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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 radioactive 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 changes 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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This document presents experimental results of a two year aircraft
investigation of the relationships between the electrical and

micranetecrological 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 slmultaneous 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 of3 electric field, polar ccrductivities, temperature, condensation nuclei, dew

point, and turbulence structure function parameters for velocity,3 t rature and humidity, along with surface teipratures 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,

instumentation, calibrations, and methods used to calculate derived3 variables, surface fluxes and model parameters.

Analyzed results are discussed in Appendices A and B, two papers given
at the Eight international Ccnference 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.) Summrizing 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 radioactive emanations from the
soil which cause ionizaticn close the surface preventing an accumulation of

positive space charge (Apperdix A).

(2) The shape and intensity of Convecti Current profiles are dependent on

electrical relaxation and turbulence intensity as predicted by the charge

transport model (Apperxlix A).

3 vi
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I
(3) Vertical electric field msasure0~nts, because of their sensitivity to

Volumes of spce charge, are a better indicator of the stucture of

organized convectio over the ocean than huidity or other in situ

R - r-nts (Apendix A).

(4) Ionospheric potential is a much better parameter for observing i
variations in the global electric circuit than Air-Earth conjkbtion current

density because of the latter's sensitivity to changes in columnar i
resistare and cornecticn current (Appendix B). i

We expect to provide mor indepth discussions of results and final
comlusins in future publications w1In a more thorough comparison of
exerimental results with model predictirs has been completed.
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3 Briefly, this report is organized into a detailed account of how

meazurennts and variables were obtained or calculated (Sections I, II, III

and IV); flight descriptcvs 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

Sdiscussicx of results (Apedices A and B).

As indicated in the above summary, the primary motivations for this

work were to measure the strength of the electrode layer over 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, 1981). The

strength of the electrode layer can be assessed from profiles of electric

field and cnctivity while the model requires as additional inputs the

surface fluxes of momentum, heat, and moisture, surface roughness and

measurestats of Conduction current density well above the exchange layer.

The simultaneous determinaticns 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 instrumentaticn and

used with success in numerous past field experiments (e.g., Markscn, et

al., 1981). One additional device, a condensation nucleus counter, wasII
purchased and installed for use in this project so that small ion lifetimes

could be estimated.

Measuraments 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) in order to access the strength of the electrode effect charge3 source over land and ocean. The former region is characterized by thick,

strongly unstable, cloud-free mixed layers and the latter by intense

Snveoticn 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,

I 1987. All flights, except ocean Flight 6 and land Flight 16, were made in

fine weather. Land Flight 16, conducted in the early morning, was the only3Ine made in a neutral to stable PBL. On several missions, specifically
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I
land Flights 1, 2, 10, and 11 and ocean Flights 1 and 4, we failed to

acquire complete micr-eterological 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 computer

experienced frequent crashes resulting in some data loss.

Early in the land deploynt it became evident that surface

radioactivity was causing high ccncih civity near the ground. This

icnizaticn retards formation of electrode layers, hence limiting the

corective current. Electric field and corductivity soundings were made

near Portales, Carlsbad and Roswell, New Mexico, nne of which showed

significantly less radioactivity than near Hobbs. Tabulated results show

the average electrical relaxation time over Hobbs was about one half that

found in the marine P9L.

n ' W R WI h APPROACHI

A. Flight Procedures

At Hobbs, where a ground station had been set up to measure conducticn

current and micrcmeteorological parameters, the usual flight plan was to

make a Iadder profile (a series of level passes at increasing altitudes)

over the ground equipment, then make a slow continuous spiral descentII
ending with low passes over the same area. This was to allow comparison

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 eine 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 convection

is generated by solar heating of the surface in the desert envirrmient, PBL

ccriticns changed quite rapidly in time. This allowed us to make up to 3

flights a day and to obtain distinctly different profiles on each.

II
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I
Similar flight plan were followed over th ocean in the Bahamas.

Sirc no grud equipment was involved, the aircraft was simply flow-n

upwmd from land to open ce water and data collection was initiated.

Ladd prfiles and spiral descent soundings were obtared on all flights

with the excepticn of Flight 1 which was mainly a test flight. A itirnal

low altitude pre made to examne the convective structure ove the

oce and to provide data from which to calculate the 15 m wind velocities.

Convection in the m rine nviroitrt is driven by air-water temperature

differues and since ocean water taeuerres show cnly slight diurnal

variatfacn, we canted only 1 missiaon per day, with Flights 9 and 10

being thi exception. The forne yielded sndings r shoallo wat noari

Bimini, ove the Gulf stream. between Bimini and Florida, and ainotI

between Bimini nd Nassau. Flight 10, the return trip frm Nasau to Roc

Sord, dkced entirely different profiles over the shallow watr w st ofn, = .Ii
Eleuthera.

Neaw the ocean surface, owing to the plume structure of ox~enized

oxmctiam in themaner PBL (ref erertoes), tte electrical and
W1tecrological parameters wre quite variable. This is illustrated in Fig.

3, a tim series of electric field and humidity variations at 6 m height.

In order to obtain realistic averages of these quantities, level pass

were at least 2 min and typically 3 min in duration. Scme error could
arise frnm frequency aliasing, since data ware recorded at 3 s intervals,

but this would only aply to the electric field instrument which has a I
temporal response of around 1 s (the humidity, teIperature and velocity

variations are all fed to R45 units with ca. 10 s tim constants). This

error, which is anticipated to be small, has not been assessed. The rapid

fluctuations in electric field become damped with height and, like

civecti currrent density, depend on the stability of the PBL.

The aqmln~lt required deterin~ations of owctir1 current densityI

welL above the ovective bourdary layer. At Hobbs, where the mixed layer

denpth~ zrmged to ove 4 kan d averaged 1.8 ka, soundings were made to aboutI

7 kmn altitude, requiring pilot: and crewl to utilize breathing oxygen. Over

the ocean, the inversion height was always below 2 km (averaging 1.1 m)

with a weak subnid xe inversion between 2 and 3 kin. Scundings there were

6
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obtained to 4.1 km altitude. A geral criteria for terminating ascent was

the magnitude of the vertical electric field (<10 V/m) and whether

cructivity was increasing at an exponential rate with altitude. After 3
initial soundings, apex altitudes were cbosen and flown to on subsequent

missions. 3
B. Data kjitn 3
A Hewlett Packard (HP) basic progranable 9835B desktop ccmpxter

coupled through an IEEE488 interface to a HP 3497 20 cannel

scarer/voltmeter was used to acquire and record data. The scarer sampled

all 20 analog channels in about 3.2 seonds. The channel gains were 3
checked with a voltage reference prior to the experiment and found to be

accurate to within 0.1% in the worst case; zero offsets ware all less than

+/- 1 LSB. Loran position and ground speed data entered the computer via

a custom BM 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 -;growintely 1.5 hours of data-

taking capebility. All signals were recrded as raw voltages with 5
corrections and calibrations applied postflight. The system activated a

high voltage relay which otrolled the voltage on the Gerdien corativity 3
tubes's capacitor plates.

An 8 channel strip chart recorder was flown in both deployments to I
monitor instruments and provide realtime display. Flight notes were

recorded directly an the chart and transcribed postflight. A seccrd

HP9835A computer was provided by NRL to allow ground personnel to perform

data reduction and analysis while data was being collected. Plots were 1
produced on a HP 7245 thermal plotter.

8
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3III. MASUR

3 A. Ingn tati , Calibrati'm and Conversimu Factors

I The following paragraphs provide a detailed description of the

aircraft instrutmts, ,ow calibrations were performed and factors used in

cmrveting analog signal outpts to engineering units:

(1) Air pressure. The aircraft has 2 pressure transducers crboard,

both are solid state, one manufactured by National Seniconductor and the

other by RoPemount Engineering. Calibrations were determined fra3extrapolated sea level pressures given as flight information and by

cmparison with the aircraft pressure altimeter.

P (m ) = Z00 * V (National Semi)
P (M) = 742.8 - 285.8*V (Rosemount)

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

3(2) Altite was calculated fra air pressure using the expression:

3 A (kin) = (1 - (P/P )- 5 . 2 5 6 ) To / 6.5

where P0 and T, are the pressure and Kelvin tsuperature at ground level.

Altitudes calculated in this manner were in good agreenent with those

indicated by the aircraft cockpit altimeter.I
(3) Air tsiratue was determined fran a PRbse nt Engineering3 Platinum resistive sensor designed specifically for aircraft. This device

was calibrated versus mercury themmeters and checked periodically by3 comparison with the aircraft cockpit thn ter.

T (*C) = (V - .02) * 100

19
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I
The abmperaue was corrected for dynamic heating of the sesor using

the following expression:

T, (K) = T [ (CP , - 1) M2 /2]

where C and C, are the heat capacity of air at constant pressure and I
volume, respectively, and M is the Mach number. For our average velocity

(60 m/s), this expression reduced to: I

T, = T / (1 + 1.8 / T] where all tnmperatures are Kelvin.

(4) Dew point was measured with an a model 137-C3 aircraft 3
h!grateter system of the chilled mirror type. The mirror was cleaned

periodically and the calibration was checked and set by replacing the

hygrcmeter sensor with factory supplied resistors, then adjusting the scale
and zero potwitiancters to obtain the lrer!! W- output voltages.

Tdew (°C) = 23 * V - 65 I
(5) Vertical electric field. Two redundant custom-built radioactive

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 radioactive 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. Custom electronics using high voltage feedback and driven guard

rings provide the system with rapid response. The electric field created I
by charge on the airframe is rejected as oommm mode signal by adjusting

the gain of one of the input amplifiers until the system is immune to 3
changes in aircraft charge. EBpirical calibrations were determined by

making low level passes by a ground station, ignoring the effects of image 3
charge.

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

E2 (V/m) = 102 * V (inboard) 3
10 1
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I
3 According to the convention of ordinary physics, the electric field is

directed dowtward in fair weather and should be negative. This document,3 unfortunately, has mixed contions; the graphs and tables in Section V.

report positive fields in fair weather while the tables in Section VI.3 present negative values for the same data. The latter section switches

conventin 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 from fair weather measurfents.I
(6) Positive and negative cornutivity. Two identical custcn-built3 Gerdien tube capacitors mounted under the right wingtip were used for these

determinaticns. 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

voltages. Acceleration voltages (Vacc) of about +/- 90 V were used

thr~out. Amplifier offsets (Vo ) were measured at regular intervals3 during the flight by grounding the acceleration plates of the tubes and

recording the output signals.

X b.(dh im-')=6 o V / Reff Vacc C

I for most of this work

I X+(ctm'm ) = 7.38E-12 (V - Vo ) / Vacc

jkm(ohm - n) = 7.16E-12 (V - Vo ) / VaccI
(7) Condtion curent density, J. J is defined as being the product3 of electric field and total onductivity. Note that in the boundary layer

J will be a superposition of coduction and ccnvection current.

I J (pA/m 2 )= E ( X1+ X.)

I
I 11

I



(8) Cloud -c1atiion nurlei (CR) were measured with an Envircrnent-
One model Rich 200 CCN counter obtained for the project. The calibration

curve determined for the instrument fran tests at NRL is shown in Figure 4.

Cbrrectiors were only applied to values used to calculate ion lifetimes and

ion production rates. This instrument detects nuclei of 0.0016 un diameter 3
and larger.

(X}J (Kcounts/an 3 ) Gain V / 51

(9) Surface t -ratze (TIh) was measured with a Barnes PRT-5 3
infrared radiation termneter. Calibratios were found by positicning a

pan of water underneath the sensor and making simultanecus measurement of 3
its tai--rature with a high quality mercury tI neter and the IR
theruometer. Cuirves were produced by adding ice or hot water to the bath

while stirring. This sort of calibratin suffers fran reflections of the
aircraft in the pan, but no other suitable approach has been found.

TIR ( 0 C) = 10 (V - 1.43) (medium range)

TIR (OC) = 12.6 (V + 1.36) (high range)

(10) indicated airspeed was gauged with a Rosemount Enineering3

pressure transducer. The unit is calibrated by comparison with the

aircraft airspeed indlicator while varying the engine powr settings in

level flight.

IAS (kts) = 96.3 (V - 1. 65) / 1.091

(11) Gzzux speed and position ware recorded fran a Teledyne 711 3
Loran-C navigaticn unit. The displayed ground speeds have been verified by

timing pa. between I 1.n landmarks. Hobbs is nmt covered by the Loran

Network; these data were only obtained on the ocean flights. Wind speeds

were determined as the difference between the aircraft airspeed and

grouzAspeed, or as one half the difference in ground speed between upin
and downind runs.

12
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I

(12) To ,ePrature sucturbe funcici paUzebtr, Cr 2. Teiperature3

fluctuaticns, <VT . >, were measured with a 4.5 An diameter Tungsten

resistive wire seeor (Therm Systems Inc. (TSI) model T1.5-1210) and a 5
fast res[ose TSI dc Wheatstone bridge. A second resistive probe, left

covered during flight, was used to balance the bridge. The probes ware 3
arranged on a vertical mast on the aircraft right wingtip. Typical probe

resistarJe~ wre 6 chms at 0 C, the bridge gain was set at 20 V/ohm using a

variable decade sis , and senscr current was 5 ma. The bridge output

was fed to a signal oanditioner with band pass filtering and variable gain,

the to an RMS unit with gain, before being recorded an the computer 3
system. High and low pass filter settings ware 10 and 200 Hz for both

deployments and a total gain of 30 was employed. The systen's electrical 3
noise was determined by masuring the output with the probes covered. The

microtherml sensors are know to change resistance when they beoane

encrusted with sea salt, so each probe was washed in an alcohol/water

solution as part of preflight for the ocean flights.

C, 2 was calculated using the single probe, I method (Fairall and

Marks-t, 1984) fro the bridge masurnents of teperature fluctuatios 3
described above.

Le = .11 (f-2/3 - fI-2/3) 2/3

X2 = IS G Rt oC (1 +T)] 2  I

X3 = 2 [.000015 G 13]2 (P/1013) (288/(T + 273) )3/2] 2/3

Cr 2 (o0/mZ/ 3 ) = [((<VT. >2 - (GV,) 2 )/X 2 ) X]/.42 x2

Whre

f, = lower freque-cy limit, 10 Hz in both locaticns

f, = upper frequency limit, 200 Hz

U = Aircraft airspeed, usually 60 m/s
14
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3 S = bridge sensitivity, 20 V/ohm

G = total amplifier gain, 303i = ice point resistance of the probe, 6 ohms
= probe teierature coefficient, .004 *C11 T = ambient temperature 0C

I = probe current, 5 mA

P = pressure at given altitude, m

VN = system uoise, .002 v

G = velocity structure function parameter (see below).

Note that term X3 is a correction for the microthermal probe velocity

sensitivity at the current employed. At higher currents the velocity

contribution can become significant.

1 (13) Velocity sltucture fw.utim parameter or the rate of dissipatin

of turbzlemt kizrtic energy, 6 . Velocity fluctuations, <V, >, ware

measured with a fast response TSI hot-wire anemmeter in a constant
teperature circuit using the same type of resistive sensor described3 above. A decade resistor was used to balance the bridge and apply a 50%

overheat to the probe. Signals were bandpass filtered, amplified and RpM3 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 both3 locaticns. Noise values were determined with the hot wire covered. The

bridge DC output was also recorded.

I was calculated fram the RMS and DC outputs of the Hot-wire

M1KNfleter described above using the following equations:I
If3y = (f 2 3 - f-2/3)-3/2

Y2 = B (P/1013)1 / 2 (288/(T + 273)) / 4 (165 - T)/150

* then,

I E ( s 3 ) = 619 l3/ 2 <V, >3 (V/Y 2 G)3 Y4

315
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wbere U, T, and P retain the definitions and values given above and i
f, = 50 Hz at Hobbs, 20 Hz over the ocean

f, = 200 Hz5
B = hot wire sensitivity, 1.0 V2 /(m/s)1 12

V = hot wire DC output voltage

G = total gain, 300 for both deployments

(14) lmidity structure functicn paraeter, Cq2. Humidity variations, I
<Vq w >, were determined with a custom-made Lyman-Alpha hygrometer. Thei

source and detector were mounted under the left wirtip and a path length

of 1 an was employed. The detector output was split, the DC signal being

recarded directly and fluctuation between 10 and 200 Hz amplified with a 3
total gain of 30 and RVS values were recorded. The Lyman-Alpha was not

used in the desert deployment. 5
Cq2 was calculated from the Lyman-Alpha DC and RMS outputs using the

following expressicns, 3
F = .11 (f 1 - 2 / 3 

- fu 2 / 3) U2 / 3

Cq2 (g 2 /k m2 3 ) = ((<Vq >2 - (V*VN)2)/G)/(F (VIS) 2 )

whre

f, = 200 Hz

V = the Lyman-Alpha DC signal, V 1
Vt = the normalized RMS noise level, 0.0016

G = system gain, 30

s = sensitivity, 6 i

The Lyman-Alpha source lamp output varies with lens cleanliness, source 3
voltage, etc. By normalizing the above equation by source strength, these

variations are effectively removed.

1
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3 B. Derived Variables and Paraters

Experimentally determined variables were combined to yield

meteorological and electrical parameters useful in elucidating the3 structure of the trpo[2ere. The paragraphs below describe each and

detail their calculation.

1 (1) Virtual potential temperature, e, (K), e.g., temperature

extrapolated to the surface and corrected for water vapor content, was

3 calculated from:

e, = T [1 + .61 Q] (Po/P) ° 2 8 7

where Q is the specific humidity.

(2) Specific humidity, Q, is derived fra the air pressure, P, and dew

point teiperature saturation water vapor pressure, e, using the followingI expression:

Q (g/Kg) = 622 e / (P - 0.38 e)I
where e (mB) = 6.108 (Td / 273.16) -5.14 e( 6 8 27 (1/Td - 1/273.16)3 and Td is the dew point tanperature in degrees Kelvin.

(3) Relative humidity, RH, is given by:

=RH e / es (6)

where e and e, are the saturation water vapor pressures at the measured dew

point and at the ambient air temperature, respectively.

I
U
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IV. SURFACE SCRLnD, FUDES AND E PARNEITh 3
This section will defin the parameters presented in the tables ard

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

Willett (1979, 1981). A thorough discussion of surface layer scaling and

Monin-Obukov Similarity Theory can be found in Panofsky and Dutton (1984).

A. Electrical Parmters 3
(1) Cowection current, Jc- In the boundary layer, J is the sun of

the Air-earth cxidticn current density anid c=vecticn current. The~ two3

were separated using:

J, = J, - E ( X+ 'A

where J. is the convection or eddy current and J. is the average oiductic I
current density above the inversion, where convection current is assumed to

be zero. Note that E and J., following the "Physics" crwentian, are I
negative in fair weather while J,, the upward flux of positive space

charge, is positive. 5
(2) The electrode effect souce efficiency factor, J., (a

dimensionless parameter) is simply the ratio of the maximun cornvectin

current to the conduction current arnd is given by:

J1. = -Jc / I
where J, is measured near the surface (6 or 15 m altitude).

1
m
I
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I
3 (3) The boundary layer electrical relaxation tim, , is calculated

from the average total conductivity in the surface layer using the

3 1'x(secns)= 6o / ( X

where o is the dielectric constant of free space.
(4) The sall ion lifetime, I;,, can be found from:

3 ," (secods)= [,-( X+ X-)/ 2 e k + @(Ca)]-I

where op is the small ion recombination coefficient, e is t charge of a

proton or electron (1.602 x 10-1 9 C), k is the mobility of small singly3 charged ions at constant t ,erature and pressure, is the recombination

coefficient between small ions and large particles and S is the large
particle (aerosol) concentration as measured by the CCN counter. Polar

3conuctivities and aerosol conentrations were an average fron the lowest

100 m of the PBL. The following numerical values were used for the3 constants in the above expression (Hopel, 1985).

m = 1.6 x 1)-12 PS - 1 for both deployments
k = 0.00012 mrVls - at sea level (Bahamas)

k = 0.oo137 mFV1s -  at 1.1 ku altitude (Hobbs)

= 3.18 x 1)-12 Ts -' (Bahamas)

= 1.15 x 10-12 m3 s- (1Hobbs)

(5) The volum ionzation rate, q, was calculated using the equation

q (m'3 s) = ( X.+ >.)/2ekrn

m where e, k, and rn retain the definitions and values given above. Again,
Sthe oc ctvity values used were from the lower 100 m of the PBL.

(6) The di (inlesa potential drop across the bounary layer, V, is

the ratio of the electrical potential at the inversicn height (Zi ) in the

presence of convectii current to an estimate of the potential due solely

* 19
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I

to corkucticn current. The following equation was used for its
calculation,

V = [( X.+ ,_ )/(-Jo Z)] I- E dz]

where the polar conductivity values reesent msunments in the surface U
layer. The lower limit of V obtained in the absence of convection is 1.0.I

B. Turbule and Meteorological ParavIters

(1) Th inversicm height, Zj, or thickness of the boundary layer was

determined for each sounding from plots of C 2 and E supplemented by

observatlcns of cloud base altitudes. There generally was an uncertainty

of 50 to 100 m in the selection of Zi caused by limited smpling. 3
The surface fluxes were evaluated from ground (at Hobbs) and aircraft

measurements using the bulk aerodynaic (Davidson et al., 1981) and

dissipation (Fairall et al., 1980) techniques. Both methods rely an Monin-

Obukhov Similarity theory (Panofsky and Dutton, 1984) to relate the mean 3
fluctuations of Ismperature (T), velocity (u) and moisture (q) to scalar

surface fluxes. The following equaticns define the Monin-Obukcv surface 3
scaling parameters (starred quantities) in terms of eddy covariance fluxes:

I
momentum: f(u'w') = -u. 2

sensible heat: ?q,(e'w') = - ? C T, I

latent heat: eLe(q'w') = -9 Leuq,.

Where w is the vertical velocity component, L, the latent heat of

vaporization of water, e the density of air, OP the specific heat of air,

and the primed quantities denote fluctuations about the mean.

I
20 3
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Using the bulkJ technique, the surface scaling parameters for velocity,3 supmt' e aind huidity can be represented by:

S(2a) u,. = u.k in (z/Z.,) - <z >I-

(3a) T. = (T, - T. )ok [ in (z/Zot) - T(z/L)]

(4a) q, = (ci - ) ok C in (Z/ZoT) -IT(z/L)]

where z is the height of the measurement and the subscripts s and z denote

quantities (wind speed, tIperature and moisture) at the surface and at

height z. Z, and Zt are roughness lengths, L is the Monin-tn ukhov lenth,

o4 and k are constants, and k and T are ep)irical furcticns. The ratio

z/L defines the stability of the layer and is calculated from the surface

drag coefficients and rxghness lengths in a manrer detailed by Davidson,

et al., (1981). Another approach to calculating this quantity, using the

dissipation technique, is given below.U
Fluxes were nort calculated by the bulk technique at Hobbs because a)3 the wind speed gradient measuzements yielded unreasonably long roughness

lengths and b) surface teiperatures 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.

I Using the dissipation metid, the scaling parameters were calculated

as follows:I
(2b) u, = (0.4 zE)" /3 /( 1 + 0.51S12 13 )1 / 2

(3b) To = -0.45 (r2)1/2 [z ( 1 + 71SI)]1 3

I (4b) Ci, = -0.45 (Cq2)1/2 [z ( 1 + 71SI )]1/3

I 4Were z is the height of the measurement and S is the atmospheric

stability, z/L, discussed above.

* 21
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1

S was calculated for an unstable surface layer from the following

expression using an iterative process:

S = S, (1 + 0.51SI 2 / 3 ) ( 1 + 71SI )1/3 1

where S. is given by

So = 3.26 (z 2 / 3 /T) [(r2)1/2 + 0.61 T (Cq 2 )1/ 2 ]/ 2/3 3
S is defined to be negative for unstable conditicns. 3

1
The Muin-<h ov length, L, is represented by:

(5) L =zS I
or L = T u 2 / k . I

where k is Vcn Karman's cnstant (0.4), g is the force of gravity, and . 3
is given by T, + 0.61 q, T. The humidity scaling parameter, a,, was rot

included in the Hobbbs calculations because it was assumed to be negligible.3

The ratio -Zi A is an indicator of convection strength. L dentes the

arximate height where mechanical and buoyant generation of turbulence is

equal; the larger the buoyant production of turbulence, the smaller L

becomes. Therefore, -Z /L is directly pr motional to convective strength.

(6) Model parameter, R, the ratio of electric to turbulent tim 3
scales, is calculated fran:

R = u. -rX/ Zi

with large values of R favoring large convection currents. 1

2 I
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U
V. ELE ICRL AND LGIC1L SOEINGS

Tables and plots of meteorological and electrical soundings are 3
presented on the following pages. Data are grouped according to location

and flight and include: 3
1) A brief flight description.

2) Tables of averages and standard deviaticns from level runs. I
3) Plots of ladder profile data and ccnvecticn current.

4) Graphs of ccntinxuous ascending or descending soundings. 3
5) Time series of electrical parameters (for selected flights over the

desert only).

6) Radioscrde soundings of meteorological parameters and wind profiles

(for ocean flights cnly). 3
The flight descriptions are not exhaustive; they are inteded to give

a summary of the weather ccrditicns, flight locaticrs and any non-routineI

observations. More extensive flight logs and data keys are available upon

re*Jest.3

Items 5) and 6) in the above list are only included for selected 3
flights. Time series of aircraft atmosphrric electrical parameters are

provided on Desert Flights 8 through 16 so dhat compariscns can be made

with groundstation data. MET soundings made at Nassau for several of the

ocean flights were obtained fran the Bahamian Flight service and are

included as an aid to data interpretation; a complete set of sourings for I
the oceanic flights were not readily available at the time this document

was prepared. 3
A summary of the symbols used in the tables and figures of this 3

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.

I
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I Figures 5a through 51 are examples of the graphs and plots presented

in this section. For the sake of brevity, subsequent figures will refer to

one these plots for complete explanations of the symbols and formats used.

U Ldder profiles and ccnvecticn current plots are illustrated by

Figures 5a through 5d. Data used in these plots are fran the tables of

level run averages. Ladder profiles were not obtained on Hobbs Flights 1,

2 and 3 and convection current profiles are only included on flights where

they could be determined with confidence and when cxmpanicn flux values

were available.

3 Spiral and ocntinuous soundings are exemplified by Figs. 5e through 5h
with each plotted point representing a 5 sample average over about a 163 seccr time interval. The ascent or descent rates from such soundings were

about 3 m/s, yielding a vertical resolution of approximately 50 m.

U Figure 5i is an example of a time series plot of electrical

parameters. Again, each point represents a 5 sample average over about 16

seconds. The aircraft airspeed was usually 60 m/s which yields a

horizontal resolution per ploted point of approximately 1 kn. Aircraft3 altitudes have not been included on the graph but can be deduced fran the
tables and times of the continuous soundings. Again, additional3 information is available upon request.

Finally, a cauticnary rote is in order for the turbulence data. ; 2

values fram the ocean deployment are a factor of 3 larger than those

expected from air-sea teiperature differences. Also, at Hobbs, the

aircraft 6 values were 3 times those measured by the ground station. In

both cases, a faulty M4S 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 calculatiCns. Oceanic 6 data and desert Cr 2 values are3 reliable unless otherwise indicated.

2
* 25

I



I

Table 1. Summary of Symbols used in graphs and tables. 3
Variable Definition Units ref.

Time Local Time HHfM

N Number of Samples in average -I

Altitude Pressure altitude km 9 I
Efield Outboard electric field (RSD) V/M 10

Efieldl Outboard electric field (Hobbs) V/M 10 3
Efield2 Inboard electric field (Hobbs) V/M 10

+Lan Positive conductivity char 1 nr 11

-Lam Negative oxuctivity cmr" nf1  11

Coni O..rr Condiuction current pA m- 2  11

Con Curi Calculated from E fieldi. 113

Con Curr2 Calculated fran Efield2 11

Theta v Virtual Potential Temp~erature 17 17
Rel Hun Relative hlnidity in % - 17

CN Cloud Condensation Nuclei 1000 ar 3  12 3
Press Atmospheric pressure B9 3

EPS Velocity stncture function n2 s- 3  15

CT Cr2, Temperature structure oC2m-2/ 3  14 3
function

Cj2 Humidity structure function (g/kg)2 r 2 /3  163

Q Specific Hunidity g/Kg 17

Trose Air Itperature 0C 9 I

TIR Infrared surface tpeature oC 12

T dew Dew point teIperature 0C 10

ZiBoundary layer thickness km 203

Z/Zi  Normalized height 20

26 3
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NEW MEXICO DATAi

I
Period: 13 May 1986 to 29 May 1986i

i
I
I
i

I
I
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Flih: 1

Date: 13 May 1986

Takeoff: 1549 MDST from Hobbs

Landed: 1743 at Hobbs

Coaiitins: Mostly clear with scattered cumulus at 4.8 km. Light surface

* winds.

Instruments: Aerosol and turbulence instrumentation were not recorded.

Summay: Primarily a survey flight to determine the best site for the

ground station. Lw passes were made to measure coanuctivity, an indicator

of surface radioactivity, near Hobbs and Pecos. Soundings of electrical

paraieters were made frm Pecos enroute to Hobbs.

i
i

I
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Date: 14 May 1986 3
Takeoff: 1438 LT from Hobbs

Landed: 1753 at Portales, NM

Takeoff: 1843 fran Portales
____ I

Landed: ca. 1930 at Hobbs

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

Instruments: Turbulence instnnents not turned an.

S§jmy: Second scouting trip for possible ground station site. Made

spiral descent and constant altitude passes over irrigated farmland about

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

I
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Flit: 3

Date: 16 May 19863

Takeoff: 1740 LT fran Hobbs

Landed: 1926 at Hobbs

onditins: Scattered cumulus clouds (<1/10 cover) with bases at 5.5 km.
Hot and dry with lots of c onvection initially, but decreasing toward the 3
end of the flight. Light winds.

Instninents: All woked properly; Barnes Infrared tiemamter not turned
n. I

S : Last test flight. Several passes were made by a ground station to
calibrate the electric field instruments and a spiral &iwnsoumding from 5.5 3
km was executed over the Hobbs airport.
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i Flight: 4

5 Date: 18 May 1986

3 Takeoff: 1035 LT fran Lea County Airport.

Landed: 1329 at Hobbs

Conditions: Clear and dry with vigorous convection toward the end of the3 flight. Winds at Hobbs were from the N at about 5 m/s and visibility was

U Instruments: All instuments worked properly.

I : Several constant altitude passes were made by the ground station
at Hobbs then an upsc ing was performed enroute to Carlsbad. A ladder
profile was obtained on descending fran 4.6 km over Carlsbad beginning at

1119 LT and ending at 1200. A spiral profile interspersed with constant3 altitude runs was perfomed rnear Hobbs between 1251 and 1324 ending with

low passes over the ground station.

I
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Fli t: 5

u Date: 18 May 1986

Takeoff: 1522 LT from Hobbs

Landed: 1620 at Hobbs

Cor-iticns: No clouds; variable winds mostly fran the NE at 5 m/s. Dry

with good coxvertion as evidenced by bTpy aircraft ride. Good visibility.

Instrients: All worked properly.

Sm : Executed slow spiral ascent to 4 km followed by a spiral descent

3 and onstant altitude runs over the ground station.
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I
Table 3. Hbbs Flight 5 averages and (standard

dviations)/averages for cxstant altitude rns over
th gorne i stat n.

M-WS FIM LEWL RMS

Tim N AI1tjtLe Efieldl Efiel& 'La* -Law O Crl Con Cr2 IDeta.v
IHtI't km V/M V/M 10"-14 10-14 10' 12 10"-12 C

1531 35 '2.780 24.24 20.01 10 - 7.01 3.28 2,71 2 6.8
1540 55 2,093 39.35 37.ro ;.21 322 2.5G 2A3 22.10
1546 48 1. "O.% 8 5'. k32 2.40 2.74 2.75 20.G
1551 41 .MO 6 G.16 69.)3 -I94 2.00 2.74 2.70 15.7IMBO 47 .285 7.74 78.8 1,75 2.21 3.11 3.15 19.61602 46 .151 80.20 80.16 i.14 2.04 3.02 3.02 16.9
1606 24 .061 84.,2 84.55 1.82 1.94 3.18 3.18 19.1
1610 11 .015 87.56 81.53 1,94 2.21 3.4 3.64 19.4
1614 15 .006 86.67 86.80 1.85 2.20 3.&2 3.53 19.4

Tim N Press -1 14urn CD1 Er~j Cf 9 frar ID I r fJew
if" 11B V </rt oc 3 Q 2/12/C 9Aq C C C

1531 35 611 20.3 .6 4.83-05 1.1?E-03 1.00 -3.0 0.0 -.22.1
1540 55 G/8 43.8 A 0201-03 9.42t-03 2.40 -.3 0.0 -11.1
1543 43 733 41.9 1.6 5.35EM 1.S2-03 2.9/ 4.4 0.0 -7.4
1551 41 796 31.0 R.4 7.57L 03 1.21E-(. 3.02 10.3 0.0 -6.1
155 47 858 21.8 9.2 1,62 "02 ,V"G303 2.91 16.2 0.0 -5.6
1602 46 871 21.1 9.9 1,1 02 9.47E-03 2.90 16.9 0.0 -5.51606 24 881 19.8 9.8 S.79E-02 5.77;-02 2.87 18.0 0.0 -5,4
1610 11 886 18.4 9,3 1.23. 01 1,99-01 2.00 18.8 0.0 -5.7
1614 15 889 18.8 9.0 2.58C-01 3.4-1 2.89 10.8 0.0 -5.4 I

U
I

iie efieldi e2 4i.ap -ii Czacurl %uicur2 CQ C12 9

1531 .040 .3 014 .01)/ .0G .0 ) .604 .301 .9-54 .OG3 O
150 .212 .222 .1%0 . / W .Cl GO KC .253
1543 .034 .034 .101 .124 .113 .112 .11] 1.011) .A .07/1.5, .027 [2 OJQ - c .02,U5 0? 05 .v .'62 .'5 .0/4 ,102 .£5 , 31 .028
155F ,043 .033 .04 .:T5 .01?3 .0,137 .033 ,545 . .04/ I1 02 .04 .03 % A 0'6 .0;5 .0/0 ,00 .OW 4 E60? .M3
1G0k .03/ .02! ,070 .0>) .o'! .82 j .11)1 . 1,-3 )15 .1)17
1 .10 .0% A((3 .Ji50 q4 I .X U,, b.0; .'.,42 .t40 .(008
164 .I03 .Y89 .s41 .')2J .;0 .114 .03: .52/4 ,41 .LT,)
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Fl : 6

Date: 19 May 1986

Takeoff: 1021 LT fron Hobbs

Landed: 1120 at Hobbs

Ccniditicrs: Clear skies, cooler than normal. Visibility was reduced

because of high aerosol density. Winds were from the SSE at 5 m/s.

Instruments: Both ondctivity tubes were slightly noisy.

m : Low altitude passes were made over the ground station at the

beginning of the flight followed by a slow spiral descent fron 4.6 km over

the Hobbs airport.
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_ Table 4. Hobbs Flight 6 averages and (standard
dsviatiw s)/averages for constant altitude runs over
the ground station. Data fran 1107 LT are not
reliable.

I MFw S Ff01 LEVEL R
YiAP N Altitude Efieldl Efield ILi -Lam Coi Curl Can Cur2 IletayVmmm tit V/S V/m 10' 14 10--14 10-12 10"-12 c

1031 5 .%B %[L 93. 85 1.20 1.31 2..' 2.34 19.4103 44 1,18) V.90 61.32 1.53 1.71 2.02 1,9 20.3I046 31 1.135 6.42 5.02 1,53 1.74 2.00 1,, 20.2
iie7 Q3 AN W " ' A Al ILQ 1C2 i.94- ;.~ &.1110 11 .015 I(Fr.A 108.37 1.17 1.80 3.16 3.15 20.1
1113 13 .00 1 109.98 1.30 1.4 3.03 3.4 20.21116 10 .(11 100.38 99.72 1.47 0.00 2.99 2.AL 20.61118 25 .300 98. 99.32 1.23 1.31 2.GO 2.61 21.21120 39 .U1!! 103.42 102.87 1.31 1.20 2.% 2.52 17.1

(,me 1 'res " CI.Z Epl CT 0 Tran I [j r ,
-r/ (2/12/3 Ci C . .

1011 35 83) N .G 19.0 8.I-03 2.39E-O 3.2G 13.- 0.0 -4.3
10C 44 /.i 24.1 14.2 ,.8A103 .E8I-03 2.92 7.9 0,0 -7.610c- 31 11 341.2 .5 2.89GE-03 6.7I--03 2. 8.2 0.0 -G.W07 1Q A , 11.0 369; 93 11.1 03 . ; .0 . 0 6.;1110 11 88 22.3 26.7 1.36E01 1.68E'01 3.50 1S.3 0.0 -2.8113 13 867 22.2 25.0 4.51E- 01 4.RGE-01 3.52 19.5 0.0 -2.7111a 10 573 23.7 27.9 4.31E-02 5.3E-02 3.60 18.5 0.0 -2.61118 25 8% 24.4 29.4 2.39 02 2.02E-02 3.57 17.6 0.0 -2.91120 3 8US 2G.1 28.5 1.2 -02 5.7.-03 3.39 1G.3 0.0 "3.2;

liae Jiedl i elc2 'Lam -Lam Corourl Cucur2 C CN S C12

1031 .0 / ,1J .1157 .5M .042 , .031 .J0 .423 .011i1036 .91 .O18 .128 ..,h3 .1:12.,134 .260 .791 ,075

1121)l7 .m .Ii .13 .C" L .129 .104 .31)3 .,5 .58 .01107 .07? ,04q ,(I2 I ,CS ,[s .699 a. 4 ,, d", (11111) ,056~ .6 .) ,W3 ,N1] ,W .093 ,00:! 3 0 . / 1,0
1113 .OQ .O,3" .S~i .107 , IU5 .109 -025 A ,q G , 2 ,010
111 G .055 00- ., 0. (0I) .346 .328 .113 .3W ,AJl .0J10118 081 0 .1 .05 113 .104 1 I'A ,.,: Gj ,V014l

112 0 .1) .1.11/ .11 , i ,I .1i .111 .A 1 .54/ 0'2,)
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F : 7 1
Date: 19 May 1986 1
Takeoff: 1355 LT fran Hobbs

Landed: 1459 at Hobbs

Conditions: Clear skies with SSW winds at 5 m/s. Visibility was reduced

because of high aerosol concentraticns. A fairly cool day with only

moderate ccnvecticn.

Instrmlents: Negative conductivity was very noisy cn low altitude passes; I
positive conductivity was sonewhat better but still noisy. The computer

data acquisition system crashed near the end of the flight losing several

minutes of data. I
S r The flight consisted of a coarse, ascending ladder profile over

the ground station at Hobbs followed by a slow spiral descent over the same 5
area. More constant altitude passes were made over the ground station at

end of the flight.

I
I
I

I
I



I Table 5. Hobbs Flight 7 averages and (standard
deviatiais)/averages for constant altitude runs over
the ground station. The turbulence data fran 1456 LT3 are not reliable.

rMfl S 1K19 LWkL LI

lime N .ltjtude ELieldl Efiel& !iam -LaaI Con Curl Con Cur2 lleta vw kf, Vi/w V/ li1-14 10^-14 10"-12 10"-12 C
MI ;1 /6.08 4.57 1.43 1.3 2.21 2.16 22.1400, 44 1.3j S5".2 G3.31 .03 2.0 2.GS 2.5/ 24.11417 :4 3.:.1 18.7" 17.70 W.SS 0.8 3,44 3.2 34.3

125 11 2.201 53.10 52.47 2.GS 3.01 2.93 2.90 2G.2
1440 a .Lob 84.G? .10 1.23 11 2.01 ,I.S 23.31442 20 .015 89.38 89.5 1.18 .79 1.GS 1.G6 22.
1446 41 .61 SI.16 90.07 i.34 .63 1.99 I.E8 22.61451 C .1J1 91.21 91.24 1.1 .3 8 .5 1.75 22.a1453 21 1220 -19.1 97.45 .87 .6 1.52 1.51 23.1
14; 10 .A G 9518 94A.8 1.09 .8 1.M 1.82 19.GU
"fime M 5$ e1 k un" CCN _; .1 3 lr'.e I IR I u.

1* ~ m eklc 92/~ - t2iq ~ C
1400 1 22-8 18 , 1. 1 02 4.VL-03 3.1C 16.2 470 -S.01409 44 /Lr6 33. 4.7 7.38. 03 2.3aE-03 3.11 5.2 47.7 -7.31417 34 2 0.2 3 ,20L. 5 2,7 -W 1.41 -4? 46.9 -20.01425 71 671 49.4 3.4 1.R -02 1.02E-02 3.36 2.6 4,4 -71.01440 22 W !7.3 24.7 S.61E. 01 5,S1E-01 3.32 -2.6 49.0 -3.41442 20 836 17.8 2G6. 180f.-01 2.3a-01 3.29 22.0 49.4 -3.6
1446 41 D01 18.1 24.4 4.0r2-02 4.-A-02 3.25 21.4 48.7 -3.81451 4 8/2 18,9 27.0 1,98C02 1.29-:-02 3.23 20.7 48.0 -3,81453 21 64 20.4 28.0 1.! 02 G,6E.-03 3.31 19.2 48.3 -4,(1
14K- 10 887 20.4 28.5 1 .i@E .2 .j 3.14 19.0 46.9 -4.2

line ;ieJ1 :LJ ejr.2 1zLfj -Lii C'rCurl [brcur2 L"IN _PS C12

Ul 1 20 , 1 .k? 1 ,10 ,I .1.4 ,3 SY ./ 0 ,11440 ,i"i .2., 1 .i 2 1 . . ij .I2 T[, 12 . 201 51 .0137

14414 1 .0-

.U1 , 06 .011' A G . .6 ( 0'1I ., , J2 . '5l .V2,14 . 11)7 ..120 , ."I ,/3? .02b1441) .131 ' .14; ,21t ,0 ; M3

,,,
... A , .01*53 A2 .7,48 ,01:

It- ,1.W A"; il 0 /3 0
I tz: .1"13i ,UTIS IY . [

... . .. ./ 3 ,[ 6 . ' .' , : , , .7 1:
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F1 8

I
I

Flight: 8i

Date: 19 May 1986

Takeoff: 1646 LT from Hobbs 5
Landed: 1800 at Hobbs

Corditions: Bright sunny day with no clouds; gusty winds from the SW.

Several dust devils were observed over the burned area adjacent to the 5
airport. The surface layer was somewhat hazy from the presence of

aerosols. i

Instruments: The negative conductivity tube was very noisy.

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

obtained over the ground staticn while climbing to the flight apex of 4.6 3
km and a downsounding was performed while descending in a slow spiral over

the same area. 3
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Table 6a. Hobbs Flight 8 averages for constant altitude runs
over the ground station.

3 !~.I M US . RDt LEL

lie N Altitude Efieldl EfJelcQ La. -Lam Con Curl Cot Cur2 lIheta v
R"1 km VI V/M 10"-14 10'14 10^-12 10^12

S1V,50 21 .028 76.75 A4 5 1.31 1.15 1.99 1.84 23.9I2 36 1.214 70.41 I.1 1.15 1.4G 1.94 1.18 24.01 C5, :C I 4.!469 52.A p.17 2.47 11.59 2.4 25.31101 44 2.415 37.27 35.33 3. GO 4.00 2.G1 2.48 O .1707 50 3.512 16.15 14.8 I.O0 9.21 3.10 2.80 3.01731 9 .06 81.95 81.48 1.23 2.33 2.97 2.95 23.4
1740 14 .006 88.22 B0.38 1.31 .41 1.62 1..2 23.61/41 30 .151 72.72 72.35 1.Td 1.66 2.25 2.24 2"3.31744 18 .006 Q5 @M 1.84 1.45 1.81 2.E9 2.9/ 23.f1/48 24 .015 82.61 82.S' 1.20 1.71 2.4 2.46 23.117t. 21 .I 77.81 78.24 .9 1.5 2.14 2.15 23.2
1731 3 .0G1 81.97 81.2 '.3: 1.54 2.40 2.3.1I.4 21 .I81 %.34 BL., .00 .3? 1.21 1.1 1 ,3.6;

ihme N PreSs Rel An C01 E, Cl 9 Trse TIR I de

16"50 21 821 21.2 14.5 1.34-2 2.59E,-03 3.13 17.1 37.2 -5.31652 36 762 29.4 14.4 4.91E-03 7.49E-04 3.1? 11.1 37.5 6.01656 36 702 36.5 5.7 7.70E-03 1.-03 2.97 5.8 37.3 -7.91701 44 643 41.5 3. 2.7k.03 3.31E-03 2.46 .0 3,.5 -11.51107 50 55 23.3 .1 8.8K-OG 2.17E-04 1.22 -3.6 35.5 -21.r173? 9 E83 16.8 11.2 1.361 01 1.481-01 3.27 22.8 33.5 -3.71741 14 983 16.8 11.1 1.181-01 1.23E-01 3.30 22.9 33.0 -3.61741 30 E9 17.9 10.0 1.15.-02 7.51E-13 3.23 21.2 ZQ.8 -4.11744 18 883 1G.5 10.9 7.5'02 9.12E-02 3.2' 23.0 33.2 -3.1748 A 82 17.1 10.2 3,0 .102 ,.,-U2 3.2. 22.3 33.3 -3.81749 21 867 18.1 3.5 9.31E 03 4.39E-03 3.21 21.0 3 .5 -4.21751 28 B78 17.3 9.8 2.8T102 1.391-02 3.22 21. -3.5 4A.01754 21 86S 19.0 15.9 9.7r 03 G.4.-0)3 3.43 21.? 36. -3.3

I
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Table 6b. Hob Flight 8 (standard de!atiors)/averages for
constant altitude runs over the ground station. 3

SlIR= DVIAllI "i ALUES

Time Efieldl Ef jeI Lam -Lam Corcu Cor: 2 C (uO E'S C12 a

1650 .01 .049 .110 .164 .113 .113 .085 .558 .532 .013 1
1652 .045 .053 .128 ,183 .I( .158 .9 .346 ,391 .027
1656 .014 .018 .071 .084 .087 .07 .09 .491 .38 .054
1701 .12 .134 .164 .2'2 089 . 08 .412 .61 .772 .157
1707 .032 .040 .019 .00 .034 .04l .514 .350 .785 .034
1737 .A3 .047 .108 .059 .126 .113 .010 .143 .155 .011
1740 .056 .054 .100 1.2G3 .235 .2r7 .0N, .511 .418 .016
141 *- .085 ,6 .1G7 .10 ,I3 .081 .591 1.083 .012

1744 .063 .058 .077 O02 .OG8 .063 .053 .514 .A2 .0121748 ,057 .057 .93 .140 .117 .117 .- 2 .38 .349 .012
1749 .3 .056 .140 .119 .179 .172 .101 A3 .575 .029
1751 .029 .030 .104 .11 .267 .2f3 .063 .245 .197 .015
1/54 .022 .L2 .088 .35/ .161 .158 01 .5G9 .744 .011

7
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I
SFl : 9

3 Date: 22 May 1986

Takeoff: 0958 LT fra Hobbs

Landed: 1127 at Hobbs

Ccrditions: Cirrs and scattered cumulus clouds with bases at 5.3 km
covered the work area. The PBL looked very hazy viewed from the aircraft.

Variable winds mostly fran the W at 5-7 m/s.

I Instrments: The top and bottom probe inputs were reversed to the outboard

electric field system in an attempt to correct the anomalous Air-Earth

CaXtation Qxrent Densities observed in previous flights.- All other

instc-nents worked properly.I
S : A ladder profile was made while ascending 50 km NE of Hobbs under3 partly cloudy skies. The aircraft was over a solid deck of clouds between

1042 and 1046 LT at 7.2 km altitude. A d&nsounding was obtained from a3 spiral descent starting NE of Hobbs and ending over the airport.

I
3
I
I
I
I
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Table 7. Hobbs Flight 9 averages and (starxard
deviations)/averages for onstant altitude runs 50 kmt
NE of Hobbs.

,W S FRI LEUL 0 I

lime N Altitude [heldl Tfield2 4.dM -Lm Con Curl Con Cur2 lheta.VNft km V/ V/M 10-14 10^-14 10'-12 10-12 I,

1010 21 589 0.95 49.11 1.7, 1,83 1.81 1.6 27.0 11013 40 1.233 35.91 34.52 2.33 3.01 1.91 1.84 29.1101B 46 2,1W8 51.34 .,13 1,91 2.07 2.03 1 .LI 31.L
103 5 G.194 5.77 G.94 22.25 20.31 2.4 2.% 54.2lOQ 13 B 6,190 3.50 5.25 22.50 20.59 1.50 2.2Sj 2
1118 21 .125 55.50 55.10 L.02 2.4) 2.34 2.32 27.11120 21 .310 55.79 55.34 1.72 2.05 2.1? 2.15 28.1

I1124 2.5 .46S0 54.&2 54.?,' 1.G2 2.14 2.W1 2.0/ 21.G

line N Press Rel Luj , t C1 Iro, _ R l.
me8 4/~ce m~2/~ (Q/n2/ ~ y C

1010 21 820 17.0 4.9 4.-k. 03 1,03E-03 3.11 20.5 -2.3 -5.4 31013 40 57 17.8 1.9 2.8 -03 2.27E-03 2.50 15.1 11.8 -9. ,21018 46 671 46.2 1.0 3.L U S 2.58E-04 4.63 8.! 11.7 -2.7103G 85 352 54.' .! 1 -92E -O 1.30E-M3 1.07 -21.4 11.7 -2,11043 E 352 37.2 .1 ," , 5 62L-U0 .74 -21.2 17.1 -32.0
1118 21 866 12.5 3.3 2.41k-02' 2.13E-02 2.E 25.4 17.1 -5.1120 21 848 13.6 5.0 2.13-02 1.31E-02 3.06 24.5 17.1 -5,11124 25 833 14.4 3.1 7.24E-03 2.4?E-M3 2.93 22.5 17.1 -5.9 3

I

Tine Efieldi Ef !el& 'Lam -f Cbrair I Crcur2 CN .ps, 12 I
1010 .016 .019 .0S3 z02 .3 .34, .526 .2 i~II
1013 -032 .031 Z03. .042 -028 ,0 .20 1.119 ,BI O ,.61018 .034 .033 .12/ .032 .031 .031 .05 .239 .2'39 1
1036 .038 .W5 .021 ,020 .039 .090 .123 I. 572 .101w .311 -22/ ,011 -,00 -- . -3 , 3 .11) .IM::.' ,1

1118 ,.025 .Ol .ti2 .3 ,104 .106 ..11 J,, .7-, J0151120 .23 ,Th .A'1 ,'YE .127 ,12 .I2 113: 1 ,?6I '11121 .022 .01C .C10 ,(i .(67 .0,6 .h1o ,4l3 ,;:'8 .011 3

I
I
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Figure 14i. Hobbs Flight 9 time series of electrical parameters
(ref. Fig. 5i).
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SF1ight: 10

3 Date: 23 May 1986

Takeoff: 1009 LT fran Hobbs.

Landed: 1025 at Hobbs

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

U Instruments: see below

I SuThe flight was aborted because of an equipment malfunction.

I
I
i
i
i
i
I
i
I
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Flit:13

Date: 24 May 1986 1
Takeoff: 1042 LT from Hobbs.

Landed: 1217 at Hobbs. I
Coxmitions: 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.

Instruments: All woked 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 ompter crash.

S r: The flight consisted of up- and donscundings over Hobbs followed 3
by passes over the ground station. No turbulence data was obtained on the

spiral descent or the constant altitude runs because of broken probes.

I
I
I
I
I
I
I
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Table 8. Hobbs Flight 11 averages and (standard
deviaticrs)/averages for..ocrstant altitude runs over3the grcmd staticn.

I l. I M M FRKM LEU.L Wl

liim N Altitude [fiel]l [iel2 4Lau -Lam Con Curl [;n Cur2 lta VW km V/Wt v/m 10"-14 11)"-14 10"-12 10^-12 CI156 10 ,Mi6 92.3 '9.9 1.63 1.?4 3.1? 3.06 22.&
1200 13 .0LM 98.11 93.91 .44 1.54 2.3 2.81) 27.91 20 I1 .015 1U.L6 104.37 1A0 1.55 3.21 3.08 28,031207 21 .031 104.68 101.29 MG' 1.210 3.30) 3.20 27.51209 34 .151 1.4 95.32 ".30 1.4* 2.70 2.E2 2?.4
1212 12 .310 116.22 112.25 1.21 1.42 3.,G 2.95 21.6

Tim N -rm, Pel Lim 0 Ef; C1 0 1rose lI I ew
IMO u I/ , k/cc mJi.3 C2/m23 /kg C C

I 11 10 NA 4.1 5.6 2.41L. 16 l.(I1EN0 11.31 25.. 17.1 14.0
12010 13 Ut'4 4.1 6.4 1.49L-16 0.00+0 11.47 23.? 17.1 14.21202 11 W3 49.2 5.9 1.15EI- 0.1 ,OO 1 1. 5f 25.1 1V.1 14.3120 21 D31 43.3 5,1 8.75E-1? O0.W+)0 10.94 25.2 17.1 13.51209 34 Et69 %.0 G.3 6.0E-12 0I0016i00 11.& 23.B 17.1 14.5
1212 12 153 6.4 5.9 5.51E-12 0,0 .Wz0 11.25 22.5 17,1 13.4

Sf'fIMM DEVIAIILISMEAN VFLLES

lime Efieldl Ef ield iLa, -Lam Crcurl (or.ur? CCI Ep CT2 5

I 11%6 .051 .O2 .080 .!)G2 .0)33 .012 .003 .084 0.00 .01i1200 .0b 06 .0 7.03 .051 .114 .008 .022 .032 0.000 .l1202 .101 .101 .'3M .055 .141 .1 3 .04A .034 0.000 .0181207 .063 .012 .CP .OA . 8 .06 .050 .205 .,) 0 .0T,1209 .03 .0, .084 .0"3) .L84 .1 .10) .104 0.100 , .02)
1212 .025 j2 ,032 ,033 .0.6 .j029 ,043 ,.2 0.000 .034
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Figure 151. Hobbs Flight 11 time~ series of electrical paramters
(ref. Fig. 5i).
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Date: 27 May 1986

Takeoff: 1457 LT frao Hobbs.

Landed: 1717 LT at Lea County Airport.

Coditi : High cirnus with sang altocumulus and scattered cumlus. winds

were variable but mostly fran the NE at 5 m/s.

Instnnents: All worked properly.

Sma: After takeoff, the aircraft ascended enroute to Roswell where a

spiral dkwnsc± was performed starting at 1544 and ending at 1605 LT.

A linear upsounding was made between Roswell and Hobbs fram 1614 to 1636 LT

and was followed by a spiral descent fram 7 kn over the ground station

ending at 1701 LT. A partial ladder profile was obtained over the ground

station just before landing.

1021
I
I
I
I
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I
Table 9. Hobbs Flight 12 averages and (standard

deviaticns)/averages for ocnstant altitude runs over
t grou statin.

lire N AltitAJ6 Elicldl Efiel& 4UM -L.am bn Lrl Com Cur2 lhta-v
k V/01 V/m 10' -14 1 0"-14 U-12 I11-12 c

1701 16 .[ 6 8,.5 N4.W 2.31 2.53 1.11 4.11 20
17,2 15 .u6 3./G RAG 2.29 2.52 4.44 4.35 21.
1704 21 .015 .99 BE. 2. Y .14 4.30 4.25 20.17OG 24 L031 88.91 87.5: 2.29 2.61 4.3) US 20.71709 2B .151 74.08 73.3 2.12 2.44 3.44 3.0 2'0.3

1/11 30 .310 72.44 71.73 '.0/ 2.2 3.16 3.13 20.3

lime N 'res Rel a UCN LPS cl T Irom, 1 IR 1.dew
M1 8 'A k/cc 62 i~3 C2/in2f/ q/y C C

1701 I 6 7 3./ , l.-A i --.62 1,. 32.9 3.8
1702 15 88/ A.41 4.2 3AIII 3.83-oi 5. & 0. 2 .4 .3
1704 21 A -A.7 -.5 1.30L 01 1.5EE-01 5.60 19.1 32.4 3.7
170 24 L.S 25.1 6.2 7.QE -02 8.40L-02 5.5? 1.4 31.G 3.6
1709 2b 0/, 37. 5.8 I. 4LQ 9.E-03 5.49 17.8 31.2 3.23 1/11 30 fG '1.1 J.3 l.3Ji3? 4,9?E-03 5.53 18.2 31.0 3.1

.'%Wr!)el rEVIATIMAIt A Vfjf. S

3 lie fieldi Efie&2 '-, -Lam '.rcurl CDTrur2 MN PS C2

1701 .13/1 .134 .O58 .0C33 .14S .18 ,OIYS W5 081 .85 .01131702 .163 .125 ,0? .047 .O Q T 1 1010 .268 .1 .015
1704 .125. .125 .6) .05 .15' .1.54 .0,21 .c17 .571 ,015I Xc, ,I15 ,112 .073 .( i .11c; !;U. 00,8 ', ..K", ,q2? .013

109 .034 .032 .05, 03 .0q2 .05 .088 .334 .4- ,0111
1711 .m3 .mI8 .00 .0[1 ..03 . ( 1 E.! .436 2'I .018
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I
i Fl : 13

Date: 27 May 1986

3 Takeoff: 1748 LT from Lea County Airport.

Landed: 1919 at Hiobbs.

Ccndltitcns: High cirns with sane scattered cumulus; mostly clear over the
ground station. Winds were from the NE at about 4 m/s and visibility was

good. C cnveCticn was not as strxro as during flight 12 (performed earlier5 in the day).

Instrunents: The positive cxrutivity tube appeared to be slightly noisy;

all other instruments worked properly.

3 S~ r: The flight consisted of a coarse ladder profile over the ground

station followed by a slow spiral descent over the same area.

1I
I
I
I
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I
Table 10a. Hobbs Flight 13 averages for oorstant altitude nms

over the gmond station.

(WaGS FOU LE(A.L RXt

line N Alhtitude £fieldl [fielr2 'L~iC -LiA Cor Curl Cov' "Ar2 i. td- vj
kiila k in V/m 10" -14 10-14 10--12 10-12

I"0 19 A0, /4.bo Q.I 2.A 2,05 4.I 4.01 A1.0
1r33 26 .0.) /4.03 /2.57 2.1 2.83 4.11 4.05 '.A. 1
1755 20 .015 /6.6 ?5. SO 2.?2 1.iLO 4,205 4.24 I1.11/5 19 .0,11 12.To /1.43 2.G7 2-9) U.1 U.I 20.11800 z I.A V. 15 [A.35 2.41 231 3 2. 34 T4.
1813 .33) 4.13 G3.68 2.32 2.4/ 3.ft' 3Z 20. IIBM. 34 L .A S5.4 6531 2.24 2.41 3.64 3.03 20.91810 32 . 45.7 46.84 3.2 3.41 3.I. 3. 1) re.1818 45 (-..1

8. ,.70 35,2 36.01 q.30 4.32 3.0? 3.10 31,11819 36 2./V1 T).26 . 31 1.21 . 3,1 .i]00I
1601 42 3. ' ;24.15 2.12 5.1L E.22 A :Q I
IM 41 3.10 1/.5/ 18.21 1&, 8.:-3 3.0 .,. 30).41029 3 4.t,"k 12.24 12.3 T I 2.16 00 .11 "'.5

hi.t N Pre 1, I ,r. flu C T11 I
4m nt 7 k/hc ni2/%. CA1Q/3 OfAg C.
1/50 1 M 38.6 0.0 I.15-01 1.71E-01 5.30 18.S 11.1 4.5
1?a 28 a :. I 5M, I.,01 2.011E-01 5.86 19.0 17.1 4.41155 20 &31 3M,; 3.4 ORYi) 8,-Q S.,$ 11.0 1/,l1 A4.
I16 is 6U ;a.4 3.5 2,[. Sk- 3.2GE-02 5,83 11C,? IM, 4.31800 35 313 A1.1 3,1 1. 78E.-u3 2.71- 02' S.M 11,2 17.1 4.1
10 3 " 7 '14. I 23 4.?[.-,3 I .21L-03 5.2 !6.0 1.1 3.81810C 34 /;3 A.- 2.0 3.15,03 . 04 3.81 I0.1 17.1 .3TIO ?2 'i I .2 1. A (3 4.61E-03 S.3,/ I,'I, PI -..181a 45 64u :3,3 .1 8.3L-04 2.1S-0i 4.k 1 ?".I -3.218219 36 "" M 1, . . _0-04 M. S Al. 1.1821 30.1 1.3 1.9-1&05 3ME-04 1.- 22.1 18.I1EY5 41 L:a I, . I.". 04 ?.Q[-04 . 1 - .0  -. 1I21 33 4,'I) 13.i0 2.I 1.23k 05 /.8a).:-04 .. -IiH "

l
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i Table lOb. Hbbs Flight 13 (standard deviaticnr)/averages for
cls altitude rim aver the grnd station.

I I~?IW4J DEVIAI" AN MflLS

lime Efieldl EfIel2 4Lam -Lia Curcurl Cmur2 (UN EPS c12 0

N .14G .14 .055 .034 .150 .152 O.M0. .387 .275 .010
M 14 .1 34 . .. 14 . .14 .50 .909 08M1755 .101 .A91 .044 .03 .120 .111 .083 .294 .,?51 .A7
158 .63 .04 ' .035 AM .074 .070 .14B .442 .162 .008

180 .020 .M1 ,050 .0 .045 .0M .133 .412 .141 .M8E
1803 .017 .017 .030 .041 .032 .031 .10S .453 ,92 .00I KB .022 .021 .041 .033 ,0 .031 .115 .441 .270 .021)
181( .073 .0 .090 J 6 . 04 .045 227 ,3 .537 .1241818 .02 .02 8 .079 .022 .051 .051 .053 .?GO .7 . 5
1819 .022 .1 .105 , S 9 .051 .CU .060 ,4 .30 .62
1821 .019 .020 .055 021 .029, .031 .05 . M .518 .11825 .0A .045 .043 .052 .013 .013 .M6 1,065 .248 XIO

189 .033 .040 .044 .043 .013 .02 .250 .502 .340 .033

I
I
I

3
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I
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Figure 17j. Hobbs Flight 13 time series of electrical parameters

(ref. Fig. 5i). 2
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I
Fli : 14

3 Date: 28 May 1986

3 Takeoff: 0950 fran Hobbs.

Landed: 1123 at Hobbs.

Ccrxliticns: Clear over Hobbs with cumulus clouds an the horizon. Winds were

variable from the SE to SW at around 3 m/s. A layer of aerosols was

evident at 4-6 km altitude. Convection was fairly intense for a morning

I flight.

Instrumntation: The positive caductivity tube was noisy during all the

low passes.

3 s y: A lader profile was made cn the ascent over the airport and was

follwed by a slow spiral descent into the same area. A series of low3 passes was executed over the ground station at the end of the flight.

'12I
I
i
I
I
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I
Table 11a. kbbs Flight 14 averages for constant altitude runsover the grazd station. Coduction current 3

densities calculated using only negative
conductivity are inluded.

MAU ~t. Frlti L L !%LK , 
o% 6f

lu, N Il1tite d wlr e E.I Lfw](2 :*a, 'Lan Ccr, Curl (bn Cur? lktjy Lr our; Um Ik, Mr,. V/i 10, 114 10-14 10- -12 10" -12 1" l V 12 10 ;,
10I3 8 .i 32 lA2.. . .' .4.100 

18 10 ,< (i4. 1iJ.; 10,3.,' ,.44. 1.384 2.92 2.EJ 21. 2,; . , 2.=
1010 .1'$1 .' .4 .3 7.1/ . 1? ' 60 2.a / l . .1 .

" 11 .1 0. 196..8 11; ?1 l

100? 1 [1 .06 1 . J 1 440 1 ,9 1 .'.41 21.1 " .. 1.
1102 ,~01 2] /'$ 25.// 1 0 1.27 2. 0 19. u .

.151 91 ," 1zi.L-
1011 ,191 22..1 . 1 4 . 2 2. . .1 2.1i1017 3) . V .,81 1.22 N 1.1 1,40 1.- 1," 21., ., , .1022 Z 1.".ZO 2. M 4? -3 A 2. 13 (C.. .1...1 33 2.002.7 Z ,3 3 . 713 2,11 , 1. L,21.
1112i4'. .,013 q1 U,3:3t , ;l'g 4.3 2. 2.,' 2 ; .2p.)11 Ur .121 1'1,0 1W;. 6.4 G, PK" 2.10 2., ,a1 S1 Y11
10C, 44 . i! 4?1 .12 . 47 b. 1,10 2.0 2.13 , . i101) 3; S.O00 7.79 8.32 13iY.S 13.74 2,11 2,"V; 44 ;,; -A

1112 11) .I0ly 46 -34 % ., i ,3 2.18 2, 4 -;.J;.4 3.20]111 "/ A13t1~ 101. ,: I W),f: '< , I,'r '" ... 2r22L7. I M 2, j .b111 i1 t;_,6 101.12 2-50!,d , 2.32 Z.."';-, 2, A
1118 1 i3 I",22 S,2 L. 2.39 2.1 2, -' 224 ItIzo 31 .324 93.1 94.3- 1 3 1.)/ 2.13 2.11 2.111 2.00 -

lime N i'rt :; ,ui :-,UPI %.. I rose IIR _I-v
1 ,l 7. k/cc n2fl2 Q/r2/3 a/ C C

100ifj0 11 7]{8B 'M 1-'C 1 1 .53E-Oi E..12 20.5 ,4.6 'AIOGZ C, 3 4.1 , .3 420. 06 44/ l.'1 2 3 1,. 34./, 4,Wi11,0? 1B1 _ V2 2 2] " -u 'i" .. 10.4 06_1 4,41010 30"7 ' . qM ' ) 1.2, ,'-3"iw 3, ':"3":-Ii) I
1011 3£ P ; '4 2 1f1.:. 1, [ tU]L 2 0' J8 1/.3 .2 4.0
101 ai C1 D ,4 ,1 4.. : 6 12 -2611,; , ,'02/, / , - 17, 14 10 .I A."'I)24 / ' / :2 i~ j- i.. 104 t3, i7 7- 4.3(3 4.1 .:. '
ltl .1 *1' I , , ' AY-,.: !, '-i 4  ',,U9 ,A 24,1 - ,

O "- V 1 .... 4 - 'i i, 4 .' -2L. 34'i0 ,~ 44 1;7 ":=; , 1,Y . .i, 1S, ! i;[.-il , .1{I Li}

1046 ,J
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Table lib. Hobbs Flight 14 (standard deviaticns)/averages for
constant altitude runs over the ground station.
Cuction curret densities calculated using cnly
negative tvity are included.

Tim fiel fl Efle I g 4*am Ldi CorcurI Corcur2 WI . 9 U Url W;c Lur2 I

.03 o ,4 .11 .00'1 .0 S .091 io .04 2 . .,010 . 0 .1 .071 .07 .119 .14 ,W) .49 . . 1 .11 .111004 .0 ,2 A. . 02 .296 .292 .O6, .84 .1X,1 .01/ ,uLl 1o21007 .07. 14 .011 IRI L35 .09 ve .01.030 M .23 1 .0 . 06 . u .11{4

,. 0i. .031 .Q .144.071 .o 3 7 V, . .'y1011 .04 . .01 .013 .266 .11 .b0i .01 . ,.0A

1113 .030 .0 . 1 .032 ,15 .1 ' .2 2 Z J; .6!, .-1116 .o .0 2G .1 t I .1 7 .11 .OGG .0702-q . , 1 O P1110 .012 .01 .31 ,0js .2)G9 .071 ,iM.0 . ..6
ii12 -604 R .03 7o2 Of; .1S I5 I)2 ,0Q -213 .1 (4iJ .0r1? . ((A!,0
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Figure 18o. Hobbs Flight ° 14 time series of electrical paralmeters
(ref. Fig. 5i).
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Flight: 1 5 3
Date: 28 May 19k6

Takeoff: 1428 LT frm Hobbs.

Landed: 1603 at Hobbs.

Conditians: Altocumulus covered about 1/4 of the sky N of Hobbs and

scattered cumulus with 3.9 )an 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 runway 21. Visibility was fair. 3
Instruments: The positive coniductivity tube was noisy.

: The flight conisisted of low passes over the ground station, a

ladder profile to 7 kn, a slow spiral descent over the Hobbs airport and

more passes over the ground station, in that order. A bumpy ride indicated

good ccnvecticn both near the ground and at the inversion. 3

I
I
I
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I
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Table 12a. Hobbs Flight 15 averages for constant altitude runsover the ground station. Omx oUn current
densities calculated using only negative
conductivity are included.

5 VO.
WURSSFF&W LER F1
ei. N Altitude :fieldt Lfield a Lam - Con Curl Con Cur2 Iheta v Con CrlI Cat Cur2

km V/,5 ViM 10-14 10'-14 10-12 0-12 C 10"-12 Wi)-12
1431 16 ( I I.0613 1 . .l . .97 1. 74 1.9 25.7 2 .12 2.07143i 1j -006 108.40 10G.25 .97 . 2.02 1 .1] 4. 1.94 1 .91143 16 .031 110.59 108.97 1.1 .S 259 2.54 24.5 2 1 1439 16 1% 113.15 111.44 1.11 .h1 2.12 2.09 2S.1 1./3 1 .1
1442 r3 .A9 109.49 1(8.15 .BA 1. 1.93 25.1 1. 92 1.011441 33 .970 101.72 100.18 A .3 1.39 1.37 5.y 1 ., 1.2/
1449 26 1. 14 ES.03 85.12 .94 .72 1.42 1.40 21 . 1.24 1.221453 19 222N .85 26.G8 2.35 2.1G 1.17 1.16 28.9 1.12 1.1114558 66 2,55 19.00 19.C6 '.38 3.31 1.28 1.28 3?.0 1,29 L1.33 1b04 43 3.877 1.29 1.74 /. 8.6 1.20 1 .,J 3.5 1.2I 1.341511 45 5.05I . I .1? 13.96 14.44 1.31 1. G.3 1.4G 1..,154? 16 .031 1,),_.2 101.22 .92 .81 1.0 1.18 24.]I55 17 .!! 163.40 101.15 .2 .0I 1.B4 !.B 24./1551 20 .29G 116.89 114.54 .51 .5b 1.23 1.21 25.0
1554 19 .20 105. 49 104.10 J4 .52 1.21 1.19 25.4
15% 2 130 1)3.11 101.G4 1.00 .53 1.G5 1.G2 2S.4

1im N Fres iel Pin (L EF*, C1 0 Ire ls I Idew
mlG Z /cc m2i;3 C2/m2/3 g/kq C C C

141 16 ?,3 17.5 I.IE!0Q 5.5IE-01 5.77 24.0 47.1 4.0
e1435 is W' 20 1 16.5 5.69E -01 'I.32-01 5.74 23.5 47.1 4.1

143? 16 4 17.9 7,00E-02 /.32E-02 5.68 23.2 4/.3 3,S14Qs IG 8& G 10.1 1.8a. 02 1 .0C-I2 '5.G 22.1 4.6 3.51442 23 '14 1.8 1S.7 1.22E -02 4.82E-03 5.65 20.7 46.1 2.31445 33 d', 44.G 17. 1,12E-02 1.83-03 5.70 14.2 43.8 ;j1445- 2.Ec 21.7 2.12-02 3.42E-03 5.70 8.6 44.5 1.2,,~ /4. 4.5 1,86Z-02 i.9-)6E-02 ~ 58 4.13 43.2 ./4,_ M 4.4 1.82L-044 4.710 0 0 41.4 '.
b04 Q 310 10.7 8,42E-OG 3.52E-04 1.44 -6.1 41./ -21I.3
ISM 45 1.8 6.81L06 5.94E-04 ,91 -12.9 29.3 -2.1547 15 3h 1:.3 1.47E -0! 11G-01 5.,3 22,5 G) d I 2,I5.,3 1? .>'0 , I . S1 2.GU,- 02 3.1-02 '06 22.1 46.1531 20 3: 2.6 13.5 1 ,3l. .02 5.15-iJ2 : .c) 21.1 43. Q0 q.
1584 19 L 2 : M 1 .1 1.23L 02 2.17E-03 5.91 1.1 42.3 2,4
155 26 /1,; 44. 3.0 1.0&E-02 '1.07E-03 'I.2 15.0 41.1

3 139



Table 12b. Hobbs Flight 15 (standua.z daviaticris)/averages for
corwtant altitude runs over the groun-d station.Conducticn current densities calculated using onlynegative ccrdLUtvity are included.

0~dy
lij Efieldl [fi]&j 4.a& -iam Curcurl C;otur2 (IN, . CS 02 U Corturl U~rjr2 U
1431 .014 Mi~ .104 M09 .099 .101 &)S 1a)) .M .020 .09 N791435 .014 -016 .2r2 .114 .145 .144 .007 .815 .S2 .013 .115 .143? .01G .015 .079 .084 .9 .A97 .058 .M6 .2G2 .)0 .11)) .09 313 0 2 La .027 .412 .0M .235 .235 ACo Al .373 .A04 .Q 01-0 -M144 .019 -01] .530 .10 .290 -20 .012 .512 . .006 .103 .11111445 OM3 .02r., S .210 .A16 .415 .021 ,141 UG1 .011 ,233 ..::1449 .iM .031 .6/1 .244 .Q.4 .23 .019 .104 .a.t .002 .22i .30i .!5? .3 / .243 .JA .143 .04 .4p .405 .016 . i .:Q145 3 .13 1 .11 .211 0 .151 .153 1,12G .5 . A4 .091 .104 .101504 .149 .41 .01S .019 .153 .144 .046 .- .U .090 . !4?1511 .094 .0 .049 .0,3 .090 .077 .297 . .521 .09T .0?154 O 06 .10? .236 .245 .2 .057 1.01 1.016 .01515:IJ .0% W1 .2/ .2 0 . .194 .1% .00 .838 .11- .00
15 1 .055 .94 .28 .119 .239 .239 (CA4 .:2A O55 C 00
154 .054 OzA -1Y4 Jr;'S .114 .325 .323 .0YJ1 .31/ iS. .004III . .1 .'31 . .11' .157 .1 . 31 ,36 4. ;
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Flih: 16

3Date: 29 May 1986
Takeoff: 0519 LT from Hobbs.

Landed: 0655 at Hobbs.

Condition.s: Lo overcast with higher stratocumulus clouds. Clud base just

after takeoff was < 300 m and gradually lifted during the time of the

flight. Winds were from the NE at about 2 m/s and remained fairly steady.

Sunrise was approximately 0548 LT.

3Instrunents: All wirked properly.

Sumay: The purpose of the flight was to examine the PBL structure prior3to the onset of xnvective mixing to examine the effect of surface

radioactivity on the electrical parameters. Five ladder profiles and 25 spiral soundings were performed, mostly within the PBL, to examine the

altitude and temporal variation of electric field and conductivity.

I
!,I
I

I

I
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Table 13a. Hobbs Flight 16 averages for ccrostant altitude nms
aver the ground statin. I

MANQES 'IRM UFJ I

113P 1 4 iL Aft J6 Ifl (00 a i u a a u2 Iea
t CA 'viea Vie Ur -14 W14 Ur C12 10^-12 c

619 a .M .9 . 22 . :.4 I. 1.77 1.74 19.1 3
W 3 .151 56.78 55.1 1.37 I . M 1 . S.3 M.e 19.5 I

(fi% 14 .t 53.57 -2.S '..A IG I.7 1.74 19.5
m 6 .015 51.01 56.5 1..81 1.gM 1.6 1.84 15.4
M 13 .O Q ..8 47.41 0.0 1.% I. I. 19.2
o5 10 .OM 44.51 44.18 .04 2.03 1.90 1.79 19.105A 25 .AT 4.20 M.74 '.30 1.71 13. 1 .4 19.5

0535 16 .061 C..91 4.34 1.& 1.( 1.42 1.41 19.9
(641 36 .252 15.6 73.97 1.2 1.23 1.87 1.83 20.5
TA~ 31 .183 53.12 52.79 1.4 1.2/ 1.43 1.4 20.1
" i6 .125 5,.4 54.22 :.Q L34 1.52 1.50 19.9 I

05V 16 .051 50.8[ 50.20 1.55 1.71 1.6 1.64 19.8
0551 13 .1 45.07 44.55 1.73 1.64 1.52 .W 19.3
054 15 .OM .05 44.G 2.07 2.04 1.9 1.84 19.3

5 11 .03 4.50 ~.16 1.97 1.96 1.9 1.91 19.4
M 25 .Off 52.13 51.A 1.93 1./7 1.87 1.94 19.3 I

M04 11 .031 5. 65.44 1.51 1.57 2.09 2.00 19.4
TA 21 .152 76 . 75.23 1.25 1.20 1.,9 1.85 19.5
0510 3B .23 73.91 74.13 1.29 1.23 1.82 1.87 19.6
OG16 16 .S1 5.98 A.3 1.81 1.71 2.04 2.(2 .9MIS6 19 E32 46.30 44.87 ".19 2.17 1.96 1.94 24.4

0G22 25 15( 31.10 31.06 J.31 3.27 2.05 2.05 2.5
" A 19 .005 66.82 S5.94 t.Z 1.53 2.11 2.,00 19.5
"544 18 .A1 7211 71.97 1.44 1.23 1.3 1.91 19G

LW 23 .W 2.28 01.-0 1.2B 1.15 2.01 1.98 19.7
0645 13 .19) 74.36 72.2 1.43 1.-3 2.0 133 19.2 I
0551 21 .299 107.5 105.96 1.05 .5 2.16 2.12 M.1

lim N Prs el ON EPS Cl g Trwe I R ,- i
f o z dc 00/~ UAW2/ vAq C C c

0%15 8 S 6.1 9.2 2.12EI i 4.4E-'3 9.57 17.3 18.1 11.5

(0.2 9 71 18.4 .3 SAL 03 1.21E-M 10.32 IG.2 17.1 12.4
0% 14 8M 5.7 5.7 5.61E -W 2.U--41 9.[6 17.4 17.5 11.6 I
m 8 965 E.0 6.0 ?.0 2.2i-0 9.M 17.6 17.4 11.6

0.3) 13 88S E. 0 G.1 1.06E02 3.M-0 371 17.5 19.1 11.8
0532 10 ES K.R 8 f. 4 1.74Ld 3. ,E-03 1,70 17.3 10.2 11,7
1b34 25 ON 71.3 8.6 1,. in 1.37E-03 9.94 17.2 17.9 12.0
m6 16 w 70.1 7. .- 0 1.61-03 9.91 1/.5 18.1 12.0 I
04I 33 S0 83.5 3.9 5.9k T .I dE- 11.05 16.0 17.4 13.3
(A 21 BU 70.0 4.6 3.K-03 1.21E-03 10.59 15.4 10.2 12.7
05% 16 873 76.2 4.3 1.9(fl 7.67E-04 10.40 1I.8 18.5 12.S
VA 16 M 72.0 4.5 1. 03 W .57E-03 10.12 17.4 16.3 12.3
0551 13 an 71.0 1.3 4,.l 9./6Q .-04 9.87 17.2 18.3 11.9 I
054 15 &% 70.9 1.3 9.5903 I.26-63 9.9 17.5 18.4 12.1
0557 11 8 71, 1.5 :..L13 1.5.-0 9.97 17.5 17.6 12.2
m '25 M 71.3 1.3 5,R3 1.02E-(G 10(. 17.5 18.2 12.3

09A 11 RE: 73., 1.9 6.25E43 1.21E-0 10, 11.2 18.1 12.5
606 21 371 a.I1 I. .1 -0 1.131-03 10 7? 16. 17.8 13.0 I

0510 3B 9 V.1 ).S 4.1?03 O.9E'A 11.11 15.5 17.8 13.4
(616 16 2 il.1 !./ 1.66 2.ffi-05 10.8 14.8 16.9 11.2
0G18 19 P-) 7..5 .6 4.1G,1V 1.21E-4A 9.22 13.4 11.6 9.3
160 2, M li. .5 .9 4.A-1 2."a-4 i.1 .5 16.7 1.8

a8 1 5 7) ,.3 7.?2( 3 -04 10. V7.5 18.0 1 .4 I
(54 18 -M 7?.? ' .( 4.. (03 3.18L-04 10M 17.4 16.4 13.5
ow n 21. . , 2.' 4.- - 4-.1K-04 11.10 16.9 10.3 13.,-
V6e 2 ; .L2 i..i 3.1 9.2'1 4 .0(. 04 11.Z IC.u 18.5 13.6
LIGA 21 5 91.0 1. 1.7Y 4 ). / Q4 11. 15.1 19.5 13.7 I
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ITable 13b. Hobbs Flight 16 (standard deviatics)/averages for
constant altitude runs over the ground station.

3 S1;W4NIU L*MCDCV1AIICI ffN VLUES

3 line Efjeldl EfieicQ I.W, -Lam Corcurl Corcur2 UN EPS (.12

0519 .052 .033 00, .092 .123 .087 .013 1.071 .0
0522 .0j43 .041 .(141 .046 .02q k027 03 11 .301 I.L15

.033 .311 .38 6 J
.042 .LW, .0_93 13 .066 .06 .009 .198 .213 .000528 .037 .0 2 .09 8 .081 .070 .0 .A25 .251 .

m0 011 . w .13 .1)01.') .,081 .094 .0 .012 . ..M .0532 .C73 .001 .118 .130 .ll .111 A. c . ff5 .. , I .n5F)IS3 .051 M ,3 .065 .5 .0 Rd.08M .09 140 .244 .012

M .6 A2. J .(r". .057 .049 .047 .12 .43 .319 .009l

0542 .184 -1C4 .0 _A .03? .164 .165 .021i .211 .233 ll' .0I
0546 x0/8 uG3/ .0?5 .02_ .065 .063 .106 .203 .3A4 -to(6483 .131 . I K -.(3 6 .22? .225 .02 .1o 26 .2M2, .011

0 51 .0 93 . 0 .0 8 .-)3 .058 .5 .015 .11G 411 .j1) 0055 Au4 .0 07 OKt .0?? .087 .168 .1 7 U-0 M0055/ .1% .1/1 109 113') .13NY .11" .012 .223 'Tull .10)
(IO0 .lo .!,I . ,0 12 .1?1 .177 .1 .12? .I1P .j05@ I60 .69 .0M .042 1)3(1 .052 .0-54 .012 .251 .340 .00
0608 .04 o .0I .032 .0(6 I f, .Off .023 .142 K3S .A?,619 .099 .o0 .,'L .011 .091 .0,3 .090 .25? yo) .01
('616 .06? .u .O4 .044 .041 .040 .023 .345 1.15,' .007
0618 -0M 0 .192 .036 .041 .041 IO5? .3K2 .450 .2
O0 ) .034 ('32 .0 .0110 .038 .036 .046 .274 .367 .0
O040 .6 .097 .3 .1 3j .050 .05/ .012 .210 A42 M0404 .06.097 .06 .1A8 .045 .042 .013 .120 .253 .00054? .023 .026 ) .137 .1) 2 Z04 .068 .015 .1413 .16 .006 O016410 .070 .106B 1 0' Z . 1034 .060 .057 .013 EA7 .5Z2 Ai3

031 03 1054 .0i2 .()G/ .05 .025 .019 .1003 .2% 10
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Figure 20y. Hobbs Flight 16 time series of electrical parameters - I
(ref. Fig. 5i).
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I

Flh 1

Date: 5 March 1987 1
Takeoff: 1244 (LT) fran Nassau

Landed: 1518 at Rock Sound, Eleuthera (RSD)

Conditions: Overcast with 1200 m ceiling. Variable winds mainly fran the NE

to 10-12 m/s. Lots of whitecaps with 2-3 m swells.

Instruments: The negative conductivity tube, Lyman-alpha hygrcmeter and the

aerosol counter did not work properly. 3
I

S Mainly a shakedown flight to test instrumental operaticn and

calibration. Ladder and spiral profiles were obtained enroute to RSD and 3
upwind (NE) of Eleuthera over the deep ocean. Plume structure was noted in

the electric field records. 3

I,I
I
I
I
I
I
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Table 14a. RSD Flight 1 averages for constant altitude runs
between Nassau and RSD.

VJEME FO~ LEVa M

mime Altitle Ef ield "UL -L .I. Lori urr llctaav Rel d,It k=. V/i ,11 1"^ 12 t' - k/ c

1 47 197 ./0 1,. , 1.13 2.0? 2.42 23.3 83.1 1,
1303 41 .0G 151'.01 1 3 I .10 3.71 22.1 6.1 2.0'4i
S 130 2 .015 10.M) 1.02 1.23 3.24 221 S4.8 2.05
11 31 .031 142.31 1.041 1.16 3.18 22.4 Q.7 2.04
.1 36 .00 170 .Co 1.2 . L 3 63.2 2.04

14i0 1$6 .151 119.8 .98 1.10 3~ 2 ?6).2 'b3. 2.01

132 30 .1 31 IQ? .34 .44 2.3? 22.15 SI.9 1.0
11 76 M - 01 4 . G . I 1H 1.9i 242 3.I I.03A-, SI I .:-S 1.48 Q0 1.55 "f. j I00 0 1.iz

1) 20 . 1 .01) 1.35 27, X 3G.4 3 2.1 G3.8 2.04
112 1 41 .- 1.E23.0 I.1 3. 0 3.54 22.B 61.0 2.02
140.3 1 .SG I)OS 3 . .To 1.24 3.01 2130 G. 21.0414io .6 ,A11l, 17. ,f3B P, I.10 3. 36 22, , 3.0 2.04
1412 30 .03 1 IGA.4 ,81 ,32 2.77 ') ,4 65.3 2.04

1I 2 .61 1lL. ,4 r I .l! 112.. Q..? Me0
1412 51 ,I1 123M13 .37 ! l, . 21.6 G2. 2 2101
I Q2 .A .310 111.1. .90 1.04 "L J,,. Ll.9 ?7 .
I i,6 31 .3110 a.03 I . 92.1 3.01 2 1.9 92. 8 1 .L
l0 21 .b15 ?8.64 .2 0.00 ?.15 22.0 94.9 1.8213 40 1.22) 41.31 1.T '33.33 2.30 22.9 60,2 1.73
W? 41 1.0 42.40 1. 1.65 1.58 6.0 94.6 1.67

UI
ioc AIltituoe P:3 ;-12 6 Cq2 Press Tro~e h. IdeI

01i O2s3 (2/itv/3 ol/kg (gAq)2or2/'3 B c. U c
i 1241 191 .1@) 1.OCK-03 7.8GE04 '.0 4.27E-03 923.3 14.2 24.3 11.3

1303 41 .006 3,L46.-02 2.40E-02 10.1 B.6A-(Q 1011.1 20.? 24,S 14,4
1306 .015 1.QE-02 1.70.-)2 9.1 3.45E-02 1009.8 20.5 24.4 13,/
109 31 .031 ?.23a-03 1.04E-02 S.3 1,.-02 1008.3 20.2 24.3 13.1

1311 33 .031 3.65:-03 3.2K-03 5.4 1K1-02 1004.6 19.S 23.6 13.2
310 40 .15! 2.2?-03 2.1-03 9.2 ?.0?-03 9 95.5 19.1 23.5 12.9
1320 51) .30' 1.32E-03 8.35-04 5.2 4.3.-03 976.6 17-6 ..6 12.4
1322 60 .;10 1,A405 1.2f-.03 9,9 5.021-03 940.1 14.6 '24.6 11,2
1323 3. .9!0 1.<-05 92.1-03 7.8 2.44.-02 90 .8 11.8 24.8 8.

7S.. 7- A1. 1-05 1.01-03 S.2 2.22H-03 867.2 9.8 2'23
134f0 61 1.53) 5.55--04 3A.C-04 3,5 !.81E-03 2U.2 9.0 21.G 3.111350 20 .006 8.-1-04 3.,62E-12 1.? 1.I06-01 1010.0 ,fh - , a;,7!?52 14 .A1 9.31k-- W 1O- 42 3.9 2.71E-02 1001.2 20,1 '2.5 12.3
1403 E .00f6 9. -u4 3f.9/-02 9.8-2:-02 109.? Al.9 24. 13.o
1410 '56 .')b 3.1d '3 1 d -o I i 3.9.--12 103.4 2IS. 1)2h6 1.
1413 .,1 7,76E-'3 16'-'' r . 02 MG6., L0.1 24.6 n1.4

. 1.31L V .,01 -") '.1 2.0"2.-02 1003.0 1, .3 "49 . I L,4.-03 .'.E . -03 994.? 1.1 6. 9 11.142 54 .3110 1.0T-2 1.,411:"3 .4 3.87E -10 1.5 171 A4.3 1.j 4' 1~~ ~ ' 31 .,3 1 .U ' I .4 U- 0' .1 9.6 14. 0 24,) .11.1}
14:0i) 31 ,ql 2,.*il!"-,j .,11'.:-1A 5./ ,' -1)J 9)8.P i.:3 ;'41hJ ll).

i 1~~~40 4( M . ! '4? V/ %I.-1 L .50-3 B11 9t d, .'"

143 41 1.52') 1.044"/1 2.1' 4 /-A 1 .1P-43 841.9 3.3 L'" .  1/.4
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Table 14b. RSD Flight 1 (standard deviaticns)/averages for
constant altitude rms between Nassau and RSD.

ST MIM 3 EVIAUDIIMC6A(N VALS 3
iime Ejield 4L, -Lam Con Curr l EPS C2 0 Wr2

1247 .03 .0/1 .297 .305 .00q .44' .,3 .0(2 2.30
130 .133 .073 .123 XB,. .(000 .11:w .111 .0F55 1.'i73
1306 .133 .01 .12 .16/ .0) .238 .28/ .2 2.3/3
1309 .1% .A)2 :04 .I16 .01 .3'1 - . 103 "1311 0 32 .057 .115 .101 AM .391 .552 .043 1.0
1318 .0 .031 .072 .03 .001 I'll /CS .031 1.03
13M .064 .071 .130) .119 X02 J~3 .508 .0 .08
12 .122 .112 .122 .215 .002 .465 . I )5 J4A .%)
132 .063 .201 .499 .28 .002 A 2 .3 ,955 .139 3.075
14105 .130 .034 .61 2 .298 .8,2 1.,2 I19 .024 .389
1343 .2t .182 .411 .20 .01 ) . 0) 27 .021 .4313N .170 .0:6 .417 A.451 .000 .1 b .1?7 A63 1.SE3
1352 .13 .)3 /1 .184 .215 .2 .93Q, 3 .054 2.5d
1405 ,162 .080 .306 .1 .0 .263 .191 .06 9 1. 1 9
1410 .144 .03 .408 .272 .00 .382 .267 1070 2A.i71413 A11 .071 .2l4 7 .106 All1 .181 6'4l aub ?. {~u I141G .103G .0&3 .133 .13 .0)1 .14 ~ .33 .4 4
1419 .072 .04 OL X I. (O .1 .0 o .L0 .(13B 2.1*i1622 .047 .03 .101 .0321 .001 -337 3505 .040 1.023I12 .a61 54 .143 .229 .002 .341 ,S .J131 I.".
1410 .472 .1i7 0.000 1.505 .002 -,J ,558 m04'S 3.061
1433 .113 .061 .941 .699 .002 1.8c6 1.0 % A134 2.766
1431 .118 .041 .752 .379 .1))2 45 1 .601 .024 .450

I
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I
I

Fl : 2

Date: 8 March 1987 3
Takeoff: 1241 (LT) from RSD

Landied: 1624 at RSD

Ccnditions: Clear skies; light winds (3 m/s) from the west with a layer of

haze evident below the trade inversion. Ocean surface calm with very few

whitecaps. Scattered cumlus clouds formed to the E of RSD during the last

hour of flight.

Instruments: All worked properly.

SLmr: 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 3
over deep water 50-100 km E. Aerosol counts were higher and somewhat

variable E of RSD denoting a changing air mass. Covection appeared to be 3
organized as evidenced by periodic variations in the electric field records

when flying within 50 m of the surface. 3

I
I
I
I
I
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Table 15a. RSD Flight 2 averages for corstant altitude runs3 perfozued SW of RSD over shallow water.

I ~ ACES FM LEL RX";

lige N NWtitde ELield 4Lo & -Lam Cr, Curr i't. v Re] iuj,
I W ki, V/10 10"-14 10"-14 10-12 k/c(:II
1303 ,00& 130.%. 1,4 1.41 30 ILI Y1 , I IA
1301 34 .0iS 130,61 1.35 1=A2 3 -,. 12. 1.A1
1311 46 .035 I126.6 1.30 I.:; 3.40 27.0 ..
1312 lei .0& 1 11.35 1% 1,5 3.19 26.8 /0.1' 1 Al
1315 33 .18 91.11 I.6 I.L 2.0 21.7 74. 1,3c
131? 33 .313 14.30 1.73 1,A9 2., 2u.? /0,0 1.1
I5122 35 ,4493 'OS, 1.87 1.94 2.54 26.6 71.8 1.0?
I3 41 S'18 S . 2.4) 2,r) 248 2G.7 10.'- .04
I32n 44 . 17 74, 2 1. S,, 2.3 28,9 79.8 ,4
1f3 52 1.2 3 5SA. 2.04 2.')4 2.29 R02 81./

1338I1.., 32.14 2.2 3' 3.2 77.6
1347 'A 2. 1 C, 34,j.8 3. :3.1A3 2.51 3.4 24.'

4.';4 'A 36 . I 41

hm ~ttce ~ L,. Cc; Prs Lose :8.1 1 A)

1403 C .00U 1.-0 /r 34, % .D 42.0 ,.3 .2'2
1424 Q ,).0 20 1 3 .i 1,1i 02 4 10 . 5 14.1 1.1,
1211 1 . I 1 .b6 1.41 1 .7 1 0 1 0 0. 2 4.3 ?.,.6 1.24
129 .08'1 11'3.1 1 .20 1.0 2A'.: 99. 0 2 .. 1. )

I imp N PlIW wl L 1 0J ( Press 1rose I ; I
. / fr / /3 q/j,,q (q/k:9)2,r-2/3 O C C -

1313 33 .00( WE.6-03 1.A-02 13.4 18J--02 185.0 24.3 24, 18.S13017 34 .015 1.21E-04 G.SiE-03 1?1. I21 -0 lQ 1L0.9 24.1 '-.0 11,.!
1311 46 . , 5,44E-i-04 3. - - 13.4; a .,U -503 1002.1 24.1 .0 1.81"31 1 49 .0G2 4,31:-A4 1 . a-0 3, 1 ,0 8,t Kq -I0,  £CJ29. 1 23.8 :)'D) 13,.
1315 3, 1 AO' 4.AE-(i4 22.8f , . '
1317 3 .313 5./0y-04 I.GI1-12 II, 1. .-- 0.) 910.5 21.5 2S.0 1'.
I 1) '2 1 .5 ,4q -.4 -04 3.34E-02 11.J i. -2 95..3 20.I 1, 5.0 14 _q
132) 41 ,,18 1,29 -04 5a-03 10, 0,21 938 18.8 '4 '

4429 k4 .5,/ t ((4, 4.5 1/,I " '4
133:3 S2 1.22S 2.41_ O 1. ' ii,/ 7 --03 872,0 1G.1 24, 13,1

6 3 1 3 2' . 6 Or,7-. 1,l - 0 0 8 -., 41.0 1 . 4, I 11.,
134/ 34 2.142 j.81-io 1 3 33 , 782.0 11 "

H E-2 0(ft A. lE- -6 02.' ,-' 724.2 B.2 4 1.
14) 51. 3.33/ 4.a3..-14 4.233-I) , 17: G70.13 4. 23 , -1" ,>
1404 :8 q. 138 ,. 3-(G 8,l2 -:, 6. O.fii0 511.4 .7 2 . ,
14 43 IDA00 1 .1--03 2.8&--1)? ' .. 100?,i 24.1 ,S

( 15.7i 04 7.8[0 ' . .iOL -0 10F5.8 (3.2 t"1." 1.14; {: ~ ~ 2 :- 3 .4-1 4 2.4 ) 1& .-T fe, ,!!.-.llA- loirJ.9 2 ;]] 7 ,; 1]

I
I
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Table 15b. RSD Flight 2 (standard deviaticns )/averages for3
ocnstant altitude runs performed SW of RSD over
shallw water.

lite E-Field L it -Lam Con Wrr D IpS M 2

1303 .122 .113 .141 .166 .065 .3S3. .48 .035 1.015
1107 .162 .024 .C&0 .li .155 A.251 .3%X J025 a39
1311 iaG"O LW .0)44 .1/ ' .3 34 .02 .31 I
1312 . ,1 .0.1 053 .078 M.L .31C3 Q .02B .1
1315 .056 .03/ .04? .03 .130 .1? .:m .029 .I

1317 A06S .0 1 . O8M .62 A7 2Wb I.0 1.014
1322 .210 .120 .131 .168 .076 .714 .116 1.363.I
I325 .106 .097 .080 .0411 .332 . 36 .o31 .0 6A 1.023
1329 .041 '018 .012 .04G .175 ,S3 ;2.114 .325
1333 .12Si .0b9 .064 .120 .0 IN 1703) 4.L 18 .02c. -51
1338 .05') .0 .055 .1m3 MG1 .7G3 1.804 .025 .48,
134? .020 AIC2 .012 O.06 .400 .9291 7.896 .0%6 .235f
1333 ,23 .'YI3_ .040 .04W .,150 .194 0.000 .220 .402
1400 ,WlC: ,1122 .030 .020 . 0,9 .I813 .U .306 2.163
1404 .0I2I .01J4 .005 .0,1 .6 5 .243 .561 ,1)21 IDA0i1J

1..2 .219 .0 ..2 .I 4 .018 .%1
1426 .183 .1(13 .332 .21 .0If2 .311) I59 .016 .48" } I
128 .14[, I2 ,144 .1 .05I .224 .M .019 .T2

I
I
I
I
I
I
I
I
I
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Table 15c. RSD Flight 2 averages for constant altitude runs
performed E of RSD over deep water.

3 ~ Irt, i:2. ,lJ

li, N Pltitucie rheld iLam -Uai (bn Curr Reta.. Rel im
W km V/r 10'-14 II)"-14 10--12 C. 7 k/ccI ,5 2 .1103 I1.43 . 1,37 I.W. 3.93 2/, I (,5.6 .41

I MO Ai] !).) 1.24 1.'151) J.K 23.d SOt.) .GI

14t, 31 .01:., 14.27 123 1.46 . ', . .d7
151 . 39 .0Lj 11.1A .31 1.1'2 .i 2,3.2 70.13 2.07
1512 38 1015 /8.1B 1.04 I.A 3. 4 :2 70. 1 AU..
1513 38 .031 '113L.A .% 1.21 3.51 23.') 74.5 1.7
1518 1 .Al6 2%.GO .59 .A 3.i ;3.2 ?9.C
153) 3G .015 Z3.32 .SO .34 :3.10 23 .1 3 1.1 .S.1

06., 02 _2.0 82.2 7.12Iz.' .37 .07, 2P2 .9) ,54 2611) 4L 814.1 A/i151.27 1 .1 IA.0J3 .16 1.23 3.14 U, .I. .9 1.143157i 52 .Si 144.33 .71 ".04 .3 3.1 0. . 14

1551 34 . 1 .3 1.23 2. 1 .K 27.1 4:.' 1.9
I 1540 2 1273 3.15 3.13,,.. , 121

1544 2/ 1.61 3 3 2 3'7l ' 3023 16.0.. ... 4.74 4.S -' 34.0 1.. .2?
1551) ) :m,16 24A3 5.41 4.13 2.31 3.5 53. .22
I iS 36 0. 16.9 7.3? /1 1 "3. "1"3
155/ 4.132 14.73 8.67 9.3 3 2. '5 41. 1, . .141'014 31 .0il I _ l. 2 1.47 i.39 3.1 C!,7 2Th4 1.6161, 3 .031 13,91 1.57 1.5/ 14,'2.2 63.1 1.3GII
lime N iPltituce EPS_ C12 pcr ,S 1M. c ro 1-. i 1e.fm 2/ 3 i C2/LJ/3 u/kq (q/rq)2 -.' m. -

1 32 2" 2"." IE -I13 1. 91-02 12.? 2J11: I( : .i 24.7 24,I 07,A
14 i 2 IRS I -9'.2 -'3t> 1 73-02 12.8 1.4.3"-O)l 1005'.' 24 .2 248 1,1
1461.9 .1 0 1 6 . 04 7,46-03 12., 4 Ji2 1i0114,1 24.6 17.8
15013 3 ,ii 1 .JE-i3 1, 4a -02 12.3 1 ,4. -q IUiA,/ -3,1 21.1 1 0,."1, j ,7 r' " 0

A' UI 7: , "I 7.: ?W (3 12.7 1 ..2f( 0 1004 1J Lh J 2,6 17.j
151:1 38 A31 3 .23-I4 87E-03 13.8 9 .23'-: 1)2.0 2. 1.2
C1, 18 26 .WE . ,O (-3 .Q I ' -02 14" 2 -1 02 1004. 1 ..4 22 - , 19.7

1520 3J 2 ." i ( .1_ 3 14.4 1,:1' 1003.. " 2 l:
1""w . 3. !/ 1 A Eif-- :4 'L -03 14.4 U.F' 3 21 1 i .

l7 3,1 .1L F " e 04 ...... o
3 4 . 1 .. I i 'I, fIE-(1l 14, .u : ':-4i 7' ,t 21,7"

1>.: ' :J~.(I 1.; .-i4 1 I - I) . ? 4!,':.iL '' :]: 7 5,L 5 .-u, i3 /

A . ... ::C 4 5 ., ':/; u ..a4,/ 'V, 1 ,

1 '414 . -(lI 1U " u . .

1j1~ 14 J-"4 / .5 i "-i4 3 3 ,/ 4 i l .2 . ... 1 '

3 7 '; ,S ,' u :4-I41 794{[J-) ,., :, : , 7f

I .f.- -,., "

A ""; ,
1, g t4 ,I.! lk :u .2 Pd: i.,. 11i ;7 4. -)JiLI7 , ',

1.79



Table 15d. RSD Flight 2 (standard deviatins) /averages for

ornstant altitude runs performed E of RSD over deep
water.

S1it OIIS A N AfUESm

Tiue E..Field itam -Lam Con Curr COC EF .C12 0 CA

its .171 .029 .05% 1G5 -In ,2) .2I .029 1.4
1458 . 155 M . 110,I4 .133 , I .365 .212 .A .714

1M .138 .0) .053 .123 .501 .155 .20 .030 1.236
1W9.139 .042 .0899 .429 .19 .All .2M4 .0PA 1.269

1512 .20/ .104 .14) .13/ .236 .279 .30. .034 .7
1513 .101 .0% .8 .124 .JQ 1435 .503 ,020 .E0
1513 1G2 .0i) ,lt4 .1']1 .25 .173 .1/3 .012 .83G
1520 .179 .09 .114 .208 .091 U .374 .02 .307
15?3 .164 .101 .112 .180 054 ,224 .L25 .OI5 .34E
152 .155 .,25 .12? .317 .25.5 .282 ,55 .013 .293
1527 243 .213 .144 .2 L231 .375 .651 .025 .309
1529 .193 270 .143 .2A l ,. .421 . 2 ,0 .438 m
1513 .108 ,i*4 103 "9 ... .24q) 1.091 .034 .4/1
1537 .462 .41G .274 .080 11109 .AI 1.283 .146 1.179
1540 ,I85 ,02, .017 .1&1 .?08 .G33 0.000 n, 1.314
1544 .013 ,014 .J09 .013 09 .424 1.3 92 .121 .sll
15'47 .010 .oi. .I) j .i) l OT .441 .AN0 .071 O K.

5. .020 ,O21 .064 .011 .M 1241 400 AS .8?3
14 .01/ ,000 .012 .31;4 06 ,497 1.0,66 .013 .147
1557 .010 ,W10 .010 .009 .402 .Ac ,G13 ,015 1.53
1"14 .183 ./*3 .114 AlJ .503 .235 .427 .041) 1.201
1515 .2% .14£ 10 1 23 ,A51 .297 ,A.2 ,i37 .D?7

I

'1

I
I
I
I
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Flh: 3

5 Date: 9 March 1987

Takeoff: 1030 (LT) from RSD

Landed: 1312 at RSD

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

i Insburents: All worked properly.

S : Ladder and spiral profiles were obtained 50-100 kn E of RSD over

deep ocean. Additioal ccnstant altitude passes and a spiral descent from

2 km were performed an the return flight to RSD.

I
i
i
i
i
i
i

I
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Table 16a. RSD Flight 3 averages for ccrstant altitude runs
performed E of RSD over deep water. 3

AVRIS )4Y LEVE.L W;5

Iimp N 0ltjtj e 6 filed 4Lam -am ior. Curr l _vt, ', ReI 4.fn '1%

bH* ,n 'U/m 10-14 10^-14 10^ -12 1 7 k/cc

1035 84 .031 12,0. 1.20 1.34 3.09 25.0 '.C I.9 3
14 329 .X1 722.03 1.22 1.35 3.14 24. 61.2 1.81
1057 47 .031 129.O8 1,23 . .6 3.30 24.9 EO.8 1 .30
1:39 71 .33 141.29 1.21 1.25 3.48 24.5 Q.0 1.40
1102 44 .00, 13.2 1.20 1.25 3.25 24.9 64.1 1.41 I
1104 4 .015 141.37 1.19 1.31 3.54 24. 2.9 1.A7
1107 61 .003 149.89 1.13 1.13 3.41 24.9 4.S 1.60
1110 48 .006 144.9) 1.14 1.49 3.14 24.8 67.6 1.59
1113 38 .015 135.54 1.16 1.43 3.52 24.8 69.3 1.A
1118 4G .031 127.50 1.17 1.44 3.32 24.1 68.1 1 M
1118 .A31 11.G5 1.17 1,45 3.05 4.? 68.5 2.41
1119 35 .117 118.03 1.1G 1.37 2.23 24.7 66.7 1.41
1122 35 .146 108.,5 1.22 1.41 2.89 24.7 65.3 1.32
1126 Q .I'M 98.19 1.23 1.39 2.5 24.1 66.9 .
1132 39 .276 04.63 1.17 1.37 2.35 24.d 72.8 1,M
1133 35 .345 88.14 1.22 1.51 2.41 24, 76.1 1.30
1135 3B .47 81.22 1.24 1.50 2.27 24.8 79.3 1.02
1139 50 .637 74.26 1.33 1.G4 2.23 24.9 77.2 1.)1
1142 117 .949 9.85 1.83 1.N 2.14 25.4 57.6 .87
1150 31 1.2 3 43.21 2.31 2.44 2.05 27.1 25.2 .7,
115 36 1 M5 29.24 2. 9 2.68 2.08 30.0 210. .8
1159 41 2.437 19.5S 5.44 5.5 2.14 33.? 11.4 .41 I
1202 5? 3.078 47.54 2.33 2.30 2.18 3.1 48.7 1.10
1208 31 3.872 19.63 5.3 5.98 2.14 31.4 28.8 .63
1213 46 4.179 15.02 7.11 7.13 2.15 39.4 30.2 .76

I
Time N A.lt itude EPls CT2 Q C,42 P r rose TIR Ide

4W rl- L'2/0~3 QA9 (QAq)2tir2/3 Q C c C

1035 84 .031 3.91E-04 2.01E-03 10.2 1 3R2-02 1004.5 22.7 24.3 14.4
104 329 .0A1 3.87E-04 2.24E-03 10.3 9.9E-03 1001.1 22.3 24.3 14.5
1057 47 ,031 3.85&)4 5.O4Nfl 10.3 1,51-02 113.1 22.4 24.3 14.9
1059 71 .003 9.96E-04 2.29-( 10.6 3.2GE-02 1005.6 22.7 24.4 15.0
1If]- 44 .Ok 1.08--03 1.54-02 10.9 2.85E-02 1005.3 1.5 24.0 15.4
I104 4Q .015 9.(59-04 9.03-03 10.5 2.2E-02 1004.0 ,2.4 23.8 1
1107 51 .o02 1.69E-03 2.53P-02 11.0 3.94-02 1O". 4 22). 23.9 15.6
1110 48 ,006 O.662-04 1.19-(2 11.4 1.69E-02 1004.8 22.4 23.5 16,1
1113 38 .015 5.87E-04 G.96-03 11.5 1,412-02 1004.1 &22 Y1.2 16.3
111G 48 .(31 .2SE-04 4.49E-03 11.4 1.11E-02 I002.6 22.1 23.0 I6,2
1119 49 .61 3.37E-04 2.2-W 11.2 1,01.I602 99.2 21. 13.3 15,2
1119 39 .11 3.796-04 1.5K6-03 10.8 7,8S-03 395.8 21.6 25 1 ,1
1122 29 .146 3.01-1)4 1.47-03 10.4 7.21E.-03 992.4 "1. 5 1A I
I1,S 42 ,208 2.12,-04 9.0E-04 10,4 i.38-03 .%5.4 20.8 23.6 14,4
1132 3S .215 1.706E-04 6.3K6-)4 10.9 G.272-02 977.7 20.) 21 , 13 ,
,133 35 .345 I.636-04 6.41E-04 11. 7.5.-03 "99 1S.1 '3.4 17., I

11M5 38 ,477 3.,56-04 2.81E-1)3 10.8 8.73--03 755-,1 13.2 23.3 14,
1139 so .Q7 2.06E-04 5.15-03 9.3 10?E-02 37-6 IG.6 i .8 I,

1141 117 .94 8.35E-05 3.39E-04 . 4.5-0J 9)4.) 1,) 24, G.;

1150 31 1.263 9.94E-06 4.456-05 2.9 6.3?E-04 81.1 14.2 24.3 -5.5
1155 36 1,865 7.83-06 1.9E-05 2.1 2.61E-04 810.9 11.3 24.3 -10.4
1159 41 2,497 5.4f9F-06 7,V__-05 1.1 0.O0E+00 751.3 8.9 2.8 -l.G
!12)? S7 3.079 9.42 -06 2.14C-04 3.7 3.04A-03 G99.8 4.7 2.3 -5.5
1"8 31 3.U/, 2.0"I _-04 4.83E-04 1.6 .P l-03 634.0 .6 214 -1
1213 4G 4.1 15 9.05-1)' 5 8.296E-4 1.5 7.73E-03 609.8 -2.8 248 -18,)

190 3



I
Table 16b. RSD Flight 3 (standard deviations)/averages for

uomstant altitude rns performed E of RSD over deep
water.

I SltJ l1Afl(6? I.LES

Tile E id 'La Lm' (on Curr (N [Ur .C1 0 LW

1I . 1,c. ,041 ,IZ3 .141) .m)" , Y ,1 ,o. 1.R
14j.126 .0%6 .110 .134i J, .Q24 AM3 .024 1,09

1(r, .0& .033 .094 n2 .05 .20 1 .3 .02G 1. 4;it , ., ! .(,Y Zo ASO7..,'' . . 0 1. 4.5
ilJ.? .141 .33 1 1I1114Il iiI 1. . 141 A .11 .116- . I,%,110? .191 ..,1,9 AN<.331 .& .03G .,39
1110 . -(i 0 .1Q ,? .(Aj . -132 .14 .022 ,1"
1113 . -1 2 .IQ A . 4 1 .1d ,A .42 .319 .020 . 2
111E, .121 .t I M0/4 .138 .O6' .4.6 290 .0 z25
1110 .0/4 .015 .i8m .113 -iA .21G AB .17 .16i

fl11 .,A/' ;,, .u8 .," , 01 . Al e .017 .41,9
11 ., .ILI .Pj .01C! .131 .321 ., 0 .414
1126 .041 1,44 ., 163 ... .,u3 617 .4?B ,47
1132 .033 .RA4 .01 .1 14. . , .61 ,GOO .01

11S , 1k , .14? .10 .- A 702 .01 I

1142 0, .13 ,Y' ,I0hj IV.I)l ,5 .873 ,1 t i 2i31
I~j ISO 1.j .1.12 Au( *IQ a( I .62 .(ig0

2 S. .0 3 ., .(11, .11 1c' 5 .025 1,423
115$ .IJ1 u14 W.I .018 .16 E11 .1A .013 0.0 W1 1202 .IA .03 .I130 .043 .i .O 1715 , 1.31/
1.(18 210B .ASI JL Al , 9 111 .1 .0 1734
121,3 .0)43 ,jf 1 .041 .IM' ,T11O A1 . 100 -c

I
I
U

I
I
I
I
3 191



I

Table 16c. RSD Flight 3 averages and standard deviations for
ocautant altitude rns performed just E of RSD on•returning frcm the experiment area. m

TIne N1 Altitude U-I LIo "Lai -LdM 'i Curr lhe..v Re] 'is C%Rftt km V/M 10-14 10 -l4 10'2 C 7 /

12Q 36 .015 134.33 1.18 1.1 3T 24.03 52.1 1.31S 8 .031 I1.. . I. 19 I .,5 , 24? £1 b 1 .41
1245 120 .0~ 11,).F5 1.21 1,I.: 2/. 4 . 0 1.u
1251 30I ,122 c3 Cr 1 !6 1,-res. eL8.... 24., , 1.41

1 03 1.01 03 2. K-02 10. 6 11006 .0 22.' ' 1., 2A2 1 .1 -13 4 1 .?E-02 I . 9N '. 0(6. 0 22.5 2,. 4 14.1243 33 .031 4.41"1114 '.4E-' 10.3 I.4-II2 10"3.3 22,3 5. 2 lq.G I1245 12.0 .078 4.,&-OA 3.21E-03 10.1 ,.l( -U 2 10Z[.3 22.0 1 l .2
1I21 30 .122 5.1I-04 1.91E-]'. 10.4 1 .11- 02 9T.2 21.4 -5. 14f153 37 .176 4.4%-04 8.2E-04 10.4 B.,-03 589.0 2.9 2b,0 14.5
125G 35 .2E3 4.24E-04 1.68&-02 10.5 ?.3j&03 3g.9 20.2 25.0 14.4

"18 i_ Aed -aff, - ' or! .-urr ..;. ! ,,, 2•
I

,I? .' E .. .- ,0 , ua . ;-70
.10 . r .1"1 -,.: 7 0c3.3.U91 .u03 ,uP 0% .01 ./42 ,. -, Q . ?2 ,12i .111 .0. , . t .1l2 .. / ,1I ,U14'- .( Ik . ,j...f'K+ .*IFt ,' . .77 3 .U14 . 20

I
I
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I
I

Flight: 4 1
Date: 10 March 87 3
Takeoff: 1040 (LT) fran RSD 3
Landed: 1400 at RSD

Conditions: Clouds streets (2/10 cover) with bases at 1.2 )n were evident;

winds were NW at 10 m/s. Lots of whitecaps with ocean swells of 1-2 m.

Instruments: Both polar conductivity tubes were noisy and the Cq 2 M r dt

was malfunctioring. Were unable to obtain sinultaneous Cq2 and CT2 data.

S a: Performed lader and spiral profiles 50-120 km NE of RSD. Got i
both Cq2 and C 2r data in constant altitude runs by switching signals to a

single FM unit. Only C1 2 was measured during spiral descent fran 4.1 km.

iI
I
I
I
i
I
I
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I
Table 17a. RSD Flight 4 averages for cmstant altitude runs

performed NE of RSD over deep water.

I ~ MM~S 1-:0 LECJi :

I im N .4lLitude Efiek -Lam -Lam Cori Surr 11vta V kel r'm I'm
R" km V/ 1Wr-14 10-14 10-14' V . CCIJ
1045 .005 "36.33 .42 .64 2.41 13.4 62.5 4,;,S
104/ t4 .015 224.51 .43 .3? 2.21 2 4 . 5.1
1054 (6 .031 AO. . 4, .,0 1.7/ 2 ..-
I101 U .112 I'1, .3G 1,q 1.11 Z3.0 60.1 5.8.'
1105 IS .006 iMJ.31 ,1 .3 1.74 23.0 ,2 ,
1103 70 .015 212./i .40 .46 1I.5 22,5 6,.I ".l
1114 117 .031 155.;7 .40 .5M 1.82 2.1 5., .,,
1113 8 .X1 i e.-A .41 .4 1. d?.3 U2. .5 (1;'1127 105 ,1.5 V91W ,41 .5 1.75 .21 ,(A. ..
1131 T, .191 i/i).2 .43 , . G 16i '1.8 3.1 4 .,2
1140 106 .320 150,5 Q 1 2i .6 65.2 5,07
11l46 n G)- 142 I.43 . 1.:) 21.1 74.1 1.'A
,152 33 ,43 ? , , , .27 1 ob
I'M 84 1.016 j . 2.2 2,€ .'J2 2},, 34.0 .25I1205 Gti 22 /' '2 .14 W.3 1.02 [ ' ,9"- - 13.7 ,13
120S 31 3.11 8 -.:I .IG 1.0, 31.5 25.6 ,I
1214 12 4.24$ 1 . 5.24 iUL3 J 1127.5 13,5 .14I
time N Altitude E, C12 Q "I Pnrs Irose _f ["o
W kip44 %'213 2/ 2/3 a/kg (gAG)2r2/3 ob C C C

10,, 99 .005 1.57.-02 5.4i0-02 i.d 7.41E-4)2 1004,1 21.1 24.2 I:
1047 84 .015 S,51a-03 3.67E-02 9.4 5,5a- 02 1002.9 21.0 24.0 13.1
1654 85 .031 5.2R.-0 l.M--02 8.9 3,6GE-02 101.4 20.8 24.3 12.4
1O5 62 .112 2. [K - 9.66-031 9.0 2.31-02 :,%.1 20.3 2.E, ;i2.4
1105 68 .006 2,84-02 9.56--02 9.8 9.34--02 l01Y,.4 20.5 24.0 12.611( WB 0 .015 !. 14E-02 1.0H.-02 9.5 S 617L-02 1002,0 20.1 23, 2 13.3I1114 117 .031 4.&,£-03 2.I1-)2 9.2 2.1 T-02 l0)G.G 20.0} 1.<] 12. j

1119 OB .%61 2.27E-9.3 ?,0(1-03 9.1 1.B0E-92 1003.9 20.1 137 12.6
112i1 Q- ,' 0. . 12: -113 M503 2.9 1.3k02 2%~. 11%2.3 Z. 1,;.
1131 % i'1 I. 3'. 2.2(&(C 94 1 415 -K . 1 18.5 24.0 1
1140 10 .32 1.111-03 1,T>-703 8.1 1.1*.--02 974.5 11.1 24.2 10.
1116 79 .36 1.306--0 ?6k-t3 70 3 1.37E-02' M.4 14.1 24,4 ,
1152 33 .543 1. .IV -W 1.91-03 8.3 0.i0 ) 90G.3 11.4 24.3
1200 B4 1.61S b.24.-04 100 ?. .5 7.1 ;.1 1

V5 W 2.,2* 1.2/ J, ai_)l 10 ':.;- /iAL3 5. 2,3,S -;l ,
I,) 3? .1 ! "Jl, ..-t 7,0( &(-0 1 .WCj .4i '-FA,41 .3 7 , i:71214 12 q.24 2 ..:- 1, 71i:-04 , 1 j)IJJ 6iL' -4, 2,li -.

I
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I
Table l7b. RSD Flight 4 (standard deviaticrs)/averages for

ccstant altitude runs performed NE of RSD over deep3
water.

SllW ) IEIVIAl I 4&:(.V1 UALLES

Tim ..Field *tam -La Con Curr EPS C.12 2

1045 .119 .68 .670 .499 .031 .390 .47/ .051 2. 5 I
1047 .121 .322 .597 .578 .102 .440 .3/8 A049 1.644
1054 .113 .41 .54 .438 .032 .389, .211 .051 1.246
1059 .164 .406 .514 .478 .032 .371 .386 .053 1.100 1
1105 .132 .5? .G .W5 .309 1.163 .455 .04 4.10W
1108 .0/6 . 2S .3 .382 ,2 4 .27 .419 .04i 1.U8
1114 .106 .216 .444 .356 .071 ,Q'3 .44 ,if3 2.23.
1119 .108 .RXI .423 .98 .(I,48 .3- .417 ,[f. .931
1127 .135 .J74 .307 .M2 .W .466 .32t .931 .552
1131 .078 .150 .291 .235 .031 .482 .n9 .032 S39
1140 .06 .122 .13 .1G .039 .521 .M) .0LU9 .494
1146 .041 .2 .19B. .221 .A SS 515 .474 .1 5 .3
1152 .275 ,43 .S9 .557 ,04 .386 .771 .A4 0.0
1200 .240 .139 .2 .I .2 1S 2.195 2.305 .213 .814
12L5 .115 .014 .009 .114 .260 .172 .919 .1"3 .19i
1209 ,[c .( .010 .0l .1S .81 2.795 .C0b 0.0
1214 .I I . 1 132 ,102 .2E 1 .544 2.74i .11) 0.0il1

2
I
I
I
I
I
I
I
I
I
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F h: 5

Date: 11 March 1987

Takeoff: 1120 (LT) from RSD

Landed: 1343 at RSD

Ccrixtins: Scattered low cumulus clouds (1-2/10 cover) with bases near 1.0

km and tops at 2.0 km. Surface winds were variable but moslty from the N

at 5-10 m/s. Lots of whitecaps and big swells.

Instnizents: All worked properly. I

Summay: Ladder and spiral profiles were performed 40-100 km NE of RSD. 1
Several closely spaced (in altitude) crosswind constant altitude passes

were made to examine the plume structure evident in the electric field 3
records. These were ccmpared with up and downwind passes. A spiral

descent was made from 7.6 km to measure icnospheric potential; all other

soundings during the deployment were from 4.1 kmn.

I
I
I
I
I
I
I
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Table 18a. RsD Flight 5 averages for constant altitude rum
perfamz d NE of RSD over deep water.

I WEJR ,,,. LiML'

Tim N Al, itiude L..f id La -Lam Cxr, aurr Thltav Re] AnM
l~tl i6 Vr 10'-14 10'-14 10- ' 7 k/ce

1124 46 .,T 1.40 d3 , . 263 21.6 [A.6 2.0i 1121 44 .Ai 1W.0) .14 A3 2.4 21.; S4.2 2.11
1124 47 .6. 1,.e .25 18 C 2.g '. C% 2,IM3 42 Wt13 1GIIDA ,t9 .893 &,i 1 ,G' 61 ,.2 2.0G
1130 104 .006 1l 1'.6' ) .81 ., 215 57.2 ?.03
1140 51 .12, 150.1 .18 1.3, 2.7 21.A S3.'2 1.90
1144 54 .2I 13U4.i 1.2 I. 2.A3 21.6 1o , .1148 84 ,OOG 194.4 M02 1V0 195, 22.0 1.2 1.G1
S12 2. A 1.,3.17 .910 1.10 3..' 21.7 1a.P I,%
115/ 32 ,. 150, 10 13 2 1.17 3.3 21,5 S .12 13..I11 80 , 0 -, ." 7 1.18 13 2.1 1, IL, .S'1 )' F.G- .2i !,721.3b ;,J 71 ,t] -.1O 1.0
1A I- I 1,: 1214 1.3G " 2-'" ,

118 7 .061 i.1,i- 2.02 2. .03 11 . 24 .i1 1,1
12 4 A. 3 .17 4,0 4.32 3101 d 1 ,4 ?. .1Z29 GO ,1% 18,1 5.04 5 1.'3 355.,0 I0.? ,3
11M2 4 4 .,.J I 1 ,$7 082 8.13 .4 ,(0 1,1. 12.? ,1B

iTim N Altituue EPS CI2 G C42 Press [rose f DI d ew

ka .0 3 21,Q/3 /% 2g. -1g)2r2/3 ffo C lb.

11314 .0Ir 1 .1E-02 ..A-02 9.1 9.32E-02 101.1 1S.G 24.1 12/
112 1 44 U .125-03 3.1[-0 S,.0 G.32E-02 1015.2 1,? ?3. 1.2
.124 .0-1 '231-03 .OE- 2 8.9 3,40-02 1014.1 21. 4, '-.
113 3 k 0 1 1.L:a.-03 S.9SE-0E 63 , M .'2,-02 1012.2 19, ,6. 1. 11.S113] 104 ,01'5 I,)).-0i 5,.2-K-03 8.0 1,11SE-02 1009.,7 1 1-1.^ ,),0 10,d
140 51 '.1:-o3 2,4E-03 7.5 21I-02 102.2 1i,, ?. -,2

1144 54 .33'i 107-;_04 911-03 7. g.G2-03 991.7 17.0 24, 10,
1240 J . ,-0 3B1E,-0 301 10141 M £?51 4.,0 "M I1153 5? ,n(1 663 . -13 AE-03 , ,14-2 1011,2 D V, Z12Ml - ,Q 8... I.03

1201 26 , I34) -4 9.1 1.2 7,20E-03 71.1 17,0 121 1 11205 Q1 ,)', ,,a-i04 1,BE-03 7. . cEE02 9" 1. . :" K4 41
1211 ri .U;T a I'Y 2- ?.4 1.847-0,2 911. "

0 J.;
12i5 S?' MCI(& A,12 "U (,iff.-03 ,,3 1.(%[(-02 2%.0 / , :..

222 2,503 1, r-04 6.,1y-03 1i,2 1.41 -0M, 7 , C.7 I 778 i
1220, 10 5'i. -04 1.37E-04 .7 1.40E-02 51.7 3 .3 "W1,8
123 40 4.230 4.0)1-.14 11 31Z-112 .9 1 4-i 0 "*3 .1 2/1- -?],.I

I
I
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I
Table 18b. RSD Flight 5 (standard deviaticns)/averages for

constant altitude runs performed NE of RSD over deep 3
water.

IM UEVIATII[. PM MU.LSI

Ti E-Field 4La4 -Lam Con Curr MN EFS *C12 G q

111- .149 .274 .210, .242 .04 .37 . .03i .420
1121 .I97 .2ff0 .21 .27 8 .044 .29 .182 .Q% .380
i1'04 .1J .29 .210 2 .142 .N .72.L .043 .A46
114 .147 .A1 .0 .221 .(WO .327 .117 .07 .E I
113 . .142 .1 .A .214 .043 .4331 ,4/ .115 .35
117 .113 .1A0 .13 .13 .N A .35 .k .0J .67
110 .085 .I .1I/ .121 ,U2 .434 .M8 .041 .711

11205 ,111 .u8 .045 .082 .057 .-42/ , ll .07 .:,Q5 i
111 .1?7 .304 .0/5B .2v0 .674 .62. 1 i RO 1. j

1153 11 .212 .186 1.734 .038 1.61 ,EI .A1 .731157 .113 . 152 .03 .193 .050 .476, W3 .040 ,-Z
1201 .0C, .078 WUO OW 62 .05,30 .58fl .041 .3j
I . .61 .082 0 6 082 .057 .42/ 1 .Al .o- _0
1211 .198 .3.04 .074 .361) .094 ., 4 .,11 C2I 123
1215 1401 .'A .28Bd 1 745 .0.% 65 I. .1I62 1.7A?
122 .025 .033 .017 .013 .222 .113 1.11i .022 A44
1229 ,035 .02? .030 .42 ,151 ,31 .7 .02? .( 2
1Z,,2 .01/ .011 .011 .044 .11y1 .549 .171 .tM .OU7

2
I
I
I
I
I
I
I
I
I
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II

Table 18c. RSD Flight 5 averagesand standard deviatiors for
crtant altitude rus performd E of RSD followin

lime N Altitude '-field 4La& -Lam Ci curr letaV Rol Hum CN

RIM ki V-4. 10"-14 10'-14 10-12 C - V o.

1319 54 0ff6 I4.,9 1.06 1.(O 3. W 21.4 594 1.32
1323 S1 .015 0.00 1.02 1.04 0.00 21.d 5,5 1.28
132? 37 .(69 8&s 1-'00 1.Uq 3.29 21.4 57.9 1 ,301330 Y .11: 143.,3 .94 1.03 2.19. 21.3 60./ 1.4.£ 13Y3 42 .212 17.4 ,32 I.a 2.Q 21.' U.[I bO.8
133a .31A 112.63 .a 1.63 2.20 21.1 S; . 1,31]1339 53 .37? II9.0 .88 5 2.2 22.3 B.3 1.29

t rime N Altitt e E , 2 Freis Troe I I _

itm r2/ ,3 L2/Q/3 9/ Wk (,B.)2m"2/3 id C c r
1313 5 . i -IA 7.4-0 414-0 8.4 1.02E-)1 101.5 19.8 ?6,3 11.7

. .323 ,S UW I. B-02 8.4 1.11 401 1012.0 1.6 6.4 11.:132? 3/ .039 8.2Z -1)4 4.19-03 8.0 1.?1[-02 1011.7 19.4 25.3 10.LI1VI 37 .118 C;,I-04 2,.(( U3 8.1 1,101-02 1004.9 18.? 2_5., 10.91333 42 .212 5. 2Q-i4 1.33-03 7. 9.GE-03 9M3.8 11.9 23.1 10.;!1 , .314 4.1((-0.4 1.03E-03 7. 9.q E-03 982.1 17.2 25.1 10.2
1339 59 .317 8.4.--04 1.32E-03 6.2 1.14-02 374.9 17.1 19.4 10.7I

I ~i'avi LVlmlL/' _amL( -,-Ai wri Curr CON is2

31 .2J1 0 W13 ., 332 .053 ,28 ,..231 ,053 .50'J
3.000 ,  .6/4 .J. 0,WO .041 ,3U .361 .64 ?.,132 . 1 i P) .123 .; .l-,* .434 .48 .033 .53q133 .13 .1,11 .211 .169 .0 .449 .23 .032 ','10

I10 " '3 .10? .51,; .4 928 1041) 541
,,.33S3 :

I
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'I

I Fight: 6

i Date: 12 March 1987

Takeoff: 1156 (LT) from RSD

Landed: 1400 at RSD

Conditicns: High overcast and low scattered cumulus with bases near 1.2 km;

light precipitation at times during flight. Winds were from WNW at 2 to 4

m/s with no whitecaps and lin swells.

i Instnnents: All worked properly.

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

above 1.8 )an because of clouds. Ended spiral sounding 20 km NE of Cat

i Island.

2
I
I
I
I

1
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Table 19a. RSD Flight 6 averages for constant altitude rnms
performed E of RSD over deep water. I

VJMI~S FRLP LLV&1 AJR

lime N IiLtu-c- . f ld L -Lam Cu Curr lteta v i i.u DIN
km V/m 10-14 10'14 10 12 C - k/ci

1202 2 M 1E*,.24 1.47 1..a 3.iA 22.1 j. 1.2413h GO) 0G 12).40 1.60 1.3 3.94 22.0 /10.? .941208 5 AC( 132.24 l.-z I.5 4.21 22.2 11.? .97
1211 GO .013 119.S1 1.57 1. 3 3.134 22. 1 9j. .111214 49 .031 106.37 1.55 1.1 3.46 22. 0 j.4 .84
1217 53 .A1 88.02 1.6 1.81 3.0a3 22.0 19.8 ,I
1220 62 .101? 74.T3 1.71 1 .B 2.70 212.0 U6 1.031224 38 .i) /1.01 1.7.3 1.1 2.,1 22.3 6.6 1.02122? 34 .170 73J' 1.G8 1. 2.5- 22.0 /0.9 .951230 40 .2311 70.01 1.S5 1.82 2.A Z.I 74.
In, 34 M 752 1.57 1,72 ".U 21?.i 7 5.2 M8
1240 . i .;"7 1./0 .79 ?. ..2 1,.0 :
1244 43 .9/) 41.81 2.1 2.dI' .Gl 2 3 ,-"

2, 1.0? 44.02 2.71 2.[fj 2.44 L4.. .0 . 1
1" 29 1.604 33.8:3 2. .. 0 2,3 2-.? 53.7 1

1f N AtItuc U'S C12 9 C42 Press Irose I IR 1de I
40km m2/s3 C2/m2/3 gAg (g/kq2r-2/3 Mil c C C

1202 52 .003 1ME -03 1.91E-02 10.1 5"O8E-(Q 1017.6 2f.1 24.4 14.5
12)5 60 008 1.31-03 1.37E-02 10.0 3.5k-02 1011.0 20.0 24.2 14.4
120B 50 .006 9.8c-04 8.95-03 9.8 2.7E-02 1016.5 20.2 24.1 14.0
1211 60 .015 5.66C-04 3.5W-3 8.8 2.0--02 1015.4 20.2 24.1 12.211 49 .031 -.75E-04 1.U7F-03 9.2 1. 14E- 02 lWll3 119.9 24.1 12.9
1217 53 .061 4,59E-04 1.24E-03 9.7 9.707-I)3 1010.4 19.4 24.4 13.8!220 62 .107 4.2EE-04 1.03E-03 9.4 9.1 .-03 1007.2 19.3 24.4 13.11224 33 .140 4.7-2 .46 E-04 9.3 .8.,-03 1003.4 1S.3 24.G 12.0
1227 34 .170 4.MK -04 G.BE-04 9.5 B-A-03 9 1 0.6 A15 13.2
123) 40 .234 4,O-t4 2.74i--04 S.7 8.21,:-02 992,i 18.1 24.5 13.5
1233 34 L 0. 2227E-N 3.41E-04 9.4 7. , -03 060.b 17.2 4.3 12.7123 3/ .48 2.1-04 , -t5 8.44s-03 9C,7 15.7 24,3 12.6
1240 3 a 1 .,- 04 1 .5.-03 9.3 1.3-.-02 S44.3 14.1 24.3 12.1
1244 48 .970 9 Ul-0 E " 2.24c-03 8.1 5.44-03 910.1 12, ;24.2 5.21247 34 1.27 1, .- i 1.92E-05 4.9 2.67& ; ?77.2 11.1 'A.! 1.61 N 29 1..4 j 3.33u4 I ..;_-0 3-144,/ S.;2 24,0 , i

i
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I Table 19b. RS Flight 6 (stndr deviaticrm)/avrae for
ocratant altitude runs perfored E of RSD over deep

i water.

MM% MEVIAII 6MM ALLIS

ia. EField 'La -Li Coi Curr Ca EP • C12 9 Cc2

I 1202 .183 .094 .0 .187 .304 .401 .271 .02G .443
1205 .211 .03. .0/ .184 .075 .333 ., .ca .453
1211 .195 .05 .074 .11 .019 AGO .45/ .039 .580
1211 .141 .I14 .032 .1/5 .0AB .20 .315 .O1G .49
1214 0m .1is .02 .07? .071 .304 Gfi .01 .1
1217 .JIG .028 .035 .0/1 .Al .3 .A62 .015 .210
1220 .08 .63 O4 .01P .075 .3/ .481 .01G .243
1224 . 6 .09 .023 .074 .0571 304 .04 .015 .112
1227 .081 .154 .058 .019 .OG .418 .562 .013 .IG2
1230 .093 .03 .04? .X, 2 .486 .13 .96 .012 .123i1233 .Offi .A2 ,01,.7 .083 .or) .43) .641 .0'27 .170
1236 .06B .051 .018 ,Lai .113 -A0 .GM .OTG . 0?

NO .121 ,154 .U .1i3 .M6 .458 .03 .04A AOU1244 .154 .07 .120 .101 .121 2.ES 2.AI .133 1. UJl1247 .tM: .O033 .03) A0 .l- I li .4l3 4.488 .019 .123

II .I .081 . 2 .02 8 .Ir .7, .2 .046 .

I
I
I
I

I
I

I
I
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I ! I

I

Fli : 7

Date: 13 March 1987

Takeoff: 1320 (LT) from RSD

Landed: 1600 at RSD

Ooxiticns: Clear skies initially; erxountered scattered cumulus with

bases at 1.4 kn and 1.8 km tops during spiral d&nsmx ng. Winds were
fram the NNE at 4 m/s at takeoff and appeared to increase during the 3
flight. Few whitecaps and swells were <1 m.

Instruments: Positive conductivity tube was noisy.

Summaz: Made soundings 50-80 km NE of RSD over deep ocean. The ladder and I
spiral profiles were obtained in slightly different regimes as the latter
was performed in a region of scattered cumulus clouds. The aircraft was in 3
a 70 left bank during the spiral descent.

I
i
i
i
I
I
I
I
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Table 20a. RSD Flight 7 averages for constant altitude runs3 performed NE of RSD.
13 I1B7

I IIkFFOA~ LCtLRL.

line N Altitude E-fjeld 4U& -Lai Con Cur lI*t Uv kel I-i N (M
W . /r, 10-14 10-14 10"-l ./

1 6 % .01, 144.2 1.21 1.21 2.. 2'1.3 f2.1330 111 .11' 13'.27 .; 1.2 1.2 2 21.1 %. 1I3 40 00( 1,5. Y I.35 1.37 2.35 21.0 f..3 2.081340 3 .00 134.113 1.22 1.28 3.23 21.1 ').5 1.691342 4B .U15 120.50 1.2 1.38 3.15 21 . 1.541344 36 .031 110.30 1.34 1.35 3,11 20.2 58.8 1.51)1346 49 .1 109.21 I,29 1.42 2.M Al.8 .1 1.1313ll 410 .133 95.37 1.3G 1.47 2, al 20.1 55.'J 1.01
1%3 37 .'4 .A 1.42 1.50 2.41 20. . / I13% 37 .344 73.6/ '1,2 1.50 2,20 20.8 W.O .95l: kk :4 .. 43 70.03 1.42 1.40 2.04 20.0 ci,{ I.1114 13 1.5 G - 1.. .'3,I c1 4 % 1 , 0 / I . :, 1 1 . S 4 1 , Z 2 0 .8 c B .1 ,[iI1415 65 1.830 q I .LO 2.47 2.41 2.01 Z21 ' A.""
1420 1 '2 .2 ,I. 21.4 4.27 4.6 1.0 .. 1 1 .441 Q; 54 3-144 1Ii.;2' 4..] '3.31 1.87 29.5 2.3 .S1433 113 3. 12 5 :'.90 SS? 1.% 33.1440 41 4.216 12.3G 7.G! 8.38 1.9/ 34,7 13.0 .521506 W. .006 125.k 1.33 1.36 3.42 20.6 .E, 1.171512 70 .031 112.33 1.31 1.37 3.01! 20.5 54.3 1.25

1508, 50 .00 15 ,3-3 .3-' I /' .42 2 " 0 6 A IA
Ul*r 4 P.ltiluce - K' 1 C12 0 Wq Press 1irose UR Loclw

H:r 1"T iT.2/-3 02h/3 a/kc. (qA:g)3D2/3 ind3 C C
,1U 3 02 A. 1011.5 13.5 24.3 12.2

1330 111 .01'.$ 1 0.7,--03 G. 1E-02 6.2 a.1q:-J.: !0'11.1 I 23.9 I 1.31336 40 .006 E).1E.- 03 1.$6E-02 7.8 6.11-02 1012.3 19.4 24.0 10.
1340 63 .015 6.3L:-03 3. 4-02 '1 1.21,-0I 1012.G 15.5 24.2 10.4... S-i, 48,%.-02 ?19 A,. ,E-- Q 1011.2 1ID, 2 223.9 10.4
1344 36 .1)31 2,5- 'K0 9.1E -I -0 8.0 2.17E-02 1009.1 13.0 "4,1) 10.81346 49 .061 ..4-(13 4.(C-03 7.6 1,07E-02 1(1(15.9 1.7 '5.£ 10.11-51 40 .133 1.2-- 03 1,G%-03 7.3 1.0aF-02 2n.1 18.1 2 , 9.2133 Si 1224 .291:- 04 .0%- 04 7.1 7197e-(3 988, i7.2 24.1 8.71:5 3 1 i .31N 1 1" 4:-i 1 03 7.1 .. 981-0)) 9/4. l,; 4,

q334 ,. If. 04 3,1c.-(14 7,0 5.4 03 241,- 1-.( ,'4,1 7,140') 3' ,'} 7,'13:."-04 111,03 , i,21E_"i) 907.3 10.5 e 40 7.014t13 I . "14-u4 5.E 2E'03 .4 1 2 3.9 ?1 ' .141, ]35 1,;]9i .3 3 -- 4 1,2-_:-)3 3.5 129-i), 912.; 3.7 3 3
1, 42 ....... . - E.2 ' L142i '.34 :7,4 ,Ilg : 1.11) 2 ],.l-i~ 1,1 1.-0 333,-I 1 q ..' . 1 2, -2.21'!72( 113 " :"/ .1 9ini[ o,, iiLI .5 3,/9-014 4.2 ".0 4.

W;l! I IlX - -0.4 " ..

1441) 11 4 .21:; '2.3.1 04 ," 7 4,9-1)4 61.3 -1,1 22.2 -3).'9
15.08 50 .l 7(1,2 '-1- 2.7(t-(i2 ., 1At.1-(1013.5 19.2 b S,.3 ,15 1 , I. I i i'1 t1,> -'03 /.4 ,2,3/,-' l1111,/ 13.] "23,) ....

I
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Table 20b. RSD Flight 7 (stayrd deviations) /averages forcorstant altitude runs performed NE of RSD. 3
MMM ]I D EVIAIIONSMHA AfLES

Time E_Field 4Lam -Lam Con Curr ClI EPS C12 a Cn2

132G .169 .33O .014 .21 ,3 .317 .3G5 .01 .G431330 .I. .252 .(CS ,91 .4 -M .466 .041 .573133G .122 .299 .075 .214 ,IG .391 .413 .043 .543
1340 .192 274 .0% .137 .120 .289 .459 .(A .0391342 .14 -V2 .061 .218 .121 .198 .2/4 .045 .4521344 .171 .2(6 .1(1 .l~I .142 .320 .2 .04 .477134 .131 .183 451 .174 ,182 .? .82 .V) X .7131,51 .O093 .141 .038 .120 .07b ,368 .54? .025 .4071353 .044 .0/8 .01/ .0)74 .047 .519 1.091 .028 66138 .048 .107 .038 .M? .073 .242 .822 .023 .375135 .037 .0/1 .0 ,M .129 397 1.03 .022 .190
1400 ,044 .104 .121 .(74 .l .94 .341 .3 M,"i914L6 .23, .287 Owi.e ,"78 O2. 52"1,$1 1,112 33)4 1 1,S 1h1415 .24 .1i0 , ,1[ .182 ,16 .119,6 W ,124 .1113
142) .054 .029 .023 .04 ,153 Z2/,.' .107 ,i 11425 , 047 .013 .049 .042 .145 1,222 .S2 .2 .343
14 .3 .!3 .013 .017 .0)3 .35 1,.& 1.19? ,i.")/ ,..3rj1440 .034 .015 .008 .03 i i,07 .6 OS ,8 ,11.0 .7(015W0 .143 ,3J .0/7 ,2/! .103 .. 7. ,i .04/ 32
1512 AI M2 1 ,05 ,177 .u99 ,3% .317 ,[' ,5813

I
I
I
I
I
I

I
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Flight 7 (13 March 1987) 5
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I
SFlight: 8

3 Date: 14 March 1987

3 Takeoff: 1421 (LT) from RSD

Landed: 1554 at North Eleuthera

Takeoff: 1632 from North EleutheraI__
Landed: 1728 at RSD

SConditicns: Lcw scattered cumulus (<1/10 cover) with bases at 1.4 km;

lowered visibility because of haze in mixed layer. Winds at RSD were fran

the NE gusting to 12 m/s. Lots of whitecaps.

SInstruments: Both onductivity tubes were noisy; had added a high and low

pass filter to the Lyman-alpha output to record fast fluctuatios of3 humidity on the strip chart.

3 : A ladder profile and a spiral descent were made over deep water E

of Eleuthera enroute to the North Eleuthera airport. Up- and dcwnsouindings

were obtained upwind of the island on the return flight to RSD. Electric

I field records showed plume structure below 50 m altitude.

I
3

I
I
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Table 21a. RSD Flight 8 averages for constant altitude runs Iperformed NE of RSD over deep water.

MMI~lS FOI LEVEL HR3

fin N Alibuide L iew 'Lam -L Con Crr 1I*ti v ReI An aNW kip V/M 10^-14 1014 10"-12 C . /cl 3
1428 40 -A0 21A.2b A2 .44 2A0 It".5 511.9 2.401431 112 .01 177G .13 .14 .49 19.1 54.4 5.681439 5 .031 104.31 .27 -60 18.9 5 2.2M1443 44 .031 176.51 .55 -3 2.11 18.9 . 2 
1446 4? .12? 120.34 b? .65 2.06 19.5 48.0 2.%'1448 L2 .2 13 1,.GO .59 .8 2.00 19.0 50.1 2.14VU 0 .05 1.51 .61 .71 1 .99 18.9 53. 2.30
1451 " ., 124.2 . G O .7 0 1.8 18.8 62. 2. ?:4 lA 31 12& 13.0 .79 . 5 .6? 1.29 18.6 &2.r 2,2214% 20 1.291 87.C4 .95 .19 1.60 18 p3l. 9 2A)1458 28 1US9 %.?? 1 .29 1.2' J.18 20.0 /4.4 .42
1504 31 2.437 12. 4 4.71 4.97 1.21 22.3 'M. .5311:4V0? 'j! .03(1 Idp S. Tj 6.09 1.10 31.1 13.?J1b1 ill 3.&A4 1.7') /.24 7.15 1.11 3. 14d .51514 IN 4.AB 6.01 8,4 3? 1.03 34.7 15.4 Z

lime Altibifa a,' CT2 Q CQ2 Pris I Cae I IR I .iau4" k, 2/3 C2/2/3 .0K9 (y/g)2m2/3 gip c -C
142d 4) .00G I.8&5-03 3.1GE-02 7.2 1.37E-01 1008,4 19.2 24. G 9.21431 113 .015 4. OEE- (3 1.401-02 6.8 5.41E2 NO 07.2 1?.? 24.1 8.41439 5b .031 3.29E-03 6.7C--03 G.5 2.92E-02 1005.1 11.4 21.0 7. G1443 44 .Al 2.1I?E- 03 5.13E-03 6.2 2.OBE-02 1001.6 17.1 24.3 6.91446 47 .127 1.616E-03 2.43E-03 5.9 1.766-02 994.2 17.2 24.4 GA'1448 22 .213 1.12E-03 7.65E-04 5.7 7.14E-(1 984.2 15.9 4.3 5.51450 30 .305 18-31.01E-03 5.8 1.11-02 973.6 14.2 24 A1 5.61451 33 .601 5i.47r- 04 1.6A-03 51.8 S.586-03 SAM. 12A, 23.8 5.11454 31 .976 1.7.-04 1 .51C03 G.2 8.33--03 8%,.3 J.1 23.7 5.3
146 20 1.281 SXE-04 9.83E-03 SA4 2.30E-02 867.0 5.4 21.5 2.8I1458 2d 1,890 1.,5-04 2,20E-03, 3.8 580:-03 8095. 1.1 '.2 ,3150 s 2.437 6.8.-06 1.2-04 .6 ...- 04 73.2 3.J 23.4 -26.2
150/ 26 3.1030 4,58--06 1.28E-04 . 4.17E-04 699. .7 23.4 -24.41511 27 3E4 4.22--06 2,26-o4 .7 4,.5 3-04 GA8,4 -3.2 M,4 -26.31514 0 4.068 7,283-6 S.32-I0 .6 1,376-03 13.5 ..,2 2j.' -28.4

I
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Table 21b. RSD Flight 8 (standard deviations)/averages for
constant altitude runs performed NE of RSD over deep
water.

lie Lj 1 ielc 4Lam -Lm Con Curr W0 EFlS CT2 0 (o2

3 128 .103 1.110 .548 .864 .138 .2/G .185 .069- .343
1431 .093 .5Q .506 .510 .496 .3(8 .422 .059 .454
1439 .103 2.258 .901 2.80 .048 .648 .3 .047 .436
1443 .142 .2.A .095 .232 .035 .499 .771 .05N .521
1446 .AG8 .Ml7 .135 .18G .A8 .418 .431 .055 .57614418 .033 .10 .OYF .07B .4 A .S92 .1D5 .035 .2W0

1450 .I1 .216 .15 .165 .041 .49 .61 .057 AGO1451 .015 .072 .082 .0?5 .0 43 Ak M . 044 1.A.
111N ."12 .394 .189 .2-5 . Al .21b .48]8 .030 .513
I1f.6 .145 .4o9 .310 .400 .(JQ .786 .703 AM9 .0
1458 .127 .307 .210 .1W .318 .797 1.342 .139 . 5
1504 .079 .010 .009 .0% .722 .353 .311 .049 .036
1507 .037 .00"3 .025 .041 .1I7A .224 1.09)I .013 ,i l
1511 .029 .008 .018 .035 .124 .055 .2B4 .030 .0WO
1514 .013 .005 .003 AB 1N .187 .344 .024 .064
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I

3 liht: 9

3 Date: 16 March 1987

3 Takeoff: 1006 (LT) fran RSD

Landed: 1510 at Nassau

Ccriticns: Scattered cumulus clouds throughout the flight; bases were at1 1.1 km over the Gulf Stream (after 1245 LT). Winds were light and from the

E at takeoff from RSD; the direction shifted to NE later in the flight and3 gained velocity to an estimated 5 m/s. No white caps initially but began

to see a few n nearing Bimini.

I Instruments: CT2 bridge #2 began to give intermittent output so was

replaced by #1 bridge at about 1130 LT. The computer sampling rate was

increased for several low constant altitude passes to record simultaneous

humidity fluctuations and electric field variations for later spectral

i analysis.

S y: 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 complete 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 kn) and down-soundings enroute to Nassau.

I
I
I
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Table 22a. RSD Flight 9 averages and standard deviations for
constant altitude runs performed between RSD andBimini over shallow water.

ANPIbWS M~ LL Lk~ M

hiie N Altitude jr a L .a -AL Ci (urr Theta, .NIf ki 0V/r 10"-14 10-14 10)12 • " . k/cc 3
1014 4 .016 171.45 2 . . 21.1 233101/ GO .015 153.84 .Z ,M4 U) 21.4 51.G 1.IV10(20 41 .031 13.5S , .D1 2.21 21.3 A.8 1 I106 61 .006 168.82 .8/ .S11 2.V 21.17 58.1 2.21029 52 .031 118.1 .i .84 2.70 21.5 5,8 1.371114 21 2.516 15.37 3.37 3.31 1.17 31.0 11.5 A1227 9 .006 201.W .d7 Ai! A.12 21.3 7' 2.371x30 59 .1)31 13.SM .18 ./ 3.1) 21.5 11 .3 2.811I"3Q 27 .006 1%.15 .1 X.0 ,2 30 t5 2. 3. 12123 121 .053 154.51 .3 .01 2.;5 21.5 72.3 1.8/
1237 27 .128 11.23 .li .79 2. IF 21 14. 6 1.52I

(i,- N O.ftituae EN 3 CT2 CI., i" e froas L [ f, . I01 .ii , Ii.3 (2/,03 o/. (clA)2.r .1 4 C ;
1014 10 .006 1.36E-03 S.T L-03 8.:3 7,A2 -0 2_ 1012.7 20.1 23,0 11.41017 68 .015 6.98-04 1-8-03 8.2 4.21 -02 1011.3 19.7 22.0 11.110210 41 .031 4.14-4 1.I17--03 I? 4.2a--02 1006.9 IS.,: 21.7 10.1
1025 61 .006 1.85E-03 7.45E-03 9.4 7.11E-02 1012.6 20.0 22.6 11.5
1029 52 .031 l,6[-03 6.71E-03 8.1 3.9KE-02 1011. 19.9 23.3 11.J1114 21 2.576 3.41E-06 4.9f1-02 .9 4( .-04 745.1 5.3 23.8 -22.31027 9 .00 6.2-0t4 1.53E-02 10.6 3,-97.-11)2 1013.1 1S.3 22.9 15.12% 52 031 4-02E-04 5.01E-02 10o.0 2!5E.-(12 1010.8 19.4 22.4 14.21232 27 .0S 5.54E-04 1.04&-02 10.2 3.81c-02 1012.7 19.6 22.3 14.5
125121 .059 1.G0[-04 1.20k-02 Q.SL I.E.02 1007.1 19.1 22.2 14.0123 27 . ,?-7&L .1.-" .1.:-02 998.9 16.3 22.,0 13, 1

I

I
I ine E_ Je]o E'a1 --_am Cor, ',urr :;., c ' :2 .q

1014 ,1 t i U:!J . i ,1 , ( ,.. I.RI 25J .041 ,L ,12 ..492.'i if1 ,(8 ,
,03 . , -' . t .-'02 .)43

.12-0, ,3 ,.ii4 .0/4 ,16' u<i ,22 .33 3 ,4
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Table 22b. RSD Flight 9 averages for costant altitude runs
performed ever the Gulf Stream between Bimini and
Florida.

AUAS FO LEW, It4i3 Tie N fltituce LJf ld 4Lam "'LA (a; Crr Ith4av Re l RI HU
kill Wi, 10"1-14 10r14 10-12 3 7 k/c

.2 5 .fII 1/3 5 .84 J 4,.3 21.9 63.1 2.3
1248 54 .1O, 130.34 .80 ./5 2.1% 21.8 G3.8 1.9?Itq " IN 50 11cl1 I 12 A8 ,IN 'J. c 21,9 L1 3 " .'A
1I GO M.l 1481; .80 .781 2..L 21.8 G4.0 2.,1
1256, 21 .0{, 1148,6 0 ,n, 2,. 21.8 E4,9 1.6
130 5..3 Oilk 124.11) .77 ,72 2./6 Z .0 65.3 2.51;
1303 50 .015 IS2.3 .81 3 3,.0 21.9 67.6 2.61
1307 (6 -031 10i),.:34 .79 .72 2.23 21.8 GOA '2. ;
1310 46 .l1 .7 .54 ?.55 21.8 68. 1 M2
1312 35 134 1'i .6 .79 .71 2.34 21? G1,0 1.IS
1314 32 ,.2 V,,, .85 *, , 2.34 211.9 6,9 B.9 1.92
1317 51 .331) 13-.31 .2 .713 2.11 21.8 16,0 1.1
132112 .4? ,3 .5/1 1.'  31.8 1,A2i1324 4 , 3 I17. 41 .61, .1, I,. " L 1 1 85,3 1.,I4

1.. . 187,2I .. 22.!: £%. I I.E'
I 1230 ;21 1.32,?) £./ 1,07 1,1 .4 23.0 E 72,f

WS33G 1 .i1 2 .33 2.0 1,S 13 /85 .3 .7t6
IN0 32 4L,' "1,04 2.81 2.8 1.12 2L 93.1
1343 '3 3,&2 14.89 5.03 5.57 1.-v 33. G 9.1, IM
1347 37 3,55 13.?0 P,08 Go 1.74 34.8 13.6S13 29 4,09 10,?j 7,8/ 8.11 1.14 3.3 13.6 ,611

Iiioe N Altihtuce 0 12 I. CW? ,'rc se _R l.iew
Q~t n/-3 C2/in2/3 q./kq (g/)2~tr-2/2 m83 c C

I 1242 12 .A1 /,.3RE--14 7.0E-03 8M9 2.0?E-i)2 1.5 19.6 2,.6 12.4
1243 54 .00;3 2.78--02 3.64S-02 9.2 5,13,-02 1012.1 20.0 F3.I 1 .
1250 O .115 2,.3f_-3 2.19-02 ).1 3.55L-02 1010.8 120.0 25.9 "'12.
12I so .)31 1.22:_-03 9.5t-]-3 9.1 1,SY--02 10!l-,1 19,7 2 . 1,2.7
I2% 21 .Ol g, E-(,4 3.74E-03 9.1 8.RIE-03 1(1)5.3 19.4 25.8 12,513) 63 ,3 2.,3&-'f 3.GE-l02 9.5 4.43E-071111.3 211.1 _.2,9 13.e1303. .l/--3 I.84E-0 9.7 ?,1E-'O; 11109.9 19.8 5,9 13.7
13) 46 ,11 1 .33 -O 1, t--Y S. 1 ISE07 1008.') 1M 25.6 1..1310 46 .ub1 1,17i.-Ci3 610-03 A l, ',13f.-02 101015 19.3 2S.8 13 3
1312 3j .13'j 1 '1 .y--3 3.8i0--03 9.1 1,.1-1P2 999.3 18.6 2-3. 1 ,
1314 32 ,22 ,-9 9.5E-0 0 .3 9.1 7,013 87.2 18.0 2a.6 12.,
131/ 51 ,.310 7, - .13-0 3 31 - /5, 13 25.1 12./
132 51 -1U b.U&iA 2 /BE-03 9,4 .71r-1(3 -51ji. .1 25.1S 1,'
1324 46 2 9 51, -3 1 5.%--03 J . 1i . (G -0 'i41,1 11. 2 ;r.4 11 ,.

:9I
I,. 14 P..- , I I , .-I0251 11.3 24.;!13A) 2! 1,]., 3 2n .2-1):--4 J'.02:.-i); 7,. 1,0/ 0) Z' 3.' 4 1 .

131, 35 1 . 9: f; 2 dl -1-)3 ;).1 4.ttC,- -0- 813.A ;3. Z3.8 i..
I ~ IS ,2 U , F 04 2,. -{ ?E1 -. <[-1 (Q,[ 1, '4.1 1,;

"[;4 171,.J . ;i4. ,.. ,1 -03 1/ 11.1". -14 ,.',4 I1.? (-.I:' I -L .
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'I
Table 22o. RSD Flight 9 (standard deviaticns)/averages for

constant altitude runs performed over the Gulf
Stream between Bimini and Florida. I

I
1rM E eld 'Lam Lm Con Wrr UN 0. C12 0 Crq2

1242 .59 ,W 3.G15 3.424 .128 .34 .552 .0/8 .64 I
124B.(JU .,059 .X2 .1? .158 .316 .2Wi .036 .314
1250 .09 .065 .Y2 .122 .110 .257 .292 .042 .34
121A .00 .u0 u .0 6 .0% -16W .416 Ab6 .032 .427125G 0, OM3 .011 .084 .072 .306 .317 ,OV)O .1711
IM0 .1,1 .0&I .(% .1 29 .075 .228 .2Ql .032 .241
13Q 1 .1 .317 .174 .187 .305 .2 .03/ .243
1307 .100 .08 .101 .115 .070 .2B6 .15 .033 .2121
1310 .055 .026 .)38 .01 .122 .404 .32 .034 .2441312 .A4 .046 .086 ,A .116 .307 .343 .028 .289
1314 .1)3 .0/ .09 .071 .154 .454 .385 A,23 .15I131? .0: .0VA .075 .093 .133 .314 .30 .02 .126
1321 .044 .12 ,p .118 .122 , ,4 .3a .161
1324 .1 .103 .071 IE2 .074 .Y .495 .0 .115
1328 .AX3 .J/0 .343 .227 .? .102 .A52 .O .325
1330M.032 .025 .051 .0A .052 .716 /3 .012 .127
13 . -5 .02S' .0 . ,i' .109 .04 .1L .03 .1 8I
1336 .0/9 .051 .05 .(61 .202 .538 .159 .Kf5 .08
1340 .A2 .0,31 .? .115 .444 1.237 .2% ,031 .315
;343 .A37 .011 .027 .0% .6-55 .43 .072 .0212 .48 I
1347 .017 .A1) .Ol) .02u .107 .595 .144 .031 .&11350 .A*0 .007 .019 .045 fJ88 .579 .074 .024 .141

II
I
I
I
I
I
I
I
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I
I

Flight: 10

1 Date: 16 March 1987

If Takeoff: 1615 fran Nassau

Landed: 1750 at RSD

Crxiticrs: Clear skies overhead with scattered cumulus to the N and S of
If the flight path. Winds were fra the NE at an estimated 5 m/s. Very few

white caps.

U Instrunents: All worked properly.

I Smy: Soundings were obtained on a linear ascent between Nassau and
Governors Harbor over shallow water and a spiral descent fran 4.1 km E ofU Eleuthera over deep ocean.

2
I
I
3
I
I
3
U
5267
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Table 2. RSD Flight 10 averages and standard deviaticns for
constant altitude runs perfozmed just E of RSD.

lae N fPtItde L"_fied 4Lai -Lin Cull (Crr Ieta v ,l] Hu CIINw. km I/ 0"- 014 W-14 10"-I2 c - . k/cj
106 3? 006 15?.3 1.03 , ?. 20.9 2.5 1170' 3G .015 160.12 .33 .07 ".N .. 8 S2. 1.151712 48 .0J1 140.26 .99 1 2, 20. 1 62.4 1.16

Iime N AlIt ,we ES C12 11 a' Prn- [ f _rse lTI Ideu
4 'f Q/3 2A2/3 qko (gA.)21r2/3 4j V - 5
1VOL 3? ,008 3.K83)3 G.0?-02 8.6 8,3/E-02 1011.2 19.3 25.3 11.9
17C09 36 .015 1.9K-[-03 2.30(-02 8I.5 4i.011-02 1010.2 14. 1 25.0 11.7I
1712 48 .031 1.31F-03 8.90)E-03 9.5 2-..-02 1012.2 19.0 24.9 11. I

I
I

I
I
I

I
I
I
I
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I
I

F1igt: 1 3
Date: 17 March 1987 3
Takeoff: 1107 LT fran RSD

Landed: 1515 at RSD

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

groundspeed and airspeed measurements); very few whitecaps and ocean swells 3
<I m.

Instruments: All worked properly. I

Stmr: Flight consisted of 2 data taking missicns; 1) to obtain I
cxrnecticn current profiles and 2) to record electric field and humidity

fluctuations at various heights to examine the organizatian of ccnvecticn, 3
A ladder profile and spiral downsounding were performed recording all

instruments over the ocean 40-80 kn E of RSD. Then the computer sampling 3
rate was increased to about 2 Hz and only electric field, polar

ccnductivities, humidity fluctuatins (passively bandpassed between about

0.1 and 5 Hz) and the epsilcn R43 values were recorded. Constant altitude
runs were made over the same region sampled earlier, each consisting of a

crosswind and an up or donwird leg. 3
I
I
I

I
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Table 24a. Rsz. Flight 11 w ers -3 for ocrstant altitude runs

performd E of RSD over deep water.

I WJES FIM LEVEL UI-

hI. N Altitude -. field ~Lam -Lam Cmi Curr Wvetay Rel Hsa LI
t"*1 ks li/rn 10"-14 10'-14 11Y -12. v kic
11U 4? C 163.2 1.14 .1 3.* 21.5 55.1 1.441124 236 .015 1,.32 1.1 I.A 3.31 21.2 54.4 1.i113 130 .0b . 34 1.09 3.20 21.4 54, S.171140 54 .031 155.74 1.Y .1 3MS 21.4 56.2 1.2)1143 Il .A 134.03 1.11 I.3 2.8 21.1 %6.7 1.1?

1149 41 .133 114.80 1.11 1.0/ 2. 20. ,  55.8 1.21151 51 . 107.23 1.15 1.07 2.37 21.1 5.2 1.10'15 51 .X_ io0.IA 1.14 1.l3 2.3 21.3 61.0 ii159 49 .CN2 28.y3 1.24 1.1 2.13 21.5 ;0.2 ..J
1204 59 &A)0 67.03 1.47 1.:V 1.83 21.1 G2.4 81207 69 .i~5 31.9? 2.49 2.2 1.9 21.6 22.1
1211 41 1.;2 51 ". 1 , .61 1,3 22J2 41.8
1215 3S 1.12 22,Z 3.?2 4.08 1.1 25.3 . .1
1215 41 1.2 2? .1 6 .2 3 7.l 1 ,0 1 0 . 1 . 1 2 8 10.0
1 M M O 2 .4 41 5 !.1 4 . . . 2 1 0 0 9 ." 1. 1: Ik,3 1.0 .517
11 35 15.5 5.31 5. 4 1.81 32./ 1423 .4i1230 44 3.64 13.3& 6.6? U.-1 I.Q 34.9 15.2 .40
1234 11 4,1 4.10. 12 7.83 S., 1.21 36,3 15. 4 .41

ITime N A] tj tde Fps 6"12 a Cc- Press Trorse IR 1_de,
W., K1 12/s3 C2/m213 g/kg (c,/kg)2m-2/'. me c "c

1116 47 .13b I.?E-03 1.21E-02 ?.9 5.7?9 0 1010.9 19.9 24.1 I.M1124 23G .015 .,A .04 627E--03 7.6 3.12-02 1£8.1 19.5 23,8 10.-1
11355 130 .01S t.E-04 6.tA-03 732 ./Q-03 17.. 19- 239 10.21140 5A .031 5-S.A4-O S.ME-W-t lS 2.34-)2 1007.3 19.3 23.9 11).1 114 .£1 4.AIE-04 3.09E-03 7 1.0- .0-02 I001.5 18.8 23.9 1O.01149 41 .133 MI.41A 2,.-W3 7, 2 .33E-03 097.3 18,3 23.,9 9.21153 51 .22 '2-A-04 2,M-03 74 A E4 5..- M£].2 17.S 2M3 9.1155 51 ,30 2.27:-1)43.1)9C,-Q 7 5 8-147-03 977.3 IG.9 23.9 9.4I I159 49 .A.2 4,.'-(4 4.7?E-03 ?.D .5.U-02 .. 15. 9 233 D.D
1204 5S .62 ..E-04 4.84-03 GI8 I.TK412 941.9 14.5 24.1 ?.312 IT? .5 3-03 2.1? 4(-03 W.7 12.4 24.2 -c.O1211 4Q 1.242 2,1'.-04 .A 0-113 41,1 1 11c-02 V3?;.0 S-? 24.31 3.... 4 2.21E-03 , . , 1-04 ;:.5.9 10.2 24.4 -;;0.?121% , 1.33 1 .37 -'}i 4 )' 20- 1 Il 1 ,TR--0:1 113.3 S4 24.1e.! , 2.4 ,1,: £ , 1.9,[-03 ' ', I E -lf.4 "1 .,8 2 , 2 ,

1;% - A'1 I.: 12E.'On :'8E- (12 1 ~ 0 :.I/ I.7 2 4.B P; .[

123 4 1 71.710 1., "01 24 -' 61 14.
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I
Table 24b. RSD Flight 11 (stardard deviations)/averages for

constant altitude runs performed E of RSD over deep
water.

Tin E_Field 4Lam -Lam Con Curr aN PS CT2 0 CQ2

1116 .129 .0/b .1 .149 .052 .317 .2w .W50 6M.8
1124 .160 .04 .06 .161 .114 .33? .12 .053 .415
1135 .130 .m8 .071 .122 1S .432 .391 .053 .574 I
1140 .103 .070 .0(2 .139 .147 .323 .20 .044 .406
1143 .142 .0 .057 .132 .L61 .360 .331 .04 .A3
114S ,059 .(I,, .044 .058 .M.1 .416 .2J .-(9 .472
1153 .At6 .JY3 .039 .0l0 .03 .332 .13 .02/ . 3
1155 .0443 .0 .035 .0- .094 .9 .1AN .9 VG M ,U
1159 .A13 .091 .124 .113 .124 .73. .3 .01/ 1.N5
1204 .093 .107 .152 .128 ,I3 .617 .A/ .108 .W?
1207 .071 .0/ .107 .043 .087 .913 .15 .6c 1.42A
1211 .9? ,092 .2 .05 .0J1 .R .319 .1(6 053
1215 .018 .018 .034 .03 .3.5 .329 .142 .014 .159
1219 .035 .02? .034 .010 .119 .31 . 55 .0?7 .722
1223 .019 .017 .019 .019 ,153 .313 .232 .101 .3
122G .Au 0/ .063 .010 .2% .18? 2.018 .r031 0801230 .040 .0220 .021 .01/ .199 1.3Z9 .405 .tV5 .12iI 4 .018 .', .006 .021 .4 .S .? .01,3 ..32 3

I
I
I

I
I
I

I
I
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VI. DATA SLM~RIS AlND aiivwrCMIN CUREN PRFflU I
This section contains summaries of turbulence, electrical, and model I

partebs for each flight in both deployments in addition to plots of
convection current profiles. Definitiais of symbols and references to pages
where they are discussed are presented in Table 25. Parameters pertinent

to evaluating the charge transport model calculated from ladder profile
data can be found in Tables 26 and 27. Electrical parameters determined

frma spiral soundings are emaized in Tables 28 and 29 and ovrection

current profiles fran both field deployment are presented in Figures 32
thrugh 48.

As was indicated above, Tables 26 and 27 list values for parameters
necessary for testing Willett's turbulent transport model. Data are only 3
provided for flights where valid corvection current profiles were obtained. I

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 directicns are
frau observations made by Jchn Willett while operating the ground station

and wind speeds were measured with an anemometer at 2 m height. Since

there was sans uncertainty in the aircraft deterzinations of 6 , the

surface scaling parameters were calculated from ground staticn measurements

(note the suffix "gs") using the dissipation method. Aircraft measurements

of C were in nost cases a factor of 3 to 4 larger than ground station

values. We suspect a faulty RFM unit aboard the aircraft may have caused

this problem and similar difficulties in detennining Cr2 in the ocean

flights.

Table 27 displays results fran the ocean deployment. The listed times I
ccrrespond to when the aircraft was 15 m above the surface either beginning

or ending a ladder profile. Wind directions are fra aircraft 3
observations while the speeds were calculated frau the surface friction

velocity (x) and surface drag coefficients. (Speeds calculated in this 3
manner were generally within 10W of those observed fram the aircraft.)

Since there was some uncertainty in the C. 2 and Cq2 measuranents in this

284 1



I deplayment, the listed tperature and humidity surface scaling paraneters
are those calculated using the bilk aerodynaic twnque, hence the " bik"

suffix. V&Vn ;r2 values were divided by 3, T. values determined from the

dissipation method were omparable in magnitude to thoce resulting from

bulk calculations.

The aerosols 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, sane parts of the curve involve generous interpolation which

could lead to errors in determining aerosol cocxentration~s. This would

have a deleterious effect n the calculated volume ionization rates and

small ion lifetimes as well.

I Two new variables, R and V, are introduced in Tables 28 and 29.

Columar resistance, 1 , was calculated fran coductivity using the

following equation:
jgee

1:((omPm0 d + h (X4+X.Y'.POgee

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 secn term in the above equation accounts for theII
resistance between the top of the sounding and the inxs±ere and in most

of the data presented, represents less than 10% of RI.

Icrcsperic potential, V,, was found from integrating the electric5field and extrapolating it to the ionosphere as illustrated below:

.po.g..

VI (Volts) = j E dz + h Eapogee

5where, again, h is the electrical scale height at the maximun flight
altitude. The second term contributd around 10% to typical V,
determinations. The data presented in this section uses the ccnvention

that fair weather electric fields are negative, thus V, is negative.
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I
Assmding Chu's law to be operative in the atmosphere, V, = Jo R-

This, however, is true only in the absence of convection current. The

ratio R, J0 /V, (cmnective factor, C.F.) when subtracted from 1 gives the
fractional decrease of J0 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 from 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 Jo i
values listed in the table. The altitudes have been nrmalized by dividing

each height by the boundary layer thickness, Zi . Similar profiles for the

ocean flights listed in Table 27 are presented in Figures 40 through 48.

iI
I

!
l
I
U
I
i
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Table 25. Summary of symbols used in Section VI tables.

Variable Definition Units ref. page

U* Surface scaling parameter for m/s 21
velocity.

T. Surface scaling parameter for °C 21
temperature.

q. Surface scaling parameter for g/Kg 21
humidity.

IZ Boundary layer thickness. m 20

3tau lan Electrical relaxation time. s 19

Aerosols Large particle cocrentration, nm- 12

R C ucticon current density. pA/n- 18

J.. Electrode effect efficiency - 18
factor.

V Dimensionless potential drop - 19
across the boundary layer.

L monin-Obukhov length. m 22

3 taun Small ion lifetime. s 19

q Volume ionization rate. m- 3 s- 19

5 R Dimensionless potential drop. - 22

-Zi/L Convective scaling factor. 22

lan tot Total oaxbctivity cMh- 1 nr1  11

RI Columnar resistance ohn m2  285
extrapolated to the icxosphere

VI Integrated electric field V 285
extrapolated to the icnosphere

C.F. Ccwection Factor = R, Jo/V - 286
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Figure 32. Hobbs Flight 4-1 normalized convection current profile.
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Appendix A 3
AMCA1T nvrc it OF E!L7RIC QCNM FLWC OVER LAND AND SEA

Bruce Anderson and Ralp Marks n
Airbone Research Associates, Weston, MA 02193

Oristpher W. Fairall
Permsylvania State University, University Park, PA 16802

John C. Willett
Naval Research Laboratory, Washington, DC 20375 1

AB8'1j : Aircraft measuremtts of electric field, coductivity and
turbulene ters fran heights of 3 m to several km have been.
made to examine the electrical and meteorological structure of the I
unstable planetary boundary layer (PBL). Our findings indicate

that: 1) strcng electrode layers form over the ocean but are often
inhibited over lan, apparently because of surface radioactivity,
2) covectiin-current profiles appear to be governed by electrical
relaxation and turbaenoe intensity as predicted previously by a
numerical model of turbulaent charge transport, and 3) vertical
electric field 1measurnets, 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. 1

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

Convecticn currents, formed when electrode-effect space chary, is
tupward by turtulent 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 U
electrical generator which raises the potential in th PBL, effectively
reducing the air-earth conuticrn-cuzrent density abov the exchange
layer (Willett, 1979).
Hoppel and Gathman (1971) nodeled the electrode effect using an eddy-

diffusion approKxlticn which, though giving accurate predictions in
some cases, fails to describe large convection currents. Willett's
(1979) second-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 caivecticri-current intensity. Aside from a limited numiber of
measursiuits made in a thin, weakly convective PBL over the ocean
(Markson et al., 1981), no previous attempts have been made to study
the convective generator with a Cmplete array of atmospheric
electrical, meteorological and turbulence instruments.

i! I DESIGN

Ouw primary experimental objectives were to determine the electrode-
effect source strength over land and sea and to obtain onvection-
current profiles under a variety of atmospheric ccnditics in order to
test Willett's model. To accomplish this, to sites were selected for
the field experiments: 1) Hobbs, New Mexico, a flat desert region
charci zed by sparse vegetation, intense dry ccnvecticn and an 3
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unusually thick FBL, 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 t perature, cloud-condensation
nuclei, and the tubzulence-stnicture functions for velocity,
t erature and humidity. These were used to derive conduction- and
convectcn-current densities, electrical relaxation times, inversion
heights, atmospheric stability, and surface fluxes of heat, momentum,
and moisture. Mean winds were derived from airspeed and LranSgrx~sped measurements. The use of a light aircraft allowed
masurennts 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, turbulerne-structure functions for teiperature
and velocity, and Wilson current. These provided a check n the
aircraft data as well as an idependent means for determining surface3 fluxes.

DIS~SI1IOF 7 P 9 VATICNS

Figure la is a typical example of PBL electrical structure in the
Bahamas; Fig. lb depicts meteorological profiles for the same flight.
T, lower trppheric structure consists of a well mixed PBL capped by
a weak inversicn near 700 m (Zi) and a secondary inversion at 1300 m.
Within the PBL, the electric field increases with decreasing height
while coctivity remains constant, indicating a convection current
(c) - The magnitude of Jc can be derived through the relation
Jc=Jo- E ., where Jo is the air-earth oonduction-current density well
above the inversion, E is electric field and X is total crnductivity.
By the "physics" sign convention, E and Jo are negative while Jc is
positive in fair weather. The shaded area in Fig. la indicates the
increase in conductin-current density (E > ) caused by Jc. The
strength of the electrode effect charge source is characterized by the
maixinui Jc (Jmax) value, which in this case is about 1. 1 pA/m 2 .II
Normalized Jmax values have been shown by Markson et al. (1981) to
correlate with surface fluxes of moisture and momentum.

Preliminary results are summarized in Table 1. Nine soundings were
obtained over water when measurenents from the full complement of
instrumentation were unambiguouis. Jmax values ranged from 0.7 to 1.8
pA/m 2 (57% to 93% of Jo). The average Jmax/J o of 0.74 is in fair
agreement with theoretical predictions of 0.60 to 0.65 by Willett
(1983). Volume ionization rates calculated from conductivity and
aerosol measurements averaged 1.5 x 106 m- 3 , which is ccnsistent with
that due strictly to cosmic radiation (Israel, 1970). Air temperatures
ranged to from 1 to 6 °C less than the sea-surface temperatures,
resulting in significant convective mixing on each flight.

Desert Deployment
Cniditiais were not as uniform in New Mexico. The PBL height through

10 flights ranged from 400 m (early mrning) to 2800 m (afternoon) as
surface heating controlled convection. Aerosol concentrations averaged
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 snaller in New Mexico. Jmax values ranged
from 0 to 1.3 pA/m 2 (0 to 65% of Jo) and Jmax/J o averaged 0.3, much3 less than the predicted range of 0.7 to 0.9 (Willett, 1983). PBL
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volume-icnizatim rates averaged about 8 x 106 m- 3 , 5 times larger than .
the oceanic values, due to a cotinaticn of radioactive emanations,
surface activity, and increased cosnic 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
mornng before the onset of canvecticn. 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 onset of
corpxvctiai destroyed most of the conuctivity gradient, although some
aftenxc profiles showed a small increase in ccr~r-tivity near the
surface. Tus, the electrode effect probably was inhibited by
des~itin of Radon daughters on the vegetation (Willett, 1985), Thorcn
gas emission fran the soil, or some other form of surface
radioactivity.

Effects of Turbulence
The columnas in Table 1 headed R and -Zi/L are trblence parameters

used by Willett (1979) to predict the strength and shape of cInwecticn-
current profiles. R is a ratio of electric to turbulent time scales
given by R = u*rx /Zi, where u* is the friction velocity and 1x is the
electrical relaxation time. The larger u* becomes, the shorter will be
the mixing time in the PBL, and for a given 1x, the higher charge will
be tranrt before decaying. The ratio, -Zi/L, is an indicator of
ccnvectic strength, where L is the Main- Lk b length and Ies
aR' tly the height where mechanical and bxcyant generation of U
turbulence are equal. L is dependent on the surface buoyancy flux
(produced by both sensible heat and water-vapor fluxes) and u*, and at
constant wind velocity, -Zi/L beccmes nire positive with increasir

As Table 1 indicates, both R and -Zi/L ware larger in the ocean

deploymnt. Small R values at Hobbs were caused mainly by the higher
ionization rates and thicker PBLs, while -Zi/L ratios were affected by I
the latter and by stronger mechanical turbulence due to the greater
surface roughness. Figure 3 displays rmai o- c urrent
(Jo/J o ) profiles from both locations with aproximately 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
convectin currents, in good qualitative agreement with the model (see I
Figs. 1 and 2 in Willett, 1979), although in some cases the model
predicts currents which are larger by a factor of 2 or more.

Since these upward convection currents must be balanced (in the
steady state) by increases in the dorwnard 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
downward flo of charge in the fair weather atmosphere. The reductionI
in total downward current density (Jo) due to convection currents alone
averaged 12% over the ocean, but only a few percent in New Mexico
(Marksm, this conference).

Oceanic Cnwecticn
Horizontal variations in vertical electric field near the ocean

surface were found to be highly correlated with humidity fluctuatins
(q') as illustrated in Fig. 5 (r=-0.54; N=288), which is consistent with
earlier findings (Markscn, 1975). Moisture as well as electrode-effect
space charge are accumulated by air motions into small plumes spaced at I
200 to 400 m intervals and transpor to the interior of the PBL
where, on windy, convective days, larger scale organization occurs
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(Ku , 1971); cloud streets are a manifestation of this effect.i Since space charge accumulates in these large updraft, electric field

measurement 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).

I COCLUSIMS

Preliminary analysis indicates that strong electrode layers and large
convection currents can form over the ocean, confirming previous
investigations (Kraakevik, 1958; Markscn et al., 1981), but tend 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.

I This work was supported by the Air Force Office of Scientific
Research under Contract F49620-86-C-0013. We would like to thank the
Bahamian goverrment, Mr. Breon Leary and other personnel at the Rock
Sound Airport, mmbers of the Hobbs Soaring Society, and in particular,
the late Mr. Jack Gcmez for their assistance in the field deployments.
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Appendix B

COMISW OF IONOSPHERIC POTETIAL AND AIR-EA HI
CJRR1T AS INDICATORS OF THE GLOBAL CIRCJIT CURRENT

Ralp Markson

Center for Meteorology and Physical Oceanography
Massachusetts Institute of Technology
Cambridge, MA 02139

ABSTRACT: The sensitivity of ionospheric potential and air-earth
ccnductin currents (above the exchange layer) to variaticn 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 columnar resistance and convection of space n
charge as predicted by theory. It would not be a good parameter formeasurement of temporal variation of the global circuit.

INTRODUCI
A decade has passed since it was proposed that... a Geoelectric

Index representative of global thunderstorm currents should be U
established to complement the Gecmagnetic Index which has proven
invaluable in solar-terrestrial research" (Marksn, 1979). Additional
discussion in Markson and Muir (1980) concerned how such measurements U
could be obtained and utilized to test a proposed mechanism for solar
ocntrol of the global circuit supply current through mdulation 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)
recommend measurenent of the air-earth conduction current from a free
balloon while Markson (1987) responded that ionspheric 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 icrosphere-to-earth columnar resistance
(RI) (as well as %0porting data) have been measured simultaneously U
from 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 U
(Jc), the convective generator, on VI and Jo"

MErECRLOGICAL FACTORS U
Columar Resistance

By measuring conductivity profiles it is possible to compute
columar resistance which is the reciprocal of conductivity integrated
betyeen two heights; this is in effect the resistance of a coluTn of I
1 m cross-section. A sounding between the ground and top of the
sounding (apogee) provides the resstance in that column. The
remainder of R to the ionosphere can be estimated by multiplying the
resistivity (r4ciprocal of conductivity) and scale height at maximum
altitude in the same way as electric field times scale height pro -ides
the voltage difference fran 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 = VT/RI. Therefore, if V remains
constant, an increase in R will cause a decrease in Y. Since R,, is a
function of aerosol loadin and ionization rate, which in turn are
nxxulated by nuzercus natural and man-made factors, it is expected that
J will vary accordingly. Detailed discussion of how meteorological

actors in the lower atmosphere affect VI and Jo time-series are in
Markscn (1984; 1985).

Convection Currents
The global electrical generator maintains the fair-weather

ccnucticn current above the exchange layer (J ) which is constant with
altitude (Kraakevik, 1958; Markson, 1981; 7A s et al. ,this
volume). This is because there are no generators in this region;
changes in ccructivity are exactly balanced by changes in electric
field to maintain a constant current density from 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 Kasenir (1956). Thus, within the exchange layer the measured
donward 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 renai&s unaffected
by local PBL processes, there must bS an adjustment (reduction) in the
potential gradient and J above the exchange layer because a smaller
potential difference occurs between the PBL and the icrosphere
(Willett, 1979). It is possible to determine the percent reduction in
J above the PBL due to J through the fraction J /J = J /(VI/ I
wFich is the measured oonduction current divided Sy hat ?he&A Ient

twould have been if there were o J . We define this fraction as CF,
the "convective factor".c

In sun, changes in R and J within the exchange layer will affect
the current density locally abhve the PBL, while at latitudes lower
than the polar cap region (where there are no icospheric or magneto-
spheric generators) the ionospheric potential will remain globally
representative (Markson, 1985). This assumes J is a local generator;
if J occupies a sufficiently large fraction of Cthe Earth's surface, VI
coul 8 be increased. Time-series of J measured from a ccrstant
altitude balloon or aircraft well above the exchange layer crossing
regions of variable RI or J would undergo changes because of the
factors described above.

ERVATICNS AND DISCUSSIW
Table I is a summary comparison between mean V J R and CF

values at Hobbs and the Bahamas. The effects of oth"the differences
in RI and CF between the locations is readily apparent. While the mean

V was slightly larger (2%) in the Bahamas, J was 56% lower in the
Bkamas, i.e., (J Hobbs - J Bahamas)/J Bahas. This was mostly
caused by RI at H&bbs being 92% lower than 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 from a location
w~ere variations in aerosols, conductivity and convectin are larger.

I
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Table I. Ccnpariscn of Mean Hobbs vs Bahamas Data

Parameters Hobbs Bahamas
V (W) 2 237 1.682
J1 (p /m) measured 2.62 1.68
J? (pt~m ) rare 1.4-3.2=128% 1.05-2.1)=100%
0 0 (o)-m 9.36 13.7

CF 1.00 0.88

Bahamas Measurements
Figure 1 summarizes the relevant parameter time-series for the

Bahamas data. Ccrrelaticn coefficients have been omiputed 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 J and R (r = -0.92). It is also seen that J is
positively correlatedwith C (r = 0.89). Thus both variations inOR
and J strongly modulate J in the expected directions. Ccnsicring
the effects on the V measRr nt. It also is found that V is
correlated with R (f = 0.63), but not as strongly as R1 i with J
and the correlatio& is positive. This suggests that the soundings were
not made sufficiently high and error was introduced into the VI
estimate because of aerosols affecting the electric field at aogee.
The average height of the Bahamas soundings was 4.3 km. A summary of
conductivity profiles fra 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 expcnential increase in conductivity with height which the
scale height increment estimation procedure assumes. The effect of
cnvection (CF) on V is rot statistically significant (r = -0.47).
There is a negative, -but not statistically significant, correlation
between VI and J (r = -0.38). Sumarizing the Bahamas data, Fig. 1
indicates that R variations cause about 2/3 and Jc causes about 1/3 of
the J variaticn.C

0

Hobbs Measurements mI
The Hobbs data have been treated in the same manner. Fifteen sound-

ings were made to a mean apogee of 6.3 km. Correlation coefficients
(13 d.f.) at the 5% and 1% levels of significance are r = 0.51 and
0.64. The inverse correlaticn between J and RI (r = -0.79) is seen by
inspection. Similarly there is a positive correlaticn between J and
CF (r = 0.56). J is affected as expected by R and J . Considering
effects on Vi, th correlation with RI (r = 0. 41) is a4ain positive but
smaller and Fat significant. This could be explained by the fact thatthe soundings wer made to higher altitudes and there was less aerosl

effects at Hobbs. There was no effect of CF on VI (r = -0.11) and no
oxrrelati between V I and Jo (r = 0.09).

Differences between the Bahamas and Hobbs results can be interpreted
in view of differences in conditions between these regicns as discussed
in the companicn paper by Anderson et al. , At Hobbs there was very
little J and the CF average was 1.00 (capared to 0.88 due to J in
the Bahakas). Also the data for Hobbs had somewhat larger sourc8s of
error because of instrumentaticn factors and the fact that there was
less horozcntal hcmogeniety in the ccnvectively unstable atmosphere.
The latter affects the aircraft spiral soundings which are made over a
regicn of about 5 to 10 km diameter.
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The above analysis indicates that measurements of J from a platform
well above the exchange layer would be an unreliable mzthod for observ-
ing the variation of current in the global circuit. Typical local
variations caused by the combined effects of changes in R and
ocvecticon of space charge could introduce variations on he order of
50%. It should also be recognized that ragicnal and global variations
in R from cosmic radiaticn ionization and aerosol loading will
strlgly mdulate J which is twice as large at Spitsbergen andGreenland as in thecSahamas because of these factors (Markscn, 1985).
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