The
Global Atmospheric Electric Circuit




Historical Background
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History

The Carnegie, 1909
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v 1920s: There exists a diurnal variation of the atmospheric
electric field, which is independent of location and local
time, but dependent only on universal time:
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F1G. 26. Diurnal variation of potentia' gradient over oceans. (From
WHrPPLE and SCRASE, 1936, Fig. 9A, p. 19.)
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Fig. 1.12. Mean diurnal variations of the potential gradi-
ent for 3-month periods measured during fair weather on
four cruises of the Carnegie during the years 1915-21
(cruises 4—6) and 1928-29 (cruise 7). The numbers by the
line codes in each are the mean potential gradient for the
curve. (From Torreson et al. 1946, with permission.)
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"ig. 1.9. Southern hemisphere seasonal variation in fair
veather electric field. (After Cleary et al. 1997, with per-
nission.)



v Implication of E-field = Earth has a negative charge of ~500,000 C

Charge of the Earth

Q = 47R? ¢, E = R2E, /k

4.5 x 10° Coulomb

g,= permittivity of free space (electric const.)
= 8.85x10-%? F/m



v' 1887 Linss discovered ions in the atmosphere, implying that
air had a finite conductivity
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weather from the relationship derived by Woessner et al. )
(1958) from their balloon-borne Gerdien cylinders.

Fig. 1.7. Profile of the electric field in fair weather using
a relationship derived by Gish (1944).
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Conduction Current
JR) = o, E(R) =2 x 1012 Amp/m?
o(R) =0, = 3x10-1* Siemen/m [S/m]

The conduction current varies little
with altitude up to z~50 km

Globally, i = J(R) 4nR?
~ 1000 Amp

v 1900 CTR Wilson measured the air-
Earth current which has a value
~2x1012 A/m?
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Due to the high conductivity of the Earth, the
Earth-ionosphere represent a spherical capacitor

Conductivity (S/m)
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lonospheric Potential
The potential difference between the ionosphere (height h) and

the Earth’s surface, known as the 1onospheric potential, 1s :
R+h »

V = J E()dr = J E(r)dr
since E=0 for r> R+h (or z>h)
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Fig. 1.7. Profile of the electric field in fair weather using

a relationship derived by Gish (1944).

ground

Most measurements show values of V~ 3x10° Volt (300kV)



lonospheric Potential (kVolt)
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MEAN DAILY VARIATION
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Fig. 1.13. Mean diurnal variations of electric field from
the Carnegie (top) compared with the potential of the elec-
trosphere (bottom) from balloon soundings of the poten-
tial gradient. (After Miihleisen 1977, with permission.)



Capacitance of the Earth
C = Q/V ~ 4x10°C/3x10°V ~ 1 Farad
The typical time scale for the discharging of the capacitor is

t = R, C = 300 sec! (5-10 minutes)




v 1920 Wilson suggested
the generator was global
thunderstorms

v 1929 Whipple showed that
the diurnal variations of
the fair weather field
matches the diurnal
variations of global
thunderstorms

FIGURE 15.3 (a) Annual curve of the diurnal variation of the atmo-
spheric electric field on the oceans (volts per meter) as measured by the
Carnegie and Maud expeditions (Parkinson and Torrenson, 1931) and
(b) annual curve of the diurnal variations of global thunderstorm ac-
tivity according to Whipple and Scrase (1936).
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The Global Atmospheric Electric Circuit
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Fig. 1.11. Simple conceptual model of
the main global circuit. Thunderstorm
‘generators’ drive current to the highly
conductive electrosphere and back to
ground as fair weather current. R _ is the
columnar resistance, which is greater in
the lower atmosphere. The altitudes are
approximate, typical ones; not to scale.

Q ~-500,000 C

PG ~-100 V/m
| ~2 pA/m?
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Where are the batteries?

Jan 1

~1000 thunderstorms
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Diurnal Variation of Lightning for Land vs. Ocean
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There is also an AC component to
the Global Electric Circuit

v 50-100 flashes per second
v" Generation of EM waves
v" Trapped in Earth-ionosphere waveguide
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ELF- Schumann Resonances
Extremely Low Frequency (ELF) Range (Schumann, 1952)

F <100 Hz

Whistler waves

ELF/VLF waveguide‘h
s
IOV

propagations * v

.,. ~ Lightning X
Schuméﬁn [ dlschargeé;g%
resonances |[

f.~nc ~8,14,20....

2ma

Radiation belt
electrons

Hz



Pt

<

M

Bl

Attenuation (dB/Mm)
=
e

Waveguide Cutoff

S

L ctm Chapman amd Macario

-
L.

RN § T |

l'illl L b | T II'I'I'II L§ | ] L] JIF!II E ¥ T?F'I-IF_I
L
Schumann resonance

Challimor

-=  Night

MIT Lincoln
Day Night

A A Auroral

[1 B  Femperate

Edod bl | P I W | L t.o.n 3 azaal L PRI |
s 100 2 s 107 2 s 100 2 s 10"
Frequency (Hz)
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M. (@) iv(v+1) < 3 (2n +1)P, (cos 6)
drgha @ = n(n+1)—v(v+1)

(2n +1)P(cos 0)
()= Azha Z n(n+1)-v(v+1)

n=1

w = angular frequency

© = great circle angle from lightning to the observer

&, = vacuum permittivity;

a = radius of the Earth;

h = the height of the lonosphere;

P.(cos 6) and P,(cos 6) are Legendre and associated Legendre functions
of degree n and order 0,1 respectively

v, the modal eigenvalue related to the propagation constant of the
Earth-lonosphere spherical-shell cavity

M.(w) is the vertical charge moment of the lightning ground flash.




Angular Distributions of Schumann Resonance Modes

Electric

Magnetic (Schumann, 1952)



Electric Field Detector
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Fig.1 Diagram indicating the very large range of horizontal and vertical scales involved in various electrical
phenomena of interest in the Earth’s atmosphere and near-Earth space environment. Words appearing hori-
zontally show different regions at different altitudes where different physical processes make their presence
felt and Wordy appearing vertically show features with a certain honizontal scale which are important over
the altitude range indicated. (Here, TCs 1s an abbreviation for thunderclouds—other such terms are explained
in the text)

Rycroft and Harrison (2011)
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Lightning Activity vs. Specific Humidity (300mb) +24hours
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Figure 2. Monthly-average values of the Potential Gradlent (PG) observed on Oa days, at Eskdalemuir, with
the yearly Oa averages shown (solid red line) where avallable, from 1914. A linear trend line (dashed blue
line) has been fitted to the monthly averages 1911-1981, with the 1951-1869 data excluded.
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What do all these changes mean?

v Changes in thunderstorms?
v Changes in waveguide?
v" Changes in conductivity?
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What have we learned?

v" The global atmospheric electric circuit is made up of both a
DC component and AC component

v The DC circuit depends on global thunderstorm activity (area
coverage, intensity) and atmospheric conductivity (ions,
aerosols)

v The AC circuit depends on global lightning activity (intensity
and number of flashes) and ionospheric parameters (D-layer
reflection height, ionospheric conductivity profile)

v" There is evidence that solar variability (solar cycle, solar rotation,
solar flares) influence both DC and AC circuit parameters

v These Solar impacts may result from changes in
the Earth-ionosphere cavity, and/or even changes in cloud and
thunderstorm activity itself.

v The GEC may also be a sensitive tool to study climate change.



