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Abstract. The OH number density in the stratosphere 
has been measured over the altitude interval of 37 to 23 

km at midday via a balloon-borne gondola launched from 
Palestine, Texas on July õ, 1988. OH radicals are detected 
with a laser induced fluorescence instrument employing a 
17 kHz repetition rate copper vapor laser pumped dye 
laser optically coupled to an enclosed flow, in-situ sam- 
pling chamber. OH abundances ranged from 88 dr 31 pptv 
(1.1 dr 0.4 x 107 molec cm -3) in the 36 to 35 km interval 
to 0.9 dr 0.8 pptv (8.7 dr 7.7 x 105 molec cm- 3) in the 24 
to 23 km interval. The stated uncertainty (drlcr) includes 
that from both measurement precision and accuracy. Si- 
multaneous detection of ozone and water vap{•r densities 
was carried out with separate on-board instruments. 

Introduction 

In this paper we present midday, in-situ measurements 
of the OH radical number density in the stratosphere ob- 
tained via a ba. llo•n-borne gondola. launched fr•)m Pa.les- 
fine, TX on July 6, 1988. OH is detected using the laser 
induced fluorescence technique in c•mbinati{•n with an 
enclosed-flow sampling method. These OH measurements 
follow results obtained by this instrument on July 15, 1987 
as described in earlier manuscript [Stimpfie and Ander- 
son, 1988], here after referred to as SA. The gondola. was 
configured identically in both flights with separately con- 
trolled instruments designed to detect O3 [Weinstock et 
al., 1986] and H20 vapor (Schwab et al., .1. (leophys. 
Res., to be submitted), providing si•nultaneous •neasure- 
ments of these two species in addition to the OH mea- 
surements. 

The need for simultaneous measurements of closely cou- 
pled molecular species in the atmosphere in {•rder to ob- 
tain a more insightfid and cohesive data base is well- 
established. This is especially trite with the hydroxyl 
radical since it is a short-lived radical that is in photo- 
chemically controlled steady state with other species that 
have widely varying characteristic lifetimes. For example, 
Oa and H20, are long-lived, transport contr{•lled species. 
NO, O, and HO2 are short-lived, photochemically con- 
trolled species. H20•, HNOa and HNO4 are both trans- 
port and photochemically controlled species thus compli- 
cating the interpretation of individual measurements. Ac- 
companying number density measurements of as many ki- 
netically coupled species as possible is a critical improve- 
ment in the ability of in-situ measurements to assess the 
validity of model calculations of stratospheric photochem- 
istry. 

In this paper we present OH results alone. 

Experimental 

The experimental method is summa.rized in SA. Here 
we briefly restate the operating principal. OH is detected 
by laser induced fluorescence, whereby OH is pumped 
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with a pulsed, 17 kHz repetition rate laser in the A-X 
(1,0) band around 282 nm and OH fluorescence is ob- 
served in the (0,0) band around 309 nm with a 4.1 nm 
FWHM detector. The reported data are collected dur- 
ing balloon descent as ambient stratospheric air is drawn 
through a cyclindrical 12.5 cm i.d. detection chamber 
housing the optical components that define the detection 
volume. 

The observed detector count rate at 309 nm includes 

various background sources in addition to OH fluores- 
cence. An OH number density measurement requires tun- 
ing the laser wavelength on and of[ resonance with a se- 
lected OH absorption line to provide a measure of this 
background signal. The dif[erence in the resonant, S ø'•, 
and non-resonant, S O•, signals yields the signal due to 
OH fluorescence: 

•,On _•_ •,OH •_ •,Solat •_ •,Chb •_• •,Bdõ 
•,Of[' • •,Solat •_ •,Chb •_ •Bdõ 
S OH _• S øn __ S øft 

where S sø• is the contribution from Rayleigh scattered 
sunlight off the atmosphere visible below the instrument 
and in the detector band width. S ½hb is the contribu- 
tion from chamber scattered laser light. S Bdg is the laser 
induced background signal and is composed mainly of 
Raman scattered and Rayleigh scattered laser light that 
leaks through the a09 nm detection channel. A single 
tuning cycle takes place in a 20 sec period composed of 
10 sec of resonant data integration, fifilowed by 10 sec of 
non-resonant data integration. 

The a09 nm detector count rate is fed into two separate 
pulse counters. Both are gated, one with a, fixed ,530 nsec 
gate, the other with an adjustable gate, which was varied 
from 380 to 160 nsec during the flight. The adjustable 
gate detector width is decreased during the flight in or- 
der to decrease the background solar signal which is the 
largest component of the non-resonant background signal. 
The count rate occurring outside the gate, i.e., the re- 
maining 59/zsec of intervening time between laser pulses, 
is stored in a separate channel and used as a measure of 
the solar background source strength. This counter archi- 
tecture allows partitioning the observed count rate into its 
components as described in SA. 

The task of optimizing the laser overlap integral with 
an identified OH absorption line is accomplished with two 
partially redundant optical devices. The first is an OH 
reference cell that uses a Xe lamp to photolyze a trace 
amount of water vapor in • 600 torr of Ar to form a 
steady state OH density. The laser beam passes through 
the reference cell, pumps ground state OH, and produces 
OH fluorescence observable with a PMT orthogonal to the 
beam. The second device is a scanning spectrometer that 
overlays a beamsplit fraction of the laser output on to the 
A-X (1,0) emission spectrum from an rf powered OH res- 
onance lamp. The resulting spectra provide unambiguous 
identification of the laser wavelength. 

Calibration 

The instrument sensitivity to Oil is calibrated in a lab- 
oratory prior to flight by inserting the core of the detec- 
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tion module into a flow tube. Known OH densities are 

produced in the flow tube by titrating NO2 with excess 
H atom concentrations,using the H + NO2 • O}t + NO 
reaction. The observed count rate due to OH, sort in 
counts sec -•, is given by the following expressi(•n: 

S ø• = C øs EQ [OH] 

where C øn is the calibration constant determined by di- 
rect measurement, E is the laser power in mW, Q is the 
fluorescence efficiency (unitless), and [OH] is the density 
in molec cm -s. 

The calibration experiments were performed a.t room 
temperature in 4 to 4.2 torr of N2 carrier gas. Although 
a simulated air mixture would more closely match the 
quenching environment in ambient conditions, it cannot 
be used because O2 would rapidly rea. ct with H atoms to 
form HO2, complicating the simple NO2 titration scheme. 
The following ranges in [OH] and E were used, I x l0 
[OH] _• 1 x 109 molec cm -a and 1.3 _• E _• 2.1 mW. The 
resulting value for CøH, 

co H 1.2• 30xlO_S( counts/sac ) = ' m-if: 

is in good agreement with our expectations based on the 
calibration for the 1987 flight. 

Extraction of OH densities from the measured fluores- 

cence signa.1 req,•ires calculation of the fluorescence ef- 
ciency, Q. Q is calculated from averaged values of pub- 
lished OH quenching and lifetime data a.s described in SA. 
In addition to the references cited in SA two more recent 

studies are included, [Burris et al., 1988] and [Copeland 
et al., 1988]. These studies focus on energy transfer out of 
the A2Z+,V=i state and both indicate somewhat faster 
vibrational relaxation, V=I to V=0, in the A2Z + state. 
The appropriate value for N2 is now more likely 2.2 x 
10 -•ø (cm a molec -z sec -•) instead of 1.6 x 10 -'•ø, the 
value for O• is 3.5 x 10 -• instead of 1.4 x 10 '-•. The 
value of Q is not exceedingly sensitive to these adopted 
average ra. te constant changes. Q increases by only 10 % 
due to the N2 rate increase since the ratio of the V-to-V 
rate to the total V=I relaxation rate is dominated by the 
N2 V-to-V rate. The O2 V-to-V rate increase leads to an 
insignificant 1% increase in Q since the O2 contribution 
continues to be dominated by the N2 contribution. 

Our OH measurements are easily corrected for refine- 
ments in the value of Q. Since the calibration normalizes 
our measurements to a well-defined quenching environ- 
ment in the lab (4.1 torr of N2 at room temperature) 
our results are relatively insensitive to large changes in 
Q. The net effect of adopting the new rates above is 
a 5 % decrease in the OH number densities reported in 
S A. The data base for collisional energy transfer reactions 
of excited A2E + OH ha, s steadily improved in number 
and quality over the last ten years and it is unlikely that 
large changes in Q loom in the future due to errors in 
the rate measurements. The new V-V rates given above 
are adopted in the analysis of the present results. The 
remaining rate constants we use to calculate Q are as re- 
ported in S A. 

Results 

The gondola was launched at 715 CDT on July 6, 1988 
from the National Scientific BaJloon Facility (NSBF) in 
Palestine, Texas. A peak a.ltitude of 37.0 km was reached 
at 1000 CDT. The gondola remained a.t this peak alti- 
tude, for one hour and twenty minutes in order to satisfy 
NSBF safety requirements concerning projected down- 
range landing sites. During this time the OH instrument 

was brought to a fully operational status in preparation 
for descent. Descent began at 1120 CDT as two stub- 
ducts were opened to release helium. A peak descent rate 
of 12 m sec -• was reached at 1123 CDT. However NSBF 
personnel regulated the average descent velocity through 
the remainder of the flight to •4 m sec -1 by controlling 
a valve at balloon apex. The gondola, wa.s separatcd from 
the balloon and deployed on a parachute at 1218 CDT, 
at an altitude of 20.0 km. 

Balloon descent performance is critical to the success 
of the mission since valid OH measurements are in gen- 
eral acquired only during the descent phase of the flight. 
Balloon perfi)rmance in this flight was exceptional. The 
OH instrument performed nearly flawlessly throughout 
the mission, operating with improved stability in com- 
parison with the 1987 flight. These improvements were 
the result of detailed thermal insulation and mechanical 

decoupling of various elements on the laser optical spar. 
The average uv power achieved in flight was 50% greater 
than the 1987 flight. 

During the descent the instrument was operated in the 
OH detection mode • 80% of the time. The overlap be- 
tween the laser line and the OH absorption line was op- 
timized five times. The method of overlap optimization 
and OH line identification is illustrated by the series of 
scans shown in Figure 1. These scans served a.s a, check for 
nominal system operation while the gondola was floating 
at peak altitude. 

Panels A and B of Figure 1 show two OH fluorescence 
spectra produced by scanning the dye laser wavelength 
and monitoring, respectively, the 309 nm detector signal 
and the OH reference cell signal. An identical fluorescence 
spectrum is observed in both cases. Panel C shows the 
optimiza, tion of the laser overlap with the Q•2 line witit 
a peak-finding algorithm that locates the wavelength at 
which the peak OH fluorescence count rate occurs from 
the reference cell. This wavelength represents the OH 
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Fig. 1. Composite of five consecutive scans performed at 
float altitude. A) 309 nm detector count rate w•. wave- 

length; Btl OH reference cell vs. wavelength; C) OH ref- erence ce vs. wavelength with computer peak finding 
algorithm; D) Resonant and non-resonant overlay of the 
laser (solid) and OH lamp (dashed)outputs. 
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on-line laser wavelength. Panel D shows the scanning 
spectrometer spectra for the on-line (Q•2) and the opera- 
tor selected off-line positions. The identity of the selected 
OH absorption feature is clearly established. 

The magnitude of the signal shown in panel A of Fig- 
ure 1 corresponds to an OH number density of 5.0 x 10 • 
toolee cm -3. This result does not represent an ambient 
OH measurement. During these scans the gondola was 
stationary and the pod fan was turned off. The pod fan 
is an axially mounted impeller at the exit of the flow pod 
that is used to generate a known flow velocity through the 
sampling pod independent of the gondola vertical velocity. 
Thus the detection volume contains stagnant air enriched 
in water vapor and other contaminates outgassing from 
the flow tube wall. An elevated OH signal is produced by 
the reaction of O•(D), formed by laser photolysis of am- 
bient ozone, with water vapor. The OH fluorescence was 
observed to dramatically decrease, by a factor of 5, upon 
turning the pod fan on and sweeping out the detection 
volume with clean stratosphere air. 

The presence of laser induced OH is a. potentionally se- 
rious problem with any OH detection scheme that em- 
ploys a uv light source. In normal operations the air 
sample is unperturbed by the presence of the gondola, 
as confirmed by the thermistors which measure the tem- 
perair,re of the air flowing through the pod. Under these 
conditions an estimate of the upper limit on the amount 
of laser-induced OH produced by this system is 1.0 :•. 10 * 
toolee cm -a. A more thorough discussion of this effect 
will be presented in a future paper. 

The detector count rates observed during the descent 
at various altitudes are given in Table 1. The OH altitude 
profile measured in this flight is shown as the crosses in 
Figure 2. The enclosed region represents our 1987 results. 
The solid line is a 2-D model calculation [Ko et al., 1985] 
as reported in SA. The number of individual OH mea- 
surements making up each point, going from high to low 
altitude, are: 1, 5, 5, 5, 8, 9, 10, 10, 10, 10, 10 and 20. 
The total averaging time k•r each point may be estimated 
given that a single O lI measurement requires 20 seconds 
to record the on and off resonant signals. The data are 
binned as required to achieve the measurement precision 
shown. The horizontal error bars a.re •klcr limits, the 
standard deviation of the mean value, except in the first 
point (36.6 kin) where the precision is estimated based on 
photon counting statistics. The vertical error bars rep- 
resent the altitude interval the measurements tta. ve been 

averaged over. The tota,1 measurement error (not shown) 
includes the estima, ted error in the absolute accuracy of 
-t-35% orginating from uncertainty in the calibration and 
the fluorescence efficiency. Data were taken down to 21.7 
kin, but there was no detectable OH below 23 kin. An 
upper limit (-Flor precision) in this interval is 0.5 ppt. 

There is no measurement reported in the 36.5 to 35 km 
interval beca.use during this time the pod fan recieved a 
spurious off command and shut down. The fan off condi- 
tion was not recognized for a few minutes after which it 
was commanded back on without furthur incident. Dur- 

ing this interval the flow velocity through the pod slowed 

TABLE 1. Average count rates (cts sec -1) observed by 
the adjustable gate 309 nm detector at various altitudes. 

Z E S S S S S S 

km •n W On Off Solar Chb Bgd OH 

36.7 13.2 270 106 83 23 6.5 164 

33.4 12.0 203 113 87 21 9.3 91 

29.8 12.4 180 139 102 21 17 41 

25.6 12.1 137 129 70 21 34 8.2 

22.3 10.1 139 139 75 17 47 0.3 
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Fig. 2. OH mixing ratio vs. altitude. The crosses repre- 
sent the 1988 results. The enclosed region represents the 
1987 restilts, [Stimpfle and Anderson, 19881. The solid 
line is a model calculation by [Ko et al., 1985] as reported 
in SA. 

significantly. The core air flow temperature in the pod 
rose above the ambient air temperature by 5 to 10 K in- 
dicating the incursion of boundary layer air into the core 
of the flow. The OH data, which are reduced by 20 to 
50% compared to the measurements directly before and 
after this event, are discarded due to instrument contam- 
ination. The temperattire record for the remainder of 
the flight shows well-behaved flow through the detection 
chamber and no other data have been rejected. 

As shown in Figtire 2, our present results are in good 
agreement with our 1987 results except at the altitude 
around 30 km where the 1987 results are lower by • 40 
%. The significance of this difference ca.nnot be reliably 
quantified. From a statistical viewpoint it clearly may be 
a restilt of instrumenta.1 variance between the tw• years. 
However it may be the result of na. tural variabilil.y •f O1t. 
The relative precisions of the two profiles is sufficiently 
high that a. difference of this magnitude is res•,lval)le. 
There is little experimental evidence to guide our appre- 
ciation for what variability one should expect or what is 
the source of the variability. An analysis of winter, mid- 
latitude LIMS satellite observations of NO•. and HNOa 
[Pyle and Zavody, 1988] concludes that OH can vary on 
the order of -F 20 % due to fluctuations that are resolv- 
able by satellite measurements. We do know fromm our 
simultaneous Oa and tt•.O measurements on both flights 
that Oa or H20 variability is not responsible. 

An obvious method of differentiating between the ef- 
fects of instrument variance and ambient OH variance is 

to include simultaneous detection of species in addition 
to Oa and H•.O that control the density of OH. Factors 
that give rise to OH variance observed from year to year 
or that observed during a single descent profile should be 
observable as fluctuations in other species photochemi- 
cally linked to OH. We expect to obtain nearly simulta- 
neous HO2 measurements with the Ott measurements in 
our next flight by injecting NO into the flow stream at the 
entrance to the detection pod. The HO2 + NO -• OH 
+ NO•. reaction can be used to convert ambient HO•. to 
OH. A measurement of the ratio of OH to HO•. will pro- 
vide a challenging test of HOx photochemistry as well 
as provide collaborative evidence concerning the natural 
variability of OH. 

In Figtire 3 our present results are c{•rnpared with the 
measurements of Carli and Park t•9881, Carli ct al. [•989], 
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Heaps and McGee [19851 and Anderson [1976], with the 
latter two measurements as they were reported in SA. In 
SA the results of Heaps and McGee [1985] and Anderson 
[1976] were modified by a reevaluation of the fluorescence 
efficiency used in the original data analysis to remove a 
bias due to the use of different quenching data. The new 
rate constants adopted for V-V transfer in this paper do 
not alter the reevaluation. The corrected Anderson [1976] 
measurements are unaffected since they do not involve 
pumping the A, V=I state of OH. The cc)rrected results 
of Heaps and McGee [1985] are subject to a change of 
3%, an insignificant amount, since they observe both (1,1) 
and (0,0) band fluorescence and the net effect on the total 
fluorescence efficiency into both bands is nearly zero. 

In Figure 3 the data of Carli and Park [1988], Carli et 
al. [1989], Heaps and McGee [1985], SA and our 1988 
res,•lts form a reas{mably consistent set of independent 
measurements employing different techniques and strate- 
gies. The agreement is good considering the difiqculty of 
measuring OH in the stra. tosphere. The Anderson [1976] 
measurements are markedly higher. The comparison with 
the other OH observations suggests that these measure- 
ments may be in error however there is no systematic 
error known to be responsible and we do not kmm' h{•w 
variable stratospheric OH may have been over the time 
interval between measurements. 

Two additional calculations are shown in Fig•re 3 for 
compa.rison. The photochemical model calculation of 
McElroy and Salawitch [1989] is constrained by May, 1985 
ATMOS measurements and is in good agreement with the 
OH measurements. The steady state calculation {ff Pyle 
and Zavody [1988] is based upon mid-winter, 1979 LIMS 
•neasurements of NO2 and HNO3. 

The data. shown in Figure 3 have not been scaled to 
correct for different solar zenith angles (SZA) cha.racter- 
istic of each data set. Although the observed OH column 
abundance [Burnett et al., 1988] provides a measurement 
of SZA variations averaged over all regions of the atmo- 
sphere, models predict a significant altitude-dependent 
SZA variation in the stratosphere. For example the pre- 
dicted [OH] SZA dependence at 24 km is 2 to 3 times 
greater than that at 36 km (J. Rodriguez, private com- 
munication, 1989). In general, however, the estimated 
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Fig. 3. OH mixing ratio vs. altitude. Composite of OH 
measurements by Stimpfle and Anderson [1988],Carli and 
Park [1988] and [1•8•], Heaps a.nd McGee [1985], Ander- 
son [1976], and this work, and calculations by McElroy 
and Salawitch [1989], Ko et al. [1985], and Pyle and Za- 
vody [1988]. 

corrections are less than the uncertainty of the measure- 
ments and the preliminary conclusions drawn here are not 
affected. 

Our 1988 results have the highest internal precision and 
altitude resolution of in-situ OH measurements to date. 

The divergence of this data set with the models above • 
34 km is an interesting result. The reproducibility of this 
effect in future flights will address whether this result is 
due to variability or is a consistent finding. Simultaneous 
HOameasurements will provide new information on the 
number density of this important radical. 
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