INTEGRATING NEON DATA WITH
EXISTING MODELS: AN EXAMPLE WITH
THE COMMUNITY LAND MODEL

Edmund M. Hart?, Andy Fox',Steve Berukoff!, Tim
Hoar?

1. National Ecological Observatory Network

2. Institute for Mathematics Applied to Geosciences (iIMAGE),
National Center for Atmospheric Research




Overview

 What is NEON?

« Data assimilation research test-bed (DART) and the
CLM

« NEON Informatics architecture
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What is NEON?

The overarching goal of NEON is to enable
understanding and forecasting of climate
change, land use change, and invasive
species on continental-scale ecology by
providing infrastructure to support research
in these areas.

~14.000 automated
terrestrial sensors

45 Tb of data/year

584 level 1 data
products

95 different
measurement types

60 different sites
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NEON sites
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Ecological forecasting

1. Predicting the most likely future state of
an ecological system

i. Relevant for short-term forecasts

ii. Systems own dynamics most strongly
govern change over time 2011 SCIENCE STRATEGY

ENABLING CONTINENTAL-SCALE ECOLOGICAL FORECASTING

ii. i.e. forecasting the likely spread of invasive
species

2. Predicting the most likely future state,
given a decision today

i.  Relevant when alternate management
actions or scenarios are considered

ii. i.e. forecasting likely impacts on
biodiversity from alternate wildfire
mitigation schemes
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CLM - Community Land Model

Simulates ecoclimatological processes in each grid cell.
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Data Assimilation Research Testbed (DART)

« DART is a community facility
for ensemble DA

« Uses a variety of flavors of
filters

— Ensemble Adjustment
Kalman Filter

« Many enhancements to basic
filtering algorithms
— Adaptive inflation Hﬂ
— Localization
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Data assimilation

» Testing the success of the DART-CLM implementation with
perfect model experiments

model time

€— TRUTH

Ensembles
diverge
« Each line represents the evolution of individual instances of CLM
* Pick one instance and declare it the truth

« Generate synthetic observations from this ‘truth’, adding a
prescribed noise/uncertainty
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Data assimilation

* Without assimilation:
— frequently ensemble spread will grow

model time
€— TRUTH

 With assimilation:

— Ensemble spread remains stable, is small enough to be informative,
but does not collapse away from truth

‘\ /7

observation nmes
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LAl - observations every 8 days
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Mean LAl from 80 ensemble members
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LAl spread from 80 ensemble members
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Reduction in

LAl ensemble spread
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Guts of DA - Ameriflux

L4 data from NC Ameriflux

Period,n_days,Rg_f,Rg_sqgc,Ta_f,Ta_sqgc,VPD_f,VPD_sqgc,Ts_f,Ts_sqgc,Precip,SWC,H_f,H_sqgc,LE_f
,LE_sgc,Reco_st,Reco_or,NEE_st_fMDS,NEE_st_fMDSsgc,CPP_st_MDS,NEE_or_fMDS,NEE_or_fMDSsgc,
GPP_or_ MDS,NEE_st_fANN,NEE_st_fANNsgc,GPP_st_ANN,NEE_or_ fANN,NEE_or_ fANNsgc,GPP_or_ ANN
1,8,4.94,0.89,6.28,0.89,2.16,0.89,8.47,0.89,4.25,45.15,13.03,0.88,17.35,0.88,1.65,-9999.0
0,0.95,0.87,0.69,-9999.00,-9999.00,-9999.00,1.16,0.88,0.49,-9999.00,-9999.00,-9999.00
2,8,7.77,1.00,10.06,1.00,3.27,1.00,9.41,1.00,2.92,44.95,18.02,1.00,27.84,1.00,1.55,-9999.
00,1.08,0.97,0.48,-9999.00,-9999.00,-9999.00,1.16,1.00,0.39,-9999.00,-9999.00,-9999.00
3,8,7.09,1.00,10.25,1.00,3.31,1.00,9.70,1.00,0.92,45.04,11.48,1.00,29.79,1.00,2.04,-9999.
00,1.29,0.99,0.74,-9999.00,-9999.00,-9999.00,1.26,1.00,0.78,-9999.00,-9999.00,-9999.00
4,8,9.08,1.00,6.91,1.00,3.86,1.00,9.09,1.00,1.87,45.05,19.02,1.00,26.98,1.00,1.87,-9999.0
0,1.36,0.99,0.51,-9999.00,-9999.00,-9999.00,1.18,1.00,0.68,-9999.00,-9999.00,-9999.00
5,8,8.54,1.00,7.00,1.00,3.48,1.00,9.31,1.00,0.22,45.37,22.92,1.00,24.80,1.00,1.75,-9999.0
0,1.10,1.00,0.66,-9999.00,-9999.00,-9999.00,0.98,1.00,0.78,-9999.00,-9999.00,-9999.00
6,8,10.63,1.00,5.83,1.00,4.03,1.00,7.48,1.00,0.51,44.67,34.09,0.94,23.69,0.94,1.65,-9999.
00,0.77,0.93,0.88,-9999.00,-9999.00,-9999.00,0.88,0.99,0.77,-9999.00,-9999.00,-9999.00
7,8,8.93,1.00,5.17,1.00,3.05,1.00,8.24,1.00,1.52,43.63,32.82,0.92,13.44,0.92,1.85,-9999.0
0,1.07,0.89,0.77,-9999.00,-9999.00,-9999.00,1.20,1.00,0.65,-9999.00,-9999.00,-9999.00
8,8,15.34,1.00,7.23,1.00,5.98,1.00,9.44,1.00,0.00,43.12,61.57,0.69,24.96,0.69,2.01,-9999.
00,0.96,0.63,1.05,-9999.00,-9999.00,-9999.00,1.11,1.00,0.90,-9999.00,-9999.00,-9999.00
9,8,13.20,1.00,13.37,1.00,6.33,1.00,12.13,1.00,0.06,40.94,42.80,1.00,19.66,1.00,2.75,-999
9.00,1.82,0.96,0.94,-9999.00,-9999.00,-9999.00,1.80,1.00,0.95,-9999.00,-9999.00,-9999.00
10,8,14.54,1.00,8.01,1.00,5.96,1.00,12.40,1.00,2.10,39.50,59.19,1.00,27.65,1.00,2.51,-999
9.00,1.38,1.00,1.13,-9999.00,-9999.00,-9999.00,1.33,1.00,1.18,-9999.00,-9999.00,-9999.00
11,8,14.82,1.00,6.73,1.00,4.14,1.00,10.09,1.00,1.68,42.54,58.75,1.00,41.11,1.00,1.91,-999
9.00,0.95,1.00,0.96,-9999.00,-9999.00,-9999.00,0.85,1.00,1.06,-9999.00,-9999.00,-9999.00
12,8,18.36,1.00,14.12,1.00,7.82,1.00,14.17,1.00,1.84,42.23,61.93,1.00,46.59,1.00,2.56,-99
99.00,1.27,0.94,1.29,-9999.00,-9999.00,-9999.00,1.27,1.00,1.29,-9999.00,-9999.00,-9999.00
13,8,17.42,1.00,15.42,1.00,8.74,1.00,15.70,1.00,1.21,42.85,45.35,1.00,60.68,1.00,3.20,-99
99.00,1.16,0.97,2.04,-9999.00,-9999.00,-9999.00,1.14,1.00,2.06,-9999.00,-9999.00,-9999.00
14,8,15.88,1.00,18.13,1.00,9.25,1.00,18.52,1.00,0.67,40.40,48.53,1.00,58.42,1.00,4.41,-99
99.00,1.35,0.95,3.06,-9999.00,-9999.00,-9999.00,1.29,1.00,3.12,-9999.00,-9999.00,-9999.00
15,8,15.48,1.00,16.25,1.00,7.15,1.00,17.64,1.00,2.06,39.35,39.48,1.00,75.63,1.00,4.74,-99
99.00,0.85,1.00,3.89,-9999.00,-9999.00,-9999.00,0.91,1.00,3.83,-9999.00,-9999.00,-9999.00
16,8,14.39,1.00,16.74,1.00,6.22,1.00,17.09,1.00,7.87,40.02,38.42,0.75,59.33,0.74,5.16,-99
99.00,0.41,0.73,4.75,-9999.00,-9999.00,-9999.00,0.47,1.00,4.69,-9999.00,-9999.00,-9999.00
17,8,18.64,1.00,16.99,1.00,6.18,1.00,17.55,1.00,3.37,43.73,41.40,0.93,91.17,0.93,5.58,-99
99.00,-1.04,0.80,6.62,-9999.00,-9999.00,-9999.00,-0.80,1.00,6.38,-9999.00,-9999.00,-9999.
00
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uts of DA - Ameriflux

How to make sense of it.

LEVEL 4 € VARIABLE DESCRIPTION

Variables description:

Level 4 data are obtained from the level 3 products, data are ustar filtered, gap-filled using different methods and
partitioned. Datasets are also aggregated from daily to monthly. Flags with information regarding guality of the
original and gapfilled data are added.

Half hourly dataset variables description:

- Month: from 1 to 12
- Day: day of the month
- Hour: from 0 to 23.5, indicates the end of the half hour of measurement
- DoY: decimal day of the year
- Rg_f: global radiation filled [W m-2]
- Rg_fgc: global radiation guality flags: 0 = original, 1 = category A (most reliable), 2 = category B (medium), 3 =
category C (least reliable). (Refer to Reichstein et al. 2005 Global Change Biology for more information)
L4 data from NC - Ta_f: air temperature filled [€C]
Ameriflux - Ta_fgc: air temperature guality flags: 0 = original, 1 = category A (most reliable), 2 = category B (medium), 3 =
category C (least reliable). (Refer to Reichstein et al. 2005 Global Change Biology for more information)
- VPD_f: vapour pressure deficit [hPa]
- VPD_fgc: vapour pressure deficit gqguality flags: 0 = original, 1 = category A (most reliable), 2 = category B
(medium), 3 = category C (least reliable). (Refer to Reichstein et al. 2005 Global Change Biology for more
information)
- Ts_f: soil temperature filled [€cC)
- Ts_fgc: soil temperature guality flags: 0 = original, 1 = category A (most reliable), 2 = category B (medium), 3 =
category C (least reliable). (Refer to Reichstein et al. 2005 Global Change Biology for more information)
- Precip: precipitation [mm]
- SWC: soil water content [%vol]
- H_f: sensible heat flux filled [W m-2]
- B_fgc: sensible heat flux guality flags: 0 = original, 1 = category A (most reliable), 2 = category B (medium), 3
= category C (least reliable). (Refer to Reichstein et al. 2005 Global Change Biology for more information)

Sorto—h L1 EN.. £XNN_3 rev . An
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Guts of DA - Ameriflux

NAMELIST

This namelist is read from the file inp

How to get data into DART

ut.nml. Namelists start with an ampersand '&' and terminate with a slash '/'. Character strings that contain a '/' must be enclosed in quotes to prevent them

from prematurely terminating the namelist.

&leveld _to_obs_nml
text_input_file = 'textdata.input',
obs_out_file = 'obs_seg.out’',
year = -1,
timezoneoffset = -1,
latitude = -1.0,
longitude = -1.0,
elevation = -1.0,
flux_height = -1.0,
maxgoodgc =3,
verbose = .false
Contents Type Description

text_input_file character(len=128)
obs_out_file character(len=128)
year integer

timezoneoffset real

latitude real
longitude real
elevation real
flux_height real
maxgoodqc real
verbose logical

Name of the Level 4 ASCII file of comma-separated values. This may be a relative or absolute filename.

Name of the output observation sequence file.

The year of the observations in the Level 4 text file.

the time zone offset (in hours) of the station. The tower observation times are local time, we need to convert them to GMT.
Latitude (in degrees N) of the tower.

Longitude (in degrees E) of the tower. For internal consistency, DART uses longitudes in the range [0,360]. An input value of -90 will be converted to 270, for
example.

surface elevation (in meters) of the tower.
height (in meters) of the flux instrument on the tower.

maximum value of any observation quality control flag to pass through to the output observation sequence. Keep in mind that 77 7ter has the ability to
discriminate on the value, so there is really little to be gained by rejecting them during the conversion.

Print extra information during the Tevel4_to_obs execution.

National Ecological Observatory Network © 2012 National Ecological Observatory Network, Inc. ALL RIGHTS RESERVED.
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Guts of DA - Ameriflux

How to get data into DART

NAMELIST

This namelist is read from the file input.nml.
from prematurely terminating the namelist.

&level4_to_obs_nml
text_input_file = 'textdata.input',
obs_out_file = 'obs_seq.out',
year = -1,
timezoneoffset = -1,
latitude = -1.0,
longitude = -1.0, General Site Information
elevation = -1.0, —
flux_height = -1.0, Site_id: US-Dk3
maxgoodgc = 3, o N .
. - .false. |Site_name: Duke Forest - loblolly pine
Pl: Gaby Katul - gaby@duke.edu - Duke University
Tower_team: Affiliate: Paul Stoy - paul.stoy@montana.edu - Montana State University
Affiliate: Ram Oren - ramoren@duke.edu - Duke University
Latitude: 35.9782
Longitude: -79.0942
Elevation(m): 163.00
Network AmeriFlux
IGBP: ENF (Evergreen Needleleaf Forests)
Climate_Koeppen: Cfa (Humid Subtropical: mild with no dry season, hot summer)
Mean Annual Temp (degrees C):|14.38
Mean Annual Precip. (mm): 1170
2 o Ameriflux: 11 (Duration: 1888 - 2008)
Years Of Data Available: FLUXNET: 5 (Duration: 2001 - 2005)
The site was established in 1883 following a clear cut and a burn. Pinus taeda L. (loblolly pine) seedlings were planted at 2.4m by 2.4m spacing and ecosystem development has not
Description' been managed after planting. Canopy height increased from 16m in 2001 to 18m in 2004. The canopy is comprised primarily of P. taeda with some emergent Liquidambar styraciflua
. L. and a diverse and growing understory with 26 different woody species of diameter breast height 42.5 cm. The flux tower lies upwind of the CO2-enriched components of the free
atmosphere carbon enrichment (FACE) facility located in the same pine forest. EC instrumentation is at 20.2m on a 22m tower.
Acknowledgment:
Site image(s):
VE Cutouts: Max Zoom :: Mid 1 Zoom :: Mid 2 Zoom :: Min Zoom
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File formats

HDF5 format schematic CSV alternative

dataProduc domainID sitelD startDate endtDate mean standardErl count finalQF min 1

NEON.DD3. D10 RS1 2013-03-242013-03-24 256.1836 0.0101 60 0 253.5888

NEON.DO3. D10 RS1 2013-03-242013-03-24 250.4642 0.0103 60 0 247.5259

NEON.DD3. D10 RS1 2013-03-242013-03-24 244.5080 0.0101 60 0 241.8125

Root NEON.DO3. D10 RS1 2013-03-242013-03-24 239.6961 0.0111 60 0 237.7858
NEON.DD3. D10 RS1 2013-03-242013-03-24 233.7573 0.0114 60 0 229.2461

‘ DO mai n NEON.DD3. D10 RS1 2013-03-24 2013-03-24 226.0407 0.0110 60 0 223.6695

Site

Time Scale

Time data

Data product

Measurements (mean, var, etc..)

Quality

¢ nean
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User payload

Data
files

Archived
download

§ neen
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Citation
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€& | download.xml

Data use
policy
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XML
Metadata




Managing terms

Oracle SQL DB

Graph database of terms, data products,
of measurements

and metadata

field field

sensor

field

isField1

product

Neon.FSU.
00005

Neon.FIU.
00005

product
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Linking NEON data and DART

/Data terms \

managed

in GraphDB
Standardized |
formats across P.rog_ramnjatlc
heterogeneous pipelines into
measurements DART via NEON

data tools

Standardized
user payloads w/

\ metadata /

¢ neeon
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The future....

« Semantic ontologies describe NEON observation process
« Link with developing and existing community standards

« SPARQL endpoints and API’s allow magic!

BCO:material =] UEICHE BCO:identification
sampling process ] process
NEON: : A A A

sampling :
Ocean sample
method e
g Day >
Collecting Event \? ﬁ : :
; I | Identication A f—>1 |
Sea-Water [ 1dentification 8 >1 |

Filtration \ ter
2l | 1dentification ¢ > |

NEON vapor
ontology

DNA extraction ¢ I

NEON: plot oy :
: - &---| Metagenomic GOLD database
Sequencing sequences

s of

| ————>> has specified output
NEON: site -=--=-> has specified input OBl:sequencing OBl:sequence
° assay data

-++++--- D> instance of

T - derives from

NEON:
Domain

X

‘!"
g
2

oA

™
b

Walls et al, 2014, Figure 4B
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Thanks

* Andy Fox
o Steve Berukoff

 Brian Miles
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HOW STANDARDS PROUIFERATE:
(62 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

W7 RiDICULoLS!

WE NEED To DEVELGP

ONE UNNERSAL STANDARD

THAT COVERS EVERYONE'S
USE CPSES.

KO J

)

SITUATION:
THERE ARE
|5 COMPETING
STANDPRDS.
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Observing system simulation experiment

« 80 member, 6 hourly climate
reanalysis available, 1998 —
2010

« Each forces separate CLM
ensemble member at 1° x 1°

 Generates spread in the land
model states

« At 60 NEON sites observe:

i. Leaf areaindex

ii. Leaf nitrogen concentration
lii. Net Ecosystem Productivity
iv. Evapotranspiration

« 175,000 observations a 500 hPa GPH
month Feb 17 2003

§ neen
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A NEON site
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Major Organism and Aquatic Elements (with respect to a typical site layout)

Main Biodiversity Plot

Leaf Litter Plot (0.5m2)

Biomass Plot (Im2)

Soil Sampling

Annular Plot

Sapling/Shrub Biomass (2.07m radius)
Herb Cover (Im?)

Mosquito Traps

Beetle Traps
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Notional Ecological Observatory Network

Water Sampling
Sediment / Detritus Sampling

Algae Attached

@
©
(]
[} Macroalgae, Macrophytes, Bryophytes
® Benthic Invertebrates

[~ ] Aquatic Instruments

@ Sub-Surface Water Sampling

Micromet Station

Mosquito Traps

Plant Biodiversity Plot
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° ° m
- | Tower
o ° @ Biodiversity Plots
\ (@) Mammal Webs
/ °
q O ° Birding Grids
| Mammal Transects
° | Ecosystem Productivity Plots
Fig. 5a
AQUATIC DESIGN LEGEND

AQUATIC : FLOATING - STREAM

This schematic is for sites that also contain
an aquatic site, or are solely an
aauatic site.
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Avutomated tower data collection

[ [
| LO' Data |
\
Stage |: Data Pre- Stage II: Stage llI: Identifying Data for Manual Inspection
processing and Automated
Plausibility Tests .
Systems Checks Y Consistency checks
Gap & Range Outlier Tests Follow-up Tests on Checks on
Null Tests Test (hard) Soft-flagged Data Summary Statistics
Range
Duplicates Ca::/e:: Step Test Remove hard Test (soft) Spatial Spatial
Test remove (hard) flagged data Comparisons Comparisons
> hard- . 3 from further |—3»|
flagged - testing and DP Sigma Test
Units Check d Persistence calculations
ata Test Lyl Temporal Temporal
T Comparisons Comparisons
| Step Test
C3 Logic TBD | (soft)
| Checks against Checks against
| correlated correlated Randomly select
: TBD variables variables subsets of “passed”
| data
|
v I
y ﬁ‘
{ Wbata | A 4
| ortal
| (et Stage IV: Manual
Inspection and Process
Improvement
\ 4
Problem Resolution QA/QC scientist
Eyes on quality
> Generate/Update Issue Trouble Generate/Update < determination of “Commissioned”
Quality Flags Tickets Quality Report all flags from L1 Data
Stages I- Il
Improvements/
[ : relatively quick OIS ey
Stage Il & Il tests
[ : more computer processing time than blue
I : time intensive
[ : final product
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NEON Tower measurements

INCIDENT/SYNOPTIC SCALE

200m |
< Local/
~ Microclimate

1. Atmespheric Stability 3. Wind Speed

2. Wind Direction 4. Surlace Roughness

s AVA VA VA

SOIL SCALE
NOT 10 SCALE (from 40 m fo 100 m - 260 m)



