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Field comparison of static and flow-through chamber G .-  
techniques for measurement of soil NO emission R 
K;llpll 1. Valente,' Frank C. Thornton,' and Eric J. Williams'J 

,hstfiict. A f ie ld  compar ison of Row-through a n d  static chamber techniques for 
,llcitstlring soil emissions of NO was per fo rmed on fert i l ized so i l  a t  a commerc ia l  cot ton 
,(;~,r~lpirini hbsirtrrni L.) fa rm near Muscle Shoals, Alabama, during July 1992. The 
121irp~,~e of the study was t o  compare soi l  NO., emissions data taken using t w o  different 
I,,.llniques at a c o m m o n  field site. Emiss ion rates w i t h  co l located chambers using the two 
lic\lniques were compared, a n d  spatial means were  also compared for 17 Nat iona l  
Ilccilnic and Atmospher ic  Admin is t ra t ion  (NOAA) plots  and 10 Tennessee Val ley 
\lltliority (TVA) plots. Emiss ion rates of NO at the site covered a b r o a d  spectrum, 
,; , l lgi i~~ ii.lm less t l ian I t o  greater than 100 ng N m-'s-'. D a t a  from collocated TVA 
r[;ltic :inti NOAA f low-through chambers showed :I corre la t ion coefficient of 0.98 w i t h  a 
lillcitr rcyression slope of 0.97. A I test indicated that the mean difference was not statistically 
,lillcrcnt then zero. The p lo t  mean emission rates were 17.7 a n d  18.0 ng N rn- 's- l  for 
111c TVA and NOAA chambers, respectively, fur an %day compar ison period. These 
lidings indicate that t l i tt i i  sets col lected w i t h  these methods are  comparable and may be 
iguiihined wi thout  concern for differences in technique. These results also reveal that the 
tL,cliniques used by each group in at tempt ing t o  ch;iracterize overa l l  si te mean emissions 
.m rcmark;tbly similar, dcspitc differences in chamber size, p l o t  location, extent of areal 
nnrr;i$c. and random e r r o r  associated w i t h  thc measurements. T h i s  finding i s  significant 
III tliiit i! ii?ciins that field data used t o  charactcrize cmi ions estimates by b o t h  protocols 
~.:m hc poolcd to bet ter  est imate reg ional  soi l  NO emis 

In t roduct ion 

'I'Iic main source of NO, (NO + NO,) in the ;~imosphcrc i s  
limn human ;ictivity, ctiiclly conihusti,in of fossil Fuels (40%) 
. tnd  hiomass burning ( 2 5 % )  [ ~ , O ~ U I ~ .  19x31. However, ihcrc iilso 
c\i\ls a hiqenic cmnponcni that is rclaied lo the cniission (if 

/Is. An undcrsisnding of thc magnitude and extent 
* k w i l  NO,. m~issions i s  essential in attempting to heitcr un- 
Scisl;ind ihl: faciors cmtrihuting to tropospheric omne (0,) 
limnation. since 0, produciion has heen shown to he related 
I":tlmospheric NO, levels [/-ill era / . .  19871. High 0, levels iirc 
L l i o w i  to havc ii dcirinicntal effect on crop production and 
llliniiin health [Gruhonr er a/. ,  IWO; .Sliriner <'I d., 19901. Thus 
~'l1:lr;ict~riz;ition of this soil sourcc o f  NO. i s  extrcnicly impor- 
1.lIlt. 

IRecent niciisurcmcnts 01 soil NO,, emissions have indicated 
111;11 iii wn ie  instiiiiccs cwnp;ir;ihlc emissions exisi hetween 
. t~~ thropo~n ic  sources in urhiin areits and soil sourccs in rural 
.+cultural areas [Vdwiie u t i d  7%onriorr. 19%; Williunis CI id.. 
l'J'Jh]. so clearly. the emissiun o f  NO,, from soils is  a nonneg- 
IYihle source. However, ihc assessment o f  this source is highly 
*nceilain owing io the limited measurements that have hcen 
made. large icmporal ;md spatial variability of emission rates, 
Ind possible dilkrenccs in puhlished daia owing to dill'crcnccs 
In measurement methodologies. 

V;illcy Aulhurily. Musclc Shools. Alah;m;i. 
$AA t\ i .nmcmy Lahwatory. Bauldcr, Colorado. 
Cuuprroiivc Insiiiu~c. lor Kcrcarch in Envirunmenlal Scicncc. 

aluldcr. co~w~d<~. 

rnmright 1995 hy ihu American Gvophysical Union. 

Several techniques have heen employed to determine soil 
cmissions o f  NO,,. Most of these methods are chainher or 
cnclosure techniques, bu i  distinctive differences among them 
:ire appiirent. One important dillerence is the choice of static 
or dyninnic treatment o f  the interior air of the chamber. The 
sialic chamher method utilizes the buildup in concentration 
within the chamher over a specified period of time to deter- 
mine the soil NO, emissions. The dynamic. or Row-through. 
chamher method uiilizcs an airflow to continually flush the 
chamher interior, and the flux is calculaicd from mass balance 
considerations once the NO level reaches a sleady state. Both 
methodologies have advantages and disadvantages. but to date 
there has hecn no field comparison o f  these two techniques to 
assess comparability o f  the data obtained by them. However, a 
previous study [WiNiirnu ond Dovidsotr, 19931 reported godd 
agreement for a comparison between two dynamic chamber 
methods. The study reported here i s  a comparison of soil NO,, 
emissions measurements made by static and dynamic chamher 
methods in an agricultural field site. The results of this study 
are intended to address the issue of cornparahilily o f  soil NO, 
emissions data by these different techniques at a common field 
site. 

Experimental Site 
The comparison was performed at a commercial cotton 

(G~i,s.sy/iirrm hirsrirrrm L.) farm near Muscle Shoals, Alabama, 
during July 1YY2. The soil type at this site is an Etowah silt- 
loiim (Typic Paleudult). A no-tillage system was used in which 
coiton was planted in alternating row widths o f  1.2 and 0.6 m 
inio it winter wheat cover crop (Triricunt ae.sfirini L.). A mid- 
March application o f  fertilizer containing I I kq N h a T L  
broadcast to promote late season wheat growth prior to kil l ing : - 
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the field and had reached i t  height of ahout 60 cm. This site was 
selected for the intercompxisoii hecnuse i t  was expected to 
show a large ranse of NO Hux d u e s  based on the fertilizer 
application and the time of ycnr. Because fertilizer had been 
applied in a banded fashion. i t  u'iis hoped that emission rates 
would show significant spatial vari:ibilit?. ;illowing for a broad 
range of emission rates tu be represented in the intercompari- 
son. The sunimer season was selected for the study because i t  
wits anticipated that hot temper;iturcs interspersed with thun- 
derstorm activity would lead to alternating dry and wet soils, 
providing significant temporal variability in emissions as well. 
Plots were chosen r;indonily hoth h c t w e n  and within cotton 
rows. A schematic represcntotiun of the chamber locations 
within the field isshown in Figure I.Throughout this paper the 
Tennessee Valley Authority (TVA) and National Oceanic and 
Atmospheric Administration (KOAA)  plots are referred to 
with the numbers and letters s h o w  in Figure 1. Soil tcmper- 
iiture (thcrnmocouplc), air temperature (thermistor), precipita- 
tion (tipping bucket rain gigc). and soil moisture (gypsum 
hlock) were monitored contiiiuuusly to provide information 
potentially helpful in interpreting the results. Upon completion 
of the experiment. soil samples \vex t;iken at each sampling 
lucittion to determine soil chcniiciil propcrtics. 

Measurement Techniques 

The N O A A  Howthruugh technique [ ll'dliwii.~ ei d., I9SXI 
uses ii transpxcnl chamhcr with pcrl luwilkoxy (PFA) Teflon 
tilni wiills. The chamher ( 3 0  cni X 311 cm X 30 cm) is pl;xed on 
ii stiiinlcss steel frame driven into the \oil to ii Ill cm depth. I n  
sunny weather II white cloth i s  pl;iccd over the ch;imhcr to 
reduce heating u f  the soil when tlic clinmhcr is in iisc. Dry x ru  
ii ir ( N O  i 0.112 pph) at 4 lpni I I~ STP (st;ind;trd liters per 
minute (slpm)) i s  intrtrduccd at the ccntcr of one widl and 
siiniplc air is removed zit I slpni continuously from the qposi tc 
wiill. The cxcess zero air is permitted. hy dcsign. t o  exit the 
chtinihcr i i t  the joint whcre the ch:lnihcr rests (in the frame and 
through pinholes in the Tcl lon l i lni u.iills of the chxmher. 
Following pl;icenicnt of the chamher on the frame. NO con- 
centrations huild up and then stahilizc in ahour 15-30 min, 
when ii steady stiite is iichicvcd hctwccn soil NO emission and 
the comhiiied ren iwi i l  processes ;issuciatcd with chamher 
Ilushing with zero air and dcpositioii to the soil. The net emis- 
s io i i  Ilux ;it the equilibrium niixiiig riitio i s  calculated hy apply- 
ing niiiss hnlancc considcr;itions a s  fulluws: 

Fsl ,  = rs~rQ~AWx/[1',.,4(611 s min-')]}  ( 1 )  

where I:,,, is the net l\ux of NO in nanrgr;ims of N per meter 
per second, pN,, is the steady stiitc mixing ratio of N O  in pphv, 
@ is the mass flow of the Hush gas in stand;ird liters per minute, 
AWN is the i i t ~ m i c  weight 01 nitrogen. V,,, i s  the standxd 
ga.h.ous molar volume, and A is the soil area dclincatcd by ii 
fr;mic in square meters. The gross cniissiun rate within the 
ch;inihcr is ciilculated hy pcrliirniiiig s1;indard addition exper- 
iments with NO and calculating the N O  uptake rate, which i s  
cstimotcd as ii tirst-order loss pr<iccss I IVi1litm.s PI 01.. 19SSl. 
Detection of NO is wcomplishcd with ii custom-built NOIO, 
chcniilumincscencc detector t h ; ~  hiis ii detection l imit for N O  
( I l l  s intcgrution time; sign:il-t~i-noisc ratio (SIN) = 7) of 5 
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Figure 1. Scheni;itic di;igriim of the site ctmligiir;itim s h w  
ing (a) the lochtion of T V A  plots (Iociitions with prefix T) :~nd 
N O A A  plots (locatiiins with prefix N )  prior to  1500 CDTM 
July IO. 1997 and (b) the plot locations after ISIIII CDTun Jul! 
IO, 1992. In Figure Ih  the suRx A indicates the nca. PIC* 
locations except for T l A  and N2A. Tlicsc two l w a t i w s  \ w e  
the same throughout the study, hut new dcsigwtiims wrc 
;issigned to indicate that the data habe hccn segrcptcd in time. 

par ts  per trillion by volume (pptv). Thc detection limit for flu' 
depcnds on the cleanliness of the zero air hut is typicilll! 1).t1Io 
ng N m-'s- ' .  

The T V A  static chamber technique uses an opiiquc TcllC'h 
coiitcd aluminum chiimbcr ( L  x W x H = 76.2 cni X Ai' 
cni X 20.3 cm) that is hinged to ;in aluminum frame d r i W  intd 

d the soil [Vrrlenrc mid Tlionrlon, .IYYS]. A chzinncl i i t  the t W  
the frame is  tillcd with wiiter to seal of the ch;mhcr iiir frum 
the m h i c n t  air when the chamber is  lowered for i i  inlCilsUw 

mcnt. The chamhcrs arc painted white 11) help rcdiicc llC3ti*! 

11f the soil when the ch;imhcrs arc down. N o  zero iiir is 
bind the chamhers are not Hushed. At the heginning o f a  mrr 
suremcnl cycle an amhient air NO re;iding is t;lhcn at chanlh? 
height; the chamber then closes autoniatically. tr;!pping an1'' 
cnt air. The iiir in the ch;ii!??.hr is stirred with :I sniiill hrushl6 d kin. A I  IO-min intcrviils an NO measurcmunt i s  perform 
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-J  

the equations shown below, the’emissiun and depo- 
::h,n r:ltes in the chamber arc calculated from the increase in 
,,1 +.wd in the chamber. A comnierciitl Thcrmo Environ- 
-.nl,,l Instruments, Inc. (Franklin. Massachusetts) model 42 ,;,, illslrunicnt i s  used by TVA fur  thr N O  measurement. At 
.i i,lll ,,I ii measurement hour the chamber tops rise and 
.3Ai,l ::ii!iI the next measurement lime. T V A  measure- 

Ipe:Lmicd every 3 hours, 24 hours a day. The de- 

\\ llell ;i chamber i s  lowered onto a frame inserted in the soil, 
.i‘ i(,llccntriition builds up niost rapidly immediately after the 
-I,l,t,er is lowered. As the cuncentration huilds up in the 

the rate of increase sIow and approaches a steady 
2 J : i  ,I,r~niptotic value. often referred to as the compens;ition . ,,.hen Ihe emission rate is evidently balanced by the loss 
.-,. .Ilii> ohserved pattern of N O  increase within the cham- 

hcd well with ii model (equation (2)). wherein 
L; ,,ti cmk>i<i i i  riitc i s  governed hy a constant gross emission 
::: tcmi  ( k , )  and ii varying loss term ( k ? )  proportional to the 
, ,:~~ntr;itivn building up in the chamber. 

lilliit ior llur i s  typically less than 0.3 ng N m-’s-’. .. 

:-\I .,Iter ii T V A  chamber i s  lowcrcd, the NO concentration is  
,;:,,,I io ihe xnihient level at c h m h c r  height (NO:,,”,,). Given 
5:- riiiliiil condition. solving (2) hccomcs ;in initial value prob- 
..:, nitli ii  lir\t.urdcr dilfercnti;il equ;itiun. with the solutivn 
;,;,1 Ih? (.<I. 

[NO] ( I )  = k , / / . ?  + ([NO:,n,,,] - /.,//.~k~“’ (3) 

Vulrilre oird Tlrortmti [ 1993) reported that NO emissions var- 
ied by a factor of 3 even on plots as small as I O  ni. X 10 m with 
relatively large chambers (each chamher covcred 0.28 m’ of 
soil). Other investigators have reported even higher variability, 
as much as ii Lictor of 50  or more, depending on soil homo- 
geneity and fertilizer application technique. Clc;irly, i t  is im- 
perative for techniques hcing compared to sample from the 
same soil area to the extent possible. This was done several 
times at live different ch;imber sites (Figure I) during the 
course of the study, since i t  was possible to insert two N O A A  
chamber frzimes side by side within one T V A  frame. Two 
N O A A  frames inserted side by side within ii TVA frame cov- 
ered roughly 60% of  the area covered by the TVA frame. The 
second import;int factor in planning an intercomparison of this 
type is that ii significant diurnal cycle in NO emission rate 
occurs, with doily peaks iis much as 100% i i r  more of the daily 
minimum. I t  was  not possible to perforni measurenicnts from 
TVA and NOAA chambers on the same iirca siniult;meously, 
so an effort was made to simple as closely in time iis possible 
and to consider the influence of the diurnal cycle when inter- 
preting the results. All the collocated measurements reported 
in this paper wcrc performed within 2 hours v i  one another. 

In  the discussion of the chamber mciisurcmciit techniques 
and in the analysis to follow, it distinction i s  made hetween net 
and gross emission Hur. Gross emission Itus represents the 
emission rate from the soil neglecting any depositional losses. 
Net emissioii flux represents the difcrcncc lictwecn gross 
cniissiiin riitc ;ind the dcposition rate in ii chiinihcr. Gross 
cniissioii appears to hc independent of the cunccntration in a 
chamher [LWlliuf?i.s ei nl.. IW2hl; however. IICI emission rates !:\ tming the NO versus time curve for ciich niciisurcmcnt run 

..:., ,, r,.SreSsiio,l ,)” (s), gnrss cn,issi,,,l dccrc;isc iis conceiitr;~tions increiisu in ii chmihcr. owing to 

.,!; i ,  illill Ihe TVA ch;,m,)c.r : , 1 ~  cillrL,li,lcLI iiicrczising deposition Iosscs ill higher concentrations. Thcre- r:lte /., 

1 *mp:irirm I’rotocol 

roach wits taken i n  conpi r ing the tw’o tech- 
wx\ to lhcitcr uriilcrst;ind potcnii;il ilillcrcnces in cmissiiiii 
‘i!i\ 11i:it ~niiglit have been found during Ihc study. These 
.’ *:lp:irihons included the niust hasic clcnicnis of Ihc nicasurc- 
-31 Iccliniques. :IS well its the ovcribll char;tclcrization of lhe 
.. cmihsims. To  compare calihr;liion sources. ihc conccntrii- . 0 * t i  lhc  NO calibration pi~scs used hy the 1 

“:~i l i t? of the two NO an;ilytical systcnis. including the inlet 
-*, uhich providc<l g;is samples to the instrunicnis. a com- 
sn ,,. 
5 n .  Lh:inihr. .rliis test was donc using hoth T V A  nnd N O A A  
:LTh hy a t t d i i n g  a tcc titting tu  the exit port u i  a cham- 

The Cdcu1;itcd NO emission rates estimated by both 
:. u F. h r  the measurement period (July 6-13) wcrc i i lso 

P m d  for the live common soil plois used. Finally, the -e 
m m  emission rates ;tnd frequency distributions for 

“.‘ilemissions at  the site were ciilculatctl indcpcndently hy 
nA and NOAA investigators. A l l  these tcsts wcrc pcr- I 

hlilld wi th no sharing uf data hy the groups unti l :ill 
h~ h~ h w n  rci~i iccd and viilidiitcd independently. 

if!tercniiip;irison of soil NO, niciisimnicnt tcch- * is Complic;ited hy at Icitst iwo signi1ic;iiii factors which * intr~~duce undcsirahlc viiriiincc cxtcrniil i o  the mcasurc- 
“stems and dat;i analysis icchniques. First. tlicrc i s  con- 

or 
CLhhk Spatial viiriahility in emis. .in rates. c ~ e n  on it smiill 

For eu;imple. using the st i i i i c  chamher technique. 

-. 
.,. . 

u . J  -‘.!Id using ll ic N O A A  iiistruiiicn~,tion. Tu 

Simp!,: \‘;:is simult;incously withc1r;iwn from a coni- 

.il 

* 

‘ 

chanihcr concentralion. Finally. results w r u  ;in;dyzcd using 
regression ;tiid ;in;dysis of v;iri:ince tcchniqucs t o  dcvelop an 
undcrstiinding uf the coniparahility o f  the two tcchniques. 

Results and Discussion 
A stcpwisc approach w’iis taken in the conip;lrisuii so that in 

addition to identifying dificrcnces in the techniques. tlic causes 
of  any dillcrciiccs found could he ;ipportiuncd t u  the various 
elcnients of the measurement and data reduction systems. The 
hrst step wiis to compare the NO calibration g;~scs used by the 
two groups to calihratc their NO instruments hy analyzing 
samples from hoth tanks with the N O A A  NO instrument 
(TVA gnses were supplicd hy Scott Specialty G;iscs, Inc., and 
N O A A  gases were supplied hy Scott-Marrin, Inc.). The pur- 
pose of this test was to dctcrniinc whether ;my relative biases 
were being introduced hy dilicrcnces in calihration &IS sources. 
The rcsults agreed within 2%. which was siniilnr IO the preci- 
sion of the nicasurcmcnt system and the ccrtiliciitiuii of the 
stimdards hy t h e  suppliers. We thcrcforc c~mcIudcd that no 
signiticsnt rcliilive bias was introduced by dillercnces hotween 
T V A  and NOAA calihration gases. 

The ncxi step was to compare the analytical instruments and 
inlet systems while sitnipling ambient air tr;lppcd in the cham- 
hers. This step in the test was strictly ii comparison of the 
transmission of NO through sonipling tuhing and filters. along 
with a cumpiirison o f  thc NO ;malytic;il instruments used by 
the two gruups; i t  did not includc the ciilculotion uf soil NO 
emission rate. This tcst ~ u u l t l  identify any ilillcrcnccs c;iused 
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NAPPB 
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Figure 2. Comparison of T V A  and NOAA NO mixing ratio 
measurenients when sampling from common chambers. Data 
from both TVA and NOAA chambers arc shown. 

hy (I) maly t i ca l  instruments, (2) moisture or other interfer- 
ences possibly prescnt in the samplc air that could influencc 
either of the two groups' instrumentatiun differently, and (3) 
differences i n  line Iosscs. For this test the T V A  and NOAA 
s m p l c  tuhes were hoth connected iit a tee at the sampling port 
on a ch;imhcr that was covering the ground, and NO was 
;malyzcrl independently and simult:mcously by the partici- 
pints. This test wits rcpcatcd several times with hoth gruups 
sampling siniultmcously from TVA and NOAA chamhers. 

-This provided infurm;ttion over a widc range of chiimber NO 
cunccntrotions (over 3 orders o f  magnitude) typical at  this site 
(and i i l so fur many uihcr sites where similiir mcmurcmcnts 

son. The corrclalion coellicicnt exceeded 0.W. and the slope of 
the linciir rcgrcssion line wits 0.07. I-lowcvcr, the T V A  data 
cxhihit ;in apparent constant I-ppbv ollsct until ;ihout IO pphv 
NO. The ciiusc (if this ollsct is unknown. The detection liniit 
fur the TVA chemilumincscencc detector is o f  the order of 0. I 
pphv. which might contribute some uncertainty to the data at 
the very lowest IcvcIs. Leaks in the s m p l c  line wcrc not a 
prohleni (Le., noscatter in the plot), hut there might have been 
some miiteriiil on the walls o f the  samplc line that contributed 
tu the pruhlem. I n  "ny case, hccnusc o f  the curve-fitting routine 
used hy TVA. a constant ollset in NO concentration will have 
very l i t t l e  inHucncc on the calculated nux. The only timc when 
this would be a significant problem is  when the ;imbient air 
mixing ratio of NO i s  much less than I pphv, and this rarely 
occurred at  this site owing to the ncarhy Muscle Shoals/ 
Florence urban areas. This comparison indicated that the in- 
struments and inlet lines ured by the two groups arc essentially 
cquivelcnt in measuring N O  from actiiiil chamber air at NO 
levels greater than I ppbv. However, this test docs not show 
how differences in the methods used by the groups to operate 
the chambers and ciilculiite the NO emission rates inHuence 
the Hux mcasurcmcnts. For th is  step of the comparison we turn 
our attention to co l lo~ i ted and simultancous (or nearly so)  
mciisurcmcnts of the soil NO emission riitcs of the two groups. 

Figures l a  and Ih show thc five TVA chamber locations 
(TIA. T3, T4, T4A. and T5) where two NOAA frames (N9A 
and NIOA, N13 and N14, N') and NIO. ctc.) were mounted 
within the TVA fr;imc. Fur comparison. the TVA and NOAA 
NO Ilux mc;isurcments on common plots were hascd on the 

h. 'I\L ,. hccn m;idc). Figure 2 shows the results of this compir i-  

net emission rates, using the concentration in the NOQ 
chamhers as a refcrcnce value. Since diffcrcnccs in c;ilihratiop 
gases. NO analysis instruments. and line losses were shown 
he insignificant. any differences found at this I c w l  arc cxpectd 
to he due to differences other than those listed ahovc. Ti,'. 
potential sourccs of error relate to the opcrntion d t l i c  cham 
her or the technique used to calculate the Hu:. or dillcrenQ 
related to the fact that strictly simultaneous nicasul-vmenb 
were not possible and that the soil arciis are not es;ictly I ~ C  
same (two NOAA frames enclosed roughly 60% of tlic arer,j 
one TVA frame). In the first case. differences in ch;lmh 
operation such as stirring wtr. dry zero air Rush (NOAA).\Yan 
losses, chamber geometry, etc.. may inlluence the c;ilcuh~cd 
emission rate. Furthermore. differences in the way ill whid 
these fluxes are calculated. i.e., TVA using curve littiny and 
NOAA using a mars balance approach. may result in  ditfcr. 
ences. The second area of consideration, that of n<mimulta. 
neous sampling. relates to the fact thkit strictly identicid 
areas were not sampled and real-time concurrent smiiplingwa 
not possible. Despite these considerations that could eeuy 
sampling biases. our results show very good ;igrccmcnt. 

Figure 3 shows the results of the NO flux ctimparison lor 
common plots. Linear rcgrcssion on this d;it;i set yields a cor. 
relation coetlicient ofO.9S and a slope of 11.97. A paired 1 le$ 
performed on thcsc c o l l o ~ i t c d  cliitnihcr mcasurumcnts isdi. 
cates that the mean ditlcrencc hetween the two Iccliiiiquus ir 
not statisticAly dillcrcnt thiin zero ( I  = l l . I L ) I S  ivitii ??a1 
frccduni, and thc niciin ditlcrcncc was 11.16 11s N t i1 ' s-',with 
the TVA ~ a l u c s  ;ivcraginy slightly higher t l i i t n  t he  NOAA 
valucs). We have ciircfully cxiimincd the lour or tiYe &!la 
points at the IDW end (1-10  ng N ni r '  s-') t u  tlctcrininc why 
they i ire Iarthcr oll thc one-to-one line than the rest of thc 
points. We could lind nrithing uniquc (11 pcculi;ir other t h e  
that these data wcrc not nc;irly :is s in iu l l imu~w :IS t he  hulkof 
the data. Also, occaskm;dly, the twu siniultitncotts NOAA drli 
points dilrcrcd suInt;inti;illy (hy  ii hctor  01 3 or grcxicr). whilc 
the werage 01 the two agreed very well with tlic c,irrcsponding 
TVA Ilus  dot;^ point. Considering all tlic potentia sourccs f01 

differences and the fact that the ch;imhcrs c~iu ld  iniil hc pur 
fectly collucatcd iind precisely siniultiincous in  r,pcr:ition, t h u s  
rcsults are very satisfactory. We conclude t h i i t  the TVA 2nd 

0.1 1.0 10.0 1co.o m o  
NOAANET 

Figure 3. Comparison of NO llus mciisureinctits with cOllv 
cared TVA and NOAA chambers. Datii arc cxprcsscd in finnD 
grams o f  nitrogen per square meter per scc,mtl. 
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* I  \ \ \!\tcms are equivalent in thcir measurement o f  NO 
Clllllll l l I K  

1 NII!. N C  i~ssess the comparability of the techniques in 
'.:A!cri,infi the overall emissions from a site. At this level, 
-:at \.tiixbility and siting critcria can influence significantly 
.:+ . t w q u r i w m  Ihwvccn techniques. This is o f  particular in- 
- . . I !  IW:IUIC i i  !: ' h i w n  that the s p a t i d  variability in emis- 
- *  111n  i* oitcn disconcertingly high: nevertheless, i t  i s  de- 
-si; 1 8 ,  nixkc the best possible i ircal estimates given the 
*+*.d ruditics o f  keeping chamber size and numbers man- 
=if.lc.'rahlcs I and 2 present comparisons o f  the statisticson 
''':fU\i<m derived from the two groups. Items TI  through 

1.lhlc I arc the TVA plot locations used during the 
"'.~'nlp.lrison hetween the T V A  and N O A A  techniques .' I%rv I )  :ind are referred to a s  T V A - A .  Plot locations T6 

T l t l  in TLthle I are referred to as TVA-B and were 
"4 h! ?'.'?. after the intercomparison, July 15-23, 

~ - ' h w  e;icIi i icw location was ahout 2 m away from an old 
a' l-ition. These data show substantial similarity in the 
L*"''rnuian of the mean emission rate by plot for the 
%a' ''IC. The plot mean values and associated standard de- 
-'m* during the intercomparison for T V A - A  and the 
w'U'hamhers are 17.7 (20.6) and IS.0 (33.3) ngN m-'s-', 
Lh'nch. During the week following the intercomparison 

* *'Ird D A - B  chambers gave values o f  20.4 (22.0). As - 
w-J~~~iousi!.  if only the collocated chambeis are consid- 
'W lbrn the ;Igre.i.inent between Ihe TVA mean and NOAA 
,?'diderenW is 0.16 ng N m- 's - ' )  i s  even closer but q i t h  ' n'A slightly higher. In  reviewins these overall corn- 
As it should be noted thilt over 70% of the NOAA 

*rmcnis were evenly divided bctxeen day and night. 
show diurnal viiri:ition (higher soil tern- 

pcrature yields greater flux), i t  is useful to also compare the 
rcsults separated into day and night measurements (Table 3). 
The total soil areal coveiage was similar at each subsite (5 
T V A  chambers covered 1.45 m2 and 14 NOAA chambers Cov- 
ered 1.2 m'). Coefficients o f  variation were higher for N O A A  
(227%) than TVA (149%, T V A - A  and 188%, TVA-B), prob- 
ably owing to the smaller N O A A  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 ai., 19931. A t  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 hut, even so, the two values greater than 0.1 cm s-' 
are much higher than expected. The mean value without these 
two apparent outliers is 0.028 cm s-', which i s  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 o f  Day (0600-l800 CDT) Versus 
Night (1800-0600 CDT) Mean Data 'c tar .  

Parameter NOAA TVA 

Day emission raic, np N rn-'s-' 24.6 17.5 
Night emission TilIC. ng N m-'SC' 
Day soil tempenture, "C 34.7 32.8 

26.5 27.9 Night soil tcmperaturc, "c 
BPrcmcnts were made during d:Iylisht hours, while m~ 10.4 11.1 

L J 
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Table 4. 
Experiments 

Lass Term. NO Mixing Ratio. Soil Temperature, Plot 
cm s-' PPhV "C Number 

0. I75 2.8 33 3 
0.047 2.8 34 I 
11.003 1R.4 41 1 
o.no6 tc!.7 40 R 
0.057 3.7 38 3 
0.014 0.08 42 4 
0.041 I .7 36 5 
0 . w  1.1 40 6 
0.1113' 1. I 33 4 

Loss Terms Calculated From N O M  Uptake 

'Svandard addition tcst; all others are How vilriatlon tests. 

Conclusions 
These tindings indicate that data sets collected with a zero 

air-Hushed dynamic chamher technique and a static chamber 
method arc comptr;ible and may be comhined without major 
concern for ditfcrenccs in technique. Furthermore, while more 
studies should hr conducted. lhcse results suggest that other 
investigators using sinlililr techniques may also compare data 
successlully. This informatiun is useful :IS inwstigators move 
toward conihining their d;tta sets to i m p r o x  the inventory of 
soil NO emissions. 

This study also has shown that the techniques used by each 
group in attempting 10 clliiracterizc the site yield remuk;ibly 
similar results dcspite dillcrcnccs in chamber size, plot Ioca- 
tion, extent o f  iircal covcr;igc. and random errur associ;itcd 
with the measurements. This tinding. as is  the case for the 
contirniatiwi thnt the techniques ghc similar results. is  signif- 
icant in thxt i t  iilso niciins that lield d;~t;i used to ch;iracterizc 
emissions estimates by Ruth protocols can he pooled to better 
eslimiitc rcgiunal soil NO cnlissions inventories. This informa- 
tion will aid in the devckipmcnt o f  databases needed in mod- 
eling regionid ozone prwluctiun m d  trimsport. The stepwise 
protocol taken in this interconlparison prwed to be very useful 
in establishing the comp;trability of all important aspects of thc 
measurement systems hcing studied. and we recommend a 
similar ;ippro;ich 111 other investipators conducting compari- 
sons in the future. 
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