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For the first time, ground-basctl  lidars have been used to identify and detect ground-state (v’’=O)

hydroxyl  radicals (OH) in the mcsosphcre between -75 and S5 km altitude. These lidars operate

near 308 nm and  OH is obsemwl  through lnser-induced-fluorescence on the A2X+-.X21  I (0,0) band.

The results described h. re potcntial~y  csposc  a valuable  global !ct of nighttime 011 ohscnations,

since existing long-term Iidar  data  at several NDSC  sites contain the (scrcnclipitous) 011 informa-

tion. Rcstslts  arc presented from two mid-kstitudc  sites representing botb the northern and south-

ern hcrnisphcrcs,  ‘1’able Mountain (34[IN),  California, and Lauder (45[,  S), New Zealand.  They

show obscwations  of a gcomctricaliy  thin (-3 km) nocturnal layer of 011 near 80 km. A study of

tbc tcmporai  bchaviour  of the rncsospheric  0}1 signal following sunset, which supports previous

model predictions 1, is also presented.

lIydroxyl radicals are the Inos( reactive species in k atmosphere and pla:; a pivotal IOIC in

atmospheric chemistry, but measurements of 01 I arc ditlicult  and sparse, I,idar  mcmurenkmts  of OEI in

the nmosphere  \vould bc valuable, for example, to confirm model  predictions and to track an important

part of the mesospheric  ozone and \vatcr budget,  especially during noctilucmt  cloud events in the Arc-

tic [1). Rees]. Nighttime Iidar nmsurcmcnts could compkmcnt  the fewr rocket-based or spaceborne

rneasurcmcnts  of groundstak  01 i in tbc high mcsospkc which have bwn  performed during day-

tinw2’~’J’5, as \vcll as the observations of 011 ni:htglo~v ccmscJ by trmsitions  betwwn  high vibrational

states (Meincl bands).

Smwal  gtoups operating XeCl excimcr  laser base d IIIAI. systms ~vithin the Nct\vork for the

Iktcction of Stratospheric Change (NDSC), have observed pinks near 80 km in the 308 nm lidar  return

signals, ‘l”hese signals have been measured and archived routinely, for many years, for the purpose of



oz.onc prof~ling,  but until noiv the source or cause of these pc:iks had not  been dc[ermincd  7’hcsc IWAS

\vcre  observed during S1’OIC;  in 19S9 rrt I’M1;.  I Icrc, for the first time, MC present substantial evidence

that these peaks are caused by laser-inducwl-f  luorcsccncc  (l.ll;)  from nmospheric  011 and can bc used

to detect ground-state 01 I in the rwsosphcw

A tjpical  observation, by the RIVM lidar6 (1.audcr, New Zealand, 45° S, 170° E), is showm in

Fig. 1. The RIVM XeC1 laser operates in a ‘free running’ mode, i.e., the laser lig?lt is emitted in a rela-

tively broad spectrum ccntmd at 30S nrn (emission lincwidth t>yically 0.5 ntn), \vhich overlaps several

011 absorption transitions within the 01 I A2Z’-X211 (0,0) band. Absorption in these lines gives rise to

fluorescence on the (0,0) band resulting in enhanced return signals in the 30S mn spectral region, llre

observation that peaks only appear in the 30S run channel, and not in the 353 mu channel (Fig. 1 ) rules

out scattering (by, e.g., mesospheric  clouds) as the underlying process. At this altitude and pressure

(-5. 10-3 mbar) collisional  quenching of laser excited 011 X:ll is negligible and the radiative Ii fctimc is

on t.k order of 0.7 vs. Compared to the lidrrr molution of 2 IK (cquivalmt  to 300 m) this process

causes minimal smearing of the altitude detmnination

For the lauder site, the  01 I layer as obscrvtxl  is situated at 80 to S5 km  altitude, and is geo-

metrically thin (FW’kINl  of about 3 km). “I”hk k in accor&nce ~vith mode]  calculations’, ~vhich predicted

that the  nighttime 01 I number density profik should peak sharply at about SO km, at rnid-latitudes, clue

to nighttime recombination at loww altitudes. IJoth Ihc shape and the a]titudc of the observed fmturc

diflir from night to night, and frequently the feature is not obscl w(I or is bc!o}v  the detection limit

Other groups optmting  similar stratospheric o~one lidars within the NI)SC wtrc surveyed to

detmnine  the extent of observations. l’hose confirming observfi(ion of the 011 feature include the JPL

Iidars at lMauna Lea, IIawaii  and l’able Mountain, Califcmia;  the GS1’C  mobile system, S’1’ROZ-I.11’l;

[LMcGm]; the ISTS lidars  in Toronto and Eureka, Canada [Skinbrccht,  Donovan]; the DWD  lidar  at }lo-

hcnpcissenbcrg,  Germany [Steinbrecht],  and the NII.U lid.ar at AI, OhlAR, And~ya, Nor\vay [Rem and

IIansen].  A detailed study ofthc seasonal variation, as WCII as the clifkcncw bc!wem  geographical lo-

cations, mill be presented in a future article.

The experiments to try to prove that the lidar systems are indwd  observing 01 I arc presented

belo~v. “Ikcy \vere performed using the JI?.-”I”MF lidar at “l’able Mountain, CaIifornia7 but hold inlplica-

tions for all stratospheric ozone lidars. The J1’I.-1’MF lidar usually operates  in clinc-nmro~ved mode’,

where a tunable ir~jection laser is used to seed and lock the ivavclwgth  of the amplifying laser. l-he re-

sulting XCC1 laser output is tunabk  in the range from 307. S to 30S.3, although not continuously, and

tjpically  has a bandwidth of-8 pm.

l’he laser light \vas first dircctccl through a propane Ilamc, which is a source of 01 I, arid the

fluorescence intensity in a direction perpendicular to the laser bmm mm rcgistcrcd  by a photomultiplier

with a digital coonter and an oscil[oscopc as a function of laser  ~vavcicngth.  lhis cxcitatioa  spectrum

thas provided a precise calibration of the laser wavelength and lirmvidth. “J’t~c (rncrgcd) PI( 1 YQzI(J)

.
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doublet at 30S.16 run M’OS  partiully resolved from the QL(3)  ]inc  at 30S. 15 nm cm.llrming the line-\viJLh

estimate of S pm.

TIC  laser \vas  then directed into the atmosphere, inskwl  of through the laboratory 011 llanm,

and alternately tuned on and off the peak absorption using the laboratory cx;minwnt  ~vavclmgtl~  cali-

bration. lle results are presented in Fig. 2. Ckrrly, whm  the laser \vas tuned [o the wavelength of an

01 I transition a peak was present in ihc lick retl!rn and u’hcn it was tuned ol~- it was not lhis str ong,ly

indicates that the observed peaks are caused by I.IF from 011.

In Fig. 3, a series  of consecutive measurements of the 01 I feature, taken shortly after sunset, is

presmtcd.  Tk experiment \vas performed using the JI’1,-”1’MF lidar, tuned to 308.1 mm ‘llw tentporal

bchaviour of the 011 concentration in the first t}vo hours afkr sunset is show]. lk initial rise, the fol-

lowing decline, as \vell as the altitude shi[l of the 011 peak concentration during the night all are in ac-

cord \\ith model predictions’. Similar temporal behaviour has been observed at the TMF site during

other nights in July and August of 1996, a!though the small initial rise in concentrations is not alw’ays

present, Following these changes in the first -2 hours alkr sunset the 01 I signal reaches an essentially

constant kvcl, approximately 10°/0 of the peak showm in figure 3, and altitude which it maintains

throughout the night. We have not observed any changes in the 011 concentration or altitude distribution

in the period inuncdiakly  before scrnrisc.

Consideration of the 011 number density and the corrcsponcting absorption of the 308 nm laser

radiation show’s that this is extremely small and not useful for determining the 01 I ~ mmntr,ition  by the

DIAL (ditlkntial absorption lictar) method. ‘1’hc pos ;ibility to usc the I. It; signals to dctm[linc  01!

concentrations directly has been considcrut  previously for tropospkric and strfitosplwric nwisure[nents

(SW for example McDermid  et al.8’9 ). Unfortunakly  in the present  experiments it \vould appear th~t \ve

do not have sufficient information to allolv us to derive the 01 i concentration, ~lthough the magnitude of

the obscwed  signals is, prwuuabiy,  directly proportional to the 01 I density. “llerc  are uncertainties in

the excited state energy redistribution, foliowing laser excitation, and corresponding convolution of the

emission spectrum \vith the lidar receiver spectral trans:nission  ‘l’he fractional population of the specific

ground-state level (X, v“, J“, K“) excitecl by the laser compared to ttw overall 0}1 population distribu-

tion is not knowm,  Ttresc aspects of the problem arc further complicated since hydroxyl radicals are pro-

duced in this region of the atmosphuc  in ro-vibrational nonlocal thennodymamic  equilibrium (N1.1’h;)

through the reaction of hydrogen atoms ~vith ozone. llcrcforc, wc cannot usc the local temperature to

calculate a Boltz.mann distribution A kinetic model for state-to-st:ite dynamics of 011 (v,J) in this region

of the atmosphere has been developed by l)odci et al. 10 ~vhich clwIy demonstrates the complexity of

this system

lkis model predicts th:it the ni~httimc 011 ground-stiik  llU1llb~r density, summed over all m-

rotational levels and spin sub-levels, is in the range of 104 to 10f molecules CnI-3 for altitudes near SO km.

IIased on this model, \ve estimate that the ground-based liclar is capable of dckcting  the presence of
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A newr method to retx iew information :iboot  mcsosphc: ic 01 I from cxistiog lick signals has

been presented. The first results show’ that a nocturnal layer of groundstak  01 I is frequently observ:ible

in the high nwsospherc at many sites around the lvorld A series of consccutiw  lidar measurmwts,

fcilowing surwt and throughout the night, shotvs the temporal bchaviour of this layer which conforms

\viLk  model prcdictionsl.  At present M’e arc tmblc to quantify the ntrmbcr cknsity of 01 I due primarily

to the need for supplementary information concerning the N1.1’E population distribution of 01 I in the

rmsosphere  and also concerning the rotational rclawtiort  of the upper level follo~ving laser  excitation.

l[owcver,  the current results do show’ quantitatively the nighttime behaviour of 01 I (v’’-O) \vhich has not

been observed before. Current research is continuing to attempt to quantify the 01 I number density from

the lidar  nmxsurexnents. In a future artick, \Ye M_ill present a more extensive study of the geographical

difkmccs and the temporal bchaviour of the noc~urnal  layer of ground-state 011, and a link bctwmn

the lidar  obser}’ations and atmospheric models
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Fi&re Captions

FIG1- RmlSeconected lidwrettlnl  sigllils ne*r308and  353mLas nlca~ured  bytilc RIV\lstratosphtric  lidw, I~llder,

h’cw Zealand, on \larch  10, 1997, at 9.30 I’XI lCXJ1  time.  Note that  the 308 rim signal  PC*  is absent in the sinwltanecmsly

nwmured353 mlchanncl.

F1G2  -L1darretunl  sig~als  obsemJed  bytic JPI.-l’h[I’  Iidarsystcrw  on August 9, 1996, showing thattk Ol[fe:iture  is

prtsent  inthe’ON’ wavelength (bold lincs,308.l  nm)butabsentintk  ‘OIF’wovelcn@(th  inlines,307.9  run). All

nwmuren  lent-s  are integrated over 10 minuks, and are Iabclkd with the time of observation Astronomical sunset was at

2:53 I-W. For clarity, the signal-munts  for the consecutive nlcasurenmnLs  have bwn successively oITset  by 400 counts.

FlC,3-Comecutive  lidiwretum signals obsenred  on July 17, 1996,  bytie JI’I.-’IXIFl  idwsystenl.  Ilwobservatiomwem

performed shortly tier sunset, with an integration time of 28 minutes.
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