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In the summer of 1994, the 0.0’/ c] 1 I ~ It S( )Iul lull i]lf~al cd Airborne I inlission Spcctromctcr
(Al iS) acquired spectral data over [\\u \I.ri Iflfil ~:s, otlc ill central Oregon on At]gust 3 and
the other ncw San l.uis Obislm, (~alif(ll  Ili;l 011 Aup,ust 15. ‘l’he  spcTIIonKtcr  was on board
aNASA 1X-8 research airc~-af(,  flyit)y ilt iI~I : I[itude of 12, knl. ‘llic spcclra from both fires
clearly show features due to walct vt![m: , (.LII’: 1011  dioxide,  carl>on ]I]o[lc)xidc,  allllllorlia,
methanol, formic acid and ethyl l”.]lc at sij’,lli fi( l~ltly IIiglm abulldarice and tcmpcra[urc  than
observed in downlooking  spccl]  a of 1101  I I 1:11 a! I nosl)hm  ic and SIOUIId conditions. {;olunln
clcmsitics  arc (icrivcd  for several s]mics  aI 11. I I I I( )Iar ratios am compa Ic.cl with previous
biomass fire ]ncasurcments,  Wt’ br]it’\r~  II i at Ill is is the fil S( time SLIC]I data have bccm
accluircd  by airborne spectral rc] I W(C MI is! I I:,,

introduction

I Wing late July and early August  1 ‘KLI, III )[, (it y wcatlwr md abundant overgrowth
precipitated several wildfires in (IIc. l’i{(i  l-it. N, 11 Llm’cst  and (Ualiforjiiat  On the afternoon of
August 3, the NASA DC-8 rescarull ail{.  t it[’t V.;IS rctur)]in~ to its base at Moffctt  Field,  CA
from a flight planned for Syntl](t i< Aj}c]  t~ II c l<iidal  (S AR) ~nc.asurcl]lcnts when the flight
line was rc-clircctecl  to make aIi  ()\~~l)ii.\  {~f t )Ilc of these fi]cs (SOIIIC.  65 kn~ cast of Mt.
l]ood at latitude 45°19’ N; loIIII,it[I~.lL  11’()” 5;) W). Acconqx{nyin~’,  the SAR was the new
0.07 cm-] resolution infrarwi Ail Im I t[. t 11 ~is~  ion S])cctron]ctcr  (Al N) which sLIccccdcct  in
obtaining a series of spectra (in ttw 4.5 lo 13 f p IMIF,C) bc,ginIling tit 22:58:24  lJT. “lihc
Al R field of view was locked orito flaTI lcs of II IC f~] c by an interactive video tracker for the
30 seconds that the fire was visit )Iu 11 II 01111,11  llIr vicwpol  t installed ill tlm cargo hold of the
aircrafi. Strong emission lines of w:il cl ‘Ja~mI ( I 14)), carbon dioxide ([:02)  and carbon
monoxide (03) emanating fml I hij’ll!y  ~:}l{itl  (i state.s, indicat  il’c. of a fyis clouc] at clcvatccl
tcmpcraturcs,  were clearly visil)lc.  iI I a p t.lin)i  II:Iry cxaluination  of the spectral da[a,
Absorption features due to an]l I lotliz+  (N} i:!) ,,’rrc also obvious.

A second series of wildfire spcc[r:i  \\Ias [a k CII on AugLIst 15, 1994 ill (~alifornia  with the
Al iS on board the same aircraft  at 3.$’ ‘.’4’ N, 120” 41‘ W, about 10 km no]tb-west of San
1,uis Obispo,  (;A. ‘]’his sccoIId WI of sj),ct~  a \I,as also obtai]lcd as a target of opportunity
on a flight with a different pin Iary  I I lisii(~ll  1 I:iII, 1 mwcvcr,  IIKMC. tinx  was available for
three ovcrpasscx  of the fire line iind a to:al of ‘X) seconds of spcctI al data was collected
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direct] y over flaming areas, as v:(s1  1 i[s d I({i fI i II II nca! by urlburnc.d areas.  A quick
inspection of the spcct ra from tlm (’alif<~t  [1 la ] ~ I r mvcalcd, as in the data from the orcgon
fire, strong I 1?,0, C?& and (X) tlllisiiu; 1 ltf]c. i)s WC]] as l~igi]c.r  lCVCIS of saturation in the
N] Is an(i CO absorption fcatms t}Iat 1 o!)st IV{ (i fot the orcgon fitc,

Since these observations were IJot 1):)11 (~f :1 l)I1l! Incd cxlm’inlcn~,  ttlcrc was tlo other
ins[rumcntation  to provide in-si[u ]] ICaSLIt(  I ml its as in]lut  or vcrific:tt  ion fol- a model of the
ground and atmospheric state p:tl a]~~~tc);, No] Icthekss,  wc }MVC dcvclopcd  a provisional
physical nlocIcl  of the observed I]ic SL’CI)C [[) I ~ IadI ml spcct]  al obscl vations. lJsing  this
model, and relying on relative sllcclt ;{1  f(a I I.11( > as II luct) as possible, WC. have. been able to
quantify the flame temperatures, all(i tlIi ( “O, N}]:+, (.31~011 and 1 I(XK)l I column
densities. Sillcc 1120 and C()? tlil\’(.  a la I/It. b.LkgI ound  abundance, the fit to the spectral
features is too model dcpcndc]ll  [t) ~ij~ , I (ii:+ )Ic est intate.  of the.ir cxccss abundance from
the fires.

1 hnissions  from biomass burni[ly, al c Ufi(l( Iy I ({$ogllixd  as a significant source of pollution
affecting a(mosphcric  chmistl  y, plIot~x I Kt I Ik!i y all(l t I am  gas cmmnt  i at ions [cf. Crt4tzen
and Andreac,  1990]. The spc.ctJ :11 ICI I KIt( N’IIS I I Ig technique holds ]t mny a(ivantagcs  for
~ncasuring emissions from bioll):iss  i“rlt’s  J [1 g{r mral, dctcctablc  quan(it ics of gases are
lli#lCl than  thOSC  for ill  Sif14  Sall)]l] ill{’,  111  IV’(’W 1, lIxi  IIy s]mcics are alwvc these detection
limits in forest fire observations. 1 )W t(} 1,}1[  di 11 w.ul(ics  in sam]k  collection, there arc few
i)? situ n]casul cmcnts  of cmissitm fac[(l) \ lor I (ildivc  s]~ccics  such as n~cthano] and formic
aci(i while a spectrometer cali tt ark t) IC a’)[l]id .IICC of tllcsc spccics  in all phases of a fire
[ GI-ijjjtlI,  CI al., 1991; Yokdson, (t al , 1 ‘ 195 j, Spceics call bc mcasu[c.d  simultaneously
with Jmnc of the uncertainties irlhel cr}l 1 ) 1 IIC SIclxmtc  IIandlinp,  procc.dures  of in sit14

ll~c:is~ljclllcl~ts.  Ammonia, wllicll lMs ii{ I csiu !ally  distil~ct  IR spectral signature, can be
lncasurcd  with good precision ill COJII[ a’t [[~ III ors as lwgc as 50% fol i~z sit[4 sampling of
NJ IS in smoiw plumes [1-aur,$ctl ct (i/,  1 ‘W?]. 1 ‘Ianw tc]upcra[ures  call be c.stimatcd and
could bc useful to other rcnmtc.ly scll~~-(i I .xli(~jlmtl  y ll-lcasllrclllcllts.  Some imporlant
spccics,  such as NO and NO?, alc dil’lic[ilt  lo ll~c.asalc  with nadir viewing space or
ai rbornc. spcct ml remote scnsin~,  dllf: to t d )~~:u 1 iltioll  I)y atl lmsl )hcl ic water vapor
absorption, alt bough these specic$  at c c: ii I y I i[.asLl  MI in ~round bawxl spectral remote
se.nsins  [Grij’jifh,  d al., 1991; yckcl.~t~~~,  ~c/ al., 1995]. (MWI COIIIIImIIly emitted species
such as methane ancl formaldch>dc h:lvc 1 R s~l.ctral  sip,liat(lrcs that arc, not obscured in the
na(iir view thtougil  the atnlosl)htl  c at ~Ci \I’c I ( w II Il)]y Ou(side  tlK frqucncy ranges in these
data.

Fire 1 )csc.riptions

‘l’he August 3, 1994 fire obsewrd  tit, 45” i i)’ h’. 12(Y’ 52’ W, mxr tiw ])csl)utes river, was
onc of tl)c really relatively small fllcs i II IIH. iir L as lust c.:ist of tlw (:asca(ics  range in
Washington and Oregon on that day. ‘1’1 0 Iml csiimatc from the llureau of 1 .anci
h4anagclnmt [111.M,  1995] wa~ [Ilal II IV [11 t v. :+~ o]) IM iiatc  land with lnostl y grass, shrubs
an(i sa~,c brush  on slopes and a fl’nv ald{sJ  al]d .l~~l lipm tt ccs in tl)c. ]owc.r canyon areas.

‘1’hc AuSust  1 S, 1995 obscrvatio~l  al 35” 2“ 1’ N 1 ?0” 41 ‘ w was of a ]algc  brush fire,
(icsignate(i the. 1 lighway  41 fire., tlm~ sta I i((i (II I AU II,US( 14, 1994 and nmvc(i south-cast



toward San Imis Obispo,  CA. ‘J’l~is fl[c w .!s ~m~l~icic]c.d  (IIC larr,cst (hliformia wildfire of
1994, with a total of 45400 acres lNIt I icd ‘1 t Ic 1 orcst Scrvicc [ Cnl. /kfJt. J’ore,$try,  1995]

dcscribcd  this fire as a type. 4 heavy ht LI<I 1 I~:a{i  Ii re arid cstilnatcd  a fuel load of 20 to 25
tons/acre. A survey of vcgctatiml  C(IILI a\Ic I’(N (I ]C IN ivatc and lmblic lands burred gave
60% brush (chcmisc,  marv.anita),  30% o,ik wo xllalld, 1 ()% SI asslard and 1 % conifer.

‘I%c A1!S instrument and OIHXII w~titjnal Approach

AES is a 170uricr  Transform spcct]olllctci  (t ‘J’~ ) specifically dcsig,tlccl  to acquire line
wiclth-limited (<0. 1 cm-1) infrarlxl s] lculi a t}f 1 IIC 10 WC] dtI”I’10SphCJC  through a ZnSe
window in the underside of an ail ct af(, lla,,liai  Ion tI tivcJ sin{: tllc winclow  is intc.rccptcc]  by a
‘J’V-gui(icd 2-axis pointing systclll. \J’lw r} ti)s~ I vin~j localized tarp,c(s over land, the
pointing systcm can either be locked L)II  II 1 IIIC. s(mrcc  01 sc.t itlto all oIm)-loop  rate
compensation mode. (lJI  the collect i{~!l oj d ii(a ( )ver burllin~ ar’ca.s, tlm flames provided
sufficic.nt  visib]c contrast to acq[]ilc  a tal {w{ 10L K,) ‘1’}Ic locked and r:itc mnpc.nsation
modes allow cla(a sets to bc acquiic{i  ~J\IC i :~lm.![ 30 scco]~ds  (Iimitcd by the size of the
window) before the syslem is rc.set to ~ts :fc~~ \\J;I  I (1 position. Ahcrnat ivcly,  the pointing
systcm can simply bc set into a lladi~  sliii ilij~, II Iodc, ill which case. data acquisition is
continuous. in any event, the view scifl t)) t}I(’ t I ackiTl~,  cam]  a is lccordcd on a
conventional VCR that is time-tap,p,cd id(l~~ical  I y to tl)c infrarc.d data ‘l’he. same pointing
mirror is also used to make frcq~lc.1)1  (CV(I!I 3( I ] ninutcs or ICSS) observations of on-board
black-body radiomtric  calibratio~l  SOII1 C<S (cs.rlitial fm tllc retrieval process).

~;ig, 1 shows optical  schematics of 11 If’ illlc.i I’CJ L II [MCI ald the pcriscopc and tracking
systcm. The infrared bc.am passes ~’ia tilt- p~.[ iswpc  il~to Ihc intcrfc~olnctcl”  that is the heart
of the 1 ‘1’S. ‘1’hc intcrfcronmtc]  (ol~si <IS ()1 ii, t~.:ll~~s}]lit[  cr/}ccO1~~t~iil(tl  c)f (ic-coatccl  KHr
(hat divides the beam into two (Jlo]nil i ally  5(1-:0), onc of which travels to a fixed cubc-
corncr reflector ((XR) and the OIIIC1 (o al~otiw) (: Cl< that move.s on a carriag,c  clrivc.n by a
lcadscrcw/lX~ motor combination, tl)(lct y il~~l l(minp, WI optical patl]  diffcmncc  between the
two arms. l“rcclucncy  (wavclcn~lll)  (ii~ll)[ :+(iof I of al) I?J’S is uI~IIcccssaJ’y  since  the optical
path diffcrcncc  is continuously II ICHII(:(I  l)y aI I intcmal  Nd:YAG law I traversing the same
optical systcm as the infrarccl  bciill  I.

Ilata arc acquired with the nmvillf;  (‘( ~1< [] ilvcl lilg ifl t mt]l dilcct  ions (2 seconds cnd-to-
cmd).  About 1 second is required to J ~:w rs(’ dI lt>ctions. “Mc  Inotioll  of the (KX impresses
an amplitude modulation on the illf”l ai(d Ixan 1 t}lat  is subsequently sc.nscd  and recordccl by
4 sets of 1 lgCdTe  infrarccl  detcctms  (CM I ] (.}pt  i T 1 Iizc(i  fol a diffcrcmt slmctral  region). I;ach
individual detector set (maintain ccl ;~l. 051< I)y I romping (m 1 N? dcxvats) has 4 adjacent
pixc]s (optically- conjugated dcwa[. t~) d{v,<il ) ‘1’hus 16 il~tcrfclc)p,[ti.1~-ls (and therefore
spectra) arc rc.cordecl in parallc.1 (m ~] I II I I (1 i {’,it:  ~ 1 t apc (tof,etl wr witl) ~ mtinc.nt  cnginccring
and navigation data) after bc.ing,  di~, it i~c{i v,itl 1 1 6-bit A-]) convcrkm.  Within each dcwar
arc sets of intcrchangcablc.  (“on IIIC l’l JI” ) l):~l](i  [Mss  fjltc.1s about 200 cm” 1 wiclc.  whose
primary function is to limit ttle :11  III )icIIt I,CI I I]) I atul c tllrrmal  backp,round from
compromising signal-to-noise J :~t io. SIIl)SI:q  LI, Ilt data  ]moccssinp,  is lmrformcd off- ]inc.
‘1’his processing includes convct [il!f, l] w 1 II 11.”1  ~1’I ogI am 10  spcctl a, l)hasc.  m lCCtiIlg the
spectra, converting the calibrat i(~l 1 s~ ]cctl  i [t) : lil~ a[d offset functio]ls and appl yin?, the gain
:iJK] OffSCt tO tk taJ’gCt  SpC.Ctl  a.
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I;igurcs 2, and 3 show the AI N S}IC(I  t ii 1 IL(II I I oIn (IIC oreg,oJI  (01{)  aJKl  ~;alifornia  (C;A)
fires as WC1l  as spectra taken fro[ll  aII [IJI h II m 1 area u]lwind  of the (llifornia  fire. The
spc.ctral  bamis shown arc 950 [o 1 I N) L J 1 ~ 1 [ S,-/ 10 1(1.5 ~1) {ill(]  ]960 102060  cm-] (4.9 to
5.1 p). ‘1’}ICSC bands  show many of II 1: i tl(urc.li  ng slm(ra]  features duc to the fire and the
figures rcprcscnt  most of the daIa (ISC(I  II t i Ilis ;illalysis. (Jnforhmatcly>  WC. could  110[ USC
the data in the 1200 to 1400 m I- 1 (‘/, I [o X,3 II) spcct] al region ciuc to problems with onc
of the dcwars. Normally, this is II]c I t’f 10I1 w] 1(.J’c  wc obtaj  Jl spcctJal  information for
methane, a cotnmon emission ill t)i(l[l]als  fIr( ~.

‘1’hc si~nals  for the spectra SIIOWII  ill 1 <if j; w{, I c coJJvc.rled  to radialicc  units using
cat ibr~ttion  da(a from the onboal d bl:tckl ml y it ten]~m aturcs 290 K and 350 K. ‘1’hcse
calibration data give a gain and (Jffscl Jr:: Iilc at cac.h saTi]ldmJ  flcque.~wy.  I’hc gain has units
of clata number (DN) pcr unit radiatitc  ( ‘\\’:itt\/(:l~l?/sj/(11~-  1 ). ‘1’hc oft”sct, which is
sutmac.tcd from target spectra, i~ dur  (() [ht. f I L ~ x CO1 it ril M ion f] cm the instrument at
ambient aircraft temperature. I ‘or II NM[ ~)l!sc] ititio~ls,  t}lcse  black  body tclnpcratures  span
h range of g,round target tcmp~v atul  t’s tm( f{ N the. folcst fifes, this ~~’as  not the case,
Since wc did not have a highm ten q>t’i a{ 111 ( c:} Iilwation point avai!al~lc,  wc must assume
the gai 11 has a ]inear  dcpcndcncc 0111 ii(l i; Jh ‘c :1 d CX(J almlatc,  to COJIVM  [ to the radiance
values observed in the fire spccl ra. WC :~)~lly  t Ilis cx(rtil)olatcd  p,ain to the spectra in the
frequency range near 1000 cm- 1 ( 1() ~1]1 1 ) 1~}1(1  c si}y~al Icvcls for the fire views and the 350
K blackbocly arc comparable. 1 IOWCVLI. this t xtra~mlation  is not masonablc  for the 2000
cm- I (5 pm) I cgion shown in 1 ‘i~,. ?) wlI~r L 1}). fire aJ-ICl  the. 3S() K blackbody  signal levels
differ by over an order of mgnitudc  aJI(l [J,iijn dqxndcJm  on radiance is indeterminate.
Although uncalibrated spectra will I l~itil  I [i 11( I \ cmltribution  flom tltc illstrulncnt  raclimcc
that is significant for the view of tbc LIIIl~UI JIc.(i m%, it contributes ICSS  than ] O% of the
signal ICVC.I in the fire obscrvati(~l  I.

‘1’hc fic.ld of .vic.w (FOV) in ttmc ol).wJ \ at i(m M 3.”/5 t)y 1.94 mrad y,iving a ground
footprint of 45 m by 23 m from 12 k t 11 ~ II][LK1,, ‘1’hc footprint is tbcrcforc likcl  y to bc
il]llolll{)gcllcolls,  i.e. a variety of aIL’:i\ w 11 I I di t Icrclll  sut face m(iiancc  values, especial] y in
views where the flames were tat f,ctc{i b.li (lid []ot fill  tllc l;(IV. ];if,. 4 shows a likely
scenario for tlm AIM IOV durin?, fll c (i:it ;I al quisiti[nl  bawl on tllc (visib]c)  video
rccordcd durins the tracking scqucli(~.

in order to cplantify the spccics (IcILxIN1 i J I lh~ fire slwct ra wc ]Iavc dcwc.loped three types of
physical modc]s for the ground  ] :Idi:t[lr(  al id it[]los})lm ic radialivc  II ansfcr based on the
vicwillg scenario shown in l:ig. 4. ‘J’l lc ] 1 lo:lcl ~ will bc ] t’fcmcd  to as:

1. Snmkc plmnc  over unbumcxl  ~:[ OL!I](  i
11.1 hnbcl”s

111. l’lames.
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‘1’able 1 shows the layers and sJwci f]cd 1):11 :11 i lc[rts fol tlm thrcr nmdc.]s  1>C1OW 1 km, q’hc
thrc.c  types of models  all have-tllc s:Itl  I(’ six i:ifl .,ltiolls for 1 km [o 1?. km and usc
assimilated tcm~}craturc  and hci?,ht pt (~fll(.>s fm tlmc. dates and locations, provided by the
NMC [Gclmr/11,  1994]. Wc assulllc  a ]il~t i \’c. ! Iumi(iit y of 35% at 1.5 km for the Oregon
fire location ald 20%’0 at 1.5 k~lt for [tt~ ( ;tl]foJ Ilia file location. Above 1 km, wc assume
abundance levels for C02  (357 lqN]]), (‘ 11 I (1 )80 ]qh)  and Nzo (312 ppb) based on
projecting 1993 values [1~/Mgokc~(~Ay c1 (//., I !)(JJI;  ))(~lp’tt  et al., 1993],  Mc.thane is
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included in the models, but dots  II(J1 ])f( I{IIILT :iIIy sig, nifk.ant S] JC.Ctlill features in the
frequency ranges usecl for this :lllaly~i  \ ‘1 I ]C I ‘() atmndancc  in the nlode]s dccrcases
]incal ly from 150 ppb at 1 km to “/S 1)1)1) ;i[ 1.’ km. AlthouglI  CO doc.s not have very
prcciic(ab]c  abundance levels, t] I is al]) )L.,its [o !M> a reasonable assun Iption  based  on
nmrsurcmcnts  by }lar-r~ss  et {JI,, [ 1 {)91  I,

lkcausc of tile. inhomogcneity  of Ill{ s[:I!< il ~ (mr 1 X)V, we l~avc. no way of uniquc]y
ctcterjninirlg  the ground  tCnlpCJ”il[lll(’%  11 I o~lr ] I Iociels  f]om our Spcclla]  radiance. We must
thcrcforc set these ten~pcrat u]cs to I (as in.tbli values. WC usc 500 K for the crnbcrs and
flarncs models, based on othc.r i“~rc  J ,{di.1  ri.c ] I lrasu! crl mts [A’n@a/l c1 al., 1992], and we
usc 310 K for t}lc unburned gm~lt]d t mu. d (ur) [1 lC avcrap,e  bri{’,htncss  te.nq)crature of sJJcctr.a
taken away from the fire are:~s.

‘l’he three mo(icls  arc combinc(i  wit IL UK i{ t Its t I mt allow a wasonablc  n~atch  to the otxervccl
ra(iiancc  lCVCJS in the spectra fr~~lil  950 to 1150 cni  ]. (’1’hc wcigh[s  must ad(i to 100% and
arc. shown in ‘1’able 1). l~ig. S sllinvs 11 K II I:it( II of t])c w’cightfd  model combination to the
C)rcgon fire ciata as WC] I as the ild ivj~ fu. I I 111o Icl collqmnc.nts.  ‘J’hc co]nbincd  mocicl
spectrum is then scaled (or “(iccalibl  tllctl‘”) m ~fmtc}l lhc. spectral (iata  in the 1960 to 2060
cm-l region, At this point, irl(iivi(iu:ll  11,1  t ,IIIICICIs ill the. rno(icls, suctl  as fiamc tcrnperaturc
or sing]c spccics  abundance ca]~ bc ~~1] icd i or ,1 best flt to tl~e. spcctl al features in the (iata.
LJnforlunatcly, the species wit}l  tllc laI :,<s[ flit  ernissioris,  1120 and CO?, have a lar.gc
normal atrnosphcl”ic  abun(iancc and ll~cI (cf [m LOO I) lany mocie.1 pal’al[mtcrs  to bc varic,d
manually. Quanti~,ation  of the all~ll)(lii]  I( c ]UII,:I  I]dcls  for these spccics would require a
more sophisticated ]ctricval  tcclllli(j~l~  c, 1]),11)11,  of itmrt illg an(i optitl)izing parameters for
the three mo(icls sin~ultancousl~. A itt Io,)j’]1 it was not ~)ossiblc  to (ictcrminc.  uniquely the
excess IJzO and COZ from the il]cs iii this an~liysis,  OU] ciata {ire consistent with  large
cxccss  abundances since nmk.1~  UrI(l  I I It II I I Ial atmospheric abundarm.s  for these sj)ccics
were clcarJy ina(icquatc.  The 1170 all[i (‘( }4) al !unda~tcc  l)arame.tcm  in the models are  set to
valL1cs  that give  a C1OSC cnou{~,}l  ]Im[cl]  to tilt.  (ii[a  so that the cs[ilnation of other quantities is
not ilnpcdcci.

No la]gc cnhanccmcnt  in the 0~ abut I(ial )( L v is otmrvcd  and a rc.awmab]c  fit to the data is
obtaimxi with a uniform Oq abur~(ii{tlu.  :ti (X) [ ~jh. WC (io not cxpcc( to observe a
significantly increased OS abundarw(:  sil ICI. O is not p] educed directly by tllc fire [Ilegg d
al., 1990]  an(i our measurements do IK)I i[[t.111 k the (iown- stlcan~ flrc. plurnc.  We, also
obscrw  C}~C-  12. (C} J2CI .2) an(i (XX ali{  i uc ( at) fit t hc. spectral feat urc.s for these
molcculcs  with an abundance of Ci’(’ 11’ ,+ 10111 d 4(K) }q )t and an abundance of 0C3 around
] ppb. C;];C-] 2 has been dctmtcd irl Iliorll;lw  I’i(c cl~lissions  [}leg~,  cl a/., ] 990],  most
probab]y fronl pollution dcposit(’~i  01’(’I ii] I w .iIId rcxusj~cmicd by tlw fire, 1 lowcvcr,  at
these low ICVCIS,  wc arc not scnsil ivc to :11 I CXL css al)luldatlcc.  in these spccics over their
normal a[mosphcric abundance.

l“lomc  I’cmperature:
‘1 kc fhunc tcmpcraturcs in the 01 KVI \(’(i ~i I cs :1 I c de.tm I Iinc.d by varying tl ic tcmpcrat  urc
an(i C() abunciancc in the fialncs wj’,ioll  ((} to W m) of the. fiamcs nmicl and comparing
the resulting spectra to the ol)scu  WA (‘( ) CI I iis’ion lines in the 1960-2060 cm-] region,
(SCC l~i~.  3). None of these (X) tlnlssi[~l  f’,:it(lll:s  ale. observc(i in Ilor lnal  atmosphc.ric
Spccira  an(i, indcc{i, some (high If)lal  I(MII] ~Ju:lrllunl  nult”rbcls irl t]lc ~,- ] vibrational
transition) require tcmpcraturc.s of :\t Ic:i 11 ‘NK} K t~ ~mjmlatc  the rclcvalit cmrgy  lCVCIS, The



line widths  and heights have. a tlc.~)ci){k itc( otl cohmm  density as WC.]] as lenqmra(Lm  and
wc thcrcforc  find a range of values it] c, JIIIIIII  tknsity  and ftamc  Icmpc.raturc  that pmducc a
rcasonab]c fit to t hc spectra. “J’tl(  S[IL ~tfd fIOIII boll} film can bc fitlcd with a range in U)
column ctcnsii  y of 20 ppm to 40 1~1~1 [1 (t~rci  3( ~ JII. ‘1’hc. I)cst fit for {Iic Orc.gon fire data was
obtained with a range in flarnc tcIII1)ct:IIu  I~ 01  1050 to 1 ?00 K, while the California fire
clata required R higher values: 1250 to ] 350 1;.

ArII~ Abundance:
Atnimnia  is a well known colti~m]~(i]t  ,J~ I’01 Lst flit. ell~issious  and biomass burning has
been shown to bc a significant s(w[(I:  (~( I(]ni mphcric  N}]:{ [c.~., l)cgg et al., 1988 and
1990, Grlj’jjlh  et al., 1991 a]td ld~[{f(ftl cl (4/.. 1992].  NII:+ is pfoduccd  during the
smoldcritlg  phase of a fire, as ollp(w.~i  to (l IC t“lamilig  ldmsc, [Gr(ffi[h,  el al., 1 991;
Yokel.wm, d al., 1995:1 and dissocia[ci  ; [ j“~aI I I( tcnlpcl titurc.s  [llc/Inprl at?d  IIawlcy,  1973].
Wc the.rcforc expect t}lc highcsl N] 1 { C( IIIICm I atio~]s iTI the CI Iibm  mnponcnt  of our
observations.

Assuming that the mixture of t}ic 1111  (:c I nulcl \ suf’flees to dcscxibc OUI fire observation, it
is clear from Iiig. 5 that the l~rclx)I  Idf I i{f IC~. of spectral  signatu]”cs  is also ClLK  to the embers
component. We therefore obtail]  cslill]a  ~c’. oi co]ut[ Ii] dcl]sity for s~)ccics  p~ocluccd  it] the
smoldering phase by Ndjustinp,  tlw tl N~lIi  itil c(> Itrast and spccics almndanccs in the embers
model to produce the best fit to tl)(.  iil)s(  ~1] II ior I features. An mmnia tibsorption features arc
cspccial]y useful in dcterminiltf IIIC  it{l]l~ ojIr; iIIc  thm [IIal contlast  in (Ilis model since the
NI Is transitions have a simi]m lcn’qx”(  iii (IIC d:l)cndcncc  and some of the strong lines
satura[c  at Fdirly low abundance, fi.lo~llt[l 50 p;) II-I-m, ‘IIIc immmnia  abundance is
dc.tcrmincd by matching the ]in( S(I cIJy,Il 1 ) ati~ )s of llc.al ly saturated to saturated lines whi]c
the ractiancc  signature of the stloli~:ct  ha! ill ‘ilc I 1 Iincs pl ovidc.s  the tlm [Iial contrast for the
cmbm model. }:ig. 6 shows tllc  f]] c’ (la[;+ ((m llw’cd to Inodc] spcctrti for some of the
ammonia absorption features. ‘1’llc lu(’s( !K t d lhc wc.akcr  Nll~ lines in tbc California data
indicates a higher ammonia abllnd;it Ii~ I t 1: II I ol )scrvcd  ill the (hcp,oll file.

Table II shows the column cte.nsitics  of X 11~ i (L the. cmlxxs  ]noclc.1 that g,avc the minimum
lcsiduals in tllc ammonia spcctI ;.11 lc~’,iol IS ioI I IIC nKxlcl  s~)cct ta subtl  acted from the fire
spc.ct rti. A good fit to the Orcp,on (i{it  ii  J* :{< ob: aincd  I)y adjusting OIIly the embers mode]
NJl~ abundance with negligible aIImJIIt  L ill tll: other ]tmde.ls,  1 IOWCVM, the California clata
required around 100 ppm-m N’i 1:+ I tl ] t]ol(ls 1 and 1 I I ill ordc] to ot)ttiin  a reasonable
match. ‘1’his affcctcd  the unccr[ai  I\ty i II t IK CI}II wrs (nmdcl  II) amount  for the California fire
which is rcflcclcd  in the Nil:+  CO IUIIIII  (h i].,i[y  LvroI.

CO AbIInd(iIIcc:
CO is c.mittcd  during both the flal]lil]f, :1 I(1 S]J l(~ldclillg  phases c)f a fllc., but prcclominant]y
in the smoldcxing  phase [Gr~f~i//l,  (’I d , 1 W 1: YOkrl.w),  d al,, 1995]. Wc quantify the CO
abundanec  from smoldering procewt’s  l~y llsil  i~’, (X) al)sorl)tion lillcs  t}mt h:ivc a model
signature dominatcct by the erlttcls  ][l[)~i:l  (as o}qmscd  to the emission litle.s which can
only bc mode.lcd with the Jlamcs Il)oiicl  i. III 1 i~,. 7 wc can scc that the C() absorption lines
arc diffcmnt for the California aIKl ()1 cy,~u i fiu s, TIIc. b] oadcr ]inc widttls in the California
fire data indicate  a higher ICVC1 of salulali(ltl. } lLJI1] flrcs IIavc.  si~,niflcantly  wider absorption
]ill~s  than observed in spectra takcl]  ii\\ril  y f 101 I i the fire area or the clllbe.rs  l-node]  spcctt’um
with a backgl  ound (normal atlll~wp}l(.1  i( ) ( ‘O ,It)undancc. ‘1’hc CO al)undanccs  in the first
kilomctc.r of the c.mbcrs  moclc]  ~vc] c i:[ljl]si {.(1 I (~ match  t }Ic absorj)t  iot] 1 inc.  widths  and the

(



resulting column clensitics arc. sll Owrl ill ‘I’:tl Ilc II, g’tlc f]] st error in t}]c CO column densities
correspon(is  to the statistical uno..r{ait  Ity III (It I I rig tlic lilws, i.e,, the. changes in abundance
that produced novisiblcchan~,e  lt)ttlc  IIIKi(:l  >~KTtrL]In, ‘1’hc scconcl crl  or is the syskmatic
uncertainty from the background sul~tla(li,,}ll, wtmrc wc assurmd that the background CO
abundance COLIIC1 vary by as ]ntl(ll ii~ .50” b 1101 II our IIo]llinal vfiluc.s.  ‘l”his ulmrtainty  is for
the entire background colunMI oj C() (f[{ 11 I gl~wnd to ail plane), since,  unlike the other
species in Table 11, the backgt  oul~d (‘( ) t ol[lir ! I has a si~,nificarlt  spc.ctral signature. For
comparison with the CO value.s ill “1’al)]c 1 I, II){ ccdul~ul  density fo~ a background level of
150 ppb CO, O to 1 km, would I)( 0. J 5 I/Jtl~’ ill ihe clnlmrs model.

our model assumes the standar(i  iso((  )l]i( ;II)UI Itianccs:  98.6S4 % 1 P(; 160 and 1, 108%
13C 160 [Ije ~;~cl,rc,  ~1 ~ll., 19841, arl(l  v:( \~,It:N ~tblc to i“lt to the 1 ~(l) lines with the model
spcctruln  using the san~e  CO ab{}ldal  1(.c llt:lt 11 (Jducc(t  a goo(i model match to the 1%X)
absorption lines, The 1 ~CO lines url t’ :1 Et 1 i(.)st ~lldctcc(ablc in the c~llbc.rs  model with a
background CO abundance.

Table 11. IMinmtd column dcllsil its 1’0] the oregon and California wildfires
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(11)111  (’(’111  (’\/cIl)?). . . . . . . . ,, ---- . . . . . . . . . . . . . .

01: flI(

t

(:A fire
3181W 3/1 5/94—....-......._.’. ..-,,— . . . .—.—

3.43CI  18 1 .Ssc-l 19
(j(),”/8,1(1.9”/)(’+”18 (:I 0.28 :i:o,l 1 )C+ 19
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. - .— ,. —. ---— .-. _—. --— .
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(1.50 :1 (),?11)(’1 l’~ (2.95 f 0.46)C+  1 “/. . . . . . . . . . ..12 . . . . . . .—---.L-_-,...  .-

(8.60 :1 I .5(1)1’-} 10
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(1.1?:+-o.19)e+ l”/. . . . . . . ..— . . . . . . . . .._ ,_______ . ..—
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column density
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OR fire CA fire
3/8/94 311 5/94

1.59 8.60
d 0.36 t 0.45 3! 1.29 :E 0.50

Mdhctnol,  fortnic ctcid  and dll~lcttc:
Oxygenated organic compounds su~.:11 os ]] It:tlfI!)ol,  fcm [ lic acid, forl lmldchydc  and acetic
acid have been prcvious]y  mcas!ll  ~’(i it I 1 li(ll nz,.s fltc. eJ] Iissions durirlg, broadcast burn ancl
laboratory studies [Gr(flith, et {41,, 1991; ,MIKt )Izic, c1 al., 1994; Yokelsm, et al., 1995].
Nonmc.thane.  hydrocarbons (NM 11(:) (ICI t:i[c(l ] II ailbol 1 IC ~)lu]nc sampling of biomass fires
arc quantitlcd  in Hcgg d c~l., [ 1 990]  :itid /41 f/I,~cIz,  ct (J1., [ 1992], altlmugll ethylene is not
among the spccics  listed. Et})~lclle  {IT1(I  ( III ICI Nh411(k  ale Incasurc.cl  il) }’dclsoit, et al.,
[ 1995]. (Formaldehyde, acet)c :wi(l ~t~ld  ]kl~~st  iXMl 1(;s }Iavc their s]wctral signatures
outside, the ranges  covcrcd  in OUJ dat ii s((, ) Y(d;rl,wtt,  C( al., [ 1995], slmv that these species
arc clue primarily to pyrolysis and (Iisl  ill:(t  I{m  I athel tha II srnolderill~  or flaming
combustion. WC do not have e.11(1~1/:11 I II(IC] J~LII: ii]lt  S]WCII  al information to distinguish this
type of production from smolclcl  i~lf, C(}I I II)i]st i )11 sirlcc  it also occurs at hi~h  tcmpcraturc
and the, produced species co]nb~]st  ill t 11~ f 1:11]]’s. WC tlmreforc  rely oI) out “embers” moclcl
for quantification of these spc.ci(s  at]ii I+ kl){.w Irdgc tlxit  the assull~cd  tlumnal  contrast in
this model could bc different fw t] IL l)yi o] )’si i I)roccssc.s. If our assured thermal contrast
is too IIigh,  the.11 our qmcics  atml)datl(:u.s  v ill Iw ull(icrcstilllatc.cl.



To estimate  the methanol ((~} l,{ol 1 ) :il~l  l~)r)l]ic acid (I ICOOI1)  column cicmities  in our
data, we apply absor~)tio~)cros~st(~io)i”  (l:Ita f“lc~l~l)  J[i//.stf  i~lllclr,fr,fr,  11993],  to our
racliati~~c  trat~sfcr]llo[lcl.  Mcthal~ol  IM< :i l)c:ik i~~absolbal~ce  at 1033 cm-l which is
somewhat ol~scl~rcd  bytllc~):+t):it]ci  floll~ iolo to” 1070.  I’hcspcct[al sig,naturcin  thcda[a
istl~elcforel  t~orcca  silysec]lalltsl  sut)l!icll!l:  amodcl spcctlon  ~witharcasonablc  matchto
thc031incs.  l:ig.8sl~ows  tllc(i:tlti  ll~Jlll  lllct)le.g(ll~i  tTld("l:ilifc)r( li:\filc.saf  tcrs~lbtracting
model spcc(mgcncratcd  witl]l)~J  illl~l(l(iil,  ((>,111  ~lc[}lail(Jlorf  f> Il~licaci[i,  "J'l1c~~lodel
signatures forthcbcst  fits totllcscI  ~\i(il.l:llsi  tit. ()\ ’crl)l()t(cci a.[~d I}IC colu]nn densi(icsof
CIJ~OII and IICOOII  are s1]ou’[1 iti ‘1’al)l{ II

Quantifying the ethylene abundance ]1 ] I M )1 c } Ioblcl[mtic.  ‘1’hr peak at)solbancc at 949.5
cm- I coincides with a C.02 line al~d is also o]] the c{i~c of the. optical filter passbanc],  which
rcsu]ts in poor ra(iiometric  caiii~l atiol)  21 Id Sh 1< at frcqmncics below 9S0 cm-]. We
observe cthy]cnc by noting CXCLM  :+IMo!  ~)t~oI~  :it the 949.5 cm-1 (Q lir~c compared to the
other nearby (X)Z absorptio)l  lilws wl~icl  I :11 q I(.W thinnc.r ald aw mawmably  matchcct  by
the model spectrum. The dcpttl  il[((i  v~i(it}  1 of [I Iis excess absorptio]l in the Oregon fire data
can be fitted using a model spc([l III I I w ltl)  aII c)nbcls  compo~mt CU7114 column density
around 1.Oc+ 17 nlolcculcs/c]#.  1 loi~m’c~,  [II IS c.stil]latc  has very lalgc. errors duc to the
unquantifiable uncertainties ill (l.)? iil)~~l)[lil[)( (’ as wc]i as the pmr calibration ancl SNR,

Comparisons to otlt  er IIIeasllriI)tl[Itkls:
Since our data are taken over the I101(cs{ rt~io:~s  of thcx fires, WC. cx]]cct  our
mcasurmncn(s  to bc somewhat (ii f’fcj CII! f t (.)111  ilit~~:ifl ~)lumc samplinp,, for cxamp]e, where
gases emitted by the fire arc Jm)bai)ly s:itl tj~lci i aftc.1 lhcy have movcxi away from their
sources. The more rclcvanl  COlllj)it  Ii U)ll\ ~ ()] ( JL]r rcsul[s  arc with ~1 oun(l  based  rc~notc
sensing data where mcasumncllls  :tr L< ii lii[l~. (~[’ fire. c.nlissimls ftom tllcir flaming  or
stno]dcring  sources. Many rcsul(s aI (’ 11! r.c.mcd  hl qufintitics of cnlission  factors (n~ol/kg
fuel) or emission ratios relative to (’( );). Sillc( we alc utlable.  to caiculatc these quantities
from our results, we compare c]llissioll  I iili(JS 1{’.lativc  to H) with ot}lcr  mcasurcmcnts
convcr[cd  to this emission ratio.

I;orN11~/(X) (molhnol) wc ]nc:{sulc 0.( 14+ ~ {101 6 (OK fire) and 0.04? :! 0.011 (CA fire)
in what wc assume is smoldcrill~ c.:11  lissloil, } ok~l.$0/1, (!t (J/., [ ] 995], USill~ a VariC.ty  of
fuc]s mix(urcs in a laboratory c(~lllhll~lioll  l’hmilbcr,  rc])(n’[  vaiucs ~iving a range in
Nll#CO ra(io of 0.009 to O.()?J4 (takcll lit (N]] :Iil I}IC mcasurc]ncnts,  using,  the smoldering
combustion only for fires with ] csIIlts (IIIOIC(i  I or tllc. different  fire. ~d)ascs). ) .ower ratios
were found for fuel compositions of {)III!!  l)i!l~,  mc(ilcs  or sage.brusll aNd Ilig,hcr  ratios for
more hclcrogcncous  fuel mixtulcs  oj (ill II’ lwi~’,s,  pine nccd]cs  and wood. l;icld
mcasurcmcnts  from four broadcast f’lt L-s ill G’/ ((fit/t,  r.t (il.,  [ 1991] give a ratios of 0.008,
0.017, 0.046 and 0.059 for N~ll~/( X ) wil 111 Ilc ilighcx  ratios fol brusl] atld grass fires
compared to logging waste bwils,  ))~~:g c1 al. [ 1988] Ic.port a ratlp,c.  of 0.002 to 0.038
with an average of 0.012 t 0.005 fol N} i:4Kx j fronl ail craft sl[wkc. plume samplilig, Our
best agrccmcnt is with the Gr~fl//h, CI ({l , [ 19’) 1 ] rcsu]ts for b] ush an(i f,rass fires which wc
bc]icvc to bc more similar to tl]c fit f.’,~ W( (dM I vcd tl]all  the film studied by Yokdsmt, et
al., [1995]. It also seems rcasollabir  t~) CX1 wcl diffcmlt  rcsuhs for t}lc  smoke plume ratio
compare.d to the emission ratio (Iirr([ly  ( IW.I s! I Ioldc.I in!,  areas.

1/or  methanol, wc calculate {Y 1:+01  ]/(’(> CI I Iision rtitios  of 0.016 mld 0.046 (mol/nlol).
‘1’hc results from Yokelson, et al, [ i 9’)S ] F,I w I rant,c of 0.()()5 10 ().031, again, with larger



rat ios fmm tlm fires with hctc]c}f(ljt{)~l~i  f (ICI I I Iixturcs.  Mch7ctlzic,  rt al,, [ 1994] report a
molar ratio of 0.025 for nmtha[io] 10 (’[ ) l’r o]) 1 ssnoldc  I ins combustion of pondcrosa pine
sapwood,

Our formic acid to CC) molar ra(ios :1} t. (1.( N(1 :{nd 0,0?5. in tlic. fil M siudied  in Yokelsm,
et al., [ 1995], llCOOll  was bcl<j~~f  (IIC tiu[tctl)n lilnit ill all but cmc: the fire set to sinmlatc
a “crown” fol”e.st  fire by using a iuc] tl~i ~,,[illc t lf grccll IJinc l] C. Cd]CS all(i twip,s  Over dry
mcdlcs an(i woo(i.  The results 1 ] onl tili’. “uKJ\\In” f]rc. ~,ive the ratio 0.007 for
IICOOI I/CO. For smo]dcring  (: OIJI1 JLISI io[) O! pondcrosa pine sapwood, McKenzie, ef al.,
[ 1994] rcporl  a molar ratio of 0.(01 10] (ot [Ill. aci[i  10 (;0.

Given the large ranges in values fw L] lfl c1 tn[ I’I ICS and fuel types, OUJ emission ratios are
comparable with previous nlca<utt.11  IcI) [s. }1’1 (onflrni (hc results of Gr/fifh, et al., [1991],
McKetlzie,  et al., [1994] ami Yok~l.~(~~i,  , t (I I., [ 1995] slmving a si~,]lificant  presence of
methanol ami formic acid in biolna<s l)ilrllill~’  cmissiot)s. Sources of atmospheric
concentrations of these species s~]mll(i J i Ciiv(  I imrc attentiorl  since oxyscnateci
h y(irocarbons  such as methanol ha~’c  J wed I( 1) i]cc.rl shown to play m important ro]c in
tropospheric photochemistry [5’i//g)~, <t /// , 1 ‘!95].

(Jnrtlatchd  Etnission  I“mturtw:
Altho~lgh wc am fairly ccrtairr  tl Iat M c }] I VI. idl~tifml t}]c obvious absorption features in
clata, there arc emission featmm that u’c aI (’ III table to rl)atch  usinp, our three. component

our

model with tllc 1992 IIITRAN (iatalmw [Ro[llr}lan, et al., 1992],  m illustrated in the upper
pand  of }ijg. 9. }3ascd OJI the fc.:itur~”s  t Il:il :11’c I I Ioclclc.d, the. st[ onfI,  c]i lission ]incs in our

Ciata arc from transitions occllJ’1’illg,  iil lli~’h Ic.rl II ma{w m, i.e. il”r the flames of the fire. This
pJcclu(ics many spccics  from corlsitlv t al to;  I aI +(1 af(cr cornpari~lg  sur ~spot spectra in the
same frequency ranges [Wallm{, c1 ~11,, 1902, 1994, 1995], WC. ccmclu(ic  that the primary
candidates for these crnissicm  Ii] lcs al c 1 l:~i 1 l;I( ) an(i C( ). A few crnissiorr lines in the (iata
:ilso matched known high excita(ioll  t ral~sitiwi~  of (X)2. It is lmt  SUI [))ising, that we do not
match all the emission featurm ~lsi]i{’,  t}l(  111’J’I<AN92  lillclist sincr tllc. database was
intcncki for terrestrial atn~osl)}]clic  slu(i  IC:, at llornlal  tclt~pcraturcs  (al oumi 300 K). This
results in known cicfccts  for 11~() w’IK’]1  I t 1( dz I at~asc is appliexi  at liigh tc.nq~cratures
[Schrybcr, ef al., 1995]. A prclil[~inal  y ii i~c sLi~’,atioll indicates that I)Mny of t}lc emission
features in OUJ” dala can bc nmicicd  l))’ c~it~tl(il  l){’, tllc s]wctr’oscopic  (iatahasc to inc]ucic  high
temperature transitions of 1120, (X) i{ll(i  p.lsst hiy (“X12,  l’hc. botton  I panel of l;ig. 9 shows
a calculation with high excitatiwl lillcs of i I?( j at 2048.33 mrl-] an(i (10 at 2051.076 cm-l
in addition to t}le 1 IITRAN92 lirlclis[  ‘1’1 le. iticl Ilifrcatiorls  are base(i  or] assignments given in
the solar atlas of Wallace and livi~l(gsf~~~~,  119’ !?] awi tllc. par amctm in the} IITHMP high
tcmpcraturc  nmlccular  database. [){01)11){( (/i, cl ~11., 1995]. ‘J’hc fc.at urcs were simulated
withou(  modification of the 111’1’1 WI i’ }W 1 a t [ l(:lkrs  excc])t  for a shift ill tlm position of the
112,0 line. by -0.05 cm-1 to agre.c with tll[ 1 }(wil I(m mpo] ted in the solar atlas.

Conclusions

As a proof of concept, we hav~ sIwM’11 tl tc util  Ity  of t~m airbom Spcct ml remote sensing
technique in lncasurcmcnts of c.11  Iissiolt”  i] o]] I t~iolllass.  fire.s. Although wc (ii(i  not have a
sophislicatcci lctricval  method for tlli~  {i;l.a  iirl::l\~SiS,  it is obvious tlm[ tlwrc were large.
amounls  of water vapor, carbo}l  diox idr, c :lrl>i III rnolloxictc,  alnmonia,  rnc. thanol,  formic



acid and cthylcnc  emitted by tllc fil r~ wc ~ hi ~rcd. II)crc.ascd  ~11-l(lcrst:il~(lir]g of the impact
of biomass burning emissions, itlclll~iillj’  {~,x) ~’{~.natc.d  organics,  to a(~nosphc.r-ic  chemistry
requires bct(e.r  and more col-1]])1{:11(.l~~it’t  q(iall! ificatioll  of the ctnitkxl spccics.  Since many
rcactivc  spccics arc difficult [o J nc:is~ll  c u itll /J/ .$ifu sal)lpling but, in princi~)lc,  pose no
prob]cm for spectral rtmotc  scllsing, It] 1. {(cI 1 t) icluc COUICI pmvidc a uscfu] complement to
Ihc plume sampling methods II(UIIMI I)’ IIsud 11.M fire mcasurcmcn[s,

Our tempcrat urc and spccics abul~dallt:c  N! 1 i( ~riiis  could bc dl malicaily  i[nprovcd with
planned experiments over instru tm:.r]lcd  l)) ~m(lcast  Imr[l sites [hat plovide  “ground truth”
data to verify our physical modrls.  Soli ic Lw] ~ Imon]y  cmitle.d spccics  such as methane or
fcmnaldchydc  were simply outside. (IK SI lc{tr ~ I ransc it] these obsc~ vat ions and would
require only lninor  mociificaticms  ~b] [iclc( t iol ~. WC, flu [her note that the. performance of
AIN has improved considcrabl>’  sili~(” (I w<(: (1.t[a WCIC ac.quircd al~d ]mw fire
mcasurcmcnts  would have rcduccd  II IIC(I ti~itlt ICS.
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l’igurc Captions

I:ig. 1. optical schematic of the A it 1101 IIC I ;I’issioli SIwctronmter  (AI;S). (’1’hc periscope
is rotated 90° for clarity). C(X ~ CIIIM.’-. OI IIC I I cflc.cto];  131,2,3 = dichmic  bcamsplitte.  rs;

‘) I; , & [~,ctor dcwar i(lcrltiflc;itiorls  (withMl ,2,3,4 = fold mirrors; IA, 2A, 1 II. .
corresponctins  spectral cove]  a~,c s] low] 1 I. ‘J ~Ic i!]tc!  f’cJ’oIIIctcI  itsc]f’  is l[”laintaincci  under a
low vacuum to protec[  hygrosc.ollic  (()! I I ~Jf )11(’I  [s arid reduce acoust ic coupling into the
optical path.

l:ig. 2. A}iS spectra from (a) tllu ( JJ (jI,oI  I I I IC, (b) t IIC ( hlifornia fire and (c.) an unburned
area upwind of the California  fllc. 111:111 tl)c!;)cctlkis})(~vfrliIl  illis~J:l}]c.l,  tl]cillstrl1113cnt
vicwisdowl~lookitlg with artl~t~il]  ~(lll)\lfil]:liil  allgleof  300. “1’hc  ovcral] shape and
radiance.hwc] ofthcspcctrum  is dolllillatctibj  ttlc;ivel:!gc  g,r()Lltlcl  l:i(ii:\llcc  illtllcfoot1>ri1lt
w}lilet}~c  s}~arl> fcatllres(  thesl~’ctr:ll ''lillc \'') :lcflc) l[~lt~olcc\llattl  a]-lsi(io[lsir~thc
atrllos~lllcric  ~ascsalorlg t}lcli[l~”  of S){’,}il. 1 in{ s will] radiances above the. ground ractiancc
arcincmission  wllilclines ivitllr<i(li:ttl  c(. t:~lll’~t)clowtl]islcl’c.l  aJc in absorption.
AbsorlJtion features duc to gases rc’1ciiw.1 }Jy ;im flr(’sa(clabclcd in (I]c fllcspcctra  while
thcfcatures  ductospccicswitl]  si~,ltilw;llil  t}~~lll  lalatjll()sphcric:it)  llll(latlcc arci~ldicatcd  ill
the spc.ctrum of the unburned atca. ‘11]( CI 1 list. ion ]il’JCS  in these fiw s~)cctrfi  are mostly
from hot C02  and 1120.

l~ig. 3. llncalibratecl  AliS spcctta  fIOIII  ( ,1) [II( orcf,on flrc, (b) tllc (ltlifolnia  fire and (c) an
‘lthou~lh  thcfluxcs ill thcscspcctra  have notunburned area upwind of the.(lilifolll~:i [II(. ,

bccllcc)llvcrtc(l  toradiallcc tlllits, (scctc<t  jol l] C[al]S),  ltis T)osSitJ]C. toc(Jlll}>arC[  ]lci~

spectral featLlrcs  such as the]’Jl’OJ”llill(’lll tJlliss~,)[l  ]i[m ill thcfIrc  s~x’ctJ’a  aJid thclowcr
sigr)al  tc)lloisc  ratio i~~thcs~~cctllllll  jII)III {Ilc ~lnbulj]cd  awa. ‘1’hc.  lat)clcd  emission lines
colre.s~Jo~l(lt  (~thcC.Ot ra~lsiti(~Il\~  Isc(i f~l rst!’rlati]]f,  tllcfl:~l~lc  tc~~~])cr:itllrc.s.

1 jig. 5. (top) Comparison of the AI ;S s] C(I m I I I fron] t}m Oregon fil c to a model spectrum
lllaclc  lJycolllbiIlillg  ttlrccsilllll]:it{  ’(.l ~,jxct!tl  {’,’licrii(cd  f! ’ol[llllo(lclso  ft}lc(iiffercllt fil”e
lcgilllcsco~~t:iinccl  in the AES fool])li)l(” ‘1 IIC. Ilmksl j)alall]c.tcrsf[)I(ltc)  1 km. altituclc  arc
shown intablc].  (bottol~~)Tllcsl~(’<{t:il  (,(ltlll-illltti(~~~ fl~)l~~cacll  oftllcw ciglltcdllloclcl
components. Note that cxcc])t  f{)! cliliss’loll  lilms,tllc “embers” mode] contributcsovcr
75% of the spc.ctral racliancc  si~ rJat UI c t ~u[ on Is has a 1~’cighl  of 49%.

};i~. 6. Some of the ammonia alwol !)lioll  ~{al i t] cs j)lcscmt  ill Itkr fit c spcctia.  (a) Oregon fire
clatawith  l~~atch totl~cwciglltc(ic  (~lllt~illit{i()~  ~] ft~lctl~r( :cfi]e.l-l lo(lclcol~ l~)()~~cnts.”
(b) California fire data with ] IN)(IcI II Iiit(  II (c} Silnul:itrd  amn ionia si~tlaturc.  (This spectral
rcp,iml  il~cl~~(lcst  }lcQ-bral~cll,l lcal  ‘M’)S  ICI II-] I

]ilg. ~.~()Ill~>ariSOIl  Of~Oat")S()l"j>  li()l]]lll("\fl  tllC(’a]iforI”liaal  l(~OJC~,  OJlflICS.OllthiS,
vertical scale, the background slm.tI III I I, ( t ak{ll  avt’ay  fJ 0)1-1  the fire  I c.gion)  WOUIC1  have flux
ICVCIS around 0.04 (SCC figu]c ?). 1 “XII: t I II IC t Ii{:]) sip,nal  lCVCI  and lal gcr C() abundance wc
can also obsrrve the rarer ] 3C()  i sot ( )I)i( I I an, i[io]ls.



}iig. 8. orcgon  and California firr slM.x ( ril w’i  [1 I model subt[ action. ‘1’hc upper  plots show
the difference between the Om~:ot~  ft] t. {:LI a i~l]d the best nmdcl nmtch that does not include
Cll~<)ll  or 11[:0011.  The lcnvc]  ]~l{)[s >)I)(w Illis diffclcncc  for the (Xlifornia fire data
where. the fit to the 03 lines was no{ ~I\ ~T,~ d Mct}lmiol  and formic acid signaturm  arc
clearly seen as the broad (> 1 c])~ 1 1 ‘\J’11 M ) ,Ilmorl)t iml feat ulcs thal  produce a negative
residual. “l’he sharp positive rcsidu:{l  f(a[~lrc’ i{re due to pooily  modeled 1120 and
m~nmdclcd  emission lines. ‘J’hc dot (cd Iitl(s s IIOW tllc IIKKkl  residual: nmicl  spectra
inducting Cll~OH and HCOOl 1 llii!l~l~  J]1OCIII  spectra with no Cll~O}l cw HCOOII.

}iig. 9. AHS data from the Calil(>l  IIi[t ii t c LO IF il )arcd 10 Jnodc] spcclra.  ‘l’his spectral range
shows two emission features t}jal  WI( al{: IIIIal IIc to JI IrIlch using  oJIly  the  Jnolccu]ar
transitions in the 1 llrl’1<AN92,  ditt a[)i~$~ i I(>] ) ] I!ol) aIId tllC Jll{{tCh  to these ]incs when
additioJla]  traJ~skions  arc inc.ludc.d III (WI I IIO(ILI (botloII I plot). ~’hc  added transitions in the

lower plot arc }120  at 2048.33 (III] v:il II [(~(il(i~nal tr(tllsitiojl  (20, 3, 18) to (19, 2, 17) in
the 010-000 vibration band and (X} al 20~1 1.(l”/6 cl]]”], the P1 O rotational transition in the
3-2 vibration band. Note that I1]C s~l 1 N sl)l~it.  abut lclatlccs  arc used to create the model
spectra in both plots and wc obtai]l  a lc, m JIlal IIC fit to c)[hcr  1120 and (’0 features that are
prescJ]t  in this spectral range,.
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AES Footprint Fire Scenario
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