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Abstract. To identify the e�ect of meteor showers on the molecular content o f 

the upp er atmosphere of the Earth, we h ave carried out ground-based observations 

of atmospheric HCN. HCN radio observations at CSO �Hawaii� on Nov 18�19, 

1999, the night after the second Leonid shower maximum, show u nusually low HCN 

vabundances ab o e 45 km altitude, whic are only reco ered after sunrise. e alsoh v W 

vin estigated UARS�HALOE satellite data on H O and O . No correlation app ears 2 3 

of year round H O and O around 55 km with annual meteor showers, nor with 2 3 

activitmeteor y at the time of the 1998 Leonid sho er.w 

Keyw ords: Early Earth, H O, HCN, Leonids 1999, lower thermosphere, O , meso-2 3 

sphere, meteors, micro-wave, radio 

1. Intro duction 

Earth and planets are not isolated fromin terplanetary space. Inter-
planetary Dust P articles �IDPs� en ter continuously into the Earth's 

meteors oratmosphere as sp oradic meteor sho w ers up to a total es-
timated amoun t of 20�40,000 tons�year �Love and Brownlee, 1993; 

c c Printe� 2000 Kluwer A ademic Publishers. d in the Netherlands. 
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These particlesMaurette, 1998�. w ere identi�ed as b eing resp onsible 

w 

metal la yfor the atmospheric neutral atom ers �Na, F e, ...� observed 

altitude �e.g. Ch u et al., 2000�.around 90 km H� o�ner et al., 1999; 

wn w ater ice IDPs of cometary originRecen t ork has sho that ma y 

H Oexplain the presence of in the upp er atmosphere of the gian t 2 

Uran us, W ater iceplanets Saturn, Neptune �F euchtgrub er et al., 1997�. 

meteoroidsma y survive in the while at Saturn's helio cen tric distance, 

ap orates rapidly at A.U. the Sun. me-but ev 1 from Ho w ever, these 

teoroids also contain less volatile hydrogen containing organic matter. 

When h ydrogen is released, it can recom bine with atmospheric o xygen 

atoms and ozone, and ma y thus provide an alternative source for the 

w ater ice of no ctilucent clouds.high altitude atmospheric The organic 

meteoroids can also release other comp HCNmatter in ounds, suc h as 

orradicalsCN when decomposed during ablation. 

Lo oking back in time 4 Gyr ago, at the time of the origin of life, 

IDPs are believ ed to be aa jor source of carb on on the surface of 

when their input ratethe early Earth, w as supp osed to b e a hundred 

times higher than to da y �Ch yba and Sagan, 1996�. It is unclear how 

m uch organic carb on ma y have b een delivered through ablation in 

The details of the in teractions b ethe atmosphere. w een the entering 

particles and the atmosphere are still p o orly understo o d, despite y ears 

mo what exten tof delling attempts. In particular, it is not kno wn to 

molecules, not only atoms and ions, can b e injected or pro duced b y 

meteors in the atmosphere, a k ey issue in determining the prebiotic 

chemistry of the early Earth �Jennisk ens et al., 2000a�. 

In order to study qualitatively and quantitatively the impact of 

meteors on the molecular con tent of the Earth's upp er atmosphere, 

w e started searching for time v ariations in molecular lines during in-
meteor sho w ers, using b oth existing satellite observtense ations and 

ground-based radio sub-mm This pro vides thenew observ ations. most 

straight forw ard y to link the presence of a givenw a molecule to the 

extraterrestrial input. More di�cult alternativ es are the study of iso-
ariations �e.g.topic ratios v D�H�, or the precise analysis of the v ertical 

abundance pro�les at high altitude. 

W e present here w o such studies: 1� ground-based observations of 

HCN Novwith sp ecial emphasis on the Leonid sho w ers of em b er 1998 

and 1999; and 2� an e�ort to see meteor related v ariations in the 1991-
1999 H OO and con tents of the upp er atmosphere as retriev ed from 3 2 

the Occultation Exp erimen �HALOE� on b oard theHalogen t Upp er 

Researc h SatelliteA tmosphere �UARS�. 
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2. Search for HCNv ariations 

2.1. Introduction 

HCN with a t ypicalis a minor constituen t of the Earth atmosphere, 

�10 volume p er molecule.mixing ratio around 10 HCN air A t present, 

the HCNmain source in the lo w er atmosphere is exp ected to b e 

Andreae, 1990�. HCNbiomass burning �Crutzen and The atmospheric 

has b een observed since 1981, �rst in the infrared, then at micro w ave 

radio frequencies �Co�ey et al., 1981; Carli et al., 1982�. Figure 1 gath-
ers ailable HCNmost of the a v measuremen ts in the atmosphere. 

measuremen ts come from y of techniques listed in theThese a v ariet 

�gure caption. 

Globally , ab ove 30 km, momeasuremen ts are in excess of del 

predictions based on standard photo chemistry and biomass burning as 

the source �solid lines in Figure 1�. This excess has b een 

explained by 1� ion-catalyzed reactions in the entire stratosphere, in-
volving asCH CN a precursor �Sc hneider et al., 1997� and�or 2� a 3 

high altitude source as a result of chemical pro duction from meth ylthe 

CH �Kopp, 1990�, or from meteorsradical injection or pro duction b y 3 

�Desp ois et al., HCNis a minor constituen t of cometary ices. 

p olymers or cop olymers ha ve b een suggested as constituents of 

cometary refractory organic matter �Matthews, 1997, and refs. therein�, 

w ould thus b e present in the incomingand meteoroids, if these p olymers 

y in interplanetary space after ejection. HCN ysurvived their sta ma 

also b e created from CNradical decomposition pro duct of organic 

carb on, after reaction molecules.with h ydrogen-b earing 

yp othesis of meteoroids or the formationT o test the h input b y 

meteoric ablation pro ducts,in the upp er atmosphere from w e decided 

monitor submillimeter lines around ato ajor sho w er: the 

Leonids. 

2.2. Obser v tionsa 

ations of radio linesIn 1998, observ w ere attempted at v arious 

�Spain�, Bordeaux 2.5m,radiotelescop 30m Caltec h Submil-
Observ atory 10m Unfor-limeter CSO and �Ha w aii�. 

, instrumen t problemsBordeaux� and badtunately �IRAM, w eather 

�Ha w aii� prevented obtaining a usefull sensitive limit. 

w as granted on w o telescop es: the 10mIn 1999, time CSO and 

K �Switzerland� telescop es. w2.5m W eather did not alloan y use-
ations at K Caltec h Submillimeterful observ Observ ations at the 

Observ atory to ok place No v. 16 to with unfortu-No v 25, 1999, 

nately bad observing conditions at the time of the p eak on em berNo v 
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m 

HCN k kFigur . in the atmosphere: mo dels �thic blac lines� and observations 

�others�. Observations cover southern mid-latitudes �triangle; Zander et al., 1988� to 

northern high latitudes �-...-; Spreng and Arnold, 1994�, using mass sp ectrometry �- -
- with square; Kopp, 1990�, infra-red �+-+; Abbas et al., 1987�, and millimeter-wa e 

techniques �- - - with diamond; Jaramillo et al., 1988�, with ground-,aircraft-based, 

ballo on-,ro cket-, and space-b orne sensors. Photo chemical mo dels �thick black lines� 

are from Brasseur et al. �1985, with triangle for a photo disso ci atio n rate J �0, HCN 

and with square for J �J � and Cicerone and Zellner �1983, with asterisk�. A HCN HCL 

de�cit in mo deled HCN app ears in the middle atmosphere, although trop ospheric 

amoun wts agree reasonably ell. Note the discrepancy b et een the photo cw hemical 

mo dels and the Kopp data around 75 km �dashed rectangle in the upp er right 

corner of the plot�. The other data are from Co�ey et al. �-.-; 1981�, Carli et al. �...; 

1982�, Rinsland et al. �x-x; 1982�, and Schneider et al. �... with diamond; 1997�. The 

symdashed line without b ol represen the a priori HCN pro�le used in radiativts e 

transfer calculations. 

18. w e rep ort on the observ �Here, ations of the J 3�2 rotational line 

ofat 265.88 o deHCN whic h w as observed in frequency switc h 

on No v. 19, fromun til UT. 

observ ations Ha w aiiIn addition, atmospheric w ere obtained 

serendipitously fromcometary observ ations at other p erio ds 

ear and can b e used for reference.of the y The frequency of HCN 

lines observed HCN�4�3� at� GHz354.51 HCN�3�2� 

� GHz265.88 CSO. 
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2.3. results 

A t ypical example for a non-Leonid nigh t observ atation JCMTis 

sho in Figure line is other emissionwn w ell separated from 

The other line is line that comesalines. w e see on the sp ectrum OC 

from image bandthe measuremen ts are double-side band� and, 

due to that and to the reduction pro cess of frequency-switc hed sp ectra, 

the line app ears as a negative signal. 

line is narro w er than line b ecause CO�created 

in Earth's upp er atmosphere from UVphoton disso ciation CO � 

more abundan t in the whereasis mesosphere than in the stratosphere, 

is more A t lHCN abundan t at stratospheric altitudes �Figure 1�. w er 

altitudes, the sp ectral lines are pressure broadened, increasingly so for 

Hence, line isw er altitudes. more pressure-broadened than 

line, except for the small feature on top of the pro�le that 

high altitude � � HCN.is from The km�measuremen t technique 

�frequency-switc h� remo ves wings of themost of the broad lo w-altitude 

line, so that b y cho osing the right frequency switc h, w e end up 

with a line pro�le that giv es information only ab o ve mid-stratosphere 

�ab ove 35 km�. 

Figure 2 . The HCN�4�3� line at 354.51 GHz �left part of the sp ectrum� observed 

th at JCMT on a da y without strong meteor sho er activit �25 Marc h, 1998�. Thew y 

frequency switch throw w as 16.2 MHz and the in tegration time 1.5 h. The CO line 

on the right side of the sp ectrum comes from the image band of the radiometer and 

is therefore negative. The mesospheric CO line illustrates the exp ected width for 

high �� 70 km� altitude molecules. 
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measuremen ts on em b er 19, 1999,CSO No v w ere averaged over 

w

w 

1 hour interv wnals �2 hours for last scan�, and sho in Figure 3. Sunrise 

Hilo that da yin w as at 16:31 . 

W e ere exp ecting a small increase in con tent at high 

the direct release of ablatedaltitude from molecules from meteoroids. 

Instead, w e s a quite di�eren t b ehavior: in the night after the Leonid 

w wassho er, concen tration m uch less than on other days, only 

recovering to previous line strength after sunrise �Figure 3�. Such a 

y ariationnight-to-da v w as not observed on the previous days leading up 

to the p eak of the Leonid sho er.w Unfortunately , observing conditions 

prevented the acquisition of go o d data on the night of the p eak itself. 

2.4. arison modeled spectraComp with 

The line pro�les are directly related to the heigh t dep endence of the 

volumemixing ratio �abundance�, b ecause the atmospheric pressure 

broadening quickly decreases Ab altitude,with altitude. o ve 70 m 

Doppler broadening is the dominan t broadening mec hanism, and th us 

the line no longer contains sp eci�c information ab out the v ertical abun-
dance pro�le at high altitudes. 

W e applied the forw ard del part of the soft w are calledmo Micro w ave 

REtriev al measure-Odin Line Estimation �MOLIERE� to sim ulate the 

men ts that made MOLIEREw ere w as develop ed in 

Corp oration �SSC�the framew ork of the Sw edish Space Odin satellite 

micro w avemission to analyse the measuremen ts of the Sub-Millimeter 

on b oardRadiometer �SMR� Odin �Baron, 1999; Baron et al., 2000�. 

The forw ard del pro vides the atmospheric emissionmo measured b y 

radiometers, after taking in to account the radiative transfer along the 

line of sight in a non-scattering atmosphere, the refraction of the signal 

through the atmosphere, and the satellite and radiometers c harac-
teristics. erature, pressure andT emp molecular sp ecies concen tration 

ypro�les are given b o dels or satellite data. Sp ectroscopic parameters 

are taken from Geisa,the Jet Propulson Lab oratory , HITRAN 

catalogues; hyp line in tensities and frequencies at 265.88 

are from This co de has b een adapted for ground-GHz Biv er �1997�. 

based measuremen ts and to the frequency-switc h observing technique. 

It also contains an inversion pro cedure based on the Optimal Esti-
mation dgers, 1976�,Metho d �Ro whic h as used in the next step of 

analysis to retrieve the vertical abundance pro�le fromthe 

sp ectra. 

Figure 4 showsv mixing ratio pro�le and the result-HCN olume 

ing line shap e. v mixing ratio v ertical pro�leThe c HCN olume 

uses the a priori Figure 1.MOLIERE pro�le from The result is c har-
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Figure . Diurnal variation of HCN on Nov. 19, 1999 measured with the Caltech
Submillimeter Observatory �CSO� . The J�3�2 rotational line of HCN at 265.88 GHz
has been observed in frequency switch from 15 to 21 UT �05 to 11 HST Hawaiian
Standard Time�. Sunrise was at about 16:30 UT. The solid line shows a model
spectrum of the HCN line computed with the MOLIEREcode.
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acteristic of our CSO No v. 19 during daobserv ations on y time �Figure 

W

H 

3�. It is also characteristic of measured JCMTpro�les at other 

times in the y ear �Figure 2�. 

Figure 5 sho o deled sp ectrum mixingws calculated for a v olume 

ratio that falls o� rapidly ab ove 45 This del sp ectrummo repro-
duced the observed intensit . e conclude that during the night oy o v. 

mid concen tration19, the w as signi�cantly diminished. 

Figure 4 . Simulation with MOLIERE of a CSO sp ectrum and the asso ciated refer-
,12 ence HCN volume mixing ratio pro�le �1pptv � 10 � used for the computation 

�here the same pro�le than the "MOLIERE: A priori" HCN pro�le plotted in Figure 

1�. 

3. Discussion. 

ations sho HCNThe presen t observ no evidence for a direct input of 

mid and high altitudes, but it is p ossible that theat meteoric ablation 

pro ducts a�ected the atmospheric c hemistry in the mesosphere and 

w er thermosphere.Our w ere done at solar longi-measuremen ts 

tude 236.85-90 �J2000�, in the night after the secondary inmaxim um 

y pro�le, Ha w aii at solar longitudethe Leonid activit whic h p eaked over 

235.9 �Jenniskens et al., 2000b�. w ould have hadAn y ablation pro ducts 

time to disp erse horizon tally.o w ever, it is not easy to understand 

ho HCNwmeteors can concen tration at such altitudes. 

ma y have b een chemically attac ked by a reactive sp ecies such as ozone, 

wnatomic o xygen or electrons, kno to b e pro duced b y the trails of 

more meteoroids,the massiv e whic h are ablated at these altitudes, or 

y lighter ones and transp orted from Alter-pro duced b higher altitude. 

, a coincidencenatively with a purely atmospheric phenomenon is also 

HCN.tex; 5�09�2000; 23:09; p.8 
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W 

Figur . Simulation with MOLIERE of a CSO sp ectrum using a "truncated" HCN 

sho righolume mixing ratio pro�le wn on the t of the picture. this pro�le,With 

which indicates no HCN ab ove 45 km, we obtain a sp ectrum close �in intensity� to 

the one measured on Nov. 19, 1999 from 05:00 to 06:00 at CSO �see Figure 3�. 

not excluded, as nothing is kno y et ab out the short-termwn b eha vior 

molecule due to gra vit wof this y aves and tides. In order to establish 

with y ationsthe link meteor sho w er activit , future observ will need to 

with a c haracterization of the background airglob e com bined w. 

and t 5 5 k 3.1. H O O a m2 3 

T o investigate the p ossibilit ariations,y of ozone concentration v w e 

investigated satellite data on this trace gas to search for any corre-
with . e also lo oked for as an indicator oflation meteor activit y H O2 

hydrogen release. 

Systematic O and in themeasuremen ts of H O mesosphere ha ve 3 2 

b een p erformed HALogen twith the Occultation Exp erimen �HALOE 

instrumen t� onb oard the A tmosphere �UARS,Upp er Researc h Satellite 

HALOE measures thelaunched in Septem b er 1991�. instrumen t 

y arietabsorption of solar radiation at sunrise and sunset b a v y of trace 

� � gases �Russell et al., 1993�, sw eeping from80 South to 80 North in 

latitude approximately ev ery mon th. 

ears 1991 to 1999,The data co vers the y with an altitude co verage 

W e created averages over vup to 80 km. arious latitude bands and 

� present in Figure 6 the results for the latitude band going from30 

� South to 30 North across the equator, for an altitude c haracterized 

b whic h corresp onds to 55 kmy a pressure of 0.46 hPa, according to 

the standard atmosphere. y bright and sloThis altitude is reac hed b w 

meteors, hence a direct in�uence could b e exp ected from wann ual sho er 

HCN.tex; 5�09�2000; 23:09; p.9 
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activity. It is also possible that the ozone and water may be a�ected
by meteoricinput at higher altitudes. Ozoneand w ater vapor data at
higher altitudes �between 60 and 80 km,b y approximately3 kmstep�
have also been observed by HALOE,whic h is morerelev ant for this
study, but the signal to noise ratio in the data is much less.

Figure . O3 and H2O atmospheric abundances �volume mixing ratio in ppmv;
1ppmv 10,6� at 55 km �1991-1999� from UARS�HALOE satellite measurements
between 30� South and 30� North. Upper two curves show the rough data for H2O
and O3 respectively, with the regression model �sinusoidal curve� superimposed. The
lower two curves display the residuals �measurements minus model� after having
removed the expected long term variations. Dotted lines indicate the 3� level. Data
points above this level are shown by triangles.

In the analysis of the data, we ook into account semi-annual, annual,
quasi-biennal, solar cycle oscillations �amplitudesand phases�, and lin-
ear trend over the 9-year period. Usinga linear regression model, w e
removed these oscillations in order to search for a correlation of any
residual variation witha meteorsho wer.

At someperiods, the O 3 abundance is morethan 3 � above the
regression model v alues �triangles in Fig. 6�. However, no correlation
has been found at present withann ual meteorsho wers.

HCN.tex; 5�09�2000; 23:09; p.10
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3.2. Future orkw 

With an ey e on the 2001 and 2002 encounters, w e note that radio 

sub-millimeter observ ations are very suitable for airb orne application 

in a future Leonid AircraftMulti-Instrumen t Campaign, in com bina-
with existing airglo measuremen ts.tion w A ygo o d con trol of sensitivit 

and baseline irregularities can impro ve the qualit ations.y of the observ 

Other atmosphericminor constituen ts can b e observed in a similar 

manner: for example,H CH In addition, satellite data are 2 3 

theexp ected from Micro w ave Lim b Sounder instrumen t �MLS� on b oard 

UARS and fromsatellite �measuremen ts CH CN� the so on to 3 

Odinb e launched �Decem b er 2000� Astronom y�Aeronom y satellite. 
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