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Introduction

• Terrestrial ecosystems represent a large amount of the net CO2 uptake on the global scale (1.4

Gt C/yr, shown in Figure 1).

FIGURE 1: 1990s carbon cycle CO2

fluxes from Schimel et al. (2001)

• Two challenges of carbon cycle measure-

ments are to bridge plot scale measure-

ments with regional estimates and to un-

derstand the influence of land cover on flux

CO2 heterogeneity.

• On an ecosystem scale, this net uptake is

balanced by canopy photosynthesis (up-

take of carbon) and ecosystem respiration

(release of carbon).

• With the increasing amount of CO2 from

anthropogenic sources coupled with cur-

rent predictions of the increase in global

temperature, the role that forests will

play in a changing climate is not cer-

tain (Goulden et al., 1996; Huxman et al.,

2003).

• The sum of respiratory and photosynthetic

fluxes is termed Net Ecosystem Exchange

(NEE).

• NEE is a way to monitor the strength of CO2

sink at a selected location. It is continu-

ously measured at more than 260 sites in

a variety of biomes through the FLUXNET

network (Goulden et al., 1996; Baldocchi

et al., 2001).

• The goal of this study is to estimate fluxes

from photosynthesis and respiration at

sub-daily time scales by measuring NEE

along with CO2 measurements.

Study Site

• Niwot Ridge is a high-elevation coniferous

forest located west of Boulder, CO.

• The elevation of Niwot Ridge is approxi-

mately 3050 m (10,000 ft).

• The site is dominated by three coniferous

species: lodgepole pine (Pinus contorta),

Engelmann spruce (Picea engelmannii),

and subalpine fir (Abies lasiocarpa).

• A 21.5 m tower at Niwot Ridge is instru-

mented to measure NEE and CO2 concen-

trations at 9 canopy heights.

FIGURE 2: Aerial view of Niwot Ridge.

Stable Carbon Isotopes

• 13C is a stable isotope of carbon that is 1.11% abundant in the world, compared to 12C, which is

98.89% abundant.

• Stable isotopes of carbon have a wide use in ecosystem ecology (Dawson et al., 2002).

• One application is to determine an ecosystem scale photosynthetic and respiratory flux by mea-

suring 13CO2 concentrations. This is possible since a 13CO2 molecule is heavier by mass, 12CO2

will preferentially diffuse through the leaf stomata.

• Furthermore, during photosynthesis 12CO2 is biochemically preferred (Farquhar et al., 1982).

• Because of this “discrimination” against 13CO2, measuring stable isotopes of carbon may help

to elucidate the photosynthetic and respiratory fluxes.

FIGURE 3: Cross-section of a leaf stomata. Because 13CO2 is a heavier molecule, it will diffuse

more slowly to the site of photosynthesis. 12CO2 is biochemically preferred during photo-

synthesis, further making fixed carbon more enriched in 12C.

Biological Formulation of the Problem

FIGURE 4: An ecosystem’s CO2 budget

• An ecosystem’s CO2 budget, shown in Fig-

ure 4, is comprised of respiratory CO2

from leaves, stems, and soil. CO2 is taken

up through photosynthesis. The total

amount of CO2 present in an ecosystem

is dynamically influenced by temperature,

moisture, and other variables.

• Conservation of CO2 requires that NEE be

equal to the sum of fluxes due photosyn-

thesis (FA) and respiration (FR).

NEE = FA+FR (1)

• It is also possible to define an equation for

conservation of 13CO2. Because we have

two independent equations, it should be

mathematically possible to determine the

two unknowns FA and FR.

• Previous studies have been able to de-

termine FA and FR using stable iso-

topes (Yakir and Wang, 1996; Bowling

et al., 2001). However measurement un-

certainty and inherent spatial and tempo-

ral heterogeneity at Niwot Ridge affect our

ability to do a successful partitioning at

sub-daily timescales .

• Recent studies stress the need for a more

careful formulation of the mathematical

uncertainties and error propagation when

determining photosynthetic and respira-

tory fluxes (Ogée et al., 2004; Zobitz et al.,

2005).

Mathematical Formulation & Preliminary Results

• Determining a photosynthetic and respiratory flux from measured data is an example of an in-

verse problem.

• Inverse problems define a relationship between estimated parameters (m) and measured data

(dobs):

g (m) = dobs. (2)

• Using a Bayesian statistical approach, it is possible to find the best parameters m that produce

dobs by minimizing the following functional (Tarantola, 2005):

S(m) = ‖m −mpr i or‖
2
+‖dobs − g (m)‖2

+‖Dm‖
2, (3)

where:

– mpr i or : Prior estimates on parameters m.

– Dm: A difference operator to account for smoothness between time steps.

• Using the formulations described above, it is possible to determine FA and FR at sub-daily time

scales as shown in Figure 5. Since photosynthesis is light dependent, there is no photosynthetic

flux during the night.
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FIGURE 5: Partitioning of NEE into a photosynthetic (FA) and respiratory flux (FR). Note that

positive fluxes are fluxes of CO2 out of the ecosystem, and negative fluxes are fluxes of CO2

into the ecosystem. Dark bars indicate night.

• These results show the promise of the method. Additional work includes a more careful char-

acterization of the function g , comparing this method to others that estimate respiratory and

photosynthetic fluxes (Griffis et al., 2003; Goulden et al., 1996; Yi et al., 2004), and characterizing

the uncertainty in the partitioned fluxes.

References

Baldocchi, D. D., et al., 2001. FLUXNET: A New Tool to Study the Temporal and Spatial Variability of Ecosystem-Scale Carbon Dioxide, Water

Vapor, and Energy Flux Densities. Bulletin of the American Meterological Society 82 (11), 2415–2434.

Bowling, D. R., Tans, P. P., Monson, R. K., 2001. Partitioning net ecosystem carbon exchange with isotopic fluxes of CO2. Global Change Biology

7, 127–145.

Dawson, T. E., Mambelli, S., Plamboeck, A. H., et al., 2002. Stable Isotopes in Plant Ecology. Annual Review of Ecological Systems 33, 507–59.

Farquhar, G. D., von Caemmerer, S., Berry, J. A., 1982. On the Relationship between Carbon Isotope Discrimination and the Intracellular

Carbon Dioxide Concentration in leaves. Australian Journal of Plant Physiology 9, 121–37.

Goulden, M. L., Munger, J. W., Fan, S. M., Daube, B. C., Wofsy, S. C., 1996. Exchange of carbon dioxide by a deciduous forest: response to

interannual climate variability. Science 271, 169–182.

Griffis, T. J., Black, T. A., Morgenstern, K., et al., 2003. Ecophysiological controls on the carbon balances of three southern boreal forests.

Agricultural and Forest Meteorology 117, 53–71.

Huxman, T. E., Turnipseed, A. A., Sparks, J. P., Harley, P. C., Monson, R. K., 2003. Temperature as a control over ecosystem CO2 fluxes in a

high-elevation, subalpine forest. Oecologia 134, 537–546.

Ogée, J., Peylin, P., Cuntz, M., Bariac, T., Brunet, Y., Berbigier, P., Richard, P., Ciais, P., 2004. Partitioning net ecosystem carbon exchange into net

assimilation and respiration with canopy-scale isotopic measurments: An error propagation analysis with 13CO2 and CO18O data. Global

Biogeochemical Cycles 18, doi:10.1029/2003GB002166.

Schimel, D. S., et al., 2001. Recent patterns and mechanisms of carbon exchange by terrestrial ecosystems. Nature 414, 169–172.

Tarantola, A., 2005. Inverse Problem Theory and Model Parameter Estimation. SIAM Books, Philadelphia, PA.

Yakir, D., Wang, X.-F., 1996. Fluxes of CO2 and water between terrestrial vegetation and the atmosphere estimated from isotope measurements.

Nature 380, 515–517.

Yi, C., Li, R., Bakwin, P. S., et al., 2004. A nonparametric method for separating photosynthesis and respiration components in CO2 flux mea-

surements. Geophysical Research Letters 31, L17107.

Zobitz, J. M., Keener, J. P., Schnyder, H., Bowling, D. R., 2005. Sensitivity analysis and quantification of uncertainty for isotopic mixing rela-

tionships in carbon cycle research. In Preparation.


