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Overview

[COUC S

Wave and Tide Data Processing

* Separate tide and wave data
* Remove barometric pressure fr
* Process wave data

» Summarize wave dat:

Plot wave and ti

We are going to discuss how to process wave and tide data in our final module. We will

work through each of the processing steps with explanations and examples.

By the end of this module you should be able to:
e Process your wave and tide data

e C(ritically examine your data
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Separating into Wave Data and Tide Data: Convert Hex

sBE
Processing Recorded Data

» Data is uploaded from the SBE 26 or 26plus to
your PC as a .hex file

+ Data is split with the Convert Hex module in
Seasoft for Waves into a .tid file that contains
tide measurements and a .wb file that contains
wave measurements

Inpui il [EAData\WavelndT ideT ckyo hes " Brawse
Ouiput tide fl: [CADlakWavahndT idehT okyo id

Output wave fle: [EADataWavehndT AT okyo.wb Coefficients

Stan Year. [1335 (Start Year not used for SBE 26plus or SBE 53 BPR)

Data that comes from the SBE 26 or 26plus has wave burst data embedded in the tide
data. The first step is to split this data (./ex) into 2 files (.tid and .wb).

For the SBE 26, you need to enter temperature calibration coefficients, (optional)
conductivity calibration coefficients, and pressure slope and offset (to make small
corrections for pressure sensor drift between calibrations). For the SBE 26plus, only enter
the pressure slope and offset; the other calibration coefficients were programmed into the

instrument.

You might notice that the dialog box mentions the SBE 53 BPR (Bottom Pressure
Recorder). The SBE 53 measures full ocean depth water level with extremely high
resolution, accuracy, and stability. It has some similarities to the SBE 26plus, but does

not measure waves.



4 Module 14: Wave and Tide Data Processing

Separating into Wave Data and Tide Data:
tid File Format

SBE
Tide Data Format ( .tid )

e 7 11/13/9210:27:16 14.8125 22.102 3.55682 2

— Sample number, date and time, pressure, temp:
conductivity, salinity

The data format is:

e First column - tide measurement number

e Second and third columns - date and time of the beginning of the tide measurement
e Fourth column - measured pressure in psia

e Fifth column - measured water temperature in °C

e Sixth column - measured conductivity in S/m

e Seventh column - calculated salinity in PSU

Note that if conductivity logging is not enabled (conductivity = NO in the status display),

the sixth and seventh columns of the above table will not be included in the .zid file.
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Separating into Wave Data and Tide Data:

.wb File Format

SBE
[COUCS

* 0 39714178 1.00 32
20.948967
21.204989
21.030145
21.139034
21.176656
21.102853
21.046280
21.344801

burst

Wave Data Format ( .wb )

20.986165
21.157996
21.133848
21.006829
21.267824
21.075775
21.145214
21.344801

+ * flags start of wave burst, burst
measurement (seconds since J
seconds since Jan 1, 2000 ft
integration period, and

21.101858  21.188864
21.094862 21.030808
21.241456  21.250286
20.983782  21.064104
21.261526  21.1685

21.035574
21.204416
21.250858

For the SBE 26plus, the * line is preceded by a line identifying the data as coming from the

26plus, so the software knows that the time is referenced to 2000 instead of 1989.
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Activity

[COUC S

Activity

* Run Seasoft for Waves and select
Convert HEX... to split the SBE 26 .hex
found in C:\Data\Module14\Tokyo.
.tid and .wb files

— Tokyo.tid contains the tide d

— Tokyo.wb contains the

Click Start -> Programs -> Sea-Bird ->SeasoftWaves
Click Run -> Convert HEX
Click Browse to select c:\data\module14\tokyo.hex.

Click Coefficients to enter these temperature sensor calibration coefficients:

A0 =9.99463500 E-04

A1 =2.43988930 E-04

A3 =1.37995400 E-07
(Note: This example file is from the SBE 26. For the SBE 26plus, temperature and
conductivity coefficients entered in Convert Hex are ignored. T and C coefficients are
programmed into the 26plus at Sea-Bird; they can be viewed and modified in SeatermW
with user-input commands.)

Enter a Start Year of 1995.

Click Convert File.
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Processing Wave Measurements:
Process Wave Burst Data

SBE
[CEUST S
Processing Wave Measurements

JT=TE

Proganseu
[CxbaswarehraTeeProcosiareZE poa

Minimum e atenuaton (defoult = 0.0025)

ctone!
[Torove =] Lseleat. Miimam peiod (seconds] 0 usein autospectum defaul = )

18]

E

1T T

Oulput drectory
5 Haring vindo cufof (defauk = 0.1)

g‘

Start Process =

Next we are going to process wave bursts. We want to know the wave heights, as well as
the frequencies of the waves. Recall from our discussion of linear theory that we assume
the observed waves are a combination of several different individual waves. We seek to
determine the frequency or period of each of these waves, as well as the amount of

energy they have.

The processing application uses the height of the SBE 26 or 26p/us above the bottom,
water temperature, and salinity to determine the density of the water above the

instrument.

Output data provides:
e Auto-spectrum data
Shows what frequency waves were present by calculating the power or energy
present in each of the frequency bands
e Time series data

Shows what the wave heights were and what the actual signal looked like
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Processing Wave Measurements:
Process Wave Burst Data (continued)

SBE
ICCCCE)
Definition of Terms
* Variance

— Think of variance in terms of the
a flat calm sea has zero vari
many different waves has

* Auto-Spectrum
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Processing Wave Measurements: .was File Format

SBE .
was File Format

*0 39714178 1.001024 10 5.666 4.466 1024211 90 0.637 1.843

51 5.371094e-003 9.765625e-003 5.9946e-003 6.0210e+001 1.0732¢+001 3.0970e-001
3.091334e-003 3.298001e-003 2.160857e-003 7.776975e-004
5.304750e-003 3.731420e-003 1.790720e-002 2.439886e-002
8.326155e-002 1.082657e-001 5.056803e-002 5.299359¢-002
2.502890e-002 2.332787e-002 2.122386¢-002 1.846813e-002
3.559706e-002 3.633030e-002 2.943071e-002 8.796323

 Data format is described in your

Lines beginning with * flag the beginning of the data for a wave burst.

Line 1 contains (in the following order):
burst number
start of wave burst (seconds since Jan 1, 1989 for SBE 26; seconds since January 1 2000 for 26plus)
wave integration time (seconds)
number of points in the wave burst
number of spectral estimates for each frequency band
water depth (meters)
pressure sensor depth (meters)
density (kg/m’)
Chi-squared confidence interval (percent)
multiplier for Chi-squared lower bound
multiplier for Chi-squared upper bound

Line 2 contains (in the following order):
number of frequency bands calculated
frequency of the first frequency band (Hz)
interval between frequency bands (delta f) (Hz)
total variance (meters squared)
total energy (Joules / meters?)
significant period (seconds) = frequency band with the greatest variance
significant wave height (meters) = 4 x sqrt(total variance)

The remaining lines contain the values (beginning with the first frequency) for the Auto-
Spectral density function <Gaa>. The units are meters> / Hz. To obtain the variance (m?) in
a frequency interval delta f (Hz), multiply the value of <Gaa> by delta f.

Once again, for the SBE 26plus, the * line is preceded by a line identifying the data as
coming from the 26plus, so the software knows that the time is referenced to 2000 instead
of 1989.
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Processing Wave Measurements: .rpt File Format

SBE .
.rpt File Format

surface wave processing summary:
file = apr12sp.wb
temperature = 15.000
salinity = 33.000
density = 1024.431
number of points per wave burst = 1028
sample period = 1.00 sec
burst # 1:
mean pressure = 21.207 psia
instrument depth = 4.466 meters
total water depth = 5.666 meters
auto-spectrum:
10 spectral estimates per band
51 bands calculated
each band is 0.010 Hz wide
frequency span = 0.005 to 0.492 Hz
MM/DD HH:MM SIG.HT SIG.PER
(CM) (SEC) 22+ 20 1
04/0515:42 31 11 1
04/0518:42 32 11
04/0521:42 46

The energy (cm?) is the sum of the variance over the indicated frequency band:
The 9 second wave period column is the sum of the variances where the frequency is
between 1/10 Hz and 1/8 Hz.
The 20 second wave period column is the sum of the variances where the frequency is
between 1/22 Hz and 1/18 Hz.
The 22+ second wave period column is the sum of the variances of all the frequencies

less than 1/22 Hz.

Significant period is:

1 / (band averaged frequency with the greatest variance)
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Processing Wave Measurements: .wt File Format

SBE
[COUC S

wt File Format

*0 39714178 1.00 32
-0.1783 02180 -0.1793 -0.0721
0.0615  0.1677 02036 0.1582
0.0521  -0.0754 -0.1829 -0.2384

+ * flags start of wave burst, burst n
tide measurement (seconds sin:

SBE 26; seconds since Jan

Once again, for the SBE 26plus, the * line is preceded by a line identifying the data as
coming from the 26plus, so the software knows that the time is referenced to 2000 instead
of 1989.
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Processing Wave Measurements: .wts File Format

SBE g
SeEESeE wis File Format

* Wave time series statistics

* 0 39714178 1.001024 109 5.666 4.466 1024.431
6.860774e-003  6.892497e¢+001 1.972292¢-001 7.431193
6.293907¢-001  3.115848e-001 9.138889¢+000 4.114

* 1 39724978 1.001024 112 6377 5.177 1024.431
6.632170e-003  6.662836e+001 1.914052¢-001
4.505061e-001  3.078597e-001  9.000000e+

Lines beginning with * flag the beginning of the data for a wave burst.

Line 1 contains (in the following order):
burst number
start of wave burst (seconds since January 1, 1989 for SBE 26; seconds since January 1, 2000 for SBE 26plus)
wave integration time in seconds
number of points in the wave burst
number of individual waves found
water depth (meters)
pressure sensor depth (meters)
density (kg/m®)

Line 2 contains (in the following order):
total variance of the time series (meters”)
total energy of the time series (Joules/meters?)
average wave height (meters)
average wave period (seconds)

Line 3 contains (in the following order):
maximum wave height (meters)
significant wave height (meters) = average height of the largest 1/3 waves
significant period (seconds) = average period of the largest 1/3 waves
Hj/10 (meters) = average height of the largest 1/10 waves
Hj/100 (meters) = average height of the largest 1/100 waves

If there are less than 10 waves, Hy,o 1s set to 0.
If there are less than 100 waves, Hy/190 18 set to O.

Once again, for the SBE 26plus, the * line is preceded by a line identifying the data as
coming from the 26plus, so the software knows that the time is referenced to 2000 instead
of 1989.
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Activity

ot L
Activity

* Run Process Wave Burst Data on t
from the last activity:

C:\Data\Module14\Tokyo.

— Tide gauge is 1 meter o

— Temperature is 25

— Salinity is 35
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Tabulating Wave Data: Create Reports

SBE
[COUTe T

Tabulating Wave Data

» Use Create Reports... to combine .was and
.wis files into a data table (output file .26
extension)

¢ Includes:

— Date and time
— Water depth

— Wave heights
— Wave periods

Below is the file format for an .»26 file. This file is the combination of .was and .wts files.

e From Surface Wave Time Series Statistics:

variable

time

burst number

pressure sensor depth
number of waves
variance

energy

average wave height
average wave period
maximum wave height
significant wave height
significant wave period
H

H

1/10

1/100

variable

variance

energy

significant wave height
significant wave period

column label
time

burst

depth
nwaves
var-wts
energy-wts
avgheight
avgper
maxheight
swh-wts
SWp-wts
H1/10
H1/100

From Wave Burst Auto-Spectrum Statistics:

column label
var-was
energy-was
swh-was
SWp-was
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Tabulating Wave Data: Create Reports (continued)

SBE
[COUTe T

Create Reports File and Data Dialog




16

Module 14: Wave and Tide Data Processing

Tabulating Wave Data: Create Reports (continued)

SBE
[COUTe T

Create Reports Variable Menu

* Enter the
variables in
the order
that is
useful to
you

Select Yariables

Col # Ve Name unf]
1| DateTine
2| Energy Jim"2). time seris staisics
3 | H1/10 metrs time seies salistics
H1/100 et time seies salistics

Likle
et |

Delte Al

<

Date/Tine 2| g
Eney 12

Wave bustao spectun Expend 3l
Wave i seies

10 meers) time seriss staisics Stk

H1/100 [ntes]. e s talisics
o e tine sefes el | E00

B
5 | Heigh [neters,
§ | Signfar i seconds], ko st

7| PessueSensor Deptfneers]

Variance, auto spectum 2]

Nurber of waves, e sis ttic:
- Fressue Serco Degth et
Signcant pid seconds]

Wave buist auto spectium

Ware ine seies
Sigicar wave heigh s
Vaiance

Wave buist auto spectium

Ware ine seies

e 5[
oK Cancel
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Activity

Activity

* Run Create Reports on the da
last activity

— Input data files are To

— Select all the ou
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Removing Barometric Pressure from Tide Data:
Merge Barometric Pressure

SBE
[COUCS

What About Barometric Pressure?

* SBE 26 and 26plus measure absolute
pressure, the sum of the pressure from t
water above and the barometric pres

— Barometric pressure is, on averag
— 14.7 psi = 10.12 decibars

» Use Merge Barometric
barometric pressur

In some places, particularly micro tidal places, barometric pressure can be a significant
part of the tidal signal. The Merge Barometric Pressure module allows you to input a
time-stamped barometric data set and remove the barometric pressure from your tide
measurement. The input data for Merge Barometric Pressure is date, time, and pressure

in millibars or psia.
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Removing Barometric Pressure from Tide Data:
Merge Barometric Pressure (continued)

SBE :
scssecc  Merge Barometric Pressure

Data Setup Dialog

» Barometric pressure file = '
has to have .hp extension

 File format is Date Time

Pressure (psia or millibars):
— MM/DD/YY HH:MM:SS P

» Times in .bp and .tid files
do not need to be aligned

— Software uses linear
interpolation to align data in
.bp file in time to .tid data

before subtracting
barometric pressure
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Graphing Wave and Tide Data: Plot Data

SBE
[COUTe T

Visualizing Wave and Tide Data

=

1ol x|
e Plot Data. ..

— Tide records

— Temperature records

— Wave time series

— Spectrums

555555

— Statistics
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Graphing Wave and Tide Data (continued)

SBE
Plot Data, Plot Setup

=

=l [faBbCcDdEeFf-012345]

Gidines [wore ]
Gridstle [ThnSaidlne =] I Gridinfion:
Inside Background C
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Graphing Wave and Tide Data (continued)

SBE
[COUC S

Plot Data... Axis Options

-0l x| 5 plot Data =]
Eie Options Help File Options Help

Fie Setup | PitSetup. XA | v 1] FileSetup | Plot Setup | X s Y Avis 1 |
Vaisble [Frequency (Hz]
Variable range is from 0.0020 to 0.2343

Vaiiable

Eneray Densy [mm-sec]
Vaiiable tange i rom 0.0000 0 0.2363

FlotSyle: @ Ovelap2D  Overlay 3D

Lol il vaiabl narel

I e e |

Unetpe  [Thnsad ]

Urewpe  [Thnsas 3]
[P T Grre— | Er] Tl ere— |
N T I Avormge  Miimm [
Mas | — [ e —
i

W fuodyisons Maiw [

Minor
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A Wave and Tide Example

SBE  Tide Signal as Pressure
Above SBE 26 Including Typhoon
Landfall

Tide Time Series , Tokyo.tid

Tide Integration Period 1800 seconds

IS
W

35.0

~
N
|

P 325

41

E =
= @
S 2
= 300 8
_ 40 £
Eggé -275a
e E E §
ﬁgg{ —25.09
o E T E
&a7E 3225
36 +-200
as AL T
22 Tue 1 Fri & Fri 15 Fri 22 Fri
Aug 1995 DatesTime

Our example data comes from Tokyo harbor. During this deployment a typhoon made
landfall. In this deployment the SBE 26 was fixed in 18 meters of water and was 1 meter
off the bottom. Wave bursts were 600 samples long (Why would this be a silly thing

to do?).

The green line is the pressure (tide) signal. Note that when the Typhoon comes ashore
there is a disruption in the normal tidal cycle, and the pressure above the 26 drops. What
could cause the mean water height to suddenly become lower after the typhoon?

The blue line is the temperature recorded by the SBE 26 before and after the typhoon
comes in. Note that in this plot the tidally influenced temperature signal all but disappears
after the storm.

The answer to what is going on is that the platform to which the SBE 26 was attached
was moved into shallower water by the typhoon. Will this movement influence the wave

spectrum estimates?
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A Wave and Tide Example (continued)

SBE
[CEUTT TS p
Auto-Spectrum Before and During
Typhoon Landfall in Tokyo

Note difference in scale!

Auto Spectrum Plot, yo.was
Burst 10 of 506 Start 22 Al 12:07:45 1024 point T=1024 sec

Period (seconds)
000 10000 6.667 5000 4.000  3.333
| | | | N |

Auto Spectrum Plot, Tokyo.was
Burst 320 of 506 Starl 17 Sep 1995 08:07:45 1024 point T=1024 sec
Period (seconds)
20000 10000 6.667 5000 4000 3.333
|

I | I I I
7>vv\|\\Hvuvvuvuvuuvuvur

Energy Density [T m-sec]

o o o
O

L

| T

- T T T

0.00 0.05 0.10 0.15 0.20 0.25 0.30 K . A 0.15 0.20
Frequency [Hz] Frequency [Hz]

Before Typhoon

The auto-spectrum plots clearly show the arrival of longer period waves of considerably

higher energy.
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A Wave and Tide Example (continued)

SBE
JCTCTECC S
Wave Burst Time Series

Wave Time Series Plot, Tokyo.wb
4Eur§1 3 of 506, Start 21 Aug 1995 22:07:45, 600 point, T=600 sec

¢ Thisis the actual | F
pressure data vk
collected during :
a wave burst
before the

typhoon

Subsurface Pressure [psi]
N
2 2 2 8 2
T N T -

=
=

fﬂllimH\H\\HH\HHIIIHHHHHHHHHHIHHH}HH\H
0 50 100 150 200 250 300 350 400 450 500 S50 60O

Time [seconds]
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A Wave and Tide Example (continued)

@sstssE Average Wave Height Showing

Typhoon Landfall

Average VWave Height, Tokyo.wts

L } L
B Fri
Aug 1995 Date/Time

\|}|\|\\|}|\|
15 Fri 22 Fn
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A Wave and Tide Example (continued)

SBE
Maximum Wave Height

Maximum VWave Height, Tokyo.wts

.
T T ITTTT T TTITITTI TITTTTTITTITTITTTT

||I|\|
22 Fri

Pt B s il MR
22 Ti i 19 Fri
Aug 1995 Date/Time

Here are the maximum wave heights. See anything funny going on here?
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A Wave and Tide Example, Processing Errors

SBE
[COUC S

* This plot from before
the typhoon shows

Data Processing Errors

Burst 5 of 506 Start 22 Aug 1995 02:07:45 1024 point T=1024 sec

Auto Spectrum Plot, Tokyo.was

Period (seconds)
20.000 10.000 6.667 5.000 4.000 3.333

high energy at
unrealistic high
frequencies

* Need to make a
judgment in data
processing to pick a -
reasonable maximum ”¢

045-£

040
_ 035
o E
B 030£
£ 025
Z0.20¢
o E
B 045
50.10-£

0.50:\H\}\IH}HH}HH}HH}HH}

frequency

0.00

015 0.20
Frequency [Hz]

0.25 0.30

If you look at the entire auto-spectrum, you will often find a large signal at the end of the

plot. This is usually an artifact in the data that is caused by the dispersion relation. The

calculated attenuation coefficient is erroneously applied to noise, causing the appearance

of high energy at high frequencies.

The artifact can be removed by setting the Minimum period to use in autospectrum to a

reasonable value. You can test this by processing your data with and without the

Minimum period and comparing autospectrum and the surface wave time series.
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A Wave and Tide Example, Sampling Setup Errors

SBE
CERTTTT
Sampling Setup Error
. Th Surface Wave Time Series, Tokyo.wt
Thls pIOt from before Burgsl ongﬂﬁa,%lean Z?Xi} 1&;3’)’??6:078::;,815024 ;S)in{c;=1024 56C
the typhoon shows the F
estimated surface 1

o
T

wave time series

n
T

=)
T

» The noise at
600 seconds is caused
by a wave burst
sample number that is

o
T I
ERRRRERER

Wave amplitude [meters]
soL L S o o
= B B 3 ¢

> o
T

nOt apower 0f2 lD 100 200 300 400 500 GO0 YO0 8O0 GO0 1000

Time [seconds]

This is an interesting plot. Recall that when we were looking at the plots earlier, the wave
burst sample size of 600 points was mentioned. Also recall that wave burst data must
have a number of samples that is a power of 2. If the number of samples is not a power
of 2, it is padded with the mean water level out to a power of 2. You can see that there is
a disturbance in the plot around the 600-second mark and diminished magnitude after it.
This is a processing artifact due to the mismatched burst size and high frequency noise

being interpreted as wave signal.
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A Wave and Tide Example, Correcting Processing Errors

SBE Removing Unrealistic High

Frequencies

Auto Spectrum Plot, Tokyo.was Auto Spectrum Plot, Tokyo.was
Burst 5 of 506 Start 22 Aug 1995 02:07:45 1024 point T=1024 sec Burst 5 of 506 Start 22 Aug 1995 02:07:45 1024 point T=1024 sec
Period (seconds) Period (seconds)
20000 10000 €667 E000 4000 3333 20000 10.000 6667 5000 4000 3333
I ! ! L
ETT T T T T T [T TTTTT 177

08T 0.0
045+

040§

Erieigy Dersity [t

ER I

Um;uu‘ | \{\H { 11 HH{ L1l
000 005 010 05 020 025

Frequency [Hz]

018 020 5 030

030
Frequency [Hz]

In the plot on the right we have removed all data with period shorter than 5 seconds

(corresponding to a frequency of 0.2 Hz). Note that the auto-spectrum shows energy in

mainly one frequency band and seems much more believable.
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A Wave and Tide Example, Correcting Processing Errors

sweesece  Surface Wave Time Series With
and Without High Frequencies
Surface Wave Time Series, Tokyo.wt Surface Wave Time Series, Tokyo.wt

Bzurgs\ 0 of 506, Starl 21 Aug 1995 16:07:45, 1024 point, T=1024 sec %u,gsl 0 of 506, Start 21 Aug 1995 16:07:45, 1024 point, T=1024 sec
15§ 15§
10 10£

g 05+ g 0s5f

2 o g—

o f s F f WJW 'k

o5t 205t

i E I

£ of g—w—z

S5k fasf

g E H C
220 HH{H\{H\{H\{HH{HH{\H{HH{\H{HH{\H ,2_!\1\\\{\\\\{\H{HH{HH{ H{HH{H\ HH{HH{H

0 100 200 300 40 S50 B) 0] €D oCC 1300 0 10 20 300 400 500 300 700 6OC 900 1000
Time [seconds] Time [seconds]

Removing the high frequency (noise) component of the signal also cleans up the surface
wave time series. In the plot on the right, the data artifact beginning at the point where

the data is padded to make a power of 2 number of samples is suppressed.
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Processing Wave Data: Reality Check

SBE  Data Processed Excluding Waves
of Less Than 5-Second Period

Average Wave Height, Tokyo.wts Maximum Wave Height, Tokyo.wts

We’ve recalculated average wave height and maximum wave height, after removing
wave periods less than 5 seconds (frequencies greater than 0.2 Hz). These are much more

believable than the previous plots.
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Activity

Activity

* Check out your auto-spec
series data with Plot Da
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