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[1] Difficulties in estimating terrestrial ecosystem CO2 fluxes on regional scales have
significantly limited our understanding of the global carbon cycle. This paper presents an
effort to estimate daytime CO2 fluxes over a forested region on the scale of 50 km in
northern Wisconsin, USA, using the tall-tower-based mixed layer (ML) budget method.
Budget calculations were conducted for 2 years under fair-weather conditions as a case
study. With long-term measurements of CO2 mixing ratio at a 447-m-tall tower,
daytime regional CO2 fluxes were estimated on the seasonal scale, longer than in earlier
studies. The flux derived from the budget method was intermediate among those
derived from the eddy-covariance (EC) method at three towers in the region and overall
closest to that derived from EC measurements at 396 m of the tall tower. The dormant
season average daytime-integrated regional CO2 flux was about 0.35 ± 0.18 gC m�2.
During the growing season, the monthly averaged daytime-integrated regional CO2

flux varied from �1.58 ± 0.19 to �4.15 ± 0.32 gC m�2, suggesting that the region was a
net sink of CO2 in the daytime. We also discussed the effects on theses estimates of
neglecting horizontal advection, selecting for fair-weather conditions, and using
single-location measurements. Daytime regional CO2 flux estimates from the ML budget
method were comparable to those from three aggregation experiments. Differences in
results from the different methods, however, suggest that more constraints are needed to
estimate regional fluxes with more confidence. Despite uncertainties, our analyses
indicate that it is feasible to estimate daytime regional CO2 fluxes on long timescales using
tall tower measurements.
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1. Introduction

[2] Terrestrial ecosystems play a critical role in buffering
the climate change caused by the carbon dioxide (CO2)
emitted from burning of fossil fuels [IPCC, 2001]. Quanti-
fying the surface (ecosystem) CO2 flux over various tem-
poral and spatial scales can improve our understanding of
the terrestrial carbon budget. Currently, it is rather difficult
to measure CO2 fluxes on regional scales [between the
global and local (1 km) scales]; this has limited our
understanding of the interaction between climate change
and terrestrial ecosystems and resulted in significant uncer-

tainty in predictions of future changes in climate and
atmospheric CO2 concentrations [Schlesinger, 1983; Cao
and Woodward, 1998; Huntingford et al., 2000; Cramer et
al., 2001; IPCC, 2001]. Direct measurements of CO2 fluxes
over a heterogeneous region are usually impractical. There-
fore indirect approaches are often adopted [Ehleringer and
Field, 1993; Bouwman, 1999].
[3] The convective boundary layer (CBL) budget tech-

nique is one of these indirect approaches [Wofsy et al., 1988;
Raupach et al., 1992; Helmig et al., 1998; Levy et al., 1999;
Kuck et al., 2000; Lloyd et al., 2001]. This technique itself
is not new and has been applied to estimation of surface
heat and water vapor fluxes based on air temperature and
water vapor mixing ratio profile measurements for decades
[e.g., Betts, 1973, 1975; McNaughton and Spriggs, 1986;
Betts and Ball, 1992; Betts, 1994;Gryning and Batchvarova,
1999]. However, it is not easy to apply this technique to
estimating regional CO2 fluxes because well-calibrated
CO2 mixing ratio profiles from near the surface through
the CBL are not routinely available unlike profiles of air
temperature and water vapor mixing ratio. As a result,
special field campaigns, for example, using aircraft or
tethered balloon measurement platforms, are usually needed
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