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slow flask samples

carbon isotope discrimination by photosynthesis
(Farquhar et al. 1989)

oxygen isotope discrimination by “photosynthesis”
(Farquhar et al. 1993)

δ18Oc is modeled via an evaporative enrichment model
(Craig and Gordon 1965, Flanagan et al. 1991)
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modeling leaf water isotope ratio
(Craig and Gordon 1965, Flanagan et al. 1991)

R isotope ratio (D/H or 18O/16O)
e water vapor pressure
αeq liquid-v apor equilibrium fractionation factor
αk kinetic fractionation due to diffusion in air
αkb kinetic fractionation due to diffusion through leaf boundary layer

subscripts:
a air
x source (xylem)
l leaf
i intercellular air space
b leaf surface (boundary layer)
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Measured and modeled bulk leaf
water oxygen isotope ratio.

Measured total canopy stomatal conduc-
tance, associated ci/ca ratio, and modeled
carbon and oxygen isotope discriminations.

Photosynthetic Discrimination Models

Measured Isotopic Fluxes using Both Techniques

Eddy Covariance / Flask Sampling
standard eddy covariance:
                         ________
    CO2 flux=  ρw′(CO2)′

Isotope Ratio of Atmospheric CO2

Partitioning Equations - Conservation of Mass

CO2: NEE = R + A

13CO2:
13NEE = δ13Cresp(R) + (δ13Catm - ∆13)A

C18OO: 18NEE = δ18Oresp(R) + (δ18Oatm - ∆18)A

measured terms in green
modeled terms in purple
respiratory terms in red
photosynthetic (assimilation) terms in blue

Abstract

The combination of stable isotope measurements and micrometeorological
flux measurementsis apowerful new approachthatis likely to leadto substantial
new insightinto thedynamicsof carbondioxide(CO2) exchangebetweenterres-
trial ecosystems and the atmosphere.  Through a number of national and interna-
tional programs (e.g., AmeriFlux, EUROFLUX, LBA, FluxNet) considerable
effort and research funding is being devoted to the measurement of net ecosys-
temcarbonexchange(NEE). Thesestudiesrely largelyontower-mounted,eddy
covariancesystemsto continuouslymonitorfluxesof CO2. Theeddycovariance
approach alone does not allow the independent measurement of the component
processesof NEE,photosynthesisandrespiration,yet thesearetheprocesseswe
wish to understand.  During summer 1998, we used two new techniques to mea-

sure canopy-level fluxes of13CO2 and C18OO over anoak-maple forest in east-
ern Tennessee.  First, we used extensive flask sampling to define the local
relationshipsbetweenisotopiccompositionandatmosphericCO2, andcombined

this with the standard eddy covariance technique to computetheisotopicfluxes.
Second, we used a modified version of the relaxed eddy accumulation (REA)

technique to directlymeasure13CO2 andC18OOfluxes. Thiswasaccomplished
via a collection system that cryogenically concentrated the CO2 in updrafts and
downdrafts in separate traps.  Our analytical precisions for isotopic composition

with the REA technique were±0.2 and±0.3 ‰ forδ13C andδ18O in CO2,
respectively (based on repeated tests with WMO-calibrated isotope ratio stan-
dards), sufficient to discern small isotopic differences in updrafts and down-
drafts.  Results with the two techniques compared well, providing confidence
thatourmethodsarerobust. Weusedourmeasuredfluxesin anattemptto parti-
tion NEE into its component fluxes, net photosynthesis and ecosystem respira-
tion, and to investigate the dynamics of CO2 exchange in this deciduous forest
canopy.

NEE, 13NEE, 18NEE

δ

δ13Cresp, δ18Oresp

∆13, ∆18

δ13Catm, δ18Oatm

R, A
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Actual Results Using13C Actual Results Using18O

Expected Results

model respiration as a function of
temperature:

Greco and Baldocchi (1996)

Rcorrect= 0.067e(0.04859Tair )

then solve for A using measured
NEE:

NEE = Rcorrect + A

Results- Partitioning Net EcosystemExchange
into Photosynthesis and Respiration

Why Doesn’t This Work?

1) Run-to-run variability in measured fluxes due to site topography suggests
ensemble averages should be used instead (i.e., 15 days should be hourly-

averaged to come up with diurnally representative fluxes of CO2,13CO2,

and C18OO, then do the partitioning).  IRGA problems prevented such an
approachin the presentstudy - accuratemeasurementswereonly available
for 5 days.

2) Wedon’t know if thesecanopy-level discrimination (∆13 and ∆18) estimates

arerealistic. For example,there is variation in measured13NEE that is not
accurately represented in modeled∆13.  The processes controlling photo-
synthetic discrimination within a canopy are complex, including variation
in such factors as stomatal conductance, light, CO2 assimilation rate, leaf
nitr ogen, and intercellular CO2 partial pr essure.  Detailed models of iso-
topediscrimination that include thesesourcesof variation may berequired
for accurate partitioning.

3) Spatial heterogeneity in theδ18O signal may be a serious problem.  The
mass-balance approach used here assumes horizontal and vertical varia-

tion in isotopeeffectsis minimal. Usinga singleδ18Orespor ∆18 may not be
realistic if there is variation in soil water or leaf water isotoperatios due to
slope aspect, variation with height in the canopy, species or community
effects, isotopic exchange with liquid water in other pools, etc.

Conclusions

1)Thereis a usefulstableisotopesignal that containsindependentinformation
about photosynthesis and respiration.

2) Flux measurements can likely be trusted for 13CO2, but not yet for C18OO.

3) We cannot yet partition NEE into R and A because of the above factors.


