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ABSTRACT

A physical hypothesis far the electrical coupling of the troposphere. ivnusphere and magnetosphere has
been proposed. It Is shown that the vertical mass exchange 1akes place in the troposphere, ionosphere
and magnetosphere by the gravity wave feedback mechanism through 4 chain of eddy systems, The vertical
mass exchange gives rise to a vertical aerosol current which is responsible for the generation and mainte-
nanve of atmospheric electric field and also the variations in the H-component of the geomagnetic field. Any per-
turbation in the troposphere would be transmitted 1o ionosphere and vice versa. A global perturbatjon
in ionosphere, as the one caused by solur variability, is transmitted 1o troposphere influencing weather sys-
tems;geamagnetic/atmospheric  electrification  processes.

The theary relating to the above physical mechanism is discussed.  Also, results of analysis of at-
muspheric electrical field data for Cotaba. Bombay (8253 56™ N, 72< 48" 54 E, 9.8 m ASL) and solar activity
indices ( 4, index, D, index and MSB crossing dates) for the 31 year period from 1936-1966 which provide
statistical evidence for solar influence on atmospheric electrification processes are presented.

1. INTRODUCTION

Recent experimental investigations relating Lo the electrical coupling between the tropo-
sphere.ionosphere and magnetosphere suggest the possible soler madulation of atmospheric
electrification.  Analysis of the 1200 hrs of stratospheric balloon data has indicated correlation
between the vertical electric field and the magnetic activity parameters (D’ Angelo et al., 1982).
Markson (1978) observed correlation between the earth-ionospheric potential variations
deduced from airplane soundings and the solar wind parameters.  Evidence suggests thatl high-
er solar wind speeds yield higher potential differences. Holzworth and Mozer (1979)
{rom the study of the stratospheric balioon data obtained during the August 1972 solar flare
have concluded that the solar proton shower occurred during the event ‘compressed” the
ionosphere down to a level below 30 km. The solar proton fluxes have been found to be
correlated with a decrease in the local vertical field component near 30 km. The above obser-
vitions provide the evidence for the downward coupling of high altitude processes into the mid-
dle atmosphere and the tropospbere,  Similarly upward coupling of the tropespheric process-
cs into the middle aimosphere has been noticed from the following observations.  Balloon data
tn the stratospheric region display classic fair weather vertical eleciric field magnitudes modu-
lated by the solar wind effects (Kelly, 1983). During thunderstorms large enhanced felds are
seen in the horizontal components as well as large and reversed vertical fields {Holzworth, 198 I).
Direcl coupling of discharge electric ficld into the ionosphere has been recently detected in a
multiple platform (three rockets, a stratospheric balloon, an airplane and ground-based
detectors) during a thunderstorm. Numerous electrical discharges have been rezorded simul-
taneously by all the sensors located in different platforms. Transient fields of tens of my m~'
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have been observed in the mesosphere and the ionosphere. Large transient fields have been
seen at stratospheric heights.

In this paper a physical mechanism for the efectrical coupling of the troposphere, iano-
sphere and the magnetosphere has been discussed along with the results of analysis of atmos-
pheric electrical feld for Colaba, Bombay (8¢ 53" 56""N, 72°48" 34 E, 9.8 m asl} and geomag-
netic data (D, index. 4, index and MSB crossing dates) for the 31 year period from
1936-1966. Based on the above theoretical and observational results possible solar modula-
tion of atmospheric electrification has been investigated.

1. PHYSICAL MECHANISM

A gravity wave feedback mechanism for the troposphere-ionosphere coupling has been
proposed (Mary Selvam et al., 1982, 1984a). Vertical mass exchange in the troposphere-iono-
sphere-magnelosphere takes place through a chain of eddy systems. Any perturbation in
the troposphere would be transmitted to the ionosphere and vice versa. A global perturba-
tion in ionosphere, as the one caused by solar variability, is transmilted to iroposphere influ-
encing weather systems/geomagnetic/utmospheric electrification  processes.

The atmospheric boundary layer (ABL) contains large eddies (vortex rolls) which carry
on their envelopes turbulent eddies of surface frictional origin (Fig. 1}. It is shown that the
buovant production of energy by microscale-fractional-condensation (MFC) in turbulent
eddies is responsible Tor the sustenance and growth of large eddies (Mary Selvam et al.,
1983b). The circulation speed of the large eddy is related 1o that of the turbulent eddy accord-
ing to the following expression.

EDOIES Ik THE ATMODSPHERIC PBL

MICROSCALE CAPPING INVERSION

VORTEX ROLL
) d’
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SURFACE FRICTIONALORIGIN

Fig. 1. Eddies in the atmospheric boundary layer.
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where }}7 and s are respectively the r.mus, circulation speeds of the large and turbulent eddies
and /! and r their respective radii. The buoyant production of turbulent energy by the MFC
process is maximum at the crest of the large eddies and results in the warming of the
large eddy volume. The turbulent eddies at the crest of the large eddies are identifiable by a
microscale-capping-inversion (MCI) which rises upwards with the convective growth of the
large eddy in the course of the day.  This is seen as the rising inversion of the day time ABL
in the echosonde records.

As the parcel of air corresponding Lo the large eddy rises in the stable environment of
the MCT, Brunt Vaisala oscillation is generated (Mary Selvam et al.. [983a, 1984b). Thus
the large eddy growth is associated with generation of a continuous speztrum of gravity (buoy-
ancy) waves in the atmosphere. The slopes of temperature and wind spectra were theo-
retically shown to be equal to — 1.8 for the eddy scale ratio {z) i.e. R/r =10 (Mary Selvam
et al., [984cj and it is in agreement with the observed spectral slopes in the troposphere-strat-
ospherc-ivnosphere-magnetosphere  {Weinstock, 19805 Dewan. 1979: Keskinen et al..1980;
Tsurutani ¢t al.. 19813 Garter and Balsley, 1982; Van Zandt. 1982).

. Vertical Mixing

The dilution by environmental mixing of the large eddy volume by turbulent eddy fluc-
tuations across unit cross-section of the large eddy surface is derived as follows.

The ratio of the upward mass flux of air in the turbulent eddy to that in the large eddy
across unit cross-section per second . /dll7. where

10, — ingrease in vertical velacity per second of ihe turbulent eddy due to the MFC pro-

cess and

Jil = correspanding increase in vertical wvelocity of large eddy.
This Tractional volume dilution of the large eddy occurs in the environmenl of the turbulent
eddy. The fractiona! volume of the large eddy which Is in the environment of the turbulent
cddy where dilution aceurs — ¢/ R. Therefore, the total fractional volume dilution K of
the larec eddy per second acress unit cross sestion can be expressed as

Wy ¥ P9 J

K= v w '"
The value of K =04 when R/r-=10 since di =025, (Eq. 1)
In Equation (2). JiF¥ is the increase in vertical velocity of the large eddy per second as
4 result of . The height interval in which this incremental change in the vertical velocity
oceurs is ¢z which is equal to » (Fig. 2).
Using the above expressions Eq. (2) can be written as follows

g dz
A= (3)

Integrating Equation (3) between the height interval » and ¥ the following relation for [¥7
can be obtained

L. w. R
dz w (1)
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Fig. 2. Growth of large eddy in the environment of the turbulent eddy.

In the abave expression for (7 it is assumed that vy is constant for the height interval of
integration.
A normalised height =z with reference to the turbulence scale » can be delined as

R [,
2= (5}

Using the above expression Equation (4) can be writlen as [ollows:
. Uty
Wz Inz, {6

The value of K is constant for a fixed value of j¢/r.  As delined earlier K repre-
sents the fractional volume dilution rate of the large eddy by turbulent eddy fluctuations
across unit cross-section on its envelope and is constant for a fixed value of the scale ratio z.

It is well known from observations and from existing theory of eddy diffusion (Holten,
1979) that 1he vertical wind profile in the atmospheric ABL follows the logarithmic law
which is identical to the expression shown in Eq. 6. The constant X for the observed wind
profile is called the Yon Karman constant. The value of K as determined from observalions
is equal to 0.4 and has not been assigned any physical meaning in the literature.

The new theory relating to the eddy mixing in the ABL proposed in the present study en-
able us to predict the observed logarothmic wind profile without involving any assumpiions
as in the case of existing theories of eddy diffusion processes. Also it is shown that the
Yon Karman constant is associated with a specific physical process. Tt is the fractional
volume dilution rate of the large eddy by the turbulent scale eddies for the scule ratio of 0.

Identifiable large eddies can grow in the atmospheric ABL only for scale ratios z::10
since for smaller scale ratios, the valume dilution rate by turbulent eddy mixing is more than
0.5. The convective scale eddy of radius }?, evolves from the turbulence scale eddy of ra-
dius r for scale ratio (z) i.e., R, /r=10. This type of successive decadic scale range eddy
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mixing generates the convective. meso-, synoptic- and planetary scale eddies starting from the
turbulence scale as the basic unit (Mary Selvam et al.. 1984c).

Okhservation evidence for the tropospheric eddy chain linking up with ionosphere is seen
in satellite abservations which indicate that increased currents at ionospheric levels are accom-
puanied by a simullaneous increase in wind speed at fower levels. Measurements with Poker
Flat radar and instrumenis af Alaska and with NOAA radar at Fairbanks support this conten-
tion. From the muotions ol chemically released ions and neutral clouds it is apparent that neu-
tral winds in the high latitude ionosphere are driven principally by ion drag forces. Ob-
servations of infrusonic waves following sudden ionization enhancements indicate the existence
af momentum transfer (Heppner, 1973).  Carter and Ralsley (1982) have reported correlation
between short term fluctuations in the wind field near the mesopause (~83-90 km) and the
intensity variations of the auroral electrojet {(~110-115 km).

2. Troposphere-lonosphere Coupling

It i~ postutated that a vertical chuein of eddy system exists in the atmosphere with the
convective scale as the smallest unit (Fig. [). Turbulent eddies of surface [rictional origin
ride on the envelopes of these convective scule eddies and reach up to lonospheric levels.

Thi~ stack of convective scale eddies will he associated with microscale-capping-invetsion
layers at inlervals equal 1o the convective scale size i.e. 2 £, (2-20 km). The layered struc-
ture of the atmospheric PBL with thin sheets/layers of turbulence has been abserved by air-
craft. echosonde. MST radars throughout the aimospheric PBL extending up to ionospheric
levels (Gage, 1979, Carter and Balsley, [982),

This vertical stach of convective scale eddies results in vertical mass exchange throughout
the column extending from the surface to the ionospheric levels. This upward propaga-
lion ol convective scale eddies derives energy from (i) microscale-fractional-condensation
process in the turbulent eddies and (ii) the exponential decrease of atmospheric density with
height. In the upper traposphere and up to ionospheric levels the eddy amplification occurs
mainly a5 p~'- where p is the atmospheric density (Beer, 1975).

The vertical mass exchange between surface to ionospheric levels by the eddy stack is the
conpling mechanism which transmits solar activity controlled variation of the icnosphere
ta the lower troposphere and thus influences the weather systems and other atmospheric process.

3. Ohservational Evideace for the Vertical Eddy Chain

Weinstock (1981) has shown that the energy dissipation rate of turbulence in the stable

ree atmosphere can be expressed by the following relation:

e= 0,48 1. (77
[t7% is the variance of the vertical velocity and A, the Brunt-Vaisala frequency. Observa-
tions indicate that the above relation for £ holds good for the atmospheric PBL up to the
stratosphere.  The new theory of atmospheric eddy mixing can be used to derive the relation
as follows:

The dominant eddies in the atmospheric PBL are the Brunt-Vaisala eddies since they are
generated and sustained by the microscale-lractional-condensation process in the turbulent
eddies.

Let }# , = rool mean square value of the vertical velocily of the large eddy i. e., for one
complete cycle of the large eddy oscillation. Let &, =Brunt-Vaisala frequency associated
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with the large eddy.
Thus g, the dissipation rate per second of the vertical velocity variance associated with
the Brunt-¥aisala eddy is given as follows:
¢ =dilution per second of the large eddy volume by turbulent mixing x variance per
second of the Brunt-Vaisala eddy.
The variance per second of the larpe eddy of frequency N, =¥ .1 .
e=RN GV (&)
The value of £ —0.4 for size ratio == 10.  Thus the predicted relation for ¢ at Fg .8 s idenli-
cal to the observed relation for ¢ al Eq. (7) providing proef for the cxistence ol a ver-
tical eddy chain with convective scale as the basic unit.

1L ATMOSPHERIC ELECTRIC AND GEOMAGNETIC FIELDS

In the following it is shown that the atmospheric electric fiefd and geomagnetic field
variations are also manifestations of the vertical mass exchange process hetween the lowet
troposphere  and  ionosphere,

The vertical mass exchange on the sunlit hemisphere gives rise to upward transport ol
surface air. The nuclei in the surface air lavers confain a net posilive space charge und
thus there is an aerosol current iy, in the upward direction from the surface layers which i
expressed as

inie = Wy U* '

¥ =net positive space charge density in the surface layer,

As the large eddy grows there is upward Lransport of nel positive space charge from surface
lavers the concentration decreasing with height due 1o dilution of the large eddy volume by
turbulent mixing as explained earlier.

The fractional mass flux § of the surface air in the vertical can be derived as follows:

Across unit cross-section of the large eddy surface at normalized height z the ratio of
the upward mass flux of air to the upward mass flux at surface level =i /w,. This excess
upward mass flux eccurs in the environment of the turbulent eddy and hence the fractional
volume of the large eddy associated with this dilution = /& =1/z. Hence the fractional mass
flux [ of surfuce air at normalized height 2 is given as

L

z wr

Earlier (Eg. 6) it was shown thal the wind profile of the large eddy is logarithmic with height.

]

Thus f= \,f" f:' Inz. (97
f gives the fractional upward mass flux of surface air at any level z across unit arca.

Under steady state conditions a fraction f of surface air wiil be found at normalized
height -.

The atmospheric nuclei and thus space charge concentration originate from the surface
layers. Thus the net positive space charge concentration g at any level can be expressed in
terms of the surface concentration g% as follows:

oo, (1
The atmospheric electric field F° at any level is given as
F-ag, [I1)
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where o is the net positive space charge density al that level. £ and ¢ are expected to de-
crease with height according to the f distribution (Eq. 9). The vertical profile of § is shown
in Fig. 3 and it is similar to the observed / and nuclei profile {(Imyanitov and Chubarina, 1967)
in the atmosphere (Fig. 4). The value of { has been computed assuming that the dominant
turbulent eddy radius () is equal to 100 m and | m tespectively below and above the
lifting condensation level (LCL).
The aerosol current at any level 2 is given by
le—=o ™z weiz,
fo— lapf2". (12
Thus the aerosol current 4, produced by the vertical mass exchange generates the
observed atmospheric electric field. The conventional air-earth conduction cutrent cannot
discharge the atmospheric electric field and thus be produced since the dynamic charge trans-
port by the vertical mass exchange process is faster than the ion mobilities by more than
one order of magnitude.
The vertical distribution of the aerosol current §, follows the f*z* distribution.
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Fig. 3. Computed profiles of Aitken nuclei Fig. 4. Observed profiles of atmospheric condensation
and electric field. nuclei and electric field in USSR (after
imyanifov and Chubarina, 1967 where (1) and
(2) refer respectively to the Aitken nuckei and
electric field profiles.

The convective scale (2 km?®) aerosol curren{ can be computed and shown to be 10°
times larger and is in opposite direction to the conventional air-earth conduction current
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from Eq.12. The vertical aerosol currents are of the right order of magnitude and
direction as thase of the vertical currents postulated to exist in the atmosphere hy Bauer
{1920) and SchmidL (1924) in their hypothesis for explaining the variations in the f/ com-
ponent of the global gecomagnetic field. The serosol currents occur over conveclive scale
i.e. ] km’ and thus were not detected by conventional spot observations.

Lanzerotti et al. (1942) found the Auctuations with periods less than one day in the pow-
ering voltage on u transatlantic cable which are predeminantly produced by fluctuations in
the geomagnetic ficld.  Enhancements at similar frequencies are seen in both voltage and mag-
netic field spectra. These observations corroborate the hypathesis proposed in this paper.

The results of the analysis of the sueface electric field data for Colaba for the period

1936-1966 are discussed below.
I, Irerplanctary Magnetic Field (IMF) and Elecrric Field

Continuous periadogram analysis of the daily values of surface atmospheric electric field
data for Colaba. Bombay (8 53'56™ N, 72° 48°547°E, 9.8 m ASL) for the 3]-year period (1936-
1966) was carried out after grouping the data into the four seasons, (i) Winler (November-
Februaryl. (i) pre-monsoon (March-May), (iii) monsoon {June-August) and (iv} posl-
nansoan  {September-October).

The results of the harmonic analysis of the electric field data showed a fundamental peak
with a period of 6 to 7 days. This period corresponds to the average time interval between
any lwe successive MSB crossing events.  Periodicities of 12-15 days and 21-23 days are also
present in the electric field. The peaks in the negative Dy index occurred when maximum
values of the positive electric field are present. Results of the cross-spectral analysis of
the electric ficld data and the daily mean equatorial [}, index suggested negative correla-
tion berween electric field and IMF for all significant wave lengths less than 30 days with
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Fig. 5. Resulis of the spectrum and cross spectrum analysis of the surface atmospheric electric field and
the D index.

maximum being centred around 27 days, which may roughly correspond to one solar rotation
perivd. A positive correlation between surface electric field and IMF is found in the wave
length range 35-33 days with maximum at about 47 days. This appears to correspond with

1wo solar rotation periods.  The results indicate a strong association between surface electric

field and IMF.

2. Geonggretic Siorms and Electric Field

The association between atmospheric electric field and global geomagnetic storms was
studied by the superposed epoch method of aralysis of the atmospheric electric field data
for Colaba., Bambay for the 3l-year period from 1936 to 1966.

Results of the analysis of the electric field, major geomagnetic storms (with 4, index>
100} and the selected meteoralogical parameters (surface pressure, wind, humidity, temperature
and rainfsll} indicate the following. Geomagnetic storms are followed by a decrease in the
electric field during a 6-day period following the data of occurrence of the storm.  During the
summer mansoon {June-September) geomagneiic storms are followed by a decrease in surface
pressure, incresses in wind velocity and rainfall.  The results of the study corroborate the
hypothesis that there is a two-way interaction between the ionospheric 5, current systems
and the meteorological parameters i. e., a geomagnetic storm in association with a major solar
fare can enhance the vertical mass exchange resulting in enhancement of exisling weather sys-
1ems.  This in turn feeds back energy into the S, current system which is manifested as a
delayed geomagnetic storm (sub-storm) fellewing the solar flare induced sudden storm comme-

ncement (SSC),
3. Imterplanctary Magnetic Sector Boundary (MSB) Crossing Events and Electric Field

Association between the MSB crossing events and the surface atmospheric electric field
data for Colaba, Bombay was investigated by the superposed epoch method of analysis.

The resulis indicate that anm MSB crossing for which there is a negative to positive
polarity change is associated with a decreasing surface electric field for a total period of
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about 4 days inclusive of the MSB crossing date (Fig, 6). An MSB crossing event for which
the polarity changes from positive to negalive is associated with a distinct peak in the surface
atmospheric eleciric field within 2 days of the MSB crossing event. The above results are in
agreement with those reported by other investigators (Herman and Goldberg, 1978).
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4. Luwmar Phases and  Flecwic Field

The association between surface aimospheric electric Tield and lunar phases was inves-
tigated by the superposed epoch method of analysis using surface atmospheric electric field data
for the 31 year period from 1936 to 1966. From the analysis it is found that a peak
occurs in the atmospheric electric field within —2 days of the full moon occurrence. A
possible explanation is that the magnetohydradynamic wake of the moon at full phase (anal-
ogous to earth’s magnetotail) produced by the solar wind interacts with the earth’s magneto-
tail v promele energetic particle precipitation, into the icnosphere, therehy selting up electric
cusrents that perturb the magnetic field. Such disturbances are seen in the atmospheric elec-
tric licld (Herman and Goldberg. 1978).
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