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1. Modeling Carbon and Water Fluxes Across Ecosystes: the Land Core Information
Service of Geoland

Manuela Balzaroth Gianpaolo BalsanfpAlina Barbd, Souhail BousséttJean-Christophe
Calvet, Alessandro CescattiFrederic Chevalliér Sebastien LafofitFabienne MaignanJohn
de Vrie$, Laszlo Kullmar, and Dario Papate

YUniversity of Tuscia, Italy
’ECMWF, United Kingdom
3Météo-France, France
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°LSCE, France

°KNMI, The Netherlands
'OMSZ, Hungary
manuela.balzarolo@unitus.it

Even if ecological models based on remotely seds¢a show good results in predicting
carbon and water fluxes they need to be testedbbtigscale in order to evaluate goodness of
their simulations across and within the ecosysterhe. existing global eddy covariance (EC)
network (FLUXNET [1]), where CO2 and water exchaigyeontinuously measured [2], make it
possible for most of world regions.

This study reports the results of the verificatiactivities of the Land Carbon Core
Information Service (LC-CIS) of the Geoland2 Euraperoject [3]. Carbon and water fluxes
were simulated over Europe using three land sunfagdels: C-TESSEL from ECMWEF [4, 5]
SURFEX from CNRM [6] and ORCHIDEE from IPSL [7]. &se models differ in their
hypotheses used to describe processes and thecimes between plant-soil-atmosphere
system, climate and environmental conditions. T$teration of carbon fluxes (NEE, GPP and
Reco) and water fluxes (H and LE) simulated by nieadee verified against FLUXNET eddy
covariance data for the most important worldwidan®lFunctional Types (PFTs: forest,
grassland and cropland). Quality of the EC dataeisfied using the CarboEurope database
methodology [8, 9] and accuracy is evaluated bythreéshold value uncertainty. Verification
methodology includes the statistical analysis (RRISEabs, E, MAPE, BE) of the fluxes
magnitude, daily and annual cycles, inter-annuahaalies for all PTFs and for each PFT.

References

[1] www.fluxdata.org

[2] D. Baldocchi et al., 2001, Bull. Amer. Meteor8loc., 82, 2415-2434.

[3] www.gmes-geoland.info
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[7] G. Krinner et al., 2005, Global Biogeochem. @g; 19, GB1015.

[8] D. Papale et al., 2006, Biogeosciences, 3, 1-13

[9] M. Reichstein et al., 2005, Global Change Bidll, 1424-14309.
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2. Estimation of Carbon Fluxes by Broadband Vegetadn Indices for Mediterranean
Mountain Grassland

Manuela Balzarolo and Dario Papale

University of Tuscia, Via S.C. de Lellis, S.nc1@1 Viterbo - Italy
manuela.balzarolo@unitus.it

This study investigates the possibility of monibgyicarbon dioxide fluxes of grassland
by broadband broadband Normalised Difference Veigetdndex (bNDVI) and Simple Ratio
(bSR) derived from reflectance measurements of qayothetically active and short-wave
radiation. These low cost radiometers allow cordusi high temporal reflectance optical
measurements (half-hourly or higher) improving knewledge of biophysical parameters of the
ecosystems (e.g. LAl and biomass). Optical and edariance fluxes measurements were
continuously carried out at a Mediterranean mouanggassland in Italy from the 2005 to 2008,
years with constraint meteorological conditionstirgations of CO2 fluxes from optical data
base on Artificial Neural Network model (ANN) tr&a using as input variables meteorological
data (global radiation, air temperature, soil terapge, vapor pressure deficit, soil water
content, potential radiation, Top of Atmosphereiaidn transformations (ToA)), bNDVI and
bSR. Results show that use of broad band vegetatthoes get better prediciton of NEE and
GPP of grassland providing helpful information osasonal and interannual variability of
ecosystems parameters. Therefore broadband vegetadiices can provide helpful information
in flux data simulations and gap-filling.



3. Mapping Pigment Concentration and Leaf Area Ind& from High Spatial Resolution
LiDAR and Hyperspectral Airborne Data: Applications in Land Surface Modeling

J.AJ. Berri, E. Van Gorsé| N. Kljun?, L. ChasmetV. Haverd, A. Cabello-Lebli¢, J. Hackef:
C. Hopkinsor®, A. Held', and R. Leuniny
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Quantitative remote sensing using hyperspectral lADAR sensors provide spatially
extensive information about biophysical parameteinsch are linked directly to physiological
processes that control carbon and water exchangesgetation. The high spatial resolution of
these sensors can deliver maps of these drivirigriaand appropriately account for disturbance
effects or heterogeneity.

Active sensors like the LIDAR allow the extractiohthe 3D structure of the vegetation
and ultimately parameters related with radiatioteriception like leaf area index (LAI) or
fractional cover fCovel). LIDAR-derived canopy fractional covefQovel) was determined by
counting the total number of returns within eachalative bin (in 2m intervals) divided by the
total number of returndCover from LIDAR was then used to estimate effective LARAI)
calibrating it with digital hemispheric photograp{i3HP). The LAl map for the canopy was
modelled using the scaled LA&t a cumulative bin height of 8 — 44 m. This wa$ednined
based on the equation from Chen et al. (2006, AgEQr140 pp 257-268)

Multispectral or hyperspectral sensors can be tsedtimate the biochemical properties
of the vegetation, such as the chlorophyll leaf cemration Chl) and ultimately the
photosynthetic capacity in the form of the maximcanboxylation rate (Mgaxo Where 0 stands
for “normalized to standard temperature”) and tlo¢eptial rate of electron transport {do.
Care must be taken when upscaling vegetation ird@xp related with pigment concentration
as such indexes are influenced by structural effactanopy scale. We have used PROSPECTS5,
a leaf level radiative transfer model (RTM), coupte the 3D canopy RTM (FLIGHT) to take
these structural effects into account. Inputs fofGHT like tree dimensions and distribution
were derived from the LIDAR data. Simulations foramge of chlorophyll concentration and
LAI values were conducted resulting in synthetiedpa that were related with the input Chl and
LAIL As result a new vegetation index f@hl that combines the canopy reflectance in the red
edge region (750 and 710nm) and LAI derived fromltiDAR has been developed. V& o0and
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Jnax,0 have been derived fro@hl using leaf level measurements of photosynthesislifeerent
levels ofChl concentrations.

To test the VI we use data from a hyperspectrad@eand a full waveform LIDAR flown
over a temperate forest in Australia which is teation of the Tumbarumba Ozflux site. Maps
of LAI, V¢maxoand dhaxoat 25m grid size were subsequently used to deraranpeters to run
surface atmosphere transfer models (CABLE-SLI) gmherate a map of net ecosystem
exchange (NEE). Flux data is used to validate dlogpfint weighted NEE estimates.
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4. Vegetation stress detection using a micro-hypgrsctral airborne sensor on board an
Unmanned Aerial Vehicle (UAV)

J.A.J Bernt and P.J. Zarco-Tejatla
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%Instituto de Agricultura Sostenible (IAS), Cons&aperior de Investigaciones Cientificas
(CSIC), Cordoba, Spain (pzarco@ias.csic.es)

Topic: Hyperspectral remote sensing, new technefogi

This work presents new advances on vegetation sstoetection methods using a
micro-hyperspectral imager on board an UnmannedaA¥ehicle (UAV) flying over natural
vegetation and crop canopies with varying levelswatrient and water stress condition. A 5-m
wingspan platform was used to fly autonomouslyl@iudes ranging 150-500 m and 75 km/h
with endurance time to cover up to 3.500 ha pehfli A micro-hyperspectral imager was
installed on board the UAV platform to acquire aga between 260-360 spectral bands and 3 to
6 nm FWHM imagery depending on the acquisition mased, obtaining 40 cm spatial
resolution in the 400-1.000 nm spectral range. &adtric calibration, atmospheric correction
and imagery ortho-rectification were conducted gstommercial solutions and software
developed at QuantaLab — IAS — CSIC laboratoryickslrelated to xanthophyll, carotenoids,
anthocyanins, and chlorophylh+b were extracted using optical indices such as PRI,
TCARI/OSAVI and new indices related to carotenoitt aanthocyanin pigments from study
areas flown that comprised a gradient in stresslitions due to varying water and nutrient stress
levels. The retrieval of chlorophyll fluorescencgng the fluorescenda-filling FLD3 method
through the @ band at 760 nm was conducted from pure crowns tduthe high spatial
resolution acquired (less than 40 cm pixel size 260 bands at 6.4 FWHM bandwidth).
Automatic object-based image analysis methods vegqaied to the hyperspectral imagery
acquired with the UAV platform, obtaining thematiaps of stress at the crow level. The study
demonstrates the feasibility for hyperspectral ierggacquisition on board UAVS using
lightweight micro-hyperspectral imagers synchrodizevith low cost IMU systems.
Hyperspectral imagers onboard UAV platforms endtdgible airborne campaigns for the
validation of biochemical and biophysical paramesétrievals for stress detection over relatively
large areas exceeding 3.000 ha per flight.
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5. Narrow waveband sensor for continuous canopy NDIYPRI, and NWI measurement
Ross Bricklemyéer Gaylon Campef| Doug Cobo$

! Dept. of Crop and Soil Sciences, Washington Stateeisity, Pullman, WA
2 Decagon Devices Inc., Pullman, WA

As concerns over rising atmospheric carbon diok@i®,) levels continue, it is critical to
understand the mechanisms of mass and energy balagtoveen the atmosphere and the
biosphere for monitoring current and estimatingurfet fluxes. Networks of environmental
monitoring sensors are increasingly being used dnoticuously collect data important to
understanding the interaction between plant casopiel the atmosphere. While spectral data
are critical to scaling C£and water flux estimates, the number of flux tawarrrently equipped
with continuous spectral data collection is few.lofv-cost, low-maintenance, high data-quality
option is needed to outfit a significant numbeiflak tower locations with continuous spectral
measurements that could lead to better representafi flux tower footprints. Building on a
simple photodiode sensor (QuadPod) designed byitisatral. (2010) to continuously collect
NDVI (675 and 800 nm) and PRI (532 and 570 nm) ,dataadded a spectral index related to
plant water status (880 and 970 nm) to our Tripleg&tation Index Radiometer (TVIR).
Preliminary TVIR testing results suggest that themsor is capable of providing high quality,
high temporal resolution canopy reflectance datslR wavebands were highly correlated %r
0.96) with similar bandwidths collected using a Simec DC. Short-term repeatability of the
TVIR was found to be 0.0002% of the total signad anitial field testing found the TVIR
insensitive to shading yet responsive to refleatainom differing ground covers. While these
results are encouraging, further testing is reguioebetter ascertain the long-term durability and
stability of the sensors under field conditions.
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6. A case study for integrating optical remote semnsg and carbon flux measurements over
an alfalfa crop field

Saulo Castro-Contreras and John A. Gamon
Departments of Earth & Atmospheric Sciences, Usiteof Alberta, Edmonton, Canada.

The integration of optical remote sensing with carbflux measurements has the
potential to provide better quantification of ecstgyn productivity and health by providing
novel methods for gap filling and respiration c#étions and improving our understanding of
disturbance events. Furthermore, remote sensiogdas the ability to study carbon exchange
over a wide variety of spatial scales, rangingléaf to global scales. The light use efficiency
model (LUE) has provided an operational model thédws the assessment of productivity
through remote sensing. For our study, optical nmegsents gathered over an alfalfa crop, and
matching the scale of the flux tower footprint, Baveen used to develop a LUE model driven
entirely from optical measurements. The resultingdeled productivity can be directly
compared to productivity derived from flux measueenns collected at the same site. The
modeled carbon fluxes accurately track the seastyramics in fluxes and provide continuous
time series that provide a novel approach for gapg missing eddy covariance data. Moreover,
the significantly better correlation between resgpoim and NDVI, compared to that of
temperature, displays the potential for using @btremote sensing for estimating ecosystem
respiration and deriving Gross Ecosystem Exchar@®€E() from Net Ecosystem Exchange
(NEE).

Having the optical and flux measurements at theedagation and time scale as the eddy
covariance allows for up-scaling flux measuremeats] allow a direct comparison to aircraft
and satellite measurements. By integrating remensiag and flux measurement approaches, we
can achieve a more comprehensive understandingpeofdynamics involving the biospheric
carbon budget.
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MODIS Product Validation
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. Creed, and R. Petrorte
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Exchanges of Cotransported to eddy covariance instruments aenaissumed to be
representative of site average characteristicgrdégss of the frequency with which vegetation,
understory and ground surface characteristics baea sampled. All sites have some degree of
heterogeneity (e.g. an upland area, bog, area mdedanderstory, etc.), which could influence
CO, exchanges if scalar fluxes from prevailing windedtions frequently sample these parts
more than others. This could have implications dibe representation, model evaluation, and
remote sensing product validation and scaling.

The use of flux footprint models has improved owmderstanding of the spatial and
temporal distribution of source/sink areas measwniglin the field of view of eddy covariance
instrumentation. Combining footprints with high ekgion spatially continuous remote sensing
data from airborne LIDAR, hyperspectral or specirahgery provides a powerful tool for
characterizing the areas sampled most frequentlgdoly covariance. In this study, we use a 3D
classification methodology to characterize vegetastructural and topographic attributes most
frequently sampled by eddy covariance within 1penbgeneous mature boreal aspen stand; and
2) a heterogeneous upland aspen/wetland complexy asiborne LIiDAR. The vegetation and
topographic characteristics found within the aneast sampled at each site were then used to
classify the larger region for evaluation of the BIIS gross primary production (GPP) product,
i.e. choosing MODIS pixels that have similar atités to those found within footprint most
frequently sampled by eddy covariance. The cormedpoce between MODIS GPP and GPP
estimated using eddy covariance and meteorologieghods improved by 13% when using
LiDAR ‘classified’ pixels as opposed to those psxalost proximal to the tower.
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8. Spatial and Temporal Variability of CO, Exchanges along a Fen-Plateau-Bog Transect
within the Discontinuous Permafrost Zone: Implications for Change Using Historic Remote
Sensing

A. Kenward, L. Chasmer, R. Petrone, and W. Quinton
Cold Regions Research Centre, Wilfrid Laurier Unsity, Waterloo ON N2L 3C5

lechasme@yahoo.ca

The southern boundary of the discontinuous permtaffone of north-western Canada is
dominated by a mosaic of channel fens, ombrotrofiicbogs, and tree-covered permafrost
plateaus that rise 0.5 to 2 m above the surfacdsogé and fens. Peatlands, which contain
approximately one-third of the global soil C poate particularly sensitive to changes in soil
moisture and air temperature. Therefore, the canwerf plateaus to fen or bog ecosystems has
unknown but potentially significant implicationsrfmet CQ exchange. In this study, net
ecosystem exchange (NEE) and total soil/ground rcoeeapiration (R:) were measured during
the snowmelt to spring leaf-flush period (April 28une 6 2008) within bog, plateau, and fen
land cover types using nine soil chambers. Theatibgs are to: 1) quantify soil G@xchanges
and associated drivers within these land coverstypad 2) determine the impact of land cover
change on aerially weighted fluxes from 1947 to&00

During the time of study, NEE measured at the hitep svere found to be the greatest
sources of C@to the atmosphere, followed by plateau, and femdwswitched from a source of
CO; to a sink by late May). All sites were a slighusme of CQ to the atmosphere during the
snow-melt period. B (and net losses) increased rapidly within onewo tlays following
complete snow melt. Soil temperature was the pyngpositive) control of R; at the plateau
and fen chamber sites, while the depth to the wat#de was negatively related teft plateau
sites. Analysis of historical aerial photographyl aatellite imagery of the basin from 1947 to
2008 indicate that plateaus are converting morahamto bogs than channel fen. These rapid
land cover changes could have important implicatiéor northern C exchanges during the
spring shoulder period within the discontinuouserost zone.
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9. Wavelets: a useful tool to derive vegetation pperties from hyperspectral data
Tao Chend? Benoit Rivard, Arturo Sanchez-Azofeifaand Stephane Jacquembdud

Center for Spatial Technologies and Remote SenBiegartment of Land, Air and Water
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One of the goals of collecting hyperspectral meamants of vegetation is to derive
accurate remote sensing products of biophysicapestes. Many studies have investigated
spectral indices to model various vegetation prigerHowever, established spectral indices use
only a limited number of wavebands out of hundredshousands of wavebands available for
hyperspectral data. This study evaluates a usef@l) tontinuous wavelet analysis (CWA), to
derive accurate estimates of leaf gravimetric watentent (GWC) from hyperspectral
reflectance spectra. CWA enables the multi-scaldyars of absorption features in reflectance
spectra and provides the potential to capture tapes information over spectral regions of
various widths. Three data sets, two measured ared simulated, were used to assess the
predictive capabilities of CWA and test the robess of CWA for a wide range of leaf GWC
values and species from different ecosystems. @iibkasured data sets one was collected for
tropical forests in Panama (PANAMA) and the other Mediterranean ecosystems in lItaly
(LOPEX). The radiative transfer model PROSPECT wused to generate the simulated data set
(PROSPECT) by reconstructing spectral variationsiéeWPANAMA data set. For each data set,
reflectance spectra were transformed to the wadeletain. Subsequently, the transformed data
as a function of wavelength and scale were cogeélaiith leaf GWC across samples to identify
the wavelet features that are most sensitive tagdsin leaf GWC.

Results demonstrated that five of eight featuresvele from the PANAMA data set
matched five of seven features from the LOPEX da&tia The recurrence of wavelet features
between the two measured data sets confirmed thiecalpility of CWA for the estimation of
leaf GWC for a broad variety of species or for dsgts with a wide range of GWC values. The
spectral variations caused by changes in leaf GVé(& waptured by wavelet features at various
scales. High-scale features captured variationthenoverall amplitude and low-scale features
captured variations in dry matter absorption regiohhe PROSPECT data set did not well
reconstruct the spectral variations in the PANAMé#tadset and had only one wavelet feature
closely corresponding to recurrent features from BANAMA and LOPEX data sets. The
wavelet-based spectral analysis tool adds a newrdian to modeling vegetation biophysical
properties with hyperspectral reflectance data.
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10.Unattended field spectrometric systems for continuas measurements of hyperspectral
reflectance and fluorescence
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Current Earth observing systems generally providermation of plant status derived
from structural or biochemical properties (egaf Area IndeXLAl), chlorophyll content) which
can be used to model the potential photosynthatesrof plants. ReceRemote Sensin@RS)
techniques have encouraged the investigation ofattteal photosynthetic rate through the
Photochemical Reflectance IndePRI) and the analysis ofun-induced chlorophyll
FluorescencdF) in the Fraunhofer lines (Meroni et al., 20(@gspite of the growing number of
studies that have recently focused on the collectod large datasets of repeated field
hyperspectral measurements in the sampling aréady Covarianc€EC) flux towers, only a
small number of automatic tower based hyperspedtsttuments are available nowadays.
Overall, most of these instruments are based dectahce measurement din€” (1 nm of Full
Width at Half Maximum, FWHM) spectral resolutionnl® the system recently proposed by
Daumard et al. (2010) provides continuous measunesret ‘Ultra-fine” resolution (0.1 nm of
FWHM) in the spectral region interested by F. Salanternational initiatives (eg. SpecNet,
Eurospec - COST ES0903) intended to promote comtisiand long term spectral sampling at
EC tower sites. Furthermore, recently (27 NovemB640), the satellite mission FLEX
(FLuorescence EXplorer) by the European Space AgéBESA) has been selected for further
development to 'Phase-A/B1'.

Object of the present contribution is the developinod automatic spectrometric systems
capable of collecting unattended, continuous, ltargy spectral measurements of vegetation.
Two different automatic spectrometric systems hdeen developed: thélyperSpectral
Irradiometer (HSI) (Meroni et al., 2011) and thHdultiplexer Radiometer IrradiometgiMRI)
(Cogliati, 2011). Both instruments are able to mely and autonomously measure: sun
incoming irradiance (downwelling irradiance,’ ) and the irradiance {Hradiance (£)
upwelling from the investigated Earth surface (HSgasures £ MRI measures }). These
systems are able to simultaneously colldoi€® and “ultra-fine” spectrums, in particular the
instruments employ two Ocean Optics® High Resotut8pectrometers HR4000 sharing the
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same optical signal. Thdifie” resolution spectrometer covers the VNIR range-2000 nm, the
“ultra-fine” spectrometer provides an higher resolution (GriLtFAVHM) within the 700-800 nm
interval. The collected spectral data allow toreate: i) vegetation biochemical and structural
parameters using optical Vegetation Indices (e QVN; ii) the energy dissipation pathways
exploiting the PRI and F at;tA band at 760 nm (F@760).

The development of such systems includes the ¢pdiesign, the development of the
data acquisition Auto39 and processing software as well as the definibbrthe calibration
procedures.

Radiometric and spectral calibration is essentiabrider to get reliable hyperspectral data by
these automatic systems that are continuously expts varying environmental factors (e.qg.
temperature, rain, humidity etc.) which affect rnstent performances. For such reasons a
“laboratory calibration” carried out yearly befarestalling the instrument in the field and an “in-
situ calibration” (Meroni et al., 2010) performesegularly during instrument field operations to
check and keep upgraded the instrument calibrabesfficients have been developed.

Finally, the automatic instruments proposed westetk in field in the last years (from
2008 on), in particular the HSI was installed apeérated during two consecutive years (2009-
2010) in an abandoned pasture of the subalpineitatie framework of the Interreg project
PhenoAlp (www.phenoalp.ey while the MRI was employed in 2009 in the comtex the
Sentinel-3  Experiment field survey promoted by the European Space Agency
(www.esa.int/esalLP/ISEMTST4KXMFE _LPgmes-_0.htrak consolidation study to the future
mission Sentinel-3.

Results show that the proposed automatic spectrmmsystems (HSI and MRI)
succeeded in collecting unattended and long-terpetspectral data. Reliable time series of
optical properties (incident irradiance, radiangavelling from the earth surface, resulting
reflectance factors and vegetation indices) wergioed with both instruments, in different
experimental conditions (i.e. extreme environmertahditions) and on different vegetated
canopies. The seasonal trends obtained in thismgsare consistent to previous works. NDVI is
strongly related to the canopy greenness and thiis fpotential photosynthetic capacity. PRI
and F@760 are instead related to excess energypatisg pathways and thus to the canopy
actual photosynthesis.

The development of two different automatic systadresses the need of study the best
optical equipment and measurement configuration. (epwelling radiance, 1. upwelling
irradiance, E) to quantify local scale vegetation properties acthal photosynthetic rate.
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11. Measuring CQ from Space: The NASA Orbiting Carbon Observatory-2(OCO-2)
David Crisp

Jet Propulsion Laboratory/California Institute oé@hnology, Pasadena, CA, U.S.A. for the
OCO-2 Team

The Orbiting Carbon Observatory was the first NA8SAssion designed to measure
atmospheric carbon dioxide (GOwith the sensitivity, coverage, and resolutioreded to
guantify CQ sources and sinks on regional scales and chaesctireir variability over the
seasonal cycle. This project suffered a major sé&tlaFebruary 2009, when its launch vehicle
failed to reach orbit. In early 2010, NASA authlzed a “carbon copy” of OCO, called OCO-2,
which is currently on track for launch in 2013. TRECO-2 instrument will collect high-
resolution, co-boresited spectra of reflected gimlin the CQ bands centered near 1610 and
2060 nm, and in the molecular oxygen)®-band centered near 764 nm. It will record 1240
soundings/second, yielding 200 to 400 soundingsipgree of latitude over the sunlit portion of
the orbit. Between 5 and 30% of these soundingseapected to be sufficiently cloud and
aerosol free to retrieve full-column estimateshedf tolumn-averaged G@ry air mole fraction,
Xcoz Which accuracies of ~0.3% (1 ppm out of the ant389 ppm background). G@nd Q
measurements currently being collected by the Fmmareenhouse Gases Observing Satellite,
GOSAT, are being analyzed to improve the retriesfglorithms, calibration methods, and
validation techniques for OCO-2. These data as® dleing used to asses methods for
integrating these space based measurements widcsuneasurements of G@oncentrations
and fluxes in source-sink inversion models.
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12. Combining tower mixing ratio and community modé data to estimate regional-scale
net ecosystem carbon exchange by boundary layer iexsion over 4 flux towers in the
U.S.A.

Xuerui Dangd' 4 Chun-Ta L&', David Y. Hollingef, Andrew J. SchauérJingfeng Xiad, J.
William Mungef, Clenton OwensHy James R. Ehleringer

We evaluated an idealized boundary layer (BL) mosih simple parameterization
using the vertical transport information from commity model outputs (NCAR/NCEP
Reanalysis and ECMWEF Interim Analysis) to estimagional-scale net CCiluxes from 2002
to 2007 at 3 forest and 1 grassland flux siteh@W.S. The BL modeling approach builds on a
mixed-layer model to infer monthly average net,GlDxes using high-precision mixing ratio
measurements taken on flux towers. We compared BHemNEE with estimates from two
independent approaches. First we compared modeletel Wth tower eddy covariance (EC)
measurements. The second approach (EC-MOD) wagaaddaen method that upscaled EC
fluxes from towers to regions using MODIS dataatnse. Comparisons between modeled, CO
and tower NEE fluxes suggested two interesting gérmtterns. First, modeled regional £0
fluxes display inter- and intra-annual variationsitar to the tower NEE fluxes observed in the
Rannells Prairie and Wind River Forest was, whergaxlel predictions were frequently
different from NEE observations at the Harvard Borand Howland Forest. Second, model
predictions showed distinct temporal patterns betwthe two northeastern U.S. forests. At the
Howland Forest site, modeled gfuxes showed a lag in the onset of growing-seagitake by
two months behind that of tower measurements. AtHlarvard Forest, modeled ¢@uxes
agreed with the timing of growing season uptakeumaterestimated the magnitude of observed
NEE seasonal fluctuation. This modeling inconsisgeaimong sites can be partially attributed to
the likely misrepresentation of atmospheric tramspod/or CQ gradients between ABL and the
free troposphere in the boundary layer model. ECEMIDxes showed that spatial heterogeneity
in land use and cover very likely explained the arngy of the data model inconsistency. We
show site-dependent atmospheric rectifier effeat Hppears to have had the largest impact on
ABL CO; inversion in the North American Great Plains. Ymclude that a systematic BL
modeling approach provided new insights when engmzloyn multi-year, cross-site synthesis
studies. These results can be used to develop alignupscaling tools, improving our
understanding of the seasonal and interannuallibtyeof surface CQ fluxes.
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13. Biochemical constrains limit the potential ofthe photochemical reflectance index as a
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transition in Jack pine seedlings
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Leaf reflectance spectral measurements are nowywsed to derive the photochemical
reflectance index (PRI) to assess the physiologitate of plants from leaf to ecosystem level.
Changes in PRI are associated with changes in dnhéhaphyll cycle activity and provide an
estimate of changes in the effective photochengoahtum efficiency®,) during the growing
season. However, we hypothesised that the coalattween PRI an@, might be poor when
the xanthophyll cycle is primed for sustained thardissipation of the light energy absorbed. To
test our hypothesis, we studied the recovery ofteviacclimated Jack pind’ifus banksiana
Lamb.) seedlings that were exposed to differentukdted spring recovery treatments in
controlled environments. Different growth temperasuand light intensities were used to dissect
the effect of these two factors on chlorophyll fiescence, pigment composition and leaf
reflectance®; showed a clear response to temperature whereawd@Rhostly affected by light
intensity. In contrast, the de-epoxidation statetlsd xanthophyll cycle pigments was both
temperature and light dependent. This indicateszéaxanthin-independent non-photochemical
guenching is employed to various degrees in thieréifit treatments. As a result, within the
limits of our experimental setup, PRI could not lekp the variation in®,. We therefore
conclude that an improved understanding of theerbfit energy quenching mechanisms is
critical to accurately interpret the PRI signal endenvironmental conditions where the
predominant mode of excess energy dissipation doésnvolve a dynamic operation of the
xanthophyll cycle, but a sustained mechanism ofgndissipation.
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14. Fluxes of BVOC and tropospheric ozone from &itrus orchard in the California
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Citrus plants, especially oranges, are widely cultivaledmany countries experiencing
Mediterranean climates. In many of these areadjaods are often exposed to high levels of
tropospheric ozone {Pdue to their location in polluted airshe@strus take up Q through their
stomata and emit biogenic volatile organic compsu(@VOC), which can contribute to non-
stomatal Q removal through fast gas-phase reactions with e study was performed in a
valencia orange orchard in Exeter, California. Friath 2009 to winter 2010, CO& water
fluxes, together with @uptake and BVOC emissions were measured contihuausitu with
specific sensors (e.g. fast ozone analyzer andoRrdtansfer Reaction Mass Spectrometer)
using the eddy covariance techniques. Vertical eotration gradients of these compounds were
also measured at 4 heights from the orchard flo@biove the canopy. We observed high levels
(up to 60 ppb) of volatile organic compounds inahgd methanol, isoprene, monoterpenes,
sesquiterpenes, and some additional oxygenated BW®&thanol dominated BVOC emissions
(up to 7 nmol rif s%) followed by acetone. Monoterpenes fluxes were atsorded during the
all vegetative period, with the highest emissioaidrtg place during flowering periods, and in
general highly temperature dependent. The orchepdesented a sink for ozone, with uptake
rates on the order of 10 nmol‘ns® during the central hours of the day. We found B¥OC
played a major role in removing ozone through cleainieactions in the gas-phase, while only
up to 40 % of ozone was removed via stomatal uptdke current research aimed at
investigating the fate of BVOC emitted from orargees will help understanding the role of
Citrus orchards in the complex oxidation mechanisms takiace in the polluted atmosphere of
the San Joaquin Valley (California).
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15. Interacting controls on productivity in a northern Great Plains grassland and
implications for response to ENSO events
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In this study we investigated the causes of anmaaiability in peak aboveground
biomass production, net ecosystem productivity (N&RI gross ecosystem productivity (GEP)
during an eight-year period (1999-2006) in a narih@reat Plains grassland near Lethbridge,
Alberta, Canada. In particular, we tested for anificant relationship between growing season
precipitation and productivity and determined wieetlsoil moisture carry-over from the
previous fall-winter could alter this relationshi/e also investigated the interaction between
soil moisture availability and temperature in coiling grassland productivity. There was a very
strong correlation between total precipitation ihpnd average soil moisture content during the
May-October growing season. However, the growingsea average soil moisture contents in
2003 and 2006 were very similar to those recordedl999, despite lower than normal
precipitation occurring in these two years. Thisuleed from a positive difference between
precipitation and evapo-transpiration that allovgeghificant soil moisture to be carried-over
from the previous fall-winter during both 2003 a@@06. Strong logistic relationships were
observed between soil moisture and annual prodtychased on data from all years except 2003
and 2006, years which had higher productivity thas predicted from the logistic regression.
Interaction between temperature and soil moistypdagned this difference. Productivity values
in 2003 and 2006 were high compared to 1999, aweghrapproximately the same soil moisture
content, and this resulted from the higher averggmving season temperatures that were
apparent in 2003 and 2006. Analysis of weatherrdscmdicated that precipitation in the month
of June was significantly higher during El Nifio y&e#han during La Nifia years in Lethbridge.
During the study period, aboveground biomass, NEPGEP were generally higher in El Nifio
years and lower in La Nifia years because of adeociariation in summer precipitation.
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16. Development of a data assimilation system totesate ecosystem exchange of carbon at
the continental scale using data from the Nationatcological Observatory Network
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Ecosystem exchange of carbon is a key measureoduptivity and ecosystem health.
Eddy covariance flux towers provide direct measumets of this exchange at small spatial scales
but estimates of these fluxes at the regional ardireental scale are required to diagnose the
global carbon cycle where the present rate of catgatake is uncertain and future rates are
difficult to predict. The National Ecological Obsgatory Network (NEON) is a continental scale
facility that will collect ecological data, incluty eddy covariance flux observations and
airborne hyperspectral and LIDAR remote sensing,dfitom 60 sites in the continental US,
Alaska, Hawaii, and Puerto Rico over 30 years.

The data products group at NEON is tasked with ypeody high resolution, gridded,
daily estimates of ecosystem carbon exchange dweicontinental US which, along with all
NEON data, will be available to researchers, edusaplanners, policy makers and the public.
This will require both spatial extrapolation frohuxX tower sites and temporal forecasting on
decadal timescales.

Here we describe the approach we are taking in loeve a model-data fusion
framework in which a wide range of ecological detdlected by NEON and other institutions,
including products derived from hyperspectral reengensing, can be combined with the
Community Land Model (CLM). We are using a Bayesaproach to produce optimal solutions
for model states and fluxes and parameter valuéth thieir associated uncertainties, at a
continental scale. We have developed the Commugarth System Model (CESM)
infrastructure to allow an ensemble of multipletamees of CLM to work simultaneously. This
is allowing us to couple CLM with the National Centfor Atmospheric Research’s Data
Assimilation Research Testbed (DART) ensemble Kalffiiter and begin an observing system
simulation experiment in which we are attempting dptimize a limited subset of CLM
parameters that a sensitivity analysis has shovamgiy affect vegetation dynamics and land-
atmosphere fluxes.
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There is a need to estimate spatially evapotragispir over semiarid ecosystems and to
capture the quick vegetation responses to raipfdfies characteristic of these areas. The model
proposed by Fishegt al, (2008) estimates evapotranspiration at montimetscales based on
the Priestley-Taylor equation adjusted to down la&gufor multiple constraints. Fisher model
has proven to be successful over 16 Fluxnet siéegjing from boreal to temperate and tropical
ecosystems, but none of those sites included seivagetation. In this work, we evaluated the
validity of the model in the Sahelian semiarid gtasds at a daily time scales. The model was
tested at a measurement site in Agoufou (Mali) giginmicrometeorological dataset from the
African Monsoon Multidisciplinary Analyses (AMMA)rel MODIS (Terra and Aqua) satellite
products during the 2007 growing season. Firstloba) sensitivity analysis was performed
using EFAST (Extended Fourier Amplitude Sensitiviigst) to identify the relative importance,
in terms of contribution to the output varianceeath parameter required by the model. We run
Fisher model using different estimates of some h&f most critical parameters found with
EFAST analyses. ThufparandLAl were derived using (a) a linear function of NDVUdd®ar
(the extinction coefficient of visible radiationy an the original model or (b) an average of
MODIS Terra and Aqua products bAl andfpar The soil moisture constraifgy was estimated
using (a) agsw-RH Y*°" beingRH the Relative HumidityVPD (vapor pressure deficit) and
[1=1.0 kPa as in the original model or (b) using suead SWC (Soil Water Content) to evaluate
the validity of the model formulation.

We compared eddy covariance measurements in Agowitbuthe model outputs. The
best results were obtained when udid andfapar from NDVI andkpar andfsy from measured
SWC with R =0.87 and mean absolute error (MAE) of 13.5 WmWe also obtained
satisfactory results @R0.83 and MAE=15.54 Wif) when estimatindsy -RH Y*®"' . When
usingfsy-RH """ and MODISfaparandLAl the R decreased to 0.77 and the error increased to
19.13 Wn¥. These preliminary results show the validity of formulation in the Fisher model
to capture daily evapotranspiration dynamics iniagohconditions. It is possible to estimdgg
in relation with the atmospheric water deficit aliog the need of SWC data but future
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improvements are focused on estimatfgg from satellite surface temperature and albedo to
reduce the need of climatic data and spatializertbdel.

28



18. Up-scaling Carbon Fluxes from the Canopy to theandscape Level at Wytham Woods,
Oxfordshire, UK - a Preliminary Study

Charles George

Accurate assessment of regional- and global-staed of carbon (C& CH,, and CO)
depends upon a combination of field measuremeetspte sensing, and ecological modelling.
Flux towers measure the exchange of carbon betweemand and the atmosphere using the
eddy-flux measurement approach, which involvessthert-term measurement of flux densities
(vertical transport of mass, momentum and energyupé area and time) at scales of a few
hectares or kfy but are in reality point measurements. The usefid of remote sensing on the
other hand is that it can be used to map infereetian fluxes over much larger spatial scales.
At present, bridging the gap between these twoesdal a major challenge facing the research
community.

Towards this end the Centre for Ecology and Hydypl¢CEH), UK has set up a
preliminary study based around a 400ha broadleavedd in Oxfordshire. Measurements
include CQ fluxes from a 30m tower, multispectral radiomefirgm several radiometers and
vegetation phenology from 2 webcams. Hyper-spectndlorne (2m resolution) and satellite
imagery (Landsat ETM, SPOT and MODIS) of the sig@éhalso been collected. The airborne
data will provide a species map of the woodlandcWwhiogether with the integration of the flux
data, radiometry and phenology data, will allowiavestigation into the issues of up-scaling
carbon fluxes from the canopy level to the widerdiscape. If successful, it is planned to expand
the radiometry measurements to a further 11 fltessover various land cover types across the
UK.
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19. Five Years of Land Surface Phenology in a Larg8cale Hydrological Manipulation
Experiment in an Arctic Tundra Landscape
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Climate change appears to be most pronounced atridghern latitudes. Many of the
observed and modeled climate change responsesctic &undra ecosystems have profound
effects on surface energy budgets, land-atmospbargon exchange, plant phenology, and
geomorphic processes. Detecting biotic responses ¢hanging environment is essential for
understanding the consequences of global changetsRian work as very effective indicators of
changing conditions and, depending on the natur¢hefchange, respond by increasing or
decreasing amounts of green-leaf biomass, chlothpbpd water content. Shifts in the
composition and abundance of plant species havertant effects on ecosystem processes such
as net primary production and nutrient cycling. ¥&dion is expected to be responsive to arctic
warming, although there is some uncertainty as dw lthe interplay between geomorphic,
hydrologic, climatic and other biotic will manifestver a range of spatial scales. The NSF-
supported Biocomplexity project in Barrow, Alaskayolves experimental manipulation of
water table (drained, flooded, and control treatisieim a vegetated arctic thaw lake basin to
investigate the effects of altered hydrology ondlatmosphere carbon balance. In each
experimental treatment, hyperspectral reflectarata @ere collected in the visible and near IR
range of the spectrum using a robotic tram systeah aperated along a 300m tramline during
the snow free growing period between June and Au@085-09. Water table depths and soil
volumetric water content was also collected aldmgsé transects. The years 2005-2007 were
control or unmanipulated experimental years andB20@ 2009 were experimental years where
water table was raised (+10cm) and lowered (-10emijlooding and draining experiments
respectively. This presentation will document thargye in phenology (NDVI) between years,
treatments, and land cover types. Findings frors tiesearch have implications for remote
sensing, ecosystem modeling, terrestrial ecologlyth@ Arctic Observing Network.
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20. Interpreting Trace Gas Fluxes through Eddy Covaance from Different Land
Management Types in the Sacramento-San Joaquin Dalt

Jaclyn Hatala
University of California, Berkeley

During the past two years, we analyzed the ene@fy)2, CH4, and H20 fluxes in
tandem from a rice paddy and cow pasture, whichestiee same basic meteorology due to their
spatial proximity. Interpretation of the quasi-danbus CO2, H20, and CH4 fluxes reveals
different biological controls on the net balancace gas fluxes for the different land-use types.
Trace gas fluxes from the cow pasture are dominatedarge, sporadic fluxes from cow
metabolism throughout the year, water-logged soédar canals during the wet season, and
invasive plant productivity during the dry seas®he rice paddy fluxes are controlled by the
high productivity of rice during the growing seasand reflect slowly increasing levels of
methane flux since land-use conversion. By anatythe differences among the trace gas fluxes
in these different land-use types, we gain insigtd controls of water level, plant productivity,
seasonality, and alteration of carbon pools upottewe restoration.
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21. A data assimilation method for using low-resolion Earth Observation data in
heterogeneous ecosystems
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Satellite Earth Observations can extend site speeifosystem knowledge to wider
regions. However, the use of coarse scale obsensmtis complicated by the spatial
heterogeneity and non-linearity of natural ecosysteUnaccounted for, these characteristics
bias predictions. We describe a ?disaggregatiopfoaph that allows the unbiased combination
of multi-resolution EO. This approach is particiyaiseful in data assimilation studies.
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Previous studies suggested that the grasslandseagirbon sinks or near equilibrium,
and they often shift between carbon sources ingltbyears and carbon sinks in other years. It is
important to understand the responses of net emsyproduction (NEP) to various climatic
conditions across the U.S. Great Plains grasslaBdsed on 15 grassland flux towers, we
developed a piecewise regression model and magpedytassland NEP at 250-m spatial
resolution over the Great Plains from 2000 to 200 results showed that the Great Plains was
a net sink with an averaged annual NEP of 24 + ©4-gm-2 - yr—1, ranging from a low value
of 0.3 g C - m-2 . yr-1in 2002 to a high valuetéf7 g C - m-2 - yr—1 in 2005. The regional
averaged NEP for the entire Great Plains grassladsestimated to be 336 Tg C yr-1 from
2000 to 2008. In the 9 year period including 4 dears, the annual NEP was very variable in
both space and time. It appeared that the carbiois §@& the Great Plains were more sensitive to
droughts in the west than the east. The drough®0B0D, 2002, 2006, and 2008 resulted in
increased carbon losses over drought-affected ,anedsthe Great Plains grasslands turned to a
relatively low sink with NEP values of 15.8, 0.3).2, and 10.2 g C - m-2 - yr-1 for the four
years, respectively.
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23. Optical sensing of Temporal and Spatial Pattesof GEP

Karl F. Huemmrich, Lawrence A. Corp, Andrew L. Rustzabeth M. Middleton, William P.
Kustas, John H. Prueger, Yen-Ben Cheng Petya Kaipbell, and Qingyuan Zhang

Understanding the dynamics of ecosystem carboningycltequires an accurate
determination of the spatial and temporal distitutof photosynthetic CO uptake by
vegetation. Optical sampling using spectral reflace can provide the observations required for
this type of analysis without physical contact wiitle vegetation, to supply inputs to a light use
efficiency (LUE) model. LUE models have been useedstimate productivity for a number of
ecosystems, and take this form:

G =¢ fAPAR Qin

where: G is gross ecosystem production (GEP); titake of carbon through photosynthesis;
Qin is the incoming photosynthetically active radia (PAR); fAPAR is the fraction of PAR
absorbed by green vegetation; and the LUE.

This study examined the use of spectral reflectancedetermine inputs to the LUE
model, utilizing narrow band spectral indices tdcakate fAPAR ande, and examined the
remotely determined ecosystem GEP over diurnabgdsrand throughout the growing season.
fAPAR was calculated using the Normalized Differenegetation Index (NDVI, using red and
near-infrared wavelengths) ardwas estimated using the Photosynthetic Reflectdndex
(PRI). PRI detects changes in Xanthophyll cyclgmmnts using reflectance at 531 nm
compared to a reference band at 570 nm.

Data were collected at the Optimizing Productionpuis for Economic and
Environmental Enhancement (OPE3) fields (39.03®N8%°W) at USDA Beltsville Agricultural
Research Center. Agricultural Research ServiceareBers grew corn (Zea mays L., 'Pioneer
33A14") and measured CO2 fluxes using eddy coveegianethods throughout the 2007, 2008,
and 2009 growing seasons. Over daylight periodmoltiple days, which spanned the growing
seasons, hyperspectral reflectance measurements wade using an ASD FieldSpec
spectroradiometer along a fixed transect in theafeeld. A sensor mounted on the flux tower
measured incoming PAR. The net CO2 fluxes werdtjparéd into gross ecosystem production
(GEP) and ecosystem respiration.

The LUE model driven by optical measurements predid good description of GEP,
both for diurnal trends within days and for trera&er weeks and months, and when sampled
over multiple growing seasons. GEP calculated fepectral information was strongly related
to GEP from tower measurements, with R2=0.76 fd @Bservations and a standard error of
0.29 mg m-2 s-1. Based on these results, data th@mAirborne Imaging Spectrometer for
Applications (AISA) were used to create images &FGrariation over the entire cornfield. This
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approach and our results highlight the importantc@asrow spectral band data for detecting
physiological changes in vegetation.
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24. Scaling photosynthesis in Amazonian ecosystenfim forest to savanna, from seasons
to extreme events
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Remote sensing methods offer potentially powerfugight into the response of
vegetation to climatic variability, a particulanhressing question in Amazonian forests in light
of recently observed contrasting responses to tiespread droughts in 2005 and 2010. While
widespread increases in MODIS Enhanced VegetatidexI (EVI) (a photosynthetic "green-
up") of forests were observed during the intensmugint of July, August, September 2005, the
pattern was reversed in 2010 when there were widadpEVI declines during a similarly
intense drought in the same months. However, rens@nsing approaches to studying
Amazonian drought have also been criticized aseralsle to atmospheric aerosol and cloud
artifacts, calling into question the reliability ¢fese results. To simultaneously address the
scientific question of vegetation response to denand the quality and reliability issues of
remote sensing methods, we are integrating long-tessitu and remote sensing observations of
Amazonian ecosystems. These observations intedagiie satellite remote sensing from above
the atmosphere with super-sampled, half-hourly dlfocremote sensing (multiband and
hyperspectral) images of vegetation and full-sidiagmeter images of incoming radiation fields),
mounted on towers along with direct measuremenescosystem fluxes by eddy covariance in
forests and savanna. An initial complete yearadf-hourly images of the forest canopy in three
spectral regions (red, green, and near infrarem fan eddy flux tower in old-growth primary
forest near Santarem, Brazil (the km67 site), ssgdkat tower based spectral and EVI
reproduces the same basic dry-season "green-upérmpabbserved from space. Diurnal
observations are further separated into direct @diffdse canopy reflectances and direct and
diffuse irradiances onto a panel reference andigeoinitial insights into the nature of light
interactions on canopy greening. Our results wiltifer be integrated into a parameterized and
sophisticated 3-D canopy photosynthesis model (ELith order to scale up tropical forest
characteristics and radiation components (inclu@degpsol-, cloud-, and subcanopy-influenced
effects of diffuse radiation fraction and angul#@stbution). These initial results suggest that
integrating imagery from satellites and towers, lmking these to ecosystem fluxes will provide
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a powerful tool for understanding the dynamics efjetation-climate interactions in tropical
Amazonia.
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25. Role of different regional flux networks to costrain spatial GPP estimation by
empirical upscaling

Kazuhito Ichii and Masayuki Kondo

Faculty of Symbiotic Systems Science, Fukushimeelsity
1, Kanayagawa, Fukushima, 960-1296, Japan

Nowadays, eddy flux data cover wider ranges of gggaigc regions, and several studies
have extrapolated these observations to estimatebpariations in terrestrial carbon and water
cycles at from continental to global scales. In tiext step, we need to assess the potential
applicability and limitations of these methods aflther requirement of observations to
constrain carbon cycle estimations. In this stwdy,examined the role of regional flux networks
to constrain spatial GPP estimation with empirioglscaling. We adopted Support Vector
Machine (SVM) regression (e.g. Yang et al., 200@)7) to empirically extrapolate eddy flux
observations. Among regional flux networks, we usAdieriflux, CarboEurope, and
CarboEastAsia data. We conducted four different Sxbtlel tuning using (1) All three network
data, (2) Ameriflux data, (3) CarboEurope data, &hd CarboEastAsia data for 2000-2004
period data, and SVM model run for all availabléadar 2005-present. We quantified the effect
of different regional coverage on spatial GPP edfiiom, and the results will be presented in the
workshop.
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26. Use of near-ground spectral measurement to obige vegetation phenology and
productivity in the Fennoscandian region

Hongxiao Jifl, Per Schubettand Lars Eklundh
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We have installed optical sensors for spectral oreasent at five sites across the
Fennoscandian region from 56°N to 69°N, to obsemgetation phenology and productivity.
These sites encompass different ecosystems, frorar@raphic bog in the south, coniferous
forests in the middle, to tundra mire and mountach forest in the north. We used 55°-off-
nadir multi-spectral sensors with large field-oéwi (FOV, 60°) to look obliquely downward at
the land surface along east-west directions. Sueling geometry with large FOV and large
off-nadir angle has advantages for sensing sutattesitions of land surface phenophases in weak
light situations at the high latitude region. Instposter, we first analyse this viewing geometry
by modelling hemispherical-conical reflectance dast (HCRF) from our ground tower
observations. This is realized by using a forefleceance and transmittance (FRT) model and
the Monte-Carlo integration, with a Gibbs samplerseample a truncated bivariate Cauchy
distribution of ground points. We then present fingt year’s results of NDVI measurement,
with comparisons to the NDVI from MODIS Terra anqua satellites, as well as gross primary
productivity (GPP) derived from eddy covariancexfimeasurements. Our previous work has
demonstrated strong correlations of the observe® &P the modelled one from MODIS
vegetation index (VI) data. However, during spripgriod the vegetation index results are
disturbed by snow, bare soil, and other factorsl ians difficult to use satellite data to infer
vegetation productivity and phenophases changes.s@ectral tower measurements disclosed
accurate NDVI trajectories in this special tramsitiperiod. They will be useful both for
developing VI-driven GPP models further, and folibration of satellite-derived estimates of
vegetation phenology in the Fennoscandian region.

The research was supported by grants from the Sivédiational Space Board and Nordregio of
the Nordic Council of Ministers.
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27. FluxPro: Real Time Monitoring and Simulation System for Eddy Covariance Flux
Measurement

Wonsik Kim*, Hyeong-Ho Set Daisuke Komor Keisuke Ond, Masayoshi Manband Akira
Miyata

National Institute for Agro-Environmental Sciencésukuba, Japan
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To cope with unusual weather changes on crop atitim in a field level, prompt and
precise monitoring of photosynthesis and evapopieaison, and those fast and reliable
forecasting are indispensable. So we have develeped®ro which is simultaneous operating
system of the monitoring and the forecasting.

The monitoring subsystem provides vapor and COZ8uwvith uncertainty to understand
the live condition of photosynthesis and evapopaaston by open-path eddy covariance flux
measurement (EC) system and self-developed ECatuleranalysis scheme. The forecasting
subsystem serves the predicted fluxes with anofabed on model parameter assimilation to
estimate the hourly or daily water consumption eadon assimilation during a week by multi-
simulation package consisting of various modelsfeample to complicate.

FluxPro is helpful not only to detect a criticalnciition of growing crop in terms of
photosynthesis and evapotranspiration but alscetidd time and amount of launching control
for keeping those optimization condition when ansual weather event is arisen.
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28. Predicting carbon dioxide fluxes from the newlylooded black spruce forest and
peatland in Quebec, Canada

Youngil Kim*", Nigel T. Roulet, Changsheng Ej Steve E. Frolking lan B. Stracha',
Changhui Perfy Yves T. Prairi& Cristian R. Teodofljand Alain Tremblay

'Department of Geography, McGill University, Montie@C H3A 2K6, Canada

?|nstitute for the Study of Earth, Oceans, and Splcéversity of New Hampshire,

Durham, NH 03824, USA

3Department of Natural Resource Sciences, MacdoBalipus, McGill University, Ste Anne de
Bellevue, QC H9X 3V9, Canada

“Département des sciences biologiques, Universit@®uattbec & Montréal, Montreal, QC H3C
3P8, Canada
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Montreal, QC H2Z 1A4, Canada

We developed a process-based reservoir model (FBENb project carbon fluxes from
inundated black spruce forests and peatlands dwerlite-time of a hydroelectric reservoir
located in the boreal biome. The reservoir modet wsed to examine the changes of carbon
dioxide (CQ) fluxes during the first four years after inundatiand to evaluate the effects of the
impoundments on COfluxes from the Eastmain-1 reservoir in northemmeQec, Canada. The
framework for the reservoir model was Forest-DND@, process-based terrestrial
biogeochemistry model, which supports detailed sarbon processes from considering redox
chemistry and oxygen diffusion in flooded ecosysteiVe modified this terrestrial model to
represent the alteration of soil and vegetatiom@armprocesses when they are located under a
water column: soil decomposition parameters wejassed for difference rates and temperatures
due to submergence and the addition of new carb@rsedimentation. Using the measured
environmental conditions from 2006 to 2009, modedady CG emissions from the flooded
forest averaged 0.60 g Chd™ (ranging from 0.43 to 1.07 g C"fd™), and those from the
flooded peatland averaged 0.63 g C*rmi* (ranging from 0.49 to 0.86 g C d™). The
simulated CQ emissions decrease with the duration of floodedditmn. Our simulations
resulted in smaller values than those in,@Qx measurements by the eddy-covariance system at
the surface of the reservoir, but the changingepatbver time were similar. The disagreements
would stem from the model structure and measuremmetiod: the developed model certainly
lacks some processes occurring in the open wateiopoof the reservoir, and the measured
fluxes are a function of the turbulent transfer anel therefore somewhat removed in time and
space from the actual production of £0
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29. Airborne LIDAR and Hyperspectral Data for Flux Tower Sites
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We present a methodology to combine flux-tower dfatatprint model results, airborne
LiDAR (Light Detection And Ranging) and airbornep®yspectral data. The airborne remote
sensing data is collected using an aircraft flowiow altitude (250 m to 2500 m above ground
level) using LIDAR instruments (in our case OpteshTM 3100, Riegl Q560, and Leica
ALS50), and hyperspectral instruments (AISA Eagld Blawk), and typically covers an area of
around 4 km x 4 km centred at the flux tower. Thek¢a yield site and forest stand
characteristics such as elevation, topographivdeves (e.g., slope, aspect), tree height, canopy
depth, canopy fractional cover, leaf area indexd hiomass at very high, three-dimensional
spatial resolution (0.35 m to 2 m). In additionlorbphyll leaf concentration and the maximum
carboxylation rate can be derived.

For each flux-data point of a selected study peribd footprint area can be calculated
taking into account atmospheric turbulence, prévgilvind direction and site characteristics.
The input data is given from the usual instrumeomabf an eddy-covariance tower. We use the
footprint model of Kljun et al. (2002, 2004) to der a footprint climatology, providing spatial
information on the actual sources/sinks distribusoirrounding the tower at very high temporal
resolution. The footprint climatology in combinatievith the unique three-dimensional dataset
of vegetation structure and elevation surroundimg towers opens up new opportunities for
interpreting and understanding ecosystem proceasdsfor determining the sensitivity of
measured carbon dioxide and water vapour toweeflua site heterogeneity.

The approach is applied to several trans-contihdiotatower sites, namely i) the three
Boreal Ecosystem Research and Monitoring Sites (B&Rand the Jack Pine Chronosequence
sites located in the southern boreal forest, Seskatan, Canada; ii) the three European flux-
tower sites Loobos (The Netherlands), Tharandt rf@ery), Norunda (Sweden) and iii) the
Tumbarumba site in New South Wales, Australia. Ad¢se sites, airborne LIDAR, airborne
hyperspectral data (with the exception of the Cerasites), and digital aerial photography have
been collected during the growing season 2005 (@808 (CA), 2009 (AUS), and 2010 (NL
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and D). At Norunda, an airborne mission is planfeed2011. The flux towers are located within
forests of differing levels of heterogeneity; cemjfdeciduous to mixed forest stands, different
ages of regeneration, forest stands of varying anpadisturbances (e.g., selective harvesting,
storm felling), and sites varying from predomingritht to undulating terrain.

First results show that even for relatively homagmrs flux tower sites (BERMS),
heterogeneity in vegetation structure and smalhgba in elevation may impact net fluxes (e.qg.,
Chasmer et al. 2008). Results of the above approcaohbe used as input for land surface
atmosphere exchange models to generate, for examgdgonal maps of net ecosystem
exchange. It is suggested that upscaling approanhgde improved by weighting of fluxes and
thus by accounting for within-site variability (3raer et al. 2011). The results highlight the
importance of a tool taking into account withinesibheterogeneity when linking flux-tower
observations to regional or even global estimafeset ecosystem exchange and productivity
from satellite remote sensing products.

References

Chasmer, L., N. Kljun, C. Hopkinson, et al., 20Characterizing vegetation structural and
topographic characteristics sampled by EC withio twature aspen stands using LIDAR and
a flux footprint model: Scaling to MODIS. J Geophyss. G., in press.

Chasmer, L., N. Kljun, A.G. Barr, et al., 2008: ¥&gion Structural and Elevation Influences on
CO2 Uptake within a Mature Jack Pine Forest in S&dkewan, Canada. Can. J. Forest
Res. 38, 2746-2761.

Kljun, N., P. Calanca, M.W. Rotach, et al., 2004Siple Parameterisation for Flux Footprint
Predictions. Boundary-Layer Meteorol. 112, 503-523.

Kljun, N., M.W. Rotach, H.P. Schmid, 2002: A 3D Beard Lagrangian Footprint Model for a
Wide Range of Boundary Layer Stratifications. Bauge_ayer Meteorol. 103, 205-226.

43



30. Using hyperspectral imaging and eddy covarianameasurements to quantify yellow
star thistle invasion of California grassland

Steve Klosterman

The Jasper Ridge Biological Preserve, located &anford University in San Mateo
County, California, is situated on roughly 500 Haroxed vegetation types including riparian,
grassland, chaparral, deciduous, and evergreenlarmhd Eddy covariance instrumentation is
installed at the site including a CSAT3 and LI-75@reviously, the species composition of the
eddy covariance site was dominated by Europearsggascluding wild oats (Avena fatua and
Avena barbata) and soft and ripgut brome (Bromusddereus and Bromus diandru).
Hyperspectral images from the Carnegie Airborne edlaory can be used to provide an
estimate of the extent of a recent invasion byoyektar thistle (Centaurea solstitialis) at the.sit
It is proposed to investigate the effect of theasive specie on ecosystem function using eddy
covariance measurements.
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Many land surface and ecosystem models use onendiomal (1D) turbid medium
layer when computing mass, energy, and carbon egehalowever, the 1D approaches fail to
simulate radiation environments with heterogendandscapes, and thus it can cause the errors
in simulating energy and carbon fluxes. We cougegpatially explicit three-dimensional (3D)
radiative transfer model with a soil vegetation mlotb understand the role of heterogeneous
structure on the energy and carbon fluxes. The @aach requires more computation time and
canopy structural variables than 1D turbid mediumdats, but is expected to provide more
reliable energy and carbon fluxes when the relialaleopy structural variables are available.
Recent improvement of the airborne remote sensgniques such as Light Detection and
Ranging (LIDAR) and hyper-spectral imagers enahbke$o obtain canopy structural and optical
parameters that can be used as inputs or for Viaidaf 3D models. The 3D model we
developed was compared with a wide variety of fiattd remote sensing data (e.g., hyper-
spectral remote sensing images, overstory and stadgrradiation, soil properties, and tower-
based energy and G@luxes) in a woody oak savanna in Californlidne 3D approach worked
better than the 1D approach across the variousheeabnditions while the relative importance
of the 3D approach depends on climate and canopsiglbgical conditions. The 3D model has
the potential to serve as a useful tool for analyzhe spatio-temporal variability of radiation
and energy fluxes in evaluating footprints of réidia sensors and eddy covariance fluxes, and
serve as a standard in evaluating the performahaeh@rarchy of simpler land surface models
to compute mass and energy exchange of heterogeteuiscapes.
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Micrometeorological heat, water, and £@uxes have been widely monitored with
eddy covariance (EC) method. Its uncertainty infaiion should be as important as the flux
measurement itself and indispensable to studiesessidg site intercomparison, model
validation, and model-data synthesis. Therefore, estmated the fractional uncertainty) (
using EC data collected over various types of laodker and at different instrumental heights,
and also investigated characteristics according to spatiotemporal seale flux averaging
interval ().

As resultswe demonstrate that the least median of squaresoshehould be applied to
estimatep because the frequency distributionghas more significant kurtosis and skewness
than Gaussian. Furthermoreie suggest that ifp is estimated under the EC measurement
condition satisfying stationarity, it is stable amiform regardless of land cover, spatiotemporal
scale, and kind of flux. Based on the constanay,afe determined the baseline as a function of
1 for a stationarity or a heterogeneity index of lB€asurement.

In addition, these results suggest thatndt can be a general threshold to support data
quality control and assurance (QCQA)analysis is adequate to estimate not only unceytai
magnitude but also whose sources, andanalysis is helpful to explore ecosystem
intercomparison, model development, and model-shattéhesis with EC measurement.

46



33. Model based analysis of biomass growth curveing eddy covariance observation
and biometric observation

Masayuki Kondo and Kazuhito Ichii

Migrating environmental changes have been drawitengon due to its potential
influence on carbon cycle. A number of studieorggd that human disturbance might be a
key factor to explain current terrestrial carbomksi Previous model based studies primarily
focused on the effect on carbon cycle with the anm@ntation of disturbance simulation.
With a slight change of a viewpoint, it would balieed that the same simulation scheme can
be adapted to the study of the potential relatigmbbtween carbon exchange and forest age
or biomass growth rate, which is often neglectechodel based analysis. As a step toward
the verification of this relationship this analysisns toward (1) estimation of the suitable
forest growth function by treating the simulationtmut as data, and (2) assessment of its
associated properties: potential maximum biomdss,year that reaches to it, and forest
growth efficiency and clarification of its sensitiy and (3) derivation of time dependent
NEP function by a conjunction with the biomass gilovunction. To validate derived
equations an adequate amount of data is requiredunve fitting. To compensate the
qualitative limitation in observation, model outpwvere treated as data. Among accessible
terrestrial models Biome-BGC ecosystem model wagseh for the study due to the
following reasons: disturbance routine for the mpuheluding clear-cut, replanting, fire, etc,
have been introduced and well examined (Thorntaad.eR002), and observation-basis eco-
physiological parameters for each vegetation tyfgeavailable (White et al., 2000). The
gap-filled and flux-partitioned eddy-covariance etv&tion data were prepared at multiple
sites from the AsiaFlux network including Takayan(&KY), Tomakomai (TMK),
Fujiyoshida (FJY), and Laoshan (LSH). Those s@es known for either a large scale
disturbance occurred in the last several decadéseowell understood stand age. Knowing
the year in which the current forest ecosystem getkrthe model is able to simulate the
forest growth curve. Toward further sophisticatiohthe model simulation a parameter
optimization routine was developed to fit not omth the carbon flux but also with the
biomass inventory data from the observation.
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34. A cyberinfrastructure for integrating data from an eddy covariance tower, robotic
tram system, and a network of phenostations and pme@cams at a Chihuahuan Desert
research site

Christine Laney, Ryan Cody, Irbis Gallegos, Johm@a, Ann Gates, Libia Gonzalez, Jose
Herrera, Aline Jaimes, Ari Kassan,Vladik Kreinovi€raulo Pinheiro da Silva, Gesuri
Ramirez, Leonardo Salayandia, and Craig Tweedie

The Systems Ecology Lab at the University of TeXasPaso, is studying land-
atmosphere carbon, water, and energy fluxes at»®dncreosote (Larrea tridentata) -
mesquite (Prosopisglandulosa) shrubland in theheomt Chihuahuan Desert on the USDA
ARS Jornada Experimental Range. The site includesddy covariance tower built to
Ameriflux and FLUXNETspecifications, a robotic canbunted on a 110m fixed rail system
that measures hyperspectral reflectance, an 8-netleork of SpecNet phenostations and
other sensors, phenology cameras, and transects wWigephenology of key plant species are
monitored. After more than a year in operation, ldie has started to analyze the annual
pattern of productivity from each of these datarsesi and to compare data between the
sources. Currently, researchers (i.e. five gradstatéents) mostly follow a traditional mode
of data management: each researcher manages h®Amerdatasets independently and
manually produces processed data products as netded. In order to make data more
easily accessible for processing, visualizationd aharing, much of this work can be
automated. Here, we present a novel local cylrasiructure (Cl) to helpdocument, manage,
visualize, and integrate high temporal and spa&ablution data from the multiple sensing
platforms at the site. This CI is currently undevelopment but presentlyincludes 1) a
common PostgreSQL database, 2) common metadatiastian 3) data quality checking and
flagging toolsand machine learning algorithms, dnantic web tools for documenting and
sharing information provenance, 5) an interactivedwnapping application built in the Flex
framework 6) a custom data-handler that providesmldse querying, and web-service
generation for interfacing with other ClI, includinghis poster presentation will provide an
overview of this Cl and will be coupled with liveemhonstrations of the various tools that
comprise it.
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35. Application of Lidar Remote Sensing in Forestry
Wenkai Li
University of California, Merced

Light Detection and Ranging (lidar) is an opticalmote sensing technology that
measures properties of scattered light to find eaagd/or other information of a distant
object. Due to its ability to generate 3-dimenslodata with high spatial resolution and
accuracy, lidar technology is being increasinglyedisn ecology, geography, geology,
geomorphology, seismology, remote sensing, and sgheyic physics. In this project we
acquire airborne lidar data for the study of hydgit, geomorphologic, and geochemical
processes at six CZOs: Southern Sierra, BouldeekCr@hale Hills, Luquillo, Jemez, and
Christina River Basin. Each site will have two liddghts (leaf on/off, or snow on/off).
Based on lidar data, we derive various productduding high resolution Digital Elevation
Model (DEM), Digital Surface Model (DSM), Canopy igket Model (CHM), canopy cover
& closure, tree height, DBH, canopy base heightopg bulk density, biomass, LAI, etc.
Individual tree mapping and forest visualizatioa also provided.
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36. Comparison of Quantum Sensors with Different Sgctral Sensitivities
X. Lin, D. K. McDermitt, R. Garcia, and T. Demeties-Shah
LI-COR Biosciences, Inc. Lincoln, NE 68504

Lights absorbed by vegetation in the canopy arenafised for estimating the light use
efficiency in modeling the net carbon dioxide umakA better understanding of the
photosynthetically active radiation (PAR) measurmetsevould be helpful for accurately
estimating the PAR incident on canopy and perhe®$tAR absorbed by canopy. We tested
three different PAR sensors in terms of spectrakisigities. The results indicated that all
three PAR sensors are reasonably accurate undarsigyeconditions but, when measuring
reflected lights and any artificial light sourcéiseir measurements should be cautious to be
interpreted in applications.
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37. Modeling Tundra Net Ecosystem C@Exchange with Satellite Remote Sensing Data

Michael M. Loranty, Scott J. GoelzElyn R. Humphrey$ Peter M. Lafleuf, Edward B.
Rastettet, Adrian V. Rochg and Gaius R. Shaver

The Woods Hole Research Center

*The Ecosystems Center, Marine Biological Laboratory

3Department of Geography and Environmental Studiesleton University
“Department of Geography, Trent University

Tundra ecosystems are experiencing amplified cématarming, and satellite
observations of vegetation productivity suggestcoorent acceleration of the carbon cycle.
Understanding the spatial variability, directiordanagnitude of these changes is essential to
quantify the contribution of tundra ecosystems tie global carbon cycle and associated
climate feedbacks. Here we present predictionsevfegosystem COexchange for North
American tundra ecosystems derived using a modelkedcfrom field observations and
moderate resolution satellite remote sensing ddésme we show results from several sites
throughout the North American Arctic. Modeled NBio®ws good agreement with flux tower
observations over several growing seasons. Addilipiwe explore predictions outside of
the growing season as a means to resolve anntmarchudgets for tundra ecosystems.
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38. NEON's Physical and Information Infrastructure: From Site Design to Spatial Data
Products

Hongyan Lud? and Henry Loesché&f
INEON, Inc. 1685 38Street, Suite 100, Boulder, CO 8030dw.neoninc.org

?|nstitute of Arctic and Alpine Research, UniversifyColorado, Boulder, CO 80309
hluo@neoninc.org

The US National Ecological Observatory Network (NXOs a large facility project
funded by the National Science Foundation. NEON&algis to contribute to global
understanding and decisions in a changing envirahmsing scientific information about
national 'scale ecology obtained through integrated obsemsitand experiments. NEON
will create a new national observatory networkddect ecological and climatic observations
across the continental U.S., Alaska, Hawaii andt®uRico. The observatory network will be
the first of its kind designed to detect and endbtecasting of ecological change at national
scales over multiple decades. NEON has partitidhedJ. S. into 20 ecoclimatic domains,
each of which represents different regions of vatgmt, landforms, climate, and ecosystem
performance. Data will be collected from stratellycaelected sites within each domain and
synthesized into information products that can beduto describe changes in the nation’s
ecosystem through space and time. The data NEQ&kctohnd provides to all users without
restrictions will focus on how land use, climateasbe and invasive species affect
biodiversity, disease ecology, and ecosystem sesvi©btaining integrated data on these
relationships over a longerm period is crucial to improving forecast modaisl resource
management to prepare for environmental changesseltiata and information products will
be readily available to scientists, educators, esttg] decision makers, and the public. This
will allow a wide audience, including members odarserved communities, to use NEON
tools to understand and address ecological questmml issues. The general tower site
layout, the temporal and spatial data products riblaivant to flux community and spectral
community will be presented.
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39. Understanding Seasonal and Inter-annual Varialilty in Ecosystem CO2 Exchange
from Temporal Variations of Leaf Traits

Siyan Ma&*, Dennis D. BaldoccHj Stefania Mambelflj and Todd Dawsdn

!Department of Environmental Science, Policy and &gment, University of California,
Berkeley, CA 94720, USA

’Department of Integrative Biology and Center faalsé Isotope Biogeochemistry,
University of California, Berkeley, CA 94720, USA

Ecosystem CO 2 exchange is highly variable in seasand across years. Such
seasonal and inter-annual variability in ecosyste@®2 exchange is mainly attributed to
numerous climate drivers. However, ecological fioms and processes behind climate
drivers are keys to understand mechanisms of testipdliuctuated ecosystem productivity
in natural ecosystems. In this study, we sampladsgyand oak leaves in a woody savanna and
open grassland in California, USA. Sample wereectdld at weekly to monthly intervals
from 2001 - 2007, including leaf nitrogen concetitra (N), leaf mass per unit area (LMA),
leaf carbon concentration (C), and leaf carbonlstawtope discrimination A ). We also
measured ecosystem-level photosynthetic rates ruiadrgrasses and oak tree canopy were
deduced from eddy covariance towers over the 7-wtady period. Ecosystem-level
photosynthetic rates were compared at the samepgamonmunity age under various
combinations of climatic variables. We discussedssfimle biological and ecological
processes involved in regulating seasonal and-arteual variability in ecosystem-level
photosynthesis. Clearly, seasonal and inter-anvarétion in ecosystem photosynthesis was
strongly associated with the dynamics of leaf $rait

(Notice: This topic has been published: Ma et 8lL2. Are temporal variations of leaf traits

responsible for seasonal and inter-annual varidbiin ecosystem CO 2 exchange.
Functional Ecology 2011, 25, 258-270)
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40. Dry season leaf flush in a Central Amazoterra firme forest via optical methods
Marostica, S.R.; Nelson, B.W: Wu, J% and Saleska, S.R.

!National Institute for Amazon Research (INPA), MasaBrazil
’Ecology & Evolutioinary Biology, University of Adra, Tucson, U.S.A.

There is an ongoing debate about the response ohzAm forests to climate
anomalies, including both routine seasonal vamatiand extreme drought. Satellite observed
Amazon green-up during the 2005 drought remainsreeersial, with green-up attributed by
some to cloud/aerosol contamination. Satellite atete of seasonal dry-season green-up in
years of normal rainfall is also confounded by eeat BRDF effects. In-situ studies of
canopy leaf phenology may resolve these issuesdticess these concerns, we used a high-
resolution 3-band video caméranounted 54 m above the forest floor on an eddswGance
tower 60 km north of Manaus, to more directly asselsanges in the forest canopy. We
selected one frame per day (23 Sept, 2010 to 03 Z@&hl) captured under diffuse solar
illumination near local noon. Camera aim was pedp@iar to the solar transit with an
obligue downward view. We measured leaf flush amahges in greenness/woodiness using
three approaches: (1) visual classification of gidon types for all trees that underwent
marked full-crown changes; (2) relative green clerimightness averaged over the entire
frame -- ratio of green band DN to DN total of thiee bands; and (3) Principal Component
Analysis of the entire frame to remove spatial atwns in illumination and estimate area of
exposed bark. In order to avoid artifacts, we agamined the influence of variation in
incident PAR on indicators 2 and 3 above. Of elewees that underwent full-crown
transitions in the first month, nine were experiegcsome stage of leaf flush. Relative
brightness of the green channel showed that théhfbf new leaves was already taking place
at the beginning of the study and continued at e October, when leaf maturation caused
changes in leaf colors, limiting the usefulnesghi$ indicator. The area of exposed bark
decreased steeply during the mid-dry season leslf fand further suggested that leafing-out
continued at a slower pace into the rainy seasorthé next step we will attempt to link
camera-based vegetation greenness with environmeatables. The results of this study
contribute an understanding of what actually cdatsgasonality of vegetation greenness in
Amazon and its photosynthesis response.

‘Stardot Netcam XL 3MP RGB bands (1024x768 natiseluéon) with zoom lens
LEN-MV4510CS set to wide angle, following Pherma@&twork specifications

54



41. Using FLUXNET Data to Improve Predictive Modelsof Vegetation Phenology
Eli Melaag, Andrew Richardsdiand Mark Friedi

'Boston University
’Harvard University

Time series of C®and HO exchanges obtained by eddy covariance measurement
are a valuable resource for evaluating and impgvimodel representation of seasonal
vegetation dynamics. Despite recent efforts, adeun@presentation of phenology in
ecosystem models has been elusive, and current Isnakdibit unrealistic levels of
variability and errors in predictions for both lephenology and canopy fluxes. Using
micrometeorological and eddy covariance data pewithy the FLUXNET ‘La Thuile’
community database, we evaluated 11 different nsodkeiven by air temperature and
photoperiod to simulate spatial and temporal vditghn phenology. To do this, we used a
subset of sites in the La Thuile database in etesys with distinct seasons and where air
temperature is a primary driver of phenology. Wentttcompared the results from these
models with other prediction schemes, including nohegy sub-routines currently
implemented in land surface parameterizations usetbbal climate models. The root mean
square errors produced by the modified growing eleglay models range from 7-14 days
and provide substantial (14-35 days) improvememt @urrent phenology schemes. Results
from this study demonstrate that relatively simydgiants of widely used phenology models
can be used to simulate seasonal dynamics in deosysocesses with good realism, and by
extension, may provide a basis for improved model$ predictions of how the phenology
and carbon budgets of temperature-sensitive ea@sgswill change in the coming decades.
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42. The Swiss Fluxnet Initiative
Lutz Merbold and the Grassland Sciences Group, Eiiith, Switzerland

The Swiss FluxNet initiative combines all ecosystrale CO2 and H20 vapour (at
some sites also CH4 and N20) flux measurement sineSwitzerland. It currently
encompasses eight long-term sites, covering themtajd-use types in Switzerland: forest,
cropland, grassland (differing management integsjtiand urban area. Further sites with
short-term measurements, specifically winter mesasents, provide additional information.
The sites are equipped with highest quality inflagas analyzers and laser spectroscopy
(CH4/N20) to resolve turbulent shorter, fluctuatom the trace gas mixing ratio. The
fluxtowers are accompanied by auxilliary instrunaioin to measure variables such as soil
CH4 and N20O fluxes, soil/stem/leaf respiration, mpflegy (phenocams), leaf area index,
meteorologey and others. Besides the Grasslanat¢@sesroup (ETH Zurich), the Institute
of Atmospheric Sciences (ETH Zirich), the Resea8thtion Agroscope Reckenholz-
Tanikon (ART) and the Climate and Remote Sensingu@rof the University of Basel are
involved.
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33. Phenological Eyes Network (PEN) -Connecting Sdllite Remote Sensing to the
Ground-Level Ecosystems

Shin Nagadl, Kenlo Nishida NasahataSatoshi TsuchidaTakeshi Motohkg Hiroyuki
Muraoka and PEN members

'Research Institute for Global Change, Japan Agdociarine-Earth Science and
Technology (JAMSTEC), 3173-25 Showa-machi Kanazawa-okohama 236-0001, Japan
’Graduate School of Life and Environmental Sciendesversity of Tsukuba, 1-1-1
Tennodai, Tsukuba, 305-8572, Japan

3National Institute of Advanced Industrial Sciencel &echnology (AIST), 1-1-1 Umezono,
Tsukuba 305-8568, Japan

“Earth Observation Research Center, Japan Aerosfaporation Agency (JAXA), 2-1-1
Sengen, Tsukuba, 305-8505, Japan

SRiver Basin Research Center, Gifu University, lahagido, Gifu 501-1193, Japan

nagais@jamstec.go.jp

Satellite remote-sensing (S-RS) is an useful toadvaluate the ecosystem structure
and functioning with various spatio-temporal resiolns. However, from the in situ
ecological research viewpoint, the S-RS approasmisabeen tested or validated by ground-
truthing observations. This may be due to the foilhg three reasons. (1) Field or S-RS
scientists did not collect the long-term continudusitu data to validate S-RS. (2) We have
not yet understood the sufficient ecophysiologinédrpretations for S-RS. (3) Collaboration
and communication between field and S-RS scientisi® poor. To solve three problems,
we need an interdespliminary and multidesplimirfaeld observation approach to validate S-
RS on super sites. In this case, we should corisdratable, robust, general, continuous, and
long-term ground observation network system for tiple ecosystems. We also should
positively collaborate with the field scientistg'tworks and communities such as flux net and
ILTER. For the sake of it, Japanese scientists ssged “Phenological Eyes Network”
(PEN; http://www.pheno-eye.org) since 2003, whiohsists of Automatic-capturing Digital
Fish-eye Camera (ADFC), Hemi-Spherical Spectro-8adter (HSSR), and SunPhotometer
(SP) systems. PEN sites have been set up varioesttéal ecosystem sites in Japan, South
Korea, China, Malaysia, United Kingdom, Germanyj &SA. For instance, we identified
that the previously reported criterion for the tgriof leaf expansion and defoliation by using
satellite-observed NDVI (the maximum rate of growttreduction of vegetation indices and
a value midway between the year's maximum and mininvalues) are misleading in a
deciduous broad-leaved forest (Nagaial 2010). GRVI (= Ryreen— Rred) / (Ryreen + Reed),
whereRyeenandReeq are the reflectance bands of green and red, riesplgg is a promising
new vegetation index that we can detect specifsgpoases to subtle disturbance and the
difference of ecosystem types (Motohdtaal 2010). In this presentation, we will present the
design, consept, philosophy, challenge and sonentectivities of PEN.
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44. Forest carbon balance over its production cycle

Asko Noormet} Steve G. McNult§; Jean-Christophe Domedlichael GavazZi Ge Suf,
Emrys Treasure Guofang Miad, Siyao Zhany Jiquan Cheh and John S. Kirlg

!North Carolina State University

2USDA Forest Service, Eastern Forest Environmenhaéat Assessment CentaRaleigh
3University of Toledo

anoorme@ncsu.edu

An increasing number of studies have looked at ararbfluxes in forest
chronosequences and evaluated the effects of hatlaanthropogenic disturbances on net
CO2 balance and its major components.

However, integrative estimates over the entire naatar commercial lifecycle of a
forest are rare because in open systems like #ngsesed to commercial harvests or natural
fires, it is difficult to account for all carbon pis, and the upscaling inevitably relies on
significant assumptions and broad generalizatibisvever, such integrated assess-ments
must be made in order to understand the role afracplar ecosystem in the global carbon
cycle. Here we attempt such integration using /eédata from two adjacent loblolly pine
plantations in the coastal plain of NC and comptire findings to other pine harvest
chronosequences in North America. The cumulativ @8ses during the post-disturbance
source phase are proportional to the amount ofesamesidue but not climate, whereas the
duration of the source phase varies with mean drniaogerature. Validation of these stand
lifetime carbon balance estimates requires indepeindstimates of harvested biomass, the
decomposition dynamics of roots and abovegrourghsiacluding coarse woody debris. The
rates of incorporation of each of these fractiansdil carbon pool are highly uncertain and in
some systems may determine even the sign of sfetiche carbon balance.
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45. Temporal variation in bulk stomatal conductanceand leaf nitrogen in a rice paddy

Keisuke Ond, Masayoshi Manb Atsushi Maruyanfa Tsuneo KuwagataKentaro
Hayasht, Akira Miyata

!National Institute for Agro-Environmental Scienc&syukuba, Japan
’National Agricultural Research Center for Kyushuit@kva Region, Kumamoto, Japan

Bulk stomatal conductancgs, that represents stomatal behavior at canopy séale
generally independent from LAI development and thusre representative of crop
physiological condition than the surface conductamt big-leaf approaches. Recently,
Maruyama and Kuwagata (2008) assessed diurnalemsbisal variations igs of rice canopy
and their environmental controls. In their resulisshowed a typical seasonal variation in
accord with the rice growth and relatively symnettiurnal patterns. At another paddy site,
Mase, in Japan, however, the surface conductancketasmined by PM equations largely
decreased in the afternoon corresponding vapospreslieficit and wind velocity increasing
(Ono, 2008). In this study, we calculatgdby the technique presented by Maruyama and
Kuwagata (2008) using the three-year dataset detleat the Mase paddy site and further
investigated diurnal and seasonal variationggdrand their dependence on leaf nitrogen
concentration. Rice seedlings were transplantecd?mth May for the three seasons and
matured rice was harvested in early to middle Sepé& depending on weather conditions.
This study focused on the stages with LAI > 1 toid\errors ings calculation.

Surface energy imbalance was obvious in the datasktorrected using the Bowen
ratio every half hour, which enabled us to compgheeresults with those in Maruyama and
Kuwagata (2008). The Ball-Berry parameters thaateelstomatal conductance with the
assimilation rate were also explored at canopyesasing CO2 flux data. Bulk stomatal
conductancegs, at the Mase site showed a seasonal variationen@vas the highest in the
early vegetative stage and decreased with crop tgrowhe seasonal variation my was
generally similar to that in leaf nitrogen concatitin. At a diurnal scales showed a diurnal
hysteresis in particular subperiods. The depleiiogs was related to vapor pressure deficit
and wind enhanced in the afternoon. Net canopyrdssion scaled by LAl was generally
correlated withgs. Finally a set of the Ball-Berry parameters wataoted for the three-year
data, which were not much changed among years.
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46. Linking spectral information at different spatial scales with biophysical parameters
of Mediterranean vegetation in the context of globlechange (BIOSPEC)
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Several studies have demonstrated the potentiatatéllite imagery for global
estimates of vegetation parameters such as leafiadex (LAI), moisture content, fraction
of light intercepted by photosynthetically activeegetation (FPAR), etc. Proper
characterization/estimation of these parameters &ey issue to understand the exchange of
flows in the global biosphere. However, these esti@® have not been validated globally, at
least in a consistent manner, especially in complmosystems like Mediterranean ones. The
project Biospec (http://www.lineas.cchs.csic.esgpex) tries to contribute to the generation
and improvement of remote sensing products formeding biophysical parameters of
vegetation in the context of global change studéssablishing relationships between
biophysical variables (LAI, water content, nitrogetc...) measured in the field, carbon and
water fluxes, and spectral measurements obtaineari@aus scales (from leaf to canopy).

The estimation of carbon budget on a global ssarrently based on direct measurement
of CO, and HO fluxes using the eddy covariance (EC) technidimwyever, this technique
has shown important limitations mainly related he tow spatial representativeness of the
measurements. Remote sensing offers a unique optyrto overcome these limitations due
to its synoptic vision at temporal and spatial esalvhich are appropriated to estimate
variables directly related to carbon and waterdkix

Biospec propose a multi-source approach to comkénsote sensing products of various
spectral and spatial scales (field spectroscopypoaie and satellite images) in order to
analyze and quantify the potential uncertaintiesthia estimation of relevant vegetation
parameters such as LAI, water and nitrogen conggnt, The dataset underlying the study
include various spaceborne (Landsat and MODIS) el as airborne (AHS and CASI)
reflectance datasets with different spatial andcsperesolutions. Ground information have
been simultaneously obtained including spectral sumesments using field
spectroradiometers, measurements of biophysicaktaggn parameters, meteorological
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variables and C¢ H,O and energy fluxes. Figure 1 shows a flowchartiing Biospec
main activities.

Biospec study area i

Field
located in a grazed pasture | measurements Laboratory and Eddy covariance |
of biophysical Field measurements
spectroscopy

northeastern province of CAacere variables
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models
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iophysical fluxes

average temperature of 16.7 ° variables
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572 mm. The ecosystem i L Voldaton |
composed by and herbaceol Figure 1. Biospec main activities

layer covered by a sparse tree layer (20% canopgrctraction) where the Holm oak
(Quercus ilex L) is the predominant species. In this area an -edsigriance flux tower
included in the Fluxnet network
(http://www.fluxnet.ornl.gov/fluxnet/sitepage.cfmT&ID=440) has been operating since
2003 by Fundacion Centro de Estudios AmbientaleMediterraneo (CEAM).

Field sampling has been carried out at the studyesiery 16 days from April 2009 to
May 2011 in order to measure vegetation paramédteks, biomass, chlorophyll, water,
nitrogen and carbon content). Additionally, fielgpestroscopy measurements has been
acquired simultaneously to vegetation sampling qisian ASD FieldSpec® FR3
spectroradiometer that measures reflectance frobnndd to 2500 nm. Finally, all available
Landsat TM and MODIS images have been collectethidmwhole study period.

So far empirical models have been applied to thienason of biophysical variables.
Preliminary results have shown consistent relatiggssbetween spectral indices (calculated
from field spectra and MODIS images) and variabtdated with vegetation water content
(Mendiguren et al. 2010) and the nitrogen contdnvak leaves (Pacheco-Labrador et al.
2011). In t