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Field comparison of static and flow-through chamber
rechniques for measurement of soil NO emission

Ralph J. Valente,! Frank C. Thornton,! and Eric J. Williams23

sbstract. A field comparison of flow-through and static chamber techniques for
measuring soil emissions of NO was performed on fertilized soil at a commercial cotton
(Gossypiten firsuteon L)) farm near Mus_clc Shoals, Alabama, during July 1992. The
purpose of the study was to compare 5-011' NO, emis§ions data taken using two different
rechniques at a common field site. Emission rates with collocated chambers using the two
wchniques were compared, and spatial means were also compared for 17 National
Oceanic and Atmospheric Administration (NOAA) plots and 10 Tennessee Valley
wuthority (TVA} plots, Emission rates of NO at the site covered a broad spectrum,
anging from less than 1 to greater than 100 ng N m~2 57!, Data from collocated TVA
Jatic and NOAA flow-through chambers showed a correlation coefficient of 0.98 with a
lincar regression slope of 0.97. A r test indicated that the mean difference was not statistically
Jiferent than zero. The plot mean emission rates were 17.7 and 18.0 ng N m~2 s~ for
the TVA and NOAA chambers, respectively, for an 8-day comparison period. These
nadings indicate that data sets collected with these methods are comparable and may be
combined without concern for differences in technique. These results also reveal that the
techniques used by each group in attempting to characterize overall site mean emissions
are remarkably similar, despite differences in chamber size, plot location, extent of areal
coverage. and random error associated with the measurements. This finding is significant
m that it means that ficld data vsed to characterize emissions estimates by both protocols

can be pooled to better estimate regional soil NO emission inventories.

Introduction

The main source of NO, (NO + NO.) in the atmosphere is
hom human activity, chicily combustion of fossil fucls (40%)
and biomass burning (25%) [Logan, 1983]. However, there also
evists a biogenic component that is related to the cmission of
NO, from =ils. An understanding of the magnitude and extent
of soil NO, emissions is essential in attempting to better un-
derstand the factors contributing to tropospheric ozone (O;)
wrmation, since O, production has been shown to be related
Wwaimospheric NO, levels [Liv et al., 1987]. High O, fevels are
Aown to have a detrimental cffect on crop production and
human health [Graham ¢t al., 1990; Shriner et al., 1990]. Thus
daracterization of this soil source of NO, is extremely impor-
Lant.

Recent measurements of soil NO, emissions have indicated
hat in sume instances comparable emissions exist between
nthropogznic sources in urban areas and soil sources in rural
whcultural areas [Vafente and Thornton, 1993; Williams et al.,
1992a]. 5o clearly, the emission of NO, from soils is a nonneg-
lzible source. However, the assessment of this source is highly
uncertain owing to the limited measurements that have been
made, large temporal and spatial variability of emission rates,
“id possible differences in published duta owing to dilferences
M measurement methodologics.
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Several techniques have been employed to determine soil
emissions of NO.. Most of these methods are chamber or
enclosure techniques, but distinctive differences among them
arc apparent. One important difference is the choice of static
or dynamic treatment of the interior air of the chamber. The
static chamber method utilizes the buildup in concentration
within the chamber over a specified period of time to deter-
mine the soil NO, emissions. The dynamic, or flow-through,
chamber method utilizes an airflow to continually flush the
chamber interior, and the flux is calculated from mass balance
considerations once the NO level reaches a steady state. Both
methodologies have advantages and disadvantages, but to date
there has been no field comparison of these two techniques to
assess comparability of the data obtained by them. However, a
previous study [Williams and Davidson, 1993] reported good
agreement for a comparison between two dynamic chamber
methods. The study reported here is a comparison of soil NO,
¢missions measurements made by static and dynamic chamber
methods int an agricultural field site. The results of this study
are intended to address the issue of comparability of soil NO,
emissions data by these different techniques at a common fieid
site.

Experimental Site

The comparison was performed at a commercial cotton
(Gossypium hirsutum L.) farm near Muscle Shoals, Alabama,
during July 1992, The soil type at this site is an Etowah silt-
loam (Typic Paleudult). A no-tillage system was used in which
cotton was planted in alternating row widths of 1.2 and 0.6 m
into a winter wheat cover crop (Triticum aestium L.). A mid-
March application of fertilizer containing 11 kg N ha”_ wag

broadcast io promote late season wheat growth prior to Killing
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the crop by the application of glyphosphate_before planting
cotton in mid-ApTiL, Al rous ammonia was banded at the
rate of 112 kg N ha™ " next 1o ifie cOTion rows in early Wiay.
the time of the Intercomparison. cotton plants were present on
the ficld and had reached a height of about 60 ecm. This site was
selected for the intercomparison because it was expected to
show o large range of NO flux values based on the fertilizer
application and the time of year. Because fertilizer had been
applicd in a banded fashion, it was hoped that emission rates
would show significant spatial variability, allowing for a broad
range of emission rates to be represented in the intercompari-
son. The summer season was selected for the study because it
was anticipated that hot temperatures interspersed with thun-
derstorm activity would lead to alternating dry and wet soils,
providing significant temporal variability in cmissions as well.
Plots were chosen randomly both between and within cotton
rows, A schematic representation of the chamber locations
within the field is shown in Figure 1. Throughout this paper the
Tennessee Valley Authority (TVA) and National Qceanic and
Atmospheric Administration (NOAA) plots are referred to
with the numbers and letiers shown in Figure | Soil temper-
ature {thcrmocouple), air temperature (thermistor), precipita-
tion (tipping bucket rain gage). and soil moisture (gypsum
block) were monitored continuously to provide information
potentially helpful in interpreting the results. Upon completion
of the cxperiment. soil samples were taken at cach sampling
location to determine soil chemical properties.

Measurement Techniques

The NOAA Row-through technique {Williams et ol., 1988]
uses utransparent chamber with perfluoralkoxy (PFA) TeRon
film walls, The chamber (30 ¢cm % 30 cm X 30 cm) is placed on
a staindess steel frame driven into the soil to a 10 em depth. In
sunny weather a white cloth is placed over the chamber 1o
reduce heating of the soil when the chambuer is in use. Dry zero
air (NO < 0.02 ppb) at 4 Ipm at STP (standard liters per
minute (slpm)) is introduced at the center of one wall and
sample atris removed at ! slpm continuously from the oppaosite
wall. The excess zero air is permitted, by design, to exit the
chamber at the joint where the chamber rests on the frame and
through pinholes in the Teflon film walls of the chamber.
Following placement of the chamber on the frame, NO con-
centrations build up and then stabilize in about 15-30 min,
when a steady state is achicved between soil NO emission and
the combined removal processes associated with chamber
flushing with zero air and deposition to the soil. The net emis-
sion flux at the equilibrium mixing ratio is calculated by apply-
ing mass balance considerations as follows:

Fro = pxoQUAW[V,A(60 s min™"]} (1

where Fry, 15 the net flux of NO in nanograms of N per meter
per second, pe, 18 the steady state mixing ratio of NO in ppby,
() is the mass flow of the flush gas in standard liters per minute,
AW is the atomic weight of nitrogen, V,,, is the standard
gascous molar volume, and A is the soif area delineated by a
frame in square meters. The gross emission rate within the
chumber is caleulated by performing stundard addition exper-
iments with NO and calculating the NO uptake rate, which is
estimated as a first-order loss process {Willioms et of., 1988).
Detection of NO is accomplished with a custom-built NO/O,
chemiluminescence detector that has a detection limit for NO
(10 s integration time; signal-to-noise ratio {(S/N) = 2) of 5
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TVA
LAB.

Figure 1. Schematic diagram of the site configuration show:
ing () the location of TVA plots (locations with prefix T) and
NOAA plots (locations with prefix N) prior to 1500 CDT on
July 10, 1992 and (b) the plot locations after 1504 CDT on Jub
10, 1992, In Figure 1b the suffix A indicates the new plot
locations except for TIA and N2A. These two Jocations wer
the sume throughout the study, but new designations wer
assigned to indicate that the data have been segrepated in time.

parts per trillion by volume (pptv). The detection limit for flur
depends on the cleanliness of the zero air but is typically 0010
ng Nm™s™

The TVA static chamber technique uses an opaque Teflo
coated aluminum chamber (L X W X H = 76.2 em X ?D-f
em X 20.3 cm) that is hinged (o an alumirum frame driven into
the soil [Valente and Thormton, 1993]. A channcl at the W0p
the frame is filled with water to seal off the chamber air from
the ambient atr when the chamber is lowered for o measore
ment. The chumbers are painted white to help reduce heating
of the soil when the chambers are down. No zero air 15 U
and the chambers are not flushed. At the beginning of 2 med
surement cycle an ambient air NO reading is taken at chambet
height; the chamber then closes automatically, trapping ambr
ent air. The air in the charﬁbcr is stirred with 2 smatl brushles
fan, At 10-min intervals an NO measurement js performe
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_J frum the equations shown below, the ‘emission and depo-
":_\,n rates in the chamber are calculated from the increase in
;n observed in the chamber. A Cmemercial Thermo Environ-
~canal [nstruments, Inc. (Franklin, Massachusetts) model 42
W instrument is used by TVA for the NO measurement. At
- ‘cml of a measurement hour the chamber tops rise and
gin wp unlil the next measurement time. TVA measure-
- -ap are performed every 3 hours, 24 hours a day. The de-
_on limit for Mux is typically less than 03 ng N-m™ 5™
’ When a chamber is lowered onto a frame inserted in the soil,
- concentration builds up most rapidly immediately after the
~gmher is lowered. As the concentration builds up in the
<umbher. the rate of increase slows and approaches a steady
< tc asvmptotic value, often referred to as the compensation
. when the emission rate is evidently balanced by the loss
e, This observed pattern of NO increase within the cham-
Lt van be deseribed well with a model (equation (2)), wherein
~¢ net emission rute is governed by a constant gross emission
o term (& ) and a varying loss term (& ,) proportional to the
» eeentration building up in the chamber.

d[NO]/df = I\'| - k:[NO] (2)

st alter a TVA chamber is lowered, the NO congentration is
qual to the ambient level at chamber height (NQ,..). Given
= mitial condition, solving (2) becomes an initial value prob-
< with o fist-order differential equation, with the solution
N h'\' (3}

[NOJ(r) = kfks + (INOynl — kfha)e ™ (3)

tn mtting the NO versus time curve for cach measurement run
«th o nonlinear regression based on (3), the gross emission
ek and the loss rate &5 in the TVA chamber are caleulated.
Pre net emission rate can then be caleulated. if desired, by (2).

Camparison Protocol

aperoach was tuken in comparing the two tech-
wues 1o batter understand potential differences in emission
v it might have been found during the study. These
~mparisons included the most basic clements of the measure-
=eat techniques, as well as the overall characterization of the
#< emissions, To compare calibration sources, the concentra-
*? ot the NO calibration gases used by the two groups was
waly f_cd using the NOAA instrumentaetion. To assess the com-
“atahility of the two NO analytical systems, including the inlet
= which provided gas samples to the instruments, a com-
0 sampl: was simultancously withdrawn from a com-
>achamber. This test was done using both TVA and NQAA
:'\mhcr.\' by attaching a tee fitting to the exit port of a cham-
:" The calculated NO emission rates estimated by both
TUN for the measurement period (July 6-13) were also
:'-‘rr:"l‘]“: ..fm lhc? I'!vc common so_il plots usc.d. IFimlllly, {hc
il ‘&‘{r.l‘.emlssuon ra'tcs and 1rcqucncy'd|str|hul|0ns for
, Lissions at the site were caleulated independently by
A and NOAA investigators. All these tests were per-
d blind with ne sharing of duta by the groups until all
4 heen reduced and validated independently.
L:Id imcrcumparison of soil NO_ measurement tech-
s complicated by at least two significant factors which
::{;’:Iucc undesirable velrialncc Fxtcrnul_ to the measure-
M and data analysis techniques, First, there is con-
le spatia| variability in emiss on rates, even on a small
scale. For example, using the static chamber technique,
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Valente and Thornton [1993] reported that NO emissions var-
ied by a factor of 3 even on plots as small as 10 m X 10 m with
relatively large chambers {each chamber covered 0.28 m™ of
svil). Other investigators have reported even higher variability,
as much as a factor of 50 or more, depending on soil homo-
geneity and fertilizer application technique. Clearly, it is im-
perative for techniques being compared to sample from the
same soil area to the extent possible. This was done several
times at five differcnt chamber sites (Figure 1) during the
course of the study, since it was posstble to insert two NOAA
chamber frames side by side within one TVA frame, Two
NOAA frames inserted side by side within a TVA frame cov-
ered roughly 60% of the arca covered by the TVA frame. The
second important factor in planning an itercomparison of this
type is that a significant diurnal cycle in NO emission rate
occurs, with daily peaks as much as 100% or more of the daily
minimum, It was not possible to perform measurements from
TVA and NOAA chambers on the same arca simultaneously,
50 an cffort was made to sample as closcly in time as possible
and to consider the influence of the diurnal cycle when inter-
preting the results, All the collocated measurements reported
in this paper were performed within 2 hours of one another.
In the discussion of the chamber measurement techniques
and in the analysis to follow, a distinction is made between net
and gross emission Hux. Gross emission flux represents the
emission rate from the soil neglecting any depositionad losses.
Net emission flux represents the difference between gross
cmission rate and the deposition rate in a chumber. Gross
emission appears to be independent of the concentration in a
chamber [Williams er al., 1992b]; however, net emission rates
decrease as concentrations increase in a chamber, owing to
increasing deposition losses at higher concentrations, There-
fore when comparing net emission rates from different types of
chambers, it is important to reference the net rates to the same
chamber concentration. Finally, results were analyzed using
regression and analysis of variance techniques to develop an
understanding of the comparability of the wwo eehnigues.

Results and Discussion

A stepwise approach was taken in the comparison so that in
addition to identifying differences in the techniques. the causes
of any dilferences found could be apportioned to the various
clements of the measurement and data reduction systems, The
first step was 1o compare the NO calibration gases used by the
two groups 1o calibrate their NO instruments by analyzing
samples from both tanks with the NOAA NO instrument
(TVA gases were supplied by Scott Speciahly Gases, Inc., and
NOAA gases were supplied by Scott-Marrin, Inc.). The pur-
posc of this test was to determine whether uny relative biases
were being introduced by differences in calibration gas sources.
The results agreed within 2%, which was simifar w the preci-
sion of the measurement system and the certification of the
stundards by the supplicrs. We therefore concluded that no
significant relative bias was introduced by differences between
TWVA and NOAA calibration gases.

The next step was to compare the analytical instruments and
inlet systems while sampling ambient air trapped in the cham-
bers. This step in the test was strictly a comparison of the
transmission of NO through sampling tubing and tilters, along
with a comparison of the NO unalytical instruments used by
the two groups; it did not include the caleulation of soil NO
emission rate. This test would identify any differences caused
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Figure 2. Comparison of TVA and NOAA NO mixing ratio

measurements when sampling from common chambers. Data

from both TVA and NOAA chambers arc shown.

by (1) analytical instruments, (2) moisturc or other interfer-
ences possibly present in the sample air that could influence

either of the two groups’ instrumentation differently, and (3)
differences in line losses. For this test the TVA and NOAA
sample tubes were both connected al a tee at the sampling port
on a chamber that was covering the ground, and NO was
unalyzed independently and simultancously by the partici-

pants. This test was repeated several times with both groups

sampling simultancously from TVA and NOAA chambers.
~This provided information over & wide range of chamber NO
cancentrations (over 3 orders of magnitude) typical at this site

(and also for many other sites where similar measurements
have been made). Figure 2 shows the results of this compari-

son. The correlation coeflicient exceeded 0,99, and the slope of

the lincar regression line was (197, However, the TVA data

exhibit an apparent constant [-ppbv offsct until about 10 ppbv
NQO. The cause of this offset is unknown. The detection limit
for the TVA chemituminescence detector is of the order of (1.1

ppbv. which might contribute some uncertainty to the data at
the very lowest levels. Leaks in the sample line were not a

problem (i.c., no scatter in the plot), but there might have been
some material on the walls of the sample line that contributed
to the problem. In any case, because of the curve-fitting routine

used by TVA, a constant offset in NO concentration will have

very little influence on the calculated flux. The only time when

this would be a significant problem is when the ambient air
mixing ratio of NO is much less than 1 ppbv, and this rarcly

occurred at this sitc owing to the ncarby Muscle Shoals/

Florence urban areas. This comparison indicated that the in-
struments and inlet lines used by the two groups arc essentially
cquivalent in measuring NO from actual chamber air at NO
levels greater than { ppbv. However, this test does not show
how differences in the methods used by the groups to operate

the chambers and caleulate the NO emission rates influence

the flux measurements. For this step of the comparison we turn

our attention to collocated and simultancous {or nearly so)

measurcments of the soil NO emission rates of the two groups.
Figures la and Ib show the five TVA chamber locations

(T1A. T3, T4, T4A, and T5) where two NOAA frames (NYA
and N1OA, NI3 and N14, N9 and NI}, etc.) were mounted

within the TVA frame. For comparison, the TVA and NOAA
NO flux measurements on common plots were based on the

net emission rates, using the concentration in the NQ
chambers as a reference value. Since differences in catibratioy
gases. NO analysis instruments. and line losses were shown g
be insignificant, any differences found at this level are expeciy
to be due to diffcrences other than those listed above. Theg
potential sources of error relate to the operation of the chay,
ber or the technique used to calculate the flux. or differencey
retated to the fact that strictly simultaneous measurcmeny
were not possible and that the soil arcas are not exuctly the
same (two NOAA frames enclosed roughly 60% of the arey of
one TVA frame). [n the first case, differences in champe
operation such as stirring rate, dry zero air fush (NOAA), wyq
losses, chamber geometry, etc., may influence the calculage
cmission rate. Furthermore, differences in the way in whig
these fluxes are calculated, i.e., TVA using curve fitting ypg
NOAA using a mass balance approach. may result in diffep.
ences. The second area of consideration, that of nonsimulty.
neous sampling, relates to the fact that strictly identical sof
areas were not sampled and real-time concurrent sampling wa
not possible. Despite these considerations that could cayse
sampling biases, our results show very good agreement.
Figure 3 shows the results of the NO flux comparison for
commuon plots. Linear regression on this data set vields g con
relation coefficient of (L98 and a slope of 0.97. A puired t teg
pertormed on these collocated chamber measurements indi
cates that the mean difference between the two iechniques is
not statistically different than zero (1 = 0.1918 with 23 of
freedom, and the mean ditference was 0.16 ng N'm =575 with
the TVA valucs averaging slightly higher than the NOAA
values). We have carefully examined the (our or five daa
points at the low end (L-10ng N m™% 7'} 10 determine why
they are farther off the one-to-one line than the rest of the
points. We could find nothing unique or peculiar other than
that these data were not nearly as simultancous as the bulk of
the data. Also, occasionally, the two simultancous NOAA data
points dilfered substantially {by u factor of 3 or greater). while
the average of the two agreed very well with the corresponding
TVA flux data point. Considering all the potential sources for
differcnces and the fact that the chambers could not be per
fectly collocated and precisely simultancous in operation, these
resulis are very satisfactory. We conclude that the TVA and

03y
o1 1.0

'_____.,_--"
10000

160.0 100.0
NOAANET
Figure 3. Comparison of NO flux measurements with coft”
cated TVA and NOAA chambers. Data are expressed in nao®”
grams of nitrogen per square meter per second. '
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Summary of TVA Static Chamber Soil NO

NOCNS: were evenly divided between day and night.
¢missions show diurnal variation (higher soil tem-

e 1.
. f,.‘..u‘ﬂ Data
by Number
b Standard of
:‘: R Mean Deviation Range Points
Y dulv @ Through July 13, 1992
277 <(.3-98.0 29
= 521 238 20.1-111 2
b ' 6.4 393 <0.3-14.8 52
% " 407 2.52 <0.3-9.9 52
id 4.65 357 0.9-11.6 30
e ! 494 247 25.3-119 2
. 3.02 1.72 <0.3-6.0 51
N 17.7 20.6 302-49.4 6
j e 151 225 <0.3-111 258
o -t e
e July 15 Through July 23, 1992%
N . 369 473 <0.3-176 64
- - 569 59.9 <0.3-252 61
= 9 3.70 <0.3-168 58
] - sl6 4.67 <0.3-21.5 65
- . 6.03 8.39 <0.3-34.7 57
| oo 204 220 3.09-50.9 5
yecage 2L 39.7 <0.3-252 305
b r ¢ serages give equal weight Lo all chamber sites, and data aver-
i oee gd cquatl weight 1o all measurements.
. 17 wnd T1A represent data from the same location segregated into
- - e perionds, {See Figure I for details.)
= sk aed TAA represent data from a chamber that was moved 1o
_‘. s ditfloient HOns.
o e TVA cheanbers shifted by 2 m,
3
]
. wivA wslems are equivalent in their measurement of NO
o —r vt Hlux,
ra I aally, we assess the comparability of the techniques in
i “eaterizing the overall emissions from a site. At this level,
s ==l variability and siting criteria can influence significantly
ok & aemparisan between techniques. This is of particular in-
g <=t bevause it 1+ known that the spatial variability in emis-
& an Lites s alten disconcertingly high: nevertheless, it is de-
ar «#& o make the best possible arcal estimates given the
o veaisal realitics of keeping chamber size and numbers man-
s5d < e, [t;ihlcs | and 2 present comparisons of the statistics on
¥1smision derived from the two groups. Items T1 through
o hhlc' I are the TVA plot locations used during the
T=homparison between the TVA and NOAA techniques
;_' Fiaure 1). and are referred to as TVA-A. Plot locations T6
— N uzh Ty m"‘l"uhlc 1 are referred to as TVA-B and were
1 Y wed by TVA after the intercomparison, July 15-23,
' "= where cach new location was about 2 m away from an old
; &+ fnition. These T
; e on. ese data show substantial similarity in the
{ m““tmauon of the mean emission rate by plot for the
i w;m“h- The plot mean values and associated standard de-
_ ‘.'u“d““"g the intercomparison for TVA-A and the
i %1_‘h‘1mhc‘r5.are 17.7 (20.6) and 18.0 (33.3) ng Nm™ s,
i . w;:")'- During the week following the intercomparison
i "'d__ TVA-B chambers gave values of 20.4 (22.0). As
R W IE"‘“’“SI.\'- if only the collocated chambers are consid-
, ¥ wn N the agreement between the TV A mean and NOAA
o o Wifference is 0,16 ng N m=2 5~ ) is i
o’ & Tva g . ng N.m™7s7") is even closer but with
o “ata shightly higher. In reviewing these overall com-
cm'l should be noted that over 70% of the NOAA
R 8 ©nis were made during daylight hours, while TVA

21151

Table 2. Summary of NOAA Dynamic Chamber Soil NO
Emission Data During the Intercomparison Period From
July 6 Through July 13, 1992 7,

Number

g > of
Plot Number Mean Deviation Range Points

N1 Ndis) 156 \n_%_o_.g) 1
817333 5

N1A 308 13.9

N2 160 71.3 58.1-305 10
N2A* 776 44.8 33.8-152 5
N3 1.72 0.42 1.1-25 13
N4 0.85 0.32 0.4-1.4 14
NS 0.90 0.23 0.6-13 8
N6 1.14 0.47 0.5-2.1 10
N7 116 4.40 5.1-19.1 15
N8 159 15.4 6.1-539 12
N9 262 1.37 1.1-4.8 6
NOA 45.8 307 18.6-81.0 5
N10 195 1.86 0.4-4.5 $
N10A 38.1 18.8 20.4-56.9 4
N1l 202 1.37 0.2-4.3 8
NI2 1.89 119 0.7-3.7 8
N13 285 2.43 0.7-5.7 5
N4 355 2.57 09-62 4
Plot average 18.0 33.31 0.85-133% 17
Data average 20.6 @ 0.2-305 148

*$ame location as plot 2; data taken after July 10, 1992, 1500 CDT.
+This value is the standard deviation of the chamber means in the

first column after combining the data for N2 and N2A (same plot}.
+This value is from combined N2 and N2A (same plot).

perature yields greater flux), it is useful to also compare the
results separated into day and night measurements (Table 3).
The total soil areal coverage was similar at each subsite (5
TVA chambers covered 1.45 m? and 14 NOAA chambers cov-
ered 1.2 m?). Cocfficients of variation were higher for NOAA
(227%) than TVA (149%, TVA-A and 188%, TVA-B), prob-
ably owing to the smaller NOAA chamber size. Recent results
investigating the effect of chamber size on soil gas emission
rates have also shown greater variability associated with
smaller chamber size [Ambus et al., 1993]. At this site the
deposition losses in the chambers were found to be rather
small. The TVA data indicated that deposition losses ranged
from near zero to about 3% min~'. The NOAA NO uptake
data exhibited a large variability, including some negative val-
ues. Table 4 shows those values with the highest degree of
reliability but, even so, the two values greater than 0.1cms™’
are much higher than expected. The mean value without these
two apparent outliers is 0.028 cm s~!, which is equivalent to a
loss term of almost 5% min~" and is consistent with the TVA
data. This means that at this site the differences between the
net and gross emission rates tended to range from near 0 to
about 25%.

Table 3. Comparison of Day (060013060 CDT) Versus
Night (1800-0600 CDT) Mean Data b A

NOAA

Parameter TVA

Day emission rate, ng N m™ 57! 24.6 17.5
Night emission rate, ng N m™% s~ 10.4 - 111
Day soil temperature, °C 347 32.8
Night soil temperature, °C 26.5 279




Table 4. Loss Terms Calculated From NOAA Uptake

Experiments

Loss Term,  NO Mixing Ratio,  Soil Temperature, Plot
cems™! ppbv °C Number
0.175 28 33 3
0.047 28 34 t
(L.003 18.4 41 7
0.006 19.7 40 8
0.057 a7 38 3
0.014 ).U8 42 4
0.041 1.7 36 3
0.189 1.1 40 &
0.013* 2.1 i3 4

*Standurd addition test; all others are flow variation tests.

Conclusions

These findings indicate that data sets collected with a zero
air~flushee! dynamic chamber technique and a static chamber
method are comparable and may be combined without major
concern for differences in technique. Furthermore, while more
studies should be conducted, these results suggest that other
investigators using similar techniques may alse compare data
successfully. This information is useful as investigators move
toward combining their data sets to improve the inventory of
soil NO emissions.

This study also has shown that the techniques used by each
group in attempting to characterize the site yicld remarkably
similar results despite differences in chamber size, plot loca-
tion, extent of arcal coverage, and random error associated
with the measurcments. This finding, as is the case for the
confirmation that the technigues give similar results, is signif-
icant in that it also means that tield data vsed to characterize
emissions estimates by both protocols can be pooled to better
estimate regional soil NO emissions inventories. This informa-
tion will aid in the development of databases needed in mod-
eling regional ozone production and iransport. The stepwise
protacol taken in this intercomparison proved to be very useful
in establishing the comparability of all important aspects of the
measurement systems being studied, and we recommend a
similar approach to othcr investigators conducting compari-
sons in the future.
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