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Abstract
We describe the current-meter data collected from 4 moorings

(11 current meters) in the vicinity of the Blake-Bahama Outer Ridge.
These 12-month records document both mean and eddy activity of the deep
western boundary current of the North Atlantic, near 30°N. 1In addition

the temperature records show large-scale, westward propagating eddies in

which the ocean above the thermocline actively affects the abyssal jet.
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This volume is the twenty-first in a series of Data Reports presenting
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Group.
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the 1973 MODE array, the MODE Site moorings, the 1974 Rise array, the Saint
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EXPERIMENT DESCRIPTION

In May 1977, the Moored Array Group set out 5 moorings with 15
temperature recording VACM current meters and 2 M,I.T. temperature-
pressure (TP) recorders in the vicinity of the Blake-Bahama Outer Ridge
(near 30.5°-31°N, 73.5°-76.5°W,see figure 1). The duration of the obser-
vations was twelve months. The purpose was to provide the first long-term
measurements of the deep western boundary current in the North Atlantic,
sometimes known as the Western Boundary Undercurrent. Supporting hydrographic,
geo-chemical, radio-chemical, and XBT data were collected by Rhines on
cruise 31 of R/V Oceanus, and during the mooring pick-up, cruise 100 of
R/V Atlantis II. At the deployment, cruise 66 of R/V Knorr, hydrographic
data were collected by Larry Armi.

The 12-month mean currents, figure 4, show the abyssal flow, with
speed increasing downwards (below the thermocline). The deepest measure-
ments (200 m above bottom) lie close to topographic contours. The bottom
slopes steeply in this area. The mean path of the abyssal current thus
follows the deep topographic boundary on its way south.

As one moves upward from the bottom, however, the mean currents
veer significantly. This veering is always in a sense appropriate to
allow some of the flow tc rise up and over the topographic obstacles.

At mooring 618 for example, the flow has passed southwestward along the
gentle continental rise north of 32°N. Then, it is confronted with a
major obstacle, the Blake-Bahama Outer Ridge, which forces it to turn
southeastward. The convergence of the isobaths suggests a thinning and
acceleration of the flow.

The current only partially negotiates this turn, flowing up and
over the Ridge crest at shallower levels. Even in ignorance of the topo-
graphy, we would know that clockwise veering as one moves upward redquires
upward vertical velocity, from Bryden's (1976) rewriting of the thermal
wind equation. The vertical velocity inferred in this way from the veering
is indicated in figure 4.

The mean current in the deep jet reaches 21 cm sec-l at 3800 m,
on the eastern flank of the Ridge (record 6183, figure 6) decreasing upward
to 5 cm sec-1 at 2000 m (often taken to be the 'level of no motion' in

classical studies). Combined with the hydrography (e.g. the August 1977

section of Oceanus 31, figure 2) we can provide estimates of the volume
transport of the abyssal circulation.




The time-series from the deep jet, page 18, show the mean flow
standing out well above the eddies. The jet reaches speeds of 40 c¢cm sec:—1
and, occasionally, shuts off entirely.

Eastward of the jet core, we placed mooring 620 to catch the sea-~
ward fringe of the current. In fact, the l2-~month mean velocity at this
point was north-westward at all levels (figure 4). Comparing with figure 2,
we see that the broad region of sloping isotherms, which would suggest
a broad southward flow, is atypical. The instantaneous current (page 19)
was southward (i.e., atypical) during this section, and during several
others that we have taken. (The important section of Amos, Gordon and
Schneider (1971) also resembled this one.) This underlines the value
of long-term current measurements in augmenting hydrographic determinations
of transport. The mean southward current is thus more barotropic and more
narrowly confined (laterally) than the classical, purely hydrographic,
determinations suggested. One of a number of chemical tracer sections
from Oceanus-31 is shown in figure 3. This shows the (bomb-test)tritium
concentration, forming a strong, narrow core in the abyssal jet (Jenkins
and Rhines, 1979).

On the west side of the Ridge, mooring 617, the mean flow involves
a downward vertical velocity, complementary to mooring 618. Otherwise,
the flow is basically along depth contours. Downstream, at mooring 616
the jet once again encounters a converging, leftward bend in the isobaths,
and the vertical velocity is positive, with the upper levels negotiating
the turn less perfectly than the deep layers.

The deep flow at the seaward end of the array, mooring 620, is
oscillatory with roughly 6 month period. This is clearly a different
new regime, from that of the jet. The northwestward mean is consistent
with the schematic circulation diagram of Worthington (1976), which has
a strong, deep gyre beneath and south of the Gulf Stream, flowing north-
westward in this area.

The single upper-level current meter, 6171, at 600 m, shows a 'parade'
of warm and cold eddies passing westward across the region (page 25 and

page 17). Some of the cold eddies are well documented as Gulf Stream rings
by Richardson (1969). These alternate with larger warm features in

which the 18° water content is particularly great.




The upper-level mean flow at 6171 is strongly westward, in nearly
the same direction as the isobaths and the deep flow. This may represent a
concentrated inflow to the Florida Current, which is known to entrain
considerable amounts of water between the Florida Straits and Cape Hatteras.

The temperature time-series show unexpected coherence in both hori-
zontal and vertical. Despite the 0(100 km) spacing of the moorings one
sees in page 28 a systematic westward phase motion of temperature features,
across the array at 2000 m, at speeds of order 3 km day_l. The hydrographic
sections verify that very large-scale warm eddies (of order 300 km in
east-west extent) were present, accounting for this coherence. In this
special region, where the southward flowing boundary current turns westward,
its path temporarily coincides with the sense of westward propagation
that prevails on a B-plane.

The vertical interrelationships of temperature show coherence
between 600 m and 2000 m, page 25, and coherence of certain events between
these levels and the deeper water, pages 24, 25, 26. The most striking
effect is the penetration of 'sudden warmings' down through the water
column, e.g. at the end of July at mooring 618. This occurs at the leading
front of large, warm eddies of 18' water, as it passes westward across the
moorings. This deepening of the thermocline evidently imposes downward
vertical velocity right to the sea floor (The downward motion is made
possible by the steep slope of the ridge.)

The corresponding velocity events, page 18, current meter 6183, show
the deep jet to switch off suddenly during the warm pulse. It is uncertain
whether this represents a seaward meander or a pulse-like event in which
the jet ceases over the entire cross-section. 1In either case, it demonstrates
how eddies above the thermocline can induce major disruptions in the deep
flow. After this 'shock' the deep jet quickly recovers, surging to a

1, the fastest of the entire year.

speed of 40 cm sec
Final resolution of the coherent structure of the jet pulsations

will, regrettably, notbe possible from this data set; mooring 619, which

was set 16 km northeast of mooring 618 to provide such information, was silent

during attempts to transpond with it in August 1977 and again in May 1978.

xi




It is speculated that the height, stiffness, and drag of the mooring
(bottom to 600 m depth, with 70 glass balls) led it to drag southeastward
in the unexpectedly strong currents. Acoustic searches were carried out,

extending 10 miles upstream (NW), 40 miles downstream (SE) and back, on

the May 1978 pick-up cruise, R/V Atlantis-II-100.




Instrumentation

The instruments represented in this data report are the Vector
Averaging Current Meter (VACM) and a temperature and pressure recording
device (T/P) developed at M.I.T. (Wunsch and Dahlen, 1974). The VACM
uses a Savonius rotor to measure water speed and a vane and internal
compass to measure direction. East and North components are calculated
from the compass and vane values 8 times per rotor revolution. The
components are accumulated over the recording interval resulting in
vector averaged velocities.

The VACM has a thermistor embedded in its end cap just above the
vane. Temperature accuracy is approximately .01°C (Payne et al., 1976).
The top instrument on each mooring was equipped with a pressure sensor.

The T/P contains a thermistor and pressure sensor. Temperature
accuracy is about .01°C; pressure accuracy is .03% of sensor full scale.

Both the VACM and T/P contain a crystal oscillator with an accuracy
of * 1 second per day to set the time base and record on Phillips-type
cassettes with Sea-Data recorders.

Data Quality

Except for mooring 619, which was lost, data recovery was excellent.
There were two problems, both with pressure: in record 6161 the pressure
signal drifted 12 decibars or 1l months; in record 6181 the pressure
signal ceased after 4 months.

Data Processing

The cassettes were transcribed to 9-track computer compatible tapes,
and the data were converted to scientific units, edited to remove launch
and retrieval transients, and linearly interpolated across missing or
erroneous data cycles.
The data are identified by a mooring number (here 616-620), a
sequential instrument numbered from the surface down (e.g., 6163 is
the third instrument down on mooring 616), a letter to indicate the
data version (e.g., 6163C has been through three editing steps), and
a number to indicate the data interval in seconds for that version
(e.g., 6163C900is the basic data series). 1H in place of the number indicates

a one~hour averaged version, 24 GAU indicates a 24 hour subsampled

version of a Gaussian filtered series.




The T/P data were processed by the T/P processing group at M.I.T.
They are identified by a mooring and instrument number and a data record
time interval.

Data Presentation

The presentations in this report are time series, progressive
vector plots, spectra, mean statistics, histograms, and scatter plots.
Additional details are below. Composite plots appear in the printed
portion of the report. Presentations for individual data files are
presented only in the microfiche portion.

Time Series

The presentations use several averaging times. The 1 hour version
is made by vector averaging the 900 s basic series. To make the 24 hour
series, the basic time series is first filtered using a symmetrical
running Gaussian filter with a half width of 24 hours. The filtering
is sequential and the resultant time series is 48 hours shorter than
the input time series. A simple running hat filter is then applied to
form a series with one data point per day, the point representing the
average from midnight to midnight.

Variables versus time (pages 24-30) and current vectors ("stick
plots") versus time (pages 16-19) are presented. The former are based on
1 hour averaged series subsampled every 4 hours, the latter on the 24 hour
series. Current variables are presented as speed and direction in the
microfiche portion of the report.

Progressive Vectors

Based on the 24 hour series, the current vectors are placed tail-~
to-head so as to show the path that a perfect particle in a perfectly
homogeneous fluid would have traveled. The plots (pages 20-23) are useful
for giving an idea of flow regimes and low frequency behavior. Symbols
denote the end of a month.

Spectra

The horizontal kinetic energy (HKE) and (where available) the
temperature and pressure series are displayed as spectra computed from
the basic series.

The horizontal kinetic energy spectrum is half the sum of the

spectra of the east and north components: it has the advantage of not

being tied to a particular coordinate system.




The HKE, temperature, and pressure spectra have units of (cmz/secz)/
cph, (°C)2/cph, or (dbar)z/cph, respectively. The spectra are all
one-sided, i.e. the area under the spectrum is equal to the variance of
the original record. The spectra are presented as linear-log plots
("variance preserving”) in the printed portion of the report (pages 31-42)
and as log-log plots (not "variance preserving") in the microfiche portion.

The current meter spectra are all calculated based on averaging
across four data segments of 4000 points each, followed by frequency-band
averaging across three frequencies with a recording interval of 900 s.

This gives a lowest frequency of (666.71’1)_1

and a highest frequency of
(0.5n) "', The TP spectra are based on averaging across two data segments
of 4000 points each, followed by frequency band averaging across three
frequencies. With a recording interval of 1800 s this gives a lowest
frequency of (1333.3h) ! and a maximum frequency of (lh) !. No data-
windowing or prewhitening has been done.

TIMSAN, the W.H.O.I. program (Hunt, 1978) used to produce the spectra,
additionally averages the spectra in increasing groups at the higher
frequencies to prevent having to plot thousands of points; this gives
few degrees of freedom (d.o0.f) at the lowest frequencies, many at the
highest frequencies. For spectra calculated from 4 pieces with 3 frequen-
cies averaged, there are 24 d4.0.f. in the 40 lowest frequencies and
1200 d.o.f. in the two highest frequencies; the 95% confidence limits
corresponding to these two extremes are (.61, 1.94) and (.97, 1.03).

Mean Statistics

The statistics for each variable for the time period shown are
given for the basic series, also the east and north covariance, correlation,
and vector statistics on pages 44-45.

For reference note that a Gaussian random variable would have a
kurtosis of 3 and a skewness of zero.
Histogram

Each variable is plotted as relative frequency of occurrence (in the
basic geries) per unit cell width versus amplitude on pages 43-~55; the area
under the histogram is 100%. The mean value is marked on the horizontal axis.
Seatter Plots

Scatter plots of north vs. east component, and temperature vs. ecast

component and vs. north component are shown for each current meter record on

pages 56-77.
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Figure 1: Locations of North Atlantic observations. Key: Past and present
observations: JASIN = Joint Air-Sea Interaction Experiment, D = Site D,

J = Site J, L = Site L, GS = Gulf Stream Array, KSM = Kelvin Seamount Experi-
ment, MSM = Muir Seamount Experiment, BT = Bermuda Triangle Array, WBUC =
Western Boundary Undercurrent Experiment (the present investigation), MODE =
Mid-Ocean Dynamics Experiment, GAOR = Greater Antilles Outer Ridge Experiment,
PMl = POLYMODE Array 1, PM2 = POLYMODE Array 2, PM3A, ~B, -C = POLYMODE Array
3, Clusters A, B, C, GBA = Grand Banks Array. Proposed observations: GSE =
Gulf Stream Extension and Norwegian Sea Overflow Intrusion Array, 70°W/18° =
70°W/18° Water/Eckart Regonance Array.
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Figure 2: Potential temperature section across the Blake-Bahama Outer Ridge
(8 August 1977). The track is indicated on fig. 2. Current-meter locations
are shown. The deep boundary current flows southward along the eastern slope
of the Ridge, and returns northward on the western slope. The mooring records
show, however, that the long-term mean flow is narrower than would be inferred
from the region of tilted isotherms (at 620 the l12-month mean is northwest-
ward: f£ig. 4, and page 14).
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- Figure 3: Tritium concentration, showing the high values associated with the

5 deep boundary current. Dashed curves are potential isotherms. The tritium
concentration essentially vanishes at 3000 m, and rises once again above the
thermocline. A subsurface maximum is seen in the 18° water, associated with
recent winter renewal farther north.
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12-MONTH MEAN CURRENT

Figure 4: 12 month mean currents from the four moorings. Depth of current
meter in km. The deep jet follows the bottom topography. The weaker flow at
mid-depth veers in the sense of a stratified Taylor column allowing some flow
to rise up over the Ridge crest. The 600 m level flow is consistent with the
general circulation, feeding into the Gulf Stream. The northwestward mean at
the easternmost mooring is consistent with Worthington's deep-water anti-
cyclone.
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TABLE I

Summary of Mooring lLocations and Dates

Mooring # Location Cruise Cruise Bottom Days
(°N) KNORR 66 A-II-100 Depth At Sea
(°wW) Date Set Date Recovered (m)
(1977) (1978)

616 30° 59.90 '

76° 39.0 May 14 May S 2993 357
617 30° 31.0

75° 05.5 May 14 May 6 3801 358
618 30° 43.2

74° 10.37 May 15 May 13 4002 354
619 LOST
620 31° 03.5

73° 23.5 May 15 May 2 5187 353

10

e




TABLE II
Summary of Presented Data
Record Type Depth Duration Dates Number ‘
# of (Corrected) (Days) (1975-1976) of
Inst. (m) Points
6161 VACM/P 1995 356 May 14-May 5 34208
6162 T/P 1996 356 May 14-May 5 17064+
6163 VACM 2796 356 Ma§ 14-May S 34192
6171 VACM/P 601 356 May 14-May 5 34188
6172 VACM 2002 356 May 15 May 6 34178
6173 VACM 3602 356 May 15-May 6 34161
6181 VACM/P 2002 353 May 15-May 3 33858
6182 VACM 3003 353 May 15-May 3 33888
6183 VACM 3802 353 May 15-May 3 33880
6201 VACM/P 1958 351 May l6-May 2 33698
6202 VACM 2958 351 May l6-May 2 33696
6203 VACM 4987 351 May l6-May 2 33698

* Sampling rate for 6162 is 1800 sec. Sampling rate for VACM and VACM/P

is 900 sec.
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2000 m temperatures. Note the apparent westward propagation of coherent
warm eddies across the array (despite large spacing between moorings).
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i Near-bottom temperatures. The pulse-like rises occur when the deep flow
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the 18°~water).
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RUTO SPECTRUM
62030900
4987 METERS
77-Vv-16 T0O 78-1v-14y
U PIECES WITH 4000 ESTIMATES
PER PIECE. AVERAGED OVER
3 ADJACENT FREQUENCY BANDS
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PRESSURE HISTOGRAMS MOORINGS 616, 617, 618, 620

61618300 6171B3800
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STRATISTICS AND HISTOGRAMS RECORD 6161

LR R R 2 R R R R 22 SR R 2T 2T R 2 RS R R S R R R TR SRR TSI RS

*% 61¢€1BS0C *% 3428 POINTS FRCM 77- V -14 [TIC 18- Vv -05
INST, Vv=32¢P DEPTH L995 M, UNITS = MM/SEC , ODEGREES CELSIUS
VARIABLE ---=-=-- EAST —=—-—=- NORTH —-~—=—= SPEED —--- TEMPERATURE
MEAN = -28.795 -19.131 7Tl.411 307133
STD,ERR. = «281 « 308 . « 244 «4l4E-3
VARIANCE = 2697.541 3239.451 2034,.4617 «5BTE-2
KURTCSIS = 6.522 4. 504 6.768 2.787
SKEWNESS = —e9523E-1 - 274 1.7C9 -+ 302
MINI MUM = =297.7175 -259.468 4.051 3.4990
MAX [ MUM = 238.928 209,669 314.5176 3.918
——===EASYT & NORTH—=—«=== % % % ¥ % & * & % %X & X & & & & % % *
COVARIANCE = 585.342 *

CORR., COEF. = «198 *

ORIENTATION = 32.580 *

MAJA X = 60.112 *

MINAX = 48.203 *

ELLIP = «198 *

SEEE SRS IR P RBAVERRRAR AR RARRAR IR RS S S XSRS R SU SR SRR RS SR EE XX S
VARIABLE * PRESSURE

UNITS * DECIBARS 20 ¢ speed
SERESVER SR CEE RS EE Rk Ek
MEAN = 2018.909 -
STD. ERR., = 01455‘1 5
VARIANCE = 7.226
STD. DEV. = 2.688 '
KURTOSIS = 2.711 S
SKEWNESS = -1.126 w
MINIMUM = 2009.183 o i
MAXIMUM = 2024.062 W
Ww.
L]
@
L |
0 ™56 130 250 930 uso
MM/SEC
8 ( DIRECTION y r TEMPERATURE
g | S
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- >~
o O
z :
aur a2l
i ‘&.’
W r W
g’ |
[ < ] o 1
0™30 180 270 980 0 350 3. 50 3,90 4.10 U 50
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Ll




FREQUENCY (%)

REL.

20

STRATISTICS AND HISTOGRAMS RECORD 6162

LA R R R SRR R R R R TS T RS Y T R Ry

VARTABLE % TEMPERATJKE PRESSURE
UNTITS ¥ LEGREES (. CECIBARS
Al E R RS R EE R RS LR I R R T N T
MEAN = 3.8C7 293344438
STD. ERR. = «5%3E-3 «8EEE-2
VARTANCE = «29SE-2 l.24¢
STD. LLV. = o TT74E-1 l.11¢
KURTCSIS = <1817 34,091
SKEWMNESS = -.302 4.2174
MINIMLM = 3.9¢3 29C4.81°9
MAXTMULM = 3.992 ZJdl8.201

PEERE A RO R ko Rk Rk
SAMPLE SIZE = 17C64 PLINTS

SPAMNING RANGE

mn 7€~ v =05 16.15.C0

&
*
*
* FROW 117~ V =15 04.45.C0
%
*
*

DURATIGN  355.48 LAYS

PRESSUARE y - TEMPERATURE

REL. FREQUENCY (%)
N

P

A s A - L id i A L " A J
2005 2010 2015 2020 2025 9.50° 3.90 3.90 U 10 W, 30 4 S0
DEC1BARS DEGREES C.




' STATISTICS AND HISTOGRAMS RECORD 65163

LA A At A A R R Y R Y Y I R T T Ll Ty T unurwura

** 6163C900 %% 34152 POINTS FRCM 77~ V -14 TC 78~ v -05
INST. V=C101 DEPTH 2796 M, UNITS = MM/SEC , DEGREES CELSIUS
VARTABLE -~=~-=-- EAST ~=—~e- NORTH —=<~=- SPEED) -—~— TEMPERATURE
MEAN = -37.552 -64.734 92.142 2,705
STD.ERR. = 0223 0311 02(’9 .68\){:-3
VARI ANCE = 1701.922 3307.711 2120.018 « 158t ~1
KURTOSIS = 24998 2.719 24519 24900
SKEWNESS = 164 «301 <462 «1G1
MINI MUM = =177.7G67 ~214.214 13.374 Ze 365
MAX T MUM = 125.488 121.826 242.418 3.148
~————EAST£NORT}+——-———~——*‘*‘**“‘**t***#“**
COVARIANCE = 1181.517 *
CORR, COEF. = «498 *
ORTENTATICN = 27.901 *
MAJA X = 62,716 *
MINAX = 32,807 *
ELLIP = « 477 *
****ﬁ**‘“*#***‘*‘*‘*"***“**‘t**‘*‘t‘*‘**#*#********#*#*#****
20 f OIRECTION . seeeo
_—~ He
Z g
o .
= =
w w
= S 2
o Clu
(7Y W
[ = [
. '™
- a2
¥ #
]
o 2 1 _ a o i A W e A 5504.
80 180 270 360 S0 150 250 850 4SO
ANG. DEG. MM/SEC
2 TEMPERATURE

)

FREQUENCY

REL.

'
e - I ‘ Fu 2

9. 30200 260 2.80 3.00 3.20
CELSIUS

—————— g A

L6




STATISTICS AND HISTOGRAMS RECORD 6171

kR ¥R RRSURNPERRXRE RS FX SR AEEKERXE SRR RS IR LRSS F Rk B ERE &KX

. ¥t 61718600 #% 34188 POINTS FRCM T77- V -14 TC 78~ V -5
- [NST. V=231P  ULEPTH 0Ol Mo  UNITS = MM/SLC o OEGFLES CHLSIUS
VAR LABLE ==mmm=m EAST =mmmmm NORTH ==m=m SPEED ——-= TLMPERATUSE
wEAN = ~133.630 ~20.215 209.798 15,072
STC.FRR. = C64y L9487 «620 L1270 -2
VARIANCE = 14007.820 33372,682 14465.355 1. 505
KURTOSIS = 3.728 3,296 2444 4.0T0
SKEWNESS = .139 .967¢6-1 547 -.583
MINTMUM = —-458.779 -6G3,521 4.055 6. 769
MAXTMUY = 3684026 514,50 3 617.144% 18,135
----- EAST & NURTH=—=—=—-=——= % & % & & % % % & % & % % & % & % % %
COVARIANCE = -3119.464 %
CORR,. COEF. = —~olb44 *
IRIENTATION =  171.04S  #
AAJAX = 182.886 ¥
MIMAX = 116.201 *
ELLIP - 6o ®
T T T T T T T T g N I o A R g A
VARIABLE * PRES SURE
UNITS * DECIBARS . sPEED
SEEES IR 0o T b hE e kEEk
ME AN = 615.531 |
STD. ERR. = .8126-1|8
VARIANCE = 225.197
STD. DEV. = 15.007 |»
KURTOSIS = 12.714 |8
SKEWNESS = 2.813 i
MINIMUM = 605.903 |32
MAXIMUM = 723.315 ¥
I
‘ i
| 4
| M
| 0 56150 250 350 450 550 850 750
MM/SEC
| X DIRECTION 6 - TEMPERATURE
|
L g }
| X
k wh } W
| 3 a3
\ W @
L ™™
| "2 i w2 i
B 2T
s 1] L {
o 2 8 J 2 0 " _‘l 2 "
S0 180 270 1360 11 13 1S 17 19

ANG. OEG. CELSIUS




STATISTICS AND HISTOGAAMS RECORD 6172

SEERBREEH RS R AS R F L L AR SRR AR R EEESE SRS L E XX R R SR KRR RS SR KB S S S S EE 6 %

*% 6§172D900 *¢ 34178 POINTS FROM T77- V -1 TG 18- V -06
INST. V-5101 DEPTH 2002 M. UNITS = MM/SEC o OEGREES CELSIUS
VARIABLE —---~—=- EAST ~=——— NORTH ~—=== SPEED -——~ TEMPERATURE
MEAN = -61.332 1.565 70, 196 3.731
STD.ERR., = 213 o143 «178 e4l126~3
VARIANCE = 1544.264 698,084 1078.947 « SIS ~2
KURTOSIS = 3.226 3.556 2.776 2.260
SKEWNESS = «487E-1 -e 221 «953 « 185
MINI MUM = <=215.314% -123.183 3.056 3.551
MAX I MUM = 95. 797 113,611 215.401 3.965
————— EASY & NORTH~—~=~——== ¥ * & * & & & & % % % &£ ¥ ¥ & &£ & & &
COVARIANCE = ~T71.804 *
CORR. COEF., = - e692E-1%
NDRIENTATION = 94 .816 *
MAJAX = 39.374 *
MINAX = 26.307 *
ELLILIP = «332 *
S E SRR LA XN B EARR RS AR B REEKEEERRERERE R ENK E R XL XS AR g R kkk bk &k E
20 r OIRECTION 20 ¢ SpEED
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P >
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0 80 180 270 360 O B0 150 250 S50 450 550
ANG. DEG. MM/ SEC
y - TEMPERATURE

FREQUENCY (%)
n

REL.

§ s 355U 00 U.25 .50 W4.75
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g s -ge B




STRTISTICS AND HISTOGRAMS RECORD 6173

BERE TR RS LR SR B bR REH IPRRX X EERR RGP E SRR RAER R R SRS b G b TR KT K&

** 61713C3CC *% 34161 POINTS FRCM 77- Vv -15 TC 78- Vv -ue¢
INST. V-5102 OEPTH 3602 M, UNITS = MM/SEC o OEGREES CELSIUS
VARIABLL —-==—-—-- EAST —-—-==- NORTH —-=--- SPEED ---- TEMPERATURE
MEAN = ~-145.8%7 30.932 153.643 2,209
STD.ERR. = 421 «154 «431 «131t -3
VARIANCE = 604%.022 808.933 5490. 645 « 535t -3
KURTCSIS = 2897 3.045 2.661 5.05J
SKEWNESS = «1U9 -+552E-1 «145 l.u3s
MINT MUM = =-367.696 -87.920C 18.410 20144
MAXT MUM = 76.809 132.471 372.719 20335
----- EAST £ NORTHe=——=——— & % % % % % % % & % & & % & & & % % %
CCVARIANCE = -1301.566 *
CORR. COEF. = -«5889 *
URIENTATIGN = 133.217 *
MAJAX = 719.691 *
MINAX = 224434 *
ELLIP = <718 *
BEEEBERE DRSNS R U B KR EE R AR ERE R SR KA RS R KLk ke KRS ke kKRG E T kX bk k
- DIAECTION 8 sreeo
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w w
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™™ u 2
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!.'e g |
b l §
0 b e . 0 -y A F b - A A Y A Y vl
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ANG. DEG. MM/SEC
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A - 4LL i
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REL. FREQUENCY (X}

20

STATISTICS AND HISTOGRAMS RECORD 6181

AR 2K SRR IR LR RE IR EEREK AKX EkERERE AR AR LS SRS RS E S LRSS RSE S kRS RT3

¥x 6181DS0C *% 33358 POINTS FRCM 77- Vv ~-15 TC 78- Vv =03
INST, V-C110P UEPTH 2002 M, UNITS = MM/SEC , DEOLREES CEilolud
VARI[ABLE ~—=—-=~- EAST ~o——em NORTH -==—- SPEED -—~-— TEMPERATURE
MECAN = =5.351 -49,640 6l1.011 3.743
STD.ERR, = o143 «203 «159 o« 3878 -3
VARIANCE = 689.197 1393.027 852.636 «506tL-2
KURTOSIS = 3.043 3. 720 4.134 2.021
SKEWNESS = «329 ~«205 1.039 «233
MINI FMUM = =1lU5.012 -202.471 18.292 3.547
MAX 1 MUM = 96.621 78.457 203.253 3.652
we=e=FAST & NORTH=====w-e & % % & % * & % %X ¥ ¥ ® ¥ ¥ & ¥ % % %
COVARIANCE = -145.533 *

CORR. COEFe = ~«149 *

DRIENTATION = 168.706 *

MAJAX = 37.709 *

MINAX = 29.0736 *

ELLIP = «319 *

AEXRIAREREDRRA RN RERRRRERR RS RRERRE R R SRR R RS KR SR KGR S S SRR A K S LR x4 F
VARTABLE * PRESSURE

UNITS * DECIBARS
22+ S22 LR PRS2 2R SR 2 2 24 20 " ”Etn
MEAN = 2015.397 -
STD. ERR. = <2228-1 W
VARIANCE = 5.295
STD. CEV. = 2.301 5
KURTCSIS = 2.488 4
SKFEWNESS = -.195 w |
MINIMUM = 2010.712 o
MAXIMLM = 2020.951 e
NOTE: PRESSURE RECORD ONLY .
SAMPLE SIZE = 10792 POINTS
ad
SPANNING RANGE: « 5
QM 77-05-15 0 ™50 —"1s50 280 350 4s0
DURATION: 112 DAYS 4 MM/ SEC
. DIRECTION 2 . TEMPERRTURE
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REL. FREQUENCY (X)
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STATISTICS AND HISTOGRAMS RECORD 6182

(P I ST E FY PRSI EET 2223322232 R S22 22 2R3 R 22222232 2322222223 222 222 g

*«¢ 6182CS00 ®* 33388 POINTS FRCOM 77- VvV -15 7TC 78- V -03
INST. V-0431 OEPTH 3003 M. UNITS = MM/SEC , DEGREES CELSIUS
VARTABLE --==-=-- EAST —=—==—= NORTH -~-=- SPEED ~--~- TEMPERATURE
MEAN = 36.728 -101.001 111.334 : 20676
STD.ERR., = «150 « 289 «285 «440t-3
VARIANCE = 162.658 2828.849 27464318 « 655E-2
KURTOSIS = 3.213 2569 2.304 2599
SKEWNESS = —-+8l6E-1 -« 140 »335 «251
MINI MUM = -82.983 -246.849 17.173 2492
MAXT MUM = 134.068 60.732 261l.1723 2.916
----- EAST &€ NORTH=====——=—= % % %X & X & % ¥ % ¥ % % ¥ & ¥ ¥ % ¥ ¥
COVARIANCE = -798.6¢1 *

CORR. COEF,. = —e944 *

ORIENTATION = lol.l47 *

MAJA X = 55.691 *

MINAX = 22.135 *

ELLIP = «603 *

ttttt.‘#0‘###‘*ttftt#t##*t#*#t**t#**##*tt###*###ttt**#*#*#*t*#*

_ OIRECTION 8 SPEED
N
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w
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- w
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S J | 0 [ l' 8 ;& I L 2 a N I
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Y
o A ll - ' e e ) W 1
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REL. FREQUENCY (X)
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STATISTICS AND HISTOGRAMS RECORD 6183

AKEEEA R K AR R SR AR E R LSRR X E RN ERE R R R RS E SRR R SR KGR ARG RS FE R GG &

*¥ 6183C90C *%k 33880 POINTS FRCM 77- v -15 TC 78- Vv -3
INST. V=0105 DEPTH 3802 M, UNITS = MM/SEC o OEGKEES CELSIUS
VARIABLE -==-==-- EASYT —==e=- NORTH ====-= SPEED ==-= TEMPERATURL
MEAN = 110.583 -179.278 213.544 220
STDeERR, = el 30 «403 o423 « 965 -4
VARI ANCE = 1798.171 5492.220 6058.723 e 336 -3
KURTOSIS = 4.163  3.428 2.694 15.532
SKEHNESS = ‘0842 0450 --256 th)jl
MINI MUM = -84.861 -372.212 20,000 Ze 1E€5
MAX I MUM = 2284956 89.094 419.299 Ze 345
----- EAST € NORTH-——————— ® % % % % & & % % % % % & & % % % % %
COVARIANCEF = =-2719%.5064 *
CURR. CDEF. = —.86“ *
DRIENTATICAN = 152.111 *
MAJA X = 83.243 *
MINAX = 19.001 L ]
CLLIP = 172 *
EERKVBRREEBE BB ESE SRS REEEREEERE TR R R KR KR SR X kAP R Rk ok X &k et
[. oIRECTION 8 p sPEED
L s |
- 8“ 3
=
w
- = -
[= ]
-
b h-z o
[ )
-
3 w -
u [ <4
90 180 270 360 O 50 150 250 950 450 S50
ANG. DEG. MM/SEC
8 - TENPERATURE
6 L
>
o 3
<z
5
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w
[ "
W
ST
g -
T
9707315 220 2.25 2.30 2.35
CELSIUS

52




STATISTICS AND HISTOGRAMS RECORD 6201

R e P T T TSI it 2122 22333 S22 ST R 222 R 2 2 RS2 S R 22 2 R 2 2 2 20 ol

*% 62(189C0 *% 336G8 PDINTS FRCM 77- Vv -16 TU 78- v -J2
INST. V-12GP DEPTH 19538 M. UNITS = MM/SEC o DEGREES CELSIUS
VARI ABLE ---——~-- EAST ~———=— NORTH —~~-= SPEEJ -—-- TEMFERATU-L
MEAN = -28.890 26.662 84.6C1 3eayv
STD.FRR, = 214 « 400 «198 o 364f =3 ‘
VARIANCE = 1539.97U 5390.110 1318.228 dbabb -2
KURTCSIS = 3.502 2.078 3.862 2e 302
SKEWNESS = «986t-1 -+ 365 739 »187c -1
MINIMUM = -189.910 -196.973 13.259 3.713
MAXT MUM = 127.802 215.931 2384203 4,109
——===FAST & NORTH===——=~— % & %X % € x % ¥ &% & & ¥ ¥ ¥ &£ &k & ¥ ¥
COVARIANCE = -1645.401 ¥

CORR. COEF, = ~.571 hd

JRTENTATION = 159.739 *

MAJAX = 17.443 *

MINAX = 30.5395 *

ELLIP = « 606 *

PO e T S P E RS L R R L R P L e L e R R AL L
VARTABLE =* PRESSURE

UNITS * DECIBARS
EEERABRE VAR REK KR REERERE 20 r spee0
MEAN = 1960.297
$STDe ERRe = «416E-1 %N
VARIANCE = 58,353
STD. DEV. = 7.639 >
KURTOSIS = 14.715 2
SKEWNESS = 2.431 w
MINIMUM = 1947.400 a q
MAXIMUM = 2029.250 w
W,
.J
Wi
«
0, so . 'y 2 g 2 2
1S0 250 350 4SO
MM/SEC
20 ¢ DIRECTION T TENPERATURE
~ <
-—r -
*» > [
& T
W W
T
0 o0 180 270 980 5.00 3.25 3.50 3.75 4.00 W§.25

ANG. DEG. CELSIUS




STATISTICS AND HISTOGRAMS RECORD 6202

RS RFEB AR R REREEK EEREE R RS RRE KRR KRR SR ERE KR A SR B R RS S E X RSB E Sk Kk &

*¢ 6202C900 &% 33696 POINTS FRCM 77- V -16 TC 78- Vv -02
INST. V-5110 DEPTH 2658 M, UNITS = MM/S o DEGKEES CELSIUS
VARI ABLE —-——=— EAST ~—=-—= NORTH =-=-=- SPEED ———- TEMPERATURE
MEAN = -27.103 41.702 102.565 2+939
S'D.ERR. = o244 495 0257 «326E-3
VARIANCE = 2012.082 8254.301 2220.288 «358€E-2
KURTOSIS = 3.271 2.009 2.806 24617
SKEWNESS = -e794E-1 —-<383 «468 -.131
MINI MUM = =205.077 ~-232.386 16.763 2.728
MA XTI MUM = 113.7032 255.499 288.410 3.084
----- EAST € NORTH-———==—— % % £ & % % % & & & % & & & & %X & & &
COVARIANCE = =-2462.425 *
CORR. COEF. = -.604 *
ORIENTATION = 160.864 *
MAJAX = 95.44C *
MINAX = 34.024 *
ELLIP = e 643 *
CEEEREXX SRR PR SRR FRBRE SRR EERR KRR SRR A RE R SRR KR KEE R AR RE R AKX KX X &

-~ -~ -

H S

8 4

> >

Q w |

= =

5 | ]

o alr

ul w

« c |

(™™ ™

- 27

i w

‘ ‘ 3

0™ 90 160 270 360 © 50 150 250 950 WSO 550
ANG. DEG. MM/S
y r TENPERATURE

REL. FREQUENCY (Z)
~n

8,50 290 3.10 3.30 3.50 3.70

CELSIUS -




REL. FREQUENCY (X)

STATISTICS AND HISfOGHRMS RECORD 6203

'i"l6&}6}&"{6..&‘{’0‘.""“"&'!}."!'0."i!#ll'i"#".cG.’i'
*% £2233D9CO % 33598 PRINTS FROM 77 V elg T3 78e v =2
INSTe Ve(433 DEPYL 4987 Mo UNITS » MM/SEL » DEGNEES CELS! IS
VAHIQ!;\LE n“enveaw E’\ST waseces NOHRTH sense SPhED cma= TEM"F_QATUJS

ME AN L «]3em12 30+30% 108¢133 2e?64
STDeERRs = 52 *581 *294 REBF =y
VARTANCE ®  2143e¢q44 11378678 23170498 e DhHE =3
KUST1S]S = 27139 1e9062 24230 3,464
SKEWNMESS w *s193] we2ly 27y e 3IDPF =}
MINIvUM = ={70e28] w195 ¢848 12e¢%13 24145
MAX] M s 1184473 25908500 270. 008 2e3IR
cecank AST A NHRTHweawamaw & % # % » + LA JEE R R K TR T S e
COVARIANCE = =30861,104 *
CHRRe CREFe = ee 62V *
URIENTATION 3 167,229 *
MAJA X s 1t1~.911 *
MINAX = 344349 »
ELLIV ] ebED .
n.i;&uo#.i'uiflﬁci&uii'idﬁilﬁn##iw0bioou#§lﬁiuQuls«&iu*uu«ao«;l
- DIRECTION SPEED
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2
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-

w
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¥ . 2 Il J N 2 a2 Iy ' - B ]
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R T R R TR
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MM SEC
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