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Aircraft Monitoring of Surface Carbon Dioxide Exchange

Abstract. Aircraft-mounted sensors were used to measure the exchange of carbon
dioxide above a cornfield, a forest, and a lake under midday conditions. Mean
absorption values of 3400, 1200, and 100 milligrams of carbon dioxide per square
meter per hour, respectively, are consistent with reported ground-based observa-
tions of carbon dioxide flux. Such information, gathered by aircraft, could be used to
provide a quantitative evaluation of source and sink distributions of carbon dioxide
in the biosphere, to establish a correlation between satellite data and near-surface
measurements, and to monitor crop performance.

There is much speculation on the ef-
fects of possible changes in world cli-
mate (/) brought about by the rising
production of CO, from the combustion
of renewable and fossil fuels. Accurate
measurements made over a period of 22
years show an increase in the atmospher-
ic CO, concentration from 315 to 339
parts per million (ppm) by volume (2),
reflecting a rate that will at least double
the CO, concentration by the mid-21st
century (3).

Table 1. Carbon dioxide and heat flux densi-
ties for passes over corn, forest, and water
around midday on 28 August 1980.

CO, flux
Alti- Dis- density Heat flux
tude tance  (mg m~? density
(m) (km) hour™! (Wm™?)
x 10%)
Corn
24 1.6 —34 42
23 1.5 -14 14
25 1.5 =35 70
33 1.6 -36 70
35 1.5 -36 63
33 1.5 —47 84
Average -34 57
Forest
33 10.9 -8 56
34 10.9 -10 28
48 11.4 —11 42
47 10.5 -12 42
61 10.4 —-18 56
60 10.7 —14 42
Average -12 44
Water
31 33 -3 28
28 3.3 3 21
29 3.3 —4 14
Average -1 21
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On this basis, some climatological
models predict a significant rise in the
mean temperature (4), altered rainfall
patterns, and the eventual desertification
of some major food-producing regions
such as the central North American
Plain. Other models predict minor tem-
perature change (5), better crop water
use, more rapid crop development, and
ultimately higher crop yields (6).

Although records of the oil, gas, coal,
and forest industries make possible a
reasonable estimate of CO, production,
it is far more difficult to quantify the net
CO, exchange with living biota (7), soils
(8), and oceans (9). Thus, reliable mea-
surements must be made over seas, for-
ests, and cultivated and uncultivated ag-
ricultural land in order to evaluate the
role of these ecosystems in the carbon
cycle. Clearly, large areas are involved,
and a rapid means of gathering data must
be used.

To this end, we successfully used an
aircraft-mounted flux-measuring system
based on the eddy correlation technique
to monitor CO, exchange over various
ecosystems. This system required the
continuous recording of CO, concentra-
tion and vertical air velocity. The air-
craft, a Twin Otter, was chosen for its
ability to fly at low altitudes and low
speeds. Its standard instrumentation (/0)
includes a temperature sensor, a gust-
probe assembly for the determination of
the high-frequency component of air mo-
tion, and a Doppler radar assembly for
the determination of the low-frequency
component. In all, 32 parameters were
recorded, 16 times per second, and all
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signals were filtered with identical 4-Hz
low-pass filters to avoid aliasing errors.

A newly developed open-path CO; an-
alyzer (11), which is based on the differ-
ential absorption by CO; of infrared radi-
ation at wavelengths of 4.3 and 4.7 um,
was mounted through the escape hatch
in the cabin roof. With the radiation
source and detector located just inside
the aircraft and the infrared beam reflect-
ed by a mirror assembly 0.75 m above
the cabin roof, the in-air path length is
1.5 m. The instrument has a time con-
stant of 0.08 second, and its precision is

limited by a root-mean-square noise
equivalent to 0.3 ppm by volume at an
airspeed of 50 m sec™! and a 0.25-ppm
limitation inherent in the data-recording
procedure. The 10-m separation between
the gust-probe assembly and the CO,
analyzer introduces a 0.2-second lag be-
tween wind and CO, data. However,
such a lag would affect only the flux
computations from eddies near the high-
frequency (4-Hz) cutoff which, as analy-
sis of wind and temperature spectra
showed, contribute negligibly to the
transfer.

Repeated test flights over cornfields,
forests, and water (Table 1) were con-
ducted on 28 August 1980 in order to
evaluate the resolving power of the ex-
perimental system and the reproducibili-
ty of the data. Mean CO; absorption
values obtained from these measure-
ments were 3400, 1200, and 100 mg m™>
hour™! for corn, forest, and water, re-
spectively. These significant differences
are attributable mainly to photosynthesis
under the reasonably well-mixed condi-
tions indicated by the vertical wind data
in Fig. 1. The data are compatible with
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flux measurements reported in the litera-
ture over similar ecosystems (/2).

Simultaneous traces of the fluctua-
tions in air temperature, CO, concentra-
tion, and vertical velocity as measured
above these surfaces are shown in Fig. 1.
Over the corn crop, upward-moving ed-
dies were warmer than downward-mov-
ing eddies by as much as 0.6°C and the
CO; concentrations of the upward-mov-
ing eddies were lower by as much as 6
ppm, signifying the release of heat and
the absorption of CO, by the corn crop.
Fluctuations in the CO, concentration
were slightly smaller over the forest and
much smaller over the water.

Individual and average CO; heat flux
densities over these surfaces are present-
ed in Table 1. Nonsteady-state condi-
tions may contribute to some of the
deviations, particularly for the necessari-
ly short runs over the cultivated fields.
In order to evaluate the effect of short
sampling time, data from 3-minute mea-
surements over the forest were treated
as six 30-second periods. The lack of
significant difference indicates that, over
extended surfaces, at least 30-second
measurements might be adequate. Over
short fields with limited fetch, the effects
of nonsteady state and spatial inhomo-
geneity on short-term sampling need to
be further investigated, and a displace-
ment equation (/3) may have to be used.
The slight tendency for flux values
observed over forest to increase with
height might be attributed to the fact that
at higher altitudes the contribution of
more photosynthetically active sur-
rounding vegetation was also measured.

Cospectral analysis of the time series
for fluctuations in CO,, temperature, and
vertical wind can be used to show the
range of eddies primarily responsible for
the observed fluxes. From the areas un-
der the curves in Fig. 2, which are pro-
portional to the fractional cospectra, it
can be seen that at the given altitudes
most of the contributions to the flux are
from eddies varying in size from 50 to
1000 m. This is well above the minimum
eddy size of 10 m that can be resolved by
the aircraft’s recording system. Peaks in
the wind-CO, (Cy.) cospectra corre-
spond to valleys in the wind-temperature
(Cwy) cospectra, indicating the inverse
directional relationship and scale similar-
ity between the transfer of CO, and heat.

The results presented in this report
demonstrate the feasibility of studying
CO, exchange over extensive areas with
the use of aircraft-mounted instrumenta-
tion. It is expected that future work in
this area may well allow large-scale mon-
itoring of biomass production in agricul-
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ture and forestry, leading to better yield
estimates and to a deeper understanding
of the role of the biosphere in the global
CO, cycle.
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Engineering and Statistical Research
Institute, Research Branch, Agriculture
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Autoradiographic Evidence for a Calcitonin Receptor on

Testicular Leydig Cells

Abstract. Previous studies have indicated that there is a relation between
testicular function and adequate concentrations of zinc in testicular cells, and that
calcitonin alters cellular zinc transfer in the testis. The present studies provide
autoradiographic evidence that calcitonin binds in vivo to the cell membrane of
testicular Leydig cells. The data thus confirm the presence of the testicular cell
membrane calcitonin receptors that were previously demonstrated indirectly by
Scatchard analysis of data collected from binding studies.

The presence of a homeostatic mecha-
nism for maintaining zinc concentrations
in the serum or tissues has been suggest-
ed by many lines of evidence (I, 2).
Recent studies in our laboratory suggest-
ed the possibility of a hormonal influence
on tissue zinc homeostasis. Calcitonin, a
hormone with a definite, but diffuse, role
in calcium metabolism, has been demon-
strated to have a specific effect on cellu-
lar zinc transfer in the testis, a tissue that
undergoes atrophic change in the ab-
sence of adequate zin¢ nutrition (3-5).
Since these effects of calcitonin appear
to be biologically specific and signifi-
cant, it should be possible to demon-
strate the presence of testicular cell
membrane receptors for calcitonin, with
characteristics similar to those of recep-
tors for other peptide hormones. In pre-
vious studies (6) we did, indeed, demon-
strate the presence of such receptors,
although we did not identify the cell type
responsible for the binding. In this report
we describe studies that confirmed those
finding, and enabled us to identify the

cell type whose cell membrane contains
the calcitonin receptor.

Male rats of the CD strain (Charles
River; 120 to 140 g) were thyroidecto-
mized and parathyroidectomized 5 to 7
days before they were used for the
study. One day before the study, we
labeled synthetic human calcitonin
(Beckman) with '*'I using the bead-cou-
pled lactoperoxidase method (Bio-Rad,
Inc.) according to the supplier’s recom-
mended procedure. The free iodine was
separated on a Sephadex G-50 microcol-
umn. On the day of study, the animals
were anesthetized with pentobarbital
and both the renal arteries and veins
were ligated. One microcurie of either
["¥'T]calcitonin or ®'T alone was then
injected intravenously into the inferior
vena cava. Fifteen minutes after injec-
tion, a large-bore needle was placed in
the left ventricle and the animal was
perfused with normal saline for 2 min-
utes. The infusate was then changed to a
solution containing 2.4 percent glutar-
aldehyde and 0.4 percent paraformalde-
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