Accommodation:
Integration

Payload Accommodation:
Weight

Payload Accommodation:
Volume

Nov 2009

e Low stall speed, excellent low speed handling and stability

e Safety: Two engines, excellent track record

e Two engines eliminates prop wash issues

e Rugged, easy to maintain, easily modified

e Well-known to scientific researchers (used by NOAA, NASA,
DoD, etc. regularly in the field

AOP Platform Requirement
90 — 110 knots

> 150 knots

3280 — 9843 ft AGL

> 3880 W
(139 Amps @ 28 VDC)

> 4 ft wide cabin door

700 Ibs + 2 crew

Sensor head approx 2.5 (H) x 2.4 (W) x
4 (L) ft
2 standard electronics racks

NEON FDR

DeHavilland DHC-6-300

80 — 175 knots

Up to 175 knots

Up to 25,000 ft ASL

8400 W Max Scientific Power (300
Amps @ 28 VDC)

4.7 x 4.2 ft

4500-7000 Ibs useful load

4.9 (H) x 5.27 (W) x 18.5 (L) ft



AOP Scheduling

Time available for

etc.

Pl-driven Campaigns,

Targets of Opportunity: \ Payload 3
Rapid Response, J !

Additional NEON sites,

Nov 2009

Payload 2

---------

Payload 1

Payload 3 season
Could be extended
w/ Pl-cost sharing

White bars represents AOP data collection at each domain
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NEON Cyber Infrastructure
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Land Use Analysis Package (CI/LUAP)

Accessing larger spatial datasets....
USGS, NASA etc.

e Continental coverage

e Land cover

e Landuse

e Vegetation biophysical properties

e Geographic data including census data

e User interface to facilitate geographic
analysis by the non-specialist
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High Level DPMS View - Cli
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Portal

e Disseminate information
— Science of continental-scale processes
— Resources for communicating that science

— Situate events within the context of that
science

— Enable discovery of internal and external
data products

— Deliver data in a number of well-known
binary and text formats. (e.g. HDF, netCDF,
CsV)

e  Collect information
— Data from citizen-scientists
— Usage patterns
e  Architecture
— Use consistent web framework

— Enable federated data catalog through DOI
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Education
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NEON Satellite Sites

e NEON technical/Cl/operational definition: open to community

e |dea: sites/institutions may set up their own (subset) of the
NEON infrastructure (FIU, FSU/A), adopt NEON standards for
Cal/Val etc., feed data back to NEON archive.

e Collaboration: NEON and Science-Engineering Alliance (SEA)
e Pl: Robert Shepherd, PM: Don Bowie

e |nitial work: review NEON technical definition for “openness”
e Several interaction models to consider....

e Training & development: TMTB

e NEON impact: small; community impact: large...
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NEON

e Observe drivers of and responses to ecological change...

e 20 domains (ecosystems) — radiation, atmospheric, soil,
aguatic measurements (drivers) + FSU sampling (responses).

e Advanced/relocatable/mobile/aquatic measurements.

e Domain office/lab/staff — support (x20)

e Supporting facilities — analytical labs, bioarchives (outsource)

e Airborne Observation Platform — survey domain sites, TOOs

e Headquarters — construct/operate Observatory, central labs

e Cyberinfrastructure — proc/store/publish data, monitor Obs

e Scientific staff — data QA/QC, program design/update

e Scientific data products + taskable facilities ¢ community/NSF
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NEON Construction Project
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Modern History

e Priorto 2006 ... Community organization/meetings led to...
e 2006 ... Integrated Science and Education Plan (ISEP).
e 2007 ... PDR1: NEON needs further D&D.

e 2008 ... new D&D phase: flowdown & deliverables, site design
contract underway, project office ramp-up (6-50 staff).

e Dec 2008... STEAC Science review.
e Feb 2009 ... NEON Science Review (NSF).
e April 2009 ... Subsystem reviews (AOP,Cl,FSU,FIU,EDU).

e April 2009... site design estimates: enabling (de)scoping,
Operations estimation.

e June 2009 ... PDR —comments, action items...
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NEON Inc.
Board of Directors
MacMahon (Chair)

NEON Project Structure

Project Director
Schimel

Science, Technology &
Education Advisory
Committee

Program Advisory Committee

Project Manager
Beasley
Change Control Board
Deputy PM
Munro
Project Scientist ** " Project Engineer
Keller " Cilke
Instrumenta_tlon Computing Facilities & _C|V|I Data Products FIU AOP
& Integration Construction
h Tawa Keller Loescher Johnson
Cilke Porter
Educ.atlon & Systen] Operations FSU Aquatic/ MDP
Public Eng. Engineering STREON
. Kao Loescher
Gram Damiani Powell
EHS ** PMCS
Bolyard Ryan
Since PDR: NEON, Inc., Ops, Sys Eng
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NEON

Construction WBS

NEON

DESIGN & INSTRUMENTS & CYBER INFRA- PROJECT EDUCATION & SYSTEMS
DEVELOPMENT FACZ"BI;"'ES INTEGRATION STRUCTURE OFFICE CA'Z' G\SIAL OUTREACH ENGINEERING
2.00 : 2.02 2.03 2.04 : 2.06 2.07
FUNDAMENTAL Lol FUNDAMENTAL AIRBORNE AQUATIC - AOP DESIGN &
S?Eggﬁ (I:)#ST e INSTRUMENT DPI?_‘:\I:T%I)“{II!IIEVINST SENTINEL UNIT OBSERVATION STREON DEVELOPMENT UNIT]
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212
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NEON Construction WBS

NEON
2.0
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WBS for PROJECT
Construction
8-30-09

WeS Elements

Level2=14
Lovol 32 55

Total =310

COMAIN (20)
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INTEGRATION
20220

DOMAIN

FINANCE
20450
LAB SUPPORT | DATA
FACILITES PROCESSING AL
20230 038 Y
CIDATA
HANDLING sgience
0370 .04
oowan
SYSTEMS PMCS
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R aa | WEB PORTAL HQ & DOMAIN
2023040 20390 SUPPORT
20495

P
TESTING
20395
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20398
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2022080
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SENSOR FIELD
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ANALYSES
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FTE by WBS & FY
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NEON Risk Summary

Probability

Probability

Total Number of Risks .
Total Number of Risks 156
0.9 1
Total Occurrence Cost of Risks S 54,588,040
0.7 2
05| 3 4 ~ Risks across
Near-Term Risks project phases
0.3 1 11 28 11 12 ) ) (D&D, CSTR, and
Mid-Term Risks
0.1 4 10 11 13 6 OPS)
Far-Term Risks ~ Ri
1 2 3 4 5 RISk_S
8 Impacting
Impact Past-Term Risks .
Project Now
Near-Term Risks Mid-Term Risks Far-Term Risks
0.9 0.9 1 0.9
0.7 0.7 1 0.7 1
Z ey
0.5 2 =| 05 2 2 =| 05 1
0 0
m m
3 3
0.3 2 & 0.3 1 10 20 9 9 & 0.3 1 3
0.1 1 0.1 3 10 11 10 5 0.1 1 1 1
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Impact

Impact Impact
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Standard Project infrastructure

e Project Management Control System - PMCS

e Electronic Document Management System - EDMS

e Configuration Management, document control procedures
e Change Control Board — active

e Earned Value Management System — testing

e Communications — weekly/monthly grid spanning project
e Budget/schedule/risk monitoring

e Sub-projects underway
— NIS-DVU AOP spectrograph
— D&D/Bridge — prototyping activities
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Operations

e QOperations Plan draft: Version B

e Based on existing ecological, astronomical observatory
models. (similar)

e Key parameters include:

Nov 2009

Support staff in the domains: number, availability, skill sets,....
Scientific staff for data QA at HQ

MTBF/MTTR of equipment, infrastructure

AOP: fuel, plane availability

AOP scheduling & TOO

Power/communications to sites

Data policy; Relocatable strategy; MDP policy

NEON FDR



Observatory Org

NEON
DIRECTOR’S
OFFICE
DATA PRODUCTS ENGINEERING COMPUTING ADMINISTRATION SCIENCE Egggé;,lchH& OPERATIONS
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Operations — next steps

e Current estimate = sum of parts with some 15% factors;
continuation of construction project mindset... ??

e Major components: FSU fieldwork, Domain M&O, staffing..

e QOperations Working Group established — gather community,
org advice.

e New Director of Operations — analysis underway
e Estimate: conservative, compressibility unknown.

e Major Operations Review — April 2010.
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Preliminary Design Review — June

e Requirements management improved, under control — ongoing
e [ntegrate risk register, schedule — done

e |mprove cost effectiveness — ongoing, will be explained (e.g. Cl)
e Simplify contingency — done

e Simplify project organization, make SE more visible — done

e Develop scope management plan — done

e |mprove availability, operations analysis & plan — ongoing

e Reevaluate permitting complexity, risk —done, ongoing...

e Expose IVVC scheme, plans, procedures — done

e Reevaluate AOP performance (Cal, lost time, etc.) — done

e Prototype citizen science web portal — planned (Bridge)

e Define tower plans — done
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NEON Summary Schedule

Design & Development Phase

Page 1
Engineering —
Sensor Start of Sensor Assy Compl. of Sensor Assy
Assembly System Design 1st Article Accept. Test
: L 2 [ 3 x4 /
DeSIQn and Start of Sensor Assembly
Prototype Detail Design
Readly For
Location Location Instrumeéntation Integration Finf1|ize Documentation
: — i : *
Integ ration Updateg From Table Mountain Workflow
FDR Deveolpment & Practice
Start Manufacture
Assem b |y & Instrument Ass;
. s I L 2 4
Repair FaC|I|ty Construction Design Prototyping Tech Facility
& Practice Workflows Ready
Order Materials Equipment  Fac. Operational
Start Insﬁled Lmtd. Functon
Control Center ¢ — * x4
System Design Practice Workflows &
Complete Update Software
Cyber : © ® |
Infrastructure PDR EDR
Tech Facility
. Ready for Occupancy
Project
—® K 3 & >
Management SRR FDR Transition
to MREFC sched
Environmental NSF EA Complete
L 3
Safety & Health Permitting
Commission Facility (sensor)
Design Review Complete
Cal Val Lab I L 2 : A
Lab Validation Integration (sensor)
(sensor) Complete
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NEON Summary Schedule

Design & Development Phase

First Proto Site Char Definition to Engineering Command &
Complete Control Procedures Complete
FIU 2 K +$
19th Proto. Site Char
Complete
D10 Proto. Site Char Field Work
FDR Complete
FSU I X 3 |
Spectrometer GSE Procurements & Facility Modification
FDR Complete
AOP I L 2 L 2 * &
PIM Design Lidar/Camera
Complete Spec Review
Start Prototype Site Aquatics
Characterilzation D10, D1,D7 PDR
Aquatics/STREON I [ 3 £ E I
Start Prototype Site Characterization
D10, D1,D7
EDU I X >
Start Citzien Science Rrototype End Citzien Science Prototype
Phase 2 Design Contract
With Leo Daily In Place
FCC I * L 2 4
FCC Acceptance of D10 D10 Contract Awarded
Design Docs.




Issues

e Site access: EA, permitting & weather

e Domain staff: NEON, contractors... availability, skill sets,
training, institutional memory, etc. Soln: specific hiring
initiatives, staff training, good salaries, collaboration.

e Management: Continental-scale research and national
observatory approach is a new paradigm for ecology... formal
project management new.

e Scientific expertise & volume of information... challenges...

e Technical: ok; reasonable step beyond state-of-art;
programmatic/organizational complexity

e Funding profile: steady source to enable optimized planning
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Issues

e Commodity exposure (Ymoderate)
— Steel, oil - e.g. AOP operations // Fine-tuning of Operations tasking
— Silicon — A few DPs need significant compute power // Background

e Environmental & permitting
— Bolyard talk — this afternoon; Schedule analysis - Wednesday
— NSF Environmental Assessment — ~complete, no issues (high level).

— Permitting: underway.... 1/3" easy, 1/3" hard, 1/3" ok. 20-50 permits
per site.

— D10Ready — successful.

e AOP spectrograph — NIS-DVU — project funded, underway; mitigate AOP
risk (delay).

e Infrastructure Requirements — Observatory Requirements Doc and System
Requirements Review — successful (with actions underway)
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Summary

NEON, Inc. company: completed, online.

Project definition/cost estimation completed, revised.
Project management procedures in place.
Operations: Ongoing planning, estimate refinement.

“Bridge funds” — risk mitigation/prototyping/facility preparation
and additional site characterization planned, followed by
transition to full construction.

Review: improve NEON project definition.
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FDR Information

e [nfo
— Website — documents + draft presentations (selected)

— Memory sticks — complete set (docs + final presentations)
plus supporting materials (PDR report; talk — session
correspondence sheet ).

— Posters — break/lunch discussions. PTLs available.

e Talks
— Today — intro to all major subsystems, estimation process

— Tue/Wed - breakout sessions reviewing scope, budget and
schedule, project processes, etc.
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The National Ecological Observatory Network is a project sponsored by the National Science Foundation and managed
under cooperative agreement by NEON Inc.
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