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Project Summary

Currently, long-term variations of atmospheric carbon dioxide are monitored by a network of
flux towers, such as AmeriFlux towers over North America and EuroFlux towers in Europe. This
long-term observational network covers a variety of biomes and diverse geographic areas. However,
the questions of whether these towers capture the net carbon budget in the regions surrounding
the towers, and how we can scale-up these tower measurements to regional or continental scales are
still challenging issues. Use of individual tower sites to estimate regional and global CO4 budget is
not tenable without understanding tower site and its representativeness of a large area. Monitoring
transport of carbon dioxide presents serious problems—especially at night. A systematic under-
estimation of carbon dioxide respiration will lead to an enormous error in the annual net ecosystem
exchange (NEE), since the annual NEE is a small difference between the large photosynthesis and
respiration rates.

Sun et al. (1998), for the first time, demonstrated the importance of the horizontal transport of
COy at night (ignored by all the long-term COs observations) by using low-level aircraft and boat
measurements. Since then, many scientists in this area have pursued systematic measurements of
the “missing” COg, however, no definitive estimates of the horizontal transport of COg have been
made by ground-based instruments. We have proposed investigations of the horizontal transport
of CO; to several funding agencies in the past, and received all good to excellent reviews, but no
funding. The problem related to the horizontal transport of CO4 has raised attention in the microm-
eteorological community, however, ecology funding agencies that can accept NCAR proposals, such
as NASA and DOE, have traditionally focused on ecological issues, not dynamic transports. We
advocate setting up a small scale field experiment to demonstrate the magnitude of the horizontal
variation in COs at night and the usefulness of our approach. The results will lead to improvement
of all the existing long-term CO9 observational networks. With these measurements, we will have a
better network design in terms of measurement accuracy and precision. Having documented results
from our proposed field program will position us to compete for other opportunities, especially the
upcoming North America Carbon Cycle Program to be sponsored by NASA and NOAA within
the next 5 to 10 years. NCAR should play an important role in identifying and quantifying the
complex linkages among atmospheric boundary layer circulations, the biosphere, geosphere and
hydrosphere (i.e. aero-bio-geo-hydro cycles) and in understanding the effects of these linkages on
long-term observations of carbon dioxide.



Introduction

There is considerable evidence in the literature that indicates carbon dioxide flux is not
accurately measured, and a significant amount of respirated carbon dioxide is not accounted
for from tower sites at night (Baldocchi et al., 1996). Nighttime eddy correlation measure-
ments of CO, are generally discarded when the surface friction velocity is small, for example,
less than 0.17 ms™! (Golden et al., 1996). The key issue involved in the tower flux measure-
ment is not an instrument or flux calculation problem, but a spatial and temporal sampling
problem due to complicated interactions between the atmosphere and the ecosphere, espe-
cially due to spatial variations in the ecosphere. The ambient environment varies constantly,
in response not only to large-scale atmospheric forcing and local effects of topography, but
also to spatial variations of soil moisture, soil properties, canopy structures, etc.

At night, the ecosystem respires carbon dioxide. The respiration rate depends on soil
properties, especially soil moisture, and the soil and plant temperature, which also depend
on radiation sheltering from forest foliage. The transport process is contained within a thin
layer above the ground or above dense canopies under stable conditions at night, so that the
carbon dioxide is transported much more effectively by horizontal motions than by vertical
motions. This horizontal motion is sensitive to terrain and spatial variations of soil thermal
properties and the canopy density (Figure 1). Ken Davis (personal communication) has
found that at night the carbon dioxide concentration close to the ground surface around the
WLEF tower in northern Wisconsin (one of the AmeriFlux towers) can double in low-lying
areas compared to surrounding areas only 2 m higher in elevation. Andrew Turnipseed at CU
and Dean Anderson at USGS (personal communication) also noticed that at the CU Niwot
Ridge, nocturnal CO4 concentration differences between two towers about 150 m apart were
between 10 and 40 ppm over a relatively flat area.

Without quantifying the horizontal transport of carbon dioxide, a significant portion of
carbon dioxide respirated from the ecosystem may not be counted in all long-term COy ob-
servations. Sun et al. (1998) were the first to clearly identify significant horizontal transport
of carbon dioxide due to surface heteorogeneity during the Boreal Ecosystem-Atmosphere
Study (BOREAS). The determination of whether the net carbon dioxide exchange is positive
or negative over a particular region on an annual time scale depends on a small difference
between two large terms: photosynthesis (dominant in summer daytime) and the ecosystem
respiration (dominant in winter and at night). Because of this near balance between the two
large terms, slight under-estimation of the carbon dioxide respiration at night can accumu-
late and contribute significantly to the net carbon budget. Without understanding the role
of the horizontal transport of carbon diozide or other trace gases due to interactions among
the aero-bio-geo-hydro cycles, we cannot estimate the magnitude of the potential northern
hemisphere terrestrial carbon sink nor accurately monitor the ecosystem response to human
activities.

Up to now, most ecological investigations of the global carbon balance have concentrated
on ecological aspects of canopy COs uptake and oceanic COqy sink from the atmosphere.
However, an important aspect of the global carbon monitoring program is the COy trans-
port process. The ecological world is generally not familar with transport processes. Some
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Figure 1: Schematic diagram depicting interactions among the atmosphere, biosphere, geo-
sphere and hydrosphere (i.e. aero-bio-geo-hydro) cycles and their effects on the long term
carbon dioxide budget under nocturnal conditions. Atmosphere: Terrain induced density
currents and local circulations generated by soil thermal contrasts between the warm soil
protected by the forest from long-wave cooling and the cold clearing, or between dry and wet
soil surfaces, transport a significant amount of respirated CO4 horizontally, leading to the
“missing” CO, from the tower measurement above the forest. In addition, the forest acts as
a barrier to the flow, resulting in spatial variations of turbulence at the sides, top and inte-
rior. Biosphere: Forests and clearings generate horizontal gradients of CO,. In addition,
spatial variations of soil moisture can result in spatial variations of soil temperature, which in
turn causes the spatial variation of CO,. Geosphere: Spatial variations of soil texture and
even minimal terrain slope (visually flat) can produce horizontal thermal contrasts, which
lead to atmospheric circulations, spatial variations of CO4 respiration rates. Hydrosphere:
Spatial variations of soil moisture due to soil texture, rainfall variability, or terrain varia-
tions strongly affect spatial variations of soil temper re









