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PREFACE 

The existence of stratospheric raosols has been linked to the Earth's ciimu since the beginning 
of systematic observations in the u r l y  1960's. Indeed, modck indicate that the injection of aerosols 
into the s a r t o s p h  by the El Chichon volcanic auptiorr in 1982 has resulted in r mpatturc forc- 
ing ii the troposphere. A sustain& stntosphtric loading of this rmgnihdc would definitely result in 
r deleterious climate change. The recent discovay of the conversion of inert halogen species into 
omm-reactive radicals on the &aces of pdu stntosphaic cloud raosols, resulting in r net otom 
&pletian. funha enhanced the impomnce of I-c aerosols to clinutt. Tbe denitMarion 
ud dehydration of the Antarctic winter stratosphere by the sedimentation of type I and type Il polu 
stratospheric cloud panicles is probably the crucial element in allowing the springtime ozone deple- 
tion to expand to lower latitudes. Somc nsearchen theorize that ozone depletion may occur in mid- 
latitudes on the surfaces of sulfuric acid aerosols afta volcanic eruptions. 

In light of the importance of stratospheric aerosols to climate, the Joint Working Group of the 
International Aerosol Climatology Project (IACP) in 1988 mandated the formation of a Subworking 
Group on Stratospheric Aerosols, and stmgly recommended holding a Workshop to discuss nle- 
vant stratospheric aerosol measurement problems. Consequently, a workshop on "Stratospheric 
Aerosol:: Measurements, Properties, Effects" was held at NASA Ames Research Center at Moffett 
Field. California. from March 27-30. 1990. 

The objectives of the workshop were (1) to bring together experts from the fields of properties, 
effects and measurements of stratospheric aerosols, (2) to assess the present state of knowledge in 
these fields, and (3) to write a workshop repon recommending improvements of in situ and remote . 
sensing observational strategies for future national and international activities that deal with m a -  
suremenu of saatospheric aerosols. 

The science issues that were addressed included (1) formation and evolution, (2) aanspon and 
fate, (3) effects on climate, (4) role in heterogeneous chemistry, including polar stratospheric clouds, 
and (5) validation of lidar and satellite remote sensing. Improvements of in situ measurement tech- 
nologies in light of currently existing environmental issues related to stratospheric aerosols wen dis- 
cussed. Accordingly, among the specific aerosol characteristics that need to be measwd with the 
best accuracy and specificity arc the natural (background) and the volcanically enhanced aerosol 
(sulfuric acid and silicate panicles), the exhaust of civil aviation, shunle and supersonic aircraft 
operations (alumina, soot. ice), and polar stratosphnic clouds (ice, condensed nitric and hydrochloric 
acids). 

The first day and part of the second day of the workshop wen devoted to oral presentations and 
discussions on the issues raised. The rest of the time was spent on drafting and discussing the work- 
shop report. For this purpose, the workshop participants wen split into several subgroups for discus- 
sions, and the compilation and rzcornmendations of specific measurement technologies. 

The thrre-and-a-halfday meeting was sponsored by the IAMAP Radiation Commission (IRC) 
and NASA's Upper Atmosphere Research Program The meeting was hosted and organized by 
NASA Amcs Rcsm~h Center. 
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This volume contains the deliberations of the wakshop. Thirty-three participants from universi- 
ties, the private tector, rcsach labantorits, gwanmcnt agencies in France, the Federal Republic of 
Germany, Italy, the People's Republic of China, the United Kingdom, and the United States of 
Amrica participated in the meeting. 

It is r pleaskc istdced to thank the sponsors, the host, ud all panidpanu fm their enthusiastic 
support coopartion. 
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I. SCIENCE ISSUES 
-* 

1.1 FORMATION, TRANSPORT, AND FATE 

h e 1  manbas: Fat Hamill (Leader), John.DeLuisi, Mut Hitchman, C. S.Kiang, Mark Krip. 

The panel reviewed the p n s a t  sate of undastuding of the formadon, transport and final form 
of the sauospheric raosols, focusing primrrily on the sulfate amsol (i.c, the Junge laya) nther 
than polar stratmphaic clouds (discussed in Section 1.3 of this report) or transient aerosol Ncna 
such as volcanic veils. 

1.1.1 FORMATION 

Although the origin of the aerosols is not completely known. it is clear that they are eitha 
formed in the stratosphm by some sort of in situ homogeneous nucleation mechanism, or by h e w  
geneous nucleation onto paniculates (i.e., condensation nuclei (CN) injected into the stratosphere 
from the troposphere or from outer space (such as meteoritic debris, ion clusters)). 

Much of the discussion centered on the recent obstrvations by the University of Wyoming group 
of the appearance of high altitude, very small particles. These appear to be formed in the polar 
regions during the coldest part of winter and advected to lower latitudes. Since they do not %em to 
contain inclusions, it is believed that they are the product of homogeneous nucleation of sulfuric acid 
and water. The larger sulfate amsol particles, however, usually do contain some sort of insoluble 
inclusioii (or at lest  some material remnant which survives evaporation). It is not certain if this is an 
indication of heterogeneous nucleation processes or just the fact that these an aged aerosol panicles 
which have undergone coagulation with available material. 

The question was raised as to the origin of the sulfcric acid vapor, wbich gives rise to the new 
particle formation in the winter polar vortex. It is presently believed that the evaporation of mid- 
latitude aerosols at high altitudes (above about 30 km tie temperature is too high to support the 
aerosol and the particles evaporate) will lead to a supply of gas phase sulfuric acid which will 
migrate to the poles. During the winter descent of air. this suifuric acid is carried to lower levels. 
Since the temperature is low enough, nucleation will occur. Since this air is nlatively particle free, 
coagulation will not reduce the number density too quickly. With the breakdown of the vortex. these 
particles arc advtcted to the mid-latitudes and s m e  to maintain the sulfate layer by supplying new 
panicles. 

1.13 TRANSPORT 

Clcvly the process envisaged above depends on transport Unfortunately, there is much uncer- 
tainty regarding the meridional transpor: of the stratospheric gases and particles. It was suggested 
that the aerosols themselves could be used as tracers to try to determine transport In the winter of 
1982-83 the northward transport rate of El Chichon amsols was observed by 6 lidars stationed 
between 1 9 O  and 55' latitude. The transport rate of the cloud maxircum was estimated to be 
approximately 0.3O &TI, and at January 1, 1983, it was located near 30" N. Withii the uncertainty 
of the measurements. the cloud maximum optical thickness appeared to remain constant with 
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htitude. On the otha hand, the s~uorphcric aemml amcwmion at 400 N began to rise a fev: 
weeks after the eruption. Nearly identical transport behavia wu obsmcd from sunpbotomettr data 
following the eruption of Agung. 

Thisldmthcar~onthuit~tbpoui&to~uprW#tMxkcoarircingofpahpt 
20lidanwaare&~u~uthcUaidStlk~.UtbC~magarabdinwwe~ 
o f u n r m n n e d m o d t ~ t h I d e n t i c r l l u a r u d & ~ ~ o l l e r k m t A b t ~ m ~ 1 1 1  
utctlltntpicMedsauorp&ricmorioarInputicutr,trogopr~lefdd~acaJdb#udiodTbe 
fluxes of watm vapor, sulfur campoundt, ud puticPlutr into tbe stratospbae would & meurmd, 
as well u the downward flu of stntosphaic raosols (as possible &.us nuclei). However* if one 
wishes to study small prrticle transport unda bnckgrwnd conditions, Mar rncasurrwnts arc sus- 
ceptible to large mors during periods of low ccmccnPrtion. In ddition, clouds d d  block most of 
the aaosol signals. 

The mean circulation of the quasibiennial d l l a w n  saongly affects the distribution of aaosols. 
The associated presence or absence of a submpical barria in potential varicity (PV) will discourage 
or allow transport of raosols out of the tropics by extratropical Rossby wavcs The time evolution of 
volcanic veils may be used to infa the morphology of the PV banicr. 

Aemsol composition is a strong function of air parcel history. Chemical General C i l a t i o n  
Models (GCMs) may soon be capable of representing the overlap of tracer tongues. but at pment 
this is limited by computational capabilities. To form aerosols containing constituents with diffa-ent 
geographical sources probably requires diffkrential air mass advection in the vdca l ,  coupled with 
small scale mixing due to gravity wavcs. GCMs are still a long way from being able to represent 
these small scale mixing p ~ s s c s  adquately. Detailed lidar observations may ailow adequate 
parametaitations to be created. 

1.13 FATE 

The last question considered was the find form of the aaosols, It is believed that the panicles 
near the bottom of the aerosol layer are removed by being mixed out into tropospheric air. In gen- 
eral, the picture which emerged frorn the discussion was a tropical source for the reacting gases, a 
famation of large panicles by growth onto the condensation nuclei (CN) produced in the winatr 
polar vortex, and a slow average transport to higher latitudes. The particles arc probably mainly 
removed frorn the snatosphae at the uopopause folds which are a major sink for strPtospheric air. It 
was pointed out that subsidence of air in the winter poles may also aammt for a significant loss of 
stratosphaic aerosol particles Wintertime polar regions appear to be an efficient, probably onc of 
the most imponant, sinks for stratosphaic aerosols. For example, little if any of tht amsol apaxd 
to be injected into the snatosphcn was observed in the tropics, following the eruption of the Redoubt 
vokano(60.5 N, 1520 W) in Dtc. 89/Jan. 90. 

1.1.4 IMPORTANT SCIENTIFIC ISSUES 

'Ihe following scientific issues (not necessarily ir, olda of prioxity) should be a d d r c s d  

a A dedicated program of stratosphaic dynamics to be used along with an obsmfaticmal program 



b. Use of high-altitude long-lived balloons (1 month or Imger) quip@ with light solar pow& 
uansmitten tracked by satellite. This can be done inexpensively by using ooonesondes on special 
plastic balloons, which can easily reach 38 h. . . .  

c. An example of a measurement comparison wwtd be launching of tall& at m n t  latitudes 
during the maximurn wintatimc transpat period. Otha comparisons could be run for spccirl 
studies such as polar regions in winter. 

d. The SAGE I1 (Saatospheric A m 1  and Gas Expahen:) satellite sensor and existing lidars can 
indicate when the aemsols arc located. A U.S. lidar network wmuld be useful bct expensive. 
Unmanned lidars will present a M c u l t  technical pmblan. 

e. The transport and modeling work will benefit stratospheric 0 3  and other m a r c h  as well as 
aerosols. 

f. Mountain waves and gravity waves can be used to evaluate pronsscs occurring in the nucleation 
and formation oTclouds in the upper troposphere and lower stratosphen. 

g. Analysis of descending air in the polar vonex to determine if it is bringing down sulfuric acid 
from higher altitudes. 

h. Measurements of gaseous sulfuric acid (H2S04) in the stratosphere and sulfur dioxide (SOL), 
carbonyl sulfide (W), dimethyl sulfide @MS) and other sulfur bearing gases in the upper tm- 
posphere. There is some question as to th: validity of some of the older measurements. 

i. Modeling and theoretical studies should try to avoid using average values and use time varying 
parameters morc appropriate to the phenomenon being studied. However, 3-D models arc prob- 
ably not too useful at this stage in their development because of the lack of small scale detail. 

j. Determination of whether or not the composition of the particles f o 4  by upwelling of gases 
through the tropical tropopause is different from that of particles formed in the polar vortex. 

k. Determination of ere CN budget. 

U CLIMATIC EFFECTS 

Panel m c m k  John Hallat (Leader), Tony Hansen, Jacqueline Lenoble, Wci Han Su. 

This working group discussed the various aspects of the stratospheric influence on climate by 
identifying specific questions and topics that, in our opinion, warrant further investigation. This 
group believes that smtosphaic aerosol investigations arc vital in future ruearch programs. 

Aaosols affect the climate by cha~ging the radiation budget. They affect the amount of radiation 
reaching the surface and the amount of radiation that escapes a, spa= The amount of heat retained 
or lost a! different altitudes, longitudes, or latitudes in nun affects the atmospheric dynamics. The 
aerosoIs* direct radiation effect is due to the scattering, absorption, and emission properties of the 



aerosol prrric1c-s. *he exact concenantiocl, sibs distribution, composition, shape (physical state), and 
nfnctivc index (hcwnogcncous or inhomogtneous mixtures) of the aerosols vwnd the globe results 
in r ndisPibution, in the rtmosphuc, of enagy fmm d a r  md termtrial radiation. Thus, atme 
spheric heating or cooling depends on the type and spatial distribution of the urosols in the a m -  
Mae; it also depends on thc transition of raosds to cloudt, The impatlnce of raosols r d n g  u 
cloud nuclei lies in controlling drop or crystal site distribution, &nuation, and optical thickness 
of such clouds. 

?be rartotphac m y  exert r wnsiderable infIuwx on aopwphdc climate through its e f k u  
on radiative tnnsftr, through the circulation of puticulate rnatdd in the upper umosphtn, md dso 
thrwgh its transpott down through troposphere folds to Ifitct clouds in the uppr  bro~osphae. 
T k e f o n ,  my considerations of climate change must include considerations of this stratospheric 
component. 

The effects of major pentubations to the stratosphert on pl~netary habitability have already been 
demonstrated by the following two examples. 1) AerosoIs injected into the stratosphere by the El 
Chichon eruption may have resulted in a measurabte tempcram forcing in the troposphere; a sus- 
tained stratospheric aerosol loading of this magnitude would definitely result in a climate change, 
and 2) the destmction of ozone, mediated by polar stratospheric clouds (PSCs), may lead to 
increased UV flux at the surface. Hence, the importance of the smtosphert in surface climate is 
already documented. 

12.1 CLIMATIC EFFECT'S OF STRATOSPHERIC AEROSOLS 

1.2.1.1 Direct Radiative Effects of Clouds and Aerosols 

Clouds and aerosols suspended in the atmosphexc inreact with radiation by scattering and 
absorption. In this npon we will conanerate on effects due to optical properties in the solar spectral 
region as well as the longwave infrurcd, when absorption usually dominates. In general, the albedo 
increases with increasing optical thickness. The albedo is affected by particle concentration, com- 
position and phase, sue distribution and morphology. In the solar spectral region, the optical proper- 
ties of most natural aerosols are dominated by scattering, but anthropogenic activitics may be releas- 
ing increasing quantities of optically-rbsurbing material to the annosphere (e.g., soot). . - 

1.2.12 Indkect Effects 

Changes in the tempcram forcing of the stratosphere may result in changes of stratospheric cir- 
culation and ncharlge with the troposphen. In addition, changes in stratospheric temperature may 
affcc! the phasechange of catain key species (e.g., the formation of PSCs), which in turn will have 
an effect on cliically-important parameters. 

From the a h ,  we believe that the presence of acrosols in the stratosphere. from both n a n d  
background and natural pemubatioru such as volcanic eruptions and anthmpogenic activities, may 
have an influence on climatically-important atmospheric parameters. 



This implies that in order to understand the radiation balance at these levels and its influence on 
tropospheric climate, we need observations of the particulates at selected locations, altitudes. and 
times. These observations will provide the input data to model calculations of the sensitivity of cli- 
mate to saatosphaic aerosols 

\ 
1.2.2 EXISTING CAPABILITIES 

i Existing capabilities consist of the following: 

a. Measurements of stratospheric amsols by in situ techniques (i.e., balloons aircraft) of conccn- 
tration, composition, size distribution, morphology. 

b. Masuremenu of stratospheric aerosol optical depths from ahaft, balloons, and spacecraft. 

For example, both aircraft and spacccnft measurements have been used to determine the tem- 
perature dependence of the formation of PSCs. Thus it was discovered that the frequency of PSC 
occurrence increases with decreasing temperatures below about 195 K. 

1 2 3  PRESENT MEASUREMENTS 

Present measurements consist of the following: 

a. Balloon Soundings: Venical profile of number count, size distribution (limited knowledge), 
backscatter, optical depth. polarization. 

b. Aircraft: Limited altitude measurement of number count, chemical composition of individual 
particles, size distribution, optical depth. 

c. Lidar: Vertical profiles of aerosol backscatter and depolarization. 

d. Satellites: Wide-area vertical profiles of aerosol optical extinction. 

1.2.4 MPORTANT SCIENTIFIC ISSUES THAT NEED TO BE ADDRESSED 

(Not necessarily in order of priority) 

a Mwunment of the radiation budget (upfdownfnet) in the stratosphere: high resolution wave- 
length dependence is desirable to investigate effects due to particle size, optical resonances. etc. 

I 

b. Effect of change in temperature on formation and properties of PSCs: microphysics, heteroge- 
neous chemistry, occumnces of metastable phases, etc. Modeling, in situ measurements, and 
laboratory studies arc required. 

c. Modeling of the effect of PSCs on radiative hansftr requiring measurements of PSC composi- 
tion, refractive index, shape, phase, spatial variability. Both in situ measurement and laboratory 
studies must confirm physical properties. 



d. Mockling of the e&ct of change in stratospheric temperature on cimlation, tropospheric 
exchnge, r ukhce  time. etc. 

c Effca nf sartorphaic wrosd composjtion, disuibutim ud u8ntpon ~n'~ropcrties of c-s 
c h d s  (albedo, IR ndirnce, etc.) in the upper mpsphac Cornput relative tnqxd-c 
influences. Nuclei from either sourct m y  initiate ice formation. No#: cimu clouds arc 
exucmcly itnpamt in the p h c t u y  ndircion klmce, puticSriy because of heir greu uul 
anmags In this corrtcxt it is impannt to &annine the origins of cimu cloud nuclei. We need 
to know the high-kvel vasus low-kvcl slwr#s, in puticulv the stntosphcric contribution and 
ttreu d e  in coclaolling oprial depth. 

f. Otorrc depletion can aficcf the climate 

(1) dinctly by redistributing global temperatures. 

(2) indirectly by increased ultraviolet (UV) radiation killing microorganisms in oceans, hence 
affecting dimethyl sulfide OMS) production. As a consequence, the cloud condensation 
nuclei (CCN) concenuation could be s d 1 a  and the clad albedo could be lower. 

g. To mitigate the catastrophic effect of a major volcanic eruption, e.g., meteoric impact, a world- 
wide organization of measurement and monitoring stations (e.g., lida. network, etc.) needs to be 
in place; also modeling and predictive capabilities of climatic impact of large stratospheric dis- 
curbanas. comparable to other emergency prtpandness organizations kg., humcanes and 
nuclear release), is required. 

h. We need to consider possible impact of space exploration activities. e.g., mket exhaust emis- 
sions and debris from re-entering vehicles. This has to be compared with other external inputs 
such as: 

(1) Micrometeors and cosmic dust 

(2) Tropospheric injection 

(3) Funrrr: increases in high-altitude aircraft opedon 

i. There is evidence that aerosols produced in the troposphere or at the surface are transported into 
. the stratosphere. Volcanic emissions arc a clear example of this; deep convective storms m y  

also be a mechanism. particularly in the mpics. 

13 ROLE IN HETEROGENEOUS CHEMISRY 

Panel Members: S. Elliott (Leader), T. Deshler, P. Hamill, C. S. K i g ,  S. K i ~ e .  J. Rosen. 
L Stefanutti. 0. B. Twn, R. P. Turco, C Wilson 

Aerosol surfaces in the aanospherc p-t chemical reactions to occur which would otherwise be 
kinetically unfavorable. In addition, they provide a mechanism for the removal of chemical species 



from the gas phase through condensation and sedimentation. Rcsction rates of heterogeneous pro- 
cesses may be dependent on the physical state and the chemical composition of particles. The alter- 
ation of aerosol composition by surface reactions can affect thc. refractive index and volume of the 
panicle. 

Saatospheric particles can initiate hcterogentous mctions leading to major shifts in gas phase 
photochemistry. Catalysis of nitrate rransformations on or in polar stratospheric clouds (PSCs) is 
now thought to be capable of inverting the standard rzlationships between chlorine resavoin and 
C10, radicals in the polar stratospheres, and a direct consequence has been massive Antarctic ozone 
depletion. Sulfate particles could produce similar redistributions at lower latitudes. Dustsonde base- 
lines indicate that the background avosol may be increasing by as much as 5-10% per year, and with 
anthropogenic total chlorine concentrations rising simultaneously, studies of catalysis by sulfate 
would seem to be in order. It has also been demonstrated recently that injections of volcanic particu- 
lates may be connected to localized loss of ozone. Revival of plans for supersonic commercial 
aircraft promise to further enhmce intenst in aerosol reactions. 

The following paragraphs give several areas in which the influence of stratospheric particles on 
chemistry is still being investigated, along with a set of suggestions for relevant experiments, includ- 
ing laboratory, in situ, and numerical approaches. The major thrust is toward the PSCs because they 
are of immediate and critical concern, but many of the overall concepts apply to sulfate as well. The 
problems presented arc subdivided into sections focussing on the physical chemistry of hetercge- 
neous reactions. aerosol pmpenies bezring an them, and fundamental microphysical issues such as 
nucleation. Some broader scale objectives for future polar field campaigns are also discussed. 

13.2 PHYSICAL CHEMISTRY OF HETEROGENEOUS TRANSFORMATIONS 

The composition of polar stratospheric clouds is perhaps the most basic facet of their physical I 
chemistry and can determine nitrate reactivity, but it remains poorly understood on several key ! 

levels. For example, the nitric acid trihydrate (NAT) which probably comprises the bulk of Type I 
PSC material can contain a wide range of water impurity concentrations. The water mole fraction in i .  
turn specifies hydrochloric acid (Ha) holding capacities and efficiencies for the reaction between 
nitrate and HCI. Actual water concenmtions in the NAT particle, however, remain unknown. This 

I . -  
1 -  

workshop has yielded debate on the merits of in situ mass spectroscopy of the Type I PSC contents. i i 
An instrument capable of performing this spectroscopy is under development, and it may be >ossible I - i  to obtain rough measurtments of solid phase H20RINQ ratios. One participant suggested that PSC : 
crystals might be captured and analyzed wet chemically for the same information, but it was then 

I .  
argued thy.? they wen too unstable tow& evaporation for this to be an effective strategy. In situ 
infrarri spectroscopy of the Type I clouds could provide clues to their composition, but would have 
to be preceded by laboratory documentation of NAT absorption bands. Whether or not NAT can 
contain a wide range of water impurity concentration is somewhat controversial: NAT-ice mixtures 
undoubtedly exist, but there is no consensus as to whether these art mixtures with water dissolved in 
NAT (or vice versa) or if NAT and ice arc in separate inclusions. Some laboratory data support the 
former but a Gibbs-Duhcm analysis of NAT vapor pressures suppcm the latter. 



SdU vapor prrssurrt m closely linked with canporicioo, but our uaekmtuding d than is 
alpin hmnpkte. The cffectt of impurities, w ~ i n p  md ~ a n c o u s  condcnution of water urd 
NAT have not been invutipted. Whik putW prutur# of H@ ~d HN@ ut rvrilrble for NAT 
r b c r q r h y h v s n o c ~ ~ I n d e o f l ~ t h ~ ~ a a c o o ~ e a t n t i o r r o f t b e l u d c e . ~ ~ ~  
tbamodynrmiE I i t rdmnen l8 tcdkaPSCvqa~An~oqP i l ib r iumcwtan t  
defims tb wadmcy f a r  m o k c u l e o t ~  nwwtpmhluly r b m m p m u d y  rcdvenltnoG a 
rcM,to~tbecbudputlcb~'Ibq@~~intlaabemvatedbatrrrfwx 
b~&~,whicbrnMinlocrlcuktlond~for~Jaatntiy~&geuly 
i n ~ r u r b c e r r r c d o n p r o c e t r , ~ d e r o r p d o n m d t w o ~ d i f h t t b s I t d b e p r d .  
i t r b l e t 0 ~ ~ ~ o C ~ ~ f a t h : P S C ~ ~ t l o n  
NATdiee.~vrl~~rtndybeenreparedfaHa~indiEIoedrefamrtia!of 
two hydrogen boatis with the crystal. Nitric rcid daxpdon might rlro be accessible, but masure- 
mna for the nimtes wouId be compliatal by ampetition tiom uxfrrx nrctiona 

Atthough a growing body of circumsrantial evidence involving Lagrangian photochemical mod- 
CIS poinu to Type I panicles as the chief chlorine activators, marl worllrop participants felt that 
the PSUCl& cmncction merits furtha study. In the Loborruory, continued effort is needed in mea- 
uving collisionrrl efficiencies f a  nitrate reactions on simulated PSC materials. Early experiments 
wen plagued by improper characterization of solids. Studies of a O N @  + H a  on water i a ,  for 
example, were conducted at pressures orden of magnitude above the stability threshold for 
hydrochloric aid hydrates. NAT efficiencies may be mm realistic at the moment, but the &pen- 
dmx of reactivity on HCI solubilities is rv t well uublishcd, md u mentioned above, rtrotosphaic 
Ha mole frictions cannot be predicted with wnf- as yet Amsol chlorine activation could 
periraps bt verified dkctly by monitwing air up- and downstream from a single cloud. The technical 
and political difficulties i n h m n t  in this proposition were considered at length, and there was debate 
on the widom ~f flying in a near mountain wave sauctures. 

The possibility exists that certain subtleties of heterogeneous chernisay an being ovtrlookcd 
bwr.llu. attention has c c n t d  on the net chlorine activating ructions of aON@ and N205. QO 
dimtrintion, for cxamplc, may k: rugmtntcd on thc PSC surfaces, and as the rate coatmlling step in 
an odd oxygen rcmovd cycle. this rrambination is clcarly distinct from the nitrate t r a n d d o n s .  
HOx spa5es ud their nravoin an dccoupled to romt extent h m  tbc chlaine lad nitrogen bal- 
ances which limit oame lifetimes, and m bctemgentau intaauioas of drc hydrogen famirits remain 
unwrptorod. It would be valuable to d y  the thamodynamic and kinetic fcatms required for sig- 
niLicrnt h e t ~ o g ~ s  catalysis of a gas phase rcactioa. Tht candidate processes highlighted by such 
a study could then bc tested in a photochemical simulrtioa. Another logical priority is detailed 
kidging of polar photochemical ud miaophysical ulcuI~i01u dhrough a coaccparal mod4 of PSC 
a a f ~ ~ .  - -. 

133 PARTICLE PROPERTTES BEARING ON HETEROGENEOUS CHEMISl'RY 

Shape k an obvious physical propaty which contributes to the nactivity of nitratet a acids on 
saotazphaic aaosolr. An irregular surface exhibiting hopper systems or g d n k s s  will add to tbe 
a v r i l l b l c h e t c r o g e m o u s a r r r ~ f o n a a t i o a ~ T h a c u ~ ~ a t ~ t o m e o f t h e p d u w u a  
ice panicles rre hexagonal and columnar, but dcpsmuts  from this familiar configuration art proba- 
ble, and Type I clouds have not h#l intensely scrutinized. Replicator work provides qualioltive 



infamation on p d d e  shapes. Potuizuion &u nccrrtly permitted the didmination of two ncw 
particle categories within thc ?Lpc I dtsilplatioci, perhaps a m u p o d h g  to divaging morphologies. 
Shape is of course a function of the physial ~tue of tbe rerods as well, and although pokr rir tan- 
pmturulk well below fruzing~fal iquidwuaarrqutaunirrkrdd,tbaewrtsam 
discusdon on fr#dng point d c p d o a  by oaldclldfied impnitiu. Stvart cwabbop puddpurtr 
cautioned tha! it might be r d v i s d h  to vaify that the PSQ m y  udrt u mlidt, ud #venf 

i expaimtntll~uoseh~mthit~vlpa~lcl~etttbecondcntuionpodnt 
could be cooled unda controlled axxiitiocu and tbe panicle kumtioa pmcas c h m d ,  dtba in 
tbeIrbaptrhrptmninsitu.Pudckndiirrerrektcdmummd~OCbhWkCtlltCI 
~ ~ o n i b c ~ ~ o f s i . & & b d n u T L c . r u ~ ~ t - g i b c k ~ p  

! neous chemistry pant1 members thu further monitoring of tbe sites of stratospheric rnwols was 
essential, whetha at mid-latitudes a the poles, 

Particle optical efftcu art critical in calibration md operation of instruments used to study 
stramspheric aerosols, and consequently there was considerable interest in thdr clarification. The 
dependence of the solid refractive index on composition has not been delineated for PSC mataials, 
and several participants felt that theontical calculations would be desirab!e for the optics of non- 
spherical particles. Infrared specaoscopy of the Typc I clouds could also be classified under this 
heading. 

13.4 RELEVANT MICROPHYSICS 

Major uncertainties permeate calculations of stratospheric aerosol production. especially with 
regard to energy barriers against nucleation. It is currently thought $at background sulfate amsols 
entering the polar seratosphac act as nuclei for Type 1 PSCs, and Type I in turn for Type II. Labora- 
tory mcasurrmcnts of the saturation ratio naxssary to achieve particle formation could improve the 
modelling situation for each step in this sequence. The initial background sulfate nuclei arc present 
in the mid latitude stratosphere as liquid, and it has been presumed that the strong supmooling to 
which they are subjected in the polar vortices results in freezing. This is only conjecture, however, 
and laboratory verification could be enlightening. 

135 OTHER TOPICS 
. - 

The heterogeneous chemistry group outlined and had discussions on subjects such as denitrifica- 
tion and dehydration, chlorine activation. and the impact of different sorts of temperacure variation 
on the microphysics These artas were not considad in detail due to a lack of time. 

13.6. CONCLUSIONS AND SCENTWIC'ISSUES 
a 

a. Mcchanjsms of the hcmogcntous reactions an only beginning to draw attention, but arc at the 
heart of several critical stramspheric problems. ChIorine activation is known to take place on 
particle surfaas at the poles, and potentially in other localities. Aspects of aerosol physical 
chemistry underlie the hetaogcntous mechanisms. Compositions, vapor pnssurcs, and in the 
PSC instance. adsorption equilibria. all pertain to aerosol reactivities and surface elementary 

steps. 



b ~ P 1 p h y r i u l ~ M d g ~ d t i E e d b o i ~ W e n r e r C a o o t h e  
c k t a d d o n  of h- rcx!im rues. Opricrl intaactima ae central to tbe musure- 
mcnt ot tbcre popader. 







IT. MEASUREMENTS 

Panel Members: Robert Stevens (Leader), Terry Deahler, Ouy Peny, Bcrnd Oeorgi, 
Jindra Ooodmm, Ounthud Metzig, Joe Pinto, Richud Santer, 
Ken Snctsinga, Quck W W  . . 

To interpret the effect of aaosols md gases on thc rmroaphat, information on the vertical and 
horizontal distributions of aaotol particles, their size disaibutions and concentration of precursor 
gasaisq* 

The panel discussed trends in aerosol and gastous components. It is important to know whether 
these an increasing or dtcrrasing. The particulates which should be monitored for trends arc sulfate 
particles, nitrate particles as well as graphitic carbon and organic non-graphitic carbon. Alumina 
particles should also be monitored. The minimal quantities of interest arc total mass and numkr con- 
centration. Gaseous species which should be monitored arc s@, HNOj, HCI, HBr, COS, HF, 
CH3S04 H, and QNOj. 

Sources of stratospheric aerosol particles that n d  to be considered arc emissions by airnah, in 
particular supersonic aircraft operating in the stratosphere and the advection into the stratosphere of 
surface-generated man-made (urban and industrial operations) and natural (volcanic emissions, 
sea-salt, non sea-salt sulfate, desert dust) aerosols The accumulation of debris from space o p t i o n s  
is a distinct probability that deserves particular attention. 

Optical properties of aerosols have to be assessed in relation to chemical composition, and physi- 
cal state (phase, shape). Attention has to be given to a change of the physical and chemical proper- 
ties as a function of particle site. This is important because the chemical composition determines the 
BQOSOIS* refractive index. 

The chemical properties of aerosols determine the freezing point and the reactivity properties of 
their surface. 

The residence time of the aerosol has to be assessed in relation to chemical composition, particle 
size, mctcorological processes in various seasons, and phorttic fonxs. 

213 MEASUREMENT TECHNIQUES 

Measurements of aerosols and gases at frequent intervals and over vast anas of the atmosphere 
generally involve remote sensing techniques. These techniques depend on the optical properties of 
the species investigated Optical properties can vary pearly with aerosol size and refractive index. 
Reanate sensing instruments look at light scattering. extinction. depolarization, and rcf ldon.  



In situ sampling methods for aerosols ud gases ue dso subject to difficulties in the inttrpnta- 
tim of collected dam. Instruments thu wmple crcrosols ud gases by bringing than into the umpliag 
platfatn require that umpling is isokbctic rad that surfaces arc inert to p n m t  losses due to nac- 
tiw with dre inlet arrfrcc. Optid puticle wuntas quire knowledge of the refractive in&x and 
dupe of tbt prmlcle sunpled. Most optical pudcle counters have r lower size U q i t  of about 
0.3 &roo d h c t u  with r few down to 0.1 cnicfoa diameter. The results arc tioc diibutioas and 
mtaI cocrcentntio~u Bccrwc the Mie suttdag curve is not rmooth, the are pncticrl limits m tbc 
Ane#sr of the size distribudms. Chenricrl dru is  aot m d  by opW particle countas CN 
countem an go to lower size, but provide only total number coclccntntio(u. Aerosols ~ m p k d  by 
impaction on r surface or r fUta pumit an intcrdon between the surface and the particle; thus 
chemical a physical changes may arur prim to exMination of the tampling surface. Volatile am- 
pomna of drc aenm1 are most wi ly  lost as the tempemhue of thc sunple is often radically changed 
prior to uulysk Impaction instntmcnu can provide chemical data but usually provide only limited 
time resolution and relatively few sarnples during a flight. 

213 AIRBORNE MEASUREMENTS: RECENT ACCOMPLISHMENTS 

A number of recent NASA airnaft programs have made use of in situ amsol measurement ach- 
niques to advance our understanding of stratospheric aerosols and impottant phenomena involving 
these awsols. S e v d  balloon experiments have been performed in Europe and in the United Scares; 
a brief summaxy of current balloon-borne measurement programs is listed in able 1. 

213.1 Aerosol Climntic Effects (ACE) 

Ln-situ measurements were made from the NASA Ames U-2 aircraft in the study of volcanic 
aerosols. The Ames Witt Impactor (AWI) and PMS laser particle spectrometers provided measure- 
ments of sire distributions of the volcanically enhanced aerosols following El Chichon (1982). The 
condensation nucleus counter (CNC) data documented new particle formation in the stratosphere 
following thc eruption of El Chichon and the Multiple Filter Sampler (MFS) documcntcd sulfate 
loading. 

2.l.32 Stratosphere-Tropoaphm Exchange (STEP) 

flvtc airuaft w t n  used in documenting tropopause folding in 1984 and in the tropics in 1987. 
The U-2 aixuaft canied a CNC, the AWI, and the MFS. Thc MFS samples were analyzed for Be-7. a 
suatosphaic uaccr. Condensation nuclei (CN) provided a naca for tropospheric air in the diagnosis 
of wave motion occuning above rropopausc folds. 

2133 Satdlltc Validation Experiments 

These experhats wen Qown to provide comparisons bctwan remotely sensed satellite (SAM 
and SAGE) and in situ aerosol measmmrtnts. AWI ud laser aerosol sptcm>mcter siu: distributions 
from U-2 and ER-2 M t  were compared with satellite occultation extinction rnwwcmtnu. 
Dus?scmdcs wen used in smral locations; balloon-borne polvimcaic and limb observations were 
pezfmmd in Europt in order to validate the SAGE II measurements. 
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TABLE 1. CURRENT BALLOON-BORNE MEASUREMENT PROGRAMS OF 
STRATOSPHERIC QUANTRIES 

Mod 

1972-1987 

1988-pr#cnt 

1983-present 

1978-1985 

1984-present 

Muslaaaclrtl 

Optical particle counter 
r 2 0.01,0.15,0.2!5 prn 

Optid particle cwnta 
r 2 0.01,O. 15,025 prn 

Photopolarimctxy. Sire 
distribution, refractive 
indut, shape 

Limb phomgraphs from 
constant alt. balloon, at 3 
colors, extinction profile 
asymmetry factor 

Ion mass spectrometer 
and cryo sampler 

-P 

Udv. of 
W-g 

Univ. of 
WY-~ 

Univ. of Lille 
(Aire sur 
Adour) 

Institute Spa- 
cial Belgique 

Max Planck 
Institute 
(Heidelberg) 

Sdurtim 

Hoffmann, 
Rosen 

Hoffmann, 
Deshla 

H&, 
Santer 

Ackcnnan 

Arnold 

Optical panicle counter 
r20.01,0.15,0.25pm 

Optical particle counter, 
Ozone 
Large particle counter 
r>.01 t o S p  

Back scatter sonde 
Owne 

Particle counter 
r > 0.01-5 pm 
Ozone 
Mass spectrometer 

Photopolarimetry 

Dec-Jan 
1974-1983 

Scpt 1986- 
1990 

Jan 1989, 
1990 

!an 1989. 
1990,88,83 

1988.1990 

Univ. of 
Wyoming 

CHEOPS 

Fquency 

1% 

1Wyr 

2& 

l / ~ r  

Hoffmann. 
Rosen 

Hoffmann, 
Rosen, 
Dcshler 

Roscn 

Hoffmann, 
Arnold 

Univ. of ' 

Ldle 

Iaiade 

41°N 

41°N 

46ON 

46"N 

&ON 

24& 

6 / ~ r  

1 O/yr 

4/yr 

WF 

78OS, 900s 

78"s 

82ON 

6a0N 



2.13A Airborne Antvdic Ozonc Expaimart (MOE) 

Meaturtmtirts wen m d e  in the ozone hole fran the ER-2 aircraft. Meuurcrnents of m I s  
with the AWL the lua raosol1pccwa3tta, md the Reactive Odd Nitrogen Expcrima~t coclfirmtd 
thc prrrtllsx of nimtc on thc raomls in polu rtntorphaic clouds (PSCI). Tbc Ant repkaha of 
ice~inbrartorphaewurchievadwiththeFamwIaCryttrlRcp~(ICR)Inrpdrr 
rmtorphaic cloud. Sulfate particle formrtion in the polu vortex was okavtd with tbt CNC 
hmtc meammenu of PSCs w a e  mdt from the DC-8 airaaft with Ifdrr. There mcamcmcnts 
t n h w x d u n d a # u d i n g o f P S C ~ ~ k r h r p e , u d f ~ 0 ( \ .  

2.135 Airborne Arctic Sttrtosphcrtc Experiment (AASE) 

Aerosol instruments similar to those flown in M O E  wen operated in AASE. These measure- 
ments added to our wkrstanding of the physics urd chemical composition of PSCs. 

213.6 Chcmbtry of the O m e  M a r  Stratosphere (CHEOPS) 

Polar stratospheric clouds were studied by balloon-borne polarimeay during two European 
experiments in winter 1988 md 1990. 

2.1.4 IN SITU MEASUREMENTS: RECOM~ENDATIONS AND FUTURE RESEARCH 
CONSIDERATIONS 

Characterization and measurement of chemical and physical propcnies of stratospheric gases and 
aeromls requires intetisive cooperation of the chemistry, physics, meteorology, and electronic and 
data processing fields which arc discussed below. In addition, aerospace technology must be 
employed. Our rccomrncndations arc as follows: 

t1.4.1 Chemistry 

Thc chemical composition, phase equilibria. surface properties and photochemical behavior of 
stratosphaic aerosols art not clearly understood or adequately measured by current technologies. 
The following an anas where tcchnology needs to be developed: 

(1) On-line elemental analysis (e.g., sulfur. nitrogen, halogens, and carbon). 

(2) Procedures to measure phase equilibrium states of species contributing to stratospheric 
chcxnical phenomena (eg., nitric acid trihydratc from HNOJ, HCl from aerosol chldes) .  

(3) Methods to detumine the chemical and physical propertics L* aerosol and gaseous species 
in real time or in bulk samples. 

(4) Determination of the source of carbonaceous grains has been a major problem. Grains 
which amtoin minerals, depending on which phases are present, can be identified as 
exmkmsrbl  or tares-. anthropogcnic or nanrraI. Howtvtr. c a h m a o u s  grains origi- 
nate from a Miiety of SOUICCS and no criteria have been developed for the unequivocal 



identification of their various origins. It is known that carbonaceous materials from 
extratemstrial sources commonly have isotopic a n d i e s  in the hydrogen they contain. 
For example, an txtraterrrsaid carbon sample can have a per mil deuatrium/hydrogcn 
(D l ' )  enrichmt (dative to #mstrirl smndards) of hundreds ar even thousands. Fleming 
et al. and Blake et d. report the application of r new ion imaging technique to . 
carbonaceous gnins from the Johnson Spux CMta (JSC) cmtorirl collection. In this 
technique, a scanning ion btun is wed to produce two dimensional b g c s  of DM ntios 
which have r r#olution utcccding 20 p (paxdclts smUa than this can be detected but 
their shape cannot be rucatlinad). It has been pmpoed to use this technique to measure 
the p a  mil enrichment of D in a statistically significant n u m k  of arbonxeoru particles 
frwn the stratosphere. These dam will provide a fint estimate as to the ratio of w r t r a t a ~ ~ ~ -  
trial to terrestrial carbonaceous particles in the stratosphere. If the flux of extratemstrial 
pains into the rtmosphen rcrnains constant ova  time, this ratio will provide r measure of 
the increase or demase of termtrial arbomaous materials ova  time. 

21.42 Physics 

Instrumentation that measures the physical propaties of aerosols that impact the chemical nac- 
tions, atmospheric radiation and conductivity in the stratosphere needs to be improved. For example, 
instrumentation is needed to address the following issues: 

(1) Determination of the aerodynamic, electrical, and optical properties of stratospheric 
atrosols; 

(2) Real time measurement of temperature and humidity profiles; 

(3) Design and development of an artifact-fire aerosol and gas collection apparatus; 

(4) Construction of mebsurement systems (sensors) that obtain nliable, interpretable data inde- 
pendent of temperature and barometric pressure. 

Fortcasting and assessment of meteorological conditions which influence stratospheric condi- 
tions, ozone depletion conditions andlor climatic changes need to be improved for the following 
topics: 

(1) Reliable f&ting of meteorological conditions in the troposphere and stratosphere. 

(2) Evolution of polar transport models for the description of horizontal and vertical profiles. 

21.4.4 Eledronics and Data Processing 

Dnre1opment and coupling of sensor and data processing equipment that will distinguish signal 
fmw noise pulses in real time which may vary from instrument to instrument is needed. These 
dcvelopmnu must include data processing for the following types of equipment: 



(I) Tanpennrre, yesure, md humidity. 

(2) Flifit data (e.g., coadinatcs and flight speed). 

I. Develop artifact-free inlet system($) which can be coupled to various pladonas to improve the 
quality and accuracy of amsol measurements. 

2.1.43 IartnrwnbradTcduJqrn 

Inrmma~ts wi tcchniqw nut be irnpmvcd to arpsnd oa tbc numbs of chemical qaics rhrt 

b. Design annular denuders for stratospheric applications, develop new denuder coatings to expand 
on the number of chemical species that may be measured, and devdop annular denuder systems 
to examine the phase equilibria of key stratospheric chemicals. (Feasibility studies of denuder 
operations at the appropriate Mach. Reynolds and Sherwood numbers arc necessary to prove 
their applicability to the stratosphere.) 

. . 

c. Develop andfor improve panicle sizing insmmcnt(s) to measure in real time and over integrated 
periods the chemical and physical properties of aerosols over a size range between 0.01 and 
10 pm in aerodynamic diameter. 

cmbemonitaedmundasrrndthechtmicrlurdphysical~haic~New~~et 
to minimize mifact formation ud to pmMe reliable mtasurrmtnts to support the stratospheric 
research arc needed. In particular, the panel n c o m  

i 

d Expand the use of particle-size-fractioning impactors which can be coupled to denuders to obtain 
size-fractionated samples for subsequent analysis (e.g., elemental composition, ionic species 
composition. morphology and soot content). 

e. Dcvclop methods to measure the nucleation rate via CNCs and advanced DMA technology. 
. 

f. Improve the design of canister samples to obtain COS, SO.2, CO, and CHs hydrocarbon and 
halocarbon analysis. 

2.1.46 Aerospace Technology 

Platforms to obtain stratospheric data need to be improved to accommodate new technology cur- / 
rcntly unda development. In addition. these new platforms must permit monitoring additional 
chemical and physical proptrties of the troposphere and stratosphere. These dcvelopmtnu must 
include: 

a Ahaft &signed as a flying Iaboratory to support both the monitoriag equipment and the flight 
tcst of new systans. These platforms should be d~6gaed to wxxwmodate investigators assigned 
to the operation, maintenan- and testing of stratospheric monitoring and sensor hardware. Thex 



aircraft should stay aloft for 612  horn at altitudes up to 12 lun and with no geographic restric- 
tions (e.g., polar flights). 

b. High altitude platforms which can be used for measurements above 12 km up to 40 Irm and tap- 
peraturcs to -1WC n d  to be developed for characterization of chemical and physical proper- 
ties of stntosphaic gases and aaosols (ref. NASA 8-10041, 1990). Thesc platforms may be 
lmllms and vaxious aimaft equipped with: 

(1) On line mettomlogical data acquisition equipment and associated elunetry hardware. 

(2) On line chemical and physical data acquisition and tclemcay. 

(3) Space and design for artifact free sampling, collection andfor analysis of gases and 
aaosols. 

(4) Payload should be in the 500-1500 kg range. 

(5) Flight times must be between 6-60 hours. 

2.1.4.7 ER-2 Measurements to be Made 

Within the Antarctic ozone hole (the South Polar Vortex). there am several halogen species of 
critical importance. 

a. Q: Only column integrated remotely sensed measurements of HCI exist, taken by Farmer at 
McMurdo. Thae are no in situ measurements in the region of interest HCI should be measured 
bo!h within and outside the vortex. This will allow the partitioning of c5lorine species to be 
converted to CIO (obtained by Anderson -1.3 ppb), HQ and HQQ, It's not clear which is larger, 
HCI or C10 (probably ClO), so it is important to improve understanding of the Q chemistry. 
Information on particulate chloride is also needed in order to assess the role aerosols play in the 
ozone-halide chemistry. 

b. E: HF is a good tracer for air motions within the polar vortex. If air is sinking in the vortex in 
relation to outside, HF could show it because its concentration increases sharply with altitude (it 
is for& from the photolysis of the Freons). If air is sinking throughout the polar winter, it 
implies that at the beginning of Spring when ozone destruction occurs, the concentrations of 
reactive species are characteristics of higher altitudes. All that is available now arc ground based 
spectroscopic measurements. It is important to show if F is taken up by the clouds to identify its 
origin unambiguously. 

c. H: HNWNAT. The partitioning between gas and particle forms of these compounds has to be 
described quantitatively. 

Although long integration times on the order of an hour arc needed for the measurements due to 
the non-availability of a fast response instrument, useful budget studies could be done by integrated 
mtasurcments ova  the flight path. 



2.1AS Futum Meawnmcnb rad ImpruvcnrnLI using B o l h  Technology 

Balloon borne measurements provide a valuabk complement to other airborne measurements of 
sartorphak! aerosol. Compcucd to a h a f t  thcy ue leu expensive, cut not severely limited by mete- 
ml@d conditkms (for d l  tdlocms), cm r c s h  altitudu not cunrntly possible with aircraft, 
md there ue no sampling difficulder associutd with exacting sampler frcm a high speed 
atntnrm To prwido tanpanf vutrtkm of dynamic quantities. musurrnwnts an be repcad every 
few drys if necessary. Each blloocl mdht provider a verdcrl profile ova  a single location with 
vadcll rcmludon on the adcr of ku than 100 a Long dundocl -ling u r constant altitude is 
p i b k  with ballrat mtrolkd balloonr, and dKtc cm be used for repetitive sampling in a single air 
mass. Hot air balloon facilities exist which pmvidc the possibility of constant altitude sampling for 
periods on the order of 50 days. A brief summuy of current balloon borne measurement programs is 
listed in table 1. 

2.1.4.9 Future Meamremcnts and Improvements in Instrumentation 

The major need appears to be for mcasurerncnts in the polar regions because of the role of polar 
stratospheric clouds in the heterogeneous chemistry involved in ozone depletion. Required 
improvcmcnts in characterization of the stratospheric aerosol include determination of the refractive 
index d o r  chemical composition, the shapc of particles larger than 1 micrometer, and the conccn- 
tration of particles larger than 10 micrometers. Measurement of the refractive index or chemical 
composition is important for calibration of particle counters as well as to provide infonnation for 
predicting the layers and temperatures at which to expect polar stratospheric clouds. Particle shapc 
information can be used to infer particle nucleation and growth history, and is also important to cal- 
culate the surface area distribution available for chemical reactions. For each of these measurements, 
several techniques can be used and arc under development. Large particles can be measured by 
extending the range of particle counten and by nephelomctry. Particle shape can be determined by 
partick capme and replication techniques, and by observing depamves from Mie theory in the anal- 
ysis of polaxhation and radiance measurements. Measurements of refractive index arc possible using 
polaritation or backscanering measurements. Efforts arc also being made toward measuring the ver- 
tical profile of chemical species using an ion mass spectrometer. Coupling these measurements with 
retosol size distribution measurements would again provide a useful characterization of polar strato- 
spheric clouds. 

In the mid-latitudes monitoring the stratospheric background aerosol needs to be continued as 
docs the tracking of volcanic events. In the event of a major volcanic exuption, frequent sampling 
should be conducted with a view to detemining the extent of ozone depletion by heterogeneous 
chcrnirtry on volcanic aerosol. The possibility of flying a manifold of denuders in a payload to pro- 
vide a C~MC vertical profile of the chemical species needs to be investigated. Data fur comparison 
with remote sensing techniques nccds to be provided, and different data sets Fnrm balloon measum 
menu should be intcrcomparcd. An experiment was described which will investigate the composi- 
tion of aerosol particles. A pulsed laser will evaporate and ionize single panicles, followed by a 
timesf-flight mass qmtmrneter. The particles will be coersely sized by light scattering before the 
pulsed l u a  is firtd. The instrument is bting developed for in situ measurements on a high altitude 
aimaft. 



We have to emphasize that a complete description of the saatospheric aerosol is impossible using 
any one measurement ttchnique, and that consequently joint experiments are mandatory. 

22 REMOTE SENSING 

Panel Members: H. JIger (Leader), J. Livingston, P. W u g  (for P. McCormick), R. Santer, 
L Stefanutti, Jun Zhou. 

The stratospheric m l  remote sensing working group defined objectives, data products, and 
present and futurc roles of remote sensors in coo@nated stratospheric amsol measurement 
Programs. 

The basic tenns "stratospheric aerosols" and "te sensing" wen discussed at Iength, which 
nsultcd in the following clarifications. Although the term "stratospheric aerosols" is typically used 
to refer to liquid or solid particles or some combination of the two phases, it is widely recognized 
that both the formation and the lifespan of these particles are closely tied to their microphysical 
interactions with the various gaseous species that make up the condensate. Hence, the group con- 
cluded that it is imperative that future sn.?tosphdc aerosol studies include measmtnenu of both the 
particles and the gases in order to maximize the amount of useful information obtained. The term 
"mmte sensing," as applied to stratospheric amsols, refers to measurements of the optical proper- 
ties of the interacting particles and gases by active (liar) and passive (radiometric) techniques using 
ground-based, airborne, or spaceborne senson. The primary advantage in using remote sensors to 
measure stratospheric aerosol properties is the extended capability to characterize the spatial and 
temporal distribution of the aerosols. 

In general, measurements obtained by active and passive sensors arc complementary. Existing 
ground-based and air- lidar systems yield measurements with high temporal and range (altitude) 
resolution. R s e n t  satellite-borne sensors use passive techniques and, hence, cannot provide data 
that arc as finely resolved in time or space as the lidar measurements, but they provide an unparal- 
leled capability to monitor stratospheric aerosols on a global scale for long time periods. Future 
satellite-based active (lidar) and cext-generation passive sensors win extend this capability. 

22.2 OBJECTIVES 

Several key objectives were identified for future stratospheric aerosol studies that employ remote 
sensors. These arc: 

a. To identify possible mnds due to natural and anthropogenic sources. 

b. To monitor long-term spatial and temporal distributions of background stratospheric aerosols, 
and to document perturbations in particle size, number, and distribution due to volcanic 
eruptions. 



c. To &.maah rcrod and w c  nutrpat and dispash within tbc suacosphen, yd to 
crtcnd our knowladgc of stratosphaic-aoporphaic exchmge mechanisms. (This implies an 
i r q x w c d - n g a f ~ ~ p r o o e = )  

c. To dttcnninc he climatic implicrtiom of dungcs in the d a t i v e  propatics of stratospheric 
atrocdr 

2L3 DATA PROWCl3 

The &g group idtntifd several desimble general and specific data products. Some: of thest 
an already being mt;rrurrd, although not necessarily in the stratosphere or at &sired stratospheric 
altindcs, by one or mon of the -130 lidar systems that are operational worldwide (see Second Inter- 
national Lidv Rtsearchen Dinctory, NASA, August, 1989 and Fifteenth International Lasa Radar 
Confaemx, Abstract of Papas Part I and II, Instiate of Atmospheric Optics. Tom&, USSR, 1990). 
or by various satcllitc-borne passive sensors. 

From a globai climate it is essential that remote sensors bc able to masun such 
panmetar as panicle mentration, silt dismbution. phase (liquid or solid) and shape, nsettorokg- 
ical vuiables such as density, umpcrature and wind, and concentrations and distributions of gases 
such as water vapor. ozone. nitrogen compounds. sulfur compounds, and chlorine compounds. In all 
likelihood. it will continue to be necessary to rely on in siru measurements for information 3 n  
panicle amposition and mass. Climatically relevant optid data should include volume extinction 
and scattering cotfficients, and effective particle size, volume, and surface area. Additionally, m a -  
suremenu of the angular scattering characteristics (is., the scattering phase function; of the particles 
arc necessary f a  the cornction of passive remote sensing measurements for radiative effects due to 
intervening atmospheric aerosols. Data arc necessary also to quantify aerosol multiple scattering 
effects on transmitted solar ndiation and on limb path radiometric measurements of both the trans- 
mitted solar &on and the radiation emitted by aanosphuic gases. 

2.2.4 CAPABILITIES 

Ground-based active (lidar) systems provide measurements of high temporal and alntudt resolu- 
tion. Ground-based passive systems still need to be funher developed with respect to altitude 
rrtolution. 

Satellite-borne instruments which use both active and passive techniques arc suitable for provid- 
ing h g - u r m  stratospheric aerosol measurements with near-global coverage. Solar occultation and 
limb scattaing ttchniq~cs are examples of passive insuumcnts, whereas the lidar technique is an 
exaznpk of an acdve technique. 



Aerosol lidars should provi<)e height- ud time-rcsolved measuxemtna of rawsphaic brcbclu- 
ming ntio (the ntio of the t d  rtrwol plur mdacufu brhcltttt to the molkulu bcksattcr 
compocrent), depoluization ntio (the ntio of dre buhmtkd return d in r p h  pcrpea- 
diculv m the emitted Iua bum to that masurcd in a plane plnllel to thc emitted diadoa), and 
sane nviam of multiple saetaing. Such data m e  valuable both u d d t a i n g  &vku  md 
u r r m o s p & r i c d i r g n o r t i c t o ~ I t . W h a e ~ ~ e r h r p e u d M i e d r o a y c ~ ~ i m o l r e d , t b t  
wrwol tucksattcr data can k combined with urcilluy nvJammrnts d the lsosd size distribu- 
tion and mposition to yieM i n f d  wavelengthdependeat optical propaties such as amsol 
exrimion, effcctivc particle size, and layer mass, surface aru. and volume. Diffenntirl absorption 
lidars (DIAL) can meas& the concentntiocl and disnibution of gases such u otonc, n i a u g a  diox- 
ide,sulf\~dioxidcurdwrttry.por.RuMntidusucpnsentlybcmg~tomwurcaoposph& 
water vapor profiles, and have thc potential to rnusrtn acFosd extinctioa profdts. Mwcatmtnu of 
matospheric and mesophaic molecular density and temperature an presently being made with sin- 
gle wavelength lidars (Rayleigh lidan) and multiwavelength lidan that also use Rayldgh b a c b -  
tcring. Wind can be measured by Doppler Mie and Doppler Rayleigh lidan. Coincident measure- 
a n t s  of molecrilv and aerosol backscatter are provided by high specud rcsoiution lidar systems. 

2.2.42 Li&r In-Space Technology Experiment (LITE) - Active Remote Sensing 1 
Funrrc sattllite h e  lidar programs on U.S. (NASA) and European (ESA) platforms like M A  

(Lidar Atmospheric Sounder and Altimeter) or ATLID (Atmospheric Lidar) will be preceded by 
lidar experiments on manned spacecraft missions. Such experiments aie ALEXIS (Atmospheric 

I 
Lidar Expaiment in Space) aboard the Spacelab or LITE. The airborne projects LEAN'DRE (Fmncc) 
and the LASE (Lidar Atmospheric Sensing Experiment) by NASA also aim at the f u m  use of lidar 
on space platform 

The Lidar In-Space Technology Experiment (LITE) is currently being developed by NASA for 
flight aboard the Shuttle in 1993. The measurement objectives of LI772 an to measure profiles of 
atmospheric aerosols and molecular densities, and to determine the height of cloud tops and the 
planetary boundary layer. The instrument consists of a 1-joule laser transmitter, together with a 
1-mta diameter rdltcting teltscope. The laser transmitter has a flashlamp pumped Neodymium- 
YAG laser opaating at 10 Ht, with a beam divergence of 1.0 milliradian at wavelengths 1.064 ~ r m ,  
0532 pm, and 0.355 p This one-week mission will be a proof of c ~ l c t p t  flight to show the capa 
bilities of a spaceborne lidar. It is anticipated that a saies of these Shuttle flights will follow with a 
long-term flight on an unmanned spacerraft near the year 2000. 

22.43 Satellite Solar Occultation Measurements - h & v e  Remote Sensing 

Sina  October 1978, NASA has launched a stria of three satellite instruments for the measure- 
m n t  of aerosols; the Stratospheric Amsol Measurement (SAM 11) on Nimbus 7. and the 
Stratospheric Amsol and Gas Expcriments I and II (SAGE I and II) on ~ I C  Application Explacr 
Mission 2 Satellite and Earth Radiation Budget Safellicc, rtspcctivdy. Thcy all use thc solar occulor- 
tion technique to measure the sun's attenuated intensity through the earth's limb during each 
spacecaft sunrise and sunset. Table 2 summarizes these missions, their latitudinal coverage. 



wrvtkn* ud tht rarieved species for each. In dditiocl, it a h  includes i n f d m  cm SAOE S I l  
which h u  k e n  8ccepted for phase B studies for NASA's Euth Observing system. The 
timulubaoatly meuraed sartorpheric aawol extinction at men wrvtkn@ts and, in addition, 
w r t c r v r p a , ~ ~ d i o x i d c , ~ d i o x i d e , m d t a n p a u m e b y t h e S A G E m  inramncnt 
w i I l r o b a m ~ y ~ t h e ~ f k s E u d y o f t h e k h r v i a r o t E a t t o s p h a i c ~ 8 n d t b e  I .  

TABLE 2 SATELLJTE LIMB EXI'INCI'ION MEASUREMINIS 

Expaimtat 

SAMII 
(soh) 

SAGE I 
(soh) 

SAGEII 
(soh) 

 SAGE^ 
(Propoocd) 
(soh) 

(Lunrr) 

Satellite 

NIMBUS-7 

AEM-2 

ERBS 

EO~/NPOP 

Eos/SSF 

hunch 

&t. 1978. 

fib. 1979** 

On 1984. 

1996 

1998 

hdtude 

HO#N 
64'-800s 

79'N-79"S 

WN-WS 

55O-700N 
600-900s 
W S - W N  

900s-90°N 

Wavelength (pm) 

1 .O 

0.385 
0.450 
0.600 
1 .O 

0.385 
0.448 
0.453 
0.525 
0.600 
0.940 
1 .o 
0.290 
0.385 
0.430.450 
0325 
0.600 
0.740.0.780 
0.m.960 
1.02 
1.55 

0 . 3 ~ .  420 
0.4304.450 
0.640-0.680 
0.7400.780 
0.920.960 

Rimary Spcdes 

A m n ~ l  

NQ? 
Auosol 
0 3  
Aerosol 

A m 1  
No2 
Aerosol 
Aerosol 
0 3  
HzO 
Aerosol 

0 3  above 50 km 
Aerosol 
NOz. A ~ n ~ o l  
Aerosol 
0 3  M o w  65 ha 
on* ~ X O S O ~  

H ~ O . A ~ I  
Atiosol 
Acms3l 

OCIO 
No2 
N% 
w 
HzO 



effect of csaosol changes on stntosphcric ozone ud climate. SAGE 111 will dso make measurements 
during lunar moonrise and moonsets allowing nighttime species (e.g., nitrogen trioxide) to be 
m w d  and, in addition, expand the coverage during each spaccnaft revolution. 

2.2.4.4 Satellite L h b  Sattcrfig Techo@y - M v c  Rtmde M n g  

'Ihrough the use of limb scattering technology, the satellite hstnunent can pmide the mcu\m- 
mtnt coverage to a daily glow om, which will be about a m t h  f a  the sob occultation technique 
Tbc tuellitc insaument of the Solar M- Explorer (SME) is a typical example, which opr- 

from 1982 to 1986. The difficultie- of this technique arc the complex retrieval scheme and the 
time consuming invasion analysis rquirai, due to multiple scattering processes involved in ndi- 
ance mwurtmenu With the cornputm becoming larger and faster, this technique is desirable in the 
near funm. 

2.2.45 Airborne Remote Sensing 

Active and passive remote sensing experiments already flying on a number of research air- 
crafts. Airborne lidar systems are operated by NASA, in France by CNRS and CNES (LEANDRE 
project) and in Germany by DLR (ALEX =Aerosol L i b  Experiment). 

A solar spectrometer (sun photometer) is presently being studied for installation on a NASA ER- 
2 aircraft. which reaches altitudes of 20 km, for measurement of stratosphaic optical depth contri- 
butions from aerosols, ozone and nitrcgen dioxide. This instrument is being designed to obtain 
comlative measurements for validation of the SAGE I11 sensor, which will be located on NASA's 
Eanh Observing System The ER-2 spectrometer wiIl consist of a gratingbay detector arrangement 
and will take measurements at wavelengths between 350 nm and I550 nm. 

225 VALIDATlON OF SATELLlTJl REMOTE SENSING 

The validation of satellite remote sensing qui res  coordinated comlative measurements under 
stable aamspheric conditions and spatial and temporal coincidence. The difficulty with aerosol vali- 
dation is that different instruments generally measure diffcnnt aerosol parameters. Therefore, satel- 
lite validation processes may involve data conversion and require appropriate aerosol models. In this 
regard, it is desirable to incorporate in the comlative measurements a set of aerosol instruments 
capable of providing detailed information, sometimes redundant. including as much inforrnaiion as 
possible on size distribution, refractive index, composition, and shape. This information is not only 
important for testing the aerosol model used for data convenicn, but also crucial to the 
understanding of stratospheric aerosols. Table 3 summarizes the comlative sensors used in the 
worldwide SAM II, SAGE I and II measurement validation programs. The SAM I1 and SAGE I and 
I1 series of satellite experiments have shown themselves capable of providing long-term 
observations. Periodic comlative observations art required, therefore, for assuring that data 
qualityhalidation is unchanged, or for understanding any changes observed. 



4hmdl et at, 1981, p. 41. 
WcCkmicket d, 1981, p. 41. 
cRursell et at, 1984, p. 41. 
d R d  Md McCannick, 1989, p. 41. 
%&eman et d, 1979, p. 41. 

SateUte soh occultation mcasurrmna have the unique capability to provide global and pama- 
neat srtrvcys of stratospheric aerosols and have played a leading role in tracing voIcanic effluents 
and in the discovuy of polar stratospheric clouds. They must be pursued by the launch of the 
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Stratospheric Aerosol and Gas Expdmnt (SAGE) Ili sen= u art Earth Observing System (EOS) 
sensor as soon as possible to avoid a discontinuity of the e x d e n t  record of SAGE I1 observations. 

Since the early observations in 1964, lidur have played r major role in the detection of back- 
ground stratospheric raosdr ud the dosing of muospbaic raosol dirtxiburion changes due to 
volanic mptioas such u El Chicbocl. During the put ckude, lidam haw been &own to be e q d y  
valuable u correlative sensar in mqia sauasphaic l ~ w 0 1  ntcllite validadon program such u 
Sartosphaic A d  Mcasmmmt (SAM) II, Sauorpbalc Asrorol and Ciu Expdmmt (SAGE!) I 
and XI, and in extensive polar stntoqheric mwrrraaart field campaigns such as the Nuiwrl Ozoae 
Expedition (NOZE) I, 11, III, ud NASA's AIrbaae Antarcdc Ooone Expaimtnt (AAOE) md Air- 
borne Arctic Stratospheric Expedition (AASE). It is the consensus of the remote sensing wmking 
group that lidar will continue to be an invltuab1e tool for stratospheric raosol measurement and 
satellite validation. Rtcognidng this, thc group identified a number of key needs that mcd to be 
lddnsscd by the worldwide lidar cornunity to ensure thc maximum utilization of lidar measure- 
ment capabilities in future international stratospheric measurement programs: 

a. Additional lidars with the minimum capability to sense background stratospheric aerosols need 
to be established in the high northern latitudes with tern- access to the =tic winter polar 
vonex, the southern mid-latitudes, and the southern hemisphere within the austral winter polar 
vortex a m .  This goal is consistent with the goals of a global networlc for the detection of strato- 
spheric change, as recently formulated; 

b. For lidars participating in such a network, a set of minimum lidar instrumental requirements, 
such as wavelength. uansmit energy, telescope receiver size, eye safety standuds, etc., might be 
define 

c. Lidar measunmtnt analysis procedures and data products (including archival formats and access 
procedures) need to be standudized. This might include definition both of standard amsol  or 
gas quantities (such as aerosol scattaing ratio or gastous conanmtion) to be r e p o d  and also a 
set of standard altitudes at which these data are to be reported. Also included would be stria 
guidelines for performing lidar signal normalization, extinction (transmittance) comctions to 
mtasurcd backscatter signals, instrumental e m  d o n s ,  and unm-n ty  analyses; 

d. There is also a need for further development of remote sensing tools like advanced lidar tech- 
niques such as Doppler and high resolution lidar and microwave remote sensing. 





EL RECOMMENDATIONS 

Stratospheric aerosols play a role in global climate change through their effects on the M ' s  
ndiation balana and by affecting upper tropospheric and polar rtratosphuic cloud ndiuivc urd 
chemical propatiu. They also provide the nuclei on whicb type I and If polar stntosphcdc cloud 
particks an f.brm. In rdditicm, they ue part of the chernicrl systan by which om# is 
being destroyed in the polar and possibly the mid-Iadtudid stratospheres. Bccausc of ?he hipor- 
ante of s t m q k i c  ucos~ls, we make tbe following rcmmdadons. 

a. Continue the programs of satellite solar occultation observations, with possibly more raosol 
channels to improve the size disaibution retrieval. 

b. Set up a lidar network of some 20 stations ova ngioas u luge as the United States to study ao- 
pospheric exchanges of water vapor, and gasems and particulate sulfur compounds. A dedicated 
theoretical program of stratospheric dynamics should go along in parallel with the observational 
prom". 

c. Use high-altitude long-lived (one month or longer) balloons, quipped with solar-powered 
transmitters tracked by satellites, to supplement the lidar program. 

6 Measure the radiation budget (updown-net) with high resolution spectral radiometers in unison 
with in situ determination of physical and chemical aerosol characteristics. 

. Measure the effects of changes in ternpencure on the formation and properties (microphysics, 
heterogeneous chemistry, occumna of metastable phases) of polar stratospheric clouds in situ 
and in the laboratory. 

f. Investigate the effects of composition and transport of stratospheric aerosols on the physical/ 
chemical (composition, phase, shape, size) and optical (albedo, IR radiana) properties of upper 
mpospheric cirrus clouds. 

g. Assess the possible climatic impacts of space exploration activities, e.g., rocket exhaust ernis- 
sions, debris from re-entering spacecraft in the context of the effects of other external inputs, e.g., 
mimet to r s  and cosmic dust and tropospheric ionjdons due to, e.g., high-altitude aircraft 
oprrations. 

h. Establish long-term stratospheric aerosol records for studies of long-term variations over point 
locations. 

i Combine lidar and satellite measurements to form a more complete monitoring system. Alone, 
neither has all of the desirable features, but together they form a compatible system for the 
following rcasoas: 
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(1) Thac arc gaps in the satellite data because of satellite orbital characteristics. 

(2) Failed srtcllites will produce time gaps in the &tr; the lidar network is an inexpensive 
-PO 

(3) 'Zbe lidu tmcbcattu e e s  of rerosols along with the suellfte extinction plopaties of 
tbererocdoonuinrorchfamruim~nthCYCIOSOIopdcrlpropariurhrncmbc~dcd 
by a sine type of masurcmcnt Spcctd lick mcasmments wodd be better yet. 

(4) Fresh injections of v o l d c  aerosols can produce such r large horiuMul extinction dong 
the SAGE haitontal path of view tha! the mcasurrmcnt method will not w d c  well, or even 
not at dl, because of multiple scattering ot complete extinction. Lidar, on the other hand, 
canstillbcuscd. 

(5)  To quantify the effects of amsols on remote sensing of surface and aanospheric properties, 
more experiments are needed. Lidar will provide the best data for aerosol profile directly 
above expaiment sites. 

j. Satellite validation work by ground- and aircraft-based sensors should continue. If the 
snatosphaic aerosol is changing, data From all measurement methods, in situ and remote, will be 
needed to vcrify conclusively the characteristics of the changc(s) seen. 

k. In situ measurements arc a vital link to combine with both satellitc and lidar measurements. 
Neither satellites nor lidar can provide information on the composidon of the lowest pan of the 
stnuosphcrc. Satellites do not have the vertical resolution and lidars cannot yet measure much in 
the way of chemical composition. Thenfore it is mandatory to 

(1) Dcvelop artifact-fne inlet systems for aircraft and balloons which can be coupled to mea- 
sunmtnt systems to impnwc the quality and accuracy of aerosol measurements. 

(2) Develop and/or i m p m e  particle sizing insauments (psrticle-size-fractionating impacton) 
which can be coupled to instruments (&nuden) which identify chemical species. 

(3) Develop and apply ttchnologies (time of flight mass spasamcur) to do on-line elemental 
analysis (sulfur, nitrogen, halogen, carbon), to measure phase equilibrium studies of species 
contributing to stratospheric chemical phenomena (nitric acid mihydrate from HN*, HCL 
from a m s o l  chlorides), and to determine the physical properties of aerosol and g-us 
species in real time. 

L Platforms to obtain stratospheric data need to be improved to accomodatc new technologies cur- 
rently unda dtnlopmcnt. Thcse must include 

(1) Aircrafi designed as a flying laboratory to support both the monitoring equipment and the 
flight test of new systems. These platforms should be designed to accommodate invtstiga- 
ton assigned to the operation, maintenance and testing of saamspheric monitoring and 



sensor hardware. These aircraft should stay aloft for 6-12 hours at altitudes up to 12 km and 
with no geographic restrictions (e.g., polar flights). % 

(2) High altitude platforms which cm be used fa mw-ts above 12 km up to 40 hn and I 

taqaamm to -100°C mcd to be developed far chummization of cbanical and physical 
propadu of stratosphaic gases and aawls. 

, . 

m Air&nnc mpboaomcay is nxumdcd to measure dd-wrvelength opdal depths, which ut 
r fundmental input to ~ Q O S O V ~  intcmdon models. 

1 I 
I 

! 





REFERENCES 

CLIMATIC EFFECI'S (!kction 13) 

M. Ackerm~ and C Lippens (1984) "El Chichon volcano above Spain on May 3, 1982. One month 
a f k  the eruption." Plamt. Space Sci. 32.17-23. 

M. Ackcrman, C Lippens and C. Mulla (1981) "S~uosphaic aerosols properties from earth limb 
photography." Nature 292,387-591. 

P. E. Ardanuy and H. L. Kyle (1986) "Observed pemubations of the d ' s  radiation budget: a 
response to the El Chichon stratospheric a m 1  layer." L Clim. Appl. Metax. 25,505-516. 

J. L. Gras and J. E. Laby (1981) "Southern hemisphere aerosol measurements, 3-size distribution 
1974-79." J. Geophys. Res. 86,9767-9775. 

J. E. Hansen, W. C. Wang, and A. A. Lacis (1978) "Mount Agung eruption provides test of a global 
climate permbation." Science 199,1065-1068. 

H. Hirino and T. Shibata (1983) "Enormous increase of stratospheric aerosols ova  Fukuoka due to 
the volcanic eruption of El Chichon in 1982." Geophys. Res. Letters 10,152-154. 

R. Jaenicke and G. A. d9Almeida (1983) "Atmospheric turbidity over Africa disturbed by the 
El Chichon eruption?." Geophys. Rcs. Letters 10,233-235. 

M. D. King, Hanhvardhan and A. Arking (1984) "A model of the radiative properties of the 
El Chichon stratospheric aerosol layer. J. Clim. Appl. Meteor. 23, 1121-1137. 

K. Labitzke, B. Naujokat and M. P. McCormick (1983) 'Temperature effects on the stratosphere of 
the April 4,1982 eruption of El Chichon, Mexico." Geophys. Res. Letters 10,24-26. 

J. Lenoble, D. TanrC, P. Y. Deschamps, M. Hennan (1982) "A simple method to compute the change 
in earth-atmosphere radiative balance due to a stratospheric aerosol layer." J. Atm. Sci. 39, 
2565-2576. 

A. Mauuzald, Y. Nakarnura and T. Itoh (1983) "Measurement of stratospheric aerosol near Sanrikn 
(3g0N, 142OE) in Japan on May 31,1979." J. Geophys. Res. 88,3782-3788. 

J. B. Pollack and T. P. Ackcrrnan (1983) "Possible effects of the El Chichon volcanic cloud on the 
radiation budget of the northern tropics." Geophys. Res. Letters 10,1057-1060. 



- w  - . .. 
4 
d . 

C. R. N. Rao and T. Takoshirna (1986) "Solar d r d o n  anomalies caused by the El Chichon vol- 
canic cloud: measurements and model comparisons." Quart. J. Roy. Meteor. Soc. 112, 
1111-1126. 

O. Wendler md Y. Kodama (1986) "Effect of the El Chichon volcanic cloud on the surface radiative 
regime in central Alaska." J. Clim. Appl. Meteof. 25,1687-1 694. 

I 
i 



IN SITU SENSING (Scction 2.1) 

t Blake, D. F.; Fleming, R H.; and Bunch, T. 8: Identification and Ciumtctaitation of a Carbocu- 

ii ceous Ti Containing Interplanetary Dust Pardcle. Proceedings: Lunar and Planetary Science I 

Conkrcnce XX, Houston, Tuus, pp. 8485,1988. i 
1 Fleming, R H.; Meder, G. P.; di Browlo, F. Radicad; and Blake, D. F.: Isotope Rado Imaging of 

Interplanetary Dust Panicles. Rocttdings: Lunar and Planetary Science Conference XXI, 
Houston, Texas, pp. 369-370,1989. 



REMOTE SENSING [Scctfon 23) 

Ackman, M., C. Lippcns, and C. MUller, ~tntos~heric aerosol prnpcrties from earth limb 
photography, N a w ,  292.587-591,1981. 

I 

Cnrtzen, P. J., m e  possible impwtlnce of CSO for the sulfa# layer of the stntosphuc, Gcophys 
! Res. Lctt. 3,73-76,1976. 
I 
, DcFoor, T. and E. Robinson, Stratospheric lidu profiles from Mauna Lor observatory, winta 
i 1985-1986, Oeophys. Res. Lett. 14,618-621,1987. 
I 

Fifteenth International Laser Radar Conference, July 23-27, Tomsk USSR Abstracts of papers 
Part I and Part 11, Institute of Atmospheric Optics. Tornsk, USSR, 1990. 

Hayashida, S., A. Kobayashi, and Y. Iwasaka, Lidar measurements of stratospheric amsol content 
and depolarization ratios after the eruption of El Chich6n volcano: measurements at 
Nagoya, Japan, Geof. Int. (Mexico) 23-2,217-288.1984. 

Herman, M., J. Y. Balois, L. Gonzalez, P. Lccomtt, J. Lenoble, R. Santer, and C. Verwaerdc. 
Stratospheric aerosol observations from a balloon-borne polarimeuic experiment, Appl. 
Optics, 25,3573-3584, 1986. 

Hofmann, D. J. and J. M. Rosen, On the Prolonged Lifetime of the El Chich6n Sulfuric Acid A m 1  
Cloud. J. Geophys. Res. 92,9825-9830.1987. 

Hofmann, D. J., J. M. Rosen, and J. W. Harder, Amsol measurements in the winterlspring Antarctic 
sframsphere: 1. conclative measurements with ozone, J. Geophys. Res. 93,665-676,1988. 

Hofmann, D. J. and S. Solomon, Ozone destruction thnwgh hcltmgcneous chemistry following the 
eruption of El ChichQ, J. Geophys. Res. 94,5029-5041,1989. 

Hofmann, D. J, Increase in the Stratospheric Background Sulfuric Acid Aerosol Mass in the Past 
1QYcan. Science, 248,9961000,1989. 

Intonational LidPt Research's Directory, NASA; 1989, M. P. McComrick, Ed, available from the 
ARBIASD, NASA/LaRC, Hampton, Virginia 23666. 

Iwasaka, Y., T. Ono and A. Nonura, Changes in aerosol content and temperature in the Antarctic 
spring stratosphere: tidm measurement at Syowa station (69°00'S, 3g035'E) in 1983, 1984 
and 1985, Gcophys. Rts. Lca 13,1407- 1410,1986. 

Jager, H. and W. Camuth, The decay of the El Chichdn strau~pheric pemxhtion, observed by lidar 
at n o n h a  rnidlatitudes, Gtoph. Res. Lett., 14,6%-699,1981. 

Jlgcr, H., The variability of the stratospheric aerosol layer ova Central Europe. J. Aerosol Sci. 20. 
1249- 1252,1989. 



JPger, H. and K. Wege, Stratospheric Ozone Depletion at Northern Midlatitudes After Major 
Volcanic Eruptions. J. Ams.  Chem 10,273-287,1990. 

J w r ,  H. and D. J. Hofmann, A midlatitude lidar backscatter to mass, area and exti~tion convasion 
model based on insitu aerosol measurements from 1980 to 1987, Appl. Opt., 1990; in press. 

Lenoble, J. 1989: Presentation of the European comlative experiment program for SAGE 11, 
J. Geophys. Res. 94,8395-8398. 

Pcanon, E. W. and B. A. LeBaron, Decay of the El Chich6n  tion on to the stratospheric aerosol 
layer: multisptctral ground-based radiorncnic obsavations, Geophys. Res. Len. 15, 24-27, 
1988. 1 

Roscn, J. M. and D. J. Hofmann, Optical modeling of stratospheric aerosols: present status, Appl. 
I 

i 
Opt. 25,410-419,1986. \ 

I 
Russell, P. B. and P. Hamill, Spatial Variation of Stratospheric Aaosol Acidity and Model Refrac- 

tive Index: Implications of Recent Results, J. Amos. Sci. 41, 1781, 1984. 

Santer, R., M. Herman, D. Tand, and J. Lenoble, Characterization of stratospheric aerosol from 
polarization measuremenu, J. Geophys. Res., 93,14209-14221,1988. 

Second International Lidar Researchers Directory, compiled by M. P. M:Cormick, NASA Langley 
Resevch Center. Harnpton. Virginia 23665, 1989. 

Simonich, D. M. and B. R. Clernesha, Decay of the El Chichb Aerosol Cloud at 23OS, J. Geophys. 
Res. 94,12803-12806,1989. I 

Shibata, T., M. hjiwara and M. Hirono, The El Chichdn volcanic cloud in the stratosphere: lidar 
observation at Fukuoka and numerical simulation, J. Atmos. Ten. Phys. 46, 1121-1 146, 
1984. 

. - 
Solomon, P. M. and J. W. Bama, From Hawaii to the Antarctic ozone hole: millimeter-wave 

observations of chlorine and depletion of the ozone layer, to be published in the 
Proceedings of the Les Houches Symposium on Coherent Detection Techniques at 
Millimeter Wavelengths and Their Applications, edited by E. Kollberg, S. Gulkis. 
G. Winnewisser and P. Ennenas, Nova Science Publishers, 1990. 



ROLE IN HETEROGENEOUS CHEMISTRY ( W i o n  3.1) 

Adamson. A. W., 1976, Physical Chcmistxy of Surfaces. John Wiley and Sons, New York. 

Elliott, S,, Turco, R. P., Toni, 0. B. and Hamill, P.. 1990, Incorporation of stratospheric acids into 
water ice, Oeophys. Res. Lett. 17,425428. 

Goodman, J., Toon, 0. B., Pueschel, R., Snetsinger, K. a., and Verma, S., 1989, Antarctic 
smtosphaic ice crystals, 1. Ocophys. Rcs. 94,11285- 1 1299. 

Hamill, P., Turco, R. P. and Twn, 0. B., 1988, On ine grulvth of nitric and sulfuric acid aerosol 
particles under stratospheric conditions, 3. Aunos. Chea. 7,287-315. 

Hamill, P., Twn, 0. B. and Turco, R. P., 1990, Aerosol nucleation in the winter Arctic and Antarctic 
stratospheres, Gtophye Res. Lett. 17.4 17-420. 

Hanson, D. and Mauersbcrger, K., 1988, Laboratory studies of nitric acid aihydrate: implications for 
the south polar stratosphm, Geophys. Res. Lett. 15,855-858. 

Hanson, D. R., and Mauersbcrger, K.. 1990, HCl/HzO solid phase vapor pressures and HCl 
solubility in ice, J. Phys. Chem. 94,4700-4705. 

Hofmann, D. J.. 1988. Balloon borne measurements of middle atmosphere aerosols and trace gases 
in Antarctica, Rev. Geophys. 26, 113-130. 

Hofmann, D. J., Roscn, 3. M., Harder, 3. WI, and Hereford, 3. V. 1989, Balloon bor?le mcasunments 
of aerosol, condensation nuclei, and cloud particles in the stratosphm at McMurdo station, 
Antarctica. during the spring of 1987.3. Geophys. Res. 94,11253-1 1269. 

Hofmann, D. J., and Solomon, S., 1989, Ozone desauction through heterogeneous chemistry 
following the eruption of El Chichon, J. Gcophys. Rcs. 94@4), 5029-5041. 

Jones, R L, Austin, J., RcKenna, D. S., Andenon, J. G., Fahey, D. 'N., Farmer, C. B., Heidt, L. E., 
Kelly, K. K., Murphy, D. M., Proffitt, M. H., Tuck, A. F. and V d e r ,  J. F., 1989, Lagrangivl 
Photochemical Modeling Studies of the 1987 Antarctic Spring Vonex 1. Comparison with 
AAOE Observations, J. Geophys. Res. 94(D9), 11529-1 1558. 

P Leu, M. T., 1988, Hetmgeneous reactions of N2O5 with Hz0 on ice surfaces: implications for 
- Antarctic ozone depletion, Gcophys. Res. Len 15,85 1-89. 

McElroy, M. B., Salawitch. R J., Wofsy, S. C. and Logan, J. A., 1986, Reductions of Antarctic 
ozone due to synergistic interactions of chlorine and bromine. Nature 321,759-762. 

Molina, M. J., Tso, T. L, Molina, L T. and Wang, F. C. Y., 1987, Antarctic stratospheric chemistry 
of chlorine nitrate, hydrogen chloride and ice: release of active chlorine. Science 238. 
1253- 1257. 



Mom, S. B., Kcyser, L. F., ku, IU. T., 7bm, R P., Md Smith. R. H., 1990. H a v s  a 

nsaiocu m nitric rdd trihydrrtt. N a w  345,333-335. 

Rodriguez, J. h4.. KO, M. K, md Sae, N. D., 1988, Antnctic cblodnc Ehanim possible g b b l  
i implhiaas, Wys. Re. ktt. 15,257-260. . 

i Sdanoa,S.,~RR,RowkadF.S.mdWutbbkr,D.J,1986,Onbre~dALlolCtiC 
1 N I M ~  321,755-758 
t 
! Sdahoa. S., 1988. 'Ibt mytray oftbe Anmrcic ozmc bde, Rev. Gaophyr. 26(1), 131-148. i. I 

Solwjri, G. A, 1972, Principles of Surface Cbcmistry. Rentice Hall, Englevood Cliffs, 
New Jascy. 

i 

Toan, 0. B., Hamill, P., Turco, R P. and Pinto, J., 1986, Condarsaticm of HCl and HNOj in the 
winter polar mampkcs Geophys. Res. Lea. 13,12861287, 

Toon, 0. B, Turco, R. P., Jadan, J., Goodman, J. and F ~ T Y ,  G., 1989, Physical proccsscr in polar 
suatosphaic ice clouds, J. Geophys. Res. 94,11359-1 1380. I 

Toon, 0. B., Browell, E. V., Kinne, S., and Jordan, J., 1990, An analysis of lidar observations of 
polar snuosphcric clouds. Geophys. Res. Lcf!. 17,393-3%. I 

Turco, R. P., Twn, 0. B. and Hamill, P., 1989, Heterogmws ?hysicochernisay of the polar omne 1 - 
hole. J. Geophys. Res., 94. 16493-16510. 

I - 



Ackuman, M., C. Lippent, and C. Mlllkr, Stmqheric -1 p q c n i c s  from urth limb 
-y, N 1 ~ e ,  292,587-59 1,198 1. 

Mohmn, D. J., J. M. Rosen, md J. W. Harder, Aaord mcmnm#lrr in the win=-spring AnPrctic 
samqhm,  1, Omdative with orrwre, J. Wys. Ra., 93,665-676.1988. 

Hofmurn, D. J., and T. Deshla, CompYism of stratospheric clouds in the antarctic and the M c ,  
G@s R t r  Lett. 16,1429-1432,1989. 

Hofrnann. D. J.. J. M. Roscn. I. W. Hudcr, and J. V. Hcnford, Ballocm-borne measurtmencs of 
aerosol. condcnsatim nuclei. and cbud panicles in rhe stratosphere at McMurdo Station, 
Antarctica, during the spring of 1987. J. Gcophys. Rcs., 94,11253-1 1270.1989a. 

Hofmann. D. J., T. L. W l e r ,  P. Aimdieu. W. A Maltfuws. P. V. Johnston, Y. Kondo, W. R. 
Sheldon, G. J. Byme. and J. R. Benbmok. Stratosphaic clouds and ozone depletion in the 
Arctic during January 1989. Nature. 340. 1 17- 121. 1989b. 

Hofmann, D. J., Measurement of the condensltion nuclei profile to 31 km in the Arctic in Jaauuy 
1989 and coarpvisons with Antarctic murraemtnu, Gtophys. Res. Lett., 17, 357-360, 
199oa. 

Hofmann, D. J.. Increase in the suafosphmc bsckgound sulfuric acid a d  in the past 10 years, 
Scienot, 248,996- 1000,1990b. 

- Hofmana, D. J., Stratorphcric cloud micro-layers and small-scale temperature variations in the 
Aruic in 1989, Geophys. Rcs. k. 17.369-372 1990~. 

Hofinann. D. J.. T. Dcshlcr, F. Anrdd. a d  H SchLger, Balloon obsavations of nitric acid -1 
famPtioa in the Araic s m q k r c :  XI. Amsol, Gtophys Rcr Lett, 17,1279-12851990. 

Hofmann, D. I., and T. Deshla; Stratosphaic cloud obsarrtions during f m o n  of the Antarctic 
omre hole in 1989. J. Gcophys. Res, in press, 1991. 

Rosa, J. kC, D. J. Hohnann, and J. Laby. Sfmfqhaic a 4  -riB 11: The woridwide 
dirtributton, J. of Atmos. Sci.. 32,1457-1462.1975. 



F 
! T, :. 

i 
4 - 

Rosen, J. M., N. T. Kjomt, and S. J. Oltmans, Obsavuions of backscatter, particle concentration I 

and frost point in north polar vortex stratospheric clouds, Geophys. Res. Lett., 17, 
1271-1274,1990. 

Smter, R., M. Herman, D. Tuut, and J. Lenoble, Ckraaaiutioc! of t t n m c  acmol fmtn 
poluintion measurements, J. w h y s .  Re*, 93,14209-14221,1988. 

Whgcr, K, F. Amold, D. Hofmmn, ud T. Deshla, Balloon obsavldotu d nitric rcid aaowl 
fomntioa ia thc Arctic sarowphac: I. Guaws nitric rdd Geophyt. Ret. Lea, 17,1275- 
127% 1990. i 

i 



TABLE 3 

Ackcrmm, M.; Bmgnlst, C.; Didlo, B.S.; Hocco, 0.; Oobbl, P.; Hamm, hi.; Jlgcr, H.; h b l e ,  I.; 
Uppens, C; MCde, 0.; Rlm, J.; Rdta, R; ud Smtn; R.: E~tropun Vllidrtion of SAGE I1 
Aa#d Rdiler. 1. Cleophys. Ras., vol. 94, pp. 8399-841 1,1979. 

McCocmick, M. P.; Chu, W. P.; McMutet, L, R, Oruns, 0. W.; Hcraun, B. M.; Pepin, T. 1.; 
Rn8aoll, P. 8,; ud Srvlula, T. 1.: SAM11 ELawol Rofite Mcuurunents, Poker Flat, AUu; 
July 1619,1979. w h y s .  Ru. la, vol. 8, pp. 34,1981. 

Ruuell, P. 8.; McCamiclq M. P.; Swfrrkr, T. I.; Chu, W, P.; Livingston, J. M.; Fuller, W. H.; 
Rwcn, J. M.; Hoffmmn, D. J.; McMutct, L. R; Woods, D. C; ud Pepin, T. 1.: Satellite and 
Carr lu tve  Mcuuremenu of the Sartwpheric Aemrol. 11: Comparison of Measuremenu 
Mda by SAMII, Dustsondes ud m Airbane Li&. J. A m .  Sci., vol. 38, pp. 1295-1312, 
1981. 

RusrelI, P. B.; McCcxrnick, M. P.: Swlulet, T. I.; Roaen, 1. M.; Hoffmann. D. J.; and McMaster, 
I.. R: Satellite and Comlativc Musuremenu of the Stratospheric Amsol. 111: Comparison 
of Measurements by SAMII, SAOE, Dusuondes, Filters, Impactors and Lidar. I. Atmos Sci., 
VOL 41, pp. 1791-1800.1984. 

Russell, P. B.; and McCodck, M. P.: SAGE11 Aerosol Data VaIidation and Initial Data UK: An 
introduction and Overview. 1. Geophys. R e s ,  vol. 94, pp. 8335-8338,1989. 







APPENDIX 

ABSTRACTS 

ANNIJLARDEMlDERgPORU6EMGWBALCLIMATE . 
AND m - C  MEASUILgMENLS 
OF ACIDIC CASES AND PARTICLES 

' 

Measuruncnts of scidic (e.g., SOL, HNQ) and basic gases (eg., NHJ) that coexist with tim par- 
ticles (4.5 pm) may be useful f a  daamining the impact of these spccies on globaf climate changes 
and deulmining species (e.g., H N a  md HNOj aihydnte) that influence saatosphaic orrm levels. 
Annular denuders arc well suited f a  this pqmsc. A new concentric annular denuder system, con- 
sisting of a thnx-channel denuder, a Teflon-axd cyclone pnscparator, and a multistage filter pack 
has been developed, evaluated, and shown to provide reliable atmospheric measurements of S&, 
H N a ,  HN*, NH3, Sod=, m+. N a -  and H+. For example the precision of the annular denuder 
for the ambient measurements of HNQ and nitrates at concenaations W e e n  0.1 to 3 Clgim3 was 
f 12 and 16%. respectively. The 120 mrn x 25 rnm three-channel denuder is encased in a stainless 
steel sheath and has annular spaces that an 1 rnm wide. This design has been shown to have nearly 
identical capacity for removal of S@ as conventional210 mm x 25 mm single-channel denuder 
dgurat ioas.  The cyclone pmcpantor was designed and tested to have a Du) cutoff diamctcr of 
25 pm and minimal retention of HNOJ. The annular denuder system wuld be designed and config- 
d for tocasunmcnts of straaosphaic conctnmuim of HN03 and the trihydntc of nitric acid. Tht 
system would be arranged to masure simultsmously HNOj + HNOj. 3H20 and HNQ. The diffa- 
ence would be HN@ 3H20. 'Ibe HNQ would be nrnovcd with a Na2CQ treated denuder. The 
H N a  and trihydrate wold be dlectcd on N a m 3  w e d  filter. Tests simulating stratospheric 
conditions would be needed to qchia the annular denuderfilter pack coatings and configuration 
'prior to field testing the system in a UR-2 type aircraft. 
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ANNULAR DENUDER SYtXEMS: 

PRECISION AND APPLICABILlTY TO STRATOSPHERIC SAMPLING 

I S ~ J . I L n d t k e u d D e n d s D . L u t e  
Civil Enghdng Dep~artnt, Univadty of Kansas 

Ann* den& systems (ADS& ng., fl& Al), rre designed to sunplc both guts and puticlu 
from unbht rir without cross in- Rerurcbar at the University of Kansas havc been using 
ADSs to dctect chemicd gradients ova nrnl f m t  canopies urd havc developed accurate and pn- 
dse methods for the sampling md analysis of low coa#nar t ias  of -us md particulate species 

I wer short (2-4 hr) sampling periods. Figure A2 shows typical rnllytical precision data for niaate 
and sulfate. Table A1 presents both sampling ud analytical precision data for a 2-hr t a t  using 
4 collocated ADSs. On this particular day, the overall precision for HN* was unusually poor. The 
w e d l  pru5sion for the major constituents of interest is generally about 3-596 for typical ambient 
concentrations. 

ADSs couM potentially be used to determine the conanuations of HN03 and fine-particle nitrate 
in the stratosphere, and to simultaneously characterize the chemical composition of stratospheric 
aerosols. Assuming 50 mb pressure, a 2-hr sampling time. a 50 Lpm sampling rate, and a low blank 
value, an o d l  precision of about 15% should be possible for 1 ppbv of HNOj or nitrate. One pos- 
sible system (designed to avoid the usc of external power) is illustrated in figure A3. Systems 
employing heating could be used to sample volatile fine-particle nitnte, which would include nimc- 
acid nihydrate (NAT); and pump-driven systems could accommodate more complex systems involv- 
ing denudas and filter pack in sequence. Alternate c d n g s  could possibly be developed to sclec- 
tively sample species such as (32 and CINOj. ADSs might also be useful in laboratory studies of 
hetaogencws chemical nactions involving NAT aerosols. 



TABLE Al.  TWO-HOUR FIELD TEST RESULTS USING FOUR COLLOCATED ADS 
SAMPLERS' 

aAmbient air sampled for 2.0 hours at 12.5 Lpm; 10-mL extracts; standard deviations shown in pg,L 
for individual samples (5 replicates by ion chromatography) and dsample averages, and as a 
percentage for average ambient conctnrrations. 

I -: 

Constituent 

Coarse-particle 
nitratc-N 

Bent-tube inlet 
Impactiondisk 
Total 

C&sc-particle 
sulfate 

Bent-tube inlet 
Impaction disk 
Total 

HNOJ-N 

HN02-N 

S@ (as sulfate) 

Fine-par5cle 
nitratbN 

Fme-particle 
sulfate 

F 

Amb. Conc. 

vw3 

0.228 f 7.0% 
0.413 f 1.8% 
0.640 f 3.3% 

0.240 f 55.3% 
0.1245 12.9% 
0.364 f 13.5% 

0.317 f 10.9% 

0.000 f 0.0% 

10.347 f 1.8% 

0.51 1 f 4.3% 

6.54 f 2.4% 

Sample 1 

31.6 f 0.9 
60.8 f 0.5 
92.4 

41.0 f 3.1 
15.9k 3.1 
57.9 

51.3 f 0.0 

0.0f 0.0 

1575 f 19 

73.1 f 1.3 

956 f 20 

Aqueous 

Sample 2 

37.4f 1.7 
62.6f 0.8 
100.0 

41.8 f 3.4 
19.9k 2.4 
61.7 

42.3 f 1.6 

0.0f 0.0 

151 1 f 28 

74.9f 1.7 

972 f 12 

Concentration, pg/L 

Sampk 3 

33.8 f 0.8 
63.2f 0.9 
97.0 

26.3 f 1.2 
18.2k2.4 
44.5 

52.7 f 1.1 

0.0* 0.0 

1564 + 30 

80.3 f 0.7 

1012 * I5 

Samp1t 4 

33.8 f 0.5 
61.2f 0.6 
95.0 

34.8 f 2.6 
20.6f 5.6 
55.4 

43.9 f 1.1 

0.0 f 0.0 

1559 f 7 

78.3 f 3.3 

983 f 3 

Avuagc 

34.2 f 2.4 
61.9f 1.1 
96.1 f 3.2 

36.0 f 19.9 
18.65 2.4 
54.9 f 7.4 

47.5 f 5.2 

0.0 f 0.0 

1552 f 28 

76.7f 3.3 

981 f 24 
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Couplers 

PTFEFEP-Coated Bent-Tube Inlet 

TFE Sleew Coupler 

PTFUFEP-Coated Glass-Impactor Nozzle (4.0 

Sillcone-Rubber-Filled TFE Spacer 

TFE Impaction Disk 

Annular Denuder with Pedestal 
(Coated with Sodium Carbonate) 

2nd Annular Denuder (Coated with CitrIc Acid) 

3-Stage TFE Filter Pack 

Mass Flow Controller 

- TO Vacuum 

Figure A I. Annular denuder system. 
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Figure A2. Precision of ion chromatographic analysis of nitrite and sulfate (each data point is based 
on 8 to 10 injeclions). I 



Denuder 
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Battery Low Pressure 

Cyclone 
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+ 
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Holder 

Figure A3. A Ram-powered annular denuder system (ADS) potentially uscful for sampling 
stratospheric aerosols. 







. . 
LABORATORY AND FIELD STUDIES OF STRATOSPHERIC AEROSOLS: PHASE 

CHANCES UNDER HIGH SUPERSATURATION 
. 

John Hallet 
Desert Research Institute 

Reno, NV 89506 

It is well known that water in the form of isolated small droplets supcool  as much as 40°C 
below thcii equilibium melting point Solutions similarly sqatxwl (with respect to water) and 
supersaturate (with nspcct of the solute). Experiments arc described in which bulk solutions typical 
of atmospheric aerosols (nimc acid. sulfuric acid, and hydrates; ammonium sulfate; ammonium 
bisulfate; sodium chloride) arc supercooled andlor supersaturated and nucleated to initiate crystal 
growth. Supersaturation of 300% is readily attainable, with linear growth of crystals increasing 
roughly as (supacwlinglsupvsanuation)2. The implication of the experiments is that the situation 
of metastability in polar stratosphert clouds is very likely, with nucleation only occurring under a 
high degree of supercooling or supmaturation. 

I 







MEASUREMENIS IN POLAR SriUYWPHlWC W U D S  OVER AN'I'ARCIXA IN 
SEPEMBER 1969 

T b e r t E P h t d 6 b d k ~ m f l i ~ r t M c M u r b S o d o a , ~ P l d a ~ m r p t n t ~ c  
crrvt ikclcruePDOdm1.f9drdpohrar#pberic~~Scpembal~.Alrcrprddt 
~ m , r i t f i ~ r e r d P t i o a i n t b c O S ( ~ n d i o r r + d o n , ~ t b l t d a O d d r c d i a i b a r # a r n  
r l w r y t b i r r u v l . 1 . M O d t n d i i m ~ g f m m O . ~ r O ~ l O ~ m n o b r a v a d f a t b t r r m l l ~  
modt,~tiqtbenrtf~~~hycra#JLldatrrtioarlqowthr?nh.neanrnrrdit'LbCdua~not 
~ w i h t b c ~ i n a e + ~ c i n r i a e w i t h ~ o a p g a r r r r r t d t h t s n u l i p u t i d c  
m o d c i n t h e ~ k y a o w i n g m ~ ~ ~ ~ t h b p b e n a a c a a r m d t a a ~ b y a i a i c  
rcid aihydntc (NAT) adensation when tanperrturrs arc s u f f i i y  low. Modc ndii W y  
nngbdfrom 1 5 m 3 5 ~ f a t h c ~ p a m c l t m o d c u c o n c e n a r t i o a s  3to4adcndmyniadt 
)oarerthnthedprrtidemode.Thtlugc~kmor(e,whichnamrllycsapristrmoadthc 
mass, is prcswnbly cursxi by NAT cocdcnsation on luga prrtides of the d.tt lrya and in&- 
atts H N Q  mixing nth of 1 to 5 ppbv f a  most of dx cloud layas - suggesting substm 
cid d t n i a i f i .  On several occasions, distributions we- obsaved with a d c  mdii as high as 
7 ~ l m ,  a d  a m c s p d n g l y  krgt i n f d  mrss, idkatiag water ice clouds in the 12 to 15 km 
r t ~ ~ o t h c r ~ a b s a K x o f s u c h c l a u b a t v ~ Y ~ t a n p a u r n t s d ~ t c r v i p o r  
mixing rrtior of kss than 3 ppmv suggesting dehydration. G c n d l y  the inferred HN* mixing 
ruios were higher in tbe lowa wralbsphae. suggesting redisuibutiotl through putick scdimcntatioa 







VALlDATION OF LIDAR AND SATELLITE REMOTE SENSING 

M. P. McCamick 
NASA LrnOly Retetrch Centa 

Hunpeoa* VA 23666 

V~ofobravrtiocl~irmirrpauuprrl.oC.aynmaeteadngp~~ttr~to 
raoroh this is urcoodiagly dif l iah bacuue a h  ~ U C  typkdly mwtrrer 8 different wrrrsol 
ponmeta.Canktivtren#rrr,tbadae,muctbecrprbled~gthes8meprnmetawathe 
~ h ~ ~ ~ ~ e ~ f i ~ b ~ y ~ t h e r a # d , ~ b l y d &  
t h e ~ d r m W L I n m y ~ ~ t m e r w n n r e n t p r o ~ u s d m u l k n c i t y ~ ~ U d d m e i r  
mphd. Thlr can be itu rcsaictive during pcrbds of rtmospbaic stability. In thir psa~ ta t j cm,  the 
discussioa will be focrucd on tbt vrlidrtioo progrmr &vclopcd far NASA's SPuorpbaic A e d  
Mersunmeat (SAM Jl), and tbc Saampbaic A& and Gu Expaimtnu I and I1 (SAGE I and 
11). To due these h.vc been limited to the rauorp&rt. Since satellite ~ r w x r  m capable of 
providing near-globat and long-term obsavatims, periodic correlative obsenrtions ova various 
global locations and seasons arc q u i d  for assuring thu data quality is unc;;ungcd, a for unda- 
standing any changes observed 













POLAR STRATOSPHERIC CLOUD MEASUREMENTS BY MEANS OF 
DEPOLARIZATION LIDAR IN THE ANTARCTIC 

L. Stefrnuni 
ltituto di Ricarr wile Onde Elettromagnetiche del CNR 

vii -chi 64, soin ~inru;e, IE~IY 

POLE (Polar Ozone Ltdu E x m a t )  is a cooperative project bctwtcn the French Service 
dVAcroaanie of CNRS (S. Oodin, O. Megie) ud the I t l l h  IROE-CNR (L. Stefanutti, M. Morandi, 
M. Dtl Guam). Tbe project is suppaccd by the Icalkn Program for Anurctic Research (PNRA) and 
the French Tarit.aim Antarctiques et Australes Fnncdsu (TAAF). This prognm has started with 
the impkmcnatioa of a fmt depolarhtion backscaming lidar [I] at the French Antarctic base of 
Dumont d1UNillc (6ti0S, 140°E) in Jrnuary 1989, for measurements both of background strato- 
spheric aauuols and Polu Smmspbaic clouds. Masuremenu have been carried out on a routine 
basis for 2 yws,  with almost one measurement per day in the period of absence of PSCs and with 
long term measuremenu in the occurrence of PSCs t2.3). 

This program comprises also the installation in January 1991 of a complex Ozone lidar which 
will rep- the backscanering system and extend its measurements to tropospheric and stratospheric 
Ozom aod to stratospheric and mesospheric temperatures. This new system. operating with 5 wave- 
lengths and 6 receiving channels allows also the measurement of the backscattered and depolarized 
signal produced by PSCs and background aerosols [4]. 

The location of Dumont dlUrville is peripheral in respect of the Polar Vortex and from the 
2 years measurements it appears that only for reduced periods the station lies below it. From the 
strau~pbcric lidar measurements carried out in these 2 years. from a fmt ~wlysis it results that no 
indicatioa of background aerosol loading may be evidenced during such a short period of time. this 
also due to the uncertainty in the calibration of the lidar under low aerosol loading [2]. 

Polar Saatospheric clouds have appeared over Dumont dlUrville in the months of July and 
August; sporadic events have been noticed in September 1989, while no evidence of PSCs was in the 
samt mmth of 1990. 

The dtpolarization technique seemed to be quite efficient in the detection of different types of 
PSCI. Evidence of PSCs of Type Ia and Ib was recorded in several occasions in 1989, with the 
detcctioa of clouds presenting high (above 2) scattering ratios and very low depolarization ratios 
(praui4ly no depdarization) and cases which presented lower scattering ratios but much larger 
depolarization ratios (larger than 10%). One example is shown in Fig. A4. Not all PSCs 
mwurrmtnu could be easily classified as in the case above. In order to obtain a better classification 
of PSCs types good temperature information arc necessary. Not always such information were 
available as in 1989 in many occasions the balloons carrying the Rowinsondes would explode at 
altitudes of 1617 hn, thus making it impossible to have some good information of layers located up 
to 23 Lm. A bater and more reliable technique for launching the balloons has k e n  implemented 
since Sqmnbcr 1989. b n g  stquel of stratospheric profiles carried out at a few minutes interval. for 
sevaal hours. pcrrnit to evidence the evolution of PSCs over the lidar station. 



m n r l l y r h g t a r m p g n n r . w i t h r o u d n r m r u ~ u ~ o u t o w r ~ b v a n l ~ ~ c m r t h e  
best toludan fa r bate undorreudlng of the rmtorphem 

[3] L Stdrnutd, M. Honndi, E. Whatti, O. Mcgk S. Oodin, J. Brochet. J. Piquud: "Polar Strato- 
rpharic Qourlr ud backpound a m w l r  wa Dumoat d*Undlkn Roc. of the 2nd Wakrhop Iolian 
R e u w h  on Anrvcdc AmKnpbcm, Ponno. Ociober 1989, edited by M. Colacino, O. Oiovmnclli, 
L. Srelmwd, Ediaict Compdtorf, Bologna, 239-2!l4 (1990). 

[4] K. Stdmutd, F. CastrgnoU, M. Monndi, E. Plllchent, V. M. Sacco, S. Godin, J. Porteneuve, 
J. Velgue: "The DIAL ad the automatic d i d  m y  pumped Nd-YAG system," Roc. of the 2nd 
Workshop I ta lh  Rerearch on Antarctic Atmosphere. b o ,  October 1989, edited by M. Colacino, 
(i. Giovannelli, L Sufanuni, Editrice Comgoritori, Bologna, 239-254 (1990). 
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Fig. A4. Dcpolarizatioo ratio (Mie crossed polarized component versus tbc sum of tbe purllcl d 
the perpendicular Mic compontnt)dots, and the Mie brckscutuing coefficientcocldnwus line 
versus height 



COMPARISON BefWgEN BALU)ON PO-Y AND SAM WSAGE II 

1 ' I b s ~ ~ i n b . r r d ~ ~ b c d i a ~ ~ ~ ~ ~ ' s ~ ~ ~ ~ t  
j depthr~1W)8nd~650mnusiagtb6~modeldaivad~~pdukubnartwrrcmeo~ 
i t b e y r r t ~ a 1 O O O ~ 1 0 2 0 ~ ~ c a a p u i # # w i t h ~ S A M I I ~ d S A O B U c r r y e a c  

depthsat lOOQltOMrmobaiwdbydaroccdodos'ibr#tulkmN~frrmAirt sur1'Mou.r 

< 
( W N  -00) oa ( W - 2 Z ~ m  10-12-85 ad 04-21-86. have been canputd with SAGE II p d k s  within 
6M) km t ian the Lwpch site md oac flight frocn Kkum (68"' - WE) oa 01-28-88 with two 
SAMU~aclbah~doltcbrllooa.ntCr~r#mtntitwithinrbc~bm,in~rlciadc 
n n g ~  (12-25)mr)dtbcbrlloarduk 

Fn#r the four aemd chnnel, of SAGE 11 (385,450,525 and 1020 m) it is possible po r ~ r i c v t  
informrtiar oa the m o d  dat distribution, i.c. an elfcctivc d u s  and an effective dm, which 
hrvc betn annpubd widr the dues Rnimd fmar tbc brlluoa polarization c b p m %  the y t  
ir found good up m 22 Inn; above d k g u m a m  appear which ctn be due to thc p r u  quality of the 
& 



I. h o b l e  
Laboratoirc d'Optiqut Atmoqhtrique 

Uniwrsid des S c i m  u Techniques dc Lille Flandrcs Armii 
B i t i m t  PS - 59655 Viiureuve d1A'scq Cedex - France 

t The primvy efiixt of saraosphuic rcroools is r modifiatim of the radiation bodget, mosdy by I 

I scamring (and pouibly absapdm) of the mlu ndirtion; the raosols dm influtnct slighdy tht 

i longwave ndiatiocr. Tbe resulting effect on climate is made complex by various feedbacks with 
chemistry and dynamics. 

A simple modelling of the planetary dbah change due to an increase of the mtosphaic lrcnnol 
m u n t  allows to clarify the influena of the various amsols parmetas (optical depth, single scat- 
tering albedo and asymmetry facton), and of the ground albedo. In most cases, the amsol layer 
increases the albedo leading to a cooling of the lower atmosphere and of the ground, with a warming 
in the stratosphere itself. 

After a large volcanic eruption, as Agung or el Chichon the amsol optical depth increases from 
the background value of about 0.003 to values larger that 0.1. The impact of a volcanic eruption on 
temperature has bcen modelled and compared to observations after Agung eruption (Hansen et al., 
1978) and better documented after El Chichon; temperatures at 30 mb have bcen found a few 
degrees higha in 1982 than the previous year average (Labitzke et al., 1983). 







AEROSOL SENSING FROM BALLOONS USING PHOTOPOLARIMETRY 

A phocopoluimtca, designed to mtum the rdmx ud dre poluintioa ratio at k = 0,m pm 
lad A = 1.65 pm, is set up on a gondola of r rtntospheric balloon. By rotating the goodoh, 
mwurrmcntt of the diffuse d u  light arc okrined f a  r whok range of the scrttaing mgl- An 
i n d o n  scheme, bucd on the usumpdoa of r log-mmal rizt distribution, pvides  the Ftlevant 
size puuactat, the refractive index ud the slant opricrl thicknesses of the rtnwols. 

Since 1983, this urpaiment w u  launched twice 8 year from Aire Sur Adour (S-E of Frurcc). 
The post.~l- hic chon suatospheric aaosol p v c d  to be quite stable in sire and nature (hyhtid 
sulfuric acid), but of the abundance decreased of by a factor 10 between 1983 and 1987. 

The experiment was also launched to observe the stratosphere during the Arctic winter. Two 
flights, on January 28,1988 and January 18,1990, corresponded to an unpaturbed stratosphere But 
during a third flight, on W/Ou90, the tempcraturrs were low enough for PCS formations. A 
multilayered situation was o W e d  with (i) the standard H~SOH aerosols blow 20 lun, (ii) a dense 
layer. pealred at around 23 km, with scattering coefficients about 50 times laya than in background 
conditions, and (iii) and an upper layer rather sharp (-1 h). with micron sized particles. 
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THE EFFECTS OF SULFATE AND SOOT IN SMOKE ON ATMOSPHERIC EXTINCI'ION 

weillan Su 
Rertuch Center f a  b E n v k m m c n t a l  S c i u ~ x s  

Adauhsinia 
P. 0. Box !EM, Bdjing 100083, P.R.C 

ThcrcwabigfortstfininNacburan~h~y1987.AalpputnllyaewwrosdIrp 
~~utbC~dthertntospbacoabpoC~(uk(runr~~wtii)~b.lloon(u 
bnmk, Wyoming). Large fatsr fire dm M fran about 6-28 May 1987 poduced extcasive 
~ d t m o i r e t h t w a e P l c k e d ~ t b o m r a d r d K m m N O M w e r d r a ~ ~ . I t w  
f o d  during urd jut after this fi coocentntioa of particles in uppa mpopausc and bwtr 
sartospbtn above Pacif~: octur a d  Narbem hxrka incnrsed in several times, even ten times. 
'Ihis iacrusing nuy be r.uuA by the mroke of this fatst fin. Integrated NRBS coefficients aloft 
Murnr Lor in stmmphac on 19 md 26 May 1987 were 1.4 and 1.3 times mpcctivcly of thost on 
7 May 1987. It was found a d  known that thc increasing of atmospheric extinction coefficient was 
contributed mody by sulfate and soot of particles from biomass burning and cod combustion. It 
was shown that their contributions can rrach 80-90% of the whole extinction coefficient Soot is thc 
product of incomplete b d n g .  The black carbon in soot feature a high light absorption property. 
Sulfate is mainly produd by S@ ~ansformatim and feature a high light scattaing ability. It was 
undastood that the fmn fut which inject smoke to high altitude of the atmosphere can increase 
atmospheric extinction and may lead to a climate m u o n .  







A LIDAR EQUIPPED PHUTON CO WEI1 FOR MEASURING GTBATOSPHERIC 
AEROSOtS 

A ~ e U d t r r y r t a n h u b a e a d e v c b Q a d u t b s A o h d l r w i t u t e 4 f O p d a m d ~ M ~  
(31.31°N, 117.17@8). It is m8inly conporad d 8 ~~ fiqumcydoubbd N&YAO k 
(l # ) n J u 5 3 2 n m , l d ) , r 6 S l ~ ~ # ~ r r d r p h o c o n c a r n e a ( ~ c h m -  
Det).TbeUduokantbnruecoll~byurIBMPCfATcomputa.Orredorapro~utowe 
thcliduryttcmtomrlcerc~okavtrionsdrrntorphaic~Irmdthepofilcsdrcrtttiing 
ntio have been obcrIned since Nomnbcr 1989. Manwhile, r Xc-CI kra (308 nm wavelength) is 
usmbhitorllowthe Lidrrtoukcmcuunmtntsdvaticrloumedistributioru 







IN SITU MEASUREMENTS OF LIGHT EXTINCTION OF STRATOSPHERIC AEROSOLS 

Gunthard Mttzig 
Kanfaschungsztntnun Kuisuhc GmbH 

Labmaadurn fUr Aaosolphyfilr und Ftlmedmik I 
M a c h  36 40, D-7500 KurPuhe I, O a m ~ y  

Tbe extincdoa cocftlcient of W e n t  r#orol pudcks is mtuurtd using r muldplc traverse cell 
(White Cell) with M effective puh knpth of lO(kn. Merurraaeats are p a f d  at reven fixed 
wrrehgths in the visible r t g h  using r white light # ~ n #  ud m inacrfkma Nm set with 2 nm 
bradwidth and antewavelengths of 4055,450,500,550,600,650, and 6925 nm. The toal air 
flow in the system is 16.7 Urnin, the volumt of the chamber is close to 10 liter. It taka about one . 
minute to frll the chamber with particla homogentously, but it needs up to five minutes to get the 
chamber particle frtt. 

Befan m u r i n g  the aerosol, during two minutes the transmission of particle frtc ambient air is 
dctcrmintd; then the aerosoi passes through the chamber for a period of ten minutes and after this the 
transmission of particle free ambient air is measured again for eight minutes. All times are subject to 
change. At present the measurements arc done with a frequency of 1 Hz but an increase up to 30 Hz 
is possible. The lower detection limit of the used White Cell is 3.4 x l f l / m .  This is sufficient for 
measuring the extinction cocficient during most mposphcric and some stratospheric conditions. But 
of come, it will be necessary to increase the sensitivity a factor of ten when measurements under h e  
clearest stratospheric conditions an planned. 
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Conference Publication 

Following a mandate by the Intanational Aerosol Climatology Program operating under the 
auspices of International Association of Meteorology and Atmospheric Physics International 
Radiation Commission, 45 scientists from five nations convened in March 1990 at NASA Ames 
Research Ccnur to discuss rtkvmt issues associated with the measurements, properties and effects 
of stratospheric auosols. This report is a summary of the discussions on formation and evolution. 
transport lLnd fate, effects on ctimatc, role in heterogeneous chemistry, and validation of lidar md 
satellite rtmotc sensing of saatmphmc aerosols. Measunmenu are ncommcndtd of the natural 
(background) md the volcanically enhanced aerosol (sulfuric acid and silica particles), the exhaust 
of shuttIe, civil aviation and supersonic aitcran opaations (alumina, soot and ice particles). and polar 
stratosphaic clouds (ice, condensed nitric and hydrochloric acids). 
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