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ABSTRACT

lonic conductivity is one of the important parametersfor understanding the
electrical state of the environment and is known to be sensitive to the
presence of aerosols. Thus, aerosol loading on the stratosphere has a bear-
ing on the conductivity. A preliminary effort is made to study the behaviour
of ionic conductivity of the stratosphere. For analyzing the effect of aero-
sols on conductivity, the aerosol number density alone is not sufficient and
reguires a parameter which is a function of ionic mobility and as well as
aerosol size distribution. Therefore, the aerosol ion-small ion recombina-
tion coefficient determines the extent to which aerosols can alter the con-
ductivity of the stratosphere. This necessitates the requirement of experi-
mental measurements of aerosol ion-small ion recombination coefficient
along with simultaneously measured aerosol density and electrical conduc-
tivity in the region. Comparison of o -profiles with that of the ion-ion re-
combination coefficient o, indicate that it may be necessary to incorporate
multiple charged aerosols in the ion-aerosol model studies of conductivity
of stratosphere under enhanced aerosol conditions such as volcanic erup-
tion, a feature not seen in the usual model studies of the stratospheric
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INTRODUCTION

lon-aerosol modd studiesof stratospheric conduc-
tivity arean important areaof atmospheric research for
understanding thelectrica state of theatmosphereas
related to aerosolsintheregion. Thestratosphericion
conductivity isknownto bevery sensitiveto the pres-
enceof aerosolsintheregion. Thus, aerosol loadingon
the stratosphere has a bearing on the corresponding
conductivity in the region. The aerosols reduce the
stratospheric conductivity by (i) converting the highly

mobilesmall ionsinto lessmobileaerosol ionsthrough
ion-aerosol attachment (coefficient §) and (ii) neutral-
izing thesmall ionsthrough the aerosol ion-small ion
recombination (coefficient o). Another processwhich
makes the ion-aerosol attachment rate faster is the
charged aerosol-aerosol recombination (coefficient o).
However, . issmall comparedto § and o Theinflu-
ence of aerosolsonionic conductivity has been mod-
eled by several research workerd*®l, However, most
of theseworksare not for enhanced aerosol condition
of the stratosphere. Rosen et al [ have analyzed the
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effect of aerosolsonthe conductivity through smulta-
neous measurements of aerosol number density, Z, and
ion conductivity during enhanced aerosol condition of
thestratosphere. Further, Rosen et al . have highlighted
theabsenceof correl ation between their measured pro-
filesof Z and conductivity, o+, and concludethat aero-
solsmay not alter the conductivity at all. Srinivasand
Prasad? haveshownintheir moded study that theheight
variation of otisprimarily governed by the correspond-
ing mobility of small ions. Further, they haveempha-
sized the need of computing at | east one of the coeffi-
cientsa, and o, fromthemode . Further, these coeffi-
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cientsare shown to be aerosol size distribution depen-
dent®. Thusit isclear that, inorder to analyzethe ef-
fect of aerosolson theionic conductivity, aparameter
whichisafunction of ionic mobility and aerosol size
distribution may berequired.

ION-AEROSOL BALANCE EQUATION

Theion-aerosol modd ™8 used inthisstudy isshown
inFigure 1. Thetwo typesof (3 for the attachment of
positiveand negativeionswith theneutra aerosolsare
consideredto beequal. Similarly, thetwo
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Figurel: Simplified ion-aer osol model used in thisstudy

typesof o_area so assumed to beequal inthe present
study, although thesetwo typesof o_areknownto be
dightly different®¥. Itisfound that theresultsof thisstudy
arenot altered by thisassumption. The conductivities
of the stratosphere at any altitudein the absence and
presence of aerosolsisestimated and analyzed. The
Steady satesmall ion and aerosol iondensitiesaregiven
by thebasic equationsas:

q_aiNi_ﬂZNi_asNrAi=o @

BZN, —a,N,A, —a,AZ=0 @
whereq- Cosmicray ion production rate
a, - lon-ionrecombination coefficient
N+ and A+ - Steady state concentrations of positiveor
negative molecular and aerosol ions, respectively.

The steady state molecular ion density N_inthe
absence of aerosolsisgiven by

N, = [i] ®
Q;

Thefractiond depletionr of small ionsduetothepres-
enceof agrosolsisdefined as

As _ No—N,

N, N, (4)
Solving Egs. 1 and 2 smultaneously and using Egs. 3

and 4 we can writethefollowing expressionsfor 3Z
and o, as.

_ a (2-n)+a,n

Bz = N""{—z(l-n) } ©)
_Jai(2-m)-amn

as _{ 2(1_11) } (6)

Theconductivitiess_and o+ of thestratosphere at any
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atitudein the absence and presence of aerosols, re-
spectively, aregiven by

c,=Nseb, and o,=(1-1n)o, @)
b,P.T

b+ = 0' 0

= ®)

where e- Elementary charge b+ - Molecular ion mo-
bility at thedtitude of interestisgiven byt

T and P are, respectively, the temperature and pres-
sureat thealtitude of interest

b,,P,andT refertotheir respectivevauesat sealevel

METHODOLOGY

Theatmospherictemperature, pressure, neutrd den-
Sity, ionization rate dueto cosmicrays, aerosol number
dengity istheinput parametersto themode. It isnoted
that no effectivesize or thesizedigtribution correspond-
ingtothe Z-profileasgiven by Rosen et d“ isavail-
able. Thus, in the present computations, an effective
size(r) for the aerosolsisassumed. Estimation of the
stratospheric conductivity requiresaknowledge of re-
combination coefficients o, o, and o, . Parametric for-
mulaefor o, have been usedin thestratospheric model
studies® and isfound to beheight dependent, varying
from about 4x10° to 5x108cm®st inthe height range
of 10-60 kmi23, From theoretical considerations,
Hoppd ® has shown that for singly charged aerosols
therelative magnitudes of o, and o are such that o,
<o < o.. Srinivasand Prasad have shown the diffi-
cultiesencountered inthe model ling of stratospheric
conductivity using background aerosols, wherelarge
valuesof o, and o, [with (a0 ) > o] areusedinthe
model. Thisproblem can be overcomeby analyticaly
determining o._ or o for an assumed aerosol sizedistri-
bution. The computations are repeated for various as-
sumed effectivesizesr and the conductivity profilesso
obtained are anayzed agai nst the o+ profilemeasured
smultaneoudy.

Initially, with asuitable assumed value of o, the
vaueof n iscomputed from Eq. 5. Thenthevaueof o,
iscomputed by using Eq. 6. It isnoted that, in thisstep,
a, becomes negativeif theassumed vaueof o isunre-
aisticaly large. Inthe present computations o, = 107
cmis?tisfound to be suitable. From the values of n
obtained from Eq. 5, thevalues of N+ and A+ [Eq. 4]
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and hence o+ and Ao+ (=Atebt) arecomputed. These
computationsarerepeated for various assumed effec-
tivesizesr and theconductivity profilesso obtained are
andyzed agang the s+ profilemeasured s multaneoudy
with Z by Rosen et al'.

RESULTSAND DISCUSSION

In the present study we have computed the c+-
profilesfor r = 0.001, 0.004, 0.008, 0.02, 0.06, 0.1,
0.4 and 0.8 um. But the profilesfor r =0.001—0.02,
0.1, 0.4 and 0.8 um areonly shownin Figures2-4 for
clarity. Theinput Z-profile, and themodd o*-profiles
areshowninFigure 2 along with the s+-profilemea
sured simultaneously with Z by Rosen et al™. It may
be observed that the fluctuationsin Z values do not
causeany condderablefluctuationsinthemeasured o+-
profiles, particularly, at lower heights. Such observa-
tionslead Rosen et al.[“ to aconclusion that the aero-
solsmay not haveinfluence on theconductivity of the
stratosphere. However, an examination of Zand modd
ot-profilesin Figure 2 reved sthat theanti-correlation
between Z and model o+ isapparent only for larger r
vaues, andisvery smal for r =0.001—0.02 um. Fur-
ther, thesengitivity of themodd o+-profilesin Figure 2
tothevariationsof Zislargeat higher dtitudes. Thus,in
order to appreciatethe effect of aerosolson the con-
ductivity, comparison of ot-profileswith thecorre-
sponding Z-profilea one may not be sufficient.

Height {(km})
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Figure 2 : Profiles of experimental Z and conductivity o,
fromRosen etal.

The model computed a-profilesfor various as-
sumed values of r are shown along with o,/ usedin
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thisstudy and Z in Figure 3. It may be observed that
thefluctuationsin Z causesimilar fluctuationsin the
corresponding  only for larger r values. We notethat
thereductioninthe o+ by aerosolsis because of the
ion depletion duetoion-aerosol attachment and aero-
sol ion-small ion recombination. In Figure 3itisob-
served that at al heights o > a.. Thus, the aerosol
ion-small ion recombinationisseento bevery impor-
tant in the studies of ion depletion due to aerosols,
particularly, under enhanced aerosol condition. The
coefficient, ., isdependent on the aerosol sizedistri-
bution aswell ason the small ion mobility. Thus, the
relatively smaller fluctuationsof o, with respectto Z at
lower atitudesascompared to thoseat higher heights
areduetotherdatively smalerionicmobilitiesat lower
atitudes. Itisevident that theion depletion levelsare
directly reflectedinthe o, val uesat any height. Hence,
itisclear that, rather than variationsin Z, thevaria-
tionsin o may represent the possi ble reduction and/
or variationsin the atmospheric conductivity dueto
the presence of aerosols. Thispointisdemonstrated
inFigure4, where o, and model o+-profilesareshown
for variousvaluesof r. Theabsence of fluctuationsin
experimental ox-profilewithrespectto ZinFigure2
indicatesthat the effective size corresponding to the
Z-profile as given by Rosen et al ¥ may besmall (<
0.01 um). The model predicted conductivity profiles
forr <0.1 um agreewell with the c+-profileof Rosen
et al.l¥. Thusitisto be noted that, for estimating the
effect of aerosols on the conductivity at any height,
knowledge of o, isimportant. Information about Z
alone may not be sufficient.

In Figure 4, it may also be observed that at all
heightso, > o, whereasthetheoretical considerations®
dictatethe condition o < o, (for singly charged agro-
sols) at any height in the stratosphere. Thus, clear ob-
servationinFigure4 (i.e., a > o.) ispossibleif aero-
solscan become multiply charged, sinceinthissmpli-
fied model study o, isan effective coefficient for the
recombination between charged aerosolsand smadl ions.
Thisemphasizestheimportance of o inthestudies of
ion depl etion due to aerosol s, particularly, under en-
hanced aerosol conditions. Therefore, thereisaneed
toindudechanne sfor theformation of multiply charged
aerosolsintheion-aerosol mode studiesof theregion.
Also evident from theresultsistherequirement of ex-
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perimentally determined valuesof o for anayzingthe
effect of aerosols on the stratospheric conductivity.
However, if aerosolshave multiple chargesthen analy-
siswill becomplicated.
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Figure 3: Height profiles of input Z, o and computed o -
profilesfor variousaerosol sizes
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Figure4: Height profiles of & and o for various aer osol
sizes

SUMMARY

Anion-aerosol isemployed to study the effect of
aerosols on the stratospheric ion conductivity. Varia
tionsin aerosol concentration need not bring about Smi-
lar variationsin the corresponding conductivities. But
theaerosol ion-small ion recombination coefficient, o,
isseen to directly represent the reduction in the con-
ductivity of the stratosphere dueto aerosols. There-
fore, knowledge about o,_isessentia for understanding
theeffect of aerosolson the stratospheric conductivity.
This, inturn, requirestheknowledge of the aerosol size
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distribution. Information about Z d one may not be suf-
ficient for predicting/understanding therelationship be-
tween aerosol sand conductivity. Further, themodel
derived valuesof o (inrelationto ) indicateaneed to
extend this study from the point of view of multiple
charging of aerosolsunder enhanced condition.
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