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SHORT-TERM CHANGESIN BELOW-GROUNDCARBON DIOXIDE CONCENTRAIONS

Gadon Drewitt! and Jon Warland
Dept. of Land ResourceScience
Universiy of Guelph

1. INTRODUCTION

Soilsare an important component of the carbon cy-
clein manynaturaland managedecosystemsConsider-
ablee ort is now beingdevotedto improvingour under-
standingthe input, storage,and removalof soil carbon.
Physicaldi usion of respiredgaseousCO, is oneof the
main processeshat removesC from the soil and Fick's
law hasbeena usefultool to model this process.It has
beenrecognizedhat in certain casessmall-scaleatmo-
sphericturbulencecanenhancegaseoudli usion from a
porousmediumsuchassoil (most recently Tackleet al.
2004). Continuousmeasurementsf belav-groundCO,
concentrationsvereobtainedduringwarm and cool sea-
sonsto examinephysicaland biologicalasgects of COy
in an agriculturalsoil. This posterwill: (1) show results
of these measurements(2) demonstratethe potential
e ects of turbulent conditionson theseconcentrations;
and (3) discussthe magnitudeof surface ux that can
be attributed to concentrationstorage changes.

2. RESEARCH SITE AND METHODS

Measurementswvere obtained from Sept. 8 - Oct.
20, 2003 and Jan. 8 - Feb. 26, 2004 at the Elora
Reseech Station(43 38 N 80 25° W), located ap-
proximately 20 km north of the city of Guelph,Ontario,
Canada. The eld usedin this study, plantedin can
in 2003, was undergoinga conventionaltillage regime
as part of a larger study to examineno-till practices.
The two COy probes usedin this study were Vaisala
GMP222solid-stateinfra-red senses. The probeswere
installedin a fabricated 2.5 cm diameter PVC assem-
bly that protected them from immersionin soil water
while allowing a degreeof spatialaveraging.The probe
assembliesvere buriedat a depth of 10 and 20 cm be-
low the soil surface. Measurementsvere obtainedevery
half hour and carrected using the proceduredescrited
in Tang et al. 2003. Measurementsof soil and the
COy probe temperatureswere obtained using copper-
constantan thermocoupleswhile atmosphericpressure
and soil moisture was measuredat the reseach farm
meteaologicalstation. High frequency3-D wind velac-
ity measurementsvere measuredwith a CSAT-3 sonic
anemometeras part of ongoingeddy covaiance mea-
surements.
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3. RESULTS AND DISCUSSION

Belov-groundCO, concentrationgduringthe warmer
months, shawvn in gure 1, generallytracked the soil
temperature (not shavn) exhibiting both a small diur-
nal trend andthe e ects of seasonatoolingin the ealy
fall. Diurnal amplitudeof CO, concentrationsat the 10
and 20-cmdepthswasappoximately250and 500 mol
mol ! while absoluteconcentrationsvaried by a factor
of 2-3.

Measurementsobtained during the colder months
shav muchlower absoluteCO, concentrationsyerylit-
tle diurnal variability and much lessdi erence in con-
centration betweenthe two depths. During this period,
someof the measurectoncentrationat the 10-cmdepth
were higherthan thoseat 20 cm. The 5-cm depth soil
temperatureswere between0 and -0.5 C during these
measurementsesulting in very low rates of biological
production. During the cold seasonmeasurementsa
layer of snav was presentwhich varied from 10 to 25
cmin depth.
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Figure 1. Time seriesof COy concentrationsmeasuredin
2003 and 2004 at the 10-cm (red line) and 20-cm (blue line)
depths. Periods where CO, concentrationsdecreasedafter
high windspeedsand precipitation are emphasizedn grey

Of particular interest is the occurrenceof sudden
dropsin CO, concentrationduring both the warm and
cool seasonmeasurements. These decreasesn COo



concentration,observedt both the 10and20-cmdepths,

werecorrelatedwith the onsetof turbulent atmospheric
conditionsand precipitation.

Closerexaminationof the high windspeedeventcen-
tered on October 15, 2003is shavn in Figure2. During
the night of the Oct. 15th accompanyinghe drop in
barometric pressurewas approximately 30 mm of rain
resultingin an increasen soil volumetricwater content
( v). Undertheseconditions,increases$n water content
would be expectedto decreasehe di usivit y resultingin
an increasein concentration(e.g. Jassalet al., 2004).
It appeas that the high winspeedsoccurring on Oct
15th were at leastin part resmpnsiblefor the decrease

in COy.
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Figure 2. Time seriesof below-ground CO, concentra-
tions measuredbetween Oct. 13 and Oct. 18, 2003. also
shown are friction velocity (from CSAT-3), 5-cm depth soil
temperature, atmosphericpressureand soil volumetric water
content. During the night of the 15th, approximately 30 mm
of rain fell.

During the winter measurementsaverageair tem-
perature was -9.1 C, the soil surfacewas frozen and
there was very little changein . All of thesefactors
preclude any signi cant moisture e ect on shat-term
soil CO, concentrations. The presenceof snav would
haveinhibited the di usion of CO, from the soil by im-
posingan additional path length from the sourceto the
atmosphere.Undertheseconstraints,shap decreasem
s0il COy carelatedwith windspgeedwere still observed.

These changesin soil CO, concentrationscaused
by oscillatay air ow below the soil surfaceshould, in
principle, contribute to the surfaceCO, ux. A simple

2-layer slabmodel of gasstoragein the soil can provide
a rst estimateon the magnitudeof this e ect. Assum-
ing that: 1) soil porosity, f , in the 0-30cm plowed layer

is0.45m* m 3; 2) CO, concentrationat the surfaceis

365 mol mol ! and; 3) Changesin concentrationsin

the lower layers are neglected.With an air lled poros-
ity, fa, 0f 0.125m% m 3 (from Figure2), usingthe ideal
gaslaw andnoting CO» at 10 and 20-cmare apjrox-

imately 500 and 1400 mol mol ! respectively a total

changein storage of 2100 mol CO, or an additional
surfaceux of only0.03 molm 2 s !iscalculatedover
aperiod of 23 hours. Repeatingthe analysidor the high

windspeedeventon the 3rd and 4th of Felruary, 2000
resultsin a total COy of 270 mol or an additional
surface ux of 0.004 molm 2 s ! overa period of 17

hours. The maindi erence betweenthesetwo examples
is the low valuesof f ; dueto the high  in the winter.

4. CONCLUSIONS

Measurementshavn here demonstratethe magni-
tude of changesin belov-ground CO, causedby en-
hanceddi usion due to atmosphericturbulence. The
changesin concentrationscan be quite large, in some
casesdecreasingby a factor of 2 or more. However,
whenaveragedverthe duration of the turbulent event,
the netresulton soil CO, ux is relativelysmall, partic-
ularly whencompaed to typical warm seasorsoil COp
uxes. The magnitudeof this enhancedux attributable
to shallav storagechangesalonewould be very di cult
to resolveusingmodernchamter and micrometewolog-
ical techniques.Measurementof concentrationto the
bottom of the soil pro le would improve estimatesof
COy, storagein the soil column.

5. REFERENCES

Jassal,R. S., et al., 2004: A model of the production
and transport of CO, in soil: predicting soil CO,
concentrationsand CO, e ux from a forest o or.
Agricultural and Forest Meteaology, acceptedfor
publication

Tackle,E. S., et al., 2004: In uence of high-frequency
ambient pressurepumping on carbon dioxide e ux
from soil. Agricultural and forest Meteaology, ac-
ceptedfor publication

Tang, J., et al., 2003: Assessingoil CO, e ux using
continuous measurementsf CO, pro les in soils
with small solid-statesenses. Agricultural and for-
est Meteaology, 118, 207-220



