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ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:
There were two main objectives to the research:

(1) To examine the strength of the electrode effect charge source
over land and sea.

(2) To obtain simultaneous measurements of meteorological and
charge fluxes under varying conditions of convection to test
predictions of a second order closure model (Willett, 1979) of
the turbulent transport of electrode effect space charge through
the planetary boundary layer.

Aircraft soundings of electric field, conductivity,
temperature, condensation nuclei, dew point, and turbulence
structure functions for velocity, temperature and humidity along
with surface temperatures and wind speeds were obtained over the
desert in southeastern New Mexico and over water in the Bahamas.
Sixteen flights were performed in the desert deployment where, in
addition, a ground station was operated to obtain simultaneous
measurements of wind speed at two heights, Air-Earth current
density, electric field, and turbulence structure functions for
temperature and velocity. Eleven flights were carried out over
the ocean near Eleuthera, Bahamas.

Our results indicate:

(1) Strong electrode layers form over the ocean but are often
inhibited over land. We attribute this to radicactive emanations
from the ground which cause ionization close to surface
preventing an accumulation of monopolar ions.

(2) The shape and intensity of convection current profiles are
dependent on the electrical relaxation time and turbulence
intensity as predicted by the charge transport model.

(3) Vertical electric field measurements, because of their
sensitivity to volumes of space charge, are a better indicator of
organized oceanic convective structure than humidity or other in
situ measurements.

(4) Ionospheric potential is a much better parameter for
observing temporal variaticns in the global electric circuit
supply current than Air-Earth current density because of the
latter's sensitivy to chanjes in columnar resistance and
convection current.

Reference:

Willett, J.C., 1979: Fair weather electric charge transfer by
convection in an unstable planetary boundary layer, J. Geophys.
Res., 84, 703.
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FOREWORD

The work presented in this document was the cooperative effort of
Airborne Research Associates, Inc., the Pernsylvania State University and
the Naval Research Laboratory and was performed under contract number
F49620-86-C-0013 from the Air Force Office of Scientific Research.
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SUMMARY

This document presents experimental results of a two year aircraft
investigation of the relationships between the electrical and
micrometeorological structure of the unstable planetary boundary layer
(PBL). The specific objectives of the research were to 1) quantify the
strength of the electrode effect charge source over land and water and 2)
obtain simultanecus measurements of the surface fluxes of heat and momentum
and profiles of electrical parameters in order to test predictions of a
second order closure model of the turbulent transport of electrode effect
space charge (Willett; 1979, 1981). In pursuit of these goals, soundings of
electric field, polar conductivities, temperature, ocondensation nuclei, dew
point, and turbulence structure function parameters for velocity,
tamperature and humidity, along with surface temperatures and wind speeds
were obtained on flights over the desert in southeastern New Mexico in May
1986, and over water in the Bahamas in March 1987. This report presents
these unique data along with a discussion of the experimental techniques,
instrumentation, calibrations, and methods used to calculate derived
variables, surface fluxes and model parameters.

Analyzed results are discussed in Appendices A and B, two papers given
at the Eight International Conference on Atmospheric Electricity in Uppsala
Sweden in June of 1988, and are not emphasized in the main body of the
report. (Both papers have been accepted for publication in the Journal of
Geophysical Research.) Sumnarizing the findings presented in these papers:

(1) Strong electrode layers form over the ocean but are often weak or
inhibited over land. We attribute this to radicactive emanations from the
soll which cause ionization close the surface preventing an accumilation of

positive space charge (Appendix A).

(2) The shape and intensity of convection current profiles are dependent on
electrical relaxation and turbulence intensity as predicted by the charge
transport model (Appendix A).




(3) Vertical electric field measurements, because of their sensitivity to
volumes of space charge, are a better indicator of the structure of
organized convection over the ocean than humidity or other in situ
measurements (Appendix A).

(4) Ionospheric potential is a much better parameter for cbserving
variations in the global electric circuit than Air-Earth conduction current
density because of the latter's sensitivity to changes in columar
resistance and convection current (Appendix B).

We expect to provide more indepth discussions of results and final

conclusions in future publications when a more thorough comparison of
experimental results with model predictions has been campleted.
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I. INTRODULLCTION

Briefly, this report is organized into a detailed account of how
measurements and variables were obtained or calculated (Sections I, II, III
and IV); flight descriptions and tables and graphs of meteorological and
electrical soundings (Section V); tables of surface flux, model and
electrical parameters and convection current profiles (Section VI); and
discussions of results (Appendices A and B).

As indicated in the above summary, the primary motivations for this
work were to measure the strength of the electrode layer owver land and sea
and to test the predictions of a second order closure model of the
turbulent transport of space charge in the PBL (Willett, 1979, 198l1). The
strength of the electrode layer can be assessed from profiles of electric
field and conductivity while the model requires as additional inputs the
surface fluxes of momentum, heat, and moisture, surface roughness and
measurements of conduction current density well above the exchange layer.
The simultanecus determinations of all these parameters was made possible
by use of ARA's dedicated twin-engine Beechcraft Baron atmospheric research
aircraft. This aircraft, shown in Figure 1, has been outfitted with
atmospheric electrical, meteorological and turbulence instrumentation and
used with success in numerous past field experiments (e.g., Markson, et
al., 1981). One additional device, a condensation nucleus counter, was
purchased and installed for use in this project so that small ion lifetimes
could be estimated.

Measurements were made at two diverse locations, Hobbs, New Mexico,
and Rock Sound (RSD), Bahamas (see Figures 2a and 2b for maps of the two
areas)inordettoacoe&thestrengthoftheelectmdeeffectdmge
source over land and ocean. The former region is characterized by thick,
strongly unstable, cloud-free mixed layers and the latter by intense
convection driven by warm ocean currents. In total, 27 data flights of
about 2.5 hours average duration were performed; 16 during a 3 week stay at
Hobbs in May, 1986, and 11 in just over 2 weeks in the Bahamas in March,
1987. All flights, except ccean Flight 6 and land Flight 16, were made in
fine weather. Land Flight 16, canducted in the early morning, was the only
one made in a neutral to stable PBL. On several missions, specifically
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land Flights 1, 2, 10, and 11 and ocean Flights 1 and 4, we failed to
acquire complete micrometeorological data sets. This was because of either
equipment failure or broken wires on the turbulence instrumentation. At
Hobbs, because of the extreme heat and turbulence, the aircraft camputer
experienced frequent crashes resulting in scme data loss.

Early in the land deployment it became evident that surface
radicactivity was causing high conductivity near the ground. This
ionization retards formation of electrode layers, hence limiting the
cawective current. Electric field and conductivity soundings were made
near Portales, Carlsbad and Roswell, New Mexico, none of which showed
significantly less radiocactivity than near Hobbs. Tabulated results show
the average electrical relaxation time over Hobbs was about cne half that
found in the marine PBL.

II. EXPERIMENTAL APPROACH
A. Flight Procedures

At Hobbs, where a ground station had been set up to measure canduction
current and micrometecrological parameters, the usual flight plan was to
make a ladder profile (a series of level passes at increasing altitudes)
over the ground equipment, then make a slow continuous spiral descent
ending with low passes cver the same area. This was to allow camparison
between the aircraft and the ground station data. Constant altitude passes
at reduced power were performed during the ascent since ascending profiles
of the turbulence parameters can not be used for analysis because of
increased aircraft engine and propeller noise during a climb. Ladder
profile rungs were usually at 20, 50, 100, 200, 500, 1000 and 2000 ft
heights, then at 2000 to 3000 ft intervals up to the flight apex, and were
about 2 min in duration. Descent rates were about 500 ft/min above the
inversion, slowing to around 200 ft/min near the ground. Since conwvection
is generated by solar heating of the surface in the desert environment, PBL
conditions changed quite rapidly in time. This allowed us to make up to 3
flights a day and to obtain distinctly different profiles on each.




Similar flight plans were followed over the ocean in the Bahamas.
Since no ground equipment was involved, the aircraft was simply flown
upwind fram land to open ocean water and data collection was initiated.
Ladder profiles and spiral descent soundings were ocbtained on all flights
with the exception of Flight 1 which was mainly a test flight. Additional
low altitude passes were made to examine the convective structure over the
ocean and to provide data fram which to calculate the 15 m wind velocities.
Convection in the marine enviroment is driven by air-water temperature
differences and since ocean water temperatures show only slight diurmal
variations, we conducted only 1 mission per day, with Flights 9 and 10
being the exception. The former yielded soundings over shallow water near
Bimini, over the Gulf stream between Bimini and Florida, and another
between Bimini and Nassau. Flight 10, the return trip from Nassau to Rock
Sound, produced entirely different profiles over the shallow water west of
Eleuthera.

Near the ccean surface, owing to the plume structure of ocrganized
canvection in the marine PBL (references), the electrical and
metecrological parameters were quite variable. This is illustrated in Fig.
3, a time series of electric field and humidity variations at 6 m height.
In order to obtain realistic averages of these quantities, level passes
were at least 2 min and typically 3 min in duration. Same error could
arise from frequency aliasing, since data were recorded at 3 s intervals,
but this would only apply to the electric field instrument which has a
temporal response of around 1 s (the humidity, temperature and velocity
variations are all fed to RMS units with ca. 10 s time constants). This
error, which is anticipated to be small, has not been assessed. The rapid
fluctuations in electric field became damped with height and, like
canwvection current density, depend on the stability of the PEL.

The experiment required determinations of conduction current density
wel. above the camwective boundary layer. At Hobbs, where the mixed layer
depth ranged to over 4 km and averaged 1.8 km, soundings were made to about
7 km altitude, requiring pilot and cxew to utilize breathing oxygen. Over
the ocean, the inversion height was always below 2 km (averaging 1.1 km)
with a weak subsidence inversion between 2 and 3 km. Soundings there were
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obtained to 4.1 km altitude. A general criteria for terminating ascent was
the magnitude of the vertical electric field (<10 V/m) and whether
conductivity was increasing at an exponential rate with altitude. After
initial soundings, apex altitudes were chosen and flown to on subsequent
missions.

B. Data Acquisition

A Hewlett Packard (HP) basic programable 9835B desktop camputer
coupled through an IEEE488 interface to a HP 3497 20 channel
scamner/voltmeter was used to acquire and record data. The scanner sampled
all 20 analog chamnels in about 3.2 seconds. The chamnel gains were
checked with a voltage reference prior to the experiment and found to be
accurate to within 0.1% in the worst case; zero offsets were all less than
+/- 1 LSB. Loran position and grourd speed data entered the computer via
a custam BOD interface which was read after every 5 analog data scans
(around 16 second intervals). Data was stored on magnetic tape cartridges
of about 200 KByte capacity which provided approximately 1.5 hours of data-
taking capability. All signals were recorded as raw voltages with
corrections and calibrations applied postflight. The system activated a
high voltage relay which controlled the voltage on the Gerdien conductivity
tubes's capacitor plates.

An 8 chamel strip chart recorder was flown in both deployments to
monitor instruments and provide realtime display. Flight notes were
recorded directly on the chart and transcribed postflight. A second
HP9835A camputer was provided by NRL to allow ground personnel to perform
data reduction and analysis while data was being collected. Plots were
produced con a HP 7245 thermal plotter.




III. MEASUREMENTS
A. Instrumentation, Calibrations and Conversion Factors

The following paragraphs provide a detailed description of the
aircraft instruments, how calibrations were performed and factors used in

converting analog signal outputs to engineering units:

(1) Air pressure. The aircraft has 2 pressure transducers anboard,
both are solid state, one manufactured by National Semiconductor and the
other by Rosemount Engineering. Calibrations were determined from
extrapolated sea level pressures given as flight information and by
camparison with the aircraft pressure altimeter.

P (mB)
P (mB)

100 * v (National Semiconductor)
742.8 ~ 285.8%W (Rosemount)

The Rosemount sensor data were used to calculate altitude in all the final
data analyses.

(2) Altitude was calculated from air pressure using the expression:
A (km) = (1 - (P/P,)"5-2%6) T /6.5

where P, and T, are the pressure and Kelvin temperature at ground level.
Altitudes calculated in this marner were in good agreement with those
indicated by the aircraft cockpit altimeter.

(3) Air temperature was determined fraom a Rosemount Engineering
Platinum resistive sensor designed specifically for aircraft. This device
was calibrated versus mercury thermometers and checked periodically by

camparison with the aircraft cockpit thermometer.

T (°C) = (V - .02) * 100




The temperature was corrected for dynamic heating of the sensor using
the following expression:

T. (K) =T ([ (G/G -1} M /2]

wherecp and C, are the heat capacity of air at constant pressure and
volume, respectively, and M is the Mach number. For our average velocity
(60 m/s), this expression reduced to:

T. =T/ ([1+1.8/7T] where a.l temperatures are Kelvin.

(4) Dew point was measured with an BGS&G model 137-C3 aircraft
hygrameter system of the chilled mirror type. The mirror was cleaned
periodically and the calibration was checked and set by replacing the
hygrameter sensor with factory supplied resistors, then adjusting the scale
and zero potentiameters to obtain the recammended output voltages.

Tdew (°C) = 23 * V - 65

(5) Vertical electric field. Two redundant custom-built radiocactive
probe systems were used in the desert deployment; only one was used in the
Bahamas. Field values are determined as the difference in potential
between radiocactive probes mounted an equal distance above and below a
wingtip in a vertical array. These sensors can be seen on the left wingtip
in Fig. 1. Custam electronics using high voltage feedback and driven guard
rings provide the system with rapid response. The electric field created
by charge on the airframe is rejected as common mode signal by adjusting
the gain of ane of the input amplifiers until the system is immmne to
changes in aircraft charge. BEmpirical calibrations were determined by
making low level passes by a ground station, ignoring the effects of image
charge.

El (V/m) = 104 * V  (outboard)

E2 (V/m) = 102 * V  (inboard)
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According to the convention of ordinary physics, the electric field is
directed dowrward in fair weather and should be negative. This document,
unfortunately, has mixed conventions; the graphs and tables in Section V.
report positive fields in fair weather while the tables in Section VI.
present negative values for the same data. The latter section switches
convention in order to present convection currents as positive; the

200 to 300 graphs of the former section were completed before this
necessity was realized. One should bear in mind that all the data
presented herein are fram fair weather measurements.

(6) Positive and negative conductivity. Two identical custom-built
Gerdien tube capacitors mounted under the right wingtip were used for these
determinations. Capacitance of the tubes were measured at NRL. The
current amplifier gain, Reff, (the effective feedback resistor value in the
op amp circuit) was established for each tube by introducing a known
current onto the center plate (anode or cathode) and measuring output
woltages. Acceleration voltages (Vacc) of about +/~ 90 V were used
throughout. Amplifier offsets (V,) were measured at regular intervals
during the flight by grounding the acceleration plates of the tubes and

recording the output signais.
)\.:(chn‘lm'l) =€, V / Reff Vacc C
for most of this work

No(otariml)
A(ohmiml)

7.38E-12 (V - V,) / Vacc
7.16E-12 (V - V,) / Vacc

(7) Conduction current density, J. J is defined as being the product
of electric field and total conductivity. Note that in the boundary layer
J will be a superposition of conduction and convection current.

J (PA/M)=E (A, + \.)

11




(8) Cloud condensation nuclei (OON) were measured with an Environment-
One model Rich 200 OON counter obtained for the project. The calibration
curve determined for the instrument fram tests at NRL is shown in Figure 4.
Corrections were only applied to values used to calculate ion lifetimes and
ion production rates. This instrument detects nuclei of 0.0016 um diameter

and larger.
ON (Kcounts/am®) = Gain V / 5

(9) Surface tamperatire (TIR) was measured with a Barmes PRT-5
infrared radiation thermometer. Calibrations were found by positioning a
pan of water underneath the sensor and making simultaneocus measurement of
its temperature with a high quality mercury thermometer and the IR
thermometer. Curves were produced by adding ice or hot water to the bath
while stirring. This sort of calibration suffers from reflections of the
aircraft in the pan, but no other suitable approach has been found.

TIR (°C)
TIR (°C)

10 (V - 1.43) (medium range)
12.6 (V + 1.36) (high range)

(10) Indicated airspeed was gauged with a Rosemount Engineering
pressure transducer. The unit is calibrated by corparison with the
aircraft airspeed indicator while varying the engine power settings in
level flight.

IAS (kts) = 96.3 (V - 1.65) / 1.09

(11) Ground speed and position were recorded fram a Teledyne 711
Loran-C navigation unit. The displayed ground speeds have been verified by
timing passes between known landmarks. Hobbs is not covered by the Loran
Network; these data were only obtained an the ocean flights. Wind speeds
were determined as the difference between the aircraft airspeed and
groundspeed, or as ane half the difference in ground speed between upwind
and dowrwwind runs.

12
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Figure 4. Calibration curve for the Environment One, Rich 200
condensation muclei detector. Data were obtained at
NRL using a well calibrated segmented chamber
instrument.
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(12) Temperature structure function parameter, C.?. Temperature
fluctuations, <V,.>, were measured with a 4.5 un diameter Tungsten
resistive wire sensor (Thermo Systems Inc. (TSI) model T1.5-1210) ard a
fast response TSI dc Wheatstone bridge. A secand resistive probe, left
covered during flight, was used to balance the bridge. The probes were
arranged on a vertical mast on the aircraft right wingtip. Typical probe
resistances were 6 ohms at 0°C, the bridge gain was set at 20 V/ahm using a
variable decade resistor, and sensor current was 5 ma. The bridge output
was fed to a signal conditioner with band pass filtering and variable gain,
then to an RMS unit with gain, before being recorded on the camputer
system. High and low pass filter settings were 10 and 200 Hz for both
deployments and a total gain of 30 was employed. The system's electrical
noise was determined by measuring the output with the probes covered. The
microthermal sensors are known to change resistance when they became
encrusted with sea salt, so each probe was washed in an alcochol/water
solution as part of preflight for the ocean flights.

G ? was calculated using the single probe, RMS method (Fairall and
Markscii, 1984) from the bridge measurements of temperature fluctuations
described above.

Let
X = .11 (£f°2/3 - £-2/3) /3
X, = [SGR o (1 +&T)])?
X, = 2.[.000015 G I*]? (P/1013) (288/(T + 273))3/2] ¢2/3
Then

G2 (O /m/3) = [((Vp. > - (G Vy)2)/K,) - %,1/.42 X,
Where

£, = lower frequency limit, 10 Hz in both locations
£, = upper frequency limit, 200 Hz
U = Aircraft airspeed, usually 60 m/s

14




S = bridge sensitivity, 20 V/ohm

G = total amplifier gain, 30

R, = ice point resistance of the probe, 6 ohms

o = probe temperature coefficient, .004 °C!

T = ambient temperature, °C

I = probe current, 5 mA

P = pressure at given altitude, mB

Vy = system noise, .002 V

€ = velocity structure function parameter (see below).

Note that term X, is a correction for the microthermal probe velocity
sensitivity at the current employed. At higher currents the velocity
contribution can became significant.

(13) Velocity structure function parameter or the rate of dissipation
of tuirbulent kinetic energy, € . Velocity fluctuations, <V,.>, were
measured with a fast response TSI hot-wire anemometer in a constant
temperature circuit using the same type of resistive sensor described
above. A decade resistor was used to balance the bridge and apply a 50%
overheat to the probe. Signals were bandpass filtered, amplified and RMS
values recorded. Filter settings of 50 and 200 Hz were used at Hobbs and
20 and 200 Hz over the ocean with the total gain being 300 in both
locations. Noise values were determined with the hot wire covered. The
bridge DC output was also recorded.

was calculated fram the RMS and DC ocutputs of the Hot-wire
anemometer described above using the following equatians:

If

Y, = (f1-2/3 - fu-z/s)-a/z

Y, = B (P/1013)!/2 (288/(T + 273))!/% (165 - T)/150
then,

€ (s 3) =619 B2 «v,.>» (VY, G Y,

15




where U, T, and P retain the definitions and values given above and
= 50 Hz at Hobbs, 20 Hz over the ocean

= 200 Hz

hot wire sensitivity, 1.0 V2/(m/s)t/?

hot wire DC output voltage

total gain, 300 for both deployments

fl
£,
B
v
G

(14) Humidity structure function parameter, qu . Humidity variations,

<V,. >, were determined with a custam-made Lyman-Alpha hygrometer. The
source and detector were mounted under the left wingtip and a path length
of 1 cm was employed. The detector output was split, the DC signal being
recorded directly and fluctuation between 10 and 200 Hz amplified with a
total gain of 30 and RMS values were recorded. The Lyman-Alpha was not
used in the desert deployment.

C,? was calculated from the Lyman-Alpha DC ard RMS outputs using the

following expressions.

F= .11 (£-2/3 - £,-2/3) /3

C.2 (@ /kg? mt/3) = ((<Vy.>% - (V' )?)/G)/(F (V/S)?)

where

f, = 10 Hz

f, = 200 Hz

V = the Lyman-Alpha DC signal, V

Vy = the normalized RMS noise level, 0.0016
G = system gain, 30

S = sensitivity, 6

The Lyman-Alpha source lamp output varies with lens cleanliness, source
voltage, etc. By normalizing the above equation by source strength, these
variations are effectively removed.

16




B. Derived Variables and Parameters
Experimentally determined variables were cambined to yield
meteorological and electrical parameters useful in elucidating the

structure of the txoposphere. The paragraphs below describe each and
detail their calculation.

(1) Virtual potential temperature, 6, (K), e.g., temperature
extrapolated to the surface and corrected for water vapor content, was
calculated from:

©

v

=T [1+ .61 Q] (P,/P)° 287
where Q is the specific humidity.

(2) Specific humidity, Q, is derived fram the air pressure, P, and dew
point temperature saturation water vapor pressure, e, using the following
expression:

Q (g/Kg) =622 e / (P - 0.38 e)

where e (mB) = 6.108 (Td / 273.16)'5'14 e (6827 (1/Td - 1/273.16))
and T, is the dew point temperature in degrees Kelvin.

(3) Relative humidity, RH, is given by:
RH = e / e, (6)

where e and e, are the saturation water vapor pressures at the measured dew
point and at the ambient air temperature, respectively.

17




IV. SURFACE SCALING, FLUXES AND MODEL PARAMETERS

This section will define the parameters presented in the tables and
graphs of Section VI.; most were used in evaluating Willett's model of
turbulent electric charge transport in the PBL and are further defined in
wWillett (1979, 1981). A thorough discussion of surface layer scaling and
Monin-Obukhov Similarity Theory can be found in Panofsky and Dutton (1984).

A. Electrical Parameters

(1) Convection current, J.. In the boundary layer, J is the sum of
the Air-earth conduction current density and convection current. The two

were separated using:

J. =J, = E (A A+ A)
where J. is the convection or eddy current and J, is the average conduction
current density above the inversion, where cowection current is assumed to
be zero. Note that E and J,, following the "Physics" convention, are
negative in fair weather while J_, the upward flux of positive space
charge, is positive.

(2) The electrode effect source efficiency factor, Smx, (a
dimensionless parameter) is simply the ratio of the maximum conwvection
current to the conduction current and is given by:

3. =-3 /4,

mx

where J, is measured near the surface (6 or 15 m altitude).

18




(3) The boundary layer electrical relaxation time, , is calculated
fram the average total conductivity in the surface layer using the
expression:

Ty (seconds)= €, / ( A+ A)

where € S is the dielectric constant of free space.
(4) The small ion lifetime, ™., can be found from:

T, (seconds)= [ec( N+ A.)/ 2ek + @ (Z)]?

where o< is the small ion recambination coefficient, e is the charge of a
proton or electron (1.602 x 10°1° C), k is the mobility of small singly
charged ions at constant temperature and pressure, 8 is the recombination
coefficient between small ions and large particles and ‘2 is the large
particle (aerosol) concentration as measured by the ON counter. Polar
conductivities and aerosol concentrations were an average fram the lowest
100 m of the PBL. The following numerical values were used for the
canstants in the above expression (Hoppel, 1985).

1.6 x 10012 m*s ! for both deployments

= 0.00012 W®V-1's'! at sea level (Bahamas)

= 0.000137 w®V-1g"! at 1.1 km altitude (Hobbs)
3.18 x 1072 m*s"! (Bahamas)

=1.15 x 10012 m’s"! (Hobbs)

®®x & R
|

(5) The volume ionization rate, q, was calculated using the equation
q (mw3s1) = ( A+ N.)/26k 7,

where e, k, and 7, retain the definitions and values given above. Again,
the conductivity values used were from the lower 100 m of the PBL.

(6) The dimensionless potential drop across the boundary layer, V, is
the ratio of the electrical potential at the inversion height (Z, ) in the
presence of cavection current to an estimate of the potential due solely

19




to conduction current. The following equation was used for its
calculation,
Z.
V= [(A+A/(-3, 2)] [- | E, &2]
(]
where the polar conductivity values represent measurements in the surface
layer. The lower limit of V obtained in the absence of convection is 1.0.

B. Turbulence and Meteorological Parameters

(1) The inversion height, Z , or thickness of the boundary layer was
determined for each sounding from plots of G2 and , supplemented by
observations of cloud base altitudes. There generally was an uncertainty
of 50 to 100 m in the selection of Z, caused by limited sampling.

The surface fluxes were evaluated fram ground (at Hobbs) and aircraft
measurements using the bulk aerodynamic (Davidson et al., 1981) and
dissipation (Fairall et al., 1980) techniques. Both methods rely on Monin-
Obukhov Similarity theory (Panofsky and Dutton, 1984) to relate the mean
fluctuations of temperature (T), velocity (u) and moisture (q) to scalar
surface fluxes. The following equations define the Monin-Obukhov surface
scaling parameters (starred quantities) in terms of eddy covariance fluxes:

momentum: Q(N) = —eu.z
sensible heat: PG, (8'w') = -pGu.T.
latent heat: eLe(q'_w') - -eLua

Where w is the vertical velocity camponent, L, the latent heat of
vaporization of water, ¢ the density of air, Cp the specific heat of air,
and the primed quantities denote fluctuations about the mean.

20




Using the bulk technique, the surface scaling parameters for velocity,
temperature and umidity can be represented by:

(2a) w = wk [ In (z/2,) - f,(z/L)]-?
(3a) T, = (T, -~ T,)ok [ 1n (2/2,,) - ¥y (2/L)])"}
(4a) Q@ = (q - q)xk [ 1In (2/Z5) - ¥ (z/L)] 1

where z is the height of the measurement and the subscripts s and z dencte
quantities (wind speed, temperature and moisture) at the surface and at
height z. Z  and Z , are roughness lengths, L is the Monin-Obukhov length,
ot and k are constants, and ¥, and ¥, are empirical functions. The ratio
z/L defines the stability of the layer and is calculated from the surface
drag coefficients and roughness lengths in a manner detailed by Davidson,
et al., (1981). Another approach to calculating this 'quantity, using the
dissipation technique, is given below.

Fluxes were not calculated by the bulk technique at Hobbs because a)
the wind speed gradient measurements yielded unreasonably lang roughness
lengths and b) surface temperatures were recorded only on the last 6
flights. For the oceanic data, literature values of roughness lengths and
drag coefficients were used in all cases.

Using the dissipation method, the scaling parameters were calculated
as follows:

(2b) u, = (0.4 z€)/3 /(1 + 0.5is12/3)t/2
(3b) T = -0.45 (C2)2/2 [z (1 + 7is])]*/3
(4b) QG = -0.45 (C2)1/% [z ( 1+ 7Is1)]t/3

Where z is the height of the measurement and S is the atmospheric
stability, z/L, discussed above.
21
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S was calculated for an unstable surface layer from the following
expression using an iterative process:

S =S, (1+0.51S12/3) (1 + 7isi)2/3
where S, is given by
S, = 3.26 (22/3/T) [(G2)*/2 + 0.61 T (C2)t/2)/ 2/3

(2]

S is defined to be negative for unstable conditions.

The Monin~Obukhov length, L, is represented by:

(5) L

z/S

Tw?/ kg8,

8
t

where k is Von Karman's constant (0.4), g is the force of gravity, and 6,,
isgiven by T, + 0.61 g, T. The humidity scaling parameter, q,, was not
included in the Hobbs calculations because it was assumed to be negligible.

The ratio -Z /L is an indicator of convection strength. L denotes the
approximate height where mechanical and buoyant generation of turbulence is
equal; the larger the buoyant production of turbulence, the smaller L
becames. Therefore, -Z, /L is directly proportional to convective strength.

(6) Model parameter, R, the ratio of electric to turbulent time
scales, is calculated from:

R=u..’r3‘/zi

with large values of R favoring large convection currents.
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V. ELECTRICAL AND METEOROLOGICAL SOUNDINGS

Tables and plots of meteorological and electrical soundings are

presented on the following pages. Data are grouped according to location
and flight and include:

1) A brief flight description.

2) Tables of averages and standard deviations fram level runs.

3) Plots of ladder profile data and convection current.

4) Graphs of continuous ascending or descending soundings.

5) Time series of electrical parameters (for selected flights over the
desert only).

6) Radiosonde soundings of meteorological parameters and wind profiles
(for ocean flights only).

The flight descriptions are not exhaustive; they are intended to give
a summary of the weather conditions, flight locations and any non-routine
cbservations. More extensive flight logs and data keys are available upon

request.

Items 5) and 6) in the above list are only included for selected
flights. Time series of aircraft atmosphe~ic electrical parameters are
provided on Desert Flights 8 through 16 so chat camparisons can be made
with groundstation data. MET soundings made at Nassau for several of the
ocean flights were obtained from the Bahamian Flight service and are
included as an.aid to data interpretation: a complete set of soundings for
the oceanic flights were not readily available at the time this document

was prepared.

A sumary of the symbols used in the tables and figures of this
section is provided in Table 1. Definitions and references to the pages
where each have been discussed are included and differences between the
Hobbs and Rock Sound data sets are indicated.
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Figures 5a through 5i are examples of the graphs and plots presented
in this section. For the sake of brevity, subsequent figures will refer to
ane these plots for camplete explanations of the symbols and formats used.

' Ladder profiles and corvection current plots are illustrated by
Figures 5a through 5d. Data used in these plots are fram the tables of
level run averages. Ladder profiles were not obtained on Hobbs Flights 1,
2 and 3 and conwvection current profiles are only included on flights where
they could be determined with confidence and when campanion flux values
were available.

Spiral and continuous soundings are exemplified by Figs. Se through 5h
with each plotted point representing a 5 sample average over about a 16
secord time interval. The ascent or descent rates from such soundings were
about 3 m/s, ylelding a vertical resolution of approximately 50 m.

Figure 5i is an example of a time series plot of electrical
parameters. Again, each point represents a 5 sample average over about 16
secards. The aircraft airspeed was usually 60 m/s which yields a
horizontal resolution per ploted point of approximately 1 km. Aircraft
altitudes have not been included an the graph but can be deduced from the
tables and times of the continuous soundings. Again, additional
information is available upon request.

Finally, a cautionary note is in order for the turbulence data. C;?
values from the ocean deployment are a factor of 3 larger than those
expected from air-sea temperature differences. Also, at Hobbs, the
aircraft € values were 3 times those measured by the ground station. 1In
both cases, a faulty RMS unit is suspected to be the cause. The reader
would be advised to divide both parameters by 3 before attempting to use
them in further calculations. Oceanic € data and desert C 2 values are
reliable unless otherwise indicated.
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Table 1. Summary of Symbols used in graphs and tables.
Variable Definition Units
Time Local Time HH'M
N Number of Samples in average
Altitude Pressure altitude km
Efield Outboard electric field (RSD) V/m
Efieldl Outboard electric field (Hobbs) V/m
Efield2 Inboard electric field (Hobbs) V/m
+Lam Positive conductivity ohmim !
-Lam Negative conductivity ohm imi
Con Qurr Conduction current pA mr?
Con Currl Calculated from E fieldl "
Con Curr2 Calculated from E field2 "
Theta v Virtual Potential Temperature °C
Rel Hum Relative humidity in % -
OON Cloud Condensation Nuclei 1000 am 3
Press Atmospheric pressure mB
EPS Velocity structure function msg 3
CT C;2, Temperature structure °oCctm2/3
function
032 Humidity structure function (g/kg)2m2/3
Q Specific Humidity g/Kg
Trose Air temperature °C
T IR Infrared surface temperature °C
T dew Dew point temperature °C
Z; Boundary layer thickness km
Z/Z, Normalized height -
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NEW MEXICO DATA

Period: 13 May 1986 to 29 May 19686
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Flight: 1

Date: 13 May 1986

Takeoff: 1549 MDST from Hobbs

Landed: 1743 at Hobbs

Conditions: Mostly clear with scattered cumilus at 4.8 km. Light surface
winds.

Instruments: Aerosol and turbulence instrumentation were not recorded.
Summary: Primarily a survey flight to determine the best site for the
ground station. Low passes were made to measure conductivity, an indicator

of surface radioactivity, near Hobbs and Pecos. Soundings of electrical
parameters were made fram Pecos enroute to Hobbs.
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Flight: 2

Date: 14 May 1986

Takeoff: 1438 LT from Hobbs

Landed: 1753 at Portales, NM

Takeoff: 1843 from Portales

Landed: ca. 1930 at Hobbs

Conditions: Scattered Cumulus with bases at 5.9 km and tops at 6.5 km. Hot
and dry with intense convection; light winds.

Instruments: Turbulence instruments not turnmed on.
Summary: Second scouting trip for possible ground station site. Made
spiral descent and constant altitude passes over irrigated farmland about

15 km SW of Portales, NM. On the return flight, an upsounding to 3.2 km
was made beginning over plowed land just S of Portales.
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Flight: 3

Date: 16 May 1986

Takeoff: 1740 LT fram Hobbs

Landed: 1926 at Hobbs

Conditions: Scattered cumilus clouds (<1/10 cover) with bases at 5.5 km.
Hot and dry with lots of convection initially, but decreasing toward the

end of the flight. Light winds.

Instruments: All worked properly; Barnes Infrared thermometer not turmed
an.

Summary: Last test flight. Several passes were made by a ground station to

calibrate the electric field instruments and a spiral downsounding from 5.5
km was executed over the Hobbs airport.
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Flight: 4

Nate: 18 May 1986

Takeoff: 1035 LT fram Lea County Airport.

Landed: 1329 at Hobbs

Conditions: Clear and dry with vigorous convection toward the end of the
flight. Winds at Hobbs were fram the N at about 5 m/s and visibility was

good.

Instruments: All instruments worked properly.

Summary: Several constant altitude passes were made by the ground station
at Hobbs then an upsounding was performed enroute to Carlsbad. A ladder
profile was obtained on descending fram 4.6 km over Carlsbad beginning at
1119 LT and ending at 1200. A spiral profiie interspersed with constant
altitude runs was performed near Hobbs between 1251 and 1324 ending with
low passes over the ground station.
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Table 2a. Hobbs Flight 4 averages and (standard deviations)/averages for constant
altitude runs between Hobbs and Carlsbad, NM.
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Flight: 5

Date: 18 May 1986

Takeoff: 1522 LT from Hobbs
Landed: 1620 at Hobbs

Conditions: No clouds; variable winds mostly from the NE at 5 m/s. Dry
with good convertion as evidenced by bumpy aircraft ride. Good visibility.

Instruments: All worked properly.

Summary: Executed slow spiral ascent to 4 km followed by a spiral descent
and caonstant altitude runs over the ground station.
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Table 3. Hobbs Flight 5 averages and (standard
deviations)/averages for constant altitude runs over
the ground station.

AVERAGES FROM LEVEL RUNS

lie N Mltitude Etfieldt Efield Lan ‘L Con Curl Con (ur? Theta_v
HH km V/a Ve 10°-14 10‘-]4 10712 10712 .

s

131 % 2780 , 24.24 20,0 Wi - 2.1 3.8 2.1 7.8
159 5 2,093 3.5 V.5 321 .n 2.3 2.4 2.4
1% 48 1.5 8.8 8.8 A7 2.40 274 2.75 2.6
1951 41 890 66.16 89.04 Y H 2.00 2.4 2.1 15.7
1558 47 ) 77.24 78.58 Y 2.21 K ) I 19.6
1602 &% A9 80.20 80.16 1.4 2.04 J.02 .2 16.9
1606 24 (61 B4.62 84.55 1.82 1.94 3.18 3.18 19.1
%10 1 015 87.56 8/.55 1.94 2.2 3.64 3.64 19.4
1614 15 006 B86.67 86.50 1.8 2.0 3.5 3.3 19.4
Tile N Press Rel Hum £ e ¢l § {rose IR [ _deu
b W8 4 </rc wrsd RMelS gy c C ¢
13 B 817 20.3 b 48k 14%E-03 1.l 3.0 0y -2J
150 % &8 43,8 G4 5.0-13 9.4%-03  2.40 -3 00 114
B 4@ 1 a9 7.6 5363 1.82-03 2.9/ 4.4 0.0 -1.4
151 4 % N4 B4 7.5 03 1L2IE-(3 3.02 16.3 0.0 -84
156 & 84 A8 9.2 1.6k 6.6 2.9 16.2 0.0 -5.6
162 % 871 211 9.9 1. @ 9.47%E-03 2.9 16.9 0.0 -5.5
1606 24 831 19.9 9.8 SJ7%-0 57702 2.87 18.0 0.0 5.4
1610 1" 285 18.4 Y3 1.2 01 1.9%-01 2.680 18.8 00 -5
1614 15 885 18.9 7.0 2.58%01 3.48-01 2.8 19.8 0.0 -5.4
" STAMOND DEVIATIONS/MEAN WALLES
Tine Efijeldl Efield? Lam -eon Coreurl Cocur? N S 12 9

153 Q40 033 014 2/ 12 2R 'V BN ) Q24 ¥
159 212 222 Wl RTINS VA |- £ TN 14 BN < (S X
136 J34 34 i 24 J1E Rty N1 I X 72
1951 027 R N2 N 7 SN/ SN (77 S (| AT SR 3 (28
1336 43 033 84 A3 QY 087 S5 .64 L4/
1602 Q40 037 NI Q%S 00 B0 534 07 (3
160 NIRY U3 A RS N A3 AM JB 017
1510 074 NS 50 RICH S NI LA e 008
1814 A% Rids B4 NIBR] ) R BN ) ) 324418 A3

-
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Flight: 6
Date: 19 May 1986
Takeoff: 1021 LT from Hobbs

Landed: 1120 at Hobbs

Canditions: Clear skies, cooler than normal. Visibility was reduced
because of high aerosol density. Winds were from the SSE at 5 m/s.

Instruments: Both conductivity tubes were slightly noisy.
Summary: Low altitude passes were made over the ground station at the

beginning of the flight followed by a slow spiral descent fram 4.6 km over
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Table 4. Hobbs Flight 6 averages and (standard

deviations)/averages for constant altitude runs over
the ;mmd)statim. Data fram 1107 LT are not
reliable.

RVERAGES FROM LEVEL RUNS

Tie N Rltitwe tfielol Efield i -Lam Con Curl Con Cur? ltetav
ki V/n U/m 10714 10714 w-12 1012 ¢

LC - B R N T <1: T ¥ | I k| IR o SR 19.4
W 4 198 R% 6. 1.53 1.1 2.2 1.57 2.3
1046 3t 11X %2 o.R I B W/ 2.00 1.5 2.2
F—3 e o1 BT TR Y I ri3 e G}
me n D15 106, 106.37 W17 1.80 3.6 3.5 Q.1
1M 13 Ok 10950 109,92 1.3 1.% 3.3 3.4 A2
ME 10 J40 0 100,38 99,72 1.47 0,00 2.9 2.% A6
ms O K 9P 1.3 1.31 2.80 2.51 1,2
Ao 3 A1 1082 10,07 1.3 1.20 2.8 2.5 7.1
lile N Press dol bum Con £PS Cr 0  Tvose (IR T oee
HH af! /4 x/cc /e QM5 wiky C { {
w1 B 830 4.6 190 6.6%-03 2.3%03 3% 133 06,0 45
10k 44 i s 14,2 2.84-03 BI%-3 2.2 7.9 0o 70
08 3 771 3.2 S 286803 6,270 0. 3.2 0y 6
H—i3 L e TSN S MR O S -4 e il
1M n 8% 23 67 1L.%ENM LEEN 350 153 0.0 -2.8
ms 13 87 2.2 X0 4560 4,68-01 3.5 195 0.0 -27
Me 10 &3 W7 29 4NEW SIER OIH 185 0.0 2,6
mg & B% 4.4 2.4 2.3%0 2.0%X-2 35 1.5 6.0 -29
N 1 Bk %A ABS LAAR SBEW 3B 1653 0.0 3.8
SIPNIARD DEVIATIONS/MEAN URLUES

line :fieldl ifielc?  +lam  -Lam Coreur! Corcur? (N N €12 §
103 RIRY, A 57 059 042 6. AN @ 1
112 T 8 18 a0l A0 M 75
LT ¢ 7 K| 222 a3y A% 36 S sy 07
e .o 074 R R (49 033 2% WL I 70
my 0% L) A3 0¥ 097 093 Q03 37 G
s e B35 .00 107 A0S N <"
ms 05 038 QB2 v 36 32 A3 3 A
e .04 79 48 Riv S 13 A04 0 4 S 14
120 Q40 W3 20 41 A0 06 AN A4 54/ 2
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Flight: 7

Date: 19 May 1986

Takeoff: 1355 LT fram Hobbs

Landed: 1459 at Hobbs

Conditions: Clear skies with SSW winds at 5 m/s. Visibility was reduced
because of high aerosol concentrations. A fairly cool day with only
moderate canvection.

Instruments: Negative conductivity was very noisy on low altitude passes:;
positive conductivity was somewhat better but still noisy. The camputer
data acquisition system crashed near the end of the flight losing several
minutes of data.

Summary: The flight consisted of a coarse, ascending ladder profile over
the ground station at Hobbs followed by a slow spiral descent over the same
area. More constant altitude passes were made over the ground station at
end of the flight.
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Table 5. Hobbs Flight 7 averages and (standard
deviations)/averages for constant altitude runs over
the ground station. The turbulence data fram 1456 LT
are not reliable.

AVERAGES FRCR LEVEL RUNS

Yie N Altitude Efieldl Efield® ‘Lam -Lan Con Cur! Con Cur? Theta_v
HiN km V/a V/n w-14 W0 -14 0°-12 1012

o

1400 41 RAR AL T Y 1.43 183 2.2 2.16 2.4
1903 4 1.8 5542 5.9 Z.02 2.04 2.56 2.5/ 24,7
1417 34 3.538 18.73 12.70 5.59 £.54 3.44 3.8 .3
195 1 2200 3310 .4 ¢.03 .0 2.9 2.90 2.8
1440 2 006 4,67 8.10 1.23 1.17 2.0 1.58 3.3
14992 2 J15 0 8838 % 1.18 W2 1.65 1.56 2.7
146 q 61 016 9.7 H £3 1.8 1.9 2.6
151 & J51 9.2 9.4 1.15 .8 1.75 1.75 2.8
1463 21 S B WS .87 58 1.52 1.91 231
1956 1) JR B8 WUy 1.08 Rl 1.8 1.82 19.6
fie N irese Rel vy ™ ey 2 i Troce IR 1 ces
Hie mnd 7 K/ mdrsd  Cimdld ake L C C
1eo 4 UL 28 8.5 LA 0@ 48-03 306 162 4.7 -S4
1906 4 5 Ny 4.7 7803 2.3%-03 AN 5.2 4.7 7.3
1417 24 e 82 GON2E NS 2.7%-06 1.4 -7 4§69 -%.0
195 N 671 Q.4 3.4 1.0%02 1.0%-02 3.3 26 4.4 7.0
1440 22 87 2.3 24.7 S.BIE01T 9.5E-M 3R Rb6 M0 -34
142 2 85 178 %.6 1.8k01 2.2 328 R0 Q8.4 -3.6
146 41 881 18.1 24.4 4.04-02 4.68-02 3.5 21.4 487 -3.8
161 & 82 189 2.0 18602 1.2 3.2 N0 @ -3.8
163 2 €4 0.4 8.0 1.506 0 67803 3.31 182 4.3  -4.0
1652 10 87 0.4 8BS 589> L1 190 4.8 -4,2
STRNDARD DEVIRTIENS/MENN WRLLES

live cfiedol zfie)ce iam  -Lan Corcurl Corcure L £ 12 G

1400 A8 A5 A3 A% 124 134 523 G 83 016
14 U8 Lt g7 154 00 A0 A L5 513 et
1417 G2 W 4y S5 354 W75 A3 N37 .02 009
1424 e ! 214 L300 R A5 e 3 a0 37 A4

164) REY Y A4 2o 295 A 22 30 203 Q13
144 (. NEot i A7 18 e 12 SR MRS i
1645 A4 M 02 s BUIR Lya S04 374 S i
HiY s A A 183 o RN S b Al NUR

N N Vs BN 1Y N b YAt NG YRS B
S P RNEE BN T Y/ £ T /S B R At
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Flight: 8

Date: 19 May 1986

Takeoff: 1646 LT fram Hobbs

Landed: 1800 at Hobbs

Conditions: Bright sunny day with no clouds; gusty winds from the SW.
Several dust devils were observed over the burned area adjacent to the
airport. The surface layer was samewhat hazy from the presence of
aerosols.

Instruments: The negative conductivity tube was very noisy.

Summary: Followed the usual flight procedure, i.e., a ladder profile was

obtained over the ground station while climbing to the flight apex of 4.6

kn and a downsounding was performed while descending in a slow spiral over
the same area.
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Table 6b. Hobbs Flight 8 (standard deviations)/averages for
constant altitude runs over the ground station.

STANDARD DEVIATICNS/HMEAN UALLES

Tine Efieldl
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1701 A%
170 0R
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b8 10
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I |
Q490 .09
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08 07
7 033
0% 4
J30 104
Olm "m
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Flight: 9

Date: 22 May 1986

Takeoff: 0958 LT fram Hobbs
Landed: 1127 at Hobbs

Conditions: Cirrus and scattered cumilus clouds with bases at 5.3 km
covered the work area. The PBL locked very hazy viewed from the aircraft.
Variable winds mostly fram the W at 5-7 m/s.

Instruments: The top and bottam probe inputs were reversed to the outboard
electric fi2ld system in an attempt to correct the anomalous Air-Earth
Conduction Qurrent Densities observed in previous flights.~ All other
instruments worked properly.

Summary: A ladder profile was made while ascending 50 km NE of Hobbs under
partly cloudy skies. The aircraft was over a solid deck of clouds between
1042 and 1046 LT at 7.2 km altitude. A downsounding was obtained from a
spiral descent starting NE of Hobbs and ending over the airport.
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Table 7. Hobbs Flight 9 averages and (standard
deviations)/averages for constant altitude runs 50 km
NE of Hobbs.

AVERAGES FROM LEVEL RUNS
Line N Altitude Efieldl ifield? Lam -Las Con Curl Con Cur?

g
&
<

HH#H ke U/m V/a 10-14 10~ 10712 10712 [
010 21 588 WS @0 1 BRI B %) 2.0
M3 @ 1.23 3H.9N 34.5¢ .3 3.0 1.91 1.84 8.1
1018 4% 2.168 51.34 “0.13 1.91 2.0 2.03 1.%¢ KiH
0% B 6.144 5.77 6.9 2.5 a7 2.6 2.9 4.2
1043 60 6.1% 3.5 5,6 @50 20,59 1.5 2.% 4.2
118 21 J5 0 550 5510 202 2.4 2.3 2.2 2.1
N2 2 G100 5578 0.4 N7 2.5 2.7 2.15 &8.1
"4 B B0 5482 54 1.62 2.4 2.9 2.0/ 218
line N Press Rel Hum I (s a q Troce IR Tiew
(13 4 o8 f klee w8 Q23 alkg C " 0
100 21 ]| 17.0 4.9 4.4% 03 1.0%-03  a.M A5 23 5.4
1013 @ 57 17.5 1.9 2.8%E-03 2.27%-03 2.50 15.1 1.4 4,2
1618 4 621 4.2 1.0 3.338 U8 2.58E-04 4,63 g.! 1.7 -2.7
0 H "2 % JO1%608 1 1.7 2.4 1.7 -1
1043 & 2 3. d OB 56404 g4 1.2 710 -R.0
ma 21 856 12.5 3.3 240221 280 B4 174 9.0
na 21 848 13.6 50 20302 131602 3.6 245 17.1 5.1
1124 x5 833 14.4 3 226603 2.4%-03 293 25 174 -5.9
STONDARD EVIATIONS/MEAN VALLES

Tine Efieldl “fielc? Lan ~am Corcurl Concur? N £ o q

My .ng 019 053 U3l (34 HICCREY Sdb 8% W32
013 W02 .3 LB 042 A8 09 200 19 B0 064
e .04 033 02/ 32 W3 31 D29 280
0% .03 BU Q21 NUA( USSR (S R B S 102
g 220 NI A 5 2805 Y 2800013
e 6% 0 Q82 L83 104 A6 B N 015
Ny 0% A N3] M A7 J&aX 13 1,52 Ji41
RVL N (7] 15 60 A0 67 U O [ B3 AT TN (1§
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Figure 14j. Hobbs Flight 9 time series of electrical parameters.
(ref. Fig. 5j)
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Figure 14i. Hobbs Flight 9 time series of electrical parameters
(ref. Fig. 5i).
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Figure 14k. Hobbs Flight 9 time series of electrical parameters
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Flight: 10

Date: 23 May 1986

Takeoff: 1009 LT from Hobbs.

Landed: 1025 at Hobbs

Conditions: High cirrus clouds with winds fram the N at 5-7 m/s.

Instruments: see below

Sumnary: The flight was aborted because of an equipment malfunction.
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Flight: 11

Date: 24 May 1986

Takeoff: 1042 LT fram Hobbs.

Landed: 1217 at Hobbs.

Conditions: High cirrus and altostratus clouds covered about 1/4 of sky.
The PBL was hazy and winds were variable but mostly from the E at 3-5 m/s.

Instrunments: All worked properly initially. All the wires on the
turbulence probes were broken by particle impaction near the apex of the
flight when the aircraft passed through a cirrus cloud. The upsounding was
interrupted by a camputer crash.

Sumnary: The flight consisted of up- and downsoundings over Hobbs followed

by passes over the ground station. No turtulence data was obtained on the
spiral descent or the constant altitude runs because of broken probes.
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Table 8. Hobbs Flight 11 averages and (standard
deviations)/averages for constant altitude runs over

the ground station.

MERAGES FROM LEVEL RIS

Tie N Allitude Efielut
H km /e
1% 10 6 2.8
120 12 N B
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Figure 151. Hobbs Flight 11 time series of electrical parameters
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Flight: 12

Date: 27 May 1986

Takeoff: 1457 LT from Hobbs.

Landed: 1717 LT at Lea County Airport.

Conditions: High cirrus with same altocumulus and scattered cumulus. Winds
were variable but mostly fram the NE at 5 m/s.

Instruments: All worked properly.

Summary: After takeoff, the aircraft ascended enroute to Roswell where a
spiral downsounding was performed starting at 1544 and ending at 1605 LT.
A linear upsounding was made between Roswell and Hobbs from 1614 to 1636 LT
and was followed by a spiral descent from 7 km over the ground station
ending at 1701 LT. A partial ladder profile was obtained over the ground
station just before landing.
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Table 9. Hobbs Flight 12 averages and (standard
deviations)/averages for constant altitude runs over
) the ground station.
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Figure 16n. Hobbs Flight 12 time series of electrical parameters
(ref. Fig. 5i).
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Figure 16p. Hobbs Flight 12 time series of electrical parameters

(ref. Fig. 5i).

28

15

Ize LY T T T I T T T v ( 7 L T B
?5 .
z d
A
3 S8 r —
D -{
! B
[W]
- 1
b 4
[M] —
J
1
L i 1 1 J 4 1 i L l L i ) g
15559 1555 1600 IEB%
TIME
FLIGHT#12 155808 TO 168598 LST

Figure 16q. Hobbs Flight 12 time series of electrical parameters

(ref. Fig. 5i).
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Flight: 13

Date: 27 May 1986

Takeoff: 1748 LT fram Lea County Airport.

Landed: 1919 at Hobbs.

Conditions: High cirrus with same scattered cumilus; mostly clear over the
ground station. Winds were fram the NE at about 4 m/s and visibility was
good. Convection was not as strong as during flight 12 (performed earlier
in the day).

Instruments: The positive conductivity tube appeared to be slightly noisy;
all other instruments worked properly.

Sumnary: The flight consisted of a coarse ladder profile over the ground
station followed by a slow spiral descent over the same area.
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Table 10a. Hobbs Flight 13 averages for constant altitude runs
over the ground station.
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Table 10b. Hobbs Flight 13 (standard deviations)/averages for
constant altitude runs over the ground station.
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Flight: 14

Date: 28 May 1986

Takeoff: 0950 fram Hobbs.

Landed: 1123 at Hobbs.

Conditions: Clear over Hobbs with cumilus clouds on the horizon. Winds were
variable fram the SE to SW at arourd 3 m/s. A layer of aerosols was
evident at 4-6 km altitude. Convection was fairly intense for a morning

flight.

Instrumentation: The positive conductivity tube was noisy during all the
low passes.

Summary: A ladder profile was made on the ascent over the airport and was
followed by a slow spiral descent into the same area. A series of low
passes was executed over the ground station at the end of the flight.
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Table 1lla. Hobbs Flight 14 averages for constant altitude runs
over the grourd station. Conduction current
¢bmnmwcumuuumwgcmynwmmm
canductivity are included.
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Table 1lb. Hobbs Flight 14 (standard deviations)/averages for
constant altitude runs over the ground station.

Conduction current densities calculated using only
negative conductivity are included. .
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Figure 180. Hobbs Flight 14 time series of electrical parameters
(ref. Fig. 5i).
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Flight: 15

Date: 28 May 19.6

Takeoff: 1428 LT fram Hobbs.

Landed: 1603 at Hobbs.

Conditions: Altocumulus covered about 1/4 of the sky N of Hobbs and
scattered cumulus with 3.9 km bases and 4.6 km tops were present over
Hobbs. Winds were variable from SE-SW at 3-7 m/s; several dust devils
formed over the burned area adjacent to rurway 21. Visibility was fair,
Instruments: The positive conductivity tube was noisy.

Summary: The flight consisted of low passes over the ground station, a
ladder profile to 7 km, a slow spiral descent over the Hobbs airport and

more passes over the ground station, in that order. A bumpy ride indicated
good conwvection both near the ground and at the inversion.
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Table 12a. Hobbs Flight 15 averages for constant altitude runs
over the ground station. Conduction current
densities calculated using only negative
- conductivity are included.
\)s\'v\% A.
Ov\\y

AVERPGES FRIM LEVEL RUNS

Tise N Rltitude “fieldl  Hfield? 1Lan ~Lam Con Cur! Con Cur? Thetav  Con Curl Con Cur?
HHN ko VU 0-14 0 10°14 0-12 10°-12 L W-12 W

31 1% 6110533 106,58 R, 3 1.74 1.68 &7 202w
W5 15 Wk 06 106.9 9 8 R 1.9 .6 194 1.4
193 16 31 1058 108,97 1.18 B2 2.4 2.5 208 Ak
1437 18 A% 1305 1144 IR Joo2r 2 5. .13 1.2
142 2 SAS 0 109.48 10815 2 .88 1.%5 1.33 .1 1.9 1.8
G 1 A0 w0L2 0 1.8 73 63 1.3 1.9 pell) 1.2 1.2/
1443 % 1504 8603 .12 A 7w 1.4 6.1 1.0 1.2
WG 19 228 XE %8 LB A5 147 1.16 3.9 1.12 1.71
148 66 2.8%  19.00 1906 438 3.3 1.2 1.28 2.0 L4 1.3
1904 @ 337 0.9 7.74 /B 88 1.2 1.3 %.9 1.5 1.34
DT & L0 4% L7 15.% 14.44 1.31 1.4 4.3 1.5 1.4
159 15 O3 wEz M 9?2 81 1.80 1.78 24,1
1550 17 50 103,40 101,25 2 1. 1.80 2.7
1951 2% 25 1688 114054 .51 S 1,23 1.21 .0
154 19 A0 0.8 104,00 b4 5 1.21 1,19 2.4

1.00 52 1,55 1.5 %4

1% % W WA Gy

Time N Prese ‘iel Huy (N EFY (N ] Trose IR I_dew
HH# i [/ Ve mdisd (/m/3 gy C € {

1451 16 B 223 125 16400 5.91E-01 5700 2.0 4.1 4.0
145 19 85 8. 16,5 S.8%E 01 4,325-) N4 [S @a 4.1
1437 16 S ST Y 17.9 7,008 02 7.3%-02 568 B2 4.3 3.8
145 1% foc 296 197 1.8%-02 10602 5.5 21 4.6 d.0
142 23 3 S X 167 1282 4.8%-03 585 2.7 46.1 3.3
s 3 e ag 17.6 11202 1.8%-03 S0 14,2 43.8 !
1445 25 5 8o 7 2R 3403 5.0 8.6 445 1.2
195514 534 4.5 4.5 1.865-02 19652 S 4,5 3.2 4
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1304 4@ a3 10 107 8.E06 35X 1.44 6./ a7 -2
151§ £ B 1.8 B.BIL- U6 5.94-04 G128l -w%
1547 15 i 2 12,37 1.476-0 1,156-0 550 2S5 4.5 R
1556 17 1 NN oS 26802 SOEE-02 S5 2.2 465 Y
1951 2 R R L 1359 1302 515545 9.9 AN Q.0 4.0
5H 19 G 1500 Ll G2 27803 9. 18.1 4.2 34
1585 % Me 44 0.0 10802 1.07E05 3,92 19.0 a4 2.4
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Table 12h. Hobbs Flight 15 (standaxd deviations)/averages for
constant altitude runs over the ground station.
Conduction current densities calculated using only
negative conductivity are included.

STANARD EVIATIONS/MEAN YALLES , Using A.
ov\.\y
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Figure 19n. Hobbs Flight 15 time series of electrical parameters
(ref. Fig. 5i).
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Figure 19c. Hobbs Flight 15 time series of electrical parameters
(ref. Fig. 5i).
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Flight: 16

Date: 29 May 1986
Takeoff: 0519 LT from Hobbs.
Landed: 0655 at Hobbs.

Conditions: Low overcast with higher stratocumulus clouds. Cloud base just
after takeoff was < 300 m and gradually lifted during the time of the
flight. Winds were fram the NE at about 2 m/s and remained fairly steady.
Sunrise was approximately 0548 LT.

Instruments: All worked properly.

Summary: The purpose of the flight was to examine the PBL structure prior
to the anset of conwvective mixing to examine the effect of surface
radicactivity on the electrical parameters. Five ladder profiles and 2
spiral soundings were performed, mostly within the PBL, to examine the
altitude and temporal variation of electric field and conductivity.
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Table 13b. Hobbs Flight 16 (standard deviations)/averages for

constant altitude runs over the ground station.

STANDARD DEVIATIONS/MEAN VALUES
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Figure 20y. Hobbs Flight 16 time series of electrical parameters
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(ref. Fig. Si).

b

TIME

29 MAY 86 FLIGCHT#16 952080 TO @53588 LST

Figure 20z. Hobbs Flight 16 time series of electrical parameters

(ref. Fig. Si).
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BAHAMAS DATA

Period: 5 March 1987 to 17 March 1987
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Flight: 1

Date: 5 March 1987

Takeoff: 1244 (LT) from Nassau

Landed: 1518 at Rock Sound, Eleuthera (RSD)

Conditions: Overcast with 1200 m ceiling. Variable winds mainly from the NE
to 10-12 m/s. Lots of whitecaps with 2-3 m swells.

Instruments: The negative conductivity tube, Lyman-alpha hygrometer and the
aerosol counter did not work properly.

Summary: Mainly a shakedown flight to test instrumental operation and
calibration. Ladder and spiral profiles were obtained enrcute to RSD and
upwind (NE) of Eleuthera over the deep ocean. Plume structure was noted in
the electric field records.
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Table 14a. RSD Flight 1 averages for canstant altitude runs
between Nassau and RSD.
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Table 14b. RSD Flight 1 (standard deviations)/averages for
constant altitude runs between Nassau and RSD.

STANDARD DEVIATIONS/MEMN VALLES
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Flight: 2

Date: 8 March 1987

Takeoff: 1241 (LT) fram RSD
Landed: 1624 at RSD

Conditions: Clear skies; light winds (3 m/s) fram the west with a layer of
haze evident below the trade inversion. Ocean surface calm with very few
whitecaps. Scattered cumulus clouds formed to the E of RSD during the last
hour of flight.

Instruments: All worked properly.

Summary: Two separate sets of ladder and spiral profiles were obtained; the
first were over shallow water about 50 km SW of Rock Sound and the second
over deep water 50-100 km E. Aerosol counts were higher and somewhat
variable E of RSD denoting a changing air mass. Convection appeared to be
organized as evidenced by periodic variations in the electric field records
when flying within 50 m of the surface.
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Table 15a. RSD Flight 2 averages for constant altitude runs
performed SW of RSD over shallow water.
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Table 15b. RSD Flight 2 (standard deviations)/averages for
constant altitude runs performed SW of RSD over
shallow water.
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Table 15c. RSD Flight 2 averages for constant altitude uns
performed E of RSD over deep water.
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Table 15d. RSD Flight 2 (standard deviations)/averages for

water.
CIANDARD DEVIATIONS/MEAN WHLLES
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constant altitude runs performed E of RSD over deep
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Flight: 3

Date: 9 March 1987

Takeoff: 1030 (LT) from RSD

Landed: 1312 at RSD

Conditions: Clear skies with SW winds at 1-3 m/s. No whitecaps and very
little turbulence down low.

Instruments: All worked properly.
Summary: Ladder and spiral profiles were obtained 50-100 km E of RSD over

deep ocean. Additional constant altitude passes and a spiral descent fram
2 km were performed on the return flight to RSD.
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Table 16a. RSD Flight 3 averages for constant altitude runs
performed E of RSD over deep water.

AVERAGES FRIM LEVEL RN

lime N Altitwee & _field Lam -am  on (urr jheta el tum N
HiH kim U/m 1)°-14 w14 10712 " A /e
1035 64 431 1206 1.20 1.3 3.08 .0 8.2 1.68
e 28 01 122.3 1.2 1.5 3.14 24,5 o1.2 1.81
1057 o7 031 128.08 1.23 1.6 3.3 24.9 0.8 1.8
109 N U0 1418 1.2 1.5 1.8 24.8 8.0 1.4
1w 44 Q06 136,52 1.2 1.5 3.5 24.9 £4.{ 1.41
1Me & 015 1497 1.19 1.31 39 24.3 2.9 Y
1107 61 003 149.88 1.13 1.13 3.4 249 54.Y 1.60
1" & Q05 1449 1.4 1.8 3.4 2.6 67.6 1.9
m3 3 015 135854 1.16 1.3 3.% 24.8 £0.3 1.4
m: & a3 127,50 1.16 1.44 3.2 24,8 63.1 1.4
1me & 61 16.65 1.7 1.6 3.5 2.7 5.5 2.41
m B J17 18 1.15 1.3/ 2.2 2.7 86.7 1.41
ne % A4 108.%0 1.2 1.41 2.88 24.7 5.3 1.2
"We @ A 9a1e 1.23 1.3 2.% 2.7 86.2 1.5
1 3 276 3463 1.17 1,37 2.5 4.7 72.8 1.3
ny » 34 884 1.2 1.5 2.4 24.5 e 1.%
"3 B 477 L2 1.24 1.%0 2.2 24.8 78.3 1.08
13 90 R 4.% 1.3 1.64 2.3 2.9 77.2 1.0
1142 117 S48 NBS 1.83 1.5 FAL] 5.4 5.6 L7
"y AN 1.253 3.2 2.3 2.44 2.05 .4 5.2 i)
1% %H 1LBS B[4 2.8 2.68 2.08 3.0 20.8 .8
159 a1 2.4%7 13.56 5.44 3.5 2.4 3.0 1.4 .4
1200 5% 3.0 4. 2.1 2.3 2.18 %1 .7 1.10
128 3 3.872 19.63 .33 5.% 2.14 3.4 2.8 83
1213 & 4179 15.02 7.1 7.13 2.15 .4 %.2 76
Tine N Altitude ) L1 & (a2 Press  Trose T_IR T_dew
A @ me/sd  (2/m/3  oko (ekww?/3 o8 ¢ C ¢
0hH & A3 39104 2.01E-02 0.2 1,307 4SS 27 43 4A
045 328 (61 3.B7E-04 2.24E-03 10.3 9.9%6E-03 10011 RS 43 1S
Wy @ D31 38504 S04 0.3 19K-02 103, R4 243 4S
103 71 005 9.986-04  2.2%-(2 0.6 2.6~ W005.6 27 .4 15.0
1y 4 AUS 10803 1.94c-02 .9 2802 Ws.2 XS 244 154
AT % 8.0%-04 S.03E-03 10,5 2.066-02 10040 2.4 238 LG
7 8l 33 1.6%-03 2,502 1.0 3.96-02 w4 2E BI 156
e @ Q06 2.6%-04 1.1%-02 1.4 1.6%-02 10048 2.4 2% 16.1
1M1 B M5 587604 6.33-13 11,5 1.416-02 10044 22 A2 183
e % 031 5.29E-04  4.4%-03 1.4 1.116-02 10026 2.1 2.0 6.2
Mg 4 A5 33704 2.32-03 11.2 101502 9%6.2 2.8 2R3 15.7
g 3 17 37906 1.56E-03 me 7.8€-03 B8 26 N5 151
ne 5 45 3NE-Da 1.47E-03 mg 221643 a4 NG Bhs 0 Wb
ne & 28 2.12-04  9.60E-04 0,4 7.38-03 %54 N8 133 4.4
nye x 206 17004 535604 0.9 6.2%-02 .7 WMo N8 130
HK2 ) ¢ 16304 6.446-04 M 750603 9888 1S 3.4 12,2
n» B 477 3.85%-04 2.81E-03 M8 8.7%-03 5.1 8.2 233 14,8
13 %9 537 2.06E-04 5.1%-03 9,2 t.07E-? 937.b 6.2 2.8 12.9
1142 17 999 8.350-05 3.3%-M4 6.7 4.5K-02 W 1By 2.2 6.7
" 3 1,663 9.94-06 4.4%-05 2.8 6.3%-04 3N 4.0 4.3 5.5
1% ¥ .85 72.8¢-06 1.9%€-05 2.1 26100 8109 1.3 243 -W4
g 4 2.457 ©.4%¥-06 7.6-05 1.1 0.00E400  751.3 83 W8 -1%b
1205 318 9.4%-06 21404 3.7 3,003 §W.8 .7 1.2 3.3
108 3 2402 2.0/4-04 4.8%-04 1.6 6.02£-03  £34.0 b e -1hd
5 % 44729 905808 8.2%-H4 1.5 1.7¥N 69.8 28 48 -1ed
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Table 16b. RSD Flight 3 (standard deviations)/averages for
constant altitude runs performed E of RSD over deep
water.

SIANARD DEVIRTIONSAMEAN WALLES

Tine t fielo Lam ‘Lam Con Curr (™ s Q12 0 Lo

1038 A% A 23 A 02 28 468 A 1.3

1045 0 A5 10 134 R 424 B33 024 1 479

(1Y} 085 A3 094 092 050 A 3% 06 1.648

w{.:: 164 (% 185 .l‘? Y ¢ Nises 08 1.43%

1182 RLY Nse) 185 A W52 253 24 {1%g) 1 A1)

J lula Jul R J5 .141 (4t LB RN L2 1.2%

107 A o 191 A58 RRJ a0 363 0% 1.3

1110 A7 A0 47 67 (6D 82 L] N4 e

113 A% A5 67 14 5 24 g1 42 82

e R A% 074 138 0be 4% 290 00 L35

118 124 J15 85 K) ¢! V! 267 .48 0 Y

"y RNt Nt 8 B4 S o 405 443 A7 L0

1722 Lol RiL] 047 Nk R .:;’9: Y| A W40

1% .64l 034 L% A83 AN RYI 217 01 475

1P N33 0 a1 K%Y 47 I8 600 OB 2w

ng A 0% 6 ol e S 472 N4 22

13: s AT JE 31 NI G At i ot

1138 Ltk R i4¢ 03 Ak L i N NN

142 LY A I 1% K0 JE 815 U3 .21

1% R M2 K¢ B2 e Nec s .62 9 i.c04

113-3 A RIRY) 128 L3 BTk J 165 05 1.4

158 s i L0e 018 JIBZ R* () 16 013 (.00

1202 4G 053 Kot 043 539 SN Lns A3 1.3
1208 X135 7 M) Rics] Rl Now' JE3 A8 JA
1213 142 W5 R A3 RHY 29 A0 a0 54
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Table 16¢c. RSD Flight 3 averages and standard deviations for
constant altitude runs performed just E of RSD on
returning from the experiment area.

AVERAGES rRM LEWEL RUNS

Time N Altitude t_{ielo
H km V/m

128 W@ Qb 1277

29 B L1500 1343

Y (31 [

1263 1 078 1

125 30 A% 9

122 ¥ A 8.4
A

16 S 846

Time N Altituge P3

“+4 i /3
125 R 006 10303
e 8 01 70%-04
243 X 31 4.415 404
1245 120 078 4.58E-04
oY |} A2 S04
153 ¥ 26 4,4%-04
15 B 283 4.245-04

SIRN0PRD CEVIATIONS/M AN VLS

i1 t_field 1L
13y a4 A28
ledp J67 R
i24: 00 N7
1745 91 043
1231 AN A
e R RS
103 & RIB)

Ham
10°-14

‘L:‘
1.18
1,18
1.2
1.16
1.1
i

8

o

203

2.3%:-02
1.246-02
4.43:-02
3. 21E- 0
1.91
8.4&'
1.68:-)2

[ %]

“Lam o won Lure

T
valig

i
A58
U
S/
JED
A2

Low  Lon Luer Theta v Rel Ha
10714 w12 c . yA
1.4 KR 24.8 be.o
1.3 R 3 24.8 a1
R 504 2.7 B1e
1.3 2 24,5 o1
1.57 248 205 0h.e
1.31 2.2 4.5 56.9
1.4 7.0 4.9 86,3
g Lal  dres: Trose 15
L/‘m GO 2/5 a8 ( N
e 042 g 22.3 &
10,5 2.376-02  50(6.0 2.5 &4
0.3 1.26:-02 10513 2.3 3.2
W GgE-02  1000.3 22,0 .1
10.4 1932 9%6.2 2.4 9.0
10.4 B.BSE-U3  S89.0 20,8 &0
0.5 72,9603 9%5.9 2.2 2.0
2N 0y "y 5
e R "H 307 A2
A3 8 el A7 i
AN W34 ol R A2
(%8 N LAl Rl (52
02 IR a1 557 015
LR il A5 S A4
RI5% 43 A3 2218 D1
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o inl
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Figure 23p Meteorological sounding from Nassau, Bahamas, taken on the day of
Flight 3 (9 March 1987).

201

_



Flight: 4
Date: 10 March 87

Takeoff: 1040 (LT) from RSD
Landed: 1400 at RSD

Conditions: Clouds streets (2/10 cover) with bases at 1.2 km were evident;
winds were NNW at 10 m/s. Lots of whitecaps with ocean swells of 1-2 m.

Instruments: Both polar conductivity tubes were noisy and the qu RMS unit
was malfunctioning. Were unable to obtain simultaneous C ? and C;? data.

Summary: Performed ladder and spiral profiles 50-120 km NE of RSD. Got
bovt:hcq2 and C,? data in constant altitude runs by switching signals to a
single RMS unit. Only C,? was measured during spiral descent from 4.1 km.
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Table 17a. RSD Flight 4 averages for constant altitude runs
performed NE of RSD over deep water.
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Table 17b. RSD Flight 4 (standard deviations)/averages for

constant altitude runs performed NE of RSD over

water.
CTANDARD DEVIAT TCHSAHMEAN VALLES
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Figure 241. Meteorological sounding from Nassau, Bahamas, taken on the day of

Flight 4 (10 March 1987).
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Flight: 5

Date: 11 March 1987
Takeoff: 1120 (LT) from RSD
Landed: 1343 at RSD

Conditions: Scattered low cumilus clouds (1-2/10 cover) with bases near 1.0
km and tops at 2.0 km. Surface winds were variable but moslty fram the N
at 5-10 m/s. Lots of whitecaps and big swells.

Instruments: All worked properly.

Summary: Ladder and spiral profiles were performed 40-100 km NE of RSD.
Several closely spaced (in altitude) crosswind constant altitude passes
were made to examine the plume structure evident in the electric field
records. These were compared with up and dowrwind passes. A spiral
descent was made from 7.6 km to measure ionospheric potential; all other
sourdings during the deployment were from 4.1 km.
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Table 18a. RSD Flight 5 averages for constant altitude runs
performed NE of RSD over deep water.
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20 & 400 40--0q 1,30 I B 2 RO B T Mg ha
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Table 18b. RSD Flight 5 (standard deviations)/averages for
constant altitude runs performed NE of RSD over deep

water.

STPNUAHD LEVIATIONSMEAN VALLES

Tiwe t_Field lam -tam Con Curr 0N 2 I W P G (2
ma 14 274 2 /4 N 337 s Nih) LA
111 65 84 257 278 44 2% A& 4136 380
1124 166 ] 210 28 044 I »'s B ¢ 040 448
1RELS A% .81 183 2 043 327 ) R(cy .49
jRK 3 A4 A% AN 214 047 43 .402 L4 368
1140 RO 480 A58 %4 R(F1] 35 A5 43 567
14 J5 139 A2 AN Aol A4 J3S 048 41
1146 A 2% 8 87 57 29 438 070 05
153 155 212 .18 23 A3 a1 476 51 .68
1157 n11.3 u]E'? |103 193 |U-£| cQ?EJ Jll/ 0040 -565
10 035 078 270 043 032 330 588 041 RY&|
1205 N KU1 i) 082 A57 427 i G5 w33
121 L] 304 074 3ol 194 o L1 )2V 1.2
1215 1.401 208 288 1,745 05 1.615 1.501 b 1.787
1222 05 W35 Q017 R)R] A J18 1.18 J22 44
128 (55 L7 030 R A4 31 R/ 027 (2
1243 Q17 01 I 44 05 S48 AN A3 W5/
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Table 18c. RSD Flight 5 averages and standard deviations for
constant altitude runs performed E of RSD following

downsounding.

IVERAGES FROM LEVEL AN
lise N RPltitude £ field .ane -tam  Con Curr Thetav Rel Hm (N
M ke 7 W-14 1014 W12 C % k/ce
1313 006 174,89 1.06 1.06 3.68 2.4 54.4 1.2
1323 91 Q15 0.0 1,02 1.04 0.00 A 4.5 1.28
127 3 58 E8.ES 1.00 1.09 3.9 €1.4 5.9 1.50
13 ¥ A1 1454 4 7.2 2.09. 2.3 8./ 1.8
X< 212 155,84 52 1.0 2.43 21.4 b0.b 1.3
1T B J1 1@ Y 1.03 2.2 a./ 3.5 1.3
138 S S U8 .68 % 2.0 2.3 6G.3 1.3
fiee N Altitue =% o1 a Lald Fress Trose T.IR {_ceu
HHt wad/sd 23 oikg (Wk)r2/3 w8 c § L
1313 94 Ml 7425405 46 8.4 102501 1019.5 19.8 2.3 1.7
36 O FCAE 1.8-02 8.4 1 E0 1012.0 196 %4 N3
127 3/ J323.82:94 4,19:-03 8.0 1.20C-02 1117 194 53 1Y
(< () M8 BS-04 2.30E-03 B.1 1.106-02  1004.8 8.2 A2 109
133 8 212 95.424-041,3%-00 78 9.36E03  9W8 1.8 2B 1.2
16 A A1 6.100-04 1.03-03 7.5 Y.40E-03  982.1 172 54 10.2
W 9 7 8.43:-04 1,303 8.2 1.14€02 949 174 194 107
SIANDARD [EVIRIIONSMERN VALLES
iime {_rielo 1+ am -uam Con Curr N £HS e g (=
1313 21 At L2 362 35 287 230 QL33 S
1223 0,000 a4 26 0,000 41 o2 361 Q64 2,786
1327 RE% 2 123 8 50 434 448 L3 I3
1230 NKY A4 ASH 165 (84 .448 Rl 32 K18
1337 L J53 A0 143 D3 813 9% ) 54
1335 1 e SR 07 (61 .42 Jha 053 52
1333 a7 a0 Rzt A4 R .o/ M D43 A
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Figure 25i. Meteorological sounding fram Nassau, Bahamas, taken on the day of '
Flight 5 (11 March 1987). I
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Flight: 6

Date: 12 March 1987

Takeoff: 1156 (LT) fram RSD

Landed: 1400 at RSD

Corditions: High overcast and low scattered cumulus with bases near 1.2 km;
light precipitation at times during flight. Winds were fram WNW at 2 to 4
m/s with no whitecaps and 1m swells.

Instruments: All worked properly.

Sumnary: Soundings were obtained 40-80 km E of RSD; were unable to ascend

above 1.8 km because of clouds. Ended spiral sounding 20 km NE of Cat
Island.
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Table 19a. RSD Flight 6 averages far constant altitude runs
perfaormed E of RSD over deep water.

AVERAGES FRIM LEVEL RUNS
line N Altitude + {ield Lam -taw  Cun Cure lheta_v i\'el'Huu. (N

H km V/ai 10"-14 10°-14 W12 £ /] k/cc

1200 @2 L0300 130,24 .47 1.3 3.84 2.4 5.4 1.24

125 9 D5 12040 1.50 1.5) 3.94 22,0 Mm.? H

1208 50 000 132.24 I.%6 1.65 4.21 2.2 ol ./ 97

P4} ] Q5 13y 1.57 1.e3 .94 2.1 .3 1

1214 4 031 106,37 1.55 1.1 3.4 2.0 £4,4 B84

127 3 061 8302 1.65 1.81 0 2.0 .8 ¢

120 G2 07 74.55 1.1 i.68 2.7 2.0 6.5 1.3

124 3 14) /1.81 1.2 19 2.G1 2.0 62.6 1.4

1227 A 00 7356 1.58 1.84 €58 i} 70.9 5

120 Q@ 234 nN.n 1.89 1.82 2.4 AN 4.4 R 1|

123 A < I LN 1.57 .72 R A 7.2 22

i2h 3 8 9313 1.63 1.90 Y na 921 J3

1240 28 Johe! 02,7 1.58 1.79 KRR . uB.0 £l

124 & 90 47.81 2.43 2.0l 2.3 RO .8 )

LTI Hv a4,0¢ 2.1 2.6 2.44 a4.h 14 A3

120 3 1.504 39.83 2.3 3.0 2% 2.7 3.7 Ai

lie N Altituce A3 €12 ) &d  Press  rose IR 1dew

HiM km m/s3  C/m2/3  gkka (glkdw-2/3 £ ¢ C

2R R 08 LKED LYER 100 S 076 A0 44 145 '
125 6) 006 1.43-03 13702 1.0 35602 M0 00 242 14.4

1208 %0 Q06 S.05E-04 8,9%E-03 9.8 2.67L-02 1065 2.2  24.1 14,0

211 80 015 5.662-04  3.54-13 8.8 2.00:-02 WS4 2.2 241 12.2 ’
1219 49 31 3.75%-04 1.6%-3 8.2 11402 1113.8 18.5 24,1 12.9 l
127 S3 A61 4,53C-04 1.246-03 S.7 9.70:0c  1010.4 19.4 24,4 13.8

120 62 J07 0 4.28E-04 11,0303 9.4 9503 log7.2 19.3 24,4 13.1

1224 B J4) 47522 5.46-04 3.3 8.8k-03 W4 183 2485 120

1227 3 70 A.66E-04 6.875-04 S5 8.54-03 99 186 248 13,2 l
120 4) 234G 2.745-04 7 8203 RS 18 45 135 i
125 % 0 2.27E-04 3.41E-04 5.4 7.8%-03  R0E 172 4.3 127 ,
12% 3 6 2.05-04 4,08604 S5 B4 %7 157 43 128

1240 38 Sod 195004 1,53(3 8.3 13502 %443 w245 124

1240 @ S0 30150 2.26-03 E1 S.4&H5 S 12 240 5.2

1267 34 1.7 12405 1,9%-(5 4.9 26703 2 1 0 1.6

2% 23 1,604 308505 3.387-04 4.6 5.7%-0% 844,/ 5.2 44 3
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Table 19b. RSD Flight 6 (standard deviations)/averages for
constant altitude runs performed E of RSD over deep

water.

SIANDARD DEVIATIONS/HMEAN WALLES

Tim: E_Field 1lom -Lem Con Curr (N £ps - (R ! {ad
122 A8 094 085 187 M 40 2N 026 44
1205 21 034 (077 184 075 33 3% 026 463
128 A 5 074 AN .01 400 45/ 033 S8
1211 141 114 062 165 168 200 315 042 458
1214 A0 075 057 I AN .389 586 045 461
121 A16 U8 (35 A (61 364 A8 015 210
1220 073 U3 034 078 D75 30/ 87 D15 240
1224 Ri13] 039 023 074 J92 o 3.304 S04 015 a2
1227 81 1| 02 J20 076 037 418 562 A1 182
1230 083 037 047 RUH .062 468 905 012 123
123 .066 042 Q27 043 075 430 641 027 A
123% .68 051 .018 g6 JA13 06 604 016 07
124) J2 154 58 a9 A6 458 b3S 44 40
1264 J% 057 128 0 JB 2,58 2.8 AL 1,80
1247 36 03 N3) 044 A58 113 4,488 012 17
154 (91 081 AR 078 158 o2 8% 46 %45
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Flight: 7
Date: 13 March 1987

Takeoff: 1320 (LT) from RSD
Landed: 1600 at RSD

Conditions: Clear skies initially; encountered scattered cumilus with
bases at 1.4 km and 1.8 km tops during spiral downsounding. Winds were
fram the NNE at 4 m/s at takeoff and appeared to increase during the
flight. Few whitecaps and swells were <1 m.

Instruments: Positive conductivity tube was noisy.
Summary: Made soundings 50-80 km NE of RSD over deep ocean. The ladder and
spiral profiles were obtained in slightly different regimes as the latter

was performed in a region of scattered cumulus clouds. The aircraft was in
a 7° left bank during the spiral descent.
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Table 20a. RSD Flight 7 averages for constant altitude nuns
performed NE of RSD.

13 ¥R 1987

AVERAGES FROM LEVL AU

line
HH

136
1330
146
134)
1342
1344
1346
1351
1353
135%
1354
1400
1406
1415
140
1423
1430

Time
Ht

136
1330
1336
1340
1342
1344
1346
151
133
1153
1356
140}
1406
1413
400
142
10
1441)
1508

13

N

0

P4

)
m
(]
83
4
K
&
4)
3¢
37
K
3
135
03
4
W
[RE
]
0
n

fltitude
k.

A1
A
0L
005
015
ik}
KUY
133
224
JJah
543
4
1.877
1.89)
a3
3.144
3475
4.1
006
A3

Altituce
X1

R
1
N
J3
A1
N3
061
AR
224
44
AR
M
vy
90
o
BRLY
St
4.215

06

I

—_

i {ield
Vi

144,52
136,27
124,68
134.13
120.50
16,30
108,81
493,37
2,54
.07
20,03
32.41
S
4,05
21.47
8.2
15,76
12.%
126,38
112,38

e
-l oo

|!.2/ 3-3

Lek-ud
g3
SIE-03
3203
RIS
L5103
1S3

2503
00

10403

TG LY - T
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wAlE-04 3,
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U100 -0
S.07:-04
vyt
40043
b
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400G
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2.4L-12
SRLESTA
B IX-12
1.215-01
4580
200602
1.07%-02
1.08:-02
7.9%-03
7.58--03
54803
AL TS
1.688-02
1,293
(X St
7.337-04
%04
4,937y
1.0E-01

4 2,37

Theta v Rel Hum

Precs
n3

1011.5
10171 1
1012.3
M12.5
10m.2
10091
1008.9
9.1
S‘w‘s
974.%
841.6
7.3
/3.9
2.2
€7.¢
RES!
ola,?
60,3
1013.5
m1,/

A
(9

1.3

[p>]
—_—
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Table 20b. RSD Flight 7 (standard deviations)/averages for
constant altitude runs performed NE of RSD. '
STANDARD DEVIRTIONSAEAN VALLES l
Tine £ Field HLan ~Laa Con Curr (N _EPS (12 0 (a2
13% 169 SN 074 W} Q89 A7 ) 042 04 l
1330 166 092 J66 197 147 S5 466 41 53
13% A2 28 05 24 168 391 413 A4 543
1340 J% 274 L% 237 JN 8 458 (44 239 '
130 A6 27 081 218 A2 198 2/ 6 52
1344 A7 205 A 180 42 30 322 (490 A7
1345 A3 183 51 76 62 R 542 A3 A7
1351 093 41 038 A0 7% 268 Sy R V3] 07 l
133 044 078 e/ A4 047 319 1.081 0728 .66/
136 048 07 035 087 073 242 b2 023 35
134 Q37 07 058 09 489 897 1.073 422 A9
1400 44 .04 A1 074 () 2% 341 A2 S
14 231 297 {1 208 02 531 1.112 JE4 1.99%
1415 00 168 A% 182 J06 6% By 128 213
1420 054 029 023 047 5% 558/ 252 07 .51
1425 047 073 8 042 BRI 1.22 R/ i 343
143 0% Q018 I U5 205 1.633 1,197 A/ 22
1440 024 N1} 008 33 77 bl 3¢} 00 00
15 L < <X 7 )| R 1 T Y A T S l
1517 J% 2N J(EG A L 36 317 (36 581

]

230




“(as "bra -3oa1) ‘asy 30 AN *(eg *Byd -38X) "ASH JO AN
Joqem deep 18n0 a17130axd Jepper (L JUBTIA QSY -"aq/z aanbrd xoyem deep xeno arTFaad Toppel ¢ BTII sy ‘ez ambra

1S 2161 0L S92El ¢#LHOId BdUHE!

Bbbl OL BFF1L 24 OSd (W/SH1--@1)1LINON0D ' (2 /7”21 —vB1xG ") "aND
. =1 5 a
«M\NE\NUV Nuu amuun\NEu Sd3 8000900 — . —¢———2 0
. —y
-] et >l g at , 21 c ol . o ”
ULLLAII N 2|08 A (L A A Y 111 1110 e e 1% e -+
Y X 0 f ]
+ a
+ n a —+
+ g X ﬁl a + da -1
T + x O -1 o —
+ x o T f 4
m I
- [*] 3
] 9] -
I + 0 1]
= - ez z
4 x a —
D
- 4z o - B
: -+ = | B
| + x o M i ] <
m
T =X
n X
r 0n
- ~ 48"’
B -1€ ¥ -+ o -~
3 X
+ % o} - 3
L J ﬁ ]
- + Q
X &
— . - 8"
—_ + o
+ X o
] ] i A
ITET N T 17 O O 17 18I W 11T G S0 O 1T U6 T P ) 1 1 @2°'s
w (63,6 b %]% X Bat a
goz-t "M 2> (wsA) @I3LA3

=



MR W BN OGN G N Sh Wy S G5 G BN e S5 NS G5 AN as
A} pue ejep L3Tarionpuoo aatjebeu Atuo Fursn
POIETIOTED BISM SIUBLITD UDTIOSAUCO PUB UDTIONDUOD
gL (pg BT ‘3°x) asy O AN xejem deep *(og *B¥a *381) -gsy 3o AN
Jonr0 9TT30xd JUBLIND UOTIOBAUCO £ JUBTTA QSH Pz @mbTi xo3em deap Tano o11yoad xoppet £ JubTTd asy -ozz ombrd

ATINO "ONOCD 93N @S82l=tZ @ 2=0f

LS b1:G1 OL B2°E1 ¢H#LHILTA CBMEWEL 2151 OL 92El <4 XN43

LN3NNND NOLLI3ANOI ONUMdN O3ZI BWNON (3 "930) WYL3HL
2'1 8l 8" g b 2" e'e  2'- Sb SE g2 5 51
Y T Y T % T, " T T T T d —r— g'e _— — #lJ..«....Hm.,r A\vﬂ: ‘Wixx B'D
*® + o x
s ® _ ; + o x
- ® _ dz + o x
. S - : e
_ + (o] b3 xI
m
lf.
T L i a
_ I
| : =
®
(0] o
_ | o ~ 2
_ ﬁ |
* ~
b — lm. Mu
He-e3
f _ p ﬁl o X
- L e T )
b] X 4
L _ # . —He'»
B _ Hz1 ° x +
_ N 1 _ ] 1
i i g b 2
F (Evw3,X) NI
1 L 1 | 1 | I | I 1 1 b1 L 1 { . e's
Sl 21 6 g 3 e

(6%/6)y ‘WNH 'D3dS




*(35 *Btd "391) aS¥ IO AN I93EM -(eG "BTd *33X) ASY JO AN II3EM
deop xeno BuTpunosuvop TeIrds ¢« IUHTITL GSH "FLZ @mbrd deep xeno Burpunosumop Textds £ IybTId asy ‘sz oInbrg

157 BEYDS1 OL BASHET #IHDITLd LB8dHWEL

157 P2ABAST 0L BASHE1 (#LHDINd 2BAUWEL
(W/SHT1-vB1)LONONOD " (2W- "2 ~~vB1i%G ") "aN2

(W/SH1—-vDB1)1LDONAONOD " (2WsH21—+vB1xG ") "aND Si 21 S L BQ
g2 (o3| a1 LA B e B LA S S LI R o 2 ]
v 1 1 ,—“ﬂjq‘ﬂ—‘i‘- \
5 ]
-
= = 12
—
I S
P -
m | \\ a2 m
(4]
- W \ - e
5 / m N
o o 4 m
| 2 m
5 / <
n
; : / e
- r WF -
7 [ 1 J
W - < g
! \ =}
o+
- \1..% e+
s : i 1 ] N h
oSN U URN NN T B BN N 1213 12124 881l
1513 BsSe2 %] % 1= BG1 aetl as (W/7A) O1314-3
(W/7A) O01314-3 1 | Y | . B'g
1 | . | 1 @°c Pac (%1% 04 eat 7]
E 2 3 a (A7) TWILN3LOd

(92371) NO




“(Bg "Brd t391) aS¥ JO AN aezem -(ug *BTd "J91) QSY 3FO AN IS3EM
diop xaa0 Butpunosumop 1eards (4 uBIid asy tysz anbrd daop Jono Burpunosumop Texids / uBTT4 asy "Bz aambrg

ag8a3S1 OL B8OSbkb1 <24 UOSA

(3 "D930) "”L3HL
PB388s1 0L ABSHHP1 24 OSH

s 2b

w/ ) 1D (_98s/ w) S5d3

HN\N 2 2 E 2 T T T ‘e
- ol
X
m
p - 0
m I
= ~
?
D
— | _ cuw ~
2 g g
o m
0]
< 2
m - n
r
X
n ~
r x
. = el
x
3
- b
- 1 i 1 L I 1 1 1
e 1
(33/7X) NID
TTTU W I O SO VU T T VO (1 VU O O O O (VA0 O O N [ U T W W g L X i R @°'s
w B 3] b 22 91 2l 8 b %)
/o xma Hrsb) 2 )

(Bns6) "WNH D34S

H[



j.ll.........ll..l.Illlllllllll...ll........l.lll.....l.....l....llll.lllllllllllﬂ\\

‘(bg "B14 -391) QS YEBU
uea00 JoA0 Butpumosumop 1eatds £ Jubttd asy (sz bty

SIEPSI OL BEGEESS1 ¢4 Osd

w/ J9s, w
(e oM 520 53D (e ,W) Sd3
P! ot 581 £ 81 L at <@l
LLLAR _||1—:C.Mﬁf — B LR IR a
3 7
<
‘
|
\
]
- '
I
)
/
14
\~
PR
=~
— ! -
o (
ﬁ/
IEREE
I

MILS L E 1 bere ot lrgre 1 e ¢ lgitey g £

* mﬂmx\mw ba

w
es2- 2

OSW 3A08H LHOI3H

(wnjy

*(35 "Bra -38x1) gsy xesu
ueaoco J9A0 Butpunosumop Teatds ¢« JUBTTd asy "TLz 2anbrd

157 S11pS1 OL PEB2S1 Z#LHDILd ZBHWEL

(W/SH1-vB1)LONONOD ' (2W /H21—vB I xS ) "dND
g2 St g1 S 2

T T T Td T 1 ¥ T _]ﬂﬂW~J\J— T T L) &-m

x . +
x 4 . +
x . -+
X . -+
B x M
X +
x +
X —+
x -+
x .H+
+
x -
x _
— x + a1
x T -
x o
x . —4
X . —
x +
X -+
X +
x +
- x +
+
+
x -
x -
x +
x -+
x -+
* .
j » —He -2
x 4

2 | 1 | 1 i ) | 1 I s

nYE Bse Bae asi Bgal as
(W7A) O314-3
1 ] | i ] .
£ e t SQ £
(33/,7m) NI

OSW 3A08Y LHDI3H

(w>)

235




SRV TNNREN N,
- o a0 & .

e

S Tt AP

Pd & 9

‘0

o SRR : L=

4 /. /, ’ < B -
¢ s e 0 % 2 T % ‘o'«w:enm'

Figure 27k. Meteorological sounding from Nassau, Bahamas, taken on the day of

Flight 7 (13 March 1987).




Flight: 8

Date: 14 March 1987

Takeoff: 1421 (LT) from RSD

Landed: 1554 at North Eleuthera

Takeoff: 1632 fram North Eleuthera

Landed: 1728 at RSD

Conditions: Low scattered cumulus (<1/10 cover) with bases at 1.4 km;
lowered visibility because of haze in mixed layer. Winds at RSD were from
the NE gusting to 12 m/s. Lots of whitecaps.

Instruments: Both conductivity tubes were noisy; had added a high and low
pass filter to the Lyman-alpha ocutput to record fast fluctuations of
humidity on the strip chart.

Summary: A ladder profile and a spiral descent were made over deep water E
of Eleuthera enroute to the North Eleuthera airport. Up- and downsoundings

were obtained upwind of the island on the return flight to RSD. Electric
field records showed plume structure below 50 m altitude.
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Table 2la. RSD Flight 8 averages for constant altitude runs
performed NE of RSD over deep water.

AWERAGES FRIM LEVEL RINS

fine N RAltilude t_{iel¢ Lam -taw  Con Cuer Thelav  Re) Hum (N
HEM km V/n 10"-14 10°-14 012 C A k/ce
148 40 Q06 214 Wil W44 2.06 13,9 5.5 2.4
1931 13 D15 172,75 ki 14 A 15.1 4.4 9.64
148 % 01 134,31 27 (5 B0 16.9 2.5 2.4
14403 4 A 178,91 95 A 2.1 18.5 51 2.4
1446 47 A2 170,34 R 5 2.06 1.5 4.0 2.5
1446 2 213 156,90 9 .59 2.0 19.0 0.1 2.4
1450 A S5 140,51 b1 71 1.99 18.9 %3.8 2.3
1G5 37 A0 124,92 .60 ] 1.65 18.8 6./ 2.2
a3 S 108,78 57 .67 1.8 18.6 §2.5 2.2
G 2 1M 87.45 35 /9 1.60 18.7 2.5 2.0
48 2 1.6 0.7 1.4 1.2 1.18 2.0 4.4 A2
1904 3 2.437 12.42 4.77 4.9 1.0 27.5 5.4 ]
e & 5.0 bt 5.9 6.08 1.18 311 13.2 A5
L1 T A I 7.0 1.24 7.5 1.1 33.9 14,7 &%
1914 20 4,068 6.01 8.84 8.37 1.03 34,7 15.4 S
lime K Altitude ) cre G a2 Press Trase

H an o one/s3 (/m2/3 okg k)3 b L

128 4 A0 7.8-03 316602 /.2 LIE-01 1008.4 182 24.5 9.
1431 113 015 4.06E-03 1.406-02 6.8 S.41E-02 1002.2 17.7 4.1 8.4
1435 55 A3 3803 6.74€03 0.3 2.9%-02  1005.1 7.4 24,0 7.4
a3 4 (61 217603 5.13%-03 6.2 2.08-02 10M.5 171 24.3 6.9
1% 4 J27 181603 2.4%-03 9.9 LZ6E-02 9342 170 244 a.J)
1448 ¢ 213 1L12E-03 7.656-04 W7O7ME-02 942 199 243 5.5
(LS )] 05 1.48E-03 1.01E-03 3.8 1Ak 936 140 240 5.6
W B3 L0 G.475-04 164602 5.8 SUOEE-05 w0, 12 2.8 N
1434 31 9% 7,904 1,565-03 0.2 8.3&-03 8953 g.1 .7 5.3
1456 A 1.81 S.776-04 9,82-03 94 230602 8670 54 S 2.8
1698 8 1,890 9.5-04 2.005-02 3.8 5.80:-03  805.5 1.1 .2 -1
104 5 2,437 56506 1.076-04 B LEE-04 0 753.2 & B4 -w2
W8 2030 4.58-05 1.28-04 4 4%k §9.7 JoooR4 244
510 27 5834 4,2%-06 205604 JOo05E-04 B84 -3 .4 -%.3
B4 2 4088 2,285 S.3%- 0 1.37%-03 613,55 Gl AL -84
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Table 21b. RSD Flight 8 (standard deviations)/averages far

water.
STANDARD DEVIATIONS/MEAN VALLES
lise t_fiele Lam
148 A0 1.110
1431 4093 562
143 A03 2.258
1443 142 A
1446 065 WA,
1448 033 120
165) 91 216
1451 05 072
1454 2R J34
146 A6 468
1458 27 307
1504 079 010
1507 037 L0035
1511 (8 .00B
1514 L4 Q05

oconstant altitude runs performed NE of RSD over deep

~Lam Con Curr
.W 0%4
o% lEl‘U
801 2.790
0% 22
Rk A8
076 .78
J05 189
.082 075
A8 235
310 400
210 A0
1009 .%
R1%s) 41
018 W35
003 )
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041
043

318
W22
A78
124
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0216
38

!4%
418
2

48
25
/88
797
]
224
B9
A87

(12

A8

JN
.@1

001-,

2,000
408
J03

i)
1.0%
B4
.344

(@2
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A58
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Flight 8 (14 March 1987).
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Flight: 9

Date: 16 March 1987
Takeoff: 1006 (LT) fram RSD
Landed: 1510 at Nassau

Conditions: Scattered cumlus clouds throughout the flight; bases were at
1.1 km over the Gulf Stream (after 1245 LT). Winds were light and from the
E at takeoff fram RSD; the direction shifted to NE later in the flight and
gained velocity to an estimated 5 m/s. No white caps initially but began
to see a few on nearing Bimini.

Instruments: Cp bridge #2 began to give intermittent output so was
replaced by #1 bridge at about 1130 LT. The camputer sampling rate was
increased for several low constant altitude passes to record simultanecus
humidity fluctuations and electric field variations for later spectral
analysis.

Summary: The purpose of the flight was to obtain data over the Gulf Stream
where warmer water temperatures would cause stronger convection than in the
Eleutheran waters. Constant altitude runs and one spiral descent was
performed over shallow water between RSD and Bimini between 1014 and 1220
LT. A camplete ladder profile and continuous downsounding from 4.1 km were
made over the Gulf Stream between Bimini and Florida from 1300 to 1413 LT
followed by linear up- (to 2.9 km) and down-soundings enroute to Nassau.
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Table 22a. RSD Flight 9 averages and standard deviations for
constant altitude runs performed between RSD and
Bimini over shallow water.
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Table 22b. RSD Flight 9 averages for constant altitude runs
performed over the Gulf Stream between Bimini and
Flarida.
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Table 22c. RSD Flight 9 (standard deviations)/averages for
congtant altitude runs performed over the Gulf
Stream between Bimini and Florida.
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© Crown copyaighr 1963

Figure 29w. Meteorological sounding from Nassau, Bahamas, taken on the day of
Flight 9 (16 March 1987).
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IR T I .

Flight: 10

Date: 16 March 1987

Takeoff: 1615 fram Nassau

Landed: 1750 at RSD

Conditions: Clear skies overhead with scattered cumilus to the N and $ of

the flight path. Winds were fram the NE at an estimated 5 m/s. Very few
white caps.

Instruments: All worked properly.
Summary: Soundings were obtained on a linear ascent between Nassau and

Governors Harbor over shallow water and a spiral descent fram 4.1 km E of
Eleuthera over deep ocean.

267




Table 23. RSD Flight 10 averages and standard deviations for

AVERAGES FROM LEWEL RUNS

Tine

H

1706
1705
1712

| ime
i
1706

1709
1712

constant altitude runs performed Jjust E of RSD.

N fllitude & field Lan -l Con Cure Thetav  Se) Hum N
kn V/n 10°-14 W4 w1 ¢ )/ k/ec
&7 Q06 197,93 1.03 5 .5 2.9 £2.4 1.%
k) A15 180,12 3 A7 2.9 .8 .4 1.15
48 A3 140,% 99 St R 2.9 od.4 1.16
N Altitike £ Cl2 0 (a2 Ores: (rose T_IN |_deu
wm w/3 RA3 oke QOIS B G g ¢
KV D08 3.83°-03 6.07%-02 8.5 8.3%-02 0112 133 X5 N
K} O15 1.90E-03 2.306-02 85 4.016-2 10102 19, &0 117
Q 31 1.31E-3 8.9%- 6.5 22502 Mg 1900 248 115

268

[ ’ i - - _




(o5 "614 -301) QS¥ JO 3 «(ag -674 "Jex) gsy 3o I
3snf pewroziad sunx 1eaer 3o jord 0T IUSTTL GS¥ *qoc embrd asnl peuwroyred sunx TessT 30 30Td OT UBTTA asu “eoe eanbrd

21¢1 OL 38821 @14 XN143

(3 '930) ”YL3HL
2121 OL 98¢21 B14 O0Sd

€ 4 l w os9s/ w
Sb . mﬂ — m_ m&.& am\m \muv muu Hm \N ) Sd3
2! ot 281 e gt , 81 c Bl
LLLLAIE o A | 310 P o By e 103 - F TR L1100 0 (111 0 0 0 P
- -
| ]
- a1
1 B 1
m
" i ond I
(9] m
I 3 ] [
] 0
I
1oz @ N
B o = Ao D o
< [01] O
m e} o~
<
4 m
L 1 n
r | N X
n
~ r
*
@€ 3 B -
ﬁ € w
! , r ;
f de b = -+
[ | | | ] "
9 b 2
i (EvW375) NDO TN 1D N O B (1T A N (1) IR N O ([T TN G
21 ¢ " C @S 63,6y _b
S 6 9 L 2 M\N..E * Na »sb)y 2 o]

(Bn/B)y wnNH *23dS

S R TN I G BN EF SN BN By S EE B Bn e BR UE SR




e e ———— s

l'll'l»llllll'-'l'll

“(es *614 -3a1) sy 30 I
asn( peurozrad sunx tanat 3o 301d OT BTTA asy -o0g embrd

1S 21¢t OL 9821 BI#IHDIL 14 ¢BaHWII

(W/SP1~vB1)LINONOD ' (2W/H21-vB1I%xG ") "dND

a1 S a
—® o — 7 T T = 8°'0
i do
L ]
xI
m
-
u 2%
—-18°¢2 ot -
~
D N
5
L 1 <
m
X
n
— He-e"
*
3
— —1B8' %
) 1 1 .
BBe %1% B && S

(w/p) gO3143




‘(3G -BT4 "391) I93BM MOTTEYS JOA0 (ISY pue

nesseN usomiaq butpunosdn snonuTjuco 0T IUBTTd asy "eQg eanbrg

157 @91$381 04 BBS1I91

QI#1HOLd 8MUWY!L

(W/SH1—-v@1)LONAONOD ' (2W/”d21—vB1xS ) "¥ND

82 St a1 S a
T T 1 ¥ T«J‘d‘d .— LA m.« k'
x . —
x -
4
X
! m%p
o Wna.
2o
5
— lﬁ.
F
3 |
I WM( .
S
~*, : X
- = mu da-
= P
| EFERAE
3 %
= : £
= - —o
=2 g3
f i . — 1 — 4 \— 1 — A L L ]
BdE Pse Z2E) @s1 eat @S
(W/A) O1314-3
- — 1 — J .
£ 2 1 o
(323/4) ND

ISW 3A08H LHOI3H

(wx)

‘(a5 b1y -yaa) xojem MOTTEYS I9A0 (SH pue
nesseN Ueamiaq Purpunosdn snonutauoo o1 3UBTTd Sy poE aambrg

157 281b381

CL #B8S5s191

BI#1LHDOITHA £LBdP5KHI1

(W/S5b1-vB1)LINONOD ‘ (2W/d21-vB1IxG ) "and

St

at

S ]

T T T T ﬁ T T T 4_\ T

T

e
- ~ 4t
1 “#l#
S — ' —
adEe eae ag1t
(Ws7A) O314-3
aae (=] =4 eg1
(AM) TBILN3LO0d

1SW 3A0BH LHOI3H

(wn)

271

\\.lllll.llll.l.llll.ll.l.l..l.lllllll.l...l...ll...l..l...l.l.......L




1IllllllIllllllllllllllllllllllIlllllllllllllllllllllllllllllllllllllllllllllll!
R N N e An B E B I A N AN B BN EE W W W e

(b Bty “Jax) xajem MOTTEUS I9A0 (Sy pue *(ys ‘brd -3ax) TOojeM MOTTRUS JoA0 Sy pue
nesseN usomaq Butpunosdn snonutjuoo T UBTTA asy "Bog eanbra nesseN uesmiaq bButpunosdn snonuTiuco QT UBTTS GSH "JOE SIMBTA

BO1H91 0L BAS1IS1l Al% JSd

(D '930) Yi3HL
P81PS1 OL PBS1S1 @14 OSA

(., W7.2) ,3D (_93s, w) sd BS eb Be 02 81
gr2 72 2 E ") 543 _ _ o
%— _|Q~ Nl&. mlm: vl&— m..&- ' x
LILLAT P LLDR I N 1210 B A A 11 I N S | LA R R B (2
| .—
— X
m
[
X i (9]
m I
L — -4
0
: 2
» i ° o R
- o m A
(o)
< X
m o n
=
8 X
in ~
- x
- - g3
- b
3
i L
e — -v
i b [ | | ]
2 1
(33a/5) NDD
FIV I I N V1TV 30 00 117 030 0 T N V11 W0 O MY B /177 1 0 I I g 1 N 1 . I
S1 21 6 9 [ 15}

w 6 b b
€r2— xma v_\umu

(bn/6) "WNH '233dS




*(3g B1a -3O1) *(eg *B1g -3yex)
asy 30 3 asn{ Butpunosumop Textds QT JUBTTd asy °IQE embBrd asy 30 3 isn{ Butpunosumop Texrds 01 UBTTL dsy ‘uog embra

57 @@S@21 OL B@bbS1 BI#LHOLY 2BABWSI
1 Bbb9L 9 HEWS 1
LS7 @ES@el 0L BOLEIL @IALHOINS B (W/Sk1-v@1)L1INONOD ' (2W/d21-v@1x5 ) "N

(WsSb1~vB1) LINONOD ‘ (ZW/HZ21-vB1 %G ) "&ND St al S o

ZE St gl 5 @ A I NG DAL A e'a
LANELANL I S A S = ‘R .
.. +
-- ] * . +\
_ W .
- -_. M.—.
| +
I m
m o
) o -
| 2% I\ o
— 2 ~
o)
B - 2
| w m
" &
= | R
i m)
= .m_n x
~ 3
z I
- b
- ‘b
i i _ - — 1 L
i [ _ | . . ] 2dE pee eat
1 1 1 1 1 A
@ﬂm ase goe asi 281 8s (W7A) QJUHLHu
(WsA) GA3r4-3 goc * mmN , Po1 B a® S
l IR .
£ - P) . 1 — a2 s (A) THILNILOM

(32/1) NI




E IE N T R B R Ny Nl O N AE T TN U e A am Em

*(Bg b1y -3o1)
asy 3o 3 asn{ Butpunosumop Textds Q1 JUBTTJ QS¥ "MPOE enbrg

BESO¢] OL BBHHPS1 B14 OSA

J9s
(e 297500 532 (g23s/,u) 5d3
P! 81 - £ 81 L, 1 -3
T T R¥FIa=3 LA |LLLAR LIS a

ISW 3A0HH LHOI3H

(wn)

F I T {118 O O (VB O O IO O A 11T W ON O O (1A R O g

»x _(By/6y _b)
(=3

w
£Ese- e

*(ys *B1a :3ax)
asd 30 3 3sn{ Burpunosumop textds Q1 3ubtrd asy - fog embrg

peESPRZY Ol PBHHS1 A1# OSA
(O "930) "YL3HL

as %14 atE 22 a1
T e
|
| "1
X
m
-
" (9]
I
-
D
- c
o]
<
m
X
o 0
L
M
= el
- ‘b
8 i ] #
2 1
(93-X) NDD
1 ! 1 5 o'
Sl 2t 6 9 € <}

t6%,6) ‘wnH '23dS

274




— 4= -

/,__.-,_ '_,:"

Y Crown copyrivht 1963

Figure 301. Meteorological sounding fram Nassau, Bahamas, taken on the day of

Flight 10 (16 March 1987).
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Flight: 11

Date: 17 March 1987

Takeoff: 1107 LT from RSD

Landed: 1515 at RSD

Conditions: Clear skies with winds from ENE at 6 m/s (calculated from

groundspeed and airspeed measurements); very few whitecaps and ocean swells
<1 m.

Instruments: All worked properly.

Summary: Flight consisted of 2 data taking missions; 1) to obtain
canwvection current profiles and 2) to record electric field and humidity
fluctuations at various heights to examine the organization of convection.
A ladder profile and spiral downsounding were performed recording all
instruments over the ocean 40-80 km E of RSD. Then the computer sampling
rate was increased to about 2 Hz and only electric field, polar
conductivities, humidity fluctuations (passively bandpassed between about
0.1 and 5 Hz) and the epsilon RMS values were recorded. Constant altitude
runs were made over the same region sampled earlier, each consisting of a
crosswind and an up or dowrnwind leg.
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titude runs
24a. RSD Flight 11 avers 38 for constant al
Tete performed E of RSD over deep water.
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Table 24b. RSD Flight 11 (standard deviations)/averages for
oonstant altitude runs performed E of RSD over deep

water. '

STANDARD DEVIATIONSAMEAN VALLES
Tine E_Field lan -Lan Con Curr (N S - (12 g Ca2
- 1116 1 07 06 149 052 1D 230 L0 6.8
124 J160 (<] (068 161 14 1Y) 3R (53 415
135 A3 055 071 a2 188 43 ) )] 2574
140 103 70 062 139 447 35 20 044 406
14 142 52 057 AR 51 .30 O Q46 A%
1144 {58 R4 044 58 .81 45 289 03 a7
153 3% M4 %3] 07 W43 332 A% N/ 290
155 043 (55 035 (54 94 4R 76 038 W30
1159 061 O3 124 .13 124 J3 453 Q27 1.09
1204 93 07 AR 128 A3 .b17 Y 108 B07
120 0N NS AW 043 087 513 W27 2 1.4%
211 097 L5 & 065 A1 3] S8 UG 205
1213 18 018 034 036 35 .32 A M4 A%
1219 035 27 034 010 13 6 W& (77 JR2
1223 019 D17 09 03 153 J13 23 R 385
1226 68 070 (63 KO b JA87 2.8 31 080
1230 40 B2) A2/ 0/ Bk 1.57% Ak U53 A2
124 18 1 06 21 (%4 S 2 Q13 S
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Figure 31i. Metecrological sounding from Nassau, Bahamas, taken on the day of
Flight 11 (17 March 1987).
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Vi. DATA SUMMARIES AND OONVECTIGN CURRENT PROFILES

This section contains sumaries of turbulence, electrical, and model
parameters for each flight in both deployments in addition to plots of
cawection current profiles. Definitions of symbols and references to pages
where they are discussed are presented in Table 25. Parameters pertinent
to evaluating the charge transport model calculated fram ladder profile
data can be found in Tables 26 and 27. Electrical parameters determined
fram spiral soundings are emphasized in Tables 28 and 29 and convection
current profiles fraom both field deployment are presented in Figures 32
through 48.

As was indicated above, Tables 26 and 27 list values for parameters
necessary for testing Willett's turbulent transport model. Data are only
provided for flights where valid convection current profiles were obtained.

Table 26 lists results from the desert flights. The given times are
when the aircraft was at 15 m height in the neighborhood of the ground
station, either initiating or ending a ladder profile. Wind directions are
from observations made by John Willett while operating the ground station
and wind speeds were measured with an anemometer at 2 m height. Since
there was same uncertainty in the aircraft determinations of € , the
surface scaling parameters were calculated from ground station measurements
(note the suffix "gs") using the dissipation method. Aircraft measurements
of € were in most cases a factor of 3 to 4 larger than ground station
values. We suspect a faulty RMS unit aboard the aircraft may have caused
this problem and similar difficulties in determining C,? in the ocean
flights.

Table 27 displays results fram the ocean deployment. The listed times
correspand to when the aircraft was 15 m above the surface either beginning
or ending a ladder profile. Wind directions are from aircraft
observations while the speeds were calculated fram the surface friction
velocity (u, ) and surface drag coefficients. (Speeds calculated in this
manner were genarally within 10% of those observed fram the aircraft.)
Since there was same uncertainty in the C;? and C,? measurements in this
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deployment, the listed temperature and humidity surface scaling parameters
are those calculated using the bulk aerodynamic technique, hence the " blk"
suffix. When C,2 values were divided by 3, T, values determined fram the
dissipation method were cuomparable in magnitude to thoce resulting fram
bulk calculations.

The aerovsols values presented in Tables 26 and 27 have been corrected
using the data of Figure 4. Since the calibration was performed prior to
the experiment, the range of particle densities could not be anticipated.
Therefore, same parts of the curve involve generous interpolation which
ocould lead to errors in determining aerosol concentrations. This would
have a deleterious effect on the calculated volume ionization rates and
small ion lifetimes as well.

Two new variables, R, and V,, are introduced in Tables 28 and 29.
Columar resistance, R;, was calculated from conductivity using the
following equation:

apogee
R, (ohm m?) =J (A#A)ldz + h (>\*+>\.)'1,p°g“
[0}

where h is the electrical scale height (Gish, 1944) at the flight apogee
and terms subscripted "apogee” denote measurements taken at the maximum
flight altitude. The second term in the above equation accounts for the
resistance between the top of the sounding and the ionosphere and in most
of the data presented, represents less than 10% of R,.

Ionospheric potential, V;, was found fram integrating the electric
field and extrapolating it to the ionosphere as illustrated below:

‘apogee

apogee
V, (Volts) = JEdz + hE

where, again, h is the electrical scale height at the maximum flight
altitude. The second term contributed around 10% to typical Vv,
determinations. The data presented in this section uses the convention
that fair weather electric fields are negative, thus V; is negative.
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Assuming Ohm's law to be operative in the atmosphere, V; = J, R;.
This, however, is true anly in the absence of conwvection current. The
ratio R, J,/V; (convective factor, C.F.) when subtracted fram 1 gives the
fractional decrease of J, due to convection. Tables 28 and 29 present
values of C.F. for each spiral; a further discussion of its significance
can be found in Appendix B.

Convection current profiles fraom the desert deployment are illustrated
in Figures 32 through 39. These plots are only provided for the flights
listed in Table 26. J_ values were calculated from averages of level runs
(see data tables for individual flights) and were normalized using the J,
values listed in the table. The altitudes have been normalized by dividing
each height by the boundary layer thickness, Z; . Similar profiles for the
ocean flights listed in Table 27 are presented in Figures 40 through 48.
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Table 25. Summary of symbols used in Section VI tables.
Variable Definition Units

U, Surface scaling parameter for m/s

velocity.

T. Surface scaling parameter for °C

temperature.

Q. Surface scaling parameter for a/Kg

humidity.

Z, Bourdary layer thickness. m
tau lam Electrical relaxation time. s
Aerosols Large particle concentration. m3

J, Conduction current density. pA/m?

3“ Electrode effect efficiency -
factor.

G Dimensionless potential drop -

across the boundary layer.

L Monin-Obukhov length. m
tau n Small ion lifetime. s

q Volume ionization rate. m3g?!

R Dimensionless potential drop. -
-Zi/L Canvective scaling factor. -
lam tot Total conductivity omh 1m1

RI Columar resistance ohm m?

extrapolated to the ionosphere

VI Integrated electric field \Y

extrapolated to the ionosphere
C.F. Convection Factor = R, J,/V; -
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Figure 41. Bahamas Flight 3-1 normalized convection current profile.
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Figure 43. Bahamas Flight 5-1 normalized convection current profile.
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Appendix A
AIRCRAFT INVESTIGATION OF ELECTRIC CHARGE FLUX OVER LAND AND SEA

Bruce Anderson and Ralph Markson
Alrborme Research Associates, Weston, MA 02193

Christopher W. Fairall
Pernsylvania State University, University Park, PA 16802

John C. Willett
Naval Research Laboratory, Washington, DC 20375

ABSTRACT: Aircraft measurements of electric field, conductivity and
turbulence parameters from heights of 3 m to several km have been
made to examine the electrical and meteorological structure of the
unstable planetary bourdary layer (PBL). Our findings indicate
that: 1) strang electrode layers form over the ocean but are often
inhibited over land, apparently because of surface radioactivity,
2) conwvection-current profiles appear to be governed by electrical
relaxation and turbulence intensity as predicted previously by a
umerical model of turbulent charge transport, and 3) vertical
electric field measurements, because of their sensitivity to volumes
of space charge, show details of oceanic convective plume structure
not evident in records of humidity or other in situ measurements.

INTRODUCTION

Positive charge can accumulate near the Earth's surface in fair
weather because of the electxode effect. This is especially true over
water; strong electrode layers have not been measured over land
(Muhleisen, 1961).

Convection currents, formed when electrode-effect space chargm is
transported upward by turbulent mixing (Kraakevik, 1958; Markson et
al., 1981), can comprise a significant fraction of the total current
density near the ocean surface. This positive charge flux acts as an
electrical generator which raises the potential in th-~ PBL, effectively
reducing the air-earth conduction-current density abov. the exchange
layer (Willett, 1979).

Hoppel and Gathman (1971) modeled the electrode effect using an eddy-
diffusion approximation which, though giving accurate predictions in
same cases, fails to describe large cowection currents. Willett's
(1979) seocond-order-closure model of turbulent charge transport shows
that, in addition to the electrical parameters, the surface fluxes of
buoyancy and momentum and the PBL thickness are primary factors
governing convection-current intensity. Aside from a limited mumber of
measurements made in a thin, weakly convective PBL over the ocean
(Markson et al., 198l1), no previous attempts have been made to study
the oconvective generator with a complete array of atmospheric
electrical, meteorological and turbulence instruments.

EXPERIMENTAL DESIGN

Our primary experimental objectives were to determine the electrode-
effect source strength over land and sea and to obtain convection-
current profiles under a variety of atmospheric conditions in order to
test Willett's model. To accamplish this, two sites were selected for
the field experiments: 1) Hobbs, New Mexico, a flat desert region
characterized by sparse vegetation, intense dry conwvection and an
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unusually thick PBL, and 2) the ocean near Eleuthera, Bahamas, a
classic trade-wind regime with clean air and atmospheric instability
caused by warm water. Our aircraft was instrumented to measure
vertical electric field, both polar conductivities, temperature, dew
point, pressure, infrared surface temperature, cloud-condensation
nuclei, and the turbulence-structure functions for velocity,
temperature and humidity. These were used to derive conduction- and
convection~current densities, electrical relaxation times, imversion
heights, atmospheric stability, and surface fluxes of heat, momentum,
and moisture. Mean winds were derived from airspeed and Loran
groundspeed measurements. The use of a light aircraft allowed
measurements to extend to within 3 m of the surface in both regimes.

A ground station was also operated during the land deployment to
record wind profiles, turbulence-structure functions for temperature
and velocity, and Wilson current. These provided a check on the
aircraft data as well as an independent means for determining surface
fluxes.

DISCUSSION OF OBSERVATIONS
Oceanic

Figure la is a typical example of PBL electrical structure in the
Bahamas; Fig. 1lb depicts meteorological profiles for the same flight.
The lower tropospheric structure consists of a well mixed PBL capped by
a weak inversion near 700 m (Z2i) and a secondary inversion at 1300 m.
Within the PBL, the electric field increases with decreasing height
while conductivity remains constant, indicating a convection current
(Jc). The magnitude of Js can be derived through the relation
Jc=Jo-E), where J, is the air-earth conduction-current density well
above the inversion, E is electric field and )\ is total conductivity.
By the "physics" sign cowvention, E and Jg are negative while Jg is
positive in fair weather. The shaded area in Fig. la indicates the
increase in conduction-current density (EX) caused by Js. The
strength of the electrode effect charge source is characterized by the
maximm J. (Jmax) value, which in this case is about 1.1 pA/m2.
Normalized Jmax values have been shown by Markson et al. (1981) to
oorrelate with surface fluxes of moisture and momentum.

Preliminary results are sumarized in Table 1. Nine soundings were
obtained over water when measurements fram the full camplement of
instrumentation were unambiguous. Jmax values ranged from 0.7 to 1.8
pA/m? (57% to 93% of J,). The average Jmax/Jg of 0.74 is in fair
agreement with theoretical predictions of 0.60 to 0.65 by Willett
(1983). Volume ionization rates calculated fram conductivity and
aerosol measurements averaged 1.5 x 106 m"3, which is consistent with
that due strictly to cosmic radiation (Israel, 1970). Air temperatures
ranged to fram 1 to 6 OC less than the sea-surface temperatures,
resulting in significant convective mixing on each flight.

Desert Deployment

Conditions were not as uniform in New Mexico. The PBL height through
10 flights ranged from 400 m (early morning) to 2800 m (aftermoon) as
surface heating controlled convection. Aerosol concentrations
about 4 times those over the ocean and varied by a factor of 10 due to
natural and/or anthropogenic factors.

The electrode-effect charge source and related convection currents
were generally much smaller in New Mexico. Jmax values ranged
from O t0 1.3 plk/m2 (0 to 65% of Jg) and Jmax/J5 averaged 0.3, much
less than the predicted range of 0.7 to 0.9 (Willett, 1983). PBL
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mlma-imizatimmtesaveragedabaxtsxlﬁmé, 5 times larger than
the oceanic values, due to a cambination of radiocactive emanations,
surface activity, and increased cosmic radiation (ground level was 1.1
km MSL). The soil probably emitted radon gas. This point is
illustrated in Fig. 2, electrical profiles obtained in the early
morning before the anset of convection. Conductivity values increased
by 60% near the ground, causing a sharp decrease in electric field, and
a shallow layer of negative space charge resulted. The anset of
oonvection destroyed most of the conductivity gradient, although same
afternoon profiles showed a small increase in conductivity near the
surface. Thus, the electrode effect probably was inhibited by
deposition of Radon daughters on the vegetation (Willett, 1985), Thoron
gas emission fram the soil, or same other form of surface
radioactivity.

Effects of Turbulence

The colums in Table 1 headed R ard -Zi/L are turbulence parameters
used by Willett (1979) to predict the strength and shape of convection-
current profiles. R is a ratio of electric to turbulent time scales
given by R = ux™, /Zi, where ux is the friction velocity and ™. is the
electrical relaxation time. The larger ux becames, the shorter will be
the mixing time in the PBL, and for a given T, the higher charge will
be transported before decaying. The ratio, -Zi/L, is an indicator of
convection strength, where L is the Monin-Obukhov length and denctes
approximately the height where mechanical and buoyant generation of
turbulence are equal. L is dependent on the surface buoyancy flux
(produced by both sensible heat and water-vapor fluxes) and ux, and at
constant wind velocity, -Zi/L becomes more positive with increasing
canvection.

As Table 1 indicates, both R and ~Zi/L were larger in the ocean
deployment. Small R values at Hobbs were caused mainly by the higher
ionization rates and thicker PBLs, while -Zi/L ratios were affected by
the latter and by stronger mechanical turbulence due to the greater
surface roughness. Figure 3 displays normalized convection-current
(Jc/Jo) profiles from both locations with approximately the same -Zi/L
ratios, but varying R values, while Fig. 4 depicts nearly constant R
values and variable -Zi/L. Both are seen to systematically affect
convection currents, in good qualitative agreement with the model (see
Figs. 1 and 2 in Willett, 1979), although in same cases the model
predicts currents which are larger by a factor of 2 or more.

Since these upward corwection currents must be balanced (in the
steady state) by increases in the downward conduction~current density
within the mixed layer, they have the effect of increasing the
electrostatic potential at the top of that layer, opposing the normal
dowrward flow of charge in the fair weather atmosphere. The reduction
in total dowrward current density (Jp) due to cowection currents alone
averaged 12% over the ocean, but only a few percent in New Mexico
(Markson, this conference).

Oceanic Convection

Horizontal variations in vertical electric field near the ocean
surface were found to be highly correlated with humidity fluctuations
(q') as illustrated in Fig. 5 (r=0.54; N=288), which is consistent with
earlier findings (Markson, 1975). Moisture as well as electrode-effect
space charge are accumulated by air motions into small plumes spaced at
200 to 400 m intervals and transported to the interior of the PBL
where, on windy, conwvective days, larger scale organization occurs




(Kuettner, 1971); cloud streets are a manifestation of this effect.
Since space charge accumilates in these large updrafts, electric field
measurements can provide a remote indicator of their size and spacing.
This is illustrated by the 1 to 2 km periodicity also evident in E but
missing in q' (Fig. 5).

The dependence of the relationship between E and q' on height further
exemplifies the remote sensing capability of electric field
measurements. When the aircraft flies below the electrical center of
the plumes, E and q' increase together (Fig. 5); when most of the
charge is beneath the aircraft, E and q' show a negative correlation
(Fig. 6; r=-0.26 N=188).

CONCLUSIONS

Preliminary analysis indicates that strong electrode layers and large
oconvection currents can form over the ocean, confirming previous
investigations (Kraakevik, 1958; Markson et al., 1981), but terd to be
suppressed over land. In addition, electric field measurements,
because they integrate space charge through a large volume, are good
indicators of cloud scale convective patterns over the ocean.
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Table 1. Experimental averages.

Location Ocean Desert
N 9 10
Zi (m) 980 1750

Jo (pA/m2)  -1.84  -2.38
Jmax (pA/m2)  1.37 0.69

R 0.10 0.07
-Zi/L 129 62
Qa {g/kg)
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Ap_gendix B

COMPARISON OF IONOSPHERIC POTENTIAL AND AIR-EARTH
CURRENT AS INDICATORS OF THE GLOBAL CIRCUIT CURRENT

Ralph Markson
Center for Meteorology and Physical Oceanography

Massachusetts Institute of Technology
Cambridge, MA 02139

ABSTRACT: The sensitivity of ionospheric potential and air-earth
canduction currents (above the exchange layer) to variation caused
by processes in the planetary boundary layer are examined through
analysis of atmospheric electrical soundings made over land and sea.
It is found that the air-earth current is particularly sensitive to
local variations in columar resistance and convection of space
charge as predicted by theory. It would not be a good parameter for
measurement of temporal variation of the global circuit.

INTRODUCTION

A decade has passed since it was proposed that..."a Geoelectric
Index representative of global thunderstorm currents should be
established to complement the Geamagnetic Index which has proven
invaluable in solar-terrestrial research” (Markson, 1979). Additional
discussion in Markson and Muir (1980) concerned how such measurements
could be obtained and utilized to test a proposed mechanism for solar
control of the global circuit supply current through modulation of
ionizing radiation over thunderclouds (Markson, 1978). There has been
growing interest in establishing such an index, but no consensus exists
on what the index or indices should be. Few and Weinheimer (1986)
recamend measurement of the air-earth conduction current from a free
balloon while Markson (1987) responded that ionospheric potential would
be a better parameter because meteorological factors have appreciable
influence on air-earth current.

Recently, in an investigation of the convective generator (Anderson
et al., this volume), unique data sets have been obtained in which
ionospheric potential (VI), air-earth current density above the
exchange layer (J_ ), and the ionosphere-to-earth columar resistance
(RI) (as well as gupporting data) have been measured similtanecusly
frdm an aircraft over land (Hobbs, New Mexico) and sea (the Bahamas).
These measurements make it possible to quantitatively compare the
effects of variations in RI and vertical transport of space charge
(Jc), the convective generator, on VI and Jo.

METEOROLOGICAL FRCTORS
Columar Resistance

By measuring conductivity profiles it is possible to campute
columar resistance which is the reciprocal of conductivity integrated
bet:zeen two heights; this is in effect the resistance of a column of
1 m” cross-section. A sounding between the ground and top of the
sounding (apogee) provides the resistance in that colum. The
remainder of R, to the ionosphere can be estimated by multiplying the
resistivity (réciprocal of conductivity) and scale height at maximum
altitude in the same way as electric field times scale height proc -ides
the voltage difference from apogee to the ionosphere when determining
VI (Markson, 1976). Thus, by adding the calculated increment to the
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integrated value it is possible to estimate RI. By Ohm's law, the
air-earth current density JI = VI/RI‘ Therefore, if V. remains
oconstant, an increase in R willcauseadecreaseinJI. Sinoeaigisa
function of aerosol 1oad.i.n§ and ionization rate, which®in turm
modulated by numerous natural and man-made factors, it is expected that
J_ will vary accordingly. Detailed discussion of how meteorological

:i.n*l:hre1owe:ratmospl'xereafi:‘ectvI andJotime-—seriesarein
Markson (1984; 1985).

Convection Currents

The global electrical generator maintains the fair-weather
conduction current above the exchange layer (J_ ) which is constant with
altitude (Kraakevik, 1958; Markson, 1981; Andefson et al. ,this
volume). This is because there are no generators in this region;
changes in conductivity are exactly balanced by changes in electric
field to maintain a constant current density fram the ionosphere to the
top of the planetary boundary layer (PBL). However, within the PBL
(particularly over water) space charge is transported upward by air
motions which constitutes a convective generator (J ) first described
by Kasemir (1956). Thus, within the exchange 1ayercthe measured
dowrward conduction current density (electric field times total
conductivity) increases to balance the upward convection current. The
potential at the top of the exchange layer is raised by J_ above what
it would be if it were due only to J_. Assuming V. remaifis unaffected
by local PBL processes, therenmstbganadjustmen% (reduction) in the
potential gradient and Jo above the exchange layer because a smaller
potential difference occlirs between the PBL and the ionosphere
(Willett, 1979). It is possible to determine the percent reduction in
J . above the PBL due to J_ through the fraction J_/J. = J /(V./R.)
wRich is the measured conSuction current divided By what She durfent
would have been if there were no JC. We define this fraction as CF,
the "convective factor".

In sum, changesinRI and J_within the exchange layer will affect
the current density locally abSve the PBL, while at latitudes lower
than the polar cap region (where there are no ionospheric or magneto-
spheric generators) the ionospheric potential will remain globally
representative (Markson, 1985). This assumes Jc is a local generator;
if J_ occupies a sufficiently large fraction of the Earth's surface, VI
could be increased. Time-series of Jo measured from a constant
altitude balloon or aircraft well above the exchange layer crossing
regions of variable RI or Jc would undergo changes because of the
factors described above.

OBSERVATIONS AND DISCUSSION
Table 1 is a summary camparison between mean V., J_, RI' and CF
values at Hobbs and the Bahamas. The effects of BothCthe differences
in RI and CF between the locations is readily apparent. While the mean
V., wds slightly larger (2%) in the Bahamas, J_was 56% lower in the
B , i.e., (J_ Hobbs - J_Bahamas)/J_Bah3mas. This was mostly
caused by Ry at H3bbs being 32% lower th3n in the Bahamas causing an
increase in current. It is also seen that the range of variations of
J _ are appreciably larger at Hobbs as would be expected fram a location
variations in aerosols, conductivity and convection are larger.
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Table I. Comparison of Mean Hobbs ws Bahamas Data
Parameters Hobbs Bahamas
V. (kV) 2 237 242
J. (pA/mb) measured 2.62 1.68
Jg (pafm”) range 1.4-3.2=128% 1.05-2.1)=100%
¥107° (ohm-m") 9.36 13.7
( c>/JI) = CF 1.00 0.88

Bahamas Measurements

Figure 1 summarizes the relevant parameter time-series for the
Bahamas data. Correlation coefficients have been camputed and for 14
soundings (12 d.f.) the 5% and 1% levels of significance are r = 0.53
and 0.66 respectively. The most obvious feature is the inverse
correlation between Jo and R, (r = -0.92). It is also seen that J_ is
positively correlated’with CF (r = 0.89). Thus both variations in°R_
and J strcnglynndulateJOintheexpecteddirecticns. Considering
the effects on the V, meastrement. It also is found that V. is
correlated with R (1].; = 0.63), but not as strongly as RI 15 with J_,
and the correlatién is positive. This suggests that the soundings were
not made sufficiently high and error was introduced into the V.
estimate because of aerosols affecting the electric field at .
The average height of the Bahamas soundings was 4.3 km. A summary of
conductivity profiles fram all sources (Fig. 3 of Markson, 1985) shows
that it is necessary to make a sounding to 6 or 7 km to get into the
region of exponential increase in conductivity with height which the
scale height increment estimation procedure assumes. The effect of
canvection (CF) on V. is not statistically significant (r = -0.47).
There is a negative, I'bu‘l: not statistically significant, correlation
between VI and Jo (r = -0.38). Summarizing the Bahamas data, Fig. 1
indicates™that RI variations cause about 2/3 and J o causes about 1/3 of
the Jo variation.

Hobbs Measurements

The Hobbs data have been treated in the same mamner. Fifteen sound-
ings were made to a mean apogee of 6.3 km. Correlation coefficients
(13 4.£.) at the 5% and 1% levels of significance are r = 0.51 and
0.64. The inverse correlation between Jo and R, (r = -0.79) is seen by

on. Similarly there is a positive corrélation between J_ and

CF (r = 0.56). J_ is affected as expected by R, and J_ . Consid@ring
effects on Vy, correlation with R_ (r = 0.42) is aSain positive but
smaller and fiot significant. This cotld be explained by the fact that
the soundings were made to higher altitudes and there was less aerosol
effects at Hobbs. There was no effect of CF on VI (r = -0.11) and o
correlation between VI and Jo (r = 0.09).

Differences between the Bahamas and Hobbs results can be interpreted
in view of differences in conditions between these regions as discussed
in the companion paper by Anderson et al. ° At Hobbs there was very
little J_ and the CF average was 1.00 (compared to 0.88 due to J in
the Bahaffas). Also the data for Hobbs had scmewhat larger of
error because of instrumentation factors and the fact that there was
less horozontal homogeniety in the convectively unstable atmosphere.
The latter affects the aircraft spiral soundings which are made over a
region of about 5 to 10 km diameter.
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OCONCLUSION

The above analysis indicates that measurements of J_ fram a platform
well above the exchange layer would be an unreliable mdthod for observ-
ing the variation of current in the global circuit. Typical local
variations caused by the cambined effects of changes in R, and
convection of space charge could introduce variations on %he order of
50%. It should also be recognized that ragional and global variations
in R, from cosmic radiation ionization and aerosol loading will

ly modulate J  which is twice as large at Spitsbergen and

Greenland as in the®Bahamas because of these factors {(Markson, 1985).
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