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1. Summary of Completed Project

Ecosystem CO; exchange and atmospheric boundary layer (ABL) mixing are correlated
diurnally and seasonally. Tracer transport models predict that these covariance signals
produce a meridional gradient of annual mean CO; concentration in the marine boundary
layer that is half as strong as the signal produced by fossil fuel emissions. This rectifier
effect has been predicted by many inversion models. However, observations to constrain
the strength of the rectifier effect in nature are lacking. The fundamental objective of this
project was to measure the strength of these covariance signals between ecosystem CO;
flux and ABL dynamics by employing ABL profiling systems at eddy flux tower sites.
We found that (1) the observed diurnal and seasonal covariance between ecosystem CO-
fluxes and ABL turbulent mixing are strong; (2) the inversion model underestimates the
diurnal and seasonal covariance; (3) the rectifier effect in the model appears to be too
weak. However, these results are subject to significant uncertainties associated with the
use of a point measurement to represent an area, fair weather bias among the data and
instruments, and nonlinear transport processes between continental and marine boundary
layers.

2. Technical Information

2.1 ABL Profiling System and Eddy Flux System

A National Center for Atmospheric Research Integrated Sounding System (ISS) was
deployed about 5km east of the WLEF-TV tower in the Chequamegon National Forest.
The tower is instrumented for high-precision, high-accuracy CO, mixing ratio
measurements at six levels up to 396m above ground (Bakwin et al., 1998) and
continuous eddy-covariance flux measurements at three levels up to 396m (Berger et al.,
2001). The ISS, including boundary layer radar profiler, radio acoustic sounding system,
and rawinsonde system was operated at WLEF from March through October of 1998 and
1999. The NCAR ISS was also deployed at the Walker Branch flux tower in Oak Ridge,
Tennessee from March through November of 1999. Continuous observations of



atmospheric structure including radar reflectivity and horizontal wind profiles were
collected at each site and rawinsondes were launched at midday once per week.

2.2 Derivation of ABL dynamics

Boundary layer depths were derived from the radar reflectivity data at WLEF and Walker
Branch. A combination of tall tower and radar boundary layer depths from WLEF were
used to describe the seasonal evolution of the diurnal mixing depth and its relationship to
local turbulent forcing and synoptic conditions (Yi et al., 2001). Boundary layer depths
for March through October of 1998 and 1999 at WLEF and May through November of
1999 at Walker Branch are available on-line (htip://cheas.psu.edu). An empirical
relationship between the mixed layer depth and the cumulative surface virtual potential
temperature flux was obtained allowing estimates of mixed layer depth from
measurements of surface virtual potential temperature flux (Yi et al., 2001). Laser
ceilometer observations of cloud base height and cloud fraction have been collected
around WLEF during both years. The data sets of continuous, hourly cloud base height
and cloud fraction from 1998 to 2001 around WLEF are available on-line
(http://cheas.psu.edu).

2.3 Comparison between Observation and GCM Simulation

The comparison (Yi et al., 2003) between CSU GCM boundary layer depths and our
observations, as well as the covariance between mixing depth and surface fluxes (the
forcing for the rectifier effect) showed that the continental rectifier forcing is significantly
underestimated on diumnal and seasonal time scales by the simulations of Denning et al.
(1995). The seasonal covariance is responsible for the bulk of the predicted rectifier
effect. Hence, the rectifier effect in the model appears to be too weak. There are
uncertainties in this analysis regarding seasonality of transport between the continental
and marine boundary layers, representativeness of the single observing site and a bias
towards fair weather observing conditions.

2.4 Future Work

Yi et al. (in preparation) used the empirical formula from Yi et al. (2001) to estimate ML
depths from surface sensible heat flux measurements at Harvard Forest tower site (HF)
from 1992 to 2001. We found that the ML depth at HF in the growing season is similar to
winter, while deep mixing happens in spring as the forest ecosystem releases CO; to
atmosphere. The seasonal covariance observed from HF is different than WLEF. In order
to examine the regional variability of the covariance, we need to extend this analysis to
more sites.
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