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I . INTRODUCTION 

1 .1 Program Objectives 

The Gulf of Mexico Physical Oceanography Program (GMPOP), a Minerals 
Management Service (HMS) study funded under contract with Science implications 
International Corp . (SAIC), has as its objective the development of an 
improved understanding of primary Gulf circulation patterns and the 
mechanisms producing these patterns . It is expected that insights from this 
program will provide an expanded basis for making informed management 
decisions related to Outer Continental Shelf (OCS) oil and gas exploration, 
production and transportation . This objective is in keeping with the OCS 
Lands Act requirements that the Department of the Interior conduct appropriate 
studies to evaluate the environmental impacts of offshore oil and gas 
development . 

1 .2 Program Background 

In 1982, a multi-year investigation was initiated of physical oceanographic 
conditions related to or resulting from deep circulation patterns in the Gulf 
of Mexico . The program was designed with a phased regional emphasis . During 
Program Years 1, 2, and 4, measurements and associated interpretation focused 
on circulation in the eastern Gulf with special emphasis on the Loop Current 
and its interaction with the adjacent west Florida shelf and slope waters 
(Figure 1 .2-1) . As discussed in Chapter 2, three years of shelf and slope 
field measurements were completed and provide the basis for the present 
report . These measurements were designed to document the patterns and 

processes which occurred both along and across the slope and the outer half of 

the West Florida Shelf . A report describing Program Years 1 and 2 has been 
submitted and released (SAIC, 1986) . The present report is a supplement to 
that initial submission . 

1 .3 Program Elements and Participants 

To achieve the program objectives, five mayor measurement tasks were 
undertaken over the first two-year period . These included : 

Subsurface currents/ temperature and pressure across and along the 
West Florida Shelf, and across the slope into the region often 
occupied by the Loop Current . Subsurface currents on the Louisiana 
and south Texas shelves . 

Several regional and process oriented hydrographic surveys on and 
adjacent to the West Florida Slope . These were designed to document 
conditions reflecting and affecting circulation and exchange along 
the eastern half of the Loop Current and shoreward to the outer half 
of the shelf, including studies of Loop Current boundary waves and 
perturbations . 

Use of satellite thermal imagery to define the spatial extent and 
time-dependent characteristics of the Loop Current boundary and 
related features . 
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Tracking Lagrangian drifters deployed in mayor Loop Current eddies 
to document and partition the dynamic and kinematic characteristics 
of eddies shed by the Loop Current . 

Periodic and site-specific vertical temperature sections as 
estimated from expendable temperature probes dropped from 
Ships-of-importunity (SOOP) on regularly scheduled routes and on 
one-time opportunistic cruises . 

These data are combined with routinely available observations such as coastal 
and at-sea (buoy) winds obtained from the National Weather Service, and 
coastal water level from the National Ocean Survey . Taken as a group, the 
above provided the data base necessary to develop the needed improved 
understanding of conditions in the eastern Gulf . 

This data base also provides a standard against which the results of a 
concurrent numerical circulation modeling study can be compared . The modeling 
work is also MMS funded with time lines and deliverables coordinated with 
those on the present program . 

To extract the important patterns and processes from the comprehensive 
multi-variate data set, a team of highly qualified scientists was established 
to work both independently and in collaboration . Presented alphabetically 
with their affiliation and primary areas of responsibility they were : 

Dr . L . Atkinson, Old Dominion University (ODU), hydrography 

Dr . J . Lewis, SAIC, Lagrangian drifters 

Dr . W . Sturges, FBN Oceanography Inc . (FBN), subsurface currents 

Dr . F . Vukovich, Research Triangle Institute (RTI), satellite 
thermal imagery 

During Year 4, the following three program elements were continued : 

Subsurface currents 

Lagrangian drifters 

SOOP program 

The latter two elements had the same scientific lead as during Years 1 and 2 . 
In addition, support was provided to Dr . Atkinson for further analysis of the 
hydrographic and current profile data taken during Year 2 . Subsurface 
currents analysis and interpretation by Dr . W. Sturges was supplemented by 
Drs . G . Lagerloef and P . Hamilton of SAIC . 

Subsurface observations funded by this program were supplemented with 
additional current time series taken by : 

Environmental Science and Engineering (ESE) with MMS support . 
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Dr . W . Sturges with National Science Foundation support . 

Observations provided by MMS and obtained as part of a permit 
request . 

Details of these various data sets are discussed in Chapter 2 . 

1 .4 Report Organization 

The present report is an addendum to the Years 1 and 2 report (SAIC, 1986) . 
In keeping with this perspective, most basic material described in that report 
will not be duplicated here . It will be identified by reference to the 
appropriate section of the previous document . For that material which is 
particularly relevant and is expanded on, some of the key information will be 
provided . As an example, aspects of the major cruise during Year 2 are given 
because it forms the basis for the expanded discussion of the combined current 
profiles and hydrography presented in the present report . 
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II . DATA ACQUISITION AND METHODOLOGY 

2 .1 Introduction 

Chapter 2 provides an overview of appropriate data acquisition activities . 
These include two drifting buoys, one hydrographic cruise, and the extended 
and supplemental subsurface current measurements to be used in the Chapter 4 
discussion . For many of these, additional information can be obtained in 
identified sections of the Years 1 and 2 Final Report (SAIC, 1986) . 

2 .2 Lagrangian Drifters 

In an effort to track a newly formed/forming Loop Current warm-core ring an 
ARGOS mini TOD drifter buoy (No . 3354) was deployed on 18 June 1985 at 
approximately 26°N 88°W . This buoy, equipped with a 100 meter tether and a 
window-shade drogue, immediately moved to the southeast, and was thought to be 
on its way out of the Gulf, through the Florida Straits and into the Atlantic 
Ocean . However, as the buoy approached the northern coast of Cuba near 23°N 
84°W it turned to the south and west and began the first of six anticyclonic 
loops before leaving the Gulf around 25 September . Figure 2 .2-1 documents 
this buoy's track . Similarly, on 18 July 1985 a second attempt was made to 
deploy an ARGOS buoy (No . 3378) into a newly detached Loop Current warm-core 
ring . This effort was successful with the deployment of a buoy equipped with 
a 200 meter thermistor string at approximately 26°24'N 89°24'W . The 
anticyclonic track of this buoy is shown through 30 September in Figure 2 .2-2. 
The paths and dynamical characteristics of these two buoy tracks will be the 
subject of later discussion . 

2 .3 Hydrography/Current Profiles 

2 .3 .1 Introduction 

For the hydrographic cruises during Years 1 and 2, a preliminary cruise plan 
was developed for each prior to departure from port . These plans were based 
on the latest available data (typically satellite derived sea-surface 
temperatures) and were designed to be flexible so that modifications could be 
made during the cruises if weather conditions dictated or if first hand 
observations indicated that a change would significantly improve spatial or 
temporal resolution of the oceanic features of interest . Due to the inclusion 
of a large scale aircraft-based survey component during Year 2, the 
ship-based component was relieved of the responsibility of having to cover the 
entire Loop Current region, and was therefore afforded even greater 
flexibility to concentrate on mesoscale features in the vicinity of the west 
Florida shelf . It is this increased flexibility which allowed Cruise CF8405 
to be uniquely successful in the effort to synoptically map a Loop Current 
frontal eddy . 

2 .3 .2 Hydrography 

2 .3 .2 .1 Introduction 

The ship-based hydrographic data were collected using a cable lowered package 
consisting of a Neil Brown CTD (Conductivity, Temperature, Depth) instrument 

5 



, 
A 
AR605 DRIFTER "351 
/ Y MY W Y "7 Y 0!Y !6Y NY NY 82Y tl Y 

A 
99 
RGOS DRIFTER "J3S4 
Y qY NY !7Y 8!Y 06 Y M Y w] Y w7 r RI v 

N 30 T----~T I - I 1 I M N JA N 

- 
J 

ie .. 
, . . ... . ' i ... 7 

. 

. ...,.- 
. . . . 

. . . . 
e 

, 
7'~ 

.4 J, 
29 N 29 `~! 29 N 

20 N 26 N 28 N 20 N 

s ., 

27 N ' 27 N 27 N 27 N 

1 
1. 

v~vn 
1 2d N i ~ 26 H 20 N 1 26N 

2S N 

i . 

L, 26N 
25 

N 25N 
1000- -WW- tooo. 

e 
24 N 24 N 

` --.. . / . . ., t 

~ 27 N 
i 

27 N 23 N 
i t/I/e3 

23 N 

` 22 N 1 Iv~ _. Y. 22 N 22 N 

C~ J- r 
22 N 

2 M , ; 
, 

.. 

21 
1 / Y N Y W Y n Y b Y W Y H Y p Y Q Y 1 

1 
1 Y 

SI N 
N Y Y O Y N 4 A Y!! !S Y !t Y p Y !2 Y ! 

21 N 
1 Y 

ARe'OS 
DRIFTER 43364 

MY MY NY /7Y 0 Y U Y NV NY OY "1 Y 
3/ N 

Z! N 

20 N 

27 N 

20 N 

25 N 

24 N 

27 N 

nN 

21 N 

s 
\ ̀ .̀ 

, . ..~ .A .` J 

i 

0 

VJOA6 ~: 

~. 

. .. !-. WAS . . 
i I " . . . . . . . . . .~. 

` '~` 
/ ... ~ . 

j 1- 

J/ N 

ARGOS DRIFTER "J764 
!9 Y pV NY pY W Y U Y 84 Y NY u v 01 Y 

30 N 1 / 1 ,,I I 

.- 

, . ..., . .. . 

1 I I r 
e 
N 

2!N 29 N 

21 N Z" N 

27 N 27 N 

2! N 

26 N 

ZI M 

23 w 

nN 

1 N 
W Y YY NY "7Y 86 Y 86V 64 Y 83 Y "t Y 81 Y 

1! N 

25 N 

2411 

23 N 

22 N 

21 N 

]e N 

29 N 

to r+ 

27 N 

ze x 

25 N 

srxsiss 
24 N 

23 N 

22 N 

BAY »Y NY 87Y " Y W Y N Y N Y 82 Y 11 YI 
N 

Figure 2 .2-1 . Track of ARGOS Drifter Bouy No . 3354 by month from the time of 
its deployment on 18 June 1985 until it left the Gulf around 
25 September 1985 . 

6 



ARMS DRIFTER 3376 
" Y "7Y SOY N Y NY qY 9Q Y "t Y 0 Y NY W Y 

OP N S L N 

b N 

s w ~ yea 

!7 N ~ ~++. ,Zr T) N 

./ ,~7/INS 

i M ~ r~ tT il U N 

~N J % C ~6N 

tI w I ~ f 24 N 

;' t~ ,y r/ 
23 N 

i 
a If a N 

, to w fu =i n 

L MN ~ / t/ N 

11 M ~ i! N 
" Y 87Y SOY 8{Y MY pY MV 11 Y SOY SOW NY 

wwoa DRIFTER 3376 ARODS DRIFTER 3378 
" Y h Y Slow "Y FIY pY Slow " 1 Y UV wY " yN ~ »Y 07Y 41!Y UM MY pY MY at Y MW UV So wyN 

s _h~ 0 

i 
!~ M ~~r~ ~I ~ 28 N O II -~' ~~ r I 28 N 

1 V S "~j4 
"~J vaohs~ ~"' . 
r - - ~ r~L~ w.r~ 

N ~ -4 
l0 M ! N ~~ LI/Y !~ w 

!fN "~ 2011 III 
*Away 

MM 
[` `~ .~ 

av r : . ~ H r a. r 

0 M 23 11 !~ N ~ r 400 ~~ 4~ 11 

112 of n IS f ?! N .` S~ i ^t / 

21 w flu !I N !I N a 21 M 

V Vii. V 
21110 \L\ 29 If 0 11 ` i \ ~ , i ~3 b N 

It 
e ~ ~ 1"M S »Y hYMY MO V NY bY MV " Y " Y SOY Nv " 

I&w " Y 97W " Y MY 04V p Y aY "1 Y r Y sow N Y 

Figure 2 .2-2 . Track of ARGOS Drifter Bouy No . 3378 by month from the time of 
its deployment on 18 July through 30 September 1985 . 

7 



and a General Oceanics Rosette water sampler . A Hewlett-Packard desktop 
computer controlled the operation of the underwater package and performed the 
data logging and graphical display functions during each CTD cast . Plots of 
temperature and salinity versus depth were available as soon as the CTD 
package was lowered to its maximum depth and were used to determine where to 
take water samples as the package was brought back to the surface . XBT 
(expendable bathythermograph) data were obtained using a BathySystems Inc . XBT 
controller and were logged by another Hewlett-Packard computer . 

Standard calibration data were collected to verify all electronically measured 
parameters, but both the CTD and the XBT systems performed flawlessly and it 
was not necessary to apply corrections to the data . Water samples were 
processed for oxygen and chlorophyll content on board the ship, and aliquots 
were frozen and taken back to the laboratory for nutrient analysis . Standard 
analysis and calibration procedures were used . A detailed description of the 
CTD and XBT electronics systems as well as the water analyses and their 
respective calibration procedures may be found in Section 2.4 of the final 
report for Years 1 and 2 (SAIC, 1986) and will not be repeated here . 

2 .3 .2 .2 CF8405 Cruise Summary 

Cruise CF8405 was conducted between 4 and 19 May 1984 . During the two week 
period, 268 hydrographic stations were occupied . These data were obtained on 
20 sections, 13 of which were in, or in the vicinity of a Loop Current frontal 
eddy, and three of which were through a cold perturbation of the Loop Current 
front southwest of the Dry Tortugas . The locations of the 20 sections are 
shown in Figures 2.3-1 through 2 .3-4 and the hydrographic stations which make 
up each section are tabulated in Table 2 .3-1 . 

Sections I, II and XX were through the cold perturbation ; Sections III, IV, V, 
VIII, IX and X were in the vicinity of the frontal eddy ; Sections XI, and XIV 
through XVIII comprise a time series of observations on two transects through 
which the frontal eddy passed . Since data were obtained at the beginning and 
at the end of the cruise in the cold perturbation, a fairly synoptic view of 
the decaying stage of this low frequency feature can be seen . Sections 
obtained prior to the arrival of the frontal eddy characterize an unperturbed 
Loop Current front while those obtained during the time series show the 
propagation of a frontal eddy feature southward along the shelf break . 

Unlike the Year 1 cruises, Cruise CF8405 was relatively unhampered by adverse 
weather conditions . This, combined with the above mentioned added flexibility 
due to the aerial survey component, resulted in a highly productive cruise . 

2 .3 .3 Acoustic Doppler Current Profiling 

2 .3 .3 .1 Introduction 

Vertical profiles of horizontal currents were obtained using a hull mounted 
acoustic doppler current profiler (ADCP) manufactured by Ametek-Strata Inc . 
The technical details of this system were given in (SAIC, 1986) but will also 
be summarized here since this is a relatively new type of oceanographic 
instrument and is not yet considered standard equipment . Briefly, the model 
DCP-4400 ADCP is configured as a three beam 115 kilohertz system in which the 
three acoustic beams are separated from each other by 120 degrees in the 
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Table 2 .3-1 . Summary of stations according to sampling time and section 
number R/V CAPE FLORIDA cruise CF8405 for the period 4-19 May 
1984 . 

Section Date (GMT) Station Numbers 

I (A-B) 5-6 May 

II (C-E) 6-7 May 

III (E-F) 7-8 May 
(Mooring Line) 

IV (G-H) 8 May 

V (I-J) 

VI-A (J-K)A 

VI-B (J-K)B 

VI-C (J-K) C 

VII (L-M) 

VI-D (J-K)D 

VIII (K-N) 

IX (0-P) 

9 May 

9 May 

9 May 

9-10 May 

10 May 

10 May 

10 May 

10 May 

X (Q-R) 

XI (S-T) 

XII (T-U) 

10-11 May 

11-12 May 

12 May 

1X, 2X, 3X, 4X, 5X, 6X, 7X, 8X, 9X, 10X, 11X, 
12C 

*13X, 14X, 15X, 16X, 17C, 18X, 19X, 20X, 21X, 
22C, 23X, 24X 

24X, 25X, 26X, 27X, 28X, 29X, 30X, 31X, 32X, 
33X, 34C, 35X, 36X, 37X, 38X, 39X, 40X 

41X, 42X, 43X, 44X, 45X, 46X, 47X, 48X, 49C, 
50X, 51X, 52C, 53X, 54X, 55X, 56X, 57X, 58C 

59X, 60X, 61C, 65X, 63X, 66X, 67C, 68X, 69X, 
70X, 71X, 72X, 73X, 74C 

74C , 75X, 76X, 77X, 78X, 79X, 80X 

80X , 81X, 83X, 84X 

85X, 86X, 87X, 88X 

89X, 88X, 92X, 91X 

92X, 93X, 94X, 95X, 96X 

96X , 97X, 98X, 99X, 100X, 102X 

103X, 104X, 105X, 106X, 107X, 108X, 109X, 110X, 
111X, 112X, 113X, 114X, 115X 

116C, 117c, 118C, 119C, 120C, 121C, 122C, 123C, 
124C, 125C, 126C, 127C, 128C, 129C 

130X, 131X, 132C, 133C, 134X, **135X, 136C, 
137X, 138C, 139X, 140X, 141C, 142X, 143X, 144C, 
145X, 146C 

146C , 147X, 148X, 149X, 150C 

13 



Table 2 .3-1 . (Continued) 

Section Date (GMT) Station Numbers 

XIII (U-V) 12-13 May 150C , 151X, 152C, 153X, 154C, 155X, 156X, 
(Mooring Line) 157C, 158X, 159C, 160X, 161C, 162X, 163C, 

164C, 165C, 166X, 167C, 168X, 169C 

XIV (W-X) 13 May 170X, 171X, 172X, 173X, 174X, 175X, 176X, 
177X, 178X, 179X, 180X, 181X, 182X, 183X, 
184X, 185X, 186X, 187X, 188X 

XV (Y-Z) 14 May 189C, 190X, 191C, 192X, 193C, 194X, 195C, 
196X, 197C, 198X, 199C, 200X, 201C, 202C, 
203X, 204C 

XVI (AA-BB) 14-15 May 205C, 206X, 207C, 208X, 209C, 210X, 211C, 
212X, 213C, 214X, 215C, 216X, 217C, 218X, 
219C, 220X, 221C, 222X, 223C 

XVII (CC-DD) 15-16 May 

XVIII (EE-FF) 16 May 

XIX (GG-HH) 17 May 

XX (11-11) 17-18 May 

224C, 225X, 226X, 227C, 228X, 229C, 23QX, 
231C, 232X, 233C, 234X, 235C, 237X, 236C, 
238X 

239X, 240X, 241X, 242X, 243X, 244X, 245X, 
246X, 247X, 249X, 250X 

251X, 252X, 253X 

254C, 255X, 256X, 257C, 258X, 259X, 260X, 
261C, 262X, 263X, 264X, 265X, 266X, 267X, 
268X 

* Actually between Sections I and II . 

** Stations 135X and 136C are at the same location . 
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horizontal, and are inclined 30 degrees to the vertical . This transducer 
assembly was installed in the hull of the R/V CAPE FLORIDA such that one beam 
was aimed forward (and down into the water column) leaving the other two aimed 
slightly aft on the port and starboard sides . This configuration minimizes 
interference from acoustic noise generated in the wake of the ship . 

A 115 kHz pulse of acoustic energy is emitted simultaneously from each of the 
three transducers and travels along narrow beam paths as described above . As 
it does so, a fraction of the acoustic energy is backscattered towards the 
transducer from which it was emitted . This backscattering occurs because of 
the presence of small density discontinuities in the water column . Sources of 
such density discontinuities include bubbles and phytoplankton as well as the 
density structure of the water itself . Due to the motion of the water 
containing the backscatterers, the frequency of the returning acoustic signal 
is Doppler shifted slightly from the original 115 kHz . This same principle is 
responsible for the apparent change in pitch of a train's whistle as the train 
passes the location of an observer . The Doppler shift is proportional to the 
speed of the backscattering water (or train) . Combining the Doppler shifts 
from all three beams allows the horizontal velocity of the water relative to 
the ship to be calculated . 

The DCP-4400 listens for the returning Doppler shifted acoustic energy for 
each beam in a time-gated fashion . Sixty-three such time bins are used, and 
when the speed of sound in sea water and the geometry of the system are 
accounted for, these correspond to 63 depth bins below the hull of the ship . 
In this fashion a vertical profile of horizontal velocity is obtained . The 
bin size is software controllable . Since past experience with this system 
indicated that the maximum effective depth penetration of the 115 kHz acoustic 
pulse was about 200 meters, 3 .2 meters was selected as the bin size for 
Cruise CF8405 . A special sixty-fourth bin is reserved for tracking the motion 
of the ocean bottom relative to the ship . Data from this bin may be used to 
subtract out the ship's motion relative to the earth from the other 63 bins to 
yield a vertical profile of water velocity relative to the earth (i .e ., the 
geophysically interesting quantity) . When the ship is operating in water too 
deep for the ADCP to detect the bottom motion, LORAN-C navigation data (which 
are necessary for defining the position of each profile) are used to calculate 
ship speed . In both cases, the ADCP records the ship's heading so that the 
resulting velocity data can be resolved into geographic (i .e ., east and north) 
components . 

The CF8405 ADCP data were averaged over (user selectable) 60-pulse cycles by 
the DCP-4400 during the acquisition stage . An indicator of data quality, the 
percentage of detectable returns during the 60-pulse cycle, as well as the 
Doppler shift data were written to magnetic media for later retrieval and 
analysis . The bin-to-bin error in velocity due to limitations in the 
acoustic/electronic system is estimated (Joyce et al ., 1982) to be about 2 cm 
s-1 for each of the 64 bins . Thus, in shallow (`250 m) waters where the ADCP 
is bottom tracking successfully, total error in the absolute velocity is about 
2 cm s-1 . Ship speed calculations based on LORAN-C position data are accurate 
to within about 5 or 6 cm s-1 for the averaging periods used for Cruise 
CF8405 . 

15 



2 .3 .3 .2 CF8405 Cruise Summar 

The ADCP operated successfully during more than 90% of the cruise . In the 60 
cycle averaging mode, a data profile was generated and stored about every 160 

seconds or about every 0.8 kilometers along the cruise track while the ship 
was steaming at a cruising speed of 10 knots . Both this horizontal resolution 
and the 3.2 meter vertical resolution are at least an order of magnitude 
better than that attainable with conventional moored current meter technology . 
Unfortunately, however, the most severe gap in the ADCP data was in the 
section corresponding to the location of the line of moored current meters . 
This data gap, however, was not due to a failure of the ADCP, but to the 
failure of the LORAN-C navigation data acquisition system which, as discussed 
above, is essential for removing ship speed from the data in deep water 

regions . 

A total of 7035 vertical profiles of horizontal velocity were obtained with 
the ADCP during this cruise . As will be shown in the next chapter, it is very 
difficult to process ADCP data in a statistically reliable manner for times 
when the ship is manuvering rapidly such as in the vicinity of a hydrographic 
station . Therefore, the ADCP data set was edited accordingly and the 
resulting reduced data set consists of 3490 raw profiles . 

2 .4 Subsurface Currents : Deployment Periods and Data Return 

In January 1985, six MMS moorings (A, C, DA, E, F and G) were re-deployed on 

the West Florida Shelf and slope in depths of 1700, 180, 75, 180, SO and 
3200 m, respectively (Figure 2 .4-1 and Table 2.4-1) . Re-deployment of these 
moorings served as a continuation of the field measurements first begun in 
this region in January 1983 with the possibility of obtaining a number of time 
series between two and three years in length . These moorings were finally 
recovered after two rotations in February 1986 . In addition, over the course 
of the year, three other moorings (H, I, and J) were also deployed on the 
shelf for three to four month periods . Mooring H, an NSF mooring, was 
deployed by Dr . W . Sturges of FSU on the 180-m isobath approximately 75 run NNW 
of Mooring E, and data from Moorings I and J along the 22 m isobath off 

Apalachee Bay were provided by MMS . 

A time line of the deployment periods and relative data return for each 

current meter level for the three year study is presented in Figure 2.4-2 . A 

summary of the type of instrument used and the percent data return for each 

current meter level by parameter (currents and temperature, and pressure when 

applicable) for the first two years of this study has been previously reported 
(SAIC, 1986) . For this latest year, since January 1985, the same information 
is summarized in Tables 2.4-2 and 2.4-3 . For completeness, a supplemental 
time line and table are also presented in Figure 2 .4-3 and Table 2.4-1 . They 

document eight additional moorings deployed in 1984 and 1985 on the West 

Florida Shelf for MMS by Environmental Science and Engineering, Inc . (ESE) in 

conjunction with a study of sediment transport. 
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Table 2 .4-1 . Mooring locations in the eastern Gulf for Year 4 of the MMS 
sponsored Gulf of Mexico Physical Oceanography Program . 

Location Nominal Instrument 
Mooring Latitude Longitude Depth (m) Depths (m) 

A 25° 42 .9'N 84°53 .1'W 1700 

C 25° 53 .2'N 84°19 .2'W 180 

DA 26° 05 .5'N 83°41 .9'W 75 

E 27° 25 .2'N 84°37 .5'W 180 

F 26° 14 .5'N 83°13 .3'W 50 

G 25° 36 .2'N 85°29 .8'W 3200 

H 28° 24 .5'N 85°18 .6'W 180 

I 29° 15 .0'N 83°57 .5'W 22 

J 29° 15 .1'N 83°57 .4'W 22 

ESE1 25° 17 .54 N 81°39 .81 W 13 

ESE2 20° 16 .90 N 83°57 .30 W 125 

ESE3 24° 47 .50 N 83°41 .20 W 65 

ESE4 25° 16 .90 N 83°37 .80 W 74 

ESE5 26° 17 .00 N 82°43 .70 W 32 

ESE6 24° 36 .20 N 82°42 .00 W 27 

ESE7 25° 17 .30 N 82°52 .14 W 47 

ESE8 26° 17 .71 N 82°12 .66 W 13 

172, 400, 738, 1100, 1600 

50, 100, 179 

17, 50, 71 

50, 100, 179 

17, 40 

177, 397, 703, 1565, 2364, 
3174 

50, 100 

9, 17 

9, 17 

10 

122 

61 

71 

29 

24 

44 

10 
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Figure 2.4-2 . Time line of the deployment periods and data return for each 
current meter level for instruments deployed on Moorings A 
through J in the eastern Gulf for Years 1, 2, and 4 of the MMS 
sponsored Gulf of Mexico Physical Oceanography Program . The 
solid lines are for currents and the dashed lines are for 
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Table 2 .4-2 Deployment periods and instrument types for each current meter 
level for Moorings A through J in the eastern Gulf for the 
period from 23 January 1985 through 1 February 1986 . 

METER 
I PERIOD 11 

A1 17 MK K1 
A2 m M 1 MKI 
A 7 m MK K1 
A4 m MK 1 
A m MK 

1 m MKI MKI MKI 
1 K1 M 

C3 (1 79m) MK2 
D A 1 17m K K1 K1 
A m K1 MKI MKI 

DA 7 m MK2 I 
E m MK1 M K1 

1 m K1 MKI MKI 
E 79M) MK1 
F1 m K1 MK1 K1 
F2 4 m K1 1 M 1 
1 177m M K ------------------------- 

G2 --- - - ---- - ----- ------- --- 
G3 (704m) 1 MKI 
4 1 m K 1 K1 

m MK MK1 
(31 74m) K 1 M 1 

H1 m --- ---- - - - - - ------ ----- - 
H2 1 m -------- ---- FSU ------------------------- 
11 . . ---- - --- --- - - --- -------- --- 

( 1 7m) ------ --- - ----- --------- 

17m ------------ --- 1 ------------------------ 

PERIOD 9 : 01/23/85 - 05/06/85 
PERIOD 10 : 05/06/85 - 08/01/85 
PERIOD 11 : 08/01/85 - 02/01/86 

TYPE 105 PERIODS : 

1 : 06/04/85 - 10/05/85 
J : 06/04/85 - 08/12/85 
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Table 2.4-3 Data return for Moorings A through J in the eastern Gulf for 
the period from 23 January 1985 through 1 February 1986 . 

METER 
ID DEPTH RR RE 

A1 172m 1 00% 1 00% 1 00% 
A2 (400m) 1 00% ° ------------ 
A (738m) 1 00% 1 00% ------------ 
A4 11 m 1 00% 1 00% 1 00% 
A5 (1 600m~ ° 

1 m 1 00% 1 000 ------------ 
1 m 1 00% 1 00% 

------------ C3 7% % 7% 
A1 17m ------------ 

DA2 m 4% 4° ------------ 
DA 71 m ° ° ° 
E1 m 100% 1 00% ------------ 
E2 1 m ° ------------ 
E ( 179m) ° 
F1 17m 1 00% ------------ 
F2 (40m) 1 00% ° ------------ 

1 177m *0% *0% ------------ 
2 7m "1 - ----- -- - --- 

(704m) G3 7° 49% ------------ 
4 1 m 1 00% 1 00% ------------ 

G5 ° 1 00% -- - ----- --- - 
GO 100% 1 00% ------------ 
H1 m 1 00% - ------ - --- - - 
H2 1 m 1 00% 100% ------------ 
11 m 1 00% -- - ----------- - ----- 
I 17m 1 00% --------------- ------------ 
1 m 1 00% ---- ----- ----------- 
2 17m 100% --------------- ------------ 

*Instrument lost and not replaced on 
subsequent deployment . 

**Excludes not-deployed period for 
1 August 1985 to 1 February 1986 . 
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Figure 2 .4-3 . Time line for the ESE moorings on the West Florida Shelf (see Table 2.4-1 for locations) . The 
solid lines are for currents, and the dashed lines are for temperature . 



The total data return for the third year of MMS measurements at Moorings A 
through J was 85% . This percentage was primarily degraded by the loss of the 
upper instrument and flotation at Mooring G during the initial deployment, and 
subsequent re-deployment of the mooring without either the upper or next lower 
instrument . The total data return for the SAIC component of the three year 
study was 83% . Both percentages are based on the actual planned instrument 
levels and are degraded by non-deployments and instrument losses . 

2 .5 Ships-of-Opportunity 

The MMS Ship-of-Opportunity (SOOP) program initiated in the eastern Gulf in 
1983 was continued in support of the field effort for Years 3 and 4, and is 
continuing in Year 5. Tables 2 .5-1 and 2.5-2 update these data sets in the 
eastern Gulf through 30 September 1986 . Examples of the cruise tracks for the 
two main SOOP sections are presented in Figure 2.5-1, and examples of the 
standard data products produced are presented in Figure 2.5-2 . Additional 
vertical temperature plots of the upper 200 m only were also generated for 
each section . 
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Table 2 .5-1 . MMS and NMFS/MMS Ship-of-Opportunity sections in the eastern Gulf 
of Mexico from 25 January 1985 through 30 September 1986 . 

Section Ship Dates No . Trips 

*I NESTOR 1 2/05/85 - 5/10/85 8 

I STENA HISPANIA 5/16/85 - 8/18/85 

I AMBASSADOR 9/05/85 - 9/27/86 (ongoing) 35 

**II E .M. QUEENY 2/07/85 - 9/22/86 (ongoing) 27 

* MMS section from New Orleans to the Yucatan Straits . 

** NMFS/MMS section from 27 .0°N 90 .0°W to 24 .5°N 83 .5°W. 

Table 2 .5-2 . Additional MMS Ship-of-Opportunity data sets in the eastern Gulf 
of Mexico from 25 January 1985 through 30 September 1986 . 

Ship Dates Cruise ID 

COLUMBUS LOUISIANA 
ERICA 
NAT CO 6 
SUNCOASTER 
SUNCOASTER 
SUNCOASTER 
SUNCOASTER 
SUNCOASTER 

05/26/85 - 05/27/85 CL8501 
03/05/86 - 03/08/86 ER8601 
07/16/85 - 07/19/85 NC8501 
02/26/85 - 03/07/85 SC8503 
04/25/85 - 04/28/85 SC8512 
07/09/85 - 07/22/85 SC8513 
11/08/85 - 11/15/85 SC8519 
05/01/86 - 05/10/86 SC8608 
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Figure 2 .5-1 . Examples of the cruise tracks for the repeated MMS and 
NMFS/MMS Ship-of-Opportunity sections in the eastern Gulf . 
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III . DATA ANALYSIS 

3 .1 Introduction 

Most of the analysis techniques and methodology used on data discussed in the 
present report were presented in the Years 1 and 2 Final Report, and for 
reference, the appropriate sections in that report are identified . In 
addition, because of the expanded analysis methodology applied to the Acoustic 
Doppler Current Profiler Data, a discussion of these techniques are presented, 
including some of the material previously provided . 

3 .2 Drifting Buoys 

For a complete description of the analytical and numerical analysis procedures 
used on the buoy trajectory data the reader is referred to Section 3 .2 in the 
GMPOP Final Report for Years 1 and 2 . 

3 .3 Hydrography/Current Profiles 

3 .3 .1 Introduction 

The data reduction and presentation techniques employed during the post-cruise 
phase of analysis of the hydrographic and ADCP data are described in this 
chapter and examples of standard data products are given . 

3 .3 .2 Hydrography 

3 .3 .2 .1 Introduction 

Both during and after Cruise CF8405, the CTD data were checked for errors and 
edited accordingly . However, the state-of-the-art instrumentation ran 
essentially trouble free for the entire cruise . The water sample analyses for 
oxygen, chlorophyll and the various nutrients were conducted according to 
standard methods as detailed in SAIC (1986) . Some spurious values were 
eliminated based on comparisons within the CF8405 data set and with historical 
data . 

3 .3 .2 .2 Procedures for Handling Ship-Based Hydrographic Data 

During the cruise, the CTD data were read back from the raw data files created 
while on the hydrographic stations and edited for any spurious points . 
Occassional glitches did occur due to fluctuations in the ship's power supply 
or other electronic noise but these were obvious and easily eliminated . The 
data were then averaged over one-meter depth increments and combined with 
header information (including date, time, position, weather, etc .) and stored 
on disk for further post-cruise processing . Water samples for salinity 
calibration and reversing thermometer readings for temperature calibration 
were taken during the cruise; however, no modification to the original data 
was necessary . The data available at the end of the cruise, therefore, became 
the final CTD data set . The same is true of the XBT data set . After the 
cruise, temperature and salinity data were compared to historical data and to 
each other in the form of T-S (temperature versus salinity) plots as a further 
check on CTD data quality (Figure 3 .3-1) . 
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Upon completion of all laboratory analyses, the edited water sample data were 
merged with the one-meter averaged temperature and salinity data into a 
standard National Oceanographic Data Center (NODC) format and made available 
to other investigators involved in the GMPOP . 

3 .3 .2 .3 Hydrographic Data Products 

In addition to the vertical profiles of temperature and salinity available 
from the cruise, and the T-S plots used in the error-checking process, a 
number of other data products have been generated . These include vertical 
cross-sections of the various measured parameters such as temperature and 
oxygen (Figures 3 .3-2 and 3 .3-3) and computed parameters such as sigma-t 
(Figure 3 .3-4) . Assuming a dynamical balance between the pressure gradient 
and the Coriolis forces (i .e ., geostrophy), the cross-sections of temperature 
and density are useful in inferring the corresponding flow field, and the 
associated water sample data are useful for determining the origin of a 
particular water mass . For example, the upward doming isopycnals (Figure 
3 .3-4) and isotherms (Figure 3 .3-2) of Section XV could be due to either an 
upwelling process or to a lateral advection of a shallow water mass having 
anomalous T-S characteristics . In view of the historical data, however, the 
oxygen cross-section confirms that in this case we have upwelling of a deeper 
water mass . 

Additional hydrographic data products were generated and were described in 
SAIC (1986) . Chapter 4 will rely primarily on the vertical cross-sections and 
will not elaborate further on the various data products which were routinely 
produced in the post-cruise analysis . 

3.3 .3 Acoustic Doppler Current Profiling 

3.3 .3 .1 Introduction 

Immediately following Cruise CF8405, the ADCP and LORAN-C data were 
transferred to a mainframe computer for the substantial post-cruise processing 
necessary to extract reliable information from the raw data set . An initial 
analysis had been completed at the time of the publication of SAIC (1986) and 
initial results as well as remaining analysis problems were described therein. 
The difficulties associated with computing the ship's velocity vector from 
LORAN-C data, the problem of misalignment of the transducer relative to the 
axis of the ship and the errors due to high frequency surface wave activity 
have all been addressed and the results are reviewed below. 

3 .3 .3 .2 Procedures for Handling ADCP Data 

The ship speed related problems were resolved in two stages . First, the 
transducer misalignment angle was determined using a combination of LORAN-C and 
ADCP data and then, after the appropriate corrections for the misalignment had 
been made, ship speed was calculated from LORAN-C data and compared to ADCP 
bottom-tracked ship speed for various types of ship maneuvers associated with 
hydrographic survey work . 
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Figure 3 .3-2 . Vertical cross-section of temperature for Section XV of Cruise CF8405 . 
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The transducer misalignment can be approached as a simple coordinate 
transformation problem. If there is no misalignment, then in a quiescent 
ocean, water motion relative to the ship will be due only to the ship motion . 
In this case the fore-aft component of speed will be positive while the 
athwart ship component will be zero (assuming the ship is moving forward) . 
However, for a nonzero value of the misalignment angle (i .e ., if the forward 
beam is not directed precisely towards the bow of the ship), there will be a 
"false" athwart ship component measured by the ADCP . This can be represented 
mathematically by 

u=u' cos A-v' sin A (1) 

v = u' sin A + v'cos A (2) 

where A is the misalignment angle, the primed quantities are velocity 
components in the misaligned coordinate system, and the unprimed quantities 

are the true components relative to the ship . The false athwart ship 
component will, of course, appear in the ADCP's bottom-tracked ship velocity 

as well as throughout the 63 water column bins . 

The great similarity between the ADCP ship heading data and the LORAN-C ship 
heading data revealed that the misalignment angle was small, but as a simple 
example demonstrates, even a small angle can result in a non-negligible error 

in the athwart ship velocity component . Given a ship moving directly 
northward at a typical cruising speed of 10 knots (about 500 cm s-1) with a 

five degree misalignment angle, equations 1 and 2 can be solved simultaneously 
to yield u' = 44 cm s-1 and v' = 498 cm s-1 . Thus, the error in the fore-aft 
component is quite negligible since it is on the order of the measurement 
noise level but the athwart ship error due to misalignment is substantial . 

The misalignment angle for Cruise CF8405 was accurately determined by taking 
advantage of the fact that the error appears in the ADCP bottom tracked ship 
speed . By selecting a portion of the cruise track from a shallow water region 
(i .e ., where the reliability of the ADCP bottom tracking capabilities is 
maximized) for which the ship's speed and heading were relatively constant for 
long periods of time (i .e ., where ship speed based on LORAN-C data can be 
accurately calculated), we were able to compare two independent measures of 
the ship's velocity vector . Figure 3 .3-5 shows the uncorrected east component 
of ship speed as measured by the ADCP and as calculated from the corresponding 
LORAN-C data for a five-hour time period . (Note that these data were obtained 
at the end of the preceeding cruise . However, the results about to be 
presented are equally valid for both cruises since the installation of the 
ADCP transducer assembly was not modified between cruises .) Between about 
21 :45 on the 22nd and 01 :00 on the 23rd, the ship was steaming at approxi-
mately 10 knots on a heading of 180 degrees . The LORAN-C data correctly indi-
cate an essentially zero eastward component while the ADCP data consistently 
indicate westward motion of the ship . This and several other cases where the 
stringent requirements mentioned above were met were analyzed . By mathematic-
ally rotating the measured ADCP ship velocity components through a range of 
angles and subtracting the LORAN-C based components, a misalignment angle 
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corresponding to the minimum in root mean square difference in speed between 
the two was found . This mean misalignment angle was 4 .6 degrees and its 
standard deviation was 0 .2 degrees . This standard deviation corresponds to 
about 1 cm s-1 error and is considered negligible . 

Upon applying the coordinate rotation necessary to correct for the transducer 
misalignment, there still remained a small descrepancy (about 2%) between ADCP 
and LORAN-C ship speed values . Like the misalignment error, this difference 
was a function of ship speed ; however, it affected both components equally . 
Without a means of verification, it is assumed that this is probably due to a 
small tilt of the transducer assembly from the vertical . Only a 1 .3 degree 
tilt would be necessary to induce the observed difference and this is cer-
tainly within the limits of the installation uncertainty . Both components of 
all ADCP derived speeds were multiplied by a factor of 0 .981 to correct this 
error . Figure 3 .3-6 shows the misalignment and tilt corrected version of the 
uncorrected data shown in Figure 3 .3-5 . Recall that this comparison is valid 
only for the time period specified above . 

Conventional wisdom among frequent users of ADCP instruments is that for only 
very short time scales (several seconds to half a minute) is contamination of 
the velocity signal by surface wave-induced ship motions significant . Since 
an individual ADCP pulse cycle is about one second and 60 such cycles were 
averaged into each recorded raw data record, the influence of a typical 7 to 
15 second surface wave is minimal due to the fact that the ADCP sampling 
scheme both resolves the highest frequency waves and averages over several 
periods of the longest period waves . Thus, even without further averaging (to 
be discussed below) the effects of surface waves should be negligible . 

Several differing concepts of the optimal method of removing ship speed from 
ADCP data using LORAN-C data exist within the scientific community . Each has 
undoubtedly been developed under the influence of the specific goals and type 
of data available to the particular investigator . The scheme used for the 
results given in SAIC (1986) involved fitting a third-order polynomial to the 
LORAN-C latitudes and longitudes for a particular time window for which the 
ship's speed and heading were thought to be relatively constant . This 
polynomial was then differentiated to yield east and north components of ship 
velocity at a time corresponding to an ADCP profile . While this scheme 
generally gives reasonable results, it does have some drawbacks . First, the 
fitting of a polynomial of fixed degree to data in a time window which varies 
in length depending on the amount of time between ship maneuvers results in a 
non-uniform smoothing of the LORAN-C data from one ADCP profile to the next . 
Thus, the statistical reliability of the results could vary within a 
particular cross-section and make interpretation of that section difficult . 
In implementing this scheme, an attempt was made to minimize this problem as 
much as possible without sacrificing spatial coverage . However, this was not 
always possible . Second, this scheme allowed for no averaging of adjacent 
ADCP profiles such that while any real deviations of the ship velocity from 
the fitted values were effectively averaged out, the corresponding deviations 
induced in the ADCP data were not . While these adverse effects are thought to 
have been generally small for the results presented in SAIC (1986), new 
methods of computing ship velocity from LORAN-C which are free of these 
difficulties were explored . 
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The most widely used LORAN-based ship velocity calculation method is probably 
the simplest . A noisy velocity is computed from adjacent pairs of LORAN-C 
data points (every 60 seconds in our case) and then averaged over a 
sufficiently long time period that the noise is reduced to an acceptable 
level . The acceptable level is usually taken to be the same order as the ADCP 
velocity error . Given a precision of 0.01 nautical miles for LORAN-C data, 
the resolution of a velocity calculation made over one minute is an 
unacceptably high 31 cm s-1 . Theoretically this signal could be low pass 
filtered with a filter having a half power point in the neighborhood of 10 to 
15 minutes and reduce the noise level to that of the ADCP system . In reality, 
such filtering is only practical for data sets having long time periods, while 
steaming at constant speed and heading . Sudden changes in speed and/or 
direction combined with the inevitable small time offsets between the LORAN-C 
and the ADCP data acquisitions result in large spikes in the difference 
between LORAN-C and ADCP ship speeds (and would therefore contaminate the 
water column velocities if LORAN-C data were used to remove ship speed) . Such 
spikes are apparent at the beginning and end of the time series shown in 
Figures 3.3-5 and 3.3-6 . Note that the time series shown in these figures 
have already been smoothed with a 10 minute low-pass filter. It is possible 
to average over much longer time periods and reduce even these large spikes 
but doing so would inevitably also remove much of the small scale frontal 
structure in which we are interested . Such long period averaging is often 
acceptable for large scale mid-ocean applications, but the spatial scales of 
interest in a study of Loop Current frontal features are sufficiently small 
that such a technique is not acceptable . 

Although the statistics of such a filtering process are desirable and well 
known, it was abandoned for the majority of data analysis . Instead, a hybrid 
version of the two aforementioned schemes was used . The ADCP and LORAN-C data 
were interpolated to a common time base having a one minute time step, and the 
entire data set was subsampled for those portions of the cruise during which 
the (subjectively defined) criteria of steady speed and heading were met . 
Still, at this point in the analysis there existed the possibility of 
misalignment of the LORAN-C and ADCP time bases, since the two systems 
recorded their respective nominal times from independent clocks which 
themselves were subject to occasional fluctuations in the ship's power supply . 
It is strongly recommended that in future studies all computer systems log 
time data from a common clock to minimize the spiking described above . To 
reduce the possibility of contamination of the edited data set by time base 
misalignment problems, five additional minutes of data were eliminated from 
both ends of each retained data segment . For each data segment LORAN-C based 
ship speed was computed over a two minute time step with a value stored each 
minute . 

The decision of whether to use the LORAN-C based ship speed or the ADCP bottom 
tracked ship speed was made based on the water depth and on the quality of the 
ADCP bottom tracking data as measured by the percent of detected acoustic 
returns in the bottom track bin . As discussed in SAIC (1986) and shown in 
Figure 3 .3-7, for water depth (as measured independently with a precision 
depth recorder at each CTD station) greater than 300 meters the ADCP 
determined depth was often erroneous and in such cases the ADCP determined 
ship speed was considered unreliable . CTD station depth was interpolated in 
the same way as the LORAN-C and ADCP data . Where this interpolated depth was 
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Figure 3 .3-7 . Comparison of PDR determined station depth and ADCP determined 
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necessarily true . 
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less than 225 meters and the percentage of good ADCP bottom tracking returns 
was greater than 90, the ADCP ship velocity and bottom depth were used . 
Otherwise, the LORAN-C based ship velocity and the interpolated station depths 
were used . Once the best choice of ship velocity had been made, it was 
subtracted from the velocities in each of the 63 water column depth bins . The 
data quality of each bin was then examined and velocities in bins having less 
than 90% good acoustic detections were considered unreliable and set to a 
check value . In shallow water regions, bins deeper than a factor of 0 .86 
times the water depth were set equal to the check value . (This factor of 0 .86 
arises from the fact that occasionally a side lobe of the primary acoustic 
signal will travel directly to the acoustically strong reflecting bottom and 
return to the listening transducer at the same time as the desired signal 
reflecting along the primary acoustic beam . This contamination is not a 
problem for bins shallower than the cosine of the 30 degree inclination of the 
beam from vertical - thus the factor of 0 .86 .) 

The profiles resulting from this analysis procedure were block averaged over 
15-minute time intervals to reduce the signal to noise ratio as described 
above . While this analysis and averaging procedure yields results which are 
statistically uniform from profile to profile, the advantage of having a 
continuous time (and therefore distance along the cruise track) series has 
been eliminated . However, typically there is at least one final profile 
between each pair of CTD or XTB stations and comparisons with the hydrographic 
data are generally possible . In a few locations of particular interest fewer 
than the nominal 15 minutes were averaged to yield a final profile . Such 
cases are well documented internally . 

3 .3 .3 .3 ADCP Data Products 

The fifteen minute averaged profiles have been displayed in a variety of ways 
including vertical cross-sections similar to those for the hydrographic data, 
plots of east and north components of velocity versus depth and horizontal 
maps of the velocity vectors along a cruise track . Examples of these are 
shown in Figures 3 .3-8, 9 and 10, respectively . Note that the horizontal maps 
are based on the data resulting from the polynomial fitted LORAN-C data 
technique for removing ship speed . While statistical confidence may vary from 
point to point in these maps, the general conclusions which may be drawn from 
them remain unchanged. Analogous maps were not generated from the most recent 
analysis of the data since the vertical cross-section display technique has 
proven more useful . 

3 .4 Subsurface Currents 

3 .4 .1 Introduction 

The basic methodology used to analyze the Year 4 data and the complementary 
data (NSF, MMS, ESE) is identical to that described in Sections 3 and 4 of the 
Years 1 and 2 Final Report with the exception of the introduction of the 
method of complex demodulation which is discussed below . Recurrence and 
duration calculations were also made of the three year data records in this 
report and are discussed and presented in Appendix A . 
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Figure 3 .3-8 . Vertical cross-section of the north component of horizontal 
ADCP velocity for Section IX of Cruise CF8405 . Note that 
dashed (solid) lines indicate southward (northward) flow. The 
times and positions of the 15 minute averaged profiles which 
make up the section are shown at the bottom . 
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3 .4 .2 Complex Demodulation 

Near inertial internal waves are characterized in current meter records as a 
clockwise rotating velocity vector . Thus, for a single inertial oscillation, 
the tip of the velocity vector prescribes a roughly circular path over an 
inertial period, which is about twenty seven hours at 26°N . Inertial currents 
are also intermittent since they are forced by time and space variable winds 
acting on the sea surface . Therefore, they are stochastic in nature and not 
phase locked as are tidal currents . Because of the highly variable nature of 
inertial currents, conventional spectral analysis is not very useful in 
characterizing the changes in the amplitude of the current oscillations over 
time . An analysis method which provides useful information on the time 
variability of the strength of the inertial currents is complex demodulation . 
This method, in effect, least square fits the current velocity records to a 
unit vector rotating clockwise at the inertial frequency, f . If a velocity 
vector is decomposed into components using complex notation (i .e ., 
V(t) = u + iv) then the amplitude and phase of currents rotating at frequency 
f can be calculated as a function of time from the real and imaginary parts 
of : 

T/2 
, . -if t 

(u + iv) e dt 

-T/2 

where the integration period, T, is the inertial period . In our study, this 
simple formula is modified by using a low pass filter to isolate the inertial 
currents and provides some smoothing for the amplitudes and phases . This 
technique is discussed more thoroughly in Kundu (1976) . Thus, given a 
velocity record consisting of a constant speed rotating clockwise at exactly 
frequency f, complex demodulation will result in a constant amplitude equal to 
the speed and constant phase angle over the time span of the record . 
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IV . SYNTHESIS AND INTERPRETATION 

4 .1 Introduction 

Chapter 4 contains a discussion of the various data sets identified in 
Chapters 1 and 2 . The objective in this chapter is to identify and describe 
key processes. In keeping with the approach identified in this report, this 
discussion can "stand alone" but is supplemental to the material presented in 
the previous year's final report . The reader is strongly urged to read that 
material to have a more comprehensive description and understanding of 
conditions on the West Florida Shelf and in the Loop Current . 

4.2 Loop Current Dynamics and Kinematics from a Lagrangian Perspective 

4.2 .1 Introduction 

During June 1985, an attempt was made to deploy an ARGOS drifter into a ring 
that was pinching off from the Loop Current in the Gulf of Mexico (GOM) . 
However, the ring had not totally disconnected from the Loop Current, and the 
drifter became entrained in the Loop Current proper for approximately three 
months before exiting the GOM through the Florida Straits in September 1985 
(Figure 4 .2-1, Drifter 3354) . A second drifter (Drifter 3378, Figure 4 .2-1) 
was deployed in the desired ring in July 1985 . Together, these two Lagrangian 
data sets provide a unique look at the motion of the deeper waters of the 
central and eastern GOM . This is especially true in terms of Loop Current 
kinematics as the Current extends northward, as well as the kinematics of the 
final product of such extensions, a Loop Current ring . 

Here we present an overview of the movement of the two drifters using insights 
provided by available sea-surface temperature (SST) data and XBT data . These 
have allowed identification of a possible new process by which anticyclonic 
vortices are formed that can eventually become Loop Current rings . The 
generating mechanism appears to be the lateral shearing stresses caused by the 
Loop Current off the northwest coast of Cuba. 

A detailed description of the rotational characteristics of the Loop Current 
and a ring is provided by a kinematic analysis of the drifter paths . This 
analysis gives the time histories of the rotation rate, eccentricity and 
orientation of the ellipses of the trajectories, swirl velocities, and 
movement of the centers of rotation . A comparison is made of the kinematics 
of the Loop Current (designated by Drifter 3354) during the time it coexisted 
with a ring (designated by Drifter 3378) . In addition, the kinematics during 
the later part of Drifter 3354 were compared with those of the first month of 
Ring 3378 to contrast the motion characteristics of a GOM ring before and 
after it breaks off from the Loop Current . 

4 .2 .2 Position Data 

The data used in this study are the position data of the drifters with ARGOS 
identification numbers 3354 and 3378 . The GOM ring that was seeded by Drifter 
3378 will be referred to as Ring 3378 . References to Drifter 3354 will 
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Figure 4 .2-1 . Trajectories of Drifter 3354 from mid-June through 
mid-September 1985 and of Drifter 3378 from mid-July through 
September 1985 . Squares denote the beginning positions and 
triangles denote the end positions . 
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indicate a reference to the Loop Current proper . Drifter 3378 was drogued by 
a weighted 200-m line, while Drifter 3354 was drogued by a window shade drogue 
at 100 m . These drogues should both provide a mean drogue depth of 
approximately 100 m. 

Drifter 3354 was seeded at 25 .9°N, 87 .9°W on 18 June 1985 . The drifter 
immediately moved southeastward approximately 525 kilometers and reached 
23 .2°N, 83 .7°W by 29 June 1985 . At this point, the drifter became entrained 
in a westward, anticyclonic flow field with a center of rotation at about 
24°N, 85 .5°W . After two mayor rotations (into mid-August), this field of flow 
moved northwestward and made three additional rotations centered at about 
25 .5°N, 86 .5°W . The drifter left this flow pattern in mid-September 1985 and 
eventually left the GOM through the Florida Straits . 

Drifter 3378 was seeded in Ring 3378 at 26 .4°N, 89 .3°W on 18 July 1985 . By 
that time, the ring had totally separated from the Loop Current . As shown in 
Figure 4.2-1, Ring 3378 slowly moved westward, reaching approximately the 91°W 
meridian by mid-August . Recall that after mid-August the Loop Current (as 
determined by Drifter 3354) moved northwestward and remained there until at 
least mid-September . During that same 30-day period, Ring 3378 continued 
moving westward, reaching to the 92 .5°W meridian . 

4 .2 .3 Temperature Data 

XBT transects were collected in the eastern GOM during May-September 1985 
(Table 4 .2-1) . These data provide indications of the location and structure 
of the Loop Current and Ring 3378 . In addition, weekly SST contour charts are 
available for the entire Gulf . Some of these SST data are presented here, but 
unfortunately little in the way of structure can be discerned since the SST 
gradients are small in the GOM during the study period (summer and early 
fall) . 

Cruise tracks for the period 26-31 May 1985 are shown in Figure 4 .2-2 . The 
resulting XBT data are shown in Figures 4.2-3 through 4 .2-5 . These data were 
collected while Ring 3378 was still connected to the Loop Current . The edges 
of the Current and direction of flow as indicated by the XBT data are shown on 
the cruise tracks in Figure 4 .2-2 . (Gentler isotherm slopes were taken as an 
indication that the transects were crossing the Loop Current edge at an angle 
less than 90 degrees . Such crossings are drawn at a 45 degree angle to the 
track.) In general, it appears that the Loop Current was flowing northward on 
the east side of the Yucatan Straits, swirled westward and around what would 
be Ring 3378, turned eastward but then looped northward somewhat before 
exiting the GOM. 

As previously mentioned, Drifter 3354 was deployed in the northward extension 
of the Loop Current during mid-June 1985 . The trajectory of 3354 during 18-24 
June 1985 is plotted on the corresponding GOM SST chart in Figure 4 .2-6 . As 
indicated by the trajectory (and to some degree by the SST data), Ring 3378 
had obviously not quite separated from the Loop Current at this time . The 
return flow from the area of the northward extension appears to be mostly 
southeastward, toward the northern coast of Cuba . 

Three XBT data sets were collected during 26 June through 2 July 1985 (Figure 
4 .2-7) . The temperature profiles are shown in Figures 4 .2-8 through 4 .2-10 . 
The outline of Ring 3378 is quite distinct in Figures 4 .2-8 and 4 .2-9, while 
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Table 4 .2-1 . A listing of cruises during which XBT data were 
collected in the central and eastern Gulf of Mexico . 

Available XBT Data 

Vessel Date (1985) 

E . M . QUEENY 5/07 - 5/08 
M/V NESTOR I 5/10 - 5/11 
M/V STENA HISPANIA 5/17 - 5/18 
E. M . QUEENY 5/26 - 5/27 
M/V STENA HISPANIA 5/27 - 5/28 
M/V STENA HISPANIA 5/30 - 5/31 
E . M . QUEENY 6/07 - 6/08 
E . M . QUEENY 6/13 - 6/14 
M/V STENA HISPANIA 6/26 - 6/28 
M/V STENA HISPANIA 6/29 - 6/30 
E . M . QUEENY 7/01 - 7/02 
R/V SUNCOASTER 7/09 - 7/22 
M/V NAT CO 6 7/16 - 7/19 
M/V STENA HISPANIA 7/16 - 7/17 
E . M. QUEENY 7/31 - 8/01 
M/V STENA HISPANIA 8/16 - 8/18 
M/V AMBASSADOR 9/04 - 9/05 
M/V AMBASSADOR 9/13 - 9/14 
M/V AMBASSADOR 9/24 - 9/25 
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Figure 4 .2-2 . Cruise tracks for XBT data collected during 26-31 May 1985 . 
The arrows denote the flow at the edges of the Loop Current 
based on the vertical temperature structure . 
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cruise, 30-31 May 1985 . 
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Figure 4 .2-7 . Cruise tracks for %BT data collected during 26 June - 2 July 
1985 . The arrows denote the flow at the edges of the Loop 
Current based on the vertical temperature structure . 
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Figure 4 .2-9 . Vertical cross-section of temperature from the STENA HISPANIA 
cruise, 29-30 June 1985 . 
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the Loop Current can be seen to extend to 25°N in Figure 4 .2-10 . These data 
seem to imply that Ring 3378 is still connected to the Loop Current . The SST 
data for 29 June through 5 July 1985 along with the associated trajectory of 
Drifter 3354 are shown in Figure 4.2-11 . The outlines of the ring and the 
Loop Current from the XBT data in Figure 4.2-7 are also shown, and we see the 
beginning of the rotational characteristics within the Loop Current from 
Drifter 3354 . These rotational characteristics near the Cuban coast continue 
into mid-July . 

During 16-19 July 1985, two XBT data sets were collected (Figure 4.2-12) which 
distinctly show that Ring 3378 had separated from the Loop Current (Figures 
4 .2-13 through 4 .2-15) . The SST contours for the same period are shown in 
Figure 4.2-16 . There is no surface signature of Ring 3378, although its 
rotation is well outlined by the trajectory of Drifter 3378 (see Figure 
4.2-16) . As for the Loop Current, Figure 4 .2-16 shows that the rotational 
feature within the Current had reached the northern edge of the Loop Current, 
about 25°N . 

Both the Loop Current and Ring 3378 continued to rotate through August 1985 . 
An XBT data set collected on 16-18 August 1985 (Figure 4.2-17) indicates that 
the Loop Current had extended northward to 26 .6°N (Figure 4 .2-18) . The SST 
map for 12-19 August 1985 (Figure 4 .2-19) shows that Ring 3378 and the Loop 
Current were rotating at about the same latitude, 25 .5°N . By mid-September, 
the sea surface had cooled sufficiently in the eastern GOM so that the 
Loop Current northern extension is readily defined (Figure 4.2-20) . The 
trajectories for this period show Ring 3378 strongly rotating but Drifter 3354 
leaving the rotational feature of the Loop Current along the eastern side of a 
28°C tongue of water. The following week's SST chart (Figure 4 .2-21) shows 
the 28°C tongue reaching up to 27 .5°N while Drifter 3354 moved toward the 
Florida Straits along the northern coast of Cuba . Ring 3378 was still 
rotating with a center at about 25 .5°N, 92°W . 

4 .2 .4 Kinematic Analysis 

4 .2 .4 .1 Introduction 

The trajectory data were used to calculate various kinematic parameters of the 
flow field . The methodology outlined by Kirwan et al . (1984) for geophysical 
fluids was used in these calculations . Although Kirwan et al . used a 100-hour 
low-pass filter in making their calculations for a ring in the western GOM, it 
was found in this study that such a filter was not sufficient to remove higher 
frequency, non-ring fluctuations . As a result, a 164-hour (half power point) 
low-pass filter was used on the velocity data of the drifters to remove 
non-ring influences . Following the work of Kirwan et al ., the rotation rate, 
ellipticity and orientation, swirl velocity, and the motion of the center of 
rotation as seen by Drifter 3354 and then by Drifter 3378 were calculated . 

4 .2 .4 .2 Loop Current Kinematics 

The observed Loop Current velocities (filtered) as seen by Drifter 3354 are 
shown in Figure 4 .2-22 . The maximum speed fluctuates in magnitude from 15 to 
80 cm s-1 with minimums at the beginning of the record and during Julian days 
210-225 . During Julian days 220-230 Drifter 3354 moved northwestward, an 
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Figure 4 .2-11 . Trajectory of Drifter 3354 (large arrow) and SST data (in degrees C) for 29 June - 5 July 1985 . 
Shorter arrows denote the flow at the edges of the Loop Current while dotted lines indicate the 
locations of Loop Current waters (based on XBT data) . 
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Figure 4 .2-14 . Vertical cross-section of temperature from the M/V NAT CO 6 
cruise, 16-19 July 1985 . 

61 



STATION 

_N t0 lw too P%40 a 
N l7 ~f 10 m P 

Lo 
~ 
" COY 

N 
COY ~N COY ON 

P m ~ m 
.. . .~ ~" ~ "." NNN N NNNM 

0 

100 ~~~" " 10 
5~25~ 

e 
200 

~_is~ ~ 0----~~e_ 
.. 

300 
LLj 
w 

400 
`t0 N m 

Iss~ 

z 
500 

o 

600 

700 

800 0 
100 200 300 400 500 600 700 800 

DISTANCE (KM) 

Figure 4 .2-15 . Vertical cross-section of temperature from the STENA HISPANIA 
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the east/west speed and the darker line is the north/south speed . 



apparent rapid northward extension of the Loop Current . The swirl velocity 
associated with Loop Current rotation is shown in Figure 4 .2-23 . These 
magnitudes also vary from 15 to 80 cm s-1 . 

The time histories of the translation speed components for the center of 
rotation in the Loop Current are shown in Figure 4 .2-24, and the rapid 
northwest extension of the system during days 220-230 can easily be seen . The 
maximum speed of this extension was close to 40 cm s-1 (34 km day-1), a most 
rapid movement for such a large amount of water . The extent of water involved 
with this movement is indicated by Figure 4 .2-25 which shows the time history 
of the distances from the drifter to the center of rotation . Prior to the 
northwest movement, the maximum radius of the rotation as seen by the drifter 
was 85 km . After the northwest movement, the radius increased up to 100 km . 

The rotational frequency of the Loop Current is shown in Figure 4 .2-26 . This 
figure shows a general decrease and then increase in frequency, with a minimum 
occurring right before the northwestward extension of the water mass . As the 
water moved, the mean period of rotation decreased from about 13 days to 
approximately 10 .5 days . A comparison of Figures 4 .2-25 and 4 .2-26 shows that 
longer periods tend to be associated with larger radii, a factor that 
indicates lateral shear in the angular velocity of this anticyclone . 

Eccentricity (e), defined as the mayor axis length/minor axis length, was 
used to define the shape of the field of rotation . Also, the north/east 
orientation of the mayor axis was calculated . Both of these variables are 
shown in Figure 4 .2-27 . The flow field starts out rather elliptical (e = 
1 .75), but becomes more circular by day 250 (e = 1 .4) . The elliptical 
orientation was mostly east/west at first, but eventually became more 
northwest/southeast . 

4 .2 .4 .3 Kinematics of Ring 3378 

The filtered velocities of Ring 3378 are shown in Figure 4.2-28 . The 
magnitudes of these oscillations are relatively large, up to 85 cm s-1 with a 
minimum of about 50 cm s-1 . The swirl speeds are shown in Figure 4 .2-29, and 
here there is an initial increase from 20 cm s-1 to 75 cm s-1 followed by a 
decrease to about 50 to 60 cm s-1 . These variations in swirl magnitude 
coincide with variations in the size of the circle of rotation (Figure 4.2-1) . 
Figure 4 .2-30 quantifies the distances from the center of rotation, with a 
maximum radius of 90 km. 

The rotation frequency of Ring 3378 is shown in Figure 4 .2-31 . The initial 
minimum in frequency (0 .09/day) is followed by an increase to about 0 .12/day . 
From about day 225 and on, Ring 3378 had an almost constant rotation period of 
eight to nine days, slightly increasing with time . 

Considering the shape, the data indicate that the ring was initially quite 
elliptical (Figure 4 .2-32) . Within two rotation periods, this extreme 
eccentricity disappears, with the ring becoming essentially circular . The 
results shown in Figure 4 .2-32 imply that the initial ellipse orientation was 
mostly east/west . As the ring became more circular, this orientation became 
more northwest/southeast . 
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Figure 4 .2-23 . Time histories of the swirl speed components about the center of rotation for the Loop Current . 
The light line is the east/west speed and the darker line is the north/south speed . 
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Figure 4.2-24 . Time histories of the translation speed components for the center of rotation in the Loop 
Current . The light line is the east/west speed and the darker line is the north/south speed . 
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Figure 4 .2-25 . Time histories of the east/west (light line) and north/south (darker line) distances of Drifter 
3354 from the center of rotation in the Loop Current . 
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Figure 4 .2-26 . Time history of the rotational frequency within the Loop 
Current . 
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Figure 4 .2-27 . Time histories of the Loop Current eccentricity (asterisk) and 
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Figure 4 .2-28 . Time histories of the filtered observed speed components for 
Ring 3378 . The light line is the east/west speed and the 
darker line is the north/south speed . 
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Figure 4 .2-29 . Time histories of the swirl speed components about the center 
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speed and the darker line is the north/south speed . 
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Figure 4 .2-30 . Time histories of the east/west (light line) and north/south 
(darker line) distances of Drifter 3378 from the center of 
rotation of Ring 3378 . 
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Figure 4 .2-31 . Time history of the rotational frequency of Ring 3378 : 
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4.2 .5 Discussion 

4 .2 .5 .1 Loop Current vs . Rina Kinematics 

Drifters 3354 and 3378 were both in the GOM during Julian days 199-264, 1985 . 
However, the initial variations of the kinematic parameters of Ring 3378 
(Figures 4 .2-28 through 4 .2-32) all indicate an adjustment period during which 
time the drifter (with its 200-m weighted line) found an appropriate location 
within the ring . This location reflects a balance of forces acting on the 
entire drifter structure, and it would appear that a balance was achieved at 
about day 225 . Thus, the ring and Loop Current kinematics from day 225 to day 
264, are appropriate for comparison . At the beginning of this time period, 
the Loop Current was rotating with a period of about 10 .5 days while Ring 3378 
had a period of `8 .2 days . The orientations of the ellipses of rotation 
(Figures 4 .2-27 and 4 .2-32) were quite similar (northwest to southeast) but 
the Loop Current was more elliptical (e = 1 .5) than Ring 3378 (e = 1 .1) . 

The swirl speeds and the radii of revolution for both anticyclones were quite 
similar for days 225-264 : 80 cm s-1 for the swirl speeds and 90 km for the 
radii . Interestingly, both anticyclones experienced longer periods of 
rotation for smaller distances from the center of rotation . This form of 
current shear implies a flux of momentum toward the interior of the 
anticyclones . 

4 .2 .5 .2 Kinematics Before and After a Ring Breaks Off 

This brings us to the point of discussing the kinematics of the Loop Current 
at its most northerly extension (Julian days 230-264) and the kinematics of 
Ring 3378 soon after it broke free from the Loop Current (Julian days 225-
235) . Although these data represent two different anticyclonic events, it 
is assumed that these conditions are typical of GOM rings before and after 
they break off from the Loop Current . 

The similarities between these two sets of kinematics are considerable . 
Firstly, the magnitudes of the swirl speeds and of the radii are practically 
identical . Moreover, their elliptical orientations are the same . The Loop 
Current was slightly more elliptical than Ring 3378, but one might expect such 
a difference in ellipticity seeing that an anticyclone still attached to the 
Loop Current is a forced phenomena while a detached ring represents a free 
mode . The similarities of the anticyclones plus their close periods of 
rotation imply that the basic kinematic characteristics of GOM rings can be 
established as the Loop Current pushes northwestward off the shore of Cuba. 

4 .2 .5 .3 Generation of a Loop Current Eddy 

The classical concept of Loop Current processes is one in which part of the 
Gulf Stream at first flows directly from the Yucatan Straits to the Florida 
Straits . Within this flow field, barotropic and baroclinic instabilities 
exist which result in meandering of the Loop Current . As the size of the 
meander increases and reaches northward, it is generally believed that the 
flow field wraps back onto itself and "shorts" the stream of flow : part of the 
flow would still go northward around the Loop Current extension while the 
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remainder of the flow would take the more direct, southerly route to the 
Florida Straits . This is analogous to other geophysical phenomena, such as 
the creation of ox-bow lakes by meandering rivers . Finally, as the curvature 
of the flow reaches its maximum, more of the Loop Current flow takes the 
southerly route, and a GOM ring is eventually pinched off . 

One of the most interesting points indicated by the data is the anticyclonic 
characteristic within the Loop Current . Even though Ring 3378 was dust 
pinching off, Drifter 3354 shows that another rotational feature existed in 
the southern portion of the Loop Current at the same time . The existence of 
this second anticyclone leads to the hypothesis of a new process for the 
eventual creation of Loop Current rings . 

It has been shown in numerical studies that the flow of the Loop Current can 
itself create an anticyclonic flow field off the northwestern coast of Cuba 
(Thompson, 1986) . It is proposed that such a flow field could eventually 
pinch off as a GOM ring . The northward flow west of the tip of Cuba along 
with the southeasterly flow along the north-central coast of Cuba will 
obviously produce negative vorticity off Cuba's northwestern shore . This 
appears to be the flow field in which Drifter 3354 became entrained . This 
flow field moved slightly northwest while Ring 3378 was still connected to the 
Loop Current . But, it was only shortly after Ring 3378 pinched off that this 
Loop Current anticyclone pushed more northwesterly, to about 26 .5°N . Figures 
4 .2-20 and 4.2-21 indicate that after this final push (late August 1985), this 
rotational field was an integral component of the Loop Current . Thus, the 
data imply that the kernels of Loop Current rings may come from waters off the 
northwest coast of Cuba, vortices which are spun up by the lateral shear of 
the Loop Current boundaries . Thus, the scenario implied here is one in which 
the essence of the ring is established off the northwest coast of Cuba, 
develops in deeper waters off the coastline, and then takes on its final 
characteristics shortly after the previous ring completely detaches from the 
Loop Current . 

The implication of such a mechanism is that of time scales . One is not 
required to wait until instabilities in the flow field grow large enough to 
produce a closed rotational feature . These data show that, indeed, a new 
Loop Current rotational feature can be well established even before the 
previous ring has totally pinched off . We know that Ring 3378 was free of the 
Loop Current by mid-July 1985, but we also see that the new rotational feature 
had moved to latitude 26 .5°N by the beginning of September 1985 . Thus, the 
Loop Current was completely reconfigured to begin another ring separation 
only 1 .5 months after the previous ring separation . One could conjecture that 
if it were to take another 1 .5 to 2 .5 months for a ring to pinch off, then it 
would be possible to have three or four GOM rings produced each year . This 
concurs, in part, with Elliot's (1982) documentation of three ring separations 
in a 12 month period based on hydrographic data . Model studies (e .g . Hurlburt 
and Thompson, 1980 ; Thompson, 1986 ; Wallcraft, 1986), however, report lower 
numbers, with separation rates of one ring every 6 to 18 months . 

An example of a modeled ring pinch-off in the GOM is shown in Figures 4 .2-33 
and 4 .2-34 (from Wallcraft, 1986) . On day 63 (Figure 4 .2-33), the model shows 
the configuration similar to that when Drifter 3354 was seeded . The ring is 
well defined as the northern extension of the Loop Current, but it has not 
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completely pinched off . Note that there does exist a hint of anticyclonic 
motion off the northwestern coast of Cuba . By day 153 (three months later), 
the model shows that the ring is free of the Loop Current . Moreover, the 
anticyclone off Cuba is larger and better defined . However, it is not until 
another four months before the modeled Loop Current pushes northward again to 
begin the process of pinching off another ring (Figure 4 .2-34) . By this time, 
the anticyclone that had been spun up by the Loop Current had lost its 
identity (day 333, Figure 4 .2-34) . Therefore, the process described using the 
trajectory of Drifter 3354, in one sense, varies from the model in the shorter 
time period required to obtain the results predicted by the model. 

4 .3 Loop Current Boundary Features 

4 .3 .1 Introduction 

This section presents the current state of understanding of mesoscale 
processes affecting flow along the margin of the West Florida Shelf (WFS) as 
determined from the Acoustic Dopper Current Profile (ADCP) and associated 
data . The Loop Current can influence the hydrographic and flow fields of the 
outer WFS in three ways : 

An onshore or offshore translation of the primary Loop Current 
front . 

A propagation of waves along the front which results in meandering of 
the front . 

The growth of eddies on the front due to unstable versions of these 
waves. 

The mesoscale eddies provide an efficient mechanism for exchange of WFS and 
Loop Current water masses . These features were the primary focus of Cruise 
CF8405 . In Section 4.3 .2, observations of the cold perturbation southwest of 
the Dry Tortugas are summarized while in Section 4.3 .3, the same is done for 
the frontal eddy observed along the southwestern portion of the WFS . These 
two features appear in a plot of temperature at 200-m depth derived from 
aerially deployed probe data (Figure 4 .3-1) as cold pools along the eastern 
boundary of the Loop Current having temperatures less than 12°C . A discussion 
of results in the context of the existing literature on similar features is 
given in Section 4.3 .4 . A brief summary is presented in the final section . 

4 .3 .2 Cold Perturbation Southwest of the Dry Tortugas 

4 .3 .2 .1 Introduction 

The Loop Current typically flows southward along the outer margin of the WFS 
roughly following the bottom topography and turns eastward at about 24°N 
latitude to exit the Gulf of Mexico between the Florida Keys and Cuba as the 
Florida Current . In the few weeks preceeding the beginning of CF8405, 
development of an anomalous southwestward perturbation of the Loop Current was 
apparent from satellite derived sea-surface temperature (SST) patterns (Figure 
4 .3-2) . This perturbation continued to exist throughout the duration of the 
cruise and was sampled twice in transit to and from the primary work area 
along the WFS . 
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4 .3 .2 .2 Visit I 

Transect I (Line A-B) of Cruise CF8405 (Figure 4 .3-3) was designed to traverse 
the northeast - southwest axis of the cold perturbation . While the location 
of this transect was determined based on sea-surface temperature data from 
more than a week prior to arrival on the section, Figure 4 .3-4 confirms that 
the feature remained in the same location until Transect I and II (Line C-E) 
were completed, although the intensity of the surface temperature expression 
of the feature had decreased somewhat . The vertical cross-section of 
temperature from Transect I (Figure 4 .3-5) reveals a weak doming of all 
isotherms less than 20°C, which is consistent with a cyclonic circulation 
inferred from the surface temperature field . The near surface (less than 50 
meters) isotherms are quite convoluted and probably do not directly reflect 
larger scale motion . The corresponding ADCP vertical cross-section of the 
north component of velocity (Figure 4.3-6) shows the sharp cyclonic shear zone 
associated with the steeply sloping isotherms near the southwestern end of the 
section. North of 23 .5°N both the horizontal and the vertical shears are 
weak . The north component tends to zero at the northeastern end of the 
section . The east component (Figure 4.3-7) exhibits a weak flow symmetric 
about the mid-point of the section . This confirms the cyclonic circulation 
inferred from the SST patterns and expected from geostrophic dynamics . 

A second section was oriented across the axis of the perturbation (Figure 
4 .3-3) in the southeast - northwest direction . The temperature cross-section 
from Transect II (Line C-E) (Figure 4.3-8) reveals, more clearly than that of 
Transect I, the upward doming of isotherms typical of northern hemisphere 
cyclones . At the southern end of this section (Figures 4 .3-9 and 4 .3-10) an 
east-northeast flow was observed of about 1 .5 knots associated with the 
southern edge of the cyclone and the exit of the Loop Current from the Gulf . 
(Note that to facilitate comparison of the ADCP data from Section II with that 
of Section I, the Section II ADCP data are presented in a format such that 
south is on the left in Figures 4.3-9 and 4.3-10.) On the northwestern side 
of the cold perturbation the Loop Current front was very sharp (Figure 4 .3-9) 
and speeds of four knots to the south-southwest were observed . A shear of 
more than 100 cm s-1 over a distance of less than 20 kilometers was observed 
in the ADCP data . Compare this with the much weaker shear at the Loop Current 
front near the southwestern end of Section I . (It should be noted that 
typical hydrographic station spacing of about 10 kilometers is barely capable 
of resolving such features even if the stations are optimally located.) 

4 .3 .2 .3 Visit II 

The cold perturbation was sampled again two weeks after the initial visit . 
Time was available for only the southwest - northeast axial Transect XX (Line 
II-JJ) shown in Figure 4 .3-11 as we returned to port at the end of the cruise . 
As shown in Figure 4 .3-12, the domed iostherms were still present and a 
narrow cold band had upwelled to the surface just shoreward of the primary 
Loop Current front . During the two weeks since the first visit, the cold 
perturbation had moved about one degree of longitude eastward but still 
retained the basic characteristics observed at the beginning of the cruise . 
The ADCP data (Figures 4 .3-13 and 4 .3-14) again show the expected 
south-southeasterly flow at the offshore end of the section and a weak north 
westward flow nearshore . The maximum speed in the core of the Loop Current 
was about 3 .3 knots, slightly more than that observed on the axial section 
during the first visit . This increase in speed may be associated with the 
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East Component Profiles 
Stoats 18 :57s87 May 05 .198 
Stop : 85 :11 :06 May 06.1984 
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East Component Profiles 
Stoats 15s88:48 May 06 .1984 
Stops 18 :38:19 May 07,1984 
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North Component Profiles 
Stoats 12s+4s48 May 17 .1984 
Stop : 04 :41s19 May 18.1984 
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East Component Profiles 
Start: 12s44s "8 May 17.1981 
Stops 04 :41 19 May 18 .1984 
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return of the Loop Current to its normal geometry but lack of sufficient 
observations and/or theoretical framework preclude such a conclusion. 

4 .3 .3 Loop Current Frontal Eddy 

4 .3 .3 .1 Introduction 

This section describes observations of an example of the third mechanism 
mentioned above by which the Loop Current can affect flow patterns on the 
outer WFS . These data consist of a regional mapping of the southwestern WFS 
immediately after the first visit to the cold perturbation discussed above 
followed by a time series of data collected on two closely spaced transects 
through which a frontal eddy passed . 

4 .3 .3 .2 Initial Mapping 

The first mapping of the Loop Current frontal region adjacent to the WFS was 
begun with the occupation of Transect III (Line E-F) shown in Figure 4 .3-3 . 
It corresponded geographically to a line of moored current meters deployed as 
part of the GMPOP (Figure 4 .3-15) . Unfortunately, as stated in Section 2 .3 .2, 
lack of navigation data along this section renders a direct comparison of the 
moored and ADCP data impossible . Figure 4.3-16 shows current vectors for 
three depths at Mooring C which was located on the 180-m isobath near the 
shelf break . The beginning of this time series corresponds to the occupation 
of Transect III (7-8 May) . Between the 8th and 10th of May (day 131) a weak 
cyclonic feature propagated past Mooring C, reversing the flow at all depths . 
This flow reversal persisted for several days . Note that it was not until 10 
days later that the primary Loop Current front returned to the shelf break 
along this transect and a strong southward flow was re-established . No strong 
evidence was observed in the hydrographic data of the presence of the frontal 
eddy responsible for the flow reversal, and it is concluded that in this space 
and time frame, the feature must have been either relatively young (and 
therefore weak) or, if mature, just approaching this area as it moved south. 

On Transect IV (Line G-H shown in Figure 4 .3-3) which was located about 20 
nautical miles to the north, the high velocity core of the Loop Current was 
more than a half degree of longitude west of the shelf break and the surface 
flow (Figure 4 .3-17) was directed southwestward across the local isobaths . 
The corresponding vertical cross-section of the north component of ADCP 
velocity (Figure 4.3-18) shows a weak cyclonic return flow to the north 
extending from the surface down to about 75-m depth and having about the same 
magnitude (10 cm s-1) as the northward return flow measured on Transect III by 
the moored current meters . It is possible that this is the same frontal 
feature visible in the SST data for 20 April (Figure 4 .3-2) but not apparent 
in the 7 May SST image (Figure 4.3-4) . 

The decision was made to steam southward to the southern limit of the work 
area and map the local frontal region prior to the arrival of the Loop Current 
frontal eddy . Near-surface velocity vectors are shown for Transect IX through 
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North Component Profiles 
Stoat : /" :51 : "5 May 88,198 " 
Stop : 16:34 :43 May 88 .1984 
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Figure 4 .3-18 . Vertical cross-section of the north component of horizontal 
velocity for Transect IV of Cruise CF8405 . 
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XIII (Figure 4 .3-19) in Figure 4.3-20 . The northward flow in the eastern 
portion of Transect IX is thought to be a remnant of the cold perturbation 
discussed in Section 4 .3 .2 . Transects X and XI show no deviations from the 
classic concept of an unperturbed Loop Current front . Transect XIII, however, 
exhibits not only the offshore cross-isobath flow seen on Transect IV, but 
also a distinct region between the 400- and 100-m isobaths where the flow is 
northward . The corresponding cross-section of the north component of velocity 
as measured by the ADCP (Figure 4 .3-21) shows northward flow at all depths 
east of 84 .5°W longitude . A small area within this region has northward flow 
exceeding 20 cm s-1 . Transect XIII was located on the above mentioned mooring 
line . The time series data from Mooring C, corresponding to the time of 
Transect XIII (12-13 May), agree quite well, with both systems giving 
northward flow at all depths of about 10 cm s-1 . 

This, in contrast to the situation at Transects X and XI, is the circulation 
pattern expected for a typical cold core/warm filament cyclonic frontal eddy . 
This represents the first time the circulation in such a feature has been 
directly measured on length scales small enough to resolve the details of such 
features . 

4 .3 .3 .3 Time Series Observations 

Once the Loop Current frontal eddy had been positively identified and located 
on Transect XIII, two cross-isobath sections were chosen south of Transect 
XIII for repeated occupation as the eddy propagated through the work area . 
The locations of these are shown in Figure 4 .3-22 . The series at the southern 
transect consists of Transects XI, XV and XVII while the northern series 
consists of Transects XIV, XVI and XVIII as given in Table 4.3-1 . 

On the first circuit of these two cross-sections, the Loop Current was 
characterized by a sharp cyclonic shear zone centered over the 400-m isobath . 
At Transect XI (Line S-T of Figure 4.3-19), the ADCP and temperature fields 
(Figures 4.3-23 and 4 .3-24, respectively) indicate no evidence of frontal eddy 
activity . However, to the north at Transect XIV (Line W-X) more doming of the 
isotherms was evident (Figure 4.3-25), indicative of the southern leading edge 
of the upwelling cold core ; and a warm pool of water was found flowing to the 
north (Figure 4 .3-26) in the eastern portion of the transect . Tao days later, 
the doming of the isotherms had continued to intensify (Figure 4.3-27) and the 
velocity field was fully developed on both the northern and southern transects 
(Transects XVI and XV in Figures 4 .3-28 and 4.3-29, respectively) with the 
northward return flow extending throughout the entire water column at the 
shelf break . It is interesting to note that the high speed core of the Loop 
Current is now directed east of south (Figures 4 .3-30 and 4.3-31) at both 
Transects XV and XVI indicating that the eddy is in the lee (i .e ., to the 
north of), an onshore meander of the primary front . During the third and 
final circuit of the time series transects, the Loop Current continued to move 
offshore and the cold core/warm filament circulation persisted as evidenced by 
the temperature field (Figure 4.3-32) and the northward component of the 
velocity field for Transects XVII and XVIII (Figures 4.3-33 and 4 .3-34) . 
While the east component of velocity in the Loop Current front is still 
directed east of south for Transect XVII (the final southern cross-section, 
Figure 4.3-35), it is slightly west of south on Transect XVIII on 16 May (the 
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North Component Profiles 
Stoat : 16s52:13 May 12 .1984 
Stop : 07 :29:25 May 13 .1984 
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Figure 4 .3-21 . Vertical cross-section of the north component of horizontal 
velocity for Transect XIII of Cruise CF8405 . 
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Table 4 .3-1 . Time series sections for cruise CF8405, 4-19 May 1984 . 

Northern Section Southern Section 

Section Hydrographic Stations Section Hydrographic Stations 

XIV (W-X) 170X - 188X (13 May) XI (S-T) 130X - 146C (11-12 May) 

XVI (AA-BB) 205C - 223C (14-15 May) XV (Y-Z) 189C - 204C (14 May) 

XVIII (EE-FF) 239X - 250X (16 May) XVII (CC-DD) 224C - 238X (15-16 May) 
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North Co onent Profiles 
Stoat : 20 :55s42 May 11 .1984 
Stop : 09 :52 42 May 12 .1984 
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Figure 4 .3-23 . Vertical cross-section of the north component of horizontal 
velocity for Transect RI of Cruise CF8405 . 
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Figure 4 .3-24 . Vertical cross-section of temperature for Transect XI of 
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Figure 4 .3-25 . Vertical cross-section of temperature for Transect XIV of 
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Figure 4 .3-27 . Vertical cross-section of temperature for Transect XVI of 
Cruise CF8405 . 
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North Component Profiles 
Start: 22 :46:05 May 14,1984 
Stop: 12 :28:58 May 15 .1984 
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Figure 4 .3-28 . Vertical cross-section of the north component of horizontal 
velocity for Transect XVI of Cruise CF8405 . 
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North Component Profiles 
Stoat : 03 :28 :31 May 14 .1984 
Stop : 17 :40 :31 May 14 .1984 
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Figure 4 .3-29 . Vertical cross-section of the north component of horizontal 
velocity for Transect XV of Cruise CF8405 . 
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East Component Profile* 
Stoats 03:20:31 May 14 .!984 
Stop : 17:40:31 May 1+,1984 
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Figure 4 .3-30 . Vertical cross-section of the east component of horizontal 
velocity for Transect XV of Cruise CF8405 . 
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East Component Profiles 
Start : 22 :6 :05 May 14 .1984 
Stop : 12 :28 :58 May 15 .1984 
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Figure 4 .3-31 . Vertical cross-section of the east component of horizontal 
velocity for Transect %VI of Cruise CF8405 . 
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North Component Profiles 
Starts 19s37s17 May 15 .1984 
Stop : 08s81 :19 May 16 .1984 
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Figure 4 .3-33 . Vertical cross-section of the north component of horizontal 
velocity for Transect XVII of Cruise CF8405 . 
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North Component Profiles 
Start : 12s18:30 May 16 .1984 
Stop : 17 :iis32 May 16 .198 " 
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Figure 4 .3-34 . Vertical cross-section of the north component of horizontal 
velocity for Transect XVIII of Cruise CF8405 (see Figure 
4 .3-11) . 
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East Cc wponent Profllos 
St0rt : 19 :37:17 May 15 .1984 
Stop : Y8s01 :19 May 16 .1984 
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Figure 4 .3-35 . Vertical cross-section of the east component of horizontal 
velocity for Transect %VII of Cruise CF8405 . 

124 



final northern cross-section, Figure 4 .3-36), indicating that the trough of 
the meander responsible for the eddy has passed the latitude of the northern 
transect and that the next onshore crest should arrive within a few days . 
This is indeed consistent with the moored current meter data obtained 20 miles 
to the north since the end of the cyclonic event observed in the moored time 
series occurs at about this time . 

A conceptual model which describes frontal eddies as upwelling vortices 
generated in the lee of southward (northward) propagating onshore meanders of 
the Loop Current (Gulf Stream) front has been proposed in the recent 
literature (Lee, Atkinson and Legeckis, 1981 and Pietrafesa, 1983) . Such a 
model is supported by these observations . 

4 .3 .4 Summary and Discussion 

The dynamics of the outer continental shelf waters of Florida's west coast is 
dominated by the Loop Current and its frontal perturbations . Similar meanders 
and perturbations exist along the outer continental shelf of the southeastern 
United States due to the presence of the Gulf Stream and these have been 
studied extensively both observationally and theoretically during the last 15 
years . Li et al . (1985) have utilized inverted echo sounders and current 
meters on a cross-shelf transect to monitor the position and flow field of the 
Gulf Stream in this region (commonly referred to as the South Atlantic Bight 
or SAB) . They have shown quantitatively that while direct Gulf Stream forcing 
is negligible compared to wind forcing at mid-shelf, it dominates the 
near-surface flow and is at least as important as wind forcing at depth (i .e., 
below the Gulf Stream front) in the vicinity of the shelf-break . Similar 
results were presented by Lee and Atkinson (1983) based on data from a more 
extensive along- and cross-shelf current meter array which covered the central 
portion of the SAB between Cape Canaveral, FL and Cape Romain, SC . 

The primary mode of Loop Current forcing of outer shelf circulation is, like 
that of the Gulf Stream, due to downstream-propagating lateral wave-like 
meanders of the axis of the Loop Current flow field and its associated density 
structure . In the Gulf Stream it is in the wake of an onshore meander crest 
that investigators have often observed the spawning of a cyclonic eddy 
consisting of an upwelled cold core surrounded on the downstream (northward) 
and shoreward (westward) sides by a thin surface filament of warm Loop Current 
water which grows roughly along isobath in the upstream (southerly) direction . 
The surface manifestation of these frontal eddies as well as that of the 
meanders has been observed repeatedly in satellite thermal infrared imagery 
[Stumpf and Rao (1975), Legeckis (1975), Legeckis (1979), Lee, Atkinson and 
Legeckis (1981), Vukovich and Maul (1985)] in both the Gulf Stream and the 
Loop Current . Quasi-synoptic mappings of the three dimensional hydrographic 
structure of several frontal eddies observed in various locations have been 
reported in the literature (Bane, Brooks and Lorenson (1981) off Onslow Bay, 
NC . ; Lee and Atkinson (1983) east of Jacksonville, FL . ; Paluszkiewicz et al . 
(1983) on the West Florida Shelf] . These hydrographic data are indicative of a 
cyclonic geostrophic circulation around a cold core of water upwelled from 
beneath the Gulf Stream (or Gulf of Mexico Loop Current in the case of the 
West Florida Shelf eddy) which is in accord with inferences based on the IR 
imagery . This circulation has been directly observed for the event discussed 
in Section 4 .3 .3 . 
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East Component Profiles 
Start : 1Zs1Bt30 May 16 .198 
Stop : 17si1s32 May 16 .1984 
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Figure 4 .3-36 . Vertical cross-section of the east component of horizontal 
velocity for Transect XVIII of Cruise CF8405 . 
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The time series of moored current meter data reported by various investigators 
[including Brooks and Bane (1981), Lee, Atkinson and Legeckis (1981), 
Pietrafesa (1983), and Lee and Atkinson (1983)] confirm this cyclonic 
circulation around a Gulf Stream cold core, to the extent that their 
horizontal spatial resolution allows . However, there remains a controversy 
regarding the circulation within the warm filament . The southern end of the 
warm filament is observed in satellite thermal infrared imagery not to 
reconnect to the primary Gulf Stream front as would be necessary to form a 
true ring-like feature but rather remains to the west of the primary front by 
a distance comparable to the width of the surface expression of the upwelled 
cold core . Lee, Atkinson and Legeckis (1981) have characterized the flow 
within the warm filament as being uniformly southward and presumably balanced 
by frictional dissipation while Chew (1981) has presented a case for 
anticyclonic circulation within the warm filament which would return warm 
water to the north along the western side of the filament . Lee and Atkinson 
(1983) report the absence of propagating warm anticyclonic perturbations 
shoreward of the cold domes observed in their current meter time series and 
reject Chew's (1981) hypothesis ; however, Pietrafesa (1983) has analyzed a 
subset of the same data used by Lee and Atkinson (1983) in conjunction with 
sea-surface temperature data from one particular frontal eddy and concludes 
that Chew's (1981) description is realistic . The observations reported here 
are not sufficient to resolve this controversy since efforts were concentrated 
mainly in the region of the cold core and primary Loop Current front . Thus, 
except for the details of circulation within their warm filaments, the general 
form and descriptive characteristics of Gulf Stream and Loop Current frontal 
eddies are relatively well known . 

Our understanding of the dynamics of Loop Current and Gulf Stream frontal 
meanders and particularly that of the frontal eddies with which they often 
coexist is not yet complete . Both barotropically and baroclinically unstable 
waves have been proposed as explanations for the existence of frontal meanders 
in the South Atlantic Bight (by Niiler and Mysak, 1971 and Orlanski and Cox, 
1973, respectively) . These theories apply equally well in the eastern Gulf of 
Mexico . Theory predicts that both types of waves could exist on the length 
and time scales typical of Gulf Stream or Loop Current frontal events (i .e ., 
about 150 kilometers and a week to, 10 days) . In a series of papers, Chew 
(1974, 1975, 1979) has developed a set of equations relating many quantities 
(shear vorticity, divergence, banking terms, curvature vorticity, etc.) which 
are potentially dynamically important in determining the form and behavior of 
such meanders . Chew, Bane and Brooks (1985) have generated a composite 
picture of the density and velocity fields of a propagating meander and its 
associated cold dome by combining data obtained from a drogue experiment in 
the Florida Straits and a hydrographic surrey off Onslow Bay, NC . Until the 
dynamical constraints on the propagating meanders are more completely 
understood, the dynamics of the associated frontal eddies are not likely to be 
revealed . While the theoretical and conventional observational treatments 
mentioned are a step in the right direction, more detailed observations of the 
type presented herein are needed from various geographic locations and from 
under widely varying climatic conditions . While this study's contribution to 
the existing body of knowledge regarding frontal eddies is significant, to 
draw general conclusions from the one frontal eddy event presented would be 
inappropriate . 
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Little is known about the reasons for the formation and decay of the cold 
perturbation features such as the one described in section 4.3 .2 . They appear 
similar to other mesoscale features such as cold core Gulf Stream rings 
although they are typically of smaller radius . It has been speculated 
(although not published) that these perturbations are triggered by the 
propagation of a Loop Current frontal eddy into the formation region, but 
although eddies have been observed in SST data to propagate into a pre-
existing cold perturbation, the formation process has not been observed in 
detail . 

In conclusion, presented here is an unprecedented detailed view in both space 
and time of the hydrographic structure and velocity field associated with a 
Loop Current frontal eddy . Existing theories do not predict distinct 
characteristics which could be easily tested by observations . More detailed 
data are needed to direct and stimulate further theoretical advancements 
regarding the dynamics of both frontal eddies and the cold core perturbations . 

4 .4 West Florida Shelf Circulation--Patterns and Processes 

4 .4 .1 Introduction 

The Minerals Management Service (MMS) has supported observations of currents 
on the West Florida Continental Shelf since January 1983 . This report 
discusses the major results of the third year of this program, focusing on the 
data from 1985, although the results of the first two years will be summarized 
briefly . Figure 4 .4-1 shows the locations of the moorings . The primary line 
of moorings, near 26°N, has been in place for the full three years . Moorings 
G and F, however, were installed in early 1984 . Mooring H was installed in 
1985 and is supported by a grant from the National Science Foundation to 
Florida State University . The moorings just offshore from Cedar Key (Moorings 
I and J) were installed by Continental Shelf Associates, as part of an 
environmental monitoring effort in the summer of 1985 . The moorings near the 
Florida Keys (Moorings 1 through 8) were by Environmental Science and 
Engineering, Inc ., sponsored by MMS, and were in place for 1984 and parts of 
1985 . With these few exceptions, however, the mooring program was part of 
GMPOP . 

It is appropriate to summarize here briefly the primary results from the 
first two program years . Most of the results normally presented, such as 
stick plots, have been filtered to suppress the high frequency information, 
such as tides and inertial period motions . It is appropriate therefore to 
point out that a substantial part of the energy in these records is near the 
inertial period, which is approximately 27 hr at this latitude . Figure 4 .4-2 
shows the spectra from less than three months of data from Moorings A, C, D, 
and F, in the usual way (left) and also in the "variance preserving form" 
(right), in which the area under the curves shows (to the eye, and linearly) 
the amount of energy present in individual frequency bands . It is obvious in 
these figures that when the inertial period motions have been filtered out in 
order to use daily values for the stick plots, a significant fraction of the 
energy in the flow field has been removed . Because there is so much energy at 
mooring A at period near two weeks or longer (400 hr), the relative amount of 
energy near the inertial period seems small, although the near-inertial energy 
at Mooring A is roughly half that at C . On the shelf, however, where the 
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wind-driven flow at periods of less than three to ten days is the dominant 
signal, there is roughly the same amount of energy in the inertial band as in 
the wind-driven band (Figure 4.4-2, Moorings C-D) . At Mooring F, the propor-
tion of inertial-period motion is smaller than at C or D . Note that the 
scales on the Y axis double from F to D and from D to C . The propagation of 
inertial-period motions in the ocean has been studied extensively . Kunze and 
Sanford (1986) discuss the effects of sloping bottom topography on inertial 
currents, and Lai and Sanford (1986) show observations of inertial currents 
after the passage of a hurricane . At Mooring H, when Hurricane Elena passed 
nearby in late August, 1985, the inertial-period currents at 50 m reached 50 
cm s-1 . 

It is also clear in Figure 4.4-2 that inertial-period motions are 
substantially more energetic than the tides . These figures show the V, or 
north-south along-shore component of the flow . At Moorings D and F, the 
semi-diurnal tide is noticeable in these figures . At Mooring C, at the edge 
of the shelf, the predominant tidal motion is in the onshore, or east-west 
component, and so does not show up in the figure . Although there is a 
significant amount of energy at the inertial periods, it may be appropriate to 
point out here that for a given value of current speed, a low-frequency 
fluctuation will provide a larger net particle movement than will a 
higher-frequency fluctuation . (This effect is a simple linear function of the 
period .) 

4 .4 .2 Inertial Currents on the West Florida Shelf 

4 .4 .2 .1 General Description Of Inertial Motions 

Oceanic inertial currents are circular motions of water particles at or near 
the local Coriolis frequency, f . These motions are most easily visualized 
from current meter data with the use of a progressive vector diagram (PVD), as 
shown in Figure 4 .4-3 . The current vector rotates clockwise (in the northern 
hemisphere), causing the particle trajectories to trace circular motions 
superimposed on the mean drift . The Coriolis frequency varies geographically 
with latitude, from 2 cycles per day (cpd) at the poles to zero at the 
equator . At 26°N, the approximate latitude of the West Florida Shelf mooring 
line, f=0 .88 cpd, corresponds to an oscillation period of 27 .4 hours . 

These currents are associated with a class of internal gravity waves modified 
by the earth's rotation, often referred to as near-inertial internal waves or 
inertio-gravity waves . These waves exist only with frequencies within a band 
between f and the buoyancy frequency, N, which is generally one or two orders 
of magnitude larger than f . Theoretical treatment of these waves is quite 
cumbersome and need not be presented here, but it has revealed several 
properties of inertio-gravity waves worth mentioning . At frequencies close to 
f, the particle trajectories are horizontal and circular . However, as 
frequencies increase close to N, the waves become more like pure internal 
gravity waves with particle motions in a vertical plane aligned along the 
direction of phase propagation . Only the part of the spectrum close to f is 
of interest here, however, and the dispersion relation for these waves 
indicates that the closer the frequency is to f, the more circular the 
trajectory and the longer the horizontal wavelength. At exactly f, the 
wavelength is theoretically infinite, so in principle, oscillations with 
frequencies at or below f do not exist (although there are exceptions, as will 
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be discussed below) . Even at frequencies very near f, the wavelengths would 
be longer than the length scales of the oceanic media supporting the waves . 
Consequently, the vast majority of observations of near-inertial motions are 
at frequencies measurably offset above f, generally within a range of 1 .03f to 
1 .2f . Eden within this fairly broad band, the wave properties are much more 
inertial-like, with horizontal circular motions, than like internal gravity 
waves . 

Frequencies slightly below f have been observed . One mechanism to explain 
this is that the effective lower bound frequency for inertial waves is reduced 
below f for waves propagating in anticyclonic shear (Kunze, 1985) . Modeling 
studies by Kundu and Thomson (1985) show that intermittent apparent 
sub-inertial fluctuations may appear for two or three cycles when there are 
intervals of decreasing phase . 

It is important to recognize that these waves are a sub-class of internal 
waves and, as such, require a stratified medium to exist . Barotropic modes 
are theoretically possible, but they are weak and propagate away rapidly 
(Gill, 1984) . This leaves the system dominated by vertical modes . The degree 
of stratification and its vertical distribution (uniform versus sharp 
pycnocline, for example) affect both the amplitude and the modal structure of 
the inertial currents . Measured currents are the result of the summation over 
all the modes . Currents should be coherent vertically, but with a clockwise 
phase shift with depth, as shown in Figure 4.4-4 (from Kundu, 1984) . 

Inertial currents are ubiquitous in measurements throughout the ocean and are 
commonly measured in the mid and outer shelf regions where there is sufficient 
stratification . The primary forcing mechanism is rapidly varying wind stress . 
A sharp increase in inertial current amplitude in the surface mixed layer is 
commonly associated with the passage of a weather front . Wind stress which 
rotates clockwise on a time scale near 1/f is most efficient in generating 
inertial waves (D'Asaro, 1985b) . Nevertheless, it has been shown that impulse 
forcing and randomly time-varying wind generate inertial currents and the 
response to a real time series of varying wind stress is considerably larger 
than the response to a single impulse forcing of like magnitude (Kundu, 1984) . 
Furthermore, Kundu (1985) has shown, through a linear model, that only very 
weak inertial oscillations are generated from a wind input time series if the 
near-inertial wind components are first removed by band-pass filtering, even 
when only a small amount of the rms wind variance has been removed . This 
implies that the coastal ocean can derive a quasi-continuous input of energy 
for inertial currents from relatively weak but constantly time-varying winds, 
with variability in the near-inertial band, such as are common over the West 
Florida Shelf during summer . Nevertheless, when intermittent, intense frontal 
passages occur, a few dozen such events can account for more than half of the 
annual inertial forcing in some regions (D'Asaro, 1985b) . 

One of the more unique and prevalent features of inertial current observations 
is their intermittency in amplitude with time . This is exemplified in the 
plot of the demodulated amplitude for the inertial currents at Mooring C in 
Figure 4 .4-5 . (An explanation of the demodulation process is given in Section 
3 .4 .2) . It is clear that the inertial amplitudes increase and decrease 
sharply on time scales of 5 - 20 inertial periods . This is typical for 
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inertial currents observed elsewhere (e .g . Kundu, 1976) . Several explanations 
for such intermittency have been proposed . D'Asaro (1985b) suggests that : 
(1) the major forcing events themselves are intermittent, and (2) that the 
energy transfer function from the wind to inertial currents is proportional to 
the fourth or sixth power of wind speed, making small fluctuations in wind 
speed appear as very large fluctuations in energy transfer . Kundu (1984) 
showed that the response to rapidly time-varying wind was more intermittent 
than the response to step input forcing . Solutions to the equations for 
inertial waves have indicated a dependency of amplitude on the strength of 
stratification, varying approximately with the square-root of the buoyancy 
frequency, N (Kundu, 1976 ; D'Asaro and Perkins, 1984) . Consequently, 
energetic inertial currents are more likely during periods when the water 
column stratification is strong than when stratification is weak . Once 
inertial waves are set in motion, interference among the first few modes, 
which all have slightly different frequencies, can cause the amplitude to 
modulate, or beat, on time scales consistent with observations (Gill, 1984 ; 
Kundu and Thompson, 1985) . The presence of oceanic fronts and geostrophic 
anti-cyclonic shear can cause trapping of inertial waves (Kunze, 1985 ; Kunze 
and Sanford, 1984) . By this mechanism, a zone of anti-cyclonic shear becomes 
a wave guide which traps and amplifies inertial waves propagating into the 
shear zone . This implies that intermittency may be associated with shifting 
or meandering geostrophic bets such as the Loop Current . With several such 
competing mechanisms governing the amplitudes of the observed inertial 
currents, it may prove difficult to show a significant correlation between 
inertial current amplitude and other measured parameters such as wind stress, 
stratification and shear . Nevertheless, these will be examined in the 
following section. 

As noted above, oscillations of frequency near f must be associated with long 
wavelengths, typically on the order of 100 km for observed frequencies . 
Consequently, one would expect spatial coherence in inertial currents over 
similar length scales . In certain instances of waves following in the wakes 
of a weather front, this has been observed (Kundu and Thomson, 1985) . 
Enigmatically, however, this is typically not the case . More often, inertial 
currents are found to be spatially uncorrelated over distances on the order of 
10 km . Kunze (1985) shows that oceanic frontal shear zones focus and trap 
inertial waves which could result in more incoherence due to the superposition 
of many waves . Kundu (1986) discusses other factors, such as beta plane 
effects, bottom reflection, and superposition of waves propagating from remote 
wind-forced generation, which could contribute to the observed spatial 
incoherence . 

The study of inertial motions is an important problem in physical 
oceanography for a number of reasons : 

1 . They represent an important mechanism for wind forcing to extend into the 
deeper layers of the ocean . Inertial currents are directly forced only in 
the ocean surface mixed layer, yet energetic inertial currents are 
observed below the thermocline (D'Asaro, 1985a) . Models such as Gill 
(1984) and Rubenstein (1983) suggest that mixed layer inertial currents 
propagate energy downwards through the thermocline, as a result of the 
vertical component of the group velocity of inertio-gravity waves, to 
excite inertial motions below . Gill (1984) describes how mixed layer 
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inertial waves cause vertical displacements in the thermocline at the 
inertial frequency, which then "pump" inertial energy into the deeper 
layers . White (1986) describes how this pumping mechanism may contribute 
to the Eularian mean motion (as sensed by current meters), but that the 
net Lagrangian drift due to this mechanism is cancelled by the Stokes 
drift of the inertial waves . Rundu (1984 and 1986) has observed that 
measured subsurface oscillations are considerably more energetic than can 
be accounted for with models that rely on inertial wave propagation alone 
and forcing by single atmospheric events . He has generated more realistic 
subsurface amplitudes by including time varying wind forcing and a coastal 
boundary . This latter condition causes "coastal inhibition" of inertial 
waves which leads to intensified downward energy propagation in the 
coastal boundary region . Kundu (1986) also notes that inertial waves are 
shifted to higher frequencies (blue shifted) with increasing depth . 

2 . Inertial waves are an important mixing mechanism for the surface mixed 
layer . D'Asaro (1985a), for example, gives observations of mixed layer 
deepening as a result of a storm. The wind induced inertial currents 
lead to increased shear, and consequent increased mixing and deepening at 
the base of the mixed layer . 

3 . Inertial currents may be important to the dynamics of oceanic fronts . 
Rubenstein and Roberts (1986) find that strong inertial oscillations in 
the mixed layer can result in strong cross frontal variability in the 
mixed-layer depth . Mixed layer deepening can occur more rapidly on the 
negative vorticity side of the front, where waves tend to be trapped . 

4 .4 .2 .2 West Florida Shelf Observations 

The three years of current meter observations on the West Florida Shelf 
extended from 1983 through 1985 . The measurements from waters shallower than 
200 m are applied here to describe the nature of the inertial currents . 
Specifics of the mooring design, instrumentation, or tidal and low frequency 
variability are covered elsewhere in this report and the Years 1 and 2 Final 
Report (SAIC, 1986) . Figure 4 .4-6 gives the mooring locations and 
designations and includes the tracks of the significant hurricanes . These are 
discussed in the context of the generation of inertial currents by the wind, 
often directly related to the passage of a storm or front . The dynamics of 
inertial currents are also related to the density structure of the water 
column, particularly the strength of the pycnocline and the depth of the mixed 
layer . Figure 4 .4-7 shows the location and depth of the current meters 
relative to a typical cross-shelf temperature field . Note that the depth of 
the mixed layer increases from about 50 m on the shelf to about 100 m seaward 
of the shelf break . The mooring array, therefore, sampled different domains 
as far as the stratification and bottom depth were concerned . The dynamical 
significance of this for inertial currents is treated later in this section . 

The oscillating frequency of inertial currents varies with latitude and is 
generally close to tidal frequencies . Data processing must be handled 
carefully in order to properly separate the inertial currents from the tides . 
In this case, the inertial frequency, f, is close to the mayor diurnal tidal 
constituents which are dominant in the Gulf of Mexico . For this study, the 
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data were first analyzed for principal tidal components . These were used to 
generate a tidal signal which was then subtracted from the original data to 
form a de-tided time series with the inertial oscillations preserved . An 
example of the results of this process can be seen in the energy spectra of a 
pre- and post-detided data set in Figure 4 .4-8, where the reduced peak at one 
cycle per day (cpd) reflects the removal of diurnal tides . In order to 
simplify the analysis further, the de-tided current data were demodulated, 
with Kundu's method (1976), to extract the amplitude and phase of the inertial 
currents . The inertial amplitudes varied over time as inertial currents came 
and went, and the time series of these amplitude data form the basis for this 
discussion . A complete set of the demodulated data from all moorings and all 
years is provided in Appendix B . Several records are reproduced in this 
section as appropriate for discussion . 

As a general rule, inertial currents were clearly evident at all locations . 
The amplitudes were quite intermittent in time, modulating between maximum and 
minimum amplitudes over 10 to 20 day periods . Peak amplitudes often exceeded 
20 cm s-1 (which also exceeds dominant diurnal tidal amplitudes at about 4-6 
cm s-1), and at times exceeded 30 cm s-1 . Consequently, inertial currents 
accounted for a significant fraction of the tidal band variance . 

In addition to being intermittent in time, the inertial amplitudes were often 
poorly correlated vertically among observations on the same mooring . As 
shown, for example, in Figure 4 .4-9 amplitudes at different depths often 
peaked at different times, particularly during the summer months . However, 
more vertical uniformity was evident in fall and winter . This observed 
vertical decoupling of amplitude modulations is consistent with the modeling 
studies by Kundu (1986), which show that the amplitudes tend to modulate more 
or less out-of-phase above and below the pycaocline (Figure 4.4-10) . The 
amplitudes were also poorly correlated horizontally between mooring locations 
at the same depth level . As in the vertical, however, there was more evident 
horizontal correspondence of amplitude peaks in fall and winter than in summer 
(Figure 4 .4-11) . This suggests that inertial currents in the later seasons 
were more often forced by large synoptic wind patterns which affected each 
location similarly, rather than by localized random wind forcing which may 
have been more characteristic in summer . 

A common feature noticeable in the records at Mooring D was that inertial 
amplitudes tended to be greater at mid-depths than in the near surface or near 
bottom samples (Figure 4 .4-12) . The weaker amplitudes near bottom are readily 
explained by bottom friction . The relatively weaker near surface amplitudes 
are more puzzling, given that inertial currents are excited by wind stress 
acting on the mixed layer . However, from Figure 4 .4-7, it can be seen that 
the mid-depth samples at this mooring site approximately coincided with the 
bottom of the mixed layer, at a depth where vertical density gradients tend to 
peak. This observation is consistent with the model of Gill (1984) in which 
the highest amplitudes were found dust below the mixed layer. This trend is 
not evident, however, in the models by Kundu (1986, 1984), which show the 
greatest amplitudes more consistently in the mixed layer . This apparent 
amplification or trapping of inertial wave energy at the base of the mixed 
layer was a consistent feature at Mooring D where measurement depths happened 
to allow the trend to be detected . If it is real, it must be fundamental to 
the dynamics of inertial currents and deserves further study . 
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In several records at shelf sites D and F, peak amplitudes were measurably 
higher during the summer months than during the winter . In some instances, 
the higher amplitude periods included the late spring or early fall . This 
trend, however, was not as clear seaward of the shelf break at Moorings A, C 
and E. Examples from the shelf moorings are shown in Figure 4 .4-13, in which 
the amplitude variations are shown along with the time series of vertical 
temperature differences between meter depths . There is a definite 
correspondence on seasonal time scales between the inertial current amplitudes 
and the vertical temperature gradients . The correlation between the two, 
however, is not high on time scales of the inertial amplitude modulations 
(approximately 20 days) because the modulations are created by the summation 
of many modes of slightly different near-inertial frequencies associated with 
both locally and remotely driven propagating inertial waves . Nevertheless, 
the apparent seasonal correlation between inertial amplitudes and vertical 
stratification is a noteworthy feature in these data . For comparison, 
Lagerloef and Muench (1986) have found that inertial currents on the Bering 
Sea shelf were very energetic when the shelf stratification was two-layered in 
spring and fall, but nonexistent during the winter when the water column was 
well mixed to the bottom. 

The amplitude of inertial waves is dependent on several factors, the most 
important being the wind forcing and subsequent amplitude modulation . All 
else being equal, however, amplitude is dependent on the strength of vertical 
stratification, which is generally parameterized by the buoyancy frequency, N . 
Analytical studies (Kundu and Thomson, 1985) have shown that the amplitude is 
proportional to the square root of N, which in turn, is proportional to the 
square root of the vertical density gradient . Thus, ignoring all other 
factors, amplitudes are proportional to the fourth root of the density 
gradient . Vertical temperature gradients in Figure 4.4-13 underwent a nearly 
eight-to-ten-fold seasonal summer increase in some instances, while peak 
inertial amplitudes increased about two-fold . This is not exactly a 
fourth-power relationship, but is consistent considering other factors which 
may be important . 

One of the other key factors is the intensity of wind forcing . Shown in 
Figure 4 .4-14 is the 40-hour low-pass wind vector time series for Tampa, 
Florida . The mid-summer winds were noticeably diminished relative to the 
other seasons . This reflects the seasonal climatological variations whereby 
brisk winds and frontal passages are more common in non-summer months . This 
is noteworthy because this season of reduced wind intensity was also the 
season for peak episodes of inertial current amplitudes at the shelf moorings. 
Therefore, there does not appear to have been a direct relation between the 
winds and the greater inertial amplitudes during the summer . 

This interpretation of the wind data deserves further scrutiny. Wind forcing 
for inertial currents is most effective when the wind stress has clockwise 
rotation on time scales near the inertial period . A rotary spectrum of the 
Tampa wind data shows a prominent clockwise peak at the diurnal period (one 
cpd) associated with the land/sea breeze effect (Figure 4 .4-15) . A secondary 
peak at two cpd is a harmonic . (The heights of the peaks in this spectrum are 
somewhat misleading because, in the variance preserving form, the portion of 
energy in the band is related to the area under the peak, not simply the 
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height of the peak .) The nature of the diurnal variability in the winds was 
investigated further by performing the demodulation of the wind data to 
generate time series of amplitude at the diurnal frequency, analogus to the 
demodulation at the inertial frequency done on the current data . Because the 
diurnal and inertial frequencies are so close in the study area, the 
demodulated wind amplitudes parameterize an important energy source for the 
inertial currents . These are also plotted on Figure 4 .4-14, along with the 
vector time series . It can be seen that the diurnal amplitudes did not show 
the summer decrease evident in the low-pass vector wind data . Indeed, they 
tended to be somewhat higher in late spring and early summer, even as the 
low-pass data were diminishing . This, in fact, may partially account for the 
spring-summer increases in inertial current amplitudes . It may also account 
for the fact that such seasonal patterns were most prominent on the shelf 
(Moorings D and F) because the deeper moorings may have been beyond the 
influence of the coastal sea-breezes . 

The passage of storms or weather fronts is the most conspicuous source for the 
generation of inertial currents in many ocean areas (D'Asaro, 1985b), and the 
vicinity of the West Florida Shelf is no exception . Such events can be 
distinguished from other peaks in the inertial amplitude records by the near 
simultaneous appearance of a peak, at all locations, coincident with the known 
passage of a storm. The 1985 record has two such events (Figure 4.4-16), 
associated with Hurricane Elena (Aug 28 - Sep 4) and Hurricane Kate (Nov 15 -
Nov 23) . These storms had nearly identical tracks, entering the Gulf of Mexico 
along the north coast of Cuba, then curving northward, and making landfall in 
the Florida panhandle (Figure 4.4-6) . These tracks resulted in a sharp 
clockwise veering of the wind stress over a 24-hour time period as the storms 
moved northward with the eye remaining to the west of the moorings . The wind 
events were high intensity and with the correct rotation and time scale to be 
perfect for exciting inertial currents . Hurricane Kate, in fact, was 
associated with the strongest amplitude peak for the entire three-year record 
at Moorings A, C and E, which were closest to the storm center. 

At Mooring E, the response to Hurricane Kate was unusual in one other respect . 
The amplitudes at 100-m depth modulated dramatically for 70 days after the 
passage of the storm, with successive peaks of the same amplitude as the 
first . In contrast, the subsequent modulations at the other stations, 
including the 50-m depth at Mooring C, were characteristically damped (Figure 
4 .4-16) . Furthermore, the response at 100 m on Mooring E was much different 
for Hurricane Elena, two months earlier, than for Hurricane Kate, with the 
Elena response more resembling the damping evident elsewhere . Consequently, 
the conditions in the vicinity of Mooring E in November must have been unique 
in some way to allow such an unusual response . There were no coincident 
hydrographic or XBT data for comparison, but it may be that the current meter 
was positioned at a critical depth of the pycnocline where such modulations 
were possible . Explanations for this observation are highly speculative at 
this time, but present and future models could be examined to see if they 
can account for this . 

4 .4 .2 .3 Summary 

1 . Inertial currents were prominent at all locations studied in the West 
Florida Shelf mooring array, and were quite energetic, with peak 
amplitudes from 15 to 30 cm s-1, and occasionally greater. 

150 



F+ 
lt1 
N 

N Ekne Kate 
TAMPA ~ 

i 
w FI 17m 

H 

F2 40m w 

n 

i 
D2 50m 

n 

~ - l ~~~ V \vvW V WW v VP v V U"' V vV4~ "1~v~1 t v ~I V v 

w CI 50m 

N 
t 
t 
i 

s 2 I 00m 
n 
n 
i 

s 
El 50m 

n 

s 
E2 IOOm 

f 

w E3 179m 

n 

s AI 172m 
n 
n 

" ~~ri~ ~~nr Dana rRtss ' 
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2 . The amplitudes were intermittent in time and space, as is commonly 
observed for inertial currents in general . Amplitudes commonly 
peaked at different times at different depths of the same mooring 
string, as is consistent with models (Kundu, 1986) . Amplitudes were 
also not well correlated between mooring locations separated by 70 
kilometers except during isolated events forced by mayor storms . 

3 . Mid-depth maxima of inertial amplitudes were common at moorings 
which sampled near the base of the mixed layer, suggesting that peak 
amplitudes were associated with the pycnocline . This was consistent 
with the model of Gill (1984), but not with those of Kundu (1984, 
1986) . 

4 . Moorings on the shelf (D and F) showed noticeable increases in 
inertial amplitudes during summer . This occurred even as 40 hour 
low-pass winds diminished in summer . However, vertical 
stratification and diurnal wind amplitudes were both generally 
greater in spring or summer, possibly accounting for the increased 
inertial amplitudes . 

5 . Two hurricanes in 1985 (Elena and Kate) had similar tracks and 
produced sharp peaks of inertial amplitudes at all sites . Hurricane 
Kate produced the largest inertial amplitude peak measured for the 
three-year data set at the deeper moorings (A, C and E) . 

6 . The 100-m depth amplitude at Mooring E modulated strongly for two 
months after the passage of Kate . This was uncharacteristic of the 
response to the earlier storm, Elena, and of the responses at the 
other moorings to Kate . Similar modulations were noted at other 
moorings, but not in response to an intense storm. 

In general, inertial currents are important to the dynamics of the West 
Florida Shelf oceanography . They are energetic, with amplitudes often 
exceeding magnitudes of mean currents, low frequency fluctuations and tides . 
They ire ubiquitous in location and common throughout the year . They are 
undoubtedly important to the dynamics of the mixed layer and to transport and 
mixing processes in general . 

4 .4 .3 Lower Frequency Motions 

4 .4 .3 .1 Overview 

Some results from the first two years of data perhaps could have been 
anticipated, but they required data before they could be made specific . The 
stick plots, such as for Mooring C (shown later in this report) are a good 
example . It is well known that the typical wind energy is to be found in 
periods of 3-10 days, and that there will be eddy signals at somewhat longer 
periods (see, e .g ., Mitchum and Sturges, 1982 ; Cragg, Mitchum and Sturges, 
1983) . Therefore it might be anticipated that a record two gears long would 
be "long" in some statistical sense -- thereby providing a good measure of the 
mean flow field . The data, however, show the contrary . The typical speeds 
(at the upper instruments at C) approach 20 cm s-1, and more energetic events 
are likely to have occasional peak speeds of 40 to 60 cm s-1 . A remarkable 
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event in mid-August, 1984, shows speeds exceeding 100 cm s-1 at the upper 
current meter (50-m deep) and 80 cm s-1 at the 100-m instrument . This burst 
of flow lasted nearly 40 days . If this very energetic event were not in the 
record, the mean values of the observed currents could be computed with more 
confidence . One value of seeing the stick plots, however, is partly from the 
"cautionary effect" they have . A mean value can be computed, of course, and 
then its standard deviation, but any such mean value should be interpreted 
with a healthy measure of prudence . Statistical measures, such as the 
standard error of the mean, must be interpreted cautiously (i .e ., they may be 
meaningless when irregular bursts are present in the data), because the 
process is not stationary in a statistical sense . 

Note that this large flow at Mooring C was in late August 1984 . The 
extraordinary behavior of Hurricane Elena, which could have caused large flows 
by staying so long over the shelf, took place in August-September, 1985 . 

While it is natural to assume that isolated events at Mooring C are caused by 
meanders of the Loop Current, similar effects are seen at the other 
instruments . At Mooring D, at the 50-m instrument, although typical speeds 
are rarely as large as 20 cm s-1, the occasional "event" goes by, with speeds 
approaching one knot to the south (December, 1983), or 30 cm s-1 to the north . 
Similarly, at Mooring F, although typical speeds are roughly 5-10 cm s-1 (peak 
to peak) at the upper instrument and less at the lower instrument (40-m deep), 
there are numerous instances where the speeds are much larger -- over 20 
cm s-1 at the upper meter and 15 cm s-1 at the lower . 

The near-shore currents in this area are primarily wind driven (Mitchum and 
Clarke, 1986a, 1986b) . High coherence was found between wind and the currents 
at mid-shelf, at depths of 50 to 80 m . Figure 4 .4-17 shows a cross spectrum 
between the alongshore currents at the upper current meters at Moorings D and 
F. The important feature to note is that the coherence is high throughout the 
wind driven band of 3-10 days, and the phase shift is small between the two 
instruments . Because the currents are so closely in phase, it can be 
concluded that the flow is primarily of a simple "shape" in the offshore 
direction . Figure 4 .4-18 shows a similar result, but for longer periods, from 
Mooring D to the tide gauge at Clearwater (near Tampa) . Therefore, the phase 
shift is small from Mooring D to the coast . 

The phase shifts are small at all periods of three days and longer . Figure 
4 .4-19, however, makes a rather different point . It shows the frequency 
distribution of the energy, as it varies in the offshore direction, at periods 
longer than one day . At Mooring F (50-m depth ; top figure), the energy is 
roughly half in the wind driven band and roughly half in the band at periods 
longer than ten days . At Mooring D (80-m depth), the amplitude of the 
currents is larger than at F . Lien more noticeable is the fact that the 
energy at periods longer than ten days is substantially larger than the 
wind-driven energy . In other words, the eddy-like motions are larger than the 
wind-driven motions . At Mooring C the eddy-like motions are seen to be at 
even longer periods and have a greater proportion of the energy . Note that 
although at periods of less than two weeks the eddy-motions are beginning to 
be found, there is still wind forcing at these periods . 
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Although we are confident that in the near-shore waters and at the wind driven 
frequencies the currents are highly coherent with local wind forcing, the 
statement can be verified only in the fall and winter, when wind forcing is 
strong . In the spring and summer, when the wind forcing is light, the 
computed coherence between wind and currents falls off substantially, 
presumably as a result of the decrease in the signal-to-noise ratio, as will 
be discussed in Section 4 .4 .3 .3 . 

Based on theoretical predictions (Clarke and Van Gorder, 1986) it is expected 
that the amplitude of the wind-driven signal will increase from south to 
north . This is confirmed by comparing coherence between tidal heights and 
wind at various positions along the coast . The current amplitude in the 
wind-driven band also increases, but more data are available from tide-gauges 
than current-meters . 

At Moorings A and G, a very strong flow is seen as the Loop Current moves over 
the moorings, as evidenced by the satellite IR pictures . The instruments on 
the upper part of the moorings obviously see a coherent Loop Current, and the 
instruments in deeper water see eddy-like signals . These eddy-like signals 
tend to be coherent between Mooring A and G at the deepest instrument at A 
(1600 m) and the deeper instruments at G . 

The strongest currents at Mooring A that appear to be related to the close, 
direct influence of the Loop Current show southerly flow that is coherent only 
at the upper instruments . By contrast, when the flow is to the north, it is 
often coherent all the way to the deepest instrument . Additional information 
about the flow observed during 1983-1984 is also given in Section 4.4 .3 .3 . 

In order to summarize the data from the full experiment, Figures 4 .4-20 
through 4 .4-22 show the stick plots of the daily values for the three years of 
the experiment . Figures 4 .4-20A, 4 .4-21A and 4 .4-22A show the values at 
Mooring A, Figures 4 .4-21C and 4 .4-22C show Mooring G, and Figures 4 .4-20B, 
4 .4-21B, and 4 .4-22B show the plots for Moorings C, D, and F along the main 
mooring line, as well as Moorings E and H along the shelf break to the north . 

For these plots, the higher-frequency motions have been filtered, so as to 
allow the three years of data to be shown in a small space . The 7-day low 
pass filter used suppresses the energy at periods shorter than 7 to 10 days . 
In this more compressed view, it is easy to see that the fluctuations at 
Mooring C tend to be quite coherent at the upper two instruments but that the 
flow near the bottom (the instrument that is only 1 m above the bottom) is 
usually counter to that seen higher in the water column . Similarly at Mooring 
D and F, the flow is usually coherent from the upper to the lower instruments . 
This kind of nearly-barotropic response is to be expected on a shelf that has 
a small slope (i .e ., it is wide) even for conditions of moderate 
stratification (Clarke and Brink, 1985) . At Mooring E, in a fashion rather 
like at C, the upper two instruments were usually very similar but not so at 
the bottom . At Moorings A and G, the instruments in the upper 1000 m are 
quite coherent vertically, on a single mooring, but the deeper waters tend to 
behave independently . In the following sections, the effects of the wind and 
the Loop Current in forcing the currents as shown in these stick plots will be 
addressed . 
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4 .4 .3 .2 Coherence With Wind Forcin 

Three main sources of wind data are appropriate : from Key West, from Tampa, 
and from the meteorological data buoy at 26°N 86°W . The wind records from 
these three locations were compared . If a relatively long record, such as one 
full year, is used, the results are clear ; there is high coherence between all 
three stations at all frequencies . On the other hand, individual frontal 
systems come through the area from different directions . Some frontal systems 
that go past the mooring array and Tampa Airport may dust barely reach Key 
West (if at all) . From a dynamical point of view, however, it is known that 
shelf waves propagate only to the north on this coast, so it would seem that 
the forcing at Key West would be the most important . If a wind event 
propagates across the moorings, yet does not quite reach the Key West 
meteorological station, however, the wind data from Key West may not be 
appropriate . 

With this in mind, coherences with the moorings on the shelf are computed with 
winds from the data buoy, from Key West, and from Tampa, independently, to see 
whether it made much difference . The results show more variability than might 
have been suspected . Figures 4.4-23 through 4 .4-25 show the results for the 
comparisons with currents observed at Mooring F, D, and C, using a two-month 
period in early 1985, when the wind strength was high, so we should expect the 
best coherence . At Mooring F, Figure 4.4-23, there is high coherence with the 
data buoy winds, but within a relatively narrow band of frequencies . The 
coherence with Tampa winds is also high -- up to 95% confidence -- but the 
coherence with the Key West winds is higher and extends over a broader 
frequency range . Thus, if a model of the shelf currents were forced with 
winds from the data buoy, the currents at periods near eight days would be 
correct . If the model were forced with Tampa winds, the currents at periods 
of six or seven days would be done fairly well . The fluctuations at periods 
near three to five days, however, would be missed entirely unless the winds 
from Key West were used . Note that the longest periods of the wind-driven 
band, at periods near eight to nine days, would not be done well using Key 
West winds, but would require the data from the data buoy . 

Figure 4 .4-24 shows a similar set of calculations for comparisons between wind 
and currents observed at Mooring D . At the longest periods -- in this 
calculation, only 20 days -- coherence is found with winds from Key West and 
the data buoy . At periods near five days either the Tampa winds or the Key 
West winds are equally coherent . However, if the winds from the data buoy had 
been used to force a model, the variability in the flow field at periods near 
five days, which is so coherent with the winds at Key West, would not have 
been modeled well at all . Note in the variance-preserving plot that the peak 
in Figure 4 .4-24 for Mooring D is found at periods of approximately two weeks, 
which is substantially longer than the wind driven frequency band is generally 
considered . However, note that at this period the coherence with the data 
buoy winds is 95% -- and rising at longer periods . 

Figure 4 .4-25 shows coherence between the data buoy and Tampa winds and 
currents observed at the upper instrument (50-m depth) at Mooring C . There is 
negligible coherence with the winds observed at Key West . Some coherence is 
found, in a fairly narrow band near six days, with the winds at the data buoy . 
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But the best coherence is found using winds observed at Tampa . However, this 
coherence is found at periods of less than four to six days, whereas most of 
the energy observed by the current meter is at periods slightly longer than 
this . This result should not be interpreted to mean that the wind driven 
currents cannot be predicted by a reasonable model at Mooring C, (recalling 
the results of Figure 4 .4-24) but that the wind-driven flow at the edge of the 
shelf is, at times, a small fraction of the observed current field . Note for 
the time interval selected for these calculations (early 1985) the mean flow 
is very small at Moorings D and F . 

The principal result of this section is 
modeled well on the West Florida Shelf, but 
be included carefully in two dimensions if 
flow field are to be modeled accurately . 

that the wind-driven flow can be 
that the forcing by the wind must 
the details of the time-dependent 

4 .4 .3 .3 Time Variation of Wind Results 

As shown in the previous section, the wind-forced currents on the shelf are 
coherent with winds observed at the three locations near the moorings, but to 
different degrees . From the point of view of the propagation of free shelf 
waves, the Key West winds would seem to be a better predictor of currents than 
would be the Tampa winds. The winds observed at the meteorological data buoy, 
however, are closer to the moorings than either Key West or Tampa, so these 
winds should be used in a model, if possible . But the actual .computed 
coherence, and which wind forcing has highest coherence with the currents, is 
found to be a function of frequency . 

One question that arises when looking at the results of comparisons such as 
were done in the previous section is to what extent might these results 
change, from season to season, or from year to year . 

Figures 4 .4-26 through 4 .4-28 show one way to examine that question . The 
coherence and phase between the winds and currents at the upper instruments on 
Moorings D and F have been compared with the winds in a rather different way . 
The calculations of cross spectra have been done using two-month data 
segments . The results are shown for specific frequency bands, although this 
choice is not critical . 

For periods of four to twelve days, Figures 4 .4-26 and 4 .4-27 show that the 
wind power at Tampa and coherence with the upper instrument at Mooring D vary 
as a function of season . The general result is that very low wind strength 
leads to low currents and to low coherence, as a result of the poor 
signal-to-noise ratio . The phase is not plotted if the coherence is below 80%6 
confidence . 

A similar set of results (Key West winds, currents at Mooring F) at a slightly 
longer period (12 days) is shown in Figure 4 .4-28 . This is a longer period 
than is usually considered to be in the directly wind-driven band, but the 
coherence seems reliable for many of the calculations . Again, the phase is 
plotted only for coherence (squared) greater than the 80% confidence limit . 
As the uncertainty of a single phase calculation is about 40° (at 90% 
confidence limits), the scatter is surprisingly small . 
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Tampa Winds versus upper current peter at mooring D : alongshore component 
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Figure 4 .4-T6. Results of a series of calculations of crops spectra, beginning January 1983 for the Tampa 
winds versus the upper current mater at Mooring D (alongs6ore component) . The bottom panel 
shows the magnitude of the wind stress, for several periods, using the Tampa meteorological 
data . The middle panel shows the coherence between winds and the observed currents at the 
upper current teeter, Mooring D. The upper panel stews phase between the wind and observed 
currents, and is plotted only for coherence squared greater than the 802 confidence limits . 
The dots with circles around cheer represent single data points . 
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Tampa Winds versus upper current meter at mooring D : alongshore component 
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Figure 4 .4-27 . Same as Figure 4 .4-26, but showing phase between Tampa winds 
and the currents observed at the upper instrument at Mooring D 
at periods of five and four days . The phase is not plotted if 
the coherence is lower than the 80% confidence limit . 
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Figure 4 .4-28 . Similar to Figure 4 .4-26 except for winds observed at Key West 
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The general results to be found in these figures are four-fold . First, there 
is a natural variability in the response to wind forcing . The variation in 
the results is occasionally larger than might be expected, on the basis of the 
90% phase confidence limits, but is usually small . Second, when determining 
model parameters, it may be appropriate to use only those segments of the data 
set where the coherence is high, rather than obtaining an apparently higher 
coherence level by using a longer data set, in which there is little signal . 
Third, it is clear from these results that the Key West winds are the most 
coherent with currents, but at five-day periods the data buoy winds seem 
equally useful . And fourth, it seems likely that some of the variability in 
the results arises from eddy noise . The results of a large number of 
comparisons of this type, when compared with information about the eddy field 
(from hydrographic and IR data), allow determination of which calculations are 
more (or less) influenced by the eddy signals . This information can be used 
in two ways : 1) to determine the best parameters (for wind forcing) to use 
for model work, 2) to use the anomalous phase information as a diagnostic tool 
when searching the records for strong eddy signals . 

4 .4 .3 .4 Loop Current Forcing 

Figure 4.4-29 shows a representative satellite infra-red (IR) image for the 
Gulf . In this figure, the Loop Current is slightly north of 25° but has been 
deleted to allow the moorings to be shown . The main purpose of the figure is 
to show the locations of the moorings in the main mooring array on the same 
scale as the following new figures . This map forms a base map for a 
collection of IR snapshots show in Figures 4.4-30 through 4.4-32 . These 
figures contain a great deal of information in a small space, yet this level 
of detail is necessary in order to compare the time variability seen in the 
mooring data with the horizontal spatial variability found in the eddy field . 
The satellite data are rich in spatial information, and complement the moored 
current-meter data, which are sampled well in time, but are sparse in spatial 
information . 

In each of the small snapshots in those figures, the 85°W meridian can be seen 
in the center (of each) and the 25°N latitude line near the bottom . Each 
small picture covers approximately 600 km east-west, and nearly 800 km 
north-south . The most important feature for locating the shelf topography is 
the dashed line showing the 200-m isobath . Tampa Bay can be seen in the 
center right and the date of each snapshot (beginning in 1985) is written in 
the top right corner . These figures are based for the most part on 
high-resolution satellite (AVIiRR) images . During cloudy weather, an 
occasional image will be introduced from the geostationary GOES satellite of 
lower resolution . The surface temperatures, given in whole degrees C, are 
thought to be accurate to about 1°C. The arrows that are marked "LC" are 
intended to represent where the analyst's believed the highest Loop Current 
speeds would be found -- and not necessarily the edge of the Loop Current . A 
certain amount of artistic license is necessary to draw these pictures . 

There are several purposes for introducing these figures . It is desirable, of 
course, to be able to compare the position of the Loop Current with the 
velocities observed at the moorings . When the Loop Current is near the 
moorings and when it is far away can, for the most part, be determined from 
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Figure 4 .4-29 . Satellite infra-red data for 6 November 1984, for the Gulf of 
Mexico . The position of the Loop Current has been partially 
deleted in order to show the position of the moorings and of 
the meteorological buoy . Surface temperatures (e .g ., 26,27) 
are given in degrees C . 
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Figure 4 .4-30 . A collection of satellite inf ra-red maps beginning 5 January 
1985 for the region near the west Florida Shelf, as in Figure 
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upper right corner of each picture . 

176 



\Mar If ar 
a 

7 

IL A41- 
P7 

ZI WA4 L 0 12-J 
L~C 

s 
LC 

%-JA A fft r j 

!52 t(.o 

L '20 24 - . . . .\ -
:,$a 1 -2-/ 

CL 
-Z 

LC 
2-5 

4" L 2-7 

r 

20 

13 

Z5 11 2. 
02 

LIC ~O N 

0 
Me 

Mo' 4t rn 0 

s, sla ild Z15 

11AIg 

~X 
421 
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the pictures . Moreover, it is possible to see eddy-like features that become 
detached from the inshore edge of the Loop Current, and long streamers of cool 
or warmer water along the shelf edge . 

There are two mayor variations of the Loop Current in these pictures, as well 
as the small-scale features . First there is the north-south progression of 
the Loop Current itself, and second there is the east-west variation . The 
smaller-scale fluctuations seem to take place at periods of approximately ten 
days to three to four weeks, as will be described below. The primary 
fluctuations of the Loop Current body itself, however, take place somewhat 
more slowly . 

In Figure 4.4-29 (6 November 1984), the Loop Current is dust barely north of 
25°N . By early March the Loop Current is up to about 27°N, and appears to be 
near 28°N by the middle of March (e .g . see, March 14) . In early May, one 
finds the notation "possible warm eddy forming", but this eddy appears to be 
still "becoming detached" in the 4 June picture . The position of the Loop 
Current is now extremely far to the west . Note in Figure 4.4-32 the abrupt 
change (in time) from the June picture to the 15 October picture ; the 
inclusion of the larger-than-normal snapshot in June is intended to help 
emphasize the break in the timing . There are a few "furtive" glimpses of the 
Loop Current from satellite data in September and October, but the 
availability of useful images increases again in November . The 12 November 
picture shows again "warm eddy possibly separating from the Loop Current" . By 
14 January the notation "warm eddy breaking off" still occurs . 

The east-west variations of the Loop Current can also be seen in these 
figures . Early in January 1985, the Loop Current is west of 85°W, although 
there are numerous warm filamentous structures along the edge of the shelf . 
Throughout January, the warm filaments that seem to "leak" water away from the 
edge of the current can be seen just offshore, and in early February a warm 
filament comes inside the 200-m isobath . In the February pictures, the Loop 
Current appears to be consistently far offshore . The 19 March picture would 
suggest that the Loop Current has meandered rather far to the east, but most 
of the March pictures show the Loop Current no farther east than 85°W . The 
April data suggest that the Loop Current is moving farther to the west . The 
28 May picture and the 4 June picture would suggest a substantial amount of 
flow of the Loop Current itself at the edge of the shelf . 

In the Fall 1985 images, the Loop Current, although it appears close to the 
edge of the shelf in the 15 October picture, is rather far away for the 
remainder of these images, being for the most part west of 86°W at 26°N. In 
mid-January, however, a meandering feature again comes as far north and as far 
inshore as the mooring line . 

To study the Loop Current fluctuations more carefully, the positions of the 
Loop Current as seen in the satellite IR images have been digitized . The 
larger features are resolved well, but smaller features having a radius of 
curvature of approximately 10 km or less are ignored . For some calculations, 
the digitized positions have been determined along a series of approximately 
radial coordinate lines, which are perpendicular to the mean position of the 
Loop Current . 
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Figure 4 .4-33 shows cross spectra between positions of the Loop Current along 
two east-west lines . One line (No . 25) is approximately parallel to' the 
mooring array between 25N and 26N, and the second (No . 24) is roughly one 
degree to the north at the edge of the shelf . These positions were obtained 
from the satellite maps using every available picture . They are available on 
a schedule of a two-day separation, then a five-day separation ; thus, although 
two pictures are produced per week, they are on a staggered basis . These 
positions were read, and then interpolated using a cubic spline to produce 
daily values . It is obvious that there should be no useful information at 
periods shorter than four days ; the information content should be high at 
periods longer than seven to ten days . It is known that the most information 
per data point is obtained by distributing the measuring intervals randomly, 
rather than uniformly spaced . The present scheme appears to be suitable for 
these Loop Current fluctuations (see Sturges, 1983 ; Sturges and Evans 1983) . 
The spectra rise steeply from periods of approximately ten days to three 
weeks . Although fluctuations at periods of four days would not be measured 
well, such information, if it were in a database, would show up in the 
spectra . Fortunately, however, the spectra show very little power at periods 
of four to seven days . Thus, it can be concluded that these figures and data 
are a fairly accurate representation of the variations along the edge of the 
Loop Current . 

The most interesting feature of Figure 4 .4-33 is the phase information . In a 
region at periods of less that two weeks a substantial phase shift occurs 
between the two data lines . This phase shift is consistent with the simple 
advection, from north to south, of small eddy-like features along the edge of 
the Loop Current (in these figures, if the phase is positive the first signal 
leads) . At periods longer that two weeks, however, the phase shift is 
essentially zero, suggesting that at these periods the fluctuations are moving 
onshore and offshore at both locations simultaneously . Such fluctuations 
would be expected to drive the eddy-like currents at the edge of the shelf by 
forcing water across the sloping bottom. The results are presented only for 
cross spectra between two lines, but similar calculations were done with an 
additional line to the north, with similar results . 

The gain (or transfer or filter function) presented in Figure 4 .4-33 is a 
measure of the relative strength of the coherent portions of two signals . A 
value greater than one indicates an increased amplitude and a value less than 
one indicates an amplitude reduction . In this case, the gain shows the 
relative strength of the LC edge position along Line 25 relative to Line 24 . 

The coherence between the east west position of the Loop Current and the 
currents observed at Moorings A and C is shown in Figures 4 .4-34 and 4 .4-35 . 
The comparisons are made for the full "viewing season" of November 1984-June 
1985 (232 days) . At Mooring A, there is a small energetic region at periods 
near eight to ten days in the V-component . These fluctuations (perhaps 
surprisingly) show coherence at the 90% confidence level with a similar "bump" 
in the spectra of the Loop Current fluctuations, and they are 180° out of 
phase . For periods longer than a month, the coherence again rises, and the 
fluctuations have decreasing phase shift at lower frequencies . 
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Figure 4 .4-34b . Same as 4 .4-34a using the east-west component of currents 
observed at Mooring A . 
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Figure 4 .4-35a . Same as 4 .4-34a for the cross spectra between the fluctuations 
of the inshore edge of the Loop Current and the currents 
observed at the upper instrument on Mooring C (at 50 m) for 
the alongshore component . 
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Figure 4 .4-35b . Same as 4 .4-35a for the onshore components of currents 
observed at Mooring C . 
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At Mooring C, the coherence is high for periods of 30 days, and the phase 
shift seems to decrease at longer periods . The "bump" in the spectra of 
currents near eight or nine days is also seen in these data, but the coherence 
is lower (not up to the 80% confidence level) for the V-component of current 
than at Mooring A. 

Figures 4 .4-36 and 4.4-37 show the coherence and phase at the upper current 
meter (172 m) at Mooring A (in 1700-m depth) for U vs V and V vs T. Wave-like 
fluctuations go by with U and V approximately 90° out of phase, but with V and 
T 180° out of phase . This same result is also seen at the next two 
instruments, at 400 m and 738 m. This is true not only at periods of two 
weeks and longer, which would be associated with Loop Current meanders, but it 
is also true -- perhaps surprisingly -- at the wind-driven periods near five 
days, as well . 

This result can be interpreted from the fact that Mooring A is near, or just 
outside, the edge of the usual Loop Current position . Meanders which bring 
the Loop Current position in toward the shelf/slope region bringing warmer 
water past a point in the thermocline are therefore associated with stronger 
outflow (but a larger negative value of the component) . Recall that the 
isotherms are deep offshore and slope upward toward the coast across the flow . 

In deep water contrasting results occur (Figure 4.4-38) . At Mooring G, at 
2364 m, the eddy-like motions show that V and T are nearly in phase, which is 
the opposite of the results at the upper instruments at A. At the 3174-m 
instrument at Mooring G, the coherence is negligible between V and T, perhaps 
because the temperature gradients are so small . 

Figure 4 .4-39 shows that at the deepest instrument at Mooring A (1600 m), the 
U and V components are now almost out of phase, showing that the meandering 
motion of the Loop Current is not dominant at that depth . 

Figures 4 .4-40 and 4 .4-41 show that the U and V eddy-like components at these 
depths are coherent between Moorings A and G, at depths of 1600 m. This is 
dust above sill depth (approximately 1800 m) in the Yucatan Channel, but 
substantially deeper than the Straits of Florida . At periods of two weeks 
(- .07 cycles day ) and longer, for the first mooring of 1985, both the U and 
the V components are approximately 90° out of phase . From the phase informa-
tion in the V-component it can be concluded that the east-west "diameter" is 
less than two times the separation between Moorings A and G, or approximately 
80 km . 

4 .4 .3 .5 Results From the Moorings Near Cedar Key 

Figures 4 .4-42 and 4 .4-43 show a calculation using data from a mooring 
installed by Continental Shelf Associates in 20-m depth off Cedar Key . The 
cross-spectra are computed between the upper and lower instruments, at 9 and 
17 m . The V (along-shelf) components are essentially in phase, as expected, 
except at high frequencies where inertial motions dominate . Thus, even in 
June and July, the water column responds almost barotropically, as discussed 
by Clarke and Brink (1985) . The U (cross-shelf) components, however, are 
clearly 180° out of phase . This shows that the two instruments are, most of 
the time, in the surface and bottom boundary layers, which influence the 
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Figure 4 .4-39 . Same as Figure 4 .4-36 for Mooring A, at the deepest instrument 
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Figure 4 .4-41 . Phase and coherence for 1600 m observations at Moorings A and 
G, the alongshore component . 
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Figure 4 .4-43 . Same as Figure 4 .4-42 for the onshore component . 
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onshore-offshore flow . This record appears to be of good quality for the 
first 61 days before the passage of Hurricane Elena, at which point the 
current meter rotors probably became fouled with sea grass . 

4 .4 .3 .6 A Baroclinic, Internal Overtide 

One result of these data may be of interest because of the implications for 
mixing . Figure 4 .4-44 shows the spectra from Mooring E, for the May-July 1985 
period . The U-component is shown, which is the stronger component at the 
shelf edge . The tidal peaks near 24 and 12 hrs are expected . The pronounced 
peak near eight hrs, however, and preferentially at 100 m (mid-depth), 
suggests that this is a baroclinic, non-linear overtide (designated OT) 
resulting from the sum of the frequencies of the 24 and 12 hr constituents . 
Figures 4 .4-45 and 4.4-46 show that a similar signal is found at Mooring F 
(more so at the lower instrument) in both U and T . 

4 .4 .4 Southwest Florida Shelf - Near Bottom Currents 

4 .4 .4 .1 Shallow, Wind-Driven Flows 

The main GMPOP mooring array is near 26°N . Another line of moorings is shown 
in Figure 4 .4-1 near 25°N, which was also sponsored by MMS, in support of a 
separate program . The data were collected by Environmental Science and 
Engineering, of Gainesville, Florida . A single (Endeco) tethered current 
meter was used at each mooring, hung from a tripod approximately 3 m above the 
bottom. The data from the program, beginning in December 1983, were made 
available to SAIC . 

The two-year data record at the mooring closest inshore, in 13 m depth 
(referred to here as ESE1) was compared with the wind observations at Key 
West, and found to be highly coherent in all seasons . Figures 4 .4-47 through 
4 .4-52 show the spectra from these comparisons . At the moorings farther 
offshore and near 27°N, this coherence is low in the summer as a result of low 
signal strength in the wind forcing, and a low signal-to-noise ratio . At 
those moorings close to shore, however, the eddy signals and "noise" from 
other kinds of motions appear to be damped more by bottom friction which leads 
to high coherence between the winds and currents, in all seasons except when 
wind speed is very low. In the winter season (Figure 4 .4-47), the coherence 
at 9?X confidence level and at periods longer than about 4 days (` .25 cycles 
day ) can be resolved in a 3-month record . This coherence extends out to 
periods as long as 30 days, as will be seen later, even though the "wind-
driven" forcing is usually thought of as having 3 - 10 day periodicities . 

Figures 4 .4-47 through 4 .4-51 show the cross-spectra, coherence and phase 
between the alongshore (N-S) components of winds and currents at ESE1 . As 
expected in the approximately 2 .5 month records this coherence is generally 
high in the wind driven bands . Figure 4 .4-52 shows N-S winds and currents for 
approximately one-year concatinated records . During spring, 1984 the 
alongshelf forcing was weaker but the cross-shelf component of wind was 
stronger and that coherence was found to be high . It is important to note 
that at ESE1 the concept of alongshore can be distorted because of the 
generally flat, shallow bottom and the bounding coastline and islands on 
several sides . 
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Figure 4 .4-49 . Comparison between currents at Mooring ESE1 and winds at Key 
West, Florida, for the longshore component for the summer 
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Figure 4 .4-50 . Comparison between currents at Mooring ESE1 and winds at Key 
West, Florida, for the longshore component for the fall 
"season" . This data segment uses 73 days of data beginning 1 
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In the summer (Figure 4 .4-49), the wind-current coherence is up to the 9,?X 
confidence limits in the normal 3 to 6 day p1riod ( .33 to .17 cycles day ) 
band . At periods of 10 days ( .1 cycle day ), the currents appear to be 
relatively incoherent with the wind . Because the wind stress is less by a 
factor of roughly an order of magnitude in summer, lower coherences are not 
unexpected . In all the figures (Figure 4.4-47 through 4 .4-51), the phase 
delay is nearly constant as a function of frequency where coherence is high. 
Figure 4.4-52 shows the comparison for a nearly year-long records Again we 
find that for periods of 15 to 30 days ( .067 to .033 cycles day ) there is 
significant coherence between the winds and the currents . This is, at least 
in part, a surprising result, as we do not usually expect to see the 
wind-forced response to extend to these longer periods . Nevertheless, the 
result is clearly significant . The peak of the energy is near periods of 20 
days ( .OS cycles day ) ; with a record length of 333 days . This gives about 
17 realizations of the energy, or 33 degrees of freedom, which is by even 
conservative standards a very reliable result . 

4 .4 .4 .2 Spatial Coherence of Current Field 

Most of the moorings put out by ESE are at depths similar to those of the main 
3-year GMPOP array to the north, so it is appropriate to compare these 
records . The alongshore separation is approximately 100 km, which is a small 
part of the wavelength of most of the (expected) shelf waves . If long coastal 
trapped waves are the primary response to the wind forcing, we would expect 
that the currents at the ESE or SW Florida moorings would be highly coherent 
with those observed farther to the north . This is what is observed . On the 
other hand, if the main energetic motions consist of eddy signals whose 
horizontal scales were much shorter than 100 km, we could expect to find low 
coherence between the two sets of observations . This is not observed . 

In comparing moorings ESE3 and ESE4, we find that the coherence is very high, 
although the U components show lower coherence than the V components . Figure 
4 .4-53 shows that the V or alongshelf component is smaller by a factor of 
about .8 at Mooring 3 than at Mooring 4 . This tendency is in keeping with the 
Clarke and Van Gorder theory of wave reflection at the abrupt drop-off in 
bottom depths just south of Mooring 3 . In this figure, for the winter data, 
the coherence is high and the phase shift is small (but appears to be 
decreasing with increasing period, as would be expected for fast 
non-dispersive waves) . 

Figure 4 .4-54 shows that, even in the summer, when the wind strength is low, 
the currents at ESE3 and ESE4 are coherent at well above the 95 confidence 
limit, but the phase difference is surprising ; not near zero, as expected, but 
greater than 90 degrees, which suggests that some other processes may have 
been involved . Figures 4 .4-55 and 4 .4-56 show the comparisons between these 
two instruments for a 239-day long record for both the U and V components . At 
the longest periods, coherence is near 1 for the V, or alongshore component, 
and near 9q% or greater for U. At periods near 6 to 10 days ( .167 to .1 
cycles day ), the "V" power at ESE4 (Figure 4 .4-55, solid line) looks very 
similar to that of the Key West winds (Figure 4 .4-52), more so than does the 
record at ESE3 (Figure 4 .4-55, dashed line) . 
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Figure 4 .4-53 . Comparison between the longshore component of current at 
Moorings ESE3 and ESE4 for the spring "season" . This data 
segment uses 92 days of data beginning 1 March 1984 . 
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Figure 4 .4-54 . Comparison between the longshore component of current at 
Moorings ESE3 and ESE4 for the summer "season" . This data 
segment uses 74 days of data beginning 1 June 1984 . 
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Figure 4 .4-55 . Comparison between the longshore component of current at 
Moorings ESE3 and ESE4 for 10 months of data beginning 19 
December 1983 . 
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Figure 4 .4-56 . Comparison between the onshore component of current at 
Moorings ESE3 and ESE4 for 10 months of data beginning 19 
December 1983 . 
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Figures 4.4-57 through 4.4-60 show the coherence between Moorings D (50-m 
instrument) and ESE 4, for both components, for a winter array and a spring 
array, and in Figures 4 .4-61 and 4.4-62 for the full 239 days . The coherence 
is at some places high both in the normal wind-driven periods and at the 
longer, eddy-like periods . The speeds at Mooring D are larger by nearly an 
order of magnitude . Part of this difference is attributable to the position 
of Mooring D farther to the north, and part to the fact that the ESE moorings 
had instruments 3 m above the bottom, which will be influenced by bottom 
friction . 

The comparisons between Moorings C and ESE2 close to the outer edge of the 
shelf show lower coherence (see Figures 4 .4-63 through 4.4-66) . Mooring ESE2 
is at about 125 m, and Mooring C is at 180 m. Out near the edge of the wide 
continental shelf, rather weak wind-driven currents are expected . This is 
shown in the two sets of observations which are not generally coherent in the 
wind-driven band, in either the U or V component . However, there is some 
small coherence in the U component near 3- and 7-day periods . The currents at 
Mooring C have higher velocities by a factor of 10 to 20, during the winter . 
During the summer, however, Figures 4.4-65 and 4.4-66 show that the two 
moorings record very similar current speeds . The level at Mooring ESE2 is 
about the same, but at Mooring C the level has dropped . For the U and V 
components, Figures 4 .4-67 and 4.4-68 show that at the longer periods, the two 
sets of observations are reliably coherent . The coherence and signal 
strengths are lower in the U component . 

The currents observed at Mooring F at 17 m depth are highly coherent with wind 
forcing at Key West (see Figure 4 .4-23) . In addition, it is known that 
currents closer inshore on the shelf such as at Mooring ESE1 at 10 m depth are 
even more highly coherent with wind forcing . Thus, the currents at Moorings F 
and ESE1 will be highly coherent . 
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Figure 4 .4-57 . Comparison between onshore currents at Moorings ESE4 and D 
(50-m instrument) for 73 days of data beginning 19 December 
1983 . 
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Figure 4 .4-58 . Comparison between longshore currents at Moorings ESE4 and D 
(50-m instrument) for 73 days of data beginning 19 December 
1983 . 
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Figure 4 .4-59 . Comparison between onshore currents at Moorings ESE4 and D 
(50-m instrument) for 82 days of data beginning 1 March 1984 . 
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Figure 4 .4-60 . Comparison between longshore currents at Moorings ESE4 and D 
(50-m instrument) for 82 days of data beginning 1 March 1984 . 
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Figure 4 .4-61 . Comparison between onshore currents at Moorings ESE4 and D 
(50-m instrument) for 10 months of data beginning 19 December 
1983 . 
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Figure 4 .4-62 . Comparison between longshore currents at Moorings ESE4 and D 
(50-m instrument) for 10 months of data beginning 19 December 
1983 . 
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Figure 4 .4-63 . Comparison between onshore currents at Moorings ESE2 (at 122 
m) and C (100-m instrument) for 73 days of data beginning 19 
December 1983 . 
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Figure 4 .4-64 . Comparison between longshore currents at Moorings ESE2 (at 122 
m) and C (100-m instrument) for 73 days of data beginning 19 
December 1983 . 
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Figure 4 .4-65 . Comparison between onshore currents at Moorings ESE2 (at 122 
m) and C (100-m instrument) for 74 days of summer data 
beginning 1 June 1984 . 
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Figure 4 .4-66 . Comparison between longshore currents at Moorings ESE2 (at 122 
m) and C (100-m instrument) for 74 days of summer data 
beginning 1 June 1984 . 

1 

i 

1 

1 

L 

220 



8PECTRA Q 
104 'L~ o 

x 
o~S}

103 0 ~ 
J 

=MM 

102 0 

t0 

co c 

1 

----- --

0 
189- 

0 °` 
cm W W I.. 

-180 r-T= W ~C 

10-2 10 ~ 1 

CYCLES/DAY 

Figure 4 .4-67 . Comparison between currents at Moorings ESE2 (at 122 m) and C 
(100-m instrument) for the onshore component for 203 days of 
data beginning 1 June 1984 . 
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Figure 4 .4-68 . Comparison between currents at Moorings ESE2 (at 122 m) and C 
(100-m instrument) for the longshore component for 203 days of 
data beginning 1 June 1984 . 
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APPENDIX A 

RECURRENCE AND DURATION ANALYSIS 
FOR 

MOORINGS F, D, DA, C, A, AND G 



A.1 Duration and Recurrence Interval Analysis 

A time series of current speed can be analyzed to identify intervals during 
which the speed is : 

greater than a selected or threshold value . 

less than or equal to a selected value . 

The interval during which a current speed is greater than a set value is the 
duration of that current event above that value . Likewise, the period during 
which the speed remains less than or equal to a threshold value defines the 
recurrence interval of a current event of that speed . Depending on the 
threshold speed, duration and recurrence intervals have different lengths . 
The present effort analyzed duration and recurrence intervals as a function of 
speed and length of the interval . The results are shown as a percent of the 
total time series . 

As an example, Table A.1-1 (Duration) shows that for speeds greater than 35 
cm/s, 15 .86 of the record was involved with episodes lasting 6 hours or 
longer . This percent dropped to lOX for durations of greater than 24 hours . 
Further examination for 35 cm/s shows a gradual decrease in the percent of 
record involved when the episode duration increases . For durations greater 
than 114 hours, 2 .9% of the record is still involved . The recurrence analysis 
in Table A-lb shows that for speeds of greater than 35 cm/s, 30 .9% of the 
record was involved in recurrence intervals of 6 hours or greater and 72 .4% 
with intervals of 114 hours or greater . 

Along the right side of both the duration and recurrence intervals is a 
listing of the total number of hours during with speeds above (for duration) 
or below (for recurrence) the indicated values . Clearly for any selected 
speed the number of hours above, below and equal to a given speed equals the 
total record length . This is a built in check on the analysis . 

These kinds of analyses are useful in evaluating the general speed environment 
at a location and provide quidance as to how frequent and how long particular 
energetic (duration) or quiescent (recurrence) conditions are . 

For proper understanding, it is essential that the reader remain aware that 
the number given represent the percent of the total record which satisfies the 
given limits of speed and duration . 

These analyses are seperated by mooring and are presented in the following 
order : 

F 
D,DA 

- C 
A 
G 
E 

which is from shallow to deeper along the main line of moorings . Within a 
mooring they are presented from the top to the bottom of the mooring . 
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fPEQ_eNCY DISTRIBUTION OURAiIGN INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION : MOA1 3 NRLP SPANNING 1129/B3 TD 21 31A1 l 8095 HOURS) 

SPEED NUMBER OF HO .-RS 
CM15 

0 i ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 .0 664: 
OVER 7.0 : 67 .8 65 .E 61 .1 55 .3 52 .5 52 .0 50 .8 50 .0 50 .0 48.2 48 .2 41 .5 15.9 45 .0 45 .0 45.0 14 .0 41 .0 41 .8 42 .8 603 
OVEN 11 .0 : 50.5 47 .1 43 .3 39 .6 36 .2 35 .9 34 .7 33 .1 33 .4 31.9 32 .9 32.2 30 .7 29 .8 20.9 28 .9 28 .9 28 .9 28.9 2.4 4196 
DYER 21 .0 : 38.3 36 .0 33 .2 30 .2 28.7 27 .1 27 .7 26 .8 26 .3 25.8 25 .1 25 .1 22.7 22 .7 12 .7 22.7 22 .7 22 .7 22.1 22 .7 3108 
DYER 28 .0 : 27 .2 25 .6 23 .1 21 .2 18 .3 17 .9 17 .5 16 .6 16 .6 16.6 16 .0 16.0 16 .0 14 .3 11 .3 12 .3 11 .3 11 .3 10.1 10 .1 2114 
DYER 35 .0 : 11.6 15 .8 13 .9 11 .4 10 .0 9.6 8.1 7.1 7.7 6.5 5.9 5.2 5.2 5.2 5.2 5.2 4.1 4.1 4.1 2.9 165 
OVER 42 .0 : 9.6 7.4 6.0 1.4 4.1 4.1 4.1 3.2 1.7 2.7 2.7 2.0 2.0 1 .1 1.1 1.1 1 .1 .0 .0 .0 768 
DYER 49 .0 : 3.3 2.1 2.0 1 .7 1.0 1.0 1 .0 1.0 1.0 1.0 1.0 1 .0 1.0 1.0 1.0 .0 .0 .0 .0 .0 297 
OVER 56 .0 : 1.5 1.3 1 .0 .8 .8 .11 .8 .0 .8 .9 .8 .8 .8 .0 .0 .0 .0 .0 .0 .0 133 
OVER 63 .0 : .7 .6 .6 .6 .6 .6 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 61 
OVER 70 .0 : .2 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 22 
OVER 77 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .D .0 .0 .0 .0 .0 .0 .0 .0 .0 

DURATION 0 6 12 19 24 30 35 12 48 54 60 66 12 78 84 90 95 10102 111 
(GREATER T H AN 
HOURS) lal 

FAEQUEN:Y DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOUR AVERAGE STATION: MOA1 3 HRIP SPANNING 1/29/B3 TO 2/ 3/81 l BB95 HOURS) 

SPED NUMBER OF HOU;5 
CR15 

0 V ABOVE .0 .0 .0 .0 .n .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 Q 
OVEN 1.0 : 32 .2 29 .3 25 .3 20 .4 18 .9 18 .2 17 .5 17 .0 16 .5 15 .9 15 .3 14 .6 13.8 13 .8 13 .8 13 .8 13 .8 12.7 12 .7 11 .1 2863 

OVER 14 .0: 49 .5 46 .6 42 .7 57 .5 15 .1 33 .1 31 .2 30 .1 30.2 29 .6 29 .6 27 .5 25 .9 21 .2 23 .3 23 .3 23.3 ?3 .3 s1 .1 12 .1 4394 

OVER 21 .0 : 61 .7 59 .9 56 .7 52 .8 51 .1 50 .0 50 .5 19,6 49 .1 41 .3 46 .6 45 .2 44 .4 41 .1 42 .6 39 .7 39 .1 39 .1 39 .7 32 .1 5487 
OVER 28 .0 : 12 .8 70 .9 68 .1 66.1 65 .4 65 .4 65 .0 65 .0 64.5 61 .5 63 .9 65 .9 61 .1 62 .2 62 .2 59 .3 59 .3 58 .1 57 .0 :5 .1 6416 
OVER 35.0 : 82 .E 60 .9 78 .9 76 .8 71 .4 74 .1 73 .1 12 .E 72 .4 11 .4 12 .4 72 .E 72 .1 72 .4 72 .1 12 .4 72 .1 74 .1 72 .1 12 .4 737c 
OVER 12.0 : 91 .1 90 .4 89 .5 81 .3 85 .3 81 .7 84 .7 81 .7 84 .7 B1 .7 81 .0 83 .3 82 .5 82 .5 82 .5 82 .3 80 .1 80 .1 80 .E 60 .4 2121 
DOER 49 .0 : 46 .7 46 .3 95 .8 95 .5 41 .7 91 .7 91 .1 94 .4 94 .1 94.4 93 .1 93 .0 93 .0 92 .2 92 .1 92 .2 92 .2 42.2 92 .2 52 .2 8:98 
OVER 56.0 : 98.5 98 .5 98 .5 98 .2 98.2 48 .2 98 .2 91 .3 97 .5 91 .3 97 .3 97 .3 91 .3 91 .3 97.3 97 .3 91 .3 97 .3 97 .3 97 .3 8762 
DYER 63 .0 : 99 .3 99 .3 99 .3 99 .5 99 .3 99 .3 99 .3 99.3 99 .3 99.3 99 .3 99 .3 99 .3 99 .3 99 .3 99 .3 99 .3 99 .3 94 .3 49 .5 8631 
DYER 10 .0 : 99 .8 99 .1 99 .7 99 .6 99 .6 99 .6 99 .6 49 .6 99 .6 99 .6 99 .6 99 .6 99.6 99 .6 99 .6 99 .6 99 .6 99 .6 99 .6 99 .6 8673 
OVER 77 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 160.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10 .0 100.0 669: 

RECURRENCE 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 95 102 108 114 
(GREATER THAI( 
HOURS( 1131 

Table A.1-1 . (A) Duration analysis indicating the percent of the total record length 
which satisfies the given speed and duration interval ; (B) Recurrence 
analysis indicating the percent of the total record which satisfies the 
given speed and recurrence interval . The sum of the hours which occur 
in all duration (or recurrence) intervals for a given speed are listed 
on the right . For a liven speed, the numbers of doors for all durations 
plus the hours for all recurrence equals the total record length . The 
calendar Interval and the included number of hours is shown at the top 
of each table. 

e_') 



Each table presents the duration (upper) and recurrence for the same interval . 
Due to breaks in the time series at a given instrument depth, there may be 
several sets of duration and recurrance at a given instrument . Each set then 
is calculated over the indicated measurement period . 
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fREWIEwtv D15TRIIUTIOw DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOURL Y DATA STATION : MOF1 3 NRIP SPANNING 2l 3/84 1C 2/ 1186 117500 HOURS) 

SPEED NUMBER OF NOVAS 
CIIlS 

0 1 MOVE 100.0 100.0 100.0 100.0 1 00 .0 1 00 .0 1 00,0 100.0 100.0 100.0 100.0 100.0 100.0 1 00 .0 100.0 100.0 100 .0 100.0 1 00 .0 100.0 17500 
DYER 7.0: 57 .3 26 .3 15.0 9.9 5.0 3.8 2.1 2.1 1.5 1.5 .9 .5 .5 .5 .5 .0 .0 .0 .0 .0 652E 
OYOt 11.0: 17 .1 10 .9 5.7 3.0 1 .2 1 .2 .6 .1 .1 .1 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 3053 
OVE11 21 .0: 8.3 5.6 2.1 1 .1 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1161 
00 28.01 1.0 2.6 .9 .3 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .95 
DYER 35.0: 1 .7 .9 .2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 289 

10 11.0 : .5 .3 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 91 
e0 49.0: .2 .2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 42 
0 5e.0, 0 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2+ 

OVER 63.0. .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 14 
so 70.01 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

WATIAII 0 6 12 16 24 30 36 42 48 34 d0 66 72 78 94 90 96 ~ 702 108 111 
WATER THU 
Ibllllil 

FRE/IEICY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.b NO AVERAGES STATION : lIOF1 3 IIRLP SPANNING 21 118 TO Y I 11A6 I1)S00 HM) 

SPEED HUMBER OF HOURS 
ClVS 

0 E .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
DYER 7.0: 12 .7 53 .8 42 .3 29.9 21 .0 19 .1 11 .3 11.0 15 .9 13.6 11 .9 10 .0 1.6 8.8 6.3 6.8 0.3 5.1 5.1 3.2 10974 
00 11.0s 11 .6 79 .1 73.6 65 .1 37 .5 55 .7 51 .3 51 .5 50 .7 4.3 11 .7 47 .0 44.6 12.5 41 .1 41 . : 40.5 39 .1 39 .1 38 .1 14411 
OVER 21 .0: 91 .7 10 .2 011 .1 81 .4 10 .6 10 .0 74 .6 19.2 76 .8 15.9 73.9 73 .5 73 .1 12 .2 11 .8 71 .8 10.2 69 .6 19 .6 69 .6 16039 
OVEN 21.0 96 .0 95 .5 11.5 11 .8 19 .6 19 .1 89.0 h.0 88 .7 08.4 18 .4 17 .1 06.1 16 .1 86 .1 85 .6 05.6 83 .6 83 .0 83 .0 16805 
IYE11 35.Os 11.3 11 .2 11 .0 96 .E 11 .8 14 .8 91 .E 94 .6 41 .1 .1 .1 93.8 93 .8 93 .8 13 .8 93 .3 92 .8 12.8 92 .8 12 .8 92 .8 17211 
IYDI 12.0: 99 .5 f9 .1 f9 .4 99 .3 91 .8 18 .8 96 .8 98 .8 19 .3 98.0 98 .0 18 .0 11.0 18.0 98 .0 47 .5 97 .5 97 .5 96 .9 96 .4 17409 
OVER 49 .0: 19 .i M.7 19 .7 19.7 49 .! X9 .5 49 .5 19.3 49 .3 19.3 99.3 14 .3 M.3 19 .3 19 .3 91 .3 1B.T 98 .1 91 .7 lB .7 1) "54 
OVER 56.0: 19 .1 71 .8 19.1 l9.B 19 .8 1l .B 19.8 19 .8 19 .t X9.1 99 .8 91 .t X9.1 M.B 99 .8 11 .8 19.3 19 .3 19 .3 19.3 17416 
OVER 13 .0s M.9 19 .9 19 .9 19 .9 99.9 I9 .1 49 .9 49.9 41 .1 M.1 99.9 M.9 11 .9 M.9 91 .9 M.9 99 .9 49 .1 19 .9 19 .9 1)186 
EVER 70.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11497 

RECURRENCE 0 1 12 18 2. 30 36 42 48 51 60 .6 72 78 N 70 96 101 106 111 
WATER TRAM 
I41A1S1 
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i11EYtIEI1C1' DISTRIIUT101i DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .0 "M Y DATA STATION: IIDF2 3 NRIP irAllll1116 21 3l84 TO 2 / 1/8! 117. 99 NQIIFc! 

SPEED NUMBER or HOURE 
CM/S 

0 ~ ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11199 
OVER 6.0 : 24 .1 11 .6 6.0 3.5 1.3 1 .8 1.2 1.2 1 .0 .1 .4 .1 .1 .0 .0 .0 .0 .0 .0 .0 422: 
OVER 12 .0 : 9.0 4.0 1.8 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1679 
OVER 18.0 : 3 .4 1 .8 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 661 
OVER 24 .0 : 1 .5 .7 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 258 
00 30.0 : .5 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 96 
OVER 36 .0 : .3 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .6 
OVER 42 .0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 20 
artn 4e .0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .e .0 .0 13 
oKA 5+ .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 e 
so 60 .0s .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 5 
go 6e .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2 

IWITt01l 0 6 12 18 21 30 36 12 "B 54 60 66 72 18 94 10 96 12 108 114 
IpEATER TXU 
IOIAISI 

fAE011EIIC1' DISTRIBUTION RECURRENCE INTERVAL (PERCE NT OF TOTAL RECORD) 
1 .00 HOUR 11VE11GES STATION : MOF2 S XRLP BM111111116 Il S1B4 TD 2 f 1186 !11199 HOURS) 

SPEED NUMBER OF HOURS 

pU5 

" i ABOVE .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .o .0 .0 .0 .0 0 
OVER 6.0 : 15 .9 70 .3 62 .6 19 .1 31 .0 31 .1 30 .5 27 .7 23.8 22.6 20 .9 19 .9 19 .4 19 .0 18 .1 15 .6 13 .5 14.4 11,2 9.3 13211 
DYER 12 .0 : 90.1 88.1 B5 .1 11 .2 72.5 11 .3 10 .9 69 .0 .1.2 64 .4 663.4 61 .5 59.9 56.6 55 .2 53 .1 52.1 50.9 48 .6 16.6 15120 
INNER 10 .0 : X6 .1 95 .E 94.3 92 .3 18 .2 81 .1 81 .1 67 .0 86 .3 15.7 05 .1 83 .9 82 .7 81 .3 81 .3 81 .8 81 .6 80.e 79 .1 18 .1 16818 
OVER 21 .0 : 98.5 91 .5 97 .8 97 .2 45 .6 45 .1 95 .1 95 .4 91.1 91 .9 91 .6 93 .9 93 .9 93.E 93 .0 92 .5 92.5 92.5 91 .9 91 .9 11241 
OVER 30 .0i 49 .5 14 .1 99 .5 99 .0 98 .9 98.7 48 .5 49 .5 98 .5 98.3 90 .3 9A .3 98 .3 98 .3 92 .3 91 .8 47 .8 91.E 97 .8 97 .8 17103 
WO 31 .0 : 49.1 99.1 99 .1 99 .5 99 .3 99 .3 99 .I 99 .5 49.5 99 .5 19 .3 99 .5 19.3 99.3 99 .3 99 .3 98.8 98.8 98 .8 48 .8 17453 
10 14 .0s 99 .9 19 .9 99.1 99 .8 99 .1 49.5 99 .5 99 .5 99 .5 99.5 99 .5 11 .5 49 .5 99 .5 99 .5 94 .5 19 .0 49.0 99 .0 19 .0 17119 
IYER 41 .0 : r.9 19.9 99 .9 19 .9 19 .9 99.9 99 .9 94 .7 19.7 19 .7 99 .1 99 .7 99.7 99.7 99 .1 19.7 99.7 49.7 99 .7 94.7 17486 
KJI 51 .0s 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 17491 
OVER 10 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11194 
OVER 6e .0 : 100 .0 100.0 100.0 100.e 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 17+97 

KMNcE 0 e 12 J1 24 30 36 42 48 54 60 M 72 71 94 " 9e 102 108 114 
LATER TWIN 
Wits) 
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FREDUENCY DISTRIBUTION DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION : ROD) 3 HALF SPwwlN6 1121183 t0 2l 4184 i 1A91 HOURSi 

SPEED *UMBER OF HOURS 
Ce15 

0 1 ABOVE 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 8891 
OVER 6.0 : 69 .8 03 .9 54.3 41 .1 35 .9 32 .6 30 .7 20 .4 17.1 26 .3 21 .4 23 .7 22,9 22 .0 21 .1 20.1 18 .0 71 .6 11 .6 12 .1 6206 
OVER 17 .0 : 46.0 39.E 29 .1 21 .1 11 .0 11 .5 10 .5 10 .1 9.1 1.9 7.3 5.1 1.4 3.6 3.6 3.6 2.6 2.6 2.6 2.6 4211 
OVER 18 .0: 30.1 23.4 15 .1 10 .0 5.9 5.1 1.9 3.6 3.1 3.1 3.1 3.1 2.3 2.3 1.1 1.4 1 .4 1 .4 1.4 1.1 210e 
IM 24.0: 17 .3 11 .3 5.6 3.6 3.1 3.1 2.7 2.3 1.3 1.7 1.0 1 .0 1 .0 1 .0 1.0 1 .0 .0 .0 .0 .0 1556 
OVER 30.0: 1.7 1.5 2.9 2.1 2.5 2.5 2.1 1.6 1.6 1.6 1.0 1 .0 1 .0 1 .0 1.0 .0 .0 .0 .0 .0 685 
OVER 36.0: 3 .4 2.4 1 .6 1.0 .B .8 .A .8 .B .8 .B .A .0 .0 .0 .0 .0 .0 .0 .0 305 
00 42.0: 1.1 1.3 .8 .7 .4 ,4 ,4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 150 
OVER 48.0 : .6 .5 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 74 
9YER 51.0: .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 16 
DYER 60.01 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2 
OVEN 66 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 .0 .0 .0 .0 .0 .0 1 

IfIRA11011 0 6 12 18 41 30 36 11 18 54 60 66 72 18 94 90 96 ~42 100 111 
NEATER TW1p 
IqIAtS) 

FREYIEIICY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD ) 
1.00 NOR AVEBA6ES STATION: IIOD1 I MRLP SPANNI NG 1/28183 TO 21 2IN 1 1841 HOURS) 

SPEED NUMBER OF HpUDS 
d/5 

0 6 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OYER 6.0 : 30 .2 21 .5 11 .0 9.7 1.9 6.1 6.3 5.4 3.9 3.3 3.3 2.6 1.6 1.0 1 .0 .0 .0 .0 .0 :0 7685 
OVER 12 .0s 52.0 13 .6 51 .1 25 .0 11 .4 10 .9 11.7 14 .3 12 .2 11 .0 11 .0 11 .0 1.3 8.6 1.1 6.1 6.7 6.7 6.7 0.7 4619 
OVER 18 .0 : 69 .6 64.9 51 .6 41 .0 40.0 37 .2 33 .0 30.E 29 .3 28.1 26.8 25 .4 21 .6 14 .6 22.8 21 .8 18 .7 78 .1 16.1 16 .1 1185 
WO 21 .0: 92 .7 19 .8 74 .7 61 .8 60 .5 51 .8 55.9 51 .0 18 .1 46.7 16 .7 43 .3 13 .7 13.1 42 .9 39 .8 38 .7 36.` 35 .1 31 .6 7355 
OVER 30 .0: 92.5 91 .1 40 .2 86 .1 82 .0 00 .4 19 .8 79 .4 71 .9 18.1 74 .8 73 .1 71 .0 71 .0 70.1 70 .1 70 .1 69.0 67 .9 63 .4 8206 
OVER 36.0: 96 .6 96 .2 45 .6 44 .7 93 .6 93 .3 .3 .3 92 .1 92 .1 92 .1 91 .2 91 .2 10.1 10.E 90 .1 10 .1 89,3 09 .3 89 .3 89 .3 8586 
OVER 42.0s 18 .3 98 .2 96 .4 91.3 96 .8 96 .8 16.5 95 .6 95 .6 11 .9 91 .9 94 .9 11.9 91.4 94 .9 f1 .9 93.9 43.9 93 .9 93 .9 8711 
DYER 40.0s 99 .2 99 .1 18.9 98 .9 98 .7 98.1 18 .1 97 .9 97.9 97 .9 91 .9 91.9 17.9 47.1 91 .1 97 .1 96 .0 91 .9 94 .9 91 .9 8817 
OVEN 51.0 : 19 .8 99 .8 99 .7 49.7 99 .1 49.E t9 .1 99,1 49 .4 99 .E 99 .4 99.4 11.1 49.4 99 .1 19 .1 19.1 99 .4 99 .1 99 .4 8875 
Ova 60.0 : 100.0 1 00 .0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00.0 100.0 1 00 .0 100.0 100.0 100.0 100.0 100.0 1889 
00 66 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 8890 

lEd"Ell[E 0 6 12 11 2. 30 36 72 0 54 r0 Y 72 71 94 "0 91 102 101 114 
IiNEAiEll TMAN 
MORS1 
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FREQUENCY D15TkIlUTl011 IIIRAi1011 INTERVAL (PERCENT OF TOTAL RECONDi 
1.00 IIOUPLY M1A STATION : WDG2 3 IIAIi i"AIAUII6 IIZB/83 t0 21 481 I 1190 MOUR .~ 

SPEED NUMBER OF HOURS 
LM/5 

0 1 MOVE 100.0 100.0 iD0.0 100.0 100.0 700.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1890 
OVER 6.0: 61 .1 56 .5 46 .9 36 .4 28 .8 26.0 23 .1 72 .8 19 .8 18 .6 17 .3 15 .4 11 .1 12 .7 10 .0 9.0 1.9 6.8 6.8 5.6 5697 
00 12.0: 45 .9 15 .0 27 .7 18 .3 11 .1 9.0 8.8 1,5 6.0 1.9 1.9 3.5 3.5 3.5 2.6 2.6 2.6 2.6 1.1 1 .4 390: 
MEN 18 .0 : 28 .8 21 .6 14.2 8.0 5.1 4.8 1,4 4.4 3.4 3.4 2.2 2.2 1.1 1.1 1.4 1 .1 1.4 1.4 1 .1 1.4 2556 
NO 21.0 : 17 .1 11 .6 6.5 3.1 2.2 1.2 2.2 2.1 2.2 1.0 1.0 1 .0 1.0 1.0 1 .0 .0 .0 .0 .0 .0 1518 
OVER 30.0: 8.5 1.9 2.1 1.1 1.4 1 .4 1.4 1.0 1.0 1.0 1.0 1 .0 1.0 1.0 1.0 .0 .0 .0 .0 .0 753 
00 31.0 : 3.9 2.0 .9 .8 .5 .5 .5 .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 351 
OWN 42 .0: 1.7 .0 .6 .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 119 
OVER 48.0: .1 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 40 
OVER 54 .0: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 11 
wax 60. 0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .e 

1011ATIOII 0 6 12 16 21 30 36 11 18 34 40 66 72 ?1 14 10 96 101 108 114 
IWATER THAN 
IDIAISf 

FKp1EIICY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR AVERAGES STATION: NOD2 3 MA1P SPANNING 1/2B/B3 10 21 2181 I 0" HM) 

WEED NUMBER OF OAS 
pUS 

0 i HOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . .0 0 
EVER 6.0 : 35 .9 21 .5 11.2 6.7 1.0 3.1 2.0 1.6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3193 
OVER 12 .0: 56 .1 49 .1 39 .1 29 .1 22.4 20.6 1e.3 15 .4 13 .1 12 .8 12 .1 10 .7 9.9 9.1 9.0 9.0 9.0 9.0 6.6 6.e 4985 
OVER 18 .0: 71 .2 67 .1 60.2 48 .3 40 .1 38.2 37.4 35 .6 31 .6 29.5 27 .3 21 .3 21 .1 24.2 24,4 23 .5 ii .2 22 .2 19 .9 14 :9 6354 
00 21 .0: 12 .9 80 .1 16 .1 67 .2 50 .7 51.0 55 .8 53 .E 50 .2 48.E 47 .2 15 .0 44.2 1:.1 10 .6 39 .6 39 .6 39 .6 38 .1 38 .1 7311 
OVER 30 .0: 91 .5 40 .7 19 .3 64 .1 78 .0 75 .8 15.8 71 .5 12 .9 72 .1 71 .1 68 .9 68 .2 66 .3 64 .1 62 .8 60 .7 58 .5 57 .3 54 .9 0137 
OVER 36.0: 11 .1 95 .8 13.3 93 .1 h.2 87.8 87 .1 15 .5 85 .0 83.8 83 .2 83 .2 83 .2 82 .3 10 .5 80 .5 71 .4 76 .3 16 .3 73 .8 1539 
IVEA 42 .0: 98 .3 4A .4 98.1 17 .7 95 .3 95.3 95.3 95 .3 93 .3 95 .3 95.3 14 .6 93 .8 93 .8 42.8 92 .8 92.8 92 .8 92 .E 41 .E 1711 
60 Q. 0: 19 .6 91.6 99.3 99 .1 98.9 98.9 98.9 98 .9 98 .9 98.9 98 .9 18 .9 18 .9 18.9 98 .9 48 .9 48.9 98 .9 47 .7 47 .1 SBSO 
OYER 54 .0: 19 .9 19 .9 h.9 99 .9 11 .6 99.5 49.1 19 .I 19 .3 14 .3 li.3 11 .3 99 .3 ?9 .3 99.3 99 .3 99 .] 19.3 99 .5 99 .? 11071 
me 60.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 IB89 

RECURRENCE 0 4 12 11 24 30 36 12 48 54 60 M 72 71 0 10 K 101 108 114 
fKATER THAN 
NOUNS ) 
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FREOIIEIRr CISTAlIU110N DURATION INTERVAL IPERCENY OF TOTAL RECORD) 
1.00 HOURL Y DATA STATION ; IIDA1 3 IRLI SiA1p11 116 2/ 4184 i0 812718.̀ (13696 HOURS) 

SEED NUMBER OF HOURS 
CMiS 

0 1, ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 13896 
DVEA 7.0 : 61.6 56 .5 49 .0 39 .1 26 .4 23 .5 21 .5 21 .0 18 .6 18.7 17 .0 13 .6 14 .0 12.9 11 .2 11 .2 10 .5 9.7 6.2 8.2 8510 
OVER 14 .0 : 15 .1 39 .8 52 .E 23 .3 15 .6 14 .5 12 .2 11 .E 10 .1 9.7 9.5 8.0 6.0 6.1 5.0 5.8 5.8 5.8 5.0 5.0 62 :4 
OVER 21 .0 : 51 .2 15 .3 18 .1 11 .E 8.3 7.3 1.1 3.6 1.6 4.3 3.4 2.5 2.5 1 .1 1.4 .6 .0 .0 .0 .0 4271 
DYER 28 .0: 11 .8 13 .6 0.3 5.0 2.6 2.0 1 .2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2441 
00 35 .0 : 9 .5 7.0 3.9 1 .9 .5 .5 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 129E 
90 12 .0: 1.2 4.6 1.1 .7 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 569 
IM 49 .0 : 1 .0 1.2 .6 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 213 
OVER 56.0: .8 .6 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 108 
OVER 03 .0: .4 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 SO 
OVER 70.0: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 11 

IIAUTIdI 0 6 12 18 24 30 36 42 48 51 60 16 72 18 81 90 16 102 108 111 
WATER THAN 
VAN) 

FREQUENCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF 101111 RECORD) 
1.00 HOUR AVERAGES STATION: MDA1 3 MRLP BPAIqI1116 Y/ 4/B4 TO 8127/85 (13696 HOURS) 

WEED NMER OF HOURS 
pUS 

0 i ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . .0 0 
OVEN 7 .0 : 37.1 29 .4 18 .1 12 .1 8 .9 7 .7 6 .0 5.4 4 .0 4 .1 3 .7 3.1 3.2 2 .6 2 .6 2.6 2 .6 2 .6 1 .8 1 .0 3126 
OVER 11 .0 : 51 .6 48 .1 10 .9 31 .0 21 .6 23 .6 21 .8 20 .8 19 .3 16 .7 55.0 14 .5 13 .5 12 .E 10 .6 10.6 10 .6 9.9 9.1 9 .1 1477 
DYER 21 .0 : 68.8 64 .0 51 .4 41 .7 41 .9 40 .7 40 .0 38 .3 36 .6 35 .5 35 .5 35.0 33.5 31 .8 29 .5 28.2 27 .5 25 .3 25.3 22.9 141: 
IM 28 .0: 82 .2 71 .6 75 .7 68 .7 62.9 61 .7 60.5 56 .5 55 .2 53 .7 53.2 52 .3 50 .8 49 .1 17 .9 11 .8 47 .1 14 .0 41 .2 10 .1 11231 
60 35 .0 : 90 .5 89 .1 17 .5 83 .3 79.1 77 .8 77 .3 76 .3 75 .7 74,5 73.3 12.8 12 .3 71 .8 71 .8 71 .8 69 .7 69 .0 67 .1 65 .8 1239e 
OVER 42 .01 95 .1 95 .3 91.9 93.0 09 .6 89 .2 88.9 88 .6 87 .6 96.5 86.1 66.1 86 .1 85 .6 85 .6 84 .9 81 .2 84 .2 84 .2 61 .2 13127 
OVER 49 .0 : 48 .0 97 .8 91 .6 96 .9 95.0 95 .6 95 .6 95 .3 95 .0 91 .2 93.1 93.1 93 .E 94 .9 92,9 92.9 92 .9 92 .9 94 .9 92 .9 13427 
IM 56.0: 99 .2 91 .1 19.1 98 .6 98 .6 96 .6 98.6 98 .6 10 .6 98.6 98.2 98.2 98 .2 9B .2 98.2 18 .2 48 .2 97 .5 97 .5 97 .5 13588 
OVER 63 .0: 99 .a 11 .5 14 .5 99 .4 99 .3 99 .I 99 .3 99 .3 49 .3 99.3 49.3 99.3 99 .1 99 .3 99 .3 99 .3 99 .3 98 .5 48 .5 98 .5 13616 
/YEII 70.0: I9 .9 99,9 99.4 99.4 99 .7 19 .7 99.7 99 .1 49 .7 99.7 19 .7 99 .1 49 .1 19 .7 99.7 19 .7 99 .7 99.1 99 .1 99 .7 11685 

ECURREIICE 0 . 12 18 24 30 u 0 M 54 0 K 72 11 14 10 11 102 102 114 
IIAEAIEP TIIAII 
BSI 
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FREQUENCY D15iAllUt10N PURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURL Y DATA STATION : eDA2 3 IIRIP 1 w6 U S1i8S ?0 1 13086 1 NO? 1IOIIASi 

SPEED NUMFER Of 4DUR5 
CfllS 

0 6 MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00.0 100.0 100.0 106.0 100.0 100.0 4403 
DYER 1.0 : 78 .8 61 .5 51 .6 41 .4 31.5 30 .1 27 .1 11 .6 18.6 16 .3 16 .3 11 .9 13.3 11 .7 9.8 9.8 9.8 9.B 9.8 9.E 3410 
OVER 11 .0 : 18 .6 36 .3 21 .1 16.6 9.9 9.2 7.4 5.6 5.6 3.2 3.2 3.2 .0 .0 .0 .0 .0 .0 .0 .0 2141. 
DYER 21 .0 : 28.2 20 .7 11 .8 1.9 3.0 1.8 1.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1246 
OVER 28 .0 : 12 .6 7.1 2.9 .7 .7 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 553 
DYER 35 .0 : 5.3 3.1 1 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 234 
DYER 41.0: 1.8 .9 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 7B 
OVER 19 .0 : .6 .8 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 36 
AVER 56.0: .1 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 19 
OVER 63 .0: .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 9 
90 70.0: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 4 
OVER 77.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

DURATION 0 6 12 1B 21 30 36 42 48 54 60 16 72 19 64 90 96 102 100 114 
IGMATER THAN 
HOURS) 

FREQUENCY DISTAIBl1TIOn RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD( 
1.00 HOUR AVERAGES STATION: MDA1 3 MRLP SPMININ6 7131/93 TO 1130/86 ( 4403 HOURS) 

lIEED IpWER OF HOURS 
CIIlS 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 7.0 : 21 .4 6.8 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 43' 
OM 11 .0 : 51 .1 37 .6 23 .1 13 .3 7.9 5.2 2.4 1.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 126? 
YEA 21 .0 : 11 .8 65.6 57 .1 17 .0 31 .1 33 .3 33.3 30 .6 26 .6 26 .6 25.3 25 .3 25 .3 25 .3 25 .3 23 .3 21 .1 16.9 16 .5 16 .5 316- 
00 28 .0 : 81 .1 81 .1 81 .6 13 .9 66.8 65.0 64 .3 13 .1 61 .1 57 .9 51 .9 54 .9 53 .3 53.3 53 .5 53 .3 51 .2 31 .1 48 .8 46 .2 W0 
OVER 35 .0 : 11 .7 43 .6 93.0 90 .0 84 .9 82 .6 B2 .6 81 .7 80 .6 19.4 78.E 76 .9 73 .6 73 .8 73 .8 13 .8 73.8 13.8 73 .8 71 .3 .169 
90 11 .0 : 98.2 91 .9 97 .9 96 .5 95.5 95.5 95 .5 95 .3 95 .5 95.5 95 .5 95 .5 15 .5 93.8 91 .9 41 .9 i9.8 19 .8 B9 . f B9 .0 132! 
OVER 19 .0 : 99 .2 19.2 49 .2 99 .2 48 .7 98 .7 98.1 IB .7 98 .1 48.7 48.7 9i .7 98 .7 98 .7 16 .7 96 .7 96.7 96.7 46 .1 96 .7 .367 
IYER 56 .0 : X9.6 94 .1 99 .1 99 .1 48 .4 98.9 18 .9 98 .9 96.9 tB.9 98 .9 48 .9 98 .9 48.9 98 .9 16,9 48.9 18 .9 98 .9 98 .9 1381 
OVEA 63 .0 : 49 .8 99.8 99 .8 99 .8 19 .8 99 .8 94.8 99 .8 99 .8 99.8 99 .8 f9 .B 99 .8 99 .¢ 99 .8 99 .! 19.8 99.8 99 .8 99 .8 4594 
OVER 70 .0 : 49.9 99 .9 99 .9 94 .1 99 .9 99 .9 99 .9 19 .9 99 .9 91 .9 91 .9 99 .9 49.9 49.4 99 .9 99 .9 99.9 99 .9 49,4 99 .9 Mo 
OVER 17 .0 : 110.0 100.0 100.0 101.0 100.0 100.0 110.1 100.9 100.1 110.0 100.0 100.0 100.0 100.0 100.0 100.0 110.0 100.0 100.0 100.0 4402 

AELIMIICE 0 1 12 11 24 30 36 12 4 54 .0 66 12 78 N 10 16 102 101 114 
16RFATfN TXU 
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FNEaENcr eisTatwna ouQana 10rerrvk MCENI OF 107k RECORD) 
1 .00 MDIIRL Y DATA STATION : IIDAY l IIALP SiAlIN1116 1/ 2l18S 10 1 1 UBS (214 25 MINIMS) 

SPEED NUMBER OF HOURS 

CMVS 

0 1 MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00 .0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 2142`_ 
OVER 1.0 : 65 .9 59 .6 50.2 30 .7 25,1 22 .9 21 .1 19 .8 17 .3 15 .8 15 .0 11 .5 13 .5 11 .0 9.5 8.7 1.9 7.9 7.4 6.9 14114 
DYER 11 .0 : 45 .1 35.6 26 .3 11 .2 4.3 0.5 1.2 7.7 6.2 5.5 4.1 4.1 1.1 3.1 3.0 3.0 2.6 2.6 2.6 2.6 9262 
OVER 21 .0 : 26 .7 20 .7 13.3 7.1 4.3 1.2 3.6 2.5 4.5 2.2 2.2 1 .6 1.0 1.0 1 .0 1.0 1 .0 :S .5 .5 571i 
OYEA 28 .0 : 11.9 0.5 4 .6 1 .8 1 .1 1 .1 1 .1 1 .1 .9 .9 .9 .1 .9 .9 .9 .5 .5 .0 .0 .0 2716 
OVER 35 .0 : 5.4 3.3 1.3 .9 .3 .3 .3 .3 .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1112 
OVER 12.0 : 1 .1 1.1 .3 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 41? 
me 49 .0 : .6 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 121 
em 56 .0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 29 
OVER 63 .0 : .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 12 
NO 70.0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

IIIRATIOII 0 6 12 16 24 30 36 12 46 34 60 66 72 79 64 90 90 102 102 114 
IiREATER TNRN 
IqUl51 

f11EOUEIKY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 PM AVERAGES STATION : MDA2 3 WP SPAMqll6 1/ 28183 TO 1 l BIBS (21 425 NOURS) 

SKED NUMBER OF VMS 
p115 

0 i ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . .0 0 
OVER 7.0 : 31 .1 24.0 11 .3 0.5 4.5 3.7 2.1 2.2 1.5 1.3 1 .3 1 .3 .9 .9 .5 .5 .5 .5 .3 .5 7301 
OV01 14 .0: 56 .1 49 .8 39 .1 20 .9 22,8 20 .5 18.8 16 .1 14 .9 15 .0 11 .1 8.1 7.8 7.9 7.0 6.2 5.7 5.3 4.1 4.3 12165 
OVER 41 .0s 73.3 69.6 62 .2 50 .9 12 .8 41 .0 39 .5 31 .E 33 .6 30 .8 29 .7 29.1 28 .4 21 .0 26 .3 23 .8 24 .9 21 .5 41 .0 20 :1 15713 
OVER 41 .0s 17 .1 15 .6 81 .3 75 .7 68 .E 67 .2 86.E 64 .0 62 .7 61 .8 59.9 56 .9 51 .9 53 .9 54.3 51 .5 30 .7 49 .7 17 .7 17 .7 18659 
OVER 35.0 : 94.8 94.5 13 .7 90 .8 66.5 15 .6 85 .3 63.7 92 .5 81 .3 81 .3 81 .0 80 .0 79 .6 78.1 77 .7 76 .8 76 .8 76 .3 74,2 2031? 
00 41.0: 48.1 97 .1 fl .1 46 .5 94 .2 94 .0 93.7 93 .1 93 .5 93 .5 93.2 92.9 91 .7 92 .2 91 .5 91 .5 91 .3 91 .0 90 .5 90 .0 2100E 
DYER 19 .0 : 99.4 19.1 19 .3 98 .7 98.3 18 .3 90 .3 98 .1 4E .3 98 .3 48 .3 98.3 98 .3 18 .3 96.3 97 .9 97 .9 97 .9 91 .1 9E .9 2130 
OYEA 56 .0 : 19.9 X9.9 f9 .9 99 .1 19 .6 19 .6 19.! 99 .! 99 .1 19 .6 49 .6 ?9.1 19 .! 94 .6 99.6 99 .6 99 .6 91.e 99 .6 49 .6 21396 
OVER 63 .01 19.9 19.9 14 .1 19 .9 99.8 99 .8 11 .8 99 .8 99 .8 79 .8 99 .8 99.8 99 .8 99 .8 49.8 99 .8 19 .8 t9 .8 19 .8 99 .8 211? 
OVER 70 .Os 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11421 

EGIIREIICE 0 . 11 11 24 30 3. 12 0 51 60 "! 72 16 14 10 16 102 101 114 
IqEATEA TIIAII 
ImI 
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FREQUENCY DISTRIBUTION DURATION INTERVAL WERCENT OF TOTAL RECORD) 
1.00 Ilqlkl llATA STATION : MOA1 3 IIRIP 51AIr'.n6 2l 4194 TO 1l IIBS 112H7 VMS) 

VIED NUMBER Or MDUAS 
pvS 

0 1 "WE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00 .0 100.0 100.0 100.0 1 00 .0 100.(' 100.0 100.0 100.0 100.0 12197 
OVER 7.0 : 70.4 61 .6 55 .2 12 .9 26.1 23 .6 21 .6 20 .5 18.2 17 .3 16.1 15 .9 15.4 11 .0 11 .7 10.' 9.5 9.5 9.7 7.8 8794 
OVER 11 .0 : 16.4 39.1 29 .2 79.9 10 .1 10 .3 10 .1 9.7 7.9 6.1 5.3 4.0 4.9 4.2 4.1 4.7 ', .4 3.1 3.1 3.1 5861 
MR 21 .0 : 29.3 23 .5 15 .0 8.2 5.0 3.0 3.9 2.1 2.4 2.1 4.4 1.4 .0 .8 .B .6 .B .0 .0 .0 3A66 
DYER 28 .0 : 14 .1 9.7 5.1 2.0 .8 .6 .8 .8 .6 .0 .0 .0 .8 .8 .8 .8 .8 .0 .0 .0 17e7 
OVER 33 .0 : 5.1 4.1 1.5 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 711 
DYER 44 .0 : 2 .1 1.2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 268 
MR 19 .0 : .7 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 86 
90 56 .0 : .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 26 
90 63 .0 : .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 14 
on 10 .03 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

IIRATIOII 0 6 12 18 24 30 36 41 18 31 60 66 72 78 B4 90 96 102 108 111 
11111EATER THAN 
HOURS) 

REQUENCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOUR AVEiA6ES STATION: MDp2 3 IIRLP SPMIelt16 21 4/B1 TO 71 BIBS 112497 NM) 

IIEED ININBER OF NOVAS 
pVS 

0 i MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0, .0 0 
00 7.0: 21.6 19 .1 10 .8 5.8 2.8 1.7 1 .4 .6 .6 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 3698 
NO 11.0: $3 .1 15 .E 34 .5 22 .E 17 .3 15 .0 13.9 13 .0 11 .5 9.4 1.2 5.1 1.0 1.0 3.4 2.7 1.9 1.1 1 .1 1 .1 6631 
MR 21 .0: 70.7 66 .4 56 .8 16.5 39 .6 37 .6 35 .7 33.5 30 .3 26 .3 41.9 26 .E 23 .8 24.0 23 .3 19 .8 16.3 17 .6 17 .6 161 8831 
IYER 21.0: 85 .9 64 .2 80 .0 74 .8 16 .1 65 .5 61.4 61 .3 60 .5 60 .1 58 .3 55 .7 53.5 52 .3 52 .3 51 .5 51 .5 50 .0 47 .1 .7,1 10730 
OVER 35 .0: 91 .3 13 .9 14 .8 89 .1 85 .2 B5 .O 64 .5 63.3 82 .0 81 .2 90.1 80 .3 79 .1 79.1 11 .8 77 .8 71,8 71 .8 11 .0 7E .1 11786 
OVER 41 .0s 17 .9 97 .8 91 .5 95.7 93 .3 93 .0 42 .5 92 .5 92 .2 92 .2 91 .2 91 .2 90.7 10.7 90 .0 90.0 40.0 89 .2' BB .1 88 .1 12129 
MR 19 .0: 19.3 99 .3 49 .3 90 .3 97 .6 97 .6 97 .6 97.6 41 .6 91 .6 97.6 91 .6 91 .6 97.6 97 .8 91 .0 91 .0 97 .0 97 .0 96 .1 11411 
OVER 56 .0: 19 .8 f9 .8 91 .8 19.5 99 .1 19 .1 99 ." 49 ." 19 .1 99 ." 19 .4 99 .1 49.4 99 .1 99 .4 99.1 99 .1 99 .1 99 .1 99 .4 12471 
OVER 63 .0: 99 .9 99 .9 19 .9 79.9 99 .6 49 .E "." 99.! 94.6 99 .6 99.6 99 .6 i9 .6 19.6 79 .6 99 .6 49.6 99 .! 99 .6 99 .! 12185 
OYEZ 70 .01 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 12494 

MILE 0 L 12 18 24 30 36 42 48 54 60 66 72 78 94 10 16 102 108 114 
HNNEATEII iMBll 
IMI 
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FREDUENCY DISTRIBUTION DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 NOIIAI Y DATA STATION : lIDpS S INtIF SPAlIM1 11E 11 I/B4 TO 1 11718: 1 13 10 WOOS) 

PIED Nt'MAER OF HOURS 
CM/S 

0 & ABOVE 100.0 100.0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .0 100.0 100.0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .E 8370 
DYER 4.0 : 92 .5 B9 .5 81 .3 17 .2 61 .8 60 .6 51 .7 54.4 19 .5 46 .6 14 .5 13 .8 41 .1 39 .1 37 .E 55 .3 35 .3 51 .7 30 .4 30 .E 1111 
OVER 0.0 : 67.5 56.3 41 .5 33 .5 21 .0 11 .5 16 .7 13 .8 14 .1 12 .9 14.3 12 .3 9.8 9.8 9.8 9.8 9.8 8.6 9.6 7.3 5631 
OVER 12 .0 : 17 .4 41.2 11 .8 8.7 5.9 1.6 3.1 3.4 2.3 2.3 2.3 2.3 1.3 2.3 1.3 1.3 1 .3 1.3 1.3 .0 3111 
OVER 1E .0 : 16.8 9.1 5.7 1.0 2.3 2.0 2.0 2.0 2.0 2.0 1.3 1.3 11 .5 t.3 1.7 1 .3 1.7 1 . : 1 .3 .0 1403 
OVEN 10 .0 : 7.8 1.5 2.3 1.0 1 .8 1.8 1 .8 1 .8 1.2 1 .2 1.2 1.2 1 .2 1 .2 1.2 1.2 1 .2 1.2 .0 .0 654 
OVER 21 .0 : 3.1 1.9 .9 .6 .b .d .6 .d .0 .0 .U .0 .(' .0 .0 .0 .0 .0 .0 .0 297 
OVER 28 .0 : 1.6 .S .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .Q .0 .0 .0 .0 137 
OW 32 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 53 
OVER 36 .0 : .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 11 
90 10.0: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 5 
OVER 44 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 2 
90 4e.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .e .0 .0 .0 .0 

111AAi1011 0 6 12 16 24 30 36 42 48 54 60 66 12 70 91 90 96 102 108 111 
WATER THU 
NM) 

fRE011E11[Y DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1,00 NOW IWE8A8E5 STATION : MDAS 3 "Rip SPANNING 2l "/B4 TO 111/83 1 8310 HOURS) 

SPEED IqIhBER OF HOURS 
CM1S 

0 t ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
90 4.0: 7.5 1.7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 :0 629 
OVER 8.0: 52 .1 18 .1 8 .5 1 .8 2 .3 2 .0 1 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2736 

DYER 12.0: 62 .8 52 .1 40 .9 31 .6 22.2 19 .6 1E .4 15.9 12 .6 11 .9 11 .9 10.4 8.8 6.9 6.0 5.0 5.0 5.0 5.0 5.0 5259 
00 16.0: 93 .2 79 .7 11 .0 66.7 59 .1 56 .2 52 .6 48 .1 13 .7 43 .1 41 .7 .1 .0 37 .5 36 .7 33 .7 33 .7 32 .0 29 .1 29 .1 26 .5 1917 

we 10 .0: 11 .2 90 .8 u.1 83 .9 18.E 18 .4 78 .0 71 .5 75 .8 75 .2 73.8 73 .1 73 .1 12 .2 11 .2 69 .1 68 .0 68.0 68 .0 68 .0 1716 
OVER 21 .0: 06 .6 96 .1 95 .1 93 .7 91 .1 89 .8 89 .4 18 .5 81 .3 87.7 16.0 13 .1 83 .6 84.7 81 .1 82 .1 81 .5 81 .5 81 .3 81 .5 BO83 
00 28 .0s 18 .4 98 .1 97 .7 97 .5 95.8 95 .1 91 .8 94.8 94 .2 91 .1 11.2 91 .2 94 .1 44 .2 91 .1 91,2 91 .2 91 .2 94 .2 91 .4 1233 
00 34.0s 99 .4 99 .5 99 .3 M.3 97 .8 91 .5 97 .7 47 .5 11 .5 91.5 96.1 96 .1 46 .1 43 .2 99 .2 45 .2 95.2 95 .4 95 .1 45 .2 1317 
00 36 .0 : f9 .B 99 .8 19 .1 1i .B 99.8 99 .A 99 .8 19.8 99 .8 M.2 18.6 17.8 97 .8 17 .8 47 .8 97 .8 97 .8 97.8 97 .8 11 .8 1356 
00 10."t M.1 ".1 11 .1 N.1 11.1 M.9 1! .! M.1 M." M.1 N.9 M.9 ".1 M.1 11 .! 19 .9 14.9 71.1 f9 .1 M.9 P365 
90 44 .6s 111.0 100.0 110.0 110.0 110.0 110.0 100.0 110.0 100.0 110.0 110.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 836Q 
90 w.0 : 111.1 110.0 110.0 110.0 110.0 100.0 110.0 110.0 110.0 100.0 111.0 10.0 100.0 110.0 110.0 100.0 100.0 100.0 100.0 100.0 8369 

IIEpWAIILf 0 1 12 11 24 30 36 42 4 54 10 11 n 71 84 10 16 102 106 114 
1"EATEII 111A11 
WA) 
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FREQUENCY DISTRiBUt10w DURATION INTERVAL (PERCENT OF TOTAL RECON91 
1 .00 HOURLY PTA STATION : lWC1 3 NRIP SPAUQN6 !121/83 TO 1/3116e 126395 HOURS) 

SPEED NUMBER OF HOURS 
CI/: 

0 t "DYE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 263". 
OVER 11 .0 : 61 .0 56 .9 .9.9 38 .3 29 .5 27,5 26 .5 25 .4 23.2 22 .5 22 .0 20.8 10.3 19 .7 19 .1 19 .1 19,1 18 .1 18.1 17 .9 IAIOB 
OVER 22.0: 36,7 31 .9 23 .5 18 .0 15.1 11 .4 13 .8 13 .0 12 .1 12 .4 !1 .1 11 .5 11 .0 10 .E 10.4 10 .4 9.7 9,7 9.1 4.7 9678 
DYER 53.0: 17 .1 13 .0 11 .3 9,2 0.6 8.5 8.3 7.1 7.5 7.5 1.3 7.3 6.6 6.6 6.3 5.6 5.6 5.6 5.6 5.6 450S 
lVER 41 .0 : 0.9 7.9 6.7 5.9 5.1 5.1 5.3 5.1 1.8 4.8 4.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 4.6 4,6 131 
OVER 35 .0 : 5.2 4.7 1.3 1.2 1.0 3.9 3.9 3.7 3.5 3.5 3.5 3.5 3.5 3.5 3.5 7.5 3.5 3.5 3.1 3.1 1367 
OVER 6E .0 : 3.6 3.6 3.1 3.3 3.3 3.3 3.3 3.1 3.1 2.9 2.9 2.7 1.7 2.1 2.1 21 .7 2 .7 2.7 2.7 2.7 191 
DYER 71 .0 : 2.7 2 .6 2 .1 2 .1 2 .2 1 .8 1 .8 1 .5 1 .5 1 .5 1 .3 1 .3 1 .1 1 .1 1 .1 1 .1 1 .! 1 .1 1 .1 1 .1 705 
OVER 89 .0 : 1 .6 1.5 1 .3 1.0 1.0 1 .0 1 .0 .6 .6 .8 .8 .B .6 .8 .8 .B .E .8 .8 .8 422 
OVER 99 .0 : .6 .5 .4 .3 .3 .2 .2 .2 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 162 
OVER 110.0: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 17 

NUT 1011 0 6 11 18 24 30 16 42 48 54 60 66 74 78 94 90 96 102 108 114 
11REATER THAN 
IMI 

FREQUENCY DISTRIBUTION RECURRENCE INT ERVAL (PERCENT OF TOTAL RECDID I 
1.90 HOUR IIVEAA6ES STATION : MOC1 3 IIRLP SPANNI NG 11 28183 To 11311Bb 126395 NOUAS) 

SPED NUMBER OF HOURS 
p1/S 

0 I MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0~ .0 0 
OVER 11 .0 : 39 .0 33.1 13 .9 ]e .3 13.5 11 .3 10 .6 9,9 6.9 7.7 7.3 6.0 6.2 5.7 1.7 4.1 4.1 4.0 3.6 2.3 10281 
OVER 21 .0 : 63.5 59 .9 53 .0 41 .5 39.0 37 .6 35 .9 34 .9 33.0 31 .6 30 .1 27.1 26 .3 25 .5 24 .9 23 .5 22 .8 22 .1 21 .0 11 .6 16117 
OVER 33 .0 : 82.9 81 .9 79 .8 75 .3 72.1 71 .0 70 .5 70 .0 68.5 67 .9 67 .1 66 .0 64.1 63 .5 61 .9 61 .3 59 .9 59 .5 50 .7 58 .1 21890 
OV0 44 .0 : 91 .1 90 .7 90 .0 88.3 86.9 66 .9 86 .8 66.1 96 .2 85 .6 83 .E 65.2 81 .1 83 .8 82 .9 82 .6 82 .6 82 .2 81 .8 81 .8 11051 
OVER 55 .0 : 94.8 94 .7 91 .2 43 .7 93.5 93 .4 93 .3 92 .8 92 .3 92 .1 92 .1 92.1 92 .1 92 .1 92 .1 42 .1 91 .8 91 .8 91 .8 41 .8 25028 
OVER 66 .0 : 9b "2 96 .1 46 .1 96.0 96 .0 95 .9 43 .4 95.8 93 .E 93 .0 91.8 44 .8 91 .8 94 .6 91 .6 91 .6 91 .6 91 .6 41 .8 91 .6 25401 
OPEN 11 .0 : 91 .3 47 .1 91 .0 97.0 91 .0 47 .0 96 .8 4E.8 96 .8 96 .8 96.8 16.8 16 .8 96 .8 96 .8 9E .8 96 .8 96.8 96 .8 96 .8 25690 
WO 86 .0: 98 .1 98 .3 98.2 98.0 97 .9 97 .7 97.6 97 .6 97 .6 91.4 47 .2 17 .2 97 .2 47.7 91 .2 91 .7 97.1 91 .2 97 .2 91.2 25973 
DYER 99 .0: 19 .1 49 .1 19 .3 99.1 99 .0 99 .0 19 .0 48.8 98 .8 98 .8 1Y.B 98 .8 4B .B 48 .8 48.8 98 .5 98.5 98.5 98 .5 9B .S 26233 
OVQI 110.0: 49 .9 99 .9 99.9 49 .9 99 .9 99 .9 99.9 19 .9 49 .9 99.9 99 .9 99 .9 99.9 99.9 99 .9 49 .9 99 .9 99 .9 99 .9 19.9 26318 

NEGIAIIEIICE 0 & 12 18 24 30 36 42 4 34 10 16 72 71 N 10 .6 102 108 114 
WATER THAN 
wits) 

A-17 



iIEp1ENCV DISTRIBUTION IIIAATlOi+ INTERVAL tPERCEIIt OF 70TAL RECORD) 
1 .00 HOURLY DATA STATION : NOC2 3 IIALP S1A1111116 1/2UB3 TO 1/31/16 126396 IIOIAtSi 

SPEED HUMBER 01: NOU?5 
CM/S 

1 I AWE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 26396 
OVER 9.0 : 66 .5 61 .4 34.7 .1 .3 26 .6 25 .8 14 .6 23.1 22,0 20 .3 19 .2 18 .5 16 .4 16 .1 1S .S 15 .2 15 .2 14 .1 15 .2 13 .1 17S38 
DYER 18 .0 : 31.9 29,E 23 .1 14 .5 11 .7 11 .S 11 .0 10 .4 9.7 1.1 8.3 0.S 8.0 1.1 6.9 6.8 6.8 1.5 6.3 6.5 9222 
00 27 .0 : 15.8 12.7 9.3 6.6 3.9 S.7 5.6 S.4 3.1 3.1 4.8 1.6 1.6 4.3 4.3 4.7 4.3 1.3 4.3 1.3 1161 
00 36 .0 : 7 .1 6.0 1.6 1.0 3.0 3.S 3.3 3.3 3.2 3.0 3.0 3.0 3.0 3.0 3.0 2.6 2.6 2.1 2.3 2.3 1885 
DYER 43 .0 : 3.9 3.4 2.9 2.6 2.S 2.1 2.2 2.1 2.1 1.9 1.9 1.9 1 .9 1.9 1.9 1 .9 1.9 1.9 1 .9 1 .9 1020 
60 51 .0 : 2 .1 2.1 2.0 1 .0 1.6 1 .6 1.6 1.5 1.5 1.5 1 .3 1 .5 1 .c~ 1 .5 1 .S 1 .S 1.S 1.5 1 .5 1.5 627 
90 63 .0 : 1 .3 1.1 1.0 .9 .9 .8 .6 .8 .8 .B .S .S .S .S .S .S .S .S .S .S 313 
90 72.0: .6 .S .S .4 .3 .3 .3 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 16B 
DYER 81 .0: .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 31 
80 90.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

DURATION 0 6 12 16 34 30 36 42 48 S4 60 66 72 16 81 90 16 102 108 114 
ISREATEA THAW 
on) 

F7EpEdCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL KCORD) 
1.00 HOUR AVERAGES STATION ; NOCY 3 NRIP SPAwIQll6 lI YB/83 TO 1/31186 126396 HM) 

SPEED NUMBER OF HOURS 
qllS 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0, .0 0 
OVER 9.0: 33 .3 15 .7 15 .3 9.1 5.S S.2 4.4 3.6 3.3 1.5 2.1 2.1 2.1 2.1 2 .1 1.7 1 .4 1.4 1 .1 1 .0 1138 
DYER 18 .0 : 6S .1 61 .1 53.8 4S.3 39 .S 37.6 33 .1 31 .3 32.3 30 .7 29 .0 21 .5 11 .0 25 .6 25 .3 23 .9 24 .1 22 .1 21 .0 20 .1 17171 
DYER 41 .0 : 81 .2 83 .0 80.1 14.1 70 .2 69 .5 69 .1 68 .7 66.2 65 .1 64 .0 61 .8 61 .1 60.5 59 .9 S6 .2 S6.8 56 .0 SS . 6 543 22235 
90 36 .0 : 92 .9 92.3 91 .6 89 .9 18 .1 17.1 81 .1 87 .1 BA.1 86 .1 l6 .2 83.9 83 .1 03 .2 84 .8 84.S 63 .5 83 .1 83.1 81 .7 21511 
DYER 45 .0 : 96 .1 96 .0 95.7 94.9 91 .1 91 .3 44 .1 94 .0 93.7 43 .5 13 .2 93 .2 43.2 43 .2 43 .2 93 .2 43.2 93 .2 93.2 92 .8 25376 
OVER 54 .0 : 97 .6 97.5 91 .3 16 .9 96 .1 91.7 96 .1 96.6 46.6 16 .6 96 .0 96.3 96 .3 96 .3 46 .3 46.3 46 .3 96 .3 96 .5 91 .3 23769 
OYEiI 63 .01 98 .7 98 .6 98.4 98 .3 98 .1 18.5 91 .3 98.3 98.3 41 .3 98 .5 9B .3 98 .0 98 .0 98 .0 90.0 92 .0 99 .0 98.0 18 .0 260S3 
60 12 .0 : 99.1 19.3 99.3 99 .1 98 .9 18 .9 92 .9 98.9 92 .9 11 .7 48.7 98 .7 48 .7 98 .1 90 .7 98 .7 98 .7 98.7 18,7 98 .7 26228 
IYER 81 .0 : 19.9 99.8 99.8 49 .6 19 .! 49.6 19 .6 99.6 99.6 19 .6 99 .6 99 .6 19 .6 99 .6 99.E 99 .6 99 .6 19 .3 49 .3 49 .7 26339 
IYEA 40 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00.0 100.0 100.0 100.0 1 00.0 100.0 100.0 100.0 100.0 100.0 26393 

KCIJMSEIMCE 0 6 12 11 2. 30 36 41 40 S1 .0 K 74 79 14 "0 16 102 10 114 
HREATQ 1333333 
BSI 
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FIIEYIEICr pIST111U110n DURATION INTERVAL IKICEN7 OF TOTAL RECORD) 
1 .00 NdlRlr DATA STATION : "0C3 3 11R1f SiAllll1116 1/2B/BS TO Yl pi81 i BB96 HOURS) 

SPEED 
CIIIS 

NUMBER OF MOLwS 

0 1 ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 106.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
/0 3.0 : 66 .9 79 .6 11 .2 61 .1 48 .1 39 .6 34 .E 29 .5 21 .9 20 .3 19.0 16.8 15 .3 14 .4 12.6 11 .6 10 .0 9.5 9.5 8.3 
NO 6.0 : 55.3 41 .2 28 .7 20,1 11 .8 9.2 6.6 5.1 5.7 4.e 2.7 2.7 1.1 1 .1 1.1 1 .1 1.1 .0 .0 .G 
10 9.0 : 26 .3 16.0 6.8 3.6 1.8 1 .2 1 .2 1.2 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
NO 1T .0 : 10 .2 4.3 2.0 .9 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
DYER 15 .0 : 3.6 1.1 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
on 1e .0: 1 .2 .e .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . .0 .0 .0 .0 .0 .0 
00 21 .0 : .1 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
/YEA 21 .0 : .2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
DYER 27 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
on 30.0: .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
No 33.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IW1T1011 0 6 12 18 21 30 36 42 4 54 60 66 72 18 94 90 46 102 100 111 
IMA1fR TNMI 
11U 

i1E011E11CY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.90 HOW AVERII6ES STATION : MOC3 3 FMtli SPAIp11N6 112B1B3 TO 21 2/B1 1889! NM) 

HEED 
CM/S 

8896 
)72? 
,o;q 

1358 
911 
320 
fOR 
39 
15 
4 
1 
1 

IWMIHER OF 11011RS 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 3.0 : 13.2 4.3 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OM 6.0 : 41 .1 29 .1 16 .5 10 .6 5.6 1.0 2.5 1.6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 :0 
OVER 9.0 : 73 .5 65 .5 53 .1 43.3 36 .5 31 .6 30 .0 27.5 25.0 41 .1 21 .8 20 .6 20.6 20.6 20 .6 19.6 18 .6 17 .1 11.1 17.1 
DYER 17 .01 19 .6 87 .9 61 .5 78 .8 10 .9 67 .1 64.2 60.6 51 .0 57 .9 55 .9 51 .5 53 .7 52 .0 51 .1 18.1 16 .1 43 .8 42.6 .0 .1 
OVER 15 .0 : 96.4 15 .7 94 .3 93.0 89 .8 BB .9 87 .4 86.0 84.0 83 .E 82 .8 81 .8 61 .2 80 .4 18 .6 76.E 71 .3 13 .1 72.4 72 .2 
OVER 11 .0 : 18 .8 98 .7 98 .5 97 .9 96 .9 96 .9 96.9 98 .9 96 .1 95 .2 91 .5 94 .5 91 .5 91,5 91.5 91 .5 94 .5 93 .1 93.1 94 .1 
00 21 .0 : 99.6 99 .5 99 .5 h.3 98 .8 96 .9 98 .8 18.8 91 .8 97 .8 97 .8 97.8 47 .8 97 .8 97 .8 97.8 97 .8 97 .8 97.8 97 .8 
/VE11 44.0 : l9 .8 99 .A 19 .8 99 .8 99 .B 99 .8 MI 99.8 44 .8 99 .8 19 .8 99.1 99 .1 49 .1 99.1 99 .1 99 .1 l9.1 19 .1 f9 .1 
OVER 47 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
so 30 .0e 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
OVER 35 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

ECWEIICE 0 6 12 18 24 30 3b 42 18 54 10 " 12 71 11 10 16 104 101 114 
WATER YNAN 
IBS) 

0 
1113 
3177 
6558 
1f13 
1576 
1791 
IBS1 
ml 
1892 
IS9S 
l89S 
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FREQUENCY DISTRIBUTION DURATION INTERVAL (PERCENT OF TOTAL WORD) 
: .00 NOIIRIY DATA STATION : IIOC3 S NFLP SPAlll11116 1/1718 i0 7130/BS 11102? FqUR51 

SPEED wUMBP Cr HOURS 
Cn1S 

0 1 ABOVE 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100 .6 100 .0 100 .P 11020 
OVER 1 .0 : 92.E 88 .9 84 .2 10 .8 66 .8 62 .0 58 .1 51.1 48 .2 44 .0 40 .3 39 .8 31 .9 34 .5 33.0 31 .1 28 .0 26 .2 23 .3 21 .3 10!90 
OVER 6 .0s 69 .5 56 .1 17 .0 36 .1 27 .1 22 .7 20.7 18 .5 16 .8 11 .5 13 .5 11 .1 9 .9 9 .2 9.2 6 .1 1,5 5 .7 1 .8 1 .8 767 
AVER 9 .0: 40 .9 28 .9 20 .5 13 .6 9 .4 0 .1 7 .8 1 .1 5 .9 5 .0 5.0 5 .0 5 .0 4 .3 4.3 3 . : t .9 1 .9 1 .9 1 .9 4515 

OVER 12.0 : 19 .9 11 .3 7 .7 3 .6 2 .2 1 .5 .6 .6 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 2197 
DM 13.0: B .6 4 .5 2 .1 .9 .6 .6 .6 .6 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 950 

go 16.0 : 3 .2 1 .7 .6 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 355 
DYER 41 .0: 1 .5 .7 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 167 
OVER 24 .0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 77 

OVER 27.0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 34 
so 30 .0= .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 17 
OVER 33 .08 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 4 

DURATION 0 6 12 18 21 30 36 42 48 54 60 66 12 18 91 90 96 102 108 114 
IWATER THAN 
HOURS I 

FREQUENCY DISTRIBUTION RECURRENCE INTERVAL IPERCEIIT OF TOTAL RECORD! 
1.00 NOVA AVERA6E5 STATION : MOC3 3 IIR1P SPMllqll6 II27/B1 TO 7/30185 (11029 HM) 

PUB NUMBER OF WE 
CIIIS 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 .0 .0 .O .0 0 
DYER 5.0 : 7.6 .9 .3 .3 .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 639 
00 6.0 : 30.5 10 .3 6.3 1 .6 .9 .4 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3362 
OVER 9.0 : 59.1 49.9 37 .6 27 .2 14.3 16 .5 15 .6 7.8 6.6 5.2 3.1 7.1 2.5 1.8 1.8 1.0 1.8 .0 .0 .0 6514 
OVER 11 .0 : 80.1 7E .1 69 .9 63 .3 54 .5 51 .3 .8 .6 15 .9 43 .1 38 .7 31 .6 55 .9 31 .5 29.4 28 .7 28 .7 21 .4 22 .6 21 .7 40 .7 ee32 
OVER 15 .0 : 11 .E 89.6 86 .9 13 .5 78.9 17 .0 75 .1 71 .0 71 .5 69 .1 69 .1 66 .9 65 .6 64.9 64 .2 62 .6 61 .8 60 .9 59 .0 37 .0 10079 
OVEN 18 .0 : 16 .8 46 .3 95 .E 91 .1 92 .2 90 .9 90 .9 90 .5 40.1 89 .2 88 .6 18.6 80.0 86.6 $6 .6 15.0 83 .0 83 .0 95 .0 82 .0 10671 
OVER 21 .0 : 18.5 1A.2 97 .1 46 .7 13.5 95 .3 95 .3 95 .3 45 .3 45 .3 95 .3 95 .3 95 .3 95.3 91 .5 43 .8 41 .8 93 .8 93.8 93 .8 10862 
DYER 21 .0 : 19.3 99 .5 99 .1 98 .6 98 .0 91 .8 97 .8 91.8 97 .3 97 .3 07 .3 97.3 97.3 91 .3 96 .6 45 .8 95 .8 95 .8 15 .8 9S .9 10952 
DYER 27 .0s 99.E 99.6 r.6 99 .3 49.1 98 .9 98 .9 98 .9 X8 .9 98 .9 98,9 98 .9 98.9 98.9 99 .9 98 .4 48 .0 18 .0 98.0 1E .0 10790 
DYER 30.01 19 .8 99 .8 99 .8 99 .8 99 ." 99 .1 49 .1 99.1 f9.0 49 .0 19 .0 19.0 99.0 99.0 19 .0 49.0 49 .0 19 .0 f9 .0 19 .0 11012 
9YER 33 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1102.̀ 

MEGwIRE11CF 0 6 12 18 21 30 36 12 48 51 10 66 12 76 84 90 96 102 108 111 
(WATER TIIAII 
011m) 
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FREQUENCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT Of TOTAL RECORD) 
1 .00 HOUR AVERAGES STATION : MOC3 3 HRLP SPANNING 8115185 ?0 1131186 ( 4016 HDQRS) 

9 
N 
r 

SPEED NUMBER OF HOURS 
CMIS 

D & ABOVE .0 .0 .0 .d .0 .0 .0 .0 .0 .U .0 .0 .0 .0 .U .Q .0 .0 .0 .U 0 
OVER 1 .0 : 6 .8 .0 .0 .4 .0 .0 .0 .4 .0 .0 .0 .U .U .0 .0 .0 .u .0 .v .u 279 
OVER 2.4 : 14.E .6 .0 .4 .0 .0 .4 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 588 
OVER 3.0 : 21.4 4.8 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 874 
OVER 4.0 : 27.1 9 .4 2.6 .5 .0 .4 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 .0 .0 1105 
OVER 5.0 : 33.0 14.7 4.5 2.7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1346 
OVER 6.0 : 38.8 19 .8 7 .0 3.1 .9 .9 .9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1581 
OVER 7.0 : 49.1 30.0 15.7 8.0 5.4 3 .5 3 .5 1 .5 1 .5 1 .5 1.5 .0 .0 .0 .0 .4 .0 .0 .0 .0 2003 
OVER 8.0 : 63.4 44 .6 27 .4 18.3 11 .6 9.5 1.1 7.1 4 .9 4 .9 4.9 1 .8 .0 .0 .0 .0 .0 .0 .0 .0 25B3 
OVER 9.0 : 78.5 66.7 52.2 37.3 28.4 23 .2 19 .2 18.3 16.0 14.8 12 .0 10.4 10.4 10.4 6 .4 6 .4 6.4 6.4 6.4 6 .4 3200 
OVER 10.0 : 90.8 84.4 74 .1 69 .6 60.6 56.0 52.7 48.0 44 .6 39.5 32.2 32.2 30.5 28.6 24.6 20 .3 15.1 15.7 13 .1 14.4 3741 
OVER 11 .0 : 46.8 96.0 93.5 90.3 85.5 84 .9 81 .5 80.5 80.5 75.4 68.4 66.9 66.9 61.3 59 .3 52 .4 48.3 45.9 45.9 43 .1 3446 
OVER 12.0 : 98.6 98.5 97.5 91 .5 97.0 96.4 95.5 44,5 93 .3 93 .3 93.3 93 .3 91 .6 91 .6 85.6 83.4 81 .1 18.1 16.2 73.4 4019 
OVER 13.0 : 94.3 99 .2 98.7 98.7 99.7 98.7 91 .8 97 .8 91 .8 97 .8 97.8 47 .8 96.1 96.1 94 .1 41 .9 91 .9 91 .4 91 .9 91 .9 4049 
OVER 14.0 : 99.7 99.6 99.3 99 .3 99.3 99.3 99.3 99.3 99 .3 99 .3 99.E 99.3 49 .3 49.3 49.3 91.1 41 .1 97.1 97.1 97.1 4064 
OVER 15.0 : 99.9 99 .7 99.7 99.7 99.7 99.7 99 .7 99.1 94 .7 99.7 99.7 99 .7 99.7 99.7 94 .7 97 .5 97.5 91.5 91.5 97.5 4071 
OVER 16.0 : 100.0 104.0 100.0 140 .0 100.0 100.0 100.0 100.0 100.0 100 .0 100.0 100.0 100 .0 140.0 100.E 91,8 97 .8 97 .8 97.8 97.8 4075 

RECURRENCE 0 6 11 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 
(GREATER THAN 
HOURS) 



FREQUENCY DISTRIBUTION DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION : MOC3 3 NRLP SPANNING 8115/85 TO 1131186 ( 4016 HOURS) 

a 
N 
N 

SPEED NUMBER OF HOURS 
CM1S 

0 & ABOVE 100.0 100 .0 100 .0 144.0 144.0 100.0 100.0 100 .0 100.0 100 .0 100.4 100.0 140 .4 140.0 100.0 140.0 100.0 100.0 100.0 100.0 4076 
OVER 1 .0 : 93.2 87 .6 78.6 69.7 58.6 54.0 46 .4 41 .0 38.7 33.1 29.6 24 .9 23.1 21 .2 21 .2 21.2 21 .2 21 .2 21,2 15.8 3197 
OVER 2.0 : 85.6 14 .5 62 .0 51 .4 39.5 34.4 31 .2 27.4 24 .0 20 .3 18.9 15.9 14 .1 12.3 12.3 12.3 12.3 12.3 12.3 9.7 3488 
DYER 3.0 : 78.6 67 .8 54.6 41 .1 28.9 24.3 21 .1 20 .8 17.5 14.9 13.5 13 .5 13.5 4.9 9.9 9.9 4 .9 9.9 9.9 7.2 3202 
OVER 4.0 : 12.9 61 .5 46 .0 33.9 23.0 19.7 15.5 14 .5 12 .2 12 .2 10.8 10.8 14.8 9.0 6.9 2.6 2.6 2 .6 .0 .0 2971 
OVER 5.0 : 67 .0 53 .1 36.0 26.0 17.7 14.4 8 .6 3 .8 2.6 2.6 2.6 1 .6 2 .6 2.6 2.6 2 .6 2 .6 2.6 .0 .0 2730 
OVER 6.0 : 61 .2 43.9 30 .3 19.3 11 .8 10.4 7.2 3.3 1.2 2 .2 1.2 2.2 1.2 2.2 2.2 .0 .0 .0 .0 .0 2495 
OVER 7.4 : 50.9 30 .1 16.5 1.9 6.4 3 .7 2 .1 1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2473 
OVER 8.0 : 36.6 16.7 7 .7 2.2 1 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 1443 
OVER 9.0 : 21 .5 6.1 3.1 1 .1 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 816 
AVER 10.0 : 9 .2 2 .3 .8 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 .0 .0 .0 .0 .0 315 
OVER 11 .0 : 3 .2 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 130 
OVER 12.0 : 1 .4 .3 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 57 
DYER 13.0 : .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 27 
DYER 14.0 : .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 .0 .0 12 
OVER 15.0 : .1 .0 .0 .0 .0 .0 .0 .a .0 .0 .0 .0 .0 .0 .0 .0 .0 .a .0 .0 5 
DYER 16.0 : .0 .0 .0 .0 .0 .0 .0 .G .U .0 .p .0 .U .0 .0 .Q .0 .0 .4 .0 1 

DURATION 0 6 12 18 24 30 36 42 48 54 60 66 72 18 84 90 96 102 108 114 
18REATER THAN 
HOURS) 



DURATION AND RECURRANCE FOR MOORING A 
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FpEpUENLEv DiSTk11U11UN DURATION INTERVAL (PERCENT Of TOTAL RECORD) 
1.00 HOURLY DATA STATION : MOA1 3 MILE 8"AIMIIIE 1129/BS TO 2j 3184 ( IBIS HOURS) 

SPEED WUr9fA :F Np',)RS 
tars 

0 L MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.4 100.0 100.0 100.0 100.4 100.0 lot- .0 809°_ 
OVER 7.0 : 67 .8 65 .E 61 .1 55 .3 52 .5 52 .0 50 .8 50 .0 50 .0 48 .2 18.2 41 .5 15 .9 45 .0 45 .0 45 .4 44.0 11 .0 47 .6 42 .8 603: 
OVER 11 .0: 50 .5 47 .1 43 .3 39.E 36 .2 35 .9 34 .1 33 .E 33 .4 31.9 32 .9 32 .2 30 .7 29.8 28 .9 28 .9 28 .9 28 .9 18.9 2.9 1196 
OVER 21 .0 : 36.3 36 .0 53 .2 30 .2 28 .7 27 .7 27 .7 26 .8 26 .3 25 .8 25.1 25 .1 22 .7 22 .7 22 .7 24 .1 22.7 22 .7 22 .1 22 .7 3408 
OVER 21 .0: 27 .2 15 .6 23.1 21 .1 18 .5 11 .9 11 .5 16 .6 1E .E 16.6 16 .0 16 .0 16 .0 11 .3 11 .3 12 .3 11 .3 11 .3 10.1 10 .1 219 
OVER 35 .0 : 11 .6 15 .8 13 .9 11 .4 10 .0 9.6 0.1 7.1 7.7 6.5 5.9 5.2 5.2 5.2 5.2 5.2 1.1 1.1 1.1 2.9 11,65 
00 42,0: 0.0 1.4 6.0 1.4 4 .1 1.1 4.1 3.2 2.7 2.1 2.1 2.C 2.0 1.1 1.1 1 .1 1.1 .0 .0 .0 768 
OVER 19 .0 : 3 .3 2.1 2.0 1 .7 1.0 1 .0 1 .0 1.0 1.0 1 .0 1.0 1.0 1.0 1 .0 1.0 .0 .0 .0 .0 .0 291 
IM 56 .0: 1.5 1 .3 1 .0 .8 .8 .8 .8 .8 .8 .6 .8 .8 .6 .0 .0 .0 .0 .0 .0 .0 133 
DYER 63 .0 : .7 .6 .6 .0 .0 .6 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 61 
10 70.0= .2 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 22 
MO 17 .0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

IINAAT1011 0 6 12 19 21 30 36 42 40 34 60 66 12 76 94 90 96 ,102 108 1!4 
IpEATER T11111 
HOURS) 

FIIEilE11CY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD( 
1.00 WA AVERAGE STATION: ROM 3 IIRLP SPANNING 1129/83 TO 1/ 3/BI ( A895 HOURS) 

VEJED IIlIMHER OF HOURS 
CII/5 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 0 
OVER 7.0: 31 .2 29 .3 25 .3 20 .4 16 .9 18 .2 17.5 17 .0 76 .5 15 .9 15.3 11 .6 13 .8 13 .8 13.8 13 .8 13.8 12 .7 12 .7 11 .1 2963 
OVER 14.0: 19 .5 16 .6 42.7 31 .5 33 .1 33.1 31 .2 30 .7 30 .2 29.6 29.6 27 .5 25 .9 21 .1 23 .3 23 .3 23.3 23 .3 22.1 22 .1 1199 
OVER 21 .0 : 61 .1 59 .9 36 .7 52.9 51 .1 50 .6 50 .5 49 .6 19 .1 47,3 16.6 45.2 41,1 14 .1 42 .6 39 .7 39 .7 39 .7 39 .1 SE .4 5487 
DYER 21.0: 72 .8 70 .4 68.1 66 .1 65 .1 65.4 65.0 65 .0 61 .5 61 .5 63.9 63 .9 03 .1 62 .2 62 .1 59 .3 59 .3 50 .2 57.0 55 .7 6476 
OVER 35.0 : 82 .1 10 .9 78 .9 76.8 71 .1 71 .1 73 .7 72 .1 71 .1 71 .1 12.E 12.1 72 .4 72 .4 72 .4 72 .1 72 .1 72 .1 72 .4 14 .4 7330 
OVER 12.0: 11 .1 90 .E 89.6 87 .5 85 .3 B1 .7 84 .7 84 .7 84 .1 81 .7 81.0 83 .3 81 .5 82 .5 92 .5 02 .3 10.1 80 .E 80 .E 10 .1 8127 
OWN 49 .0: 46 .7 46 .3 95 .8 95.5 41 .7 91 .7 91 .1 91 .1 94 .1 94 .4 43.7 93.4 93 .0 92 .2 92.2 92 .2 92 .2 92 .2 92 .2 42 .2 1599 
OVER 56.0: 98 .5 48 .5 98 .3 1B .2 98 .2 98 .2 9B.2 91 .3 17 .5 97 .3 97.3 91 .3 47,5 47 .5 97 .3 11 .3 91 .3 11 .3 47 .3 47 .5 1764 
OVER k1 .0 : 99 .3 99 .3 99 .3 19 .3 99 .3 19 .3 99 .3 94 .3 19 .3 14 .3 19.3 l4.: 99 .3 99 .3 9l.3 19 .3 19 .3 49 .J 99 .3 49 .5 IB31 
OVEN 70 .0 : 99 .8 99 .7 99 .J 19.6 99 .6 ?9 .A 49.6 99 .6 99 .6 99 .6 99.6 99.6 49 .6 99 .6 99 .8 19 .6 99.6 49 .1 99 .! 49 .0 8673 
WEN 17 .0s 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 8892 

Ep"EIrE 0 6 12 18 24 30 36 12 18 54 60 16 72 78 64 " 16 102 10B 111 
IMEATEA TMAII 
MM) 
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FpEpUEllfv DISTRIBUTION DURATION INTERVAL IIERCFIII OF TDTIII IIECDROi 
1 .0 HOURLY DATA STATION: IIOAI 3 WAIF SiAIAlIM6 1/19181 TO t/2!/B4 1 .2B HOURS) 

SPEED hiMBEF. OF HOURS 
cnIs 

0 1 ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 97F 
our 5.0- 94 .2 93 .1 ee.e ee.e ee,e em em se .e ee .e we em ea .e ee .e se .e Be.e We 08.0 ee .e ee.e ea .e er+ 
00 10 .0 : ee .1 se .0 ee.0 ee .0 e1 .e e1 .e 77 .e 77 .e 77 .6 77.e 77 .e 77 .e 77 .e 77 .e 77 .e 77 .e 77 .e 77 .e 77.e 77 .e eye 
OVER 15 .0 : 81 .5 19 .1 13.5 73 .5 73 .5 15 .5 15 .5 73 .5 13 .5 73 .5 73 .5 13 .5 73 .5 13.5 73 .5 13 .5 73.5 13 .5 73.5 13.5 156 
OVER 211.0: 65 .8 61 .1 60.9 59 .3 50 .5 50 .5 SO .' 50 .5 45 .9 15.9 45 .9 .3 .9 15.9 .5 .9 15.9 45 .9 45 .9 15 .9 .5.0 45 .9 611 
DYER 25 .0 : $3 .0 51 .1 47.2 42 .5 40 .2 10 .2 40 .2 .0 .2 40 .E 40.1 40 .2 .0 .2 40.2 40.2 40.2 40 .1 40 .2 40 .2 40 .2 40.2 .92 
OVEN 30 .0: 41 .8 39 .7 38.1 36 .3 36 .3 36 .3 33 .0 24 .5 21 .6 18 .9 18 .9 18 .9 18 .9 16 .9 10 .1 10 .1 .0 .0 .0 .0 3BB 
OVER 35 .0 : 34 .3 32 .8 31 .8 27 .0 21 .9 22 .0 14.7 11 .7 9.5 9.5 9.5 9,3 9.5 9.5 9.5 .0 .0 .0 .0 .0 318 
OVER 10 .0: 20 .8 17 .6 10.9 1.8 1.8 1.8 4.8 4.8 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 193 
00 45 .0 : 6 .6 1.2 1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 61 
00 30 .0 : 1 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 12 
00 55 .0: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

DURATION 0 6 11 16 2. 30 36 12 48 54 60 66 72 18 04 90 96 102 108 114 
WATER THAN 
HOURS) 

fl1fp11EwCr DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOUR AVERAGES STATION : MOA1 3 MRIF SPMUIlll6 7119164 TO 8/26184 ( 928 HOURS) 

SPEED HUMBER OF HOURS 
CII1S 

0 i MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 5.0: 5.0 4.2 2.9 2.9 2.9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 54 
OVER 10.0 : 11 .9 9.3 7.1 5.6 5.6 3.6 3.6 5.6 5.6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 :0 110 
MR 15.0: 18 .5 15 .2 12.4 1.9 9.9 5.9 5.9 5.9 5.9 5.9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 171 
OVER 20.0: 31 .1 30 .0 28.2 26 .8 22 .3 19 .2 14 .2 1, .7 11 .7 9.1 9.4 9.1 9.4 9.4 9.1 .0 .0 .0 .0 .0 311 
OVER 25 .0: 47 .0 45 .1 39.5 39.0 38 .0 31 .9 31 .9 31 .9 30 .2 30 .2 30.2 30 .2 30 .1 30 .E 30 .2 30.4 30 .2 10 .2 30 .2 30 .2 136 
OVER 30 .0: S18 .2 56 .0 53.8 53.8 51 .6 46 .5 11 .7 44 .7 14 .7 11 .1 44 .7 44 .7 11 .7 36.3 36 .3 31.3 36 .3 36 .3 36 .3 36 .3 540 
OVER 35 .0 : 65 .7 63 .9 10 .5 58.e 56 .1 52 .9 52 .9 52.9 32 .9 41 .6 47.6 11 .6 47 .E 47 .6 17 .6 17.6 17 .6 37 .1 57 .1 57 .1 610 
OVER 40 .0: 79 .2 75 .9 71 .9 67 .3 65 .2 65 .2 65.2 65.2 65 .1 65 .2 65.4 63 .1 65 .2 65.1 65 .2 65.2 65 .2 65.2 65 .1 65 .2 735 
DYER 45 .0 : 93.4 41 .8 00 .3 84.8 80.1 80 .1 80 .4 80.E 70 .9 70 .9 70.9 70.9 70 .9 70 .9 70 .9 70.9 70 .9 70 .9 10 .9 70 .9 B67 
OVER 50 .0 : 98 .7 98 .7 48.1 4A.7 16 .3 96 .3 96.3 96.3 91 .7 91 .7 41 .7 91 .1 91 .7 91 .7 91 .7 11 .7 41 .1 41 .1 91 .7 41 .7 916 
OVER 55 .0 : 19.9 99 .9 ?9 .9 94.9 99 .9 19 .9 94 .9 49 .9 99 .9 99 .9 99.4 94.9 99 .9 49 .9 99 .9 99.9 99 .9 99 .9 99 .9 9?,9 921 

NEpPIlE11CE 0 6 12 10 14 30 36 .2 4 54 60 K 72 78 K 10 1. 102 108 114 
(BREATER THAN 
MR") 

A-25 



cKoueKr nsratlun0M DURATION INTERVAL (PERCENT OF T014L RECORD) 
1 .00 HOURL Y DATA STATION : mom S HtIP lMIIIU 116 10/ 19IB4 TO 21 1186 (11281 HOURS) 

STEED NUPTEP OF HOURS 
CATS 

0 i HOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1W.0 11281 
OVER 1.0 : B2 .6 79 .6 13 .7 64 .1 57 .6 5e .2 51 .1 53 .7 31 .3 49.0 49 .0 41 .9 41 .3 46 .0 45 .2 45 .2 41 .4 44 .1 13 .5 43 .5 9346 
9Y01 16 .0 : 61 .3 58.5 52 .0 12 .2 37 .2 36 .2 35 .6 34 .9 33 .3 32.9 32 .9 32.3 32 .3 32 .3 12 .3 31 .5 31 .5 31 .5 31 .5 19 .6 6420 
EVEN 11 .0 : 41 .0 37 .4 53 .1 16 .7 26 .7 26,5 25 .6 21 .2 23 .8 23.8 23 .8 23 .8 22 .0 21 .3 20 .6 10.6 19 .8 19 .8 19 .8 19 .8 1619 
OVER 32 .0 : 21.2 21 .8 19 .5 11 .1 16.2 13 .9 15 .9 15 .6 75.2 11 .8 11 .8 11 .8 13 .6 13 .6 12 .1 10 .6 9.8 9.8 9.8 9.8 2729 
MR 10 .0 : 14.1 12.1 10 .1 9.8 6.9 6.7 8.1 1.1 7.7 7.1 7.2 0.1 6.1 5.1 1.7 1.7 3.9 3.9 3.9 3.9 1591 
OVER 41 .0 : 7 .1 6.9 0.2 6.2 5.1 5.1 5.1 4.4 3.2 3.2 3.2 3.2 3.2 3.2 3.1 3.1 3.2 3.2 3.2 3.2 136 
DYER 56 .0 : 1.6 1.1 3.7 3.0 2.1 2.1 2.1 2.1 7.1 2.1 2.1 2.1 2.1 2.1 2. : 2 .1 2.1 1.2 1 .2 1 .2 511 
OVER 64 .0 : 2 .2 1.9 1 .1 1 .1 1 .4 1.4 1.1 1 .1 1 .1 1.1 1 .1 1.1 1.1 1 .1 1.1 1 .1 1.1 1 .1 1 .1 1.1 250 
EVER 72 .0 : 1 .0 .7 .5 .4 .4 .4 ,4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 109 
/YEN 10.0: .2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 20 

DURATION 0 6 12 18 24 30 36 42 48 54 60 16 72 78 04 90 46 102 10B 114 
IWATEII TIIMI 
Ib1At51 

FREQUENCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD! 
1 .00 HOUR AVERAGES 5TAT1011: MOA1 3 IIRLP SPANNI NG 10/ 19181 TO 21 1/B6 (11 284 HOURS) 

SPEED HUMBER OF WS 
p1/5 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . .0 0 
OVER 8.0 : 17 .2 10 .0 3.2 1.1 .9 .6 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1132 
OVER 16 .0 : 38 .7 34.6 21 .0 20 .8 11 .8 17.6 17 .0 16 .3 15 .5 15 .5 13 .0 14 .4 13 .1 13.7 13 .0 13.0 13 .0 13 .0 :3 .0 13 .0 1361 
DYER 21 .0 : 59 .0 36 .9 52.6 44 .9 .0 .2 37 .8 36 .3 33.1 31 .5 29 .1 29.1 21 .0 46 .8 26.1 26 .1 21 .6 22 .9 22 .9 22 .4 21 .9 .635 
80 32 .Oi 75 .8 71.3 72.0 69 .8 61.8 61.1 66.2 65.8 65 .0 63 .6 63 .1 61 .1 60 .8 60.1 60 .1 58.6 51 .7 56 .9 56 .9 56 .4 ISS5 
OVER 10 .0 : i5 .9 81 .7 83.8 82 .E 81 .5 81 .2 81 .0 80 .6 90 .6 19 .7 79,2 78 .1 71 .5 76.9 16 .1 76 .1 76 .1 73 .2 75 .2 75 .2 9693 
00 48 .0 : 12 .6 92.1 91 .7 91 .6 91 .6 91 .6 91 .6 41 .6 91 .1 91 .2 91 .2 90 .6 40.E 90.6 89 .9 89.9 84 .9 84 .9 88 .1 87 .1 10418 
DYER 56.0 : 95 .E 95 .0 94.6 94 .3 43 .9 93 .7 93.7 93.7 93 .7 93 .1 93.7 93 .1 93 .7 13.7 93 .0 93.0 93 .0 93 .0 93 .0 93 .0 10767 
IVER 64 .0 : 11.8 97.1 17 .6 97 .5 46 .9 96.9 96.9 96 .9 46 .9 96 .9 96 .9 90 .4 96.9 96.9 96 .2 96.2 90 .2 46.2 96 .1 96.2 11011 
00 72.0 : 49 .0 98 .8 18.7 98 .6 98 .4 9P .4 98,1 98.4 48.1 98 .1 18.1 40 .E 90 .1 18.1 48 .4 48,1 98 .1 98 .1 98 .1 98 .4 11175 
OVER 10 .0 : 99 .8 r.7 19 .1 99 .7 49 .5 94.5 99.5 49 .5 99 .5 19 .5 99 .5 49 .5 99.5 11 .5 99 .5 99.5 99 .5 99.5 19 .5 94 .5 11261 

KpIIr1EIICE 0 1 12 l0 24 30 36 .2 11 31 60 66 72 71 84 10 16 102 106 114 
WATER TMAII 
lilll5l 
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fl1fYIlE1CY DISTRIBUTION DURATION INTERVAL KNEW OF TOTAL RECORD) 
1 .00 HOURLY ETA S1ATI011: IIOA2 S IIRIF SPA111U116 7/11/BS TO Z/ 3181 1 1503 HOURS) 

SPEED NUM6EF DF HOURS 
CM/S 

0 1 ABOVE 100 .0 100 .0 100 .0 100 .0 t00 . b 100.0 100.4 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 10G .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .6 1503 

DYER 6 .0 : 70 .2 66 .2 60 .4 51 .5 46 .E 41 .7 <1 .7 43 .9 40 .8 40 .9 40 .8 10 .8 31 .8 31 .4 31 .1 34,1 34 .1 31 .4 32 .0 29 .5 3161 

OVER 12.0 : 16 .1 41 .7 36.1 28 .5 25 .2 25.2 21 .5 24 .5 23 .5 13.5 23 .5 23 .5 23 .5 23 .5 21 .8 21 .8 19 .1 19.1 19 .1 19 .7 1089 

MR 18 .0 : 29 .9 1E .4 25 .6 10.1 18 .8 18 .1 18 .1 18 .1 10 .1 11 .0 11 .0 15 .6 11 .1 14 .1 12 .3 12 .5 12 .3 12 .3 12 .3 9 .1 1318 

DYER 24 .0 : 19 .6 18 .0 15.9 14 .3 12 .8 12.8 12.8 11 .1 11 .1 11 .1 9 .8 6 .5 8 .5 8 .5 8 .5 1 .5 8 .5 1.5 6 .1 6 .1 803 

DYER 30.0 : 11 .5 10 .2 6 .2 0.4 5 .5 1 .9 1.9 4 .9 4 .9 1 .9 1 .0 1 .9 3.3 .0 .0 .0 .0 .0 .0 .0 511 

DYER 36 .0 : 5 .3 3 .3 2 .6 2 .6 2 .2 4 .2 2 .2 1 .1 1 .1 1 .1 1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 238 

OVER 42.0 : 1 .5 1 .3 1 .1 1 .1 1 .1 1 .1 1 .1 1 .1 1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 67 

DYER 48 .0 : .9 .7 .7 .7 .7 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 37 

OVER 54.0 : .6 .6 .6 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 21 

OVER 60 .0 : .3 .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 13 

go 66.0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 2 

IIRATI011 0 6 12 18 24 30 36 12 46 54 60 I6 12 7A 24 90 96 102 108 114 

WATER 1111W 
HOURS) 

illEOUEIIC4 DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD! 
1 .00 HOUR IWE8A6ES STATION : MOA2 3 11R1P 9PA11111116 1/31/AS TO 21 3184 ( 4503 HOURS) 

SPEED KHMER OF HOURS 
pilS 

0 1 ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
DYER 6.0: 29 .8 21 .9 17 .2 13 .9 12.5 11 .9 11 .9 11 .0 11 .0 11 .0 11 .0 11 .0 11 .0 9.4 9.1 9.1 9.1 9.4 4.4 9.4 1342 
OVER 12 .0: 33 .6 .9 .1 41 .6 35 .8 32 .2 30 .9 30 .9 29.2 21 .1 26 .1 23.5 23 .5 23 .5 23 .5 23 .5 21 .6 21 .6 71 .6 21 .8 14.1 2114 
OVER 18 .0: 70 .1 66 .0 63 .1 59 .2 55 .1 53 .6 53 .9 51.9 50.9 49 .8 19 .8 16 .9 13 .9 .3.9 40 .5 40.3 38 .2 38 .2 38 .2 38 .2 3155 
OVER 21 .0: 80 .1 19 .3 77 .5 75 .6 14 .8 11 .3 11 .3 72.5 69 .1 68 .3 68.3 68 .3 66 .7 63 .0 63 .4 61 .2 61 .2 61 .2 58 .9 38 .9 3620 
OVER 30 .0: 88 .5 87 .3 86 .5 05 .1 83 .4 83 .E 82 .7 84.E 82.1 02 .7 81 .4 81 .1 61 .4 61 .4 01 .4 81 .4 81 .4 81 .4 81 .1 01 .4 3986 
OVER 31.0: 94 .7 43 .8 92 .5 90 .8 40 .4 90 .1 40 .1 90.1 19 .4 09 .1 19.E 19 .1 99 .4 89 .1 17 .1 17 .6 o5 .5 B5.5 r..9 BS.5 1265 
10 42 .0: 98 .5 98 .5 98 .2 98 .2 98 .2 48 .1 48 .2 98 .2 18.2 18 .2 18 .2 98 .2 18 .2 98.2 18 .2 18.2 18 .2 98 .2 18 .2 98 .2 4136 
OYEA 48.0: 99 .2 99 .1 99 .1 99 .1 99 .1 99 .1 99 .1 99.1 99.1 11 .1 99.1 19 .1 l9 .1 99 .1 99 .1 49 .1 99 .1 19.1 49 .1 t9.1 4466 
DYER 31 .0: 19 .1 19 .1 99 .4 44 .4 99 .1 99 .4 99 .1 19.1 99.4 11 .E 99 .4 99 .4 19 .1 r.4 19 .1 19.1 99 .1 99 .4 99 .E Y9 .1 1476 
DYER 10.0s 19 .7 h.7 19 .7 94 .1 99.7 19 .7 49 .7 r.7 19.7 19 .7 19.7 19 .7 X9 .7 41 .7 M.T f9 .7 99 .1 99.1 19 .7 99 .7 4190 
OVER 66 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 4501 

RECURRENCE 0 . 12 !B 24 30 76 42 0 54 10 16 72 71 94 10 91 102 101 111 

IWATER THAN 
NOUNS) 
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FREYUEIICY 11SiIt1W11Dn WRA110N INTERVAL IPERCINT OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION : IIOId 3 HALF lPAw11NE 7l1 " I81 i0 2l l/B6 (1349] HOURS) 

NUMBER SPEED 0F HOURS 
Ch/5 

0 1 MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 W.C 100.4 13191 
DYER 5.0 : 63 .0 5e .6 50 .3 41 .3 35 .5 33 .1 31.0 31 .E 30.0 21 .1 27 .3 17 .3 26 .8 25 .1 21.5 24 .5 23 .8 23 .1 20 .8 19 .1 0503 
OVER 10 .0 : 43.6 37 .9 51 .9 26 .1 21 .8 20.8 19,8 19 .5 11 .2 17 .6 17 .2 13 .1 11 .3 13 .2 13 .1 12 .5 12 .5 11 .1 11 .1 10 .2 SBB2 
OVER 15 .0 : 50 .9 27,5 23 .0 17 .3 14,9 13 .8 14.7 14 .7 11 .1 10 .7 9.0 0.5 8.0 7.3 6.4 6.9 6.2 5.5 5.5 5.5 1171 
OVER 20 .0 : 20 .8 17 .8 17 .8 10 .3 0.0 7.6 6.8 5.1 4.3 1.3 3.9 3.9 3.9 3.9 3.3 3.3 3.3 2.6 2.6 2.6 2801 
OVER 25 .0 : 12 .1 9.3 6.3 1,2 3.7 3.1 2.4 2.1 4.1 2.1 1.4 2.1 2.1 1.8 1 .8 1.8 1 .8 1 .B 1.8 1 .8 1631 
DYER 30 .0 : 5.1 3.1 2.1 1.6 1 .1 1 .1 1.7 1 .1 1.1 1 .1 1.1 .7 .1 .1 .7 .7 .1 .0 .0 .0 708 
DYER 35 .0 : 1.0 1 .3 1 .3 1.1 1.1 1 .1 .7 .7 .1 .7 .1 .1 .7 .7 .7 .0 .0 .0 .0 .0 268 
AVER 40 .0 : 1 .0 .6 .6 .6 .5 .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 129 
0K11 15 .0 : .1 .3 .3 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 54 
on 30 .0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 16 
go 55 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 6 

lIIkAT1011 0 6 11 18 24 30 36 42 18 54 10 66 12 78 84 90 96 102 108 114 
WATER THAN 
Nm1 

F1IEOUEIICY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL IMP) 
1 .00 HOUR IWERA6E5 STATION: NOA2 3 IIRIP SPA11I1M6 )11918 TO 2/ 1/86 (13441 HOURS' 

SPEED NUMBER OF HOURS 

q1/S 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
DYER 5.0 37 .0 28 .1 10.9 11 .6 12 .3 11 .1 10 .3 10.0 9.0 9.0 9.0 8.5 0.0 0.0 7.1 6.7 6.7 6.7 6.7 6.7 4188 

OVER 10.0 : 56 .1 51 .8 15.1 36 .6 31 .9 30 .5 28.9 28 .1 26 .1 26.1 21 .3 23.9 22 .8 21 .1 11 .7 21 .7 21 .7 21 .1 21 .7 21 .7 7609 
OVER 15.0: 69 .1 65 .9 61 .5 55.4 50 .8 48 .9 48 .6 46.9 46 .6 16.6 13 .3 14 .1 44 .1 43 .8 40.2 39 .6 39 .6 38.8 36 .0 38 .6 1320 

60 20.0 : 79 .1 77 .0 73 .6 68 .9 66 .0 63 .0 64.1 63 .5 62 .5 61 .3 00 .9 60.0 59 .5 58 .4 58 .4 56 .9 57 .6 56 .8 56 .1 56 .1 10690 
DYER 25.0: 67 .9 86 .3 83 .8 80.4 16 .6 13 .1 74 .0 74 .0 74 .7 71 .5 70 .1 70 .1 70 .1 89 .6 69.6 66 .1 68.9 68 .9 67 .1 61 .1 11860 
OVER 70.0: 91 .8 94 .0 13 .1 91 .4 89 .E 89 .1 87.9 07 .0 17 .0 87 .0 81 .0 17 .0 W.5 86 .5 85.9 15 .9 81.5 81 .5 01 .5 63 .7 12793 
OVER 35.0: 18 .0 97 .8 97 .8 97 .5 96 .5 96 .5 96 .5 1A.2 91 .2 96.2 96 .2 96 .1 95 .6 15 .6 95.0 15 .0 95 .0 93.0 93 .0 95 .0 13223 
OVER 10.0: 49 .0 98 .8 48 .7 98.7 48 .7 98 .1 48.7 98.1 10 .1 18.1 18 .1 91 .1 91 .1 48 .1 48.E 11 .1 98.1 98 .1 911 .4 48 .E 15362 
OVEN 15 .0: 99 .! 19 .E 99 .! 99 .2 f9 .2 99 .2 99 .2 X9.2 19 .Z M.2 19 .2 19 .2 M.2 91 .1 t9.2 19 .2 49 .2 99 .2 99 .2 99 .2 13431 
OVER 50.0: 19 .9 19 .9 49 .9 19 .4 19 .9 99 .9 99 .9 19.9 1l .1 l9.9 M.9 99 .9 11 .1 99 .9 49.9 Y1 .4 i9 .9 99.9 19 .9 99 .9 1347, 
OVER 55.0 : 100.0 19 .9 99 .9 99 .9 19.9 l4 .9 99 .9 99.9 99 .9 19 .9 49 .9 91 .1 P9.! 19 .9 99 .9 99 .9 99 .9 99 .5 99 .9 99 .4 13185 

EqPIlFJICf 0 6 12 11 24 30 36 42 48 54 60 16 72 70 64 10 16 102 100 111 
11REATER THAN 
IDIIIS) 
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FREYIIEr[Y DISTRIBUTION 111uT10n INTERVAL (PERCENT OF TOTAL RECORD! 
1 .00 xOURI r DATA STA TION : PoA3 3 NRLP SPANNI NG 1I I1IB3 TO 2 1 J184 t "SO? HOURS! 

SPEED NUMBER OF HOURS 
CM/5 

0 1 ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 IDO.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 450! 
OVER 5.0 : 70 .8 84 .4 56 .8 51 .0 46.1 44 .8 44 .1 44 .1 421 .2 40 .0 40 .0 38 .5 31 .0 33 .3 33 .5 31 .6 11 .e 31 .6 31 .6 31 .e 31Bt 
DYER 10 .0 . 12 .1 38,; 33 .8 28 .1 24 .5 23 .3 20.3 17 .5 11 .5 16 .1 15 .0 13 .7 13 .7 13 .7 13 .7 13 .7 13 .1 13 .7 13 .1 13 .7 1923 
OVER 15 .0 : 13 .9 19.1 13 .8 9.9 8.2 7.5 7.5 1.5 1.5 7.3 6.3 6.3 6.3 0.1 0.3 6.3 1.2 4.2 4.1 1.1 1074 
OVER 20 .0 : 13.1 10 .5 1.6 5.9 5.4 5.4 1.6 4.6 1.6 4.6 1.6 1.6 1.0 4.6 2.9 2.9 1.9 2.9 2.9 2.9 592 
OVER 25 .0 : 6.6 5.6 1.4 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 1 .6 .0 .0 .0 .0 .0 .0 295 
OVER 30 .0 : 3.1 3.2 3.2 2.9 4.9 2.9 2.9 2.9 1.9 2.9 1.6 1.6 1 .6 .0 .0 .0 .0 .0 .0 .0 166 
DVEA 35 .0 : 2.1 1 .9 1 .9 1 .9 1 .9 1 .4 1 .1 1 .4 1 .1 1 .1 1 .4 ,0 .0 ,0 .0 .0 .0 .0 .0 .0 96 
OVER 40.0: 1 .3 1 .2 1.2 .9 .9 .9 .9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 57 
OVER 45 .0: .7 .d .d .6 .d .0 .0 .0 .0 .0 .0 .C .0 .0 .0 .0 .0 .0 .0 .0 SO 
OVER 50.0: .4 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 19 
DYER 55 .0: .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 12 
DVQf 60 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 f 

DURATION 0 6 12 18 24' 30 36 12 48 54 60 16 12 10 84 90 98 ,302 lOB 1:4 
(SKATER THAN 
IqU15 

FAEWEIICY DISIRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR AVERII6ES STATION : 110113 3 NRIi SPANNING 7/31183 TO 2l 3184 ( 4507 HOURS) 

SPEED XNER OF HOURS 
ClI/S 

0 t ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
DVEA 5.0 : 29 .2 21 .5 15 .8 10 .5 10.1 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.S 9.5 9.5 9.5 7 .2 7.2 1317 
OVER 10 .0 : 57 .3 52.6 48 .9 12 .2 38 .7 36 .1 35.1 31 .9 34 .9 30 .3 30 .3 28.9 27 .1 25.6 23 .8 23.8 23 .8 23 .8 23.8 21 .3 2580 
OVEN 15 .0 : 16 .1 72 .0 66 .2 .2 .9 55.5 $4 .9 54.1 51 .1 53 .1 51 .1 53 .1 53.1 53.1 53.1 33 . : 53 .1 51 .1 51 .1 51 .1 51 .1 3419 
OVER 20 .0 : 86.9 85.5 81 .1 79 .1 76 .9 15 .1 72.3 72 .3 10 .3 69 .1 69 .1 69.1 67 .6 67 .6 61 .6 67 .6 63 .3 65 .5 IS . S 03 .1 39!1 
OVER 45 .0 : 93 .E 93 .0 91 .8 90 .E 89.3 09 .3 P9 .3 18 .4 00 .4 86,1 85 .V 94 .6 81.6 N.6 81 .6 B1 . e B4 .6 12 .1 82.4 82 .1 1208 
DYER 30 .0 : 96.3 96.2 96 .0 96 .0 15.6 15 .6 11.0 91 .0 91 .8 92 .8 92 .8 42.8 42.8 92.8 94 .8 92 .8 92 .8 92 .8 92.8 92 .8 1337 
OVER 35 .0 : 97 .9 47.7 97 .4 97 .4 97.4 l7 .4 17 .1 97 .4 97,1 97,1 97 .4 97.4 91.4 47.1 95 .5 95.3 93 .3 95 .5 95.5 95.5 1407 
OYEN 10 .0 : 10.1 98 .5 18 .7 9l.3 98 .3 1B.3 11.3 18 .3 16.3 48 .3 18.3 10.3 98.3 98 .7 98 .3 48 .5 96 .3 9b.3 96 .3 96 .3 4446 
OPEN 45 .0 : 19 .3 99.5 M.2 19 .2 11.2 49 .2 99 .2 11 .2 99 .4 99 .2 19 .4 99 .T 19.2 49.2 19 .Y 99.2 19 .2 99 .2 96.8 46 .8 1473 
In 50 .0 : 99.! 49.5 99 .5 19 .5 91 .5 49 .5 19.5 "9.5 19 .5 19 .5 M.S 99.5 19 .5 49 .5 49 .5 99.5 99 .5 99 .5 99 .5 49 .5 1484 
DYER 55 .0 : 99.1 19.7 19 .7 99 .7 44.7 99 .7 19.1 99 .1 99 .7 79 .7 49 .7 99.1 99.7 99.7 49 .7 99.1 99,1 99 .7 99.7 99 .7 4491 
QYEN 60 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1502 

WWaE IICE 0 6 12 10 2. 30 36 12 4 51 10 16 12 71 84 10 96 102 106 114 
WATER THAN 
IDIAISf 
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FREQUENCY DISTRIBUTION IIMT!011 INTERVAL IIERCEIIT OF TOTAL RECORDi 
1 ."0 HOURLY MiA 51A11D11 : M0A3 S IIALP PANNING 5/22/B1 10 7/1181 1 1360 lqURSi 

SPEED 
CMS 

NUMBER OF HOURS 

0 1 MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
OPEN 2.0: 77 .9 11 .8 6A .7 59 .8 53 .7 51 .9 51 .9 48 .9 43 .7 45 .7 45 .7 15 .7 45 .7 .5 .7 45.7 15 .7 15 .7 45 .7 .5.7 43 .7 
OVEN 4.0 : X6 .7 62 .8 57 .2 14 .6 39 .9 39.9 39 .9 36 .8 33 .5 33 .5 33 .5 33 .5 18 .5 22 .9 22 .9 22 .9 24 .9 22 .9 22 .9 22 .9 
OVER 6.0: 58 .7 55 .1 45 .8 31 .0 29 .8 29,5 29 .6 29 .6 21.1 22 .5 12 .5 12 .9 12 .9 12 .4 12 .9 12 .9 11 .9 12 .9 12.9 14 .9 
OVER 8.0: 50 .1 45 .9 39.1 30.1 21 .3 21.1 22 .1 22.E 14 .6 12 .6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 10 .0: 43 .1 19 .3 51 .0 25.1 1i .9 18.0 18 .0 18 .0 8.1 1.2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 12 .0 : 38 .1 31 .0 26 .6 21 .8 12 .9 11.9 10 .2 1.1 3.9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVEN 14 .0 : 32 .5 27 .9 20 .7 13 .7 9.2 9.2 9.2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 10 .0 : 25 .0 19 .3 16.7 7.1 5.6 5.6 3.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 18 .0 : 17 .9 13 .9 10 .4 1 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 20 .0 : 12 .1 10 .6 6.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
DYER 22 .0: 0.4 6.3 1 .9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 21 .0 : 5.1 3.3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
DYER 26 .0 : 2.6 1 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 00 .0 .0 .0 .0 .0 .0 
OVER 28 .0 : .9 .0 .0 .0 .9 .0 .0 .0 .0 .0 .0 .0 .0 .Q .o .0 .0 ; .0 .0 .0 

K*ATIOII 0 6 12 111 - 24 30 36 12 49 54 60 66 72 7e 04 90 96 102 108 111 
[SKATER THAN 
InIRSI 

FIIEYUEIICY 016TRIiUT1011 AECUAREIICE INTERVAL (PERCENT Of TOTAL RECORD) 
1.00 HOUR AVERAGES STATION : NOV 3 HALF SPANNING 5/22181 TO 7117184 1 1360 HOURS) 

(PEED 
CII/S 

1360 
1060 
90? 
794 
!B2 
566 
510 
442 
310 
244 
166 
114 
11 
36 
12 

NUMBER OF HOURS 

0 6 IIIOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVEN Z .O: 22 .1 11 .3 5 .7 1.5 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 
OVER 4.0: 33 .3 28 .3 21.2 15.0 10 .1 6.6 6.6 6.6 6.6 1.6 6.6 1.6 6.6 6.6 6.6 .0 .0 .0 .0 .0 
OVER 6.0: 11 .2 35 .2 26 .8 22.1 22 .1 18 .E 16.0 16 .0 11 .0 16 .0 16 .0 16 .0 16 .0 16 .0 16 .0 16 .0 16 .0 16 .0 8.2 .0 
OVER 8.0: 49 .9 43 .1 32 .1 26.0 2l . S 26 .5 41 .2 21 .1 11 .2 21 .2 21 .2 24 .1 24 .1 21 .2 21 .2 24 .2 21 .1 44 .2 21 .2 13 .9 
WEN 10 .0 : 56.9 52 .1 43 .2 31.2 24.6 11 .6 25.4 25 .4 25 .4 25,1 25.4 25.4 25 .1 25 .1 23 .4 25.4 25 .4 25 .4 25 .4 11 .0 
IVEA 14 .0: 61 .9 38 .2 50.5 13.8 37 .5 37.3 31 .6 31 .6 51 .3 27 .5 27 .5 27 .5 27 .5 21 .5 21 .5 21 .5 27 .5 17 .5 27 .5 27 .5 
AVER 14.0: 67 .5 65 .2 57 .1 41.9 41 .4 41 .9 41 .9 34 .1 35 .6 31 .0 21 .1 21 .6 27 .6 21 .6 27.e 17 .6 21 .6 21 .6 27 .6 21 .6 
8V01 11.0: 15 .0 10 .1 11 .1 38.5 57 .0 55 .1 52 .8 46 .8 13 .5 13.5 39 .1 39 .1 31 .1 31 .0 26 .7 28 .4 28 .2 28.2 28.2 21 .2 
OVER 18 .0 : 82 .1 79 .0 71 .5 07 .0 E4 .0 64 .0 59 .2 36 .3 56 .3 56 .3 56 .3 56 .3 51 .0 45 .1 45 .1 45 .1 45 .1 45 .1 45 .1 .3 .1 
90 20.0: 87 .6 86 .4 81 .1 80.1 78 .7 78.1 78 .7 75 .2 73.2 73.2 69 .1 69 .1 E9 .1 69 .1 69 .1 69 .1 12 .4 62.1 62 .1 62 .1 
OVER 22.0: 91 .6 90 .8 14 .1 22 .5 BY . S 82 .5 24 .5 81 .5 82 .5 82.5 18 .1 78 .2 78 .2 78 .2 76.2 78 .2 11 .2 71 .1 11 .2 71 .2 
OVER 24.0: 14 .6 94 .1 92 .E 89.2 67 .8 81 .8 87 .8 87 .8 01 .8 B7 . B 63 .3 83 .5 83 .5 83 .5 83.3 83 .3 83 .5 83.5 83 .5 83 .5 
OVER 21.0: 91 .4 96 .8 96 .8 43.3 10.2 90 .2 40.2 90 .2 90 .2 90.2 15.8 15 .6 13 .9 05 .8 05.0 05.8 85 .9 8;.8 05.9 83 .8 
OVER 28.0: 99 .1 79 .1 99 .1 97.9 97 .9 97 .9 11 .9 97 .9 97.9 97,9 97 .9 97 .9 97 .9 97.9 97 .9 97 .9 47.9 97 .9 40 .0 90 .0 

KCIINREIKE 0 1 12 11 21 30 31 42 0 31 .0 I6 72 71 14 10 .6 102 10 114 
18REATER TRAP 
NM I 

0 
300 
153 
X1 
618 
174 
642 
918 
1040 
1116 
1142 
1246 
128? 
1324 
1348 
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FqEp1EIICY DISTRIOUTION DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION: NOAS 3 NRIP SPANNING 10119/BI TO 1/11/8! 111210 IOU/t51 

SPEED NUMBER OF HOURS 
Cn/S 

0 1 ABOVE 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 11270 

OVER 1 .0 : 46 .9 41 .5 35 .5 21 .3 19 .5 17 .0 17 .0 11 .0 11 .1 11 .1 14 .6 12.0 11 .5 10 .7 9 .2 9 .2 9 .2 9 .2 9 .2 8 .2 5287 

OVER 8 .0 : 17 .1 22 .5 17 .8 11 .1 8 .0 7 .6 6 .1 6 .0 3 .6 3 .1 2 .2 2 .2 .9 .9 .9 .9 .9 .9 .0 .0 7056 

DYER 12 .0 : 17 .0 13 .7 9 .9 6 .3 1 .9 3.1 2 .8 2 .2 2 .0 1 .5 1 .5 1 .3 .9 .9 .9 .9 .9 .0 .0 .0 1918 

OVER 16.0: 10 .9 9 .0 6 .1 2 .7 2.1 1 .6 1 .6 1 .3 .9 .9 .9 .9 .9 .9 .9 .9 .9 .0 .0 .0 1431 

OVER 20 .0 : 6 .8 4 .4 3 .2 1 .5 1 .0 .1 .1 .7 .1 .7 .7 .7 .7 .7 .0 .0 .0 .0 .0 .0 761 

OVER 21.0: 3 .6 2 .1 1 .5 .9 .7 ,7 .7 .7 .1 .7 .7 .7 .7 .0 .0 .0 .0 .0 .0 .0 127 

OVER 48 .0: 1 .0 1 .2 .8 .1 .1 .1 .4 ,0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 208 

DYER 34.0: .9 .6 .3 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 103 

OVER 36 .0: .1 .1 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 10 

10 10.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

DYER 41 .0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 1 

DURATION 0 6 12 18 24 30 36 12 46 54 60 66 72 10 81 90 96 102 108 114 

IOREATER THAN 
HOURS) 

fI1Ep1EIILY DISTRIBUTION RMRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR AVERAGES STATION: IIOA3 3 XRLP SPANNING 10/19IB4 i0 1/31lB6 11170 HOURS) 

NEED NUMBER OF HOURS 
C1US 

0 1 ARM .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 e 
OVER 1.0 : 53 .1 46 .5 31 .0 53.7 29 .0 11.5 26 .5 15 .1 25 .1 25 .1 24 .1 24 .1 22 .1 22 .2 23 .2 20 .6 19.8 18 .0 16 .1 15 .1. 5985 
OVER 8.0 : 12 .9 69 .E 63.8 51 .4 52 .1 $1 .5 50 .0 48 .2 46.6 46.1 15 .6 .3 .9 43.3 12 .0 42 .0 11 .4 11 .2 10 .3 37 .4 37 :4 1214 
DYER 12 .0 : 83.0 80 .6 77 .0 72.5 68 .1 67.0 66 .1 65 .0 63 .8 63 .8 63.B 62 .6 62 .0 60.7 59 .9 59 .1 59.1 59 .1 56 .3 55.4 9332 
OVEN 16 .0 : 19 .1 61 .8 86.1 81 .1 78 .3 71.6 11 .6 77 .3 17 .3 75 .9 75 .4 11 .2 71 .2 13.6 73 .6 72 .8 72.8 72 .6 70 .0 10 .0 10034 
OVER 20 .0 : 93.2 42 .6 91 .0 18.2 81 .9 81 .0 03.7 83 .3 82 .5 62 .0 82.0 81 .5 81 .5 80 .8 80 .1 80 .1 80.1 80 .1 00 .1 19 .1 10502 
OM 21 .0 : 96.2 95 .9 95.3 91 .2 91 .6 91 .2 10.6 89 .9 19 .1 BB .1 87 .7 87 .1 87 .1 87 .7 86 .9 86 .9 86.9 86 .4 85 .1 15 .1 10813 
OVER 28 .0 : 98.2 98.0 77 .6 96 .8 16 .6 96 .6 96.5 96 .0 96 .0 96 .0 96 .0 95.4 41 .2 91 .7 94 .2 93 .1 93.E 93 .4 93 .4 93.1 11062 
OVER 52 .0 : M.1 96 .9 11 .6 91.4 48 .1 91.4 4A.4 18 .4 18 .1 18 .1 18.1 18 .E 91 .4 9A.4 98 .1 17 .6 47 .6 97 .6 91 .6 97 .0 11161 
OVER 36 .0s 19.6 79 .6 19 .6 14 .5 19 .3 f9 .S 99.3 19 .3 99 .7 99 .3 f4.? 49 .3 19 .3 99 .3 99 .5 99 .3 49 .3 49 .3 19 .3 09 .3 11230 
00 40 .0 : 100.0 100 .0 1e0 .0 100.0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100.0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 112ee 
OVER 44 .0s 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11269 

RECURRENCE 0 ~ 12 18 1. 30 36 41 16 54 60 66 72 71 64 10 11 102 10B 111 
WATER 7NAN 
IqUtSI 
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FREQUENCY DISTRIBUTION DURATION INTERVAL t1ERCEN1 OF TO1AL RECORD) 
1 .00 NOURLr DATA STATION : Iroa1 3 NRIi l1Alwlll6 1/2183 TO 2/ 3IB1 ( 0895 IIOIIRS) 

SPEED NUMBEA OF HOURS 
C!I/S 

0 1 ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 8895 
OVER 1.0 : 80 .2 71 .1 67 .4 59 .9 31 .9 48 .9 47 .1 45 .1 43 .6 41 .5 40 .2 38 .1 30 .1 37 .2 35 .4 35.1 35 .1 33 .1 32 .0 32 .0 7131 
MR 8.0 : 36.3 32 .9 26 .8 10 .6 16 .8 11 .2 15 .1 11 .4 12.2 11 .6 11 .0 10.3 10 .3 9.4 9,4 9.1 9,4 9.1 9.1 9.1 3405 
OM 12 .0 : 21 .0 17 .1 15 .1 10.1 8 .2 7.0 6 .3 5 .1 5.1 4 .6 1,6 4 .8 4 .6 4 .6 4 .6 4 .6 4 .6 1 .6 3 .4 2 .2 1669 
/0 16.0: 11 .0 4.1 6.2 1.7 1,0 4.0 1,0 1.0 1.0 1.0 1.0 3.3 3.3 3.3 2.1 1.1 1 .1 1.4 1.1 1 .1 1069 
OVER 20 .0 : 7 .1 5.2 1.2 3.3 3.1 3.1 3.1 2.6 2.1 2 .1 2.1 1.4 1.4 1.4 1 .4 1.1 1.1 1 .4 1.1 1 .4 628 
6V01 24.0: 3.1 2.7 2.1 2 .1 1 .9 1.9 1.9 1 .0 .0 ,0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 319 
OVER 28.0: 1.9 1.1 .9 .6 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 161 
OVER 32 .0t .9 .6 .5 .3 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 79 
OVER 36.0 : .3 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 27 
lYfll 10 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

1111ATIaI 0 6 12 18 24 30 16 42 46 51 60 66 12 78 84 90 96 102 108 114 
IIAEATER TWII 
Ip1Al51 

iIICV DISTRIBUTION RECURRENCE INT ERVAL (PERCENT OF TOTAL RECORD) 
1 .00 NOUN AVERAiES STAT10M l10A1 I IIRIi 9PMInl N6 !/ 29/B1 TO 1 1 344 ( 10" MOURS) 

pm NUMBER OF HOURS 
pUS 

0 i MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0. .0 0 
OVER 1.0 : 19 .8 11 .2 7.3 1.9 3.6 3.7 2.9 1.9 2.9 2.9 2.9 2.4 2.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1164 
OVER 6.0 : 01 .7 56 .7 50 .8 45.0 40 .9 39 .0 38 .2 37 .4 37 .1 36.8 35 .3 31 .1 34 .1 34 .1 32 .3 32 .3 31 .7 30 .1 48 .9 21 .7 590 
OYEA 12 .0 : 79.0 11 .1 71 .6 66.7 63 .7 63 .1 62 .0 61 .6 60 .6 60 .0 60.0 37 .3 58 .5 38 .5 56.5 57 .6 56.5 56 .5 55 .3 51.1 1070 
OVER 16 .0 : IB .0 16 .3 84.4 81 .2 76 .3 75 .1 15.2 11 .3 73 .8 73.2 72 .3 11 .8 71 .9 71 .8 71 .8 70 .9 70 .9 69 .7 69.1 69 .7 TB26 
OVER 20 .0 : 91.9 12,1 91 .2 99.9 05 .8 85 .1 81 .7 81 .1 13 .1 83.1 81 .8 01 .0 81 .8 61 .0 81 .0 81 .0 81 .0 61 .0 81 .0 79 .1 8261 
OVER 24 .0: 96 .1 15 .3 95.1 94 .3 12 .1 92.1 92 .1 91 .6 91 .6 91 .6 f0 .9 90,9 90.9 90 .1 10 .1 90.1 40 .1 90 .1 10 .1 40 .! 8546 
OPEN 26.Ot 18.4 97 .9 97 .5 17.0 91 .5 96 .5 96.5 96 .5 96 .5 96.5 95 .9 95 .9 93 .9 95 .1 95 .1 95.1 45 .1 45 .1 95 .1 95 .1 8731 
DYER 32.0: 19 .1 99 .1 19.0 98 .6 98 .1 98.1 98 .1 98 .1 47.9 17 .9 91 .9 97.1 97 .9 97 .9 97 .9 97 .9 97 .9 47 .9 17 .9 97 .9 0817 
DYER 36.0: 19 .1 91 .6 99.6 99. " 19 .4 99.E 99.E 99 .1 49 .4 19." 99 .4 99 .1 19.1 99 ." 99 .1 99.1 99 .1 99 .4 99 .1 99 .E IA68 
DYER 40 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00.0 100.0 100.0 100.0 100.0 100.0 1891 

FqloEIIC£ 0 . 12 18 21 30 36 42 40 54 60 16 72 71 N 10 16 142 10! 111 
IiAEATER TNAII 
WA) 
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FqEYIEIICy DISTRlIUTI00 DIINATIDII INTERVAL 11ERCE111 OF TOTAL RECORD) 
1 .00 HOLY MIA STATION: 110M 1 IIRtP SPANwlll6 4I271N TO "I161B4 1 2671 DUNS! 

SPEED IIUMBE9 OF HOURS 

CI1I5 

0 i AWE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 :00.0 107.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.4 100.0 100.0 100.0 2671 
OVER 2.0 : 74 .1 61 .8 51 .6 19 .0 46 .6 .1 .1 14 .1 43 .4 13.0 41 .1 41 .1 38.7 38 .7 38 .7 38 .1 38 .7 31 .7 28.1 28 .1 28 .1 1919 
OVER 1.0 : 54 .1 16 .0 10 .7 31 .4 28 .8 27 .8 21 .8 23 .2 20 .0 16 .0 18 .0 13.3 10 .0 10 .6 10.6 7.3 3.0 .0 .0 .0 1415 
OVER 6.0 : 37 .8 24 .2 22 .8 11 .5 8.6 8.6 6.6 1.1 2.7 2.7 2.7 2.7 .0 .0 .0 .0 .0 .0 .0 .0 1009 
OVER 8.0 : 22.8 15 .9 9.0 1.3 3.0 3.0 3.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 E08 
OVER 10 .0 : 12 .3 9.7 3.9 1.3 1.5 1 .5 1 .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 334 
00 12 .0 : 9.1 6.2 3.1 2.5 .9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 221 
OVER 11 .0 : 5.8 3.3 1 .9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 154 
OVER 11 .0 : 3.0 1.4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 101 
OM 18 .0 : 1.6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 47 
Me 20 .0 : .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 13 
00 22 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IIIAA1I011 0 6 12 16 2. 30 36 12 48 54 60 60 72 78 14 90 96 102 108 111 
MMEATER THAN 
11m) 

FwwICT O15TR1lU13011 RECURRENCE 1MiERVRL (PERCENT OF TOTAL RECDRDI 

1.10 HM AVERAGES STATION- MOA4 3 NRLP SPAllll1116 1/2718 TO 8/16181 ( 2611 HOURS) 

STEED IIUlIBEp OF WS 
dllS 

0 1 HOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 2.0 : 25.9 11 .8 1.4 1.E .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 642 
pYER 1.0 : 43.9 37 .3 29.5 25 .5 20 .8 13 .9 12 .5 11 .1 9.5 9.5 9.5 9.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 T.0 1276 
OVER 6.0 : 62 .2 54 .6 47 .0 36 .9 33 .3 33,E 32 .0 32 .0 32 .0 30.0 30 .0 27 .6 25.0 22.3 19 .2 19 .2 19 .2 19 .2 19 .2 19 .2 1667 
OVER 8.0 : 77.2 71 .5 65.3 56 .1 49 .0 18 .0 16 .6 45 .1 13 .1 41 .E 11 .4 39.0 39.0 33 .4 30 .1 26 .8 26 .8 26 .8 26 .8 26 .e 2063 
OVER 10 .0 : 07 .5 14 .9 n.3 76.0 69 .2 61 .1 67 .1 61 .1 65 .3 61 .5 61 .5 61 .3 61 .5 61 .5 50 .1 56 .1 58 .4 51 .1 51 .1 51 .1 7337 
OM 11 .0 : 91 .6 40 .3 19 .7 81 .7 77 .6 75.7 75 .7 75 .7 75 .7 75 .7 73 .E 13.6 73.6 10.8 70 .8 70.8 10 .6 7A .8 10 .8 10 .8 2417 
DYER 11 .0 : 11 .2 93.3 92 .4 87 .1 85 .1 83 .2 83.2 83 .2 81 .5 81 .5 81 .3 81 .5 71.0 78.6 76 .6 78 .8 18 .8 18 .8 78.8 18 .8 1517 
OYEA 16 .0 : 16.2 95 .5 91 .9 93 .2 14 .4 89 .1 84 .1 19 .1 89 .1 85 .0 15 .8 95.8 BS. B 83.0 A3 .0 13.0 83 .0 83 .0 83 .0 83 .0 2310 
10 ILO: 1l .2 11 .8 96 .1 96.0 92 .9 92 .9 92.9 92 .9 91 .1 89.2 89 .2 84 .2 89.2 89.2 89 .2 99 .2 89 .2 89 .2 e9.2 89 .2 2621 
10 20 .0 : M.5 11 .5 99 .5 99 .0 11 .1 95.1 13 .7 15 .7 15 .7 93 .9 93 .9 93.4 93.9 93.9 43 .1 13.9 91 .9 93 .9 93 .9 93 .9 2158 
)YEN 22 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 4679 

REqIM1EIICE 0 1 12 iB 24 30 36 12 6 SI ~0 K 72 1i N 10 .6 102 101 111 
IIIEATEp iNAII 
)DIMS) 
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FIIEMIICY DISTRIBUTION DURATION INTERVAL (PERCENT Of TOTAL RECORD) 
1 .00 IIOURl1' DATA STATION: IIOA4 3 IIRLP tPMllllll6 10/191P1 TO 1131106 U1271 HOURS) 

SPEED HUMBER OF NCUkE 
tll/S 

0 i am 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 11277 

OVER 2 .0 : 70 .3 56 .9 51 .1 43 .7 57 .1 55.1 35 .1 51 .0 11 .8 30 .E 29 .9 29.9 24 .9 29 .9 29 .1 29.1 28 .3 28 .3 27 .4 27 .1 7927 

00 1 .0 : 45 .7 13.0 10.0 34 .9 31 .2 30 .2 30 .22 28 .8 28 .0 27 .5 21 .5 21 .0 21 .0 26 .3 26 .3 26.3 25 .5 21 .6 23 .1 13 .7 5269 
OVER 6 .0 : 41 .3 36 .0 13.5 30 .5 28 .3 28.0 11 .1 26 .4 25.2 25 .2 25 .2 2+.1 23 .1 22 .8 21 .3 21 .3 21 .3 20 .5 20 .5 20 .5 1658 

OVER 8 .0 : 56.3 33.5 28.3 26 .1 22 .9 21 .3 10 .0 19 .0 17 .6 16 .9 15 .1 15 .E 14 .1 12 .1 12 .1 12 .1 11 .3 10.E 8 .6 6 .6 1119 
EVER 10 .0 : 30 .0 25 .0 19.2 11 .2 10 .8 0 .9 6 .0 1 .3 6.3 5 .1 4 .1 4.1 4 .1 2 .0 2 .8 2.0 2 .0 2 .0 2 .0 2 .0 3382 

OVER 12 .0 : 18.1 10.3 5 .1 3 .0 2 .4 2 .0 1 .1 1 .1 1 .1 1 .1 .6 .6 .0 .0 .0 .0 .0 .0 .0 .0 2056 
OVER 14 .0 : 3 .4 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 381 

No !l .0 : .9 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 99 
OVER 18 .0 : .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 54 

IM 20 .0 : .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 20 
me 22 .0 : .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 7 
OVER 24 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 4 
10 2e .0= .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IODATIDII 0 0 12 18 2 . 30 3e 12 10 51 60 66 72 18 61 90 96 5102 109 114 
WATER THAN 
NM) 

FAEilE11CY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1 .10 MW AVERIIBES STATION : MOM 3 IqtLP SPAWI1116 10/1918 TO 1131/86 111271 KM) 

SPEED KNER OF HOURS 
pllS 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
DYER 2.0 : 29.1 17 .6 10 .3 5.8 3.3 2.5 1.6 1.0 1.0 .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 334 
IM 1.0: 53.3 .8 .7 45 .4 12 .7 38 .1 37 .1 51 .1 36.7 36 .7 36 .3 35 .3 35.E 31 .6 31 .9 31 .2 29 .7 29 .7 27 .9 27 .9 26 .9 1002 
OVER 6.0a 58.7 51 .6 51 .6 48 .5 46.2 46 .2 15 .9 43.9 45.1 45 .1 45 .1 44.5 44 .3 13 .9 43 .9 45.9 45 .0 45 .0 41 .2 41 .2 1613 
DYER l. Os 63.5 54 .2 56 .3 52 .3 SO . B 50 .6 49.6 49 .6 19 .6 49 .4 19 .2 .9.2 .1 .9 41 .9 17 .1 47 .2 46 .1 46 .4 46 .1 16 .1 7152 
lYER 10 .0 : 10.0 61 .8 11 .E 56 .9 53 .9 54 .8 52 .5 52.3 52 .5 52 .5 52 .0 51 .1 51 .4 51 .1 51 .4 51 .1 31 .1 50 .5 49 .6 .9 .6 7989 
IYER 12 .Ot 61 .9 76 .3 11 .5 61 .9 59 .1 57 .6 56 .8 56 .1 55 .6 55 .6 55 .I 53.1 53 .0 53 .6 53.6 53 .8 53 .8 53 .8 53 .6 53 .8 9215 
00 11 .0s 16.6 95.0 93 .6 10 .5 84.3 81 .2 60 .0 17.6 76 .1 75 .4 73 .9 12.1 70.0 18 .2 68 .2 67 .1 64 .1 64 .1 61 .3 61 .3 10884 
OVER 16.0: 19.1 19 .1 99 .0 18.1 97 .5 96 .8 91.8 9A .1 91 .5 94 .0 94 .0 13.E 93 .1 93 .1 93.1 t3.4 93 .4 93 .1 93 .4 12 .E 11172 
OVER 10 .0 : 19.5 99 .5 49 .5 99 .2 99 .0 99 .0 98 .1 99.3 91 .6 97 .6 47 .6 97.0 97 .0 97 .0 97 .0 97 .0 17 .0 4l .1 46 .1 16 .1 11217 
OVER 20 .0: 91 .8 19 .8 49 .8 14 .8 49 .E 99 .1 91 .4 99.1 99 .1 11 .4 18 .9 91.3 11 .3 90 .3 98.3 18.3 11 .3 1B.S 98 .3 1B .S 1125f 
MR 22 .0: 99.1 99 .9 99 .9 99 .9 99.9 99 .9 99 .9 99.9 49 .9 99 .9 91 .9 14.9 h.9 99 .9 99 .9 19.1 19 .9 99 .9 49 .9 ?4 .9 1126" 
OVER 21.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11267 
OVER 26 .0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 11270 

SEd0 6 12 11 21 30 U 11 4 31 60 K 72 72 94 " 16 102 108 114 
WATER THAN 
Nests) 

A-34 



FRECIIEICr DISTRIBUTION DURATION INTERVAL tPERCEN' OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION : IIOA: 3 IIAIi ~INS 1/29183 TO SI20IB? ! 2678 HOURS) 

SPEED NUMBER Of MOURE 
CIIlS 

0 1 MOVE 100.0 100.6 100.0 100.0 100.0 100.0 100.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 261E 
OVER 2.0 : 56 .6 11 .7 51 .1 50 .6 27 .1 46 .5 16 .5 25 .0 23.3 23 .3 23 .3 21 .3 23 .3 23 .3 13 .3 23 .3 23 .3 23 .3 23 .3 23 .3 1516 
OVER 1.0 : 31.1 24 .8 10 .8 11 .5 10 .7 6.6 6.2 6.2 6.2 1.7 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 91~ 
OYEA 6.0 : 10.9 15.1 9.5 5.9 4.5 1.5 1.5 1.5 4.5 4.5 4.5 4.5 1.5 1.5 1,5 1.5 4.5 1.5 4.5 1.5 559 
OVER B.0= 12.5 8.8 4.3 3.3 3.3 2.2 2.2 2.2 2.2 2.4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 336 
9YER 10 .0 : 1,3 1.6 2.5 2.0 1 .2 1.2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 196 
OVER 12 .0 : 4.9 3.0 1 .2 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 124 
OM 14 .0 : 3.0 1.2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 10 
OVER 16 .02 1 .6 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 46 
go 18 .0 : .9 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 25 
OYpI 20 .0 : .6 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 17 
80 22 .0 : .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 10 
OVER 21 .0 : .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 7 

IURATIdi 0 6 12 18 21 30 36 12 40 54 60 66 72 78 84 90 96 102 108 114 
IiAEATEA TITAN 
mm) 

FREQUENCY DISTRIBUTION RECURREIICE INTERVAL 4PERCENT OF TOTAL RECORD) 
1.10 NOVA MIERA6ES STATION : MOAS 3 IIRLP SPAIIlUil6 1124/B3 TO 5/20/83 l 2678 WS) 

IPEED NUMBER OF HOURS 
p115 

0 1 wow .0 .e .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 4.0 : 43 .1 26.5 76 .E 12 .7 9.7 1.6 7.6 1.5 2.7 2.1 2.7 2.7 2.7 .0 .0 .0 .0 .0 .0 .0 1162 
DYER 1.0 : 05.6 56.5 50 .5 44 .1 40.3 38 .5 36 .0 33 .0 26.3 20.3 11 .0 11 .6 21 .6 21 .6 21 .6 18 .3 18 .3 18 .3 18.3 5.7 1757 
DYER 6.0 : 19 .1 14.6 61 .1 61 .3 61 .2 57 .1 51 .1 55 .6 55 .6 53.0 53 .6 53 .6 51 .1 51 .1 51 .1 $1 .1 51 .1 51 .1 31 .1 46 .9 2115 
ON 1.0 : 11.5 15.1 81 .8 71 .6 73.2 71 .1 68 .1 68 .7 67 .1 63 .3 63 .3 13 .3 63 .3 63 .3 63 .3 63 .1 63 .3 b3 .3 59.3 55 .1 2312 
DYER 10 .0e 92 .1 91 .2 89 .4 96 .4 63 .9 61 .0 81 .8 18 .9 15 .4 13.5 73 .5 73 .5 13 .5 13.3 73 .5 73 .5 73.5 13 .5 13 .5 13 .3 2184" 
IM 12 .0 : 93.2 .3.4 42 .3 91 .7 90.2 89 .1 87 .9 Y6 .1 86.1 86 .4 Y6 .1 16 .1 86.1 16 .1 86 .1 96 .1 83 .0 83 .0 83 .0 83 .0 2519 
IM 11 .0 : 17 .0 95.9 93 .1 14 .6 11 .6 91 .E f0 .3 111 .7 IB .7 18.7 U.7 IB .7 96 .7 88.7 68 .7 88 .7 i8.1 86 .7 88 .7 88 .7 2596 
IYER 16 .Ot 18.2 17.5 9l .7 95 .7 91 .8 94 .8 94 .8 14 .8 11 .1 .1 .4 91 .1 41 .E 91 .1 11 .E 91 .1 91 .1 91 .1 91 .4 91 .1 91 .1 2630 
PER 11 .0 : 19 .1 98.8 98.1 91 .5 91 .5 97.5 91 .5 97 .5 17 .5 17.5 97 .5 91 .5 97 .5 97 .5 47 .5 41 .3 97.5 97 .5 91 .5 97 .5 2653 
OVER 20 .0 : 99.1 99.2 98 .1 18 .E 98.4 48 .E 48 .E 98 .E 18.1 h.4 98 .E 1i .4 91.4 98 .E 96 .1 18 .1 98 .4 98 .1 98.1 98 .1 2661 
OW 22 .0 : 94 .6 99.5 99.6 t9 .6 99 .E 98.1 98.1 48 .1 10 .1 18 .4 9Y.1 96 .4 99 .1 98.4 16 .1 98 .1 10.4 98 .E 98 .4 98 .E 2668 
NO 21 .0s 99.7 99.6 99 .e 99 .6 49 .e 49 .6 49 .5 18 .5 IB .5 9B.5 98 .5 96 .5 4i.5 90 .5 98 .5 9A .5 98 .5 98 .5 18 .5 98 .5 2671 

Kp1NEIKE 0 1 12 19 21 30 36 12 4 51 60 11 72 71 K 10 16 102 10 111 
IIAEATQ Tiwll 
NMI 
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FIIEO1ENCr OISIIIIIUTION KOTION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURLY DATA STATION : noAS 3 xR1` lIAINIws 7/31/63 TO 21 3/94 ( 4503 HOURS' 

SPEED 
CM/5 

NUMBER OF HOURS 

0 1 him 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
OVEN 3.0 : 15 .7 40 .4 36 .3 28 .9 26.2 25 .6 23 .4 22 .5 40 .6 20 .6 19.7 19 .3 16 .2 16.2 16 .2 10 .2 16.2 16 .2 16 .2 16 .2 
GYP 6.0 : 29 .6 46 .1 21 .9 16 .1 13 .5 14 .9 12 .9 12 .0 11 .0 11 .0 11 .0 9.5 9.5 1.3 9.3 9.5 9.3 9,3 7.2 7.1 
OVER 1.0 : 17,5 11 .0 10 .1 7.1 7.1 7.1 1 .1 7.1 6.1 1.1 6.1 6.1 0.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 
OVER 12 .0: 11 .3 9.2 1 .2 6.2 5.1 5.7 5.7 3.7 3.7 5.7 5.7 5.7 1.2 1.2 1.2 4.2 4.2 1.2 4.2 4.2 
MR 13 .0 : 7 .5 5.6 1.2 3.8 3.8 3.B 3.B 3.8 2.8 2.8 2.8 2.8 2.8 2.6 2.8 2.6 2.9 2.0 2.8 2.e 
IYEA 1/.0: 4.9 3.9 3.9 3.6 1.2 1 .9 1 .9 1.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
DYER 21 .0: 3.1 2.8 1.1 1.1 .9 .4 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
01R 21 .0 : 2.0 .6 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
so 27.0 : .8 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
10 10 .0s .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
MR 33 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IIINATI011 0 6 12 19 14 30 36 42 18 54 60 66 72 78 81 90 96 102 108 114 
(WATER THAN 
HOURS) 

FwEi11E11tY DISTRIBUTION RECURRENCE INTERVAL (PEKENT OF TOTAL RECORD) 
1.00 IIOUR AVERAGES STATION : 11085 3 NIILP SPMIIIII6 11S11BI TO 2/ S/84 1 1503 HOURS) 

pm 
p1/5 

4503 
2059 
IS]1 
781 
511 
337 
ns 
153 
90 
34 
4 
2 

NUMBER OF HOURS 

e I AIM .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .e 
90 5.0: 54 .3 48 .9 42.5 38 .1 33 .6 29 .9 29 .2 28 .3 21 .3 25.0 21 .2 21 .2 21 .2 19 .5 19 .5 17 .5 11 .5 11 .3 17 .5 11 .5 
MR 6.0: 10 .E 68.3 61 .0 59 .4 52,1 51 .1 50.3 18 .5 48.5 47 .3 .6 .1 46 .1 42 .9 42 .9 42 .9 12 .9 12.9 38 .5 36.1 33.1 
NO 1.0: 82 .5 81 .2 78.6 71 .9 64 .7 69.1 69.3 69 .3 69.3 61.2 68 .1 61 .6 61 .1 61 .1 61 .1 61 .1 59.0 59 .0 59 .0 59 .0 
OVER 14 .0: 011 .1 81 .1 16 .3 03 .0 19.7 79.1 19 .1 79 .1 78.2 71 .7 78 .1 78 .2 78.1 78 .2 18 .2 11 .3 71 .3 74 .7 71 .3 71 .3 
OVER 15.0: 12 .5 91 .0 90.0 89 .2 88.3 iB.3 BB.3 AB .3 15.3 13.3 15 .3 63 .9 03 .9 83.E 83 .9 81 .9 81 .9 81 .9 81 .9 81 .9 
YEN 11.0 : 15.1 91 .1 93 .7 03 .1 92.9 91 .7 11 .0 91 .0 10.0 90 .0 90 .0 90.0 90.0 90 .0 40 .0 90.0 17 .9 87 .9 07 .9 87,9 
00 21 .0 96 .6 95 .9 95 .7 95 .0 95 .0 95.0 15 .0 45 .0 93.0 15.0 95 .0 93 .6 93.6 93 .6 93 .6 93.6 93 .6 93 .6 43.6 11 .6 
/0 21 .0 : 1i .0 97 .4 1".7 96 .0 91.0 45 .1 45 .E 15 .1 13.1 13 .1 95 .1 95.1 95 .E 95 .1 45 .1 95.1 93 .1 95 .1 95 .4 15 .1 
/YEA 27 .0s 19 .2 99.0 98 .0 98 .0 97.6 97 .0 17 .0 91 .1 X6.1 11 .1 16 .1 Ib.1 96 .1 96 .1 46 .1 16.1 96 .1 96 .1 96.1 96 .1 
to 30 .0s 14.8 99 .A 99 .8 49 .8 99 .8 19 .8 ".8 99.8 19.i X9 .8 19 .8 44 .8 19 .8 99 .8 99.8 49 .8 99 .8 99,8 99 .8 99.8 
No 33 .0a 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

1EdANIICE 0 6 12 19 21 30 31 11 4 54 10 16 72 10 11 " 16 102 106 111 
IIEl1TEp tIIIW 
WAS) 

0 
2444 
3169 
3716 
3991 
1166 
4281 
4350 
1113 
1469 
119" 
4501 
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FqE011ENLY 11STAIIUTIOn KIRAIIDN INTERVAL (PERCENT OF TOTAL RECORD) 
1 .60 HOURLY MTa STATION : nay ] MkIP SPANNIw6 10/19/14 TO 7/30/K 1 6637 HOURS) 

SPEED 
CIVS 

IpMIBEA OF NOURE 

0 1 ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 .0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
00 3.0 : 41 .E 19 .9 11 .1 15 .5 13.1 12 .0 11 .5 9.8 9.0 0.3 8.7 8.3 8.3 1,2 7.2 7.2 7.2 5.7 4.2 2.6 
OVER 6.0 : 14 .2 16 .3 13 .2 9.0 7.2 6.8 6.0 6.2 5.3 5.5 1.7 1.7 4.1 3.6 3.6 3.6 3.6 2.2 2.2 2.2 
DYER 9 .0 : 11.0 11 .9 9 .2 6 .1 1.0 3 .7 2 .1 2.1 1 .1 1 .1 1 .1 1 .4 1 .4 1 .1 1 .1 1 .4 .0 .0 .0 .0 
OVER 12 .0 : 9 .2 1.8 5.1 2.0 .7 .1 .1 .7 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 15 .0 : 3 .6 1.9 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 .0 .0 .0 .0 
DYER 18 .0: .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
am 21 .0: .1 .0 .0 .0 .e .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OVER 21 .0: .0 .0 .U .0 .0 .0 .0 .0 .0 .0 .0 .0 .G .0 .0 .0 .0 .0 .0 .0 
OVER 21.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 
MR 30.01 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
OYEII 33 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IIIRATI011 0 6 12 10 21 30 36 42 48 54 60 66 72 78 B1 90 96 102 108 111 
ISREATER THAN 
HOURS) 

FREQUENCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR AVER116E5 STATION : NOAS 3 NRIP SPANNING 1011418 TO )/IO1BS ( 6833 HOURS) 

PEED 
ClIIS 

6B?3 
2840 
lSlS 
955 
630 
417 
1? 
e 
1 
2 
1 

NUMBER OF NOS 

0 1 ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
DYER 3.0: 50 .4 41 .1 35 .0 26.3 19 .1 16 .3 13.4 72 .1 10 .8 10 .1 8.5 6.6 6.6 S.S 5.5 4.2 4.2 1.2 1.2 4.2 
OVER 6.0: 80 .9 79 .1 15 .1 71 .8 68 .7 61 .9 65.5 0.7 62 .4 61 .6 60 .8 57 .0 56 .0 54 .9 52 .5 52.5 49 .8 16 .4 45.3 45.3 
MR 1.0: 16 .0 85 .2 82 .2 79.6 75 .4 75 .1 75.0 74 .1 71 .1 73.6 73 .6 72 .1 71 .7 70 .6 10 .6 69 .3 69 .3 69 .3 69 .3 67 .1 
OVER 12.01 Po .8 90 .0 88.2 81 .8 82 .4 21 .2 80 .1 80 .1 80 .7 80 .7 79 .9 79 .4 79,9 10 .8 78 .8 18.8 78 .8 78 .8 78.8 78.8 
OPEN 15.0: 16 .4 15 .9 15 .3 91 .6 89 .0 88.6 18.6 99 .6 06 .1 87 .1 87 .1 87 .1 87 .1 87 .1 87 .1 81 .1 87 .1 87 .1 87 .1 87.1 
90 18.0: 49 .1 99 .3 99 .5 96 .6 97 .9 47 .2 97 .E 97 .2 97 .2 46 .1 96 .E 95 .1 95.4 45.1 95 .1 15.4 13 .1 95 .E 95.1 95.E 
OVER 21 .0: 99 .9 49 .9 99 .9 49,9 99 .9 99 .9 99 .9 99 .9 99 .9 19 .9 99 .9 99 .9 99 .9 99 .9 99 .9 99.9 79 .9 49 .9 99 .9 99.9 
DYER 21.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
MR 27.Ot 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
MR 30.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
OYfll 33.0s 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

EWIlE11LE 0 . 12 11 11 30 7. 12 40 54 60 " 72 71 64 10 7e 102 108 114 
(IREATER THAN 
mm I 

0 
3493 
3516 
5176 
6203 
6586 
6796 
6825 
1851 
"BS1 
6832 
6932 
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DURATION AND RECIIRRANCE FOR MOORING G 
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FREYlE1ICY DISTRIBUTION WRA11011 INTERVAL (PIEKENT OF TOTAL RECORD) 
1 .Mi NOURIY DATA STATION : M062 1 MAIF SPMAl111E 1012018" i0 S111IB5 1 3121 HOUR:) 

SPEED NU!1PEF OF HOUPE 
CII/S 

0 L HOVE 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100.0 100 .0 100 .0 100.0 100 .(' 1427 
OYfA 1 .01 89 .2 88 .2 87.4 17 .1 8E .6 85 .8 65 .8 85 .8 65 .0 83 .8 85 .6 85 .8 95 .0 85 .8 85 .8 85 .1 85 .8 83 .8 85 .8 85 .8 30:: 

IM 11 .0 : 15 .1 81 .8 44 .6 84 .2 83 .6 82 .8 80 .8 80 .8 19.1 79 .E 79 .E 79 .1 79 .1 79 .4 19 .1 79.1 79 .1 10 .1 19 .4 79,4 291? 

OVER 21 .0: 80 .7 19 .6 79.1 71 .8 15 .E 11 .7 13 .8 73 .8 14 .3 70.9 70 .9 70 .9 70 .9 70.9 10 .9 68 .3 68 .3 66 .3 68 .3 65 .0 1161 
OVER 28.0 : 61 .2 64 .1 61 .0 56 .6 51 .6 50 .2 49 .3 48 .1 16.7 16 .7 46 .7 4E .7 .6.7 44 .5 44 .5 14 .5 11 .5 11 .5 41 .1 11 .E 2296 
OVER 35.0: 46 .4 12 .1 36.8 32 .9 28 .7 27 .1 27 .1 25 .9 21.0 24 .6 22 .9 21 .9 22 .9 22 .9 12 .9 22 .9 20.2 20 .E 10 .2 10.2 1584 

OVER 11 .0 : 21 .9 21 .1 18.1 15 .3 12.9 11 .2 11 .2 11 .1 9 .8 9 .e 9 .6 9 .6 9 .6 7,6 7 .6 5.0 5 .0 5 .0 5 .0 5 .0 95i 
OVER 49 .0 : 9 .1 7 .2 5.3 4 .5 3 .2 3 .2 1 .1 3 .2 53 .2 3 .2 3 .2 3 .2 3 .2 3 .2 3 .2 3 .2 3 .2 3 .2 3 .2 .0 314 

EVER 56 .0 : 2 .1 2.5 1 .9 1 .5 1 .5 1 .5 1 .5 1 .5 1 .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 9: 

OVER 63 .0 : 1 .1 .9 .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 36 

DYER 70 .01 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

DURATION 0 6 12 19 11 30 36 12 48 3. 60 66 72 78 81 90 46 104 108 114 

(SKATER THAN 
NM I 

FKOIEIIC4 DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TDTIIL RECORD! 
1.10 HOUR AVEAA6ES STATION : 1!062 3 IIRLP SPAIN11116 10/ 20/84 TO 1 111/B5 1312! HOURS) 

SPEED WNSER OF HOME 
CIIIS 

0 i MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .U .0 .0 .0 .0 .0 .0 .0, .0 0 
OVER 7.0 : 10 .8 10.1 6.8 8.0 8.0 6.1 5.5 3.3 3.3 3.1 3.3 3.3 3.3 3.3 3., 3.3 3.3 3.3 3.3 .0 US 
OVER 14 .0 : 14.9 11 .0 13 .1 12 .7 11 .1 11 .1 11 .1 11 .4 11 .4 9.9 9.9 9.9 9.9 4.4 9.9 9.5 9.9 9.9 9.4 9.5 509 
OVER 21 .0 : 14 .3 17.8 17 .0 15 .1 11 .6 14 .6 13 .7 13 .7 13.7 12 .2 12 .2 12 .2 12 .2 12 .1 12 .2 12 .2 11 .2 12 .2 12 .2 12:2 660 
OVER 28 .0 : 32.8 28.0 23 .9 21 .1 20.0 20 .0 19 .0 15 .0 16 .3 11 .9 13 .1 13 .2 13 .7 13 .2 13 .2 13 .2 13 .2 13 .2 13 .2 13 .2 1123 
OVER 35 .0 : 53 .6 49.9 46.3 41 .7 38 .1 38 .1 36 .1 38 .1 34.2 11 .2 31 .4 30 .5 50.5 50 .5 30 .5 30 .5 30 .5 24 .7 21 .7 18 .2 1852 
00 12 .0 : 75.1 11 .9 61 .0 64 .3 61 .2 61 .2 61 .2 61 .2 58 .6 58 .6 58 .6 56 .6 56 .5 56 .5 56 .5 51 .0 54 .0 54 .0 44.7 11 .1 2569 
OVER 49 .0 : 40 .8 89 .2 88.5 86 .2 84 .3 01 .6 81 .6 81 .6 80 .3 80 .3 80 .3 80 .3 80 .3 80 .3 80 . : 80 .7 80.3 i0 .3 90 .3 W.3 3107 
OVER 56 .0 : 97.3 97.2 46.0 46 .4 46 .E 41 .1 41 .1 46.1 96 .1 94 .9 44 .9 94.9 94 .4 91 .4 91 .9 44 .9 91 .9 91 .9 91 .9 91 .9 3329 
OVER 63 .0 : 98 .9 98 .8 48.2 98 .2 98 .2 9i.2 98 .2 48 .2 98.2 76 .2 98 .2 98 .2 98.2 98 .2 98 .2 98 .2 48.2 9Y .2 18 .2 4B .2 3385 
OVER 10 .0 : 79.9 49.9 19 .9 94 .9 19.9 49 .9 99 .9 99.9 99 .9 99 .4 14 .9 94 .9 99 .9 99 .9 99 .9 09.9 19 .9 99 .9 49 .9 99 .9 3118 

RECURRENCE 0 1 12 1B 24 30 36 12 41 54 60 .6 72 71 11 10 16 102 108 114 
WATER TWA 
NIMIRS1 
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FREQUENCY EISTRiHUTlDw DURATION INTERVAL (PERCENT OF TOTAL RECORDI 
1.00 HOURLY PTA STATION : !1063 S NRIP SPAIIMlll6 1126/85 TO SIIl1A5 1 1019 WS) 

SPEED IIUMHEE OF HOURS 

tn/s 

0 & MOVE 100.0 100.0 100.0 100.0 100.0 IOG.U 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1069 
OVER 1.0 : 99.6 49 .6 99 .6 99 .6 97 .6 97 .6 97 .6 91 .6 47 .0 97.6 97 .6 9' .e 97 .0 97 .6 91 .6 97 .6 41 .6 91 .6 97 .6 91 .6 1065 
OVER 0.0 : 97.7 96 .9 91 .3 91.3 69 .0 B6 .e 66.6 86 .6 78 .3 78.3 78 .3 18 .3 18 .3 18 .3 78 .3 78 .3 64 .1 64 .1 69 .1 19 .1 1034 
OVER 9 .0 : 91 .4 87 .7 81 .2 17 .6 10.0 E4 .7 61 .7 64 .7 60 .1 60.4 60 .4 60 .1 51 .2 51 .2 54 .2 54.2 45 .7 45 .1 45.7 45 .7 911 

OVER 12 .0s 82 .1 11 .1 76.1 61.5 54 .5 46 .9 .6.9 41 .9 12 .6 42.6 12 .6 42.e 11 .6 44 .6 31 .9 34 .9 31 .9 34 .9 31 .9 31 .9 Ale 
OVER 15 .0 : 71 .5 66 .0 00 .2 43 .E 18.6 23 .9 20 .8 15 .3 13 .3 13.3 13 .3 15 .3 13.7 13 .3 13 .3 13 .3 13 .3 13 .3 13.3 13 .3 762 
OVER 18 .0 : 56.9 52 .0 38 .4 21.1 6.0 3.6 3.6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 .0 .0 630 
OVER 21 .0 : 41 .5 16 .3 22 .0 12 .3 1.1 3.1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 116 

DYER 24 .0 : 21 .5 20 .6 8.7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 315 
OVER 27 .0 : 14 .0 6.7 2.6 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ISO 

DYER 30 .0 : 5.7 2.1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 61 
OYER 33 .0 : 1 .7 .7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 to 
OVER 36 .0 : .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

NOTION 0 6 12 19 24 30 36 42 40 54 60 0t 12 78 B4 90 96 102 108 114 
(SKATER THAN 
NOUNS 1 

fAEiUE11CY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR AVERAGES STATION : 11063 S MRIP SPAlllqil6 1/Y!1!S TO 3111/B5 ( 1089 HOURS) 

!PEED INnBEA OF (OURS 

CluS 

0 1 ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 3.0: .4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .C .0 .U .0 .0 .0 
OVER 6.0 : 4.8 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 30 
OVEN 9.0: .1 .6 2.2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 11 
OVER 12.0 : 11 .9 10 .7 1.4 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 191 
OVER 15.0: 28 .1 20.8 11.2 5.1 3.0 3.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 301 
OVER 18.0 : 11 .1 32 .3 25 .1 13 .8 12 .1 12.1 12 .1 6.1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 434 
OVER 21 .0: S5 .5 45 .4 34.2 43.6 13 .5 12.7 12 .1 8.8 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 593 
EVEN 14.0: 70 .5 11 .8 $2.5 39 .5 17 .6 25.3 22 .0 22 .0 18.0 13 .2 13 .E 13.2 13 .2 13 .7 73.4 13 .2 13 .2 13 .E 13.2 13.2 731 
IYEA 27.0: I6 .0 13 .6 78 .9 68.5 51 .0 10.9 40.9 33 .3 33 .3 33.3 33 .3 33 .3 33.3 19 .1 19 .1 19 .1 19.1 11 .1 14 .1 19.1 419 

00 50.0: 94 .5 13 .9 45.9 90 .7 111 .1 78.8 75 .8 72 .2 68 .2 60 .2 68 .1 02.3 62 .3 62 .3 34 .9 54 .9 31 .9 54 .9 51 .9 51 .9 1008 
OVER 33 .0: 98 .3 9B .1 48 .1 18.1 96 .E 96 .4 9l.4 46 .1 96 .1 4".4 90 .8 84 .8 84.8 81 .8 61 .8 76 .3 76.3 71 .3 76 .3 76 .3 1051 
OVER 36.0 : 19 .1 19 .1 99.1 99 .1 99 .E 99.4 49 .1 19 .4 99 .1 99 .E 99 .1 49 .1 99 .1 19 .1 99 .E 9? .1 99 .1 99 .E 19 .1 94 .1 1065 

KpIA1EIME 0 1 12 11 2. 30 3. 42 W 34 .0 .1 72 71 W 10 k 101 IN 114 
INEATER THAN 
DAIS I 

A-40 



FREQUENCY DISTRIOU1011 DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1,00 HOURL Y DATA STATION: Ii06S ) HALF SIIIIIIq w6 B/ 2185 TO 1IS1IB6 ( "S 75 HOURS) 

SPEED NUIIBEF OF HOURS 
CM/S 

0 1 ABOVE 100.0 100.0 100 .0 100.0 100.0 100.0 100.0 IDO.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10 .0 4375 
DYER 4.0: 64 .6 62 .1 56 .3 .1 .7 39.8 38 .1 36 .6 30 .6 35.E 35 .6 35 .6 34 .1 32 .5 30 .9 30 .9 28,9 21 .6 24 .6 24.6 24 .6 2826 
OVER 8.0 : 50 .9 46.3 14 .5 31 .0 31 .8 29 .9 29 .9 28.1 48.1 26 .9 25 .6 25.6 24 .0 20 .5 20 .5 20.5 18 .1 18 .1 16.0 16 .0 2229 
DYER 12.0 : 38 .1 35 .2 30 .5 21 .7 19.0 1E .5 11 .9 11 .9 14.9 11 .1 12 .1 12 .1 12 .7 12 .7 12 .7 12 .7 12 .7 10 .4 10.1 10 .4 1693 
OVER 1E .0 : 27.2 24 .9 22 .1 12.3 10.9 9.7 8.2 8.2 6.2 8.2 8.2 8.2 0.2 8.2 8.2 6.2 6.4 6.2 6.2 6.2 1188 
00 20 .0 : 19 .3 16.0 11 .2 6.2 7.2 6.7 6.7 6.7 5.7 5.7 5.1 5.7 5.7 5.1 5.7 5.7 5.7 5.7 5.7 5.1 145 
OVER 24 .0 : 12.9 10 .8 1.1 5.1 3.2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.4 2.0 .0 .0 .0 .0 .0 366 
OVER 28 .0 : 5.9 1.0 4.5 1.9 1 .4 1.9 1 .9 1.9 1.9 1.0 1.9 1 .9 1.9 1.9 .0 .0 .0 .0 .0 .0 260 
OVER 32 .0 . 3.2 2.6 1.7 1.7 1.7 ! .7 1.7 1.7 1.7 1.7 1 .7 1.7 1.7 .0 .0 .0 .0 .0 .0 .0 138 
OVER 36 .0 : 2.1 1.8 1.1 1 .1 1.7 1.7 1 .7 1.7 1.7 1.1 1.7 1 .1 1.7 .0 .0 .0 .0 .0 .0 .0 13 
OVER 10 .0 : .9 .1 .5 .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 34 
OVER 44 .0 : .2 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 1 
DYER 48 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

IURA1fOM 0 6 12 19 44 30 36 42 48 54 60 66 72 78 114 90 96 .102 108 114 
16AEIITER TIIMI 
HOURS) 

FREQUENCY DISTRIBUTION RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR AVERAGES STATION: lio63 3 NRIP SPANNING Al 2185 TO 1131166 i 4315 HOURS) 

SPEED HUMBER OF HOURS 
CII/S 

0 1 ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 4 .0 : 35 .4 32 .5 14.7 18 .1 16 .3 16.3 14 .8 13 .9 11 .7 11 .7 11 .7 11 .7 10 .2 6.5 8 .5 1 .6 2.1 2 .1 .0 .0 1541 
DVER 8.0 : 49.1 46.6 41 .1 31 .0 28.5 21 .9 21 .1 21 .1 26.0 21 .9 21 .9 23 .E 21 .A 21 .8 40 .0 20 .0 20.0 17,6 17 .6 17.6 2116 
04ER 12.0 : 61 .3 56 .2 53.9 48 .1 42 .1 39.1 39 .6 36 .8 35 .8 35.8 33 .8 31 .E 31 .8 ?1 .1 31 .1 31 .i 26 .4 21 .6 24 .6 24 .6 2662 
OVER 16 .0 : 72 .8 69.6 61 .6 61 .5 59.0 56 .5 56 .5 51 .6 54 .5 54 .5 53 .1 53 .1 53 .: 51 .5 49 .6 47 .5 47 .5 47 .5 17 .5 17 .5 5167 
DYER 10 .0 : 60 .7 79 .3 75.0 69 .2 65 .9 65.3 65 .3 65 .3 65 .3 65.3 85 .3 65 .3 65 .3 05.3 65 .3 65 .3 65.3 63 .1 63 .1 63 .1 3530 
DYER 24 .0 : 87.1 65.5 81 .2 78 .3 75 .3 11 .7 74 .7 71 .7 71.0 13 .6 73 .6 72 .2 72 .2 12 .21 72 .2 70 .2 70 .2 67 .9 07 .9 61 .9 3809 
OVER 28.0 : 94 .1 95 .7 92.8 90 .0 66 .6 B6.6 84 .4 83,4 93 .4 82 .3 81 .3 81 .3 82 .3 82.3 82 .3 82 .3 80 .2 77 .9 77 .9 73 .4 4115 
OVER 32 .0 : 96.8 91.8 96 .6 95 .5 93.6 93 .6 93 .6 93 .0 13.6 93 .6 93 .6 13 .6 93 .6 93 .6 93 .6 93 .6 93 .6 91 .2 91 .2 91 .4 1237 
YYER 36 .0s 17.9 97.9 91 .6 97 .6 17 .1 46 .5 96 .5 96 .5 96.5 95.3 75 .3 15 .3 95 .3 95.3 95 .3 95 .3 95.3 15.3 45 .3 95 .3 1282 
/0 40 .0 : 99.1 99.0 98 .8 18 .1 48.1 98 .1 18 .1 1A .4 18.E 18 .4 48 .E 18 .4 98 .1 98 .1 98 .1 98 .E 98 .1 11 .1 98 .1 98.4 4736 
IM 44 .0 : 99 .8 19.8 99 .8 49 .8 99 .8 99 .6 99 .8 49 .8 49.8 f1 .A 19 .8 19 .8 99.8 19 .8 91 .8 99 .8 99 .8 99 .8 99 .8 99 .8 1366 
60 41 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.E 4374 

NECURI M 0 ~ 12 10 21 30 31 42 4 54 60 6e 12 78 11 10 11 102 108 114 
WATER TWA 
IrIAl81 
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Z7-d 

NMi 11103111 
tit BOI US 96 0" H iL LL 91 09 K 91 ZI K Oi K AI ZI 1 0 37113M31 

"Hi 6'66 616 6'66 6'66 6'66 6'66 6'66 6'66 6'66 6'66 6'66 1'66 6'66 6'61 61A 6'66 6'66 0'001 0'001 0'001 :0'M 64 
OW S'66 S'66 S'6I S'bb S'66 S'66 S'66 S'66 S'61 S'bi C'!6 S'66 S'66 S'6i S'66 VU 9'66 9'61 C'66 L'ib 10'01 64 
SZffI C'C1 1'L6 L'Cb 1'l6 C'C6 L'L6 C'L6 Z'86 Z'88 VU Z 'A6 Z'i6 VIM Z'A6 S'M S'A6 9'A6 6'B6 0'64 1'66 .10'9L am 
HOT[ 9't6 9'Y6 9'f6 9'Y6 9'ti6 Z'S6 L'Sb Z'S6 Z 'S6 Z';1 Vu L'S6 Vu S';6 S'Si S';6 L'S6 L'91 S'96 8'9" :0'M U3A0 
809Zi Z'60 No 0106 ('06 x'06 C'06 ('O6 L'06 1106 1'06 L'16 L'16 C'16 S'11 S'16 S'16 116 S'L" 674 81A :0'11 83A0 
0411 Z'ZA Vu L'd1 6'Z8 918 911 918 918 4'TB 918 910 0'W 0'19 i'"B S'YA S'Y9 6'98 9191 9'C8 9181 :011 M3A0 
LUIS S 'SL 6'SL VU 6 'SC 9'9( S'LL 6'L1 6'lL 1'B( VOL t'BL B'AL f'6( TV 9'6( Z'06 0'(8 1'ZI t'fB f'fA :0'OL l13M 
i[f0I 1'19 TIP VP f'89 VP i'89 f'89 IV TIP A'B9 A'B9 8'A9 f 'N ('b9 9'69 9'64 B'SL Cu Y 'SC L'9( .0'9I M3A0 
6961 9'S5 9'SS 9'Li 0'm J'SS 0'SS 0'SS 0 'SS S'SS S'1S S'9S Z'LS 9' LS 6'LS 6'CS T'BS 0'09 i'C9 "'S1 L'91 10'ZI U3A0 
YAfL f _li. !'AZ t 'BL !'AZ 8'8Z B'K 8'AZ 's'Of VU 6'Lf Z'K 0'Sf OT 0'Cf l'8f 9'!f S'Z1 1'B" 8'ZS 0'SS :0'8 UN 
0C91 I'Y T't i'Y i'Y 1'Y VV L'1 VS Z'S z'4 0'C 0'1 0'L 0'1 9'L t'B 8'6 VV C"SI 6'6I :0'Y H3A0 
0 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 3A0811 7 0 

Sllq 
SMlldi i0 N3H1Itp1 BUS 

(WON L11fI1 9BI(Ll t Ol 19lOS /( 911flIIICdS dINN f t904 IMO(1 Y15 53911Y3AY MOON 00'f 
(QM0731 T1101 10 1113JU3d ) 1MA831III DOWN NOUNIUS18 A303115311 

(6m 
IIVIil Y31Y3Ml1 

ill IN ZOf 96 06 t8 BL ZL 99 00 K A1 Lt 9f OL K Bt LI 9 0 IIOI1WItl1 

f 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0" 0' 0' 0' 0' 0' 101I" Mw 
tf 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' f' 1' f' :010f 83A0 
LLI 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' l' s' S' C L' 6' :0'4f U3A0 
LZf 0' 0' 0' 0' 0' L' L' L' L' [' C' t' C' i'I C'( 1'I Z'L Y'Z 6'L L'f :0'Zf d3A0 
6L1 S'f VT VT S'1 SIT S'I S'I S'f 0'L 0'z S'L 6'L 6'i A'T I'1 T't I'1 0'S S'S Z'9 W8i d3A0 
LESS 9'1 9't 9'1 9't 9'" f'S f'S 1'9 6'9 6'1 f'C CL C'L L'C C'L b'L VA 0'6 Vol Y'fI ;OW N3h0 
OItL i"L 9'( " 'A t'8 t'6 I'6 T'6 1'b f'6 S'6 S'6 6'6 S'01 9'OI BIOS 9'Ti 9'LI L'fI A'1I L'SI :0'OZ U3A0 
OUT CT[ CI( L'(f WIN 1'ZI I'it C'fI C'f( Z'1! L'Yf C'YI 91st S'9I '91 8'9I 0'LI Y'8l C'6I 9'IL f'SL :0'9I Y3AB 
8Cf1 Vol 6'6t 6'6I 9'OZ 9'OZ ,'iZ f'tt 8'Ib Y7.L YLZ YLZ S'U l'1l S'YZ Vu 9'u 8'9L A'AZ S'IL VU WZI N3A0 
iS0. 9'AL 9'8Z 9'Bl VOL f 'Of I'OS COT COT C 'Of COT COT VIE I'if L'Tf C'1f Y'bf 9'ff 6'L f B'T1 0'Sf :0'A um 
U01 I 'A" 8'61 9'OS 9'OS 0'LS 0'K 9'K L 'SS Z'LS i'iS Z 'BS 6'AS 9'09 6'09 "'T9 Y t9 t'69 0';L 6'C( I'OB =0'Y U3A0 
LOW 0'001 0'001 0'001 01001 0'001 01001 01001 0'001 0'001 0100( 0'001 01001 0'001 01001 0'00 1 0'001 0'001 01001 01001 0'001 3AOir 1 0 

S/Y] 
WON 40 83804 (133d5 

15m OW) WIN Ol WOW 9N fWlldS dlIN1 f 190Y :40(1Y15 did0 AIM 00'I 
4UOJ3il 10101 !0 tw3]d3I1 1YM131111 IIOIlYUM NOI1MIb141Q A]UIl3Yi 



FREQ UENCY IISTRIBUTIOp DURATION INTERVAL 4PERCENI OF TOTAL RECORD) 
1 .00 11011R1 Y DATA S1A 11011 : !1065 3 IIRIP WA11u1 11E 1/ 20J64 TO 1/I1/86 (114 14 HOURS) 

SPEED NI :MEEA CF HOUR ; 
CM15 

0 1 ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 13419 
OVER 1.0 : 91 .8 90.5 19 .3 85 .3 78 .9 76 .9 78 .9 18.9 70 .5 70 .3 78 .3 17,6 77 .6 77 .0 71 .0 11 .0 77.0 17.0 17 .0 16 .2 12315 
OVER 0.0 : 6E .9 61 .8 61 .0 56 .6 54 .6 54 .4 53 .1 53 .1 52 .1 32 .7 52.3 51 .0 51 .9 51 .3 51 .3 50 .6 48.5 48 .3 46 .9 16 .5 8992 
DYER 12 .0 : 17 .8 46.3 14 .1 10 .5 38 .7 38.1 38 .3 36.0 37 .3 37 .3 36.9 36.0 35 .5 33 .2 32 .E 32 .0 31.0 31 .2 30 .5 30 .5 6.15 
NO 16 .0 : 17 .1 30 .5 28 .7 26 .9 21 .6 26 .E 26 .2 25 .6 21 .2 21 .4 24 .2 21 .2 41 .2 23.6 23 .6 23 .0 22.3 22 .3 21 .5 21 .5 4225 
INNER 20 .0 : 23.0 22 .5 41 .5 20 .0 19.3 19 .3 19 .3 18.9 18 .6 18 .2 16.1 15 .9 11 .9 11.3 14 .3 11,3 13.6 13.6 13 .6 13 .e 3093 
08 21 .0: 15 .0 11 .2 13 .1 11 .6 10 .8 10 .3 10.0 9.4 9.0 8.3 8.3 1.6 1.6 1.9 7.0 7.8 7.0 1.6 7.9 1.9 2018 
00 28 .0 : 8.0 7.1 6.7 5.7 5.7 5.1 5.1 1.5 3.8 3.8 3.4 3.1 3.4 2.8 2.3 2.3 1 .6 1 .6 1.6 l .c 1075 
00 52 .0 : 3 .1 2 .8 2 .3 1 .7 1 .5 1 .5 1 .3 .1 ,4 .4 .0 .0 .0 .0 .0 .0 .0 .0 .4 .0 421 
OVER 31 .0 : 1 .1 .8 .6 .5 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 111 
DYER 10 .0: .1 .l .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 is 
OVER 44 .0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0 .0 .0 .O 1 

IIIRIIiI01l 0 6 11 18 24 30 36 12 48 54 60 .6 12 78 61 90 96 102 108 114 
(WATER THAN 
HOURS) 

FREQUENCY DtSTRIBUTIDN RECURRENCE 1MTERVAI IPEACEIIT OF TOTAL RECORD) 
1 .00 MOOR 11VERR6ES STIITIOIIi 11065 3 1911P SPANNING I/40/B4 i0 1/ 31180 113419 NOURSi 

SPEED KUKBER OF HOURS 
CM/S 

0 1 AIM .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 1.0 : 8.2 5.2 2.6 2.0 1.5 1.5 1.5 1.5 1 .1 .1 .1 .7 .7 .7 .7 .7 .7 .0 .0 .0 110 
OVER 8.0 : 33 .1 31 .3 27 .5 21 .2 11.8 17 .E 11 .1 15 .8 16.2 15 .1 14,6 13 .7 13 .2 13 .2 12 .0 12.0 11 .3 9.9 6.3 B.3 .451 
DYER 12 .0 : 52 .1 51 .0 48.2 16 .0 43 .9 43.5 13 .3 12 .7 42 .4 42 .0 11 .2 11 .2 10 .1 39 .6 39 .6 39 .6 38.8 38 .0 38 .0 31 .2 7024 
DYER 16 .0 : 6e .e ee .1 66 .5 61 .1 63.7 03 .3 63 .3 62 .4 62.0 61 .6 61 .2 61 .2 61 .2 61 .2 60.6 59.9 58 .5 58 .5 58 .5 57 .' 9224 
OVER 20 .0 : 71 .0 76 .4 75 .3 11 .0 72 .8 72.6 72 .6 12 .? 11 .9 71 .9 11 .9 71 .9 71 .9 71 .9 71 .3 11 .3 11 .3 11 .3 11 .3 11 .3 10356 
OVER 21 .0 : 15.0 84 .4 83 .3 81 .5 80.5 Y0 .3 80,3 80 .3 79 .6 79 .6 79 .0 79.6 79 .6 79 .6 19 .6 79.6 19 .6 19 .6 79 .6 19 .6 1 :111 
OVEN 18 .0 : 12 .0 91 .6 40 .E 89 .9 89 .1 89 .4 89 .2 88 .9 86.9 88 .5 06 .5 11 .5 81 .5 87 .5 87 .5 87.5 81 .5 87 .5 67 .5 B7 .5 12574 
OVER 31 .0 : 16.9 96 .6 96 .2 45 .5 45.3 95 .1 41 .9 91.9 94 .1 41 .5 94 .5 11 .5 91 .5 91 .5 44 .3 41 .5 41 .5 41 .5 94 .5 91 .5 13048 
DYER 36 .0 : 96 .9 98.8 98 .7 96 .6 48.4 98 .4 96 .4 98 .2 48.4 96 .2 48 .2 18 .2 fA.2 98 .2 98 .4 18.7 97 .4 97 .4 97 .1 97.E 13307 
OYEA 10 .0 : 19.9 99 .9 99 .9 19 .8 99 .6 49 .! "9.6 99 .6 99 .6 19 .1 99 .6 99.6 99 .E 99 .6 99.6 99.! 99 .6 f9 .6 99.! 99 .6 !3131 
OVER 41 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 13118 

RECURRENCE 0 1 12 it 11 30 36 12 18 51 60 I6 72 10 64 90 96 102 108 111 
(WATER THAN 
NM I 
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9100 L'66 Z'66 Z'68 Z'b6 L'6i Z'68 Z'66 Z'b6 Z'66 Z'66 Z'66 L'66 9'6b 4'66 9'6b 9'66 9'66 L'66 1'bb 8'66 WO am 
OSZfI L'C6 Z'L6 Z"L6 L'L6 Z'C6 Z'L6 Z'L6 Z'C6 L'L6 L'CA d'C6 ZZC6 9'L6 8'16 8'16 0'86 Z'86 Z'A6 f'B6 S'8b :0'9L d3A0 
ZL6Lt 9'ib 9'fb 9'L6 9't6 f'Y6 f'Yb f'Y6 E16 t'Y6 CM t16 f't! L'Yb L'Y6 6'Y6 6'Y6 1'Sb 6'S6 L'98 S'96 WZf GAO 
7ffZI 2'68 8'68 9'68 8'68 810 8'68 8'68 8'68 8'68 8'66 919 B'68 1'06 1'06 9'06 9'06 9'06 8'06 f'16 6'i6 IOW U3A0 
Y19iI 8'OA 8'OB B'OA Via S'tB S'SA t 'L8 L'L8 1'L! Z'SB VU Z'fA S'f8 8'£8 8'i8 0'YA i'Y8 6' "A 6'SB 9'98 :0'YL U3A0 
OSLOI i'SC l 'SC Z'S[ Z'SL l 'SC d'SL Z'iL Z'SL 2'SL I'SC ('SC i'iL Y'9( L'9L f'(L i'1C 9'CL Z'BL VU 6'6L :0'OL U3A0 
iZB6 VP £'S9 I'99 f'99 I'91 I'9Y I'99 I'99 f'99 9'99 S'L9 S'L9 S'B9 "s'89 L'89 L'B9 OW 8'SC 9'ZL 0'U :0'9I l13A0 
all 0'91 0'9. 8'9f 3'9t S'CI S'LY Vat f'61 8'bY t'OS i'OS C 'OS 0'IS VG 8'tS ti'ZS S'IS E'S C'6S 9'09 :0'ZI 13A0 
98f9 B :Z? 9'ZZ Y'"Z 6';Z 6'SZ S'4L ;'9Z Vat B'AL L'6Z 9'Of "'1f f'tf 0'ff VU I 'If S'Lf 6'Tt 9'Y" 0'9f :0'A IN 
OL9f v'"a 0'9 B'9 8'9 S'( S'L 1'B C'8 t'6 L'6 L'6 Vol S'fi 9'ZI 9'ZI 0'fI f'iI VOL Z'SZ 6'9Z -'0'1 83A0 
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S/11,7 
Sam A OWN (133d5 

(SMI10N Offfl 981If1I Ol fAIOZIC 911IIIIIUdS AN L 990W WI1d1S S39dN3Ad bfION 00't 
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f SUlidl 
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DURATION AND RECURRANCE FOR MOORING E 
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FREQUENCY DISTRIBUTION DURATION INTERVAL (PERCENT OF TOTAL RECORD! 

1 .00 HOURL Y DATA STATION : POE) 3 MRL1 SPAIAl1116 Sl 2IB3 10 1 /30/A6 (211 15 HOURS) 

SPEED NUMBEA OF !IOU?S 
tn/s 

0 & ABOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 IDO.0 100.0 100.0 100.0 24115 
OVER 8.0 : 31 .9 4e .0 51 .6 28 .1 21 .0 19 .1 18 .2 17.2 11 .9 14 .5 13.7 12 .7 11 .5 10.0 9.6 9.6 9.6 9.2 9.1 7.e 12515 
DYER 16 .0 : 30.6 26 .0 20 .1 13.1 10.5 9.7 0.6 7.6 6.9 1.9 6.4 6.1 5.3 5.3 5.3 4.2 3.8 3.9 3.8 3.3 1371 
OVER 41 .0 : 11 .6 11 .1 10 .1 6.9 5.3 5.1 1.8 4.3 3.9 1.9 3.9 3.4 3.4 3.1 3 .3 3.1 3.1 3.1 3.1 3.1 .2 .1 
OVER 34 .0: 8.2 0.6 1.6 3.7 3.0 2.8 1.E 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 1987 
OVER 10 .0 : 4 .1 3.4 2.9 2.3 2.3 2.3 2.3 1.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 977 
OVER 41.0: 2.7 2.5 2.2 2.1 2.0 2.0 2.0 1.7 1.1 1.1 1.7 1 .7 1 .7 1.1 1 .1 1 .1 1.7 1.7 1 .7 1 .7 661 
OVER 56 .0 : 1 .9 1.7 1.5 1 .4 1.3 1.2 1.2 1 .2 1.2 1 .2 1.2 .9 .9 .9 .9 .9 .5 .5 .5 .5 451 
OVER 64 .0: 1.0 .9 .6 .8 .6 .6 .6 .6 .6 .6 .6 .6 .3 .0 .0 .0 .0 .0 .0 .0 251 
Gyp 12 .0: .6 .6 .5 .5 .5 .5 .5 .3 .3 .3 .3 .1 .0 .0 .0 .0 .0 .0 .0 .0 151 
OVER 90 .0s .3 .3 .2 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 76 
OVER AA .O: .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 14 

p11MTiDlI 0 6 12 18 11 30 3E 12 18 54 60 66 12 79 94 00 96 102 108 114 
(WATER TXpN 
MOORS) 

F1MNCY DISTRIBUTION RECURRENCE INTERVAL IPERCENT OF TOTAL RECORD) 
1 .00 HOUR IWEBR6E5 STATION : IIOEI 3 NRIi SPANNING S1 Y/83 TO 1 11Q/86 124 115 HOURS) 

SPEED HUMBER OF NDRS 
q11S 

0 t ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 

OVER 8.0 : 46.1 42 .0 32 .5 23 .3 16.3 16.9 15 .5 13 .7 14.5 11 .9 10 .7 10.2 9.1 7.8 7.5 7.3 7.5 6.7 6.2 5-.6 11590 
OVER 16 .0 : 69.1 6E .1 59 .9 54 .5 .6.7 .5 .1 45 .7 41 .4 38.7 36 .6 35 .2 31 .9 32 .6 32 .0 70.3 29 .6 28 .1 27 .2 26 .3 23 .E 16711 
OVER 21 .0 : 82 .1 80.9 76 .0 70 .8 66 .8 65.8 64 .9 63 .7 61 .6 60 .5 59 .6 58 .9 51 .6 55 .8 53 .1 52 .7 52 .3 51 .5 51 .1 50.6 19874 
OYEA 32 .0 : 11 .8 91 .1 10 .1 87 .1 84.5 81 .0 83 .1 82 .1 82.0 81 .3 81 .1 00.8 79 .7 19 .7 18.6 77 .6 71 .6 16 .1 76.7 71 .9 22128 
OVER 10 .0 : 95 .9 95 .8 95.8 91 .8 94 .0 93.7 93.3 93 .0 42 .6 92 .4 91 .1 91 .9 41 .9 41 .2 90 .9 90.9 90 .5 40 .1 89 .7 84.7 13138 
DYER 48 .0 : 11.3 97 .1 11 .1 96 .7 96.5 46 .5 46 .5 96 .5 96.5 96 .3 46 .3 96 .3 96 .3 96 .3 96 .3 96 .3 96 .3 96 .3 96 .3 96 .3 23451 
OVER 56 .0 : 96 .1 97 .9 97 .8 97 .0 97 .8 91.8 47 .7 97 .7 97 .5 97 .5 97 .5 97 .5 47 .5 91 .5 91 .5 91 .5 97 .5 97 .5 47 .5 97.5 23664 
OVER 64 .0 : 19.0 98.8 96 .7 98 .5 98.3 98.3 90 .3 18 .3 98.5 99 .3 98 .3 18.3 98 .3 98 .3 98 .5 48 .3 98 .3 97 .9 47 .7 91 .9 27164 
DYER 72 .0 : 99 .4 94 .3 99,3 99 .2 99 .1 99.1 19.1 99 .0 19 .0 l9 .0 99 .0 49.0 99.0 t9 .0 99 .0 19.0 9B .A 18 .6 91 .6 98 .! 23961 
OVER 80 .0 : 19 .T 99 .E 49 .6 99 .6 99 .6 99 .6 t9 .S 49 .5 t9.S 19 .5 99 .5 r.1 99 .2 99 .2 99 .2 M.2 99 .1 99 .2 99 .4 99.2 21034 
OVER 918 . 0 : 79 .9 99 .9 99.9 99 .9 99 .8 99.8 19.8 19 .8 99 .8 49 .8 99 .8 91.8 99 .8 99 .8 ".B 49.8 99 .8 49 .8 99 .1 99 .8 24101 

RECURRENCE 0 6 12 11 24 30 36 12 46 54 " 16 12 71 11 90 96 102 108 114 
WATER NAN 
Iq11R5) 
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FIIEpIIENCr pI5T1IWtlOw IIIAATIOII INTERVAL 11ERCENt OF TOTAL RECOW 
1 .00 MOURN DATA STATION : MOE2 I NNQLLP SPAYMIN6 1! 27183 ?0 1/2Ui6 (2.318 Iq11N5) 

SPEED NUMBER OF HOURS 
CMIS 

0 6 MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1 00 .0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 16318 
OVER 6.0 : 60 .6 55 .4 17.5 34 .6 23 .1 20.4 19 .2 17 .8 15 .5 14 .2 11 .0 12 .6 11 .5 10.7 9.4 9.1 8.1 8.3 6.7 6.1 15963 
OVER 12.0 : 38 .2 33.0 16 .E 15 .5 10.3 9.5 6.8 7.7 1 .0 6.0 5.5 3.3 5.0 1.1 1.7 1.1 3.7 3.7 3.7 3.7 10013 
OVER 18 .0 : 25 .3 20 .4 13.8 6.2 6.2 5.7 5.2 4.9 4.1 3.1 3.1 3.2 3.2 3.2 3.2 2.9 1.9 2.9 2.5 2.5 6655 
OVER 24 .0 : 11.5 10.6 5.6 3.7 2.5 2.2 1 .9 1 .9 1.2 1.2 1 .2 1.2 1.2 .9 .9 .9 .9 .9 .9 .5 3763 
DYER 30 .0 : 5.2 3.2 1.8 .6 .1 .3 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 139 
WER 36 .0 : 1 .5 .8 .3 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 106 
DYER 42 .0 : .4 .2 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 117 
WER 48 .0 : .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 39 
MA 54 .0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 10 
IVER 60 .Ot .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

IINATIOII 0 6 12 18 24 30 36 42 18 54 60 66 12 78 64 10 16 102 108 114 
IWA1p1 THAN 
IOIAISI 

fIIEWEIICY D15TAIWTI011 RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 

1 .00 HOUR AVERAGE S STATION : IIOE1 3 IIRLF SPAWNS 1/I7/A3 TD 112i186 126148 HOURS) 

PEED NUISER OF HOURS 
pUS 

0 i ABOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
PIER 0.0 : 39 .4 31.8 21 .0 12 .9 9.1 7.8 6.4 5.1 4.7 4.5 3.E 2.9 2.6 2.6 2.3 2.3 1 .9 1.9 1 .5 1.5 10384 
60 11 .0 : 61 .8 57.9 17 .1 39 .3 32.1 31 .0 30 .5 29 .0 27 .3 21 .9 23 .1 21 .9 21 .1 20 .5 18 .7 11 .1 77 .3 16 .9 14 .6 13 .7 16275 
DYER 18.0 : 11 .1 72 .1 66.0 51 .E 51 .0 .9.8 48 .9 48 .0 45 .8 41 .8 11 .6 43 .2 40 .8 39.1 38 .1 36 .7 35.4 31 .3 32.7 31 .9 11193 
MA 24 .0 : 13 .1 81.1 80.7 74 .8 70 .1 69 .1 67 .5 66 .0 61 .7 63 .1 62 .1 61 .3 60.0 58.0 57 .3 58 .9 55.1 S4 .8 52.8 51 .1 24585 
OVER 30.0 : 94 .8 94 .2 43.0 90 .4 88 .9 88.1 87 .9 87 .3 86 .1 85.: 84 .E 93 .2 82 .4 81.1 80 .9 80 .2 79 .5 18 .8 79.6 77 .9 24189 
OVER 36.0: 98 .5 9B .3 91 .9 97 .1 91 .1 91 .1 96 .1 95 .8 95.e 95 .! 95 .1 94 .9 91.1 91 .1 14 .1 91,1 94 .1 11 .1 94.1 93 .3 25442 

MR 42,0s 49 .6 99 .5 99.5 49 .5 99 .0 19.0 98 .6 48 .7 98 .5 98.5 98.5 18 .5 9B .S 1B.S "B.S 9B .Y 98.2 18.Z 48.2 98 .E 16231 
OVER 40.0: 99 .9 94 .1 99.8 99 .8 99 .8 99 .8 99 .8 99 .8 99 .8 99 .8 99 .A 19 .8 99 .8 N.B 19 .8 Y9 .B 19.8 99 .8 94 .A 19 .8 26309 

51.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 26358 
so 60.0: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 2017 

Kcumw 0 6 12 11 24 30 3< <2 14 54 60 11 72 11 14 !0 16 102 101 114 
IWATER THAN 
IWISI 
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FREQUENCY DISTRIOUTIDN DURATION INTERVAL (PERCENT OF TOTAL RECORD' 
1 .00 MOURN' DATA STATION : HOES J MRLP SPANNING 713019, TO "/26IN ( 6510 HOURS) 

SPEED %:WR Of HOURS 
LMI£ 

0 & HOVE 100 .0 100 ." 100 .6 100 .0 100 .0 100 .0 100 .0 1eM 100 .0 100 .0 100.0 100.0 100 .0 100 .0 1CIL).0 100 .0 100 .0 100 .0 100 .0 100 .0 6510 

MR 1 .0 : 87 .9 87 . : 15 .2 63 .9 51 .1 49 .6 46 .0 46 .7 41 .9 38 .1 37 .0 36.0 33 .9 33 .9 30 .1 30.1 30 .1 30 .1 28.5 26 .8 !122 
OVER 8 .0 : 52 .2 10 .5 50 .3 24 .5 20 .2 18 .6 10 .6 17 .1 16 .6 15 .1 14.2 15 .1 9 .9 6 .7 8 .7 6 .1 6 .1 6 .1 6 .1 6 .1 1395 

OVER 11 .0 : 21 .6 1.4 .5 4 .1 4 .3 3 .7 2 .4 2 .1 1 .9 1 .9 1 .9 1 .9 1 .4 1 .9 1 .9 1 .9 1 .9 1 .9 1 .9 1 .9 1 .9 110E 

OVER 16 .0: 6 .3 3 .8 1 .9 1 .5 1 .5 1 . . 1 .5 1 . : 1 .5 1 .5 1 .5 1 .5 1 .5 1 .5 1 .5 1 .5 1 .5 .0 .0 .0 112 

OVER 10 .0 : 2 .E 1 .8 1 .1 1 .4 1 .1 1 .1 1 .1 1 .4 1 .1 1 .4 1 .4 1 .< 1 .1 1 .4 1 .4 1 .4 .0 .0 .0 .0 169 
DYER 1" .0 : ! .,, .8 .6 .S .0 .0 .0 .0 .0 .U .(' .0 .0 .0 .0 .0 .0 .0 .0 .0 8? 

DYER 28,0: . : .0 .0 .Q .0 .0 .0 .0 .0 .0 .Q .0 .0 .0 .n .0 .C .0 .0 .0 18 
OVER 12.0 : .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 3 

EVER 56 .0: .0 .0 .0 .n .0 .0 .0 .0 .G .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .n 1 

OVER 40.0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 

NATION 0 6 12 18 21 30 36 12 4B 51 60 66 12 78 84 40 96 102 108 111 
ISMATER THAN 
In11tS) 

FREQUENCY DIBTRJWT1p11 RECURRENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOUR AVERAGES STATION : MOE3 ? MRIP SPAId1NE 1130183 10 4126184 1 6510 HOURS) 

WEED 117'BER OF 1101185 

ms 

D 1 ABOVE .0 .0 .0 .0 .0 .U .0 .0 .0 .0 .0 .0 .0 .0 .0 .n .0 .0 .G .!' 0 
OVER 4.0 : 12 .1 2.1 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 18E 
OVER 8.0 : 47 .8 16 .3 25 .8 11 .` 13 .3 11 .2 10 .3 8.1 7.0 1.0 1.0 1.0 1.0 4.e 4.e 4.6 3.2 1 .7 1.7 .0 311S 
DYER 14 .0 : 78 .1 73.5 66 .8 61 .0 53 .6 89.1 45,1 44 .1 39 .8 38.2 33.9 31 .8 29 .7 27 .1 23 .6 21 .0 21 .0 19 .5 19 .5 19 .5 5102 
DYER 16 .0 : 43 .7 92 .7 91 .2 87 .1 84 .8 83.E 83 .6 80 .0 79 .5 71.7 16.8 15 .8 Me 71 .1 73.5 73 .5 73 .5 7? .5 7: .8 71 .8 6048 
OVER 20 .0 : 97 .1 97 .5 97 .3 96 .7 45 .0 44 .5 91 . : 43 .2 93 .2 92.4 92.1 92.4 91 .E 92 .1 92 .1 92 .< 92 .4 90 .E 90 .8 90 .8 631: 
OVER 21 .0 : X8.1 98 .6 98 .3 98 .3 91.7 91 .7 97 .7 97 .7 97 .0 97.0 91 .0 96 .0 96 .0 96 .0 9E.0 46 .0 96 .0 94 .5 91 .5 91 .! 6448 
OVER 28 .0 : 99 .1 49,6 99 .6 99 .4 99 .1 99 .t 94.1 99 .3 94 .1 99.! 99.1 99 .: 99 .1 99 .1 99 .1 99 .1 99 .1 97 .E 47 .6 47,6 6492 
OVER 32 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 48 .1 98 .1 6507 
OVER 36 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.6 100.0 100.0 100.0 140.0 100.0 100.0 100.0 100.0 100.e 10e.0 6509 
DYER 10 .0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10 .0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 6509 

RECURRENCE 0 6 12 10 24 30 36 12 48 34 60 r6 72 18 64 10 16 102 109 114 
(SKATER TMAII 
HOURS) 
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rRE9.IE2[r DISTIIIBUTIDh WRATIOIIIwTENVpI !PERCENT OF Vita RECORD) 
: . CG 80UPlY BATA STATION: ROE? 3 NRIP SPAWNING 1I20/Qs TO 1130/B6 (13136 HQURSI 

SPEED NUMBER OF HOURS 
cots 

0 1 MOVE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 300.0 :^O. e 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 .0 100.0 13136 
OVER 5.0 : 67.5 61 .0 $1 .0 40 .3 36 .4 34 .5 33 .8 11 .E 29 .1 28 .5 27 .0 26.5 23 .9 13 .9 23 .3 23 .3 23 .3 23 .3 22.5 22 .5 9064 
DYER 10 .0 : 12 .2 55 .9 28 .5 25 .3 23 .0 22 .8 22 .5 22 .5 22 .2 21 .1 21 .0 21 .0 20 .0 19 .1 19 .4 19,1 19 .1 19 .1 19 .4 19 .E 5674 
OYEII 15 .0 : 27 .0 24 .0 21 .1 20 .6 20 .0 19 .6 19 .1 14 .1 18 .7 18 .7 18.7 18.3 17 .2 17 .2 17.2 11 .2 17 .2 11 .2 16.4 16 .4 3634 
OVER 40 .0 : 20 .4 20 .0 18 .9 19.6 18 .1 11 .1 16 .3 15.4 15 .0 11 .3 11.3 13 .8 12 .7 11 .7 12 .7 :2 .1 12 .0 12 .0 12 .0 11 .2 4802 
WEN 25 .0 : 9 .8 7.8 6.5 1.2 3.e 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 1311 
OVEN 30 .0: .6 .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 76 
OVER 35 .0 : .1 .1 .0 .0 .f~ .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 13 
00 40.0: .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 to 
OVER 45 .0: .1 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 8 
eu¢A so.o: .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o z 
am 55.0: .0 .0 .0 .0 .0 .0 .0 .e .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IIIAATIDII 0 6 12 18 24 30 36 12 16 51 60 66 72 78 81 90 96 .102 1G8 114 
IPIIEIITEB iWiN 
lpUR51 

FAEYIErCY DISTRIBUTION RECURENCE INTERVAL (PERCENT OF TOTAL RECORD) 
1.00 HOUR pVERA6E5 STATION : MOE3 ? NRLP SPANNIM6 L20iB4 TG 11S01B6 1154?6 HOURS) 

SPEED NUMBER OF IiOLRS 
N/5 

0 1 MOVE .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 
OVER 5.0 : 32 .5 25 .0 15 .5 6 .7 6 .3 6 .3 5 .5 5 .5 5.2 1 .1 4 .0 4 .0 3.5 3 .5 3 .5 3 .5 3 .5 3 . : 7 .5 3 .` 1?77 
OVER 10 .0 : 57 .8 53 .2 46 .1 38,2 31 .5 30 .1 28 .5 25.1 23 .2 21 .3 10 .1 18.9 16 .1 15 .3 11 .1 12 .1 12 .0 10 .5 10 .5 8 .9 7162 
OVER 15.0 : 13 .0 11 .8 69 .7 11 .1 61 .7 60 .9 60 .1 59.6 57.2 56 .1 55 .1 53 .1 53 .1 50 .4 50 .3 50 .3 49 .7 18 .9 48 .1 46 .R 9802 
OVER 20 .0 : 19.1 78 .3 71 .8 16 .6 71 .9 14 .7 74 .1 74.1 13.3 13 .3 12 .9 71 .1 12 .4 72 .E 72 .1 72 .1 11 .7 11 .7 71 .1 11 .7 10631 
OVER 25 .0 : 90 .2 88.8 67 .3 B4 .8 82 .5 81 .8 81 .3 80.7 80.0 74 .2 79,2 76.B 78 .8 18 .8 78 .8 76.B 18 .8 78 .8 78 .8 7Q .8 12115 
OVER 30 .0 : 99 .E 99 .3 99 .1 lB .11 98 .2 97 .6 97 .6 91 .6 97 .6 97 .6 97 .6 97 .6 97 .6 47 .6 91 .0 96 .4 96 .4 96 .1 96 .E 96 .4 15360 
OVER 33 .0 : 99 .9 99.9 99 .9 49 .9 99 .9 99 .9 99 .9 99.9 91 .9 99 .9 49 .9 99 .9 49 .9 49 .9 99.9 99 .9 99 .9 99 .9 99 .9 99 .5 13123 
OYEZ! 10 .0 : 99 .9 99 .9 99 .1 94 .9 99 .9 99 .9 99 .9 99 .9 99 .4 99 .9 99 .9 99 .9 99 .9 99 .9 99 .9 49 .9 99 .9 99 .9 99.9 45,9 13.26 
OVER 45.0 : 99 .9 99 .4 99,9 99 .9 99 .9 99 .9 99 .9 19.4 99 .4 49 .9 99,9 49 .9 49 .9 94 .9 49.9 99 .9 94 .9 49 .9 99 .9 99 .9 13428 
OVER 50 .0 : 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100.0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 109 .0 100 .0 13133 
MR 53 .0 : 100 .0 100.0 100 .0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10.0 100.0 100.0 100.0 100.0 100.0 13435 

RECURRENCE 0 6 12 18 24 30 36 12 48 51 10 16 12 71 64 90 11 102 106 114 
GREATER THU 
IIQUW 
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FREQUENCY DISIMUTION DURATION INTERVAL (PERCENT OF TOTAL RECORD) 
1 .00 HOURL r DATA STA TION : h0E3 3 MRIf SPANNI NG 1/ 17 1 93 t0 5 / 1/8: ( 2260 HOURS) 
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APPENDIX B 

STICK PLOTS OF 2-YEARS OF SW FLORIDA SHELF 
(ESE) NEAR-BOTTOM CURRENT MEASUREMENTS 



B. Southwest Florida Shelf - Near-Bottom Currents 

B .1 Introduction 

Presented in the following figures are 40-hour low pass stick plots and 
temperature time series plots for the near-bottom observations taken on the SW 
Florida Shelf by Environmental Science and Engineering as part of an 
MMS-funded benthic ecology study . The positions of the ESE moorings are shown 
as location 1-8 on Figure B.1-1 . 

The accompanying figures are presented in two groups : 

(1) The original 4 moorings and where available Mooring 7 . 

(2) Moorings 5, 6 and 8 . 

The second set was deployed only during the second year . Although Mooring 7 
was also only out for the second year it is part of a cross-shelf transect 
composed of Moorings 1, 7, 4 and 2 . Within each group the plots are presented 
in chronological order . 
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Figure B .1-1 . Bathymetry in the eastern Gulf of Mexico . The letters A . . . . J 
refer to mooring locations, as described in the text . Also 
shown are the locations of wind observations . Mooring 
locations 1-8 represent MMS/ESE near-bottom current 
measurement sites . 
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MOORINGS 1, 2, 3, 4 AND 7 
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Figure B .1-2 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 12/16/83 . 
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Figure B .1-3 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 2/29/84 . 
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Figure B .1-4 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 5/19/84 . 
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Figure B .1-5 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 8/7/84 . 

B-7 



s 

Q 
i 

a 
N 

i ., 
" 11 

i 

N 
II 
i 
w 
M 

6 
J "H 

n 

w 

s 
w 

c n 

6 -n 
-w 
., 
s 
r 
e 

a ~ . . 
n 

EI tOm 

E1 10m 

E2 122m 

s 

T 

S 

y 6 -q 

-w 
-7 

a 
1°l 

i 

u 

a 
. .. 
a 

'Is 
m ae 

xir rn .w 
oar s ~t ~V7v~~N at w wl eweA re r[wer~ue nr~ 

an s ae 

E2 122m 

E3 61m 

E3 film 

E4 71m 

E4 71m 

E7 44m 

[.' 44m 

~~. 
y 

Figure B .1-6 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 10/26/84 . 
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Figure B .1-7 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 1/20/85 . 
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Figure B .1-8 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 4/10/85 . 
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Figure B .1-9 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 6/29/85 . 
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Figure B .1-10 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 9/17/85 . 
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MOORINGS 5, 6 and 8 
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Figure B .1-11 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 12/5/84 . 
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Figure B .1-12 . 40 UP stick plots of ESE velocity and temperature data for 
the period beginning 2/19/85 . 

B-15 



29m 
w.. G y .s 
na 
q.~ 
t 

E5 29m 

-.. 
., 
w ~ E6 24m 

r 

w 

E5 24m 
r 
6 ~ y 

.� 

EB !OT 

a 
r ..7 

.~~ .3 

i.1 ~y it it 14 411 '.! 7. 7't !A 

YIY~ Yq ~" - 
7n iJG It V .VIf Q y w OIA11 V IO~EYIIR WT. 

Figure B .1-13 . 40 UP stick plots of ESE velocity and temperature data for 
the period beginning 5/10/85 . 
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Figure B .1-14 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 7/29/85 . 
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Figure B .1-15 . 40 HLP stick plots of ESE velocity and temperature data for 
the period beginning 10/17/85 . 
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As the Nation's principal conservation 
agency, the Department of the Interior has 
responsibility for most of our nationally 
owned public lands and natural resources . 
This includes fostering the wisest use of our 
land and water resources, protecting our 
fish and wildlife, preserving the 
environmental and cultural values of our 
national parks and historical places, and 
providing for the enjoyment of life through 
outdoor recreation . The Department 
assesses our energy and mineral resources 
and works to assure that their development 
is in the best interest of all our people . The 
Department also has a major responsibility 
for American Indian reservation communities 
and for people who live in Island Territories 
under U.S . Administration . 
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