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To gauge the success of the QARTOD project, it helps to be aware
of groups working to utilize these QC tests. Please notify us of your
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http://www.linkedin.com/groups?gid=2521409.
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Definitions of Selected Terms

This manual contains several terms whose meanings are critical to those using the manual. These terms are
included in the following table to ensure that the meanings are clearlyGQtane@finitionselated

specifically to waabservationand coastal engineering terms can be found at
http://cdip.ucsd.edu/?sub=fag&nav=documents&xitem=glossary

Codable Instructions Codable instructions aggesific guidance that can be used by a software
programmer to design, constyiand implement a test. These instructions
include examples with sample thresholds.

Data Record Data record isree or more messages that form a coherent, logical, and
completeobservation.

Interoperable Interoperable means the ability of twanore systems to exchange and
mutually use data, metadata, information, or system parameters using

Message Message meanstandalone data transmission. A data record can be con
of multiple messages.

Operator Operators arandividuals or entities responsible for collecting and providir
data.

Peak Wave Directior Thewave directioat the frequency at whiclvave energy spectruwafe

(Dp) spectrumreaches its maximum.

Quality Assurance = QA means mcesses that are employed with hardware to support the

(QA) generation of highuality data. (section 2iidappendixB)

Quiality Control QC meansdilow-on steps that suppdtte delivery of highuality data and

(QO) requires both automation and human intervention. (section 3.0)

RealTime Realtime means thatath are delivered without delay for immediate use;

series extends ordgckwards in time, where the next data point is aitdlze;
data update laten@nging from a few seconds to a few hours or even da
depending upon the variable. (section 1.0)

Sensor A sensor is a device that detects or measures a physical property and p
result without delay.
A sensor is an element of a measuring system that is directly affected b
phenomenon, body, or substance carrying a quantity to be measured.

(JCGM2012)
Thresholds Limits that are defined by the operator.
Variable A variable is an observation (or measurement) of biogeochemical prope

within oceanographic and/or meteorological environments.

Xi
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1.0 Background and Introduction

The U.S. Integrated Ocean Observing System (I00S) haslantegest in collecting higbality data for
the 34 core variabldgtps://ioos.noaa.gov/about/ioeby-thenumberymeasured on a national scale. In
response to this interest, U.S. IOOS continues to establish written, authwdtaiwees for the quality
control (QC) of reatime data through th@uality Assurance/Quality Control of R€ahe Oceanographic
Data QARTOD) project addressing each variatfen possible ara$ funding permit$his manual on the
realtime QC of insitu waves was first publisiiedune 2013 as the second core vatiabkaddressednd
wasupdatedn 2015This is the second update to this maQthkr QARTOD guidance documents have
been published to date and are listed in the following paragraphs.

Please refer tutps://ioos.noaa.gov/project/gartodior the following reference documents.

1) U.S. Integrated Ocean Observing System, @08 IO0OS QARTOD Project Plan
Accomplishments for 2082016 and Update for 2@PD21. 47 pp.
https://doi.org/10.7289/V5JQ0Z71

2) U.S. Integrated Ocean Observing System, 2015. Manual-fiamiee@uality Catnol of
Dissolved Oxygen Observations Version 2.0: A Guide to Quality Control and Quality Assurance
for Dissolved Oxygen Observations in Coastal Oceans. 48 pp.
https://doi.org/10.7289/V5Z2W1J4J

3) U.S. IntegratkOcean Observing System, 2015. Manual fefl ReaQuality Control of n
Situ Current Observations Version 2.0: A Guide to Quality Control and Quality Assurance of
Acoustic Doppler Current Profiler Observations. 5htggs://doi.org/10.7289/V5WM1BMZ

4) U.S. Integrated Ocean Observing System, 2015. Manual-fdnieeg@lality Control of n
Situ Temperature and Salinity Data Version 2.0: A Guide to Quality Control and Quality
Assurance of ksitu Temperatu@nd Salinity Observations. 56 pp
https://doi.org/10.7289/V5V40SD4

5) U.S. Integrated Ocean Observing System, 2014. Manual-fidmige@uality Control of Water
Level Data Version 2.0: A Guide to Qualityt@band Quality Assurance of Water Level
Observations. 43 ppttps://doi.org/10.7289/V5QC01Q7

6) U.S. Integrated Ocean Observing System, 2017. Manual-fdmire@uality Control of Wind
Data Version 1.1: Guide to Quality Control and Quality Assurance of Coastal and Oceanic
Wind Observations. 47 gytps://doi.org/10.7289/V5FEX77NH

7) U.S. Integrated Ocean Observing System, 2017. Manual-famire@lality Gntrol of Ocean
Optics Data Version 1.1: A Guide to Quality Control and Quality Assurance of Coastal and
Oceanic Optics Observations. 49hifps://doi.org/10.7289/V5SXW4HO5

8) U.S. Integrated Ocean Obsenfygtem, 2018. Manual for Reéale Quality Control of
Dissolved Nutrients Data Version 1.1: A Guide to Quality Control and Quality Assurance of
Coastal and Dissolved Nutrients Observations. $tpg.//doi.org/10.7289/V5TT4P7R
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https://doi.org/10.7289/V5QC01Q7
https://doi.org/10.7289/V5FX77NH
https://doi.org/10.7289/V5XW4H05
https://doi.org/10.7289/V5TT4P7R

In-Situ Surface Waves

9) U.S. Integrated Ocean Observing System, 2016. Manual-fanmee@uality Control of High
Frequency Radar Surface Currents Data Version 1.0: A Guide to Quality Control and Quality
Assurance of High Frequency Radar Surface CiDetat®bservations. pd.
https://doi.org/10.7289/V5T43R96

10) U.S. Integrated Ocean Observing System, 2017. Manual-fanmee@uality Control of
Phytoplankton Data Version 1.0: A Guide to Quality Control and Quality Assurance of
Phytoplankton Data Observations. 6 7hpips://doi.org/10.7289/V56D5R6S

11) U.S. Integrated Ocean Observing System, 2017. Manual-fanmee@uality Control of
Passive Acoustics Data Version 1.0: A Guide to Quality Control and Quality Assurance of
Passive Acoustics Observations. 45tfps://doi.org/10.7289/V5PC30M9

12) U.S. Integrated Ocean Observing System, 2018. Manual-fanmee@uality Control of
Stream Flow Data Version 1.0: A Guide to Quality Control and Quality Assurance of Stream
Flow Observations in Rivers and Streams. 4%tpp.//doi.org/10.25923/gszba43

Please refer to this document as:

U.S. Integrated Ocean Observing System, 2019. Manual-fiamee@uality Control of n
Situ Surface Wave Data Version 2.1: A Guide to Quality Contrakalitg Assurance of-In
Situ Surface Wave Observati@@gp. https://doi.org/10.25923/7ycys69

Thisdocument follows and expands on the National Operational Wave Observatiois R0 $ 209).

The U.S. Army Corps of Engineer s (SWO¥ChatE)Data Scri pps
Information Program (CDIP&and the National Oceanic and Atmospheric Administai@AA)

National Data Buoy Center (NDB@gltrecognized asstablished providerwave data, have long led the

nation with wave observation programs. NDBC and CDIP have decades of experience applying QC checks
for hundreds of buoys (CDIP 206@BC 2M®9). However, thebservatiotocations were based on local

project or user requirements, resulting in a useful but ad hoc network with limited integration. The National
OperationalWave Observation Plan addresisiessituation by defining a comprehensaseobserving

network for the United States

The National Operation&ave ObservatidAlandocumentshe extensive effort that QARTOD devoted to
the QC of wave data. The process for the development, distribution, review, refinement, andthévision of
QC manualvas a collaborative effort by the QARTOD Board of Advigars).S. I00S Regional
Associations (RASensor manufactureend operators. Operators, who are the individuals or entities
responsible for collecting and providing wave datakeyepart of this endeavor

Thismanual is a living document that refldwtdatest developmemsQC testing procedures for wave
observatios.It is written for theexperienced operatout also providesxamples for thoseho argust
entering the fidl
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2.0 Purpose/Constraints/Applications

The following sections describe the purpose of this manual, as well as the constraints that operators may
encounter when performing QC ofsitu surface wavdataand specific applications of those data.

2.1 Purpcse

The purpose ohis manuak to develop andocument series of test procedures for data QCsifursurface
wave sensorghis manual idso adeliverable to the.S. IOOS RAand oean observing community and
represents a contribution to@lection of core variable QC documernttés $eries of tests fraltime QC
procedures providguidance to the U.S. IOOS and the wave community doteaigeagreedpon,
documented, and implentesh standard process.

In-situ wavebservationsovere by these procedures are colleictedaltime as a measure of wave
characteristigsvave height, wave periadd wave direction) in oceans and |lakescharacteristics of real
time (in no particular order) are:

9 data are delivered without delay fonédiate use;
9 atime seriesxtendingpnly backwards in time, where the next data point is not available; and
1 data update latenafa few seconds to a few hours or even days, depending upon the variable.

These tests apply only to theita, reatime meaurement of surface waves generated by wind action as
observed by sensors deployed on fixed, moored, or drifting platforms. They can be applied to sensors
deployed on powered mobile platforms (e.g., autonomous marine vehicles, ships), but such observations
require additional data processing to correct for a Doppler shifted spectrum. The tests are not designed for
remotely sensed wave measurements (e.g., high frequencyBaldyr syhthetic aperture radar) or ocean
surface waves generated by processeslmtin wind action (e.g., tides, tsunamis).

High-quaity marineobservatios requiresustained quality asmuce (QA) and Q@ractices to ensure

credibility and value to operators dathusers. QA practices involve processes that are employed with
hardvare tosupport the generation of highality data, such as a sufficiently accurate, precise, and reliable
sensor with adequate resolut@ther QA pacticesnclude: sensor calibration; calibration creaker in-

situ verification, including pedéeplayment calibration; proper deployment considerations, such as measures
for corrosion contradnd antifoulingsolid data communications; adequate maintenance intervals; and
creation of a robust quality ¢a processPostdeployment calibration (instrurheerification after

recovery) issues are not part of the scope of this midthaligh QC and QA are interrelated and

important to the procesQA issues are addressed separately in appendix

QC involves follovon steps tat support theelivery of higlguality data and requires both automation and
human intervention. QC practices include such things as format, checksum, timely arrival of data, threshold
checks (minimum/maximum rate of change), neighbor checks, climatology checlanpeisbs,

signal/noise ratios, verification of user satisfaction, and generation ajsl&Baudhanell 2005).

These test procedures are written as dehighnarrative from which computer code can be developed to
execute specific tests anddsgh flags (data quality indicators) within an automated software program. Those
implementing QARTOD tests have created a code repdsitpsy/fgithub.com/ioos/gartod where
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operators may find or post exdespof code in usAlthoughcertain tests are recommended, thresholds can
varyamong operators. The tedéscribed here are designed to support a range of wave sensors and operator
capabilities. Some weditablished programs with the highest standardsrhplemented very rigorous QC
processes. Others, with different requirements, may utilize sensors with data streams that cannot support as
many QC chechksall have value when used prudently. Users must understand and appropriately utilize data of
varyingquality, and operators must provide support by documenting and publishing their QC processes.
balance must be struck between thedensitive needs of ré¢iahe observing systems and the degree of rigor

that has been applied to realtime systemsyloperators with decades of QC experience.

Theprocess of ensuring data quality is not always straightforward. QAmodedGres may be specific to
a sensor technology or even to a paanethadalogyhat manu f
is applicablto every sensor is challenging.

Table 21 includes wave data providers mathufacturerasho contriluted to the development of this
manualAlso included is the specific sensor associatetthavitberatomnanufacturer. This list is not
intended to be comprehensive but to acknowledge the effogsabterators and manufacturers

Table 2 1 Significant contributors to development of the QC of waves data.manual

Manual Contributor Sensor/System/Program

CDIP Datawell Waverider

USACE Field Research Pressure network, Datawell Waverider, Baylor Staf
Facility (FRF) Nortek Acoustic Waves and Currents Sensors (A
Acoustic Doppler Velocimeter (ADV)

NDBC Wave and Marine DatAcquisition System

(WAMDAS), Directional Wave Processing Module
(DWPM), Digital Directional Wave Module (DDWM

Nortek AWACSs with Acoustic Surface Tracking (AST)
SonTek Acoustic Doppler Profiler (ADP)
Teledyne RD Instruments | Acoustic Doppler Current Pilgfr (ADCP)

2.2 Constraints

Measurements of each U.S. IOOS core variable of interest may utikr¢sdiffeing technologies and

require substantially different QC methods. QC tests should not be overly generic, so these variables must be
divided and grouped so that specific meaningful tests are appropriate to the variable included in the group. In
this mamal, surface wave measurements that are sufficiently common in nature to have similar QC checks
are identified.

2.2.1 Data Descriptions

Surface gravity waves are generated by wind forcing (and momentum transfer to the free surface), with gravity
the resoring force. The waves are roughly constrained between 0.3 seconds and 30 seconds. Practically speaki
few operational wave sensors can detect periods les® $egohds. To acquire sufficient data to compute

wave characteristics, most sensors rllsttcdata over a period of at least 20 minutes. QC on the time series



of raw data collected during this sampling period can be conducted. Outlying data points may, hedemoved
short gaps filled to obtain a satisfactory time series to be used for computation of the wave characteristics.

The termsot hme swbi me ani ndgfmed mere specificallpats fokowsc h one i s

1) Shorterm (ST) sample timdstdretime seried samplalata pointsogged during a
1,024second (or a 2,04&cond or similar) sampling period. Editing and gap filling of the data
are allowed. An ST sample provides a single determination of wave characteristics, such as
significantvave height, peak period, peak direction, and wave spread (collectively referred to as
the bulk wave parameters).

2) Longerm (LT) wavbservatiime serisshe time series wlavedata pointproduced from
successive SBmples, typically a sedebulk wave parameters and other wave characteristics.

Many technologies are available for measuring surface gravithesresthe surfacmicrowave, lasest

acoustic altimeters can observe the surface displacement, and arrays of altimetarmeanaete

direction. Satellites use microwaves to observe surface roughnessrlaaskesh@dar systems provide

wave measurements using several different techniques. Below the surface, a pressure sensor or a focused
acoustic beam can detect waves anigray of them providing wave direction. ADVs and ADCPs can

observe wave orbital velocities using multiple formed beams to determine direction. At the surface, vertical
wires can use a variety of electrical properties to sense waves. Buoys uséardrirations of

accelerometers, tilt and rotation sensors, and compasses to compute wave characteristics. And, GPS
measur ement of buoysd velocityobservatbrisspl| acement i s

This manual primarily addresses the QC of eesezvationfrom the most commonly used methods for

in-situ wave measurements: pressure sensors, buoys, ADCPs, ADVs, and microwave altimeters. Operators of
other wavesensing systems may find that they can apply a subset of these tests as wellc@y@uztede

at the sensor outputs, upon computed values derivedrfeoan moresensorspr upon the resultant wave
characteristickor example, QC cdre conducted on raw buegrtical acceleration, the computed vertical
displacement, or the final outpfisignificant wave height. From ADCPs, QC checks can be carried out on

the raw acoustic backscatter values from each bin within each formed beam, on the radial component of the
orbital velocity derived from the detected Doppler shift, or on the resalt@ndirection.

Table 22. Sensors commonly used to measure waves

Sensor Technology Manufacturer

Accelerometers, 3 axis AanderaaAxys, Datawell,
magnetometers, tilt sensors

GPS Axys, Datawell, Spoondrift
Microwavealtimeter Miros

Pressure sensor Aanderaa RBR

Acoustic Doppleprofiling, Nortek, Sontek, TRDI, Rowe Technologieg
acoustic surface tracking
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2.2.2 Data Processing Methodology

Thesystenhat processes and transmits the information alsdfeanthe QGlgorithms that can be
applied to thelataln-situ systems with sufficient onboard processing power and limited transmission
capability may process the original (raw) measurement and transmitadieelvethese values can then be
used taeconstruct wave spectra and characteristics. If ample transmission icamedilbtyle, the entire
raw data stream may be transmitted and egatitylled on land.

Therefore, because operators have different data processing methodologieseksevb@Cl¢ests are
proposed in section 3 of this manual.

2.2.3 Traceabilityto Accepted Standars

To ensure that wave sensors are producing accurate data, rigorous calibrations and calibration checks must be
performed in addition to QC checks. Most dpesaely upon manufacturer calibrations and only conduct
calibration checks before deployment. These calibration checks are critical to ensuring that the manufacturer
calibration is still valid. Manufacturers describe how to conduct these calibr&@gontblegcuser manuals

which are currently considered QA and further addre sk ivdixB.

Calibrations and calibration checks must be traceable to accepted standards. The National Institute of
Standards and Technology (NIST) is often the sourioéeiorationally accepted standards, but there is no
standard for ocean surface gravity wave measurement. These activities must rely upon the fundamental
standards for | ength, time, and the eavelydafys magne
because the standards for length, time, and compass bearing are readily available at tmeqeisetiitions

To validate software used to compute wave characteristics from retardtte] time series with known
output are availalier use a input to the code. Additionally, to supp@dint Technical Commission for
Oceanography and Marine Meteoro{0@¥OMM) waveensor evaluation and test effort

(http:// www.jcomm.info/index.php?option=com_content&view=article&ifi~B2SIO CDIP program
maintains an intaromparison Web padgeo-located sensor data can be evalumsieg standardized
techniqueand compared to other evaluations posted on the site.

2.2.4 Sensor Deployment Considerations

Wave sensors can be deployed in severdfiggy&1 through 5). With the propemooring configuration,
buoys mighbe deployed in all depthsit are typiddy deployed at depths of 10 metersofnmiore. Current
velocities and the subsequent load imparted on the mooring may be limiting factors in some locations.

ADCP wave sensors are usually bettmunted on fixed platforms (figd2 Manufacturers may @ase
pressure sens@n ASTbeam, or both. When mounted on subsurface moorings, ADCPs require motion
detection and compensation. As noted earlier, a variety of depth limitadidms considered, and these
limitations are generally well understood anthwatedy the manufacturer


http://www.jcomm.info/index.php?option=com_content&view=article&id=62

Figure 2-1. NDBC 3m discus buoy (left); NDBGri NOMAD buoy (right)(Photo courtesy of Richard
BoucharéiNDBC)
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Figure 2-2. NDBC 3m discus buoy being serd at sea from U.S. Coast Guard
vessel(Photo cairtesy of Richard BouchaMiDBC)

Figure 2-3. CDIP personnel deployCmtawell directional Waveridas of 2019, the
CDIP network is composed of approximately 65 wlas@rvation sites. (Photo courtesy of
SIO/CDIP)



Figure 2-4. Nortek AWAC in a stable, bottemounted platform prepared for deployment. (Photo
courtesy ofehnifer Patterson, formerly with CeNCOOS/Monterey Bay Aquarium Résstitieie)
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Figure 25. An Aanderaa 5218 pressure sensor is lowered into a protective well, providing single point,
non-directional wavebservationgPhoto courtesy dRichard Butler/Aanderaa)
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2.2.5 Hardware Limitations

Advartes in wave sensor teclugy have eliminated margblems encountered in older devices. Sensors

are smarter, smaller, more reliable, and draw less power. More sensors can be employed to make corrections
that provide additional accuracy, sut¢braperatte compensation of pressure seneotft sensors on

stabilized platform#/ost notably, signal processing hardware and software capabilities have grown
substantially.

Mostwave sensors can withstand moderatibiimg, butobservatiodaaccuracy graduatlggrades as marine
growth becomes excessive.h&sfouling mass increases tuay, it will become less able to folllbavocean
surface, and the hiffiequency response diministggys can also be compromised by ice growth on the
superstructure or by mammals climbing on the buoy. Unfortumatsdydisturbances may onlydr#fied by
site visits othe detection of a degraded wpa&godobservationn the case of the ADCP, effective acoustic
power output and transducer reagpsensitivity degradésading to reduced sigtahoise ratios and less
accuratebservationacross the fremgncy spectrum. Pressure sensors magdrapened output de orifice
becomes obstructadowever, effective antifouling materialsaadngs may permstystem deployments in
excess of two years.

Buoy hull shape and mooring configuratioratsmaffect accurady.generalresponse is improved by

reducing buoy maseducingsuperstructur@nd emplging a highly compliant mooringvhich is

particularly important for the higHezquencybservationsA compliant mooring allows the buoy to follow

the wave motions in an unconstrainedBayoy s ut i | i zi ng -daowniég ivdelryt ifciaxle d
accelerometer must correct for persistentyiitically encountered during high wiratve events, to avoid
transference of horizontal accelerations into the vertical and overestimating wave heigbhtsa{B2OmHeY.

ADCPs are depttimited byboth individual beam spreading and multiple bearal spatilution reduction
Pressuresensors are also defithited, since the signal of a passing wave aéttayscreasing depth. The
reduced performanéer bothis more pronounced in the high frequené&iesbuoys and bottormounted
gauges, operatotsosild be aware of tlehallenges associated with deployments wittsarfiemne; most
operational deployments will avibid temporaland spatiainoving region.

ADCP transducer side lobe reflectiomsst also be considered. These reflections can come from the bottom,

the surface, or adjacent structures and will degrade ADCP performance. These errors are mitigated by proper
deployment procedures. Manufacturer user manuals should be consultedhatemsyer procedures are

followed.

While outside the scope of the+teak tests described in this manual, QA is critical to data quality. Sensors
require attention to proper QA measures both before and after the deployment. Operators must follow the
manufacturerds recommendations for factory calibr

Corrections for magnetic declination and deviation are important and must be given careful consideration.
Although these corrections are beyond the scopes aidhuaimanufacturenser manuals provide

processes for making corrections that are specific to the sensanadekeZare should be taken to avoid
ferrous and magnetic materials when designing instrument mounts and deployment locations.

1C



Also importantbut beyond the scope of this document at present, is the determination andokgatéing
uncertainty. Knowledge of the accuracy of @atehpoinits required to ensure that data are used
appropriatelyandit aids in theeomputation of error boundisr subsequengroducts derived by users. All

sensors ancheasurement®ntain errors that are determined by hardware quality, methods of operation, and
data processing techniques. Operators should routinely provide a quantitative measure of dgtauncertain
the associated metadata. Such calculations can be challenging, so operators should also document the
methods used to compute the uncertainty. The limits and thresholds implemented by operators for the data
QC tests described here are a key compimnestiablishing thebservationadrror bounds. Operators are

strongly encouraged to consider the impact of the QC tests on data uncertainty, as thesayteatlgfforts
enhance the utility of their data.

Sensor redundaneghances system robustness aposts the determination of thecertainties
associated with the observati@@@mparing two adjacent instruméotsnultiple wavebservatios using
differing technologies from one instrumeat) assist in duation of data quality, as well as peota (or
more) independelstimates of a variable of intergstiation in the estimated values can be useful in
uncertainty calculations.

2.3 Applications of Wave Data

Realtime wave datareused for a wide variety of applicatiomdudng safe maritime commerce, coastal
engineeringecreational safetyave model validation, astdrm surge / inundation modelir@@bservations
are relied upon by ship pilots, coastal resource managersiaiahamd recreational fishing ves$hks
NationaMWeathelServicerelies upon the observations when issuing small craft advisorieenlyused

for easing decisianaking by many field operations managers.
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3.0 Quality Control

To conduct regime QCon waveobservationghe first prerequisite is to understand the science and
context within which theeasuremengse being conducted. Waves are dependent upon manticimgs
as local and remote wind fielelg (strength, fetch, and duratidmhymetry and coast shapey(shoaling,
refraction, and reflection), and coincident ocean currents. Timaed@C of thesebservationsan be
extremely challenging. Human involvement is thenafiooetant to ensure thatlid scientific principlesear
applied to the process that good data are miiscardedand bad datare nodistributedExamples include
selection of appropriate thresholds and examination of data flagged as questionable.

This manual focuses specifically ortireal data. Foexample, for redilme QC, gradual calibration changes

or system responses (sensor duaft) benardto detect or corredDrift correction for wave sensors during
postprocessings difficult, even whesvalid postecovery calibration che obtainedDrift is often caused

by bicfouling, affecting different systems in differentivays wave buoyds response wil
added mass of bfouling(Thomson et al. 201L5Another examplsthe ability of some data providers to

backfill data gapk both of these examples, ttearected or backfillabservationare not considered to

be reatime for purposes of QC checldidoweverpver timedrift can be observed in rtiahe data trends,

andin some sophisticated 24/7 QC operationstirraldlissemination may be switched fromamecated

sensor to another based on-tea¢ QC flags.)

3.1 QCFlags

Data are evaluated using QC tests, and the reshtiseofests are recorded by insefligg in the data

files. Table-3 provides a simpéet of flags and associated descriptions. Operators may incorporate
additional flags for inclusion in metadata redeodexample, data poinmay fail thecoustic velocity
min/maxand be flagged as having failed the test. Additional flags mayploeatezbto provide more
detailed information to assist with troubleshooting. tHatapoint failedthe acoustic velocity min/mdoy
exceeding the upper lingt) f a i | dlaymay indjchté that the values were higher than the expected
range, busuch detailed flags primarily support maintenance efforte gnesntly beyond U.S. I00S
requirements for QC of re@the dataFor additional information regarding flags, sedaneal for the Use of
Reallime Oceanographic Data Quality Cofitd FHgS 20T) postedn the U.S. I00S QARTOD
website.

Further posprocessing of the data may yield different conclusionthfseenreached during initial
assessmetFlags set in raahe shouldot be change ensure thahtistorical documentatias
preservedResults from post processing should generate another set of flags.

Data poins are time orderednd the most receabservatiorfPresent Observatiois)PQ, preceded by a
value aPQ;, and so on backwards in time. The fodsis manuds primarily on the retime QC ofdata
points PQy, PQy, andPQ;.



Description

Data have passed critical retthe QCtests and are deemed adequate for use as
preliminary data.

Not evaluated=2 | Data have not been QE@sted, or the information on quality is not available.

Suspect or
of High Interest=3

Data are considered to be eithsuspect or of high interest toperatorsand users. The
are flaggedsuspect to draw further attention to them by operators.

Data are considered to have failed one or more critical-tisaé QC checks. If they are
disseminated at all, it should be readily apparent thatytlaee not of acceptable qualit

Missing data=9 | Data are missing; used as a placeholder.

3.2 QCTestTypes andHierarchy

This section outlines the 21 +irmle QC tests that are required, recommended, or suggested for wave sensors.
Through the process of the first four QARTOD workshops, guidelines were collected and submitted to the
Ocean.US Data Management and CommunisdBdnAC) Steering Committee (Bouchard et al. 2007). Those
guidelines were adapted from existing guidelines developed and implemented by established providers of wave
data and participating manufacturers of wave measuringfsydtetak, SonTek, and TeledyRDIi and

are the basis for these 21 tebtilitionally, these tests have been guided by the tests described in UNESCO
(1993).

Frequencypased tests apply only to operators who provide wave spectra. Those operators not providing
frequencybased spectra are not requireiddorporate test 17 and tégt Operators should also consider that
some of these tests can be carried thitwthe instrument, where thresholds can be defined in configuration
files. Although more tests imply a more robust QC effort, there are many reasonscouddateesto justify

not conducting some tests. In those cases, operators need only to deagom@ithese tests do not apply to
theirobservations. Such flexibility is needed to support the U.SRi€Bal Information Coordination

Entities ertification, since the number of tests conducted and the justification for not applying some tests are
useful forevalut i ng an o p eTesstare lis@din table Ard bre divaled énto three groups: one

that applies only to acoustic profiler wave sensors and atBatapglies to sensgnoviding ST time series

The thirdgroup applietests to L waveobservatiotime series. Table33shows the test hierarchy.

Some effort will be needed to select the best thresholds, which are determined at the operator level and may
require trial and error/iteration before final selections are Anagecessful QC effort is highly dependent

upon selection of the proper thresholds, which should not be determined arbitrarily hasshdre

historical knowledgstatistics derived from more recently acquiredodateistingyuidanceor example

the World Meteorological Organization (WMO) and ofa&y° 2003)often define a spike as exceeding

4*SD. And, while preparing the Comprehensive Gdeaossphere Data Set (COADS), Woodruff (2001)

noted that threshol ds wethedlistdrtioroor eliminator af some large e , Oére
climate signal s é Althalighthis manuasprovidesisgmeklidaride fdr setecting
thresholddased on input from various operators, it is assumed that operators have the subject matter
expetise as well as a sincere interest in selecting the proper thresholds to maximize the value of their QC
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effort. Operators are required to openly provide thresholds as metadata for user support. This shared
information will help U.S. IOOS to document stedided thresholds that will be included in future releases
of this manual.

Table 32. QC testdor realtime ADCP and buesnounted sensors

Test Name Status
Applies Only to Signal StrengthTest 3 Strongly Recommended
Acoustic Profiler
Wave Sensors Correlation Magnitude (Test 2) Strongly Recommended
Acoustic NoiseTest 3 Strongly Recommended
Signaitto-Noise (Test 4) Strongly Recommended
Presure or Acoustic Surface Trackifigst 5) StronglyRecommended
Acoustic Velocity Min/Max (Test 6) Strongly Recommended
Acoustic Velocity Mean Value (Test 7) Strongly Recommended
Sample CounfTest § Strongly Recommended
Applies toMany ST Time Series Gépest 9) Strongly Recommended
Sensorghat Output
an ST Time Series | ST Time Series Spike (Test 10) Strongly Recommended
ST Time Series Range (Test 11) Strongly Recommended
ST Time Series Segment Shift (Test 12) Suggested
ST Time Series Acceleration (Test 13) StronglyRecommended
LT Time SerigSheckRatio orCheck-actor (Test 14| | Strongly Recommended
Applies to all Wave | LT Time Series Mean and Standard Deviation Strongly Recommended
Sensors (Test 15)
LT TimeSeriesFlat LingTest16) | | Required
LT Time Series Operational Frequency Range Required
(Test 17)
LT Time Series Lemrequency Energy (Test 18) || Required
LT Time Series Bulk Wave Parameters Required
Max/Min/Acceptable Range (Test 19)
LT Time Series Rate of Change (Test 20) | | Required
Neighbor CheckKTst 2} | | Suggested
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Table 3-3. QC test requirement hierarchy.

Group 1
Required

LT TimeSerieslat LingTest 19

LT Time Series Operational FrequeReynge (Test 17)

LT Time Series Leirequency Energy (Test 18)

LT Time Series Bulk Wave Parameters Max/Min/Acceptable Range (Test 19)
LT Time Series Rate of Chang_je (Test 20)

Group 2
Strongly
Recommende

Signal Strength (Tesj 1

CorrelationMagnitude (Test 2)

Acoustic NoiséTest 3)

Signalto-Noise (Test 4)

Presure or Acoustic Surface Trackifgst 5)
Acoustic Velocity Min/Max (Test 6)

Acoustic Velocity Mean Value (Test 7)

Sample Count (Test 8)

STTime Series Gap (Test 9

STTime Series Spike Test (Tes) 10

STTime Series Range (Tes) 11

ST ime Series Acceleration (Test)13

LTTime Series Check Ratio or Check Factor (Bst
LTTime Series Mean and Standard Deviation (Tept 15

Group 3

Suggested

ST Tne Series Segment Shiftest 12)
Neighbor Check (Test 21)

3.3 QC TesbDescriptions

A variety of tets can be performed on the senseasurements evaluateata quality. Testing the integrity
of the daa transmission is a first step. If the dedacorrupted during transmission, further testing may be
irrelevant. Theheckslefined in these 21 testsmluatelatathrough various comparisaosother datand
to the expected conditions in the gi@amironment. Theests listeih thissection preume a timerdered

series oflata poirgand denote the most recent aspreviously described.

3.3.1 ST Time Series QC TeisADCPs

Signal quality tests are applied to data from acoustic sensors to ensuneghstitbments wave

variablesre god qualityThe strength of the signal from each of the acoustic transmitters must be sufficient
to measure the intended varialiléecks of data agaisstected threshold values include noise, signal
strength, sign#éb-noise ratio, correlation magdigyand percent good. Threshohdst be exceeded for

each variableollectedo proceed with processing of the acoustic signal into usable data. The signal quality
tests are applied feach signal for each acoustic beam and at each depth level Gbiefitetiseven tests

are used to identify suspect or bad data in the ST time series. The eighth test determines if sufficient data

remain to proceed with the calculation of the wave characteristics




Signal Strengtréstl) ¢ Strongly Recommended
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Check hat acoustic signal strength exceeds noise floor threshold values
I —

The operator defines the signal strength threshold vaJ @ THRESFAIL and SSTHRESH_SUSPECT
SIGSTRNIB(s the value of the received signal strength for baairhe test is performed for each beam,

Flags Condition Codablelnstructions

Fail = 4 The threshold value for signal strength If SIGSTRNB{ SSTHRESRAIL flag =4
is not exceeded; data are failed.

Suspect = 3| Thefail thresholdvalue for signal If SIGSTRNBHSSTHRESH_FAIL and
strength is exceededut the suspect SIGSTRNB{)SSTHRESH_SUSPHALT= 3
threshold is not exceeded; data are
suspect

Pass =1 Values of signadtrength exceed the If SIGSTRNBf { { ¢ |flag9={L |

thresholds; data are good.

Test exceptions:None

Test specifications to be established localhy the operator.
Example: Threshold is operatedefined. Operators to provide examples@®cedures are implemented.
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Correlation Magnitude (Test @5trongly Recommended

Test that correlation magnitude is above an acceptable threshold
P —
A key qualitycontrol parameter fobroadband ADCPs, such as ffieDI ADCPis, the correlatiommagnitude
(CMAQG). fiis is essentially measurement 6how much the particle distribution has changed between
phasemeasuremens. The less the distribution has changed, the higher the correlation, and the more
precise the velocitgata points

Correlationmagnitude is provided for each bii) &nd each beanj)( This test needs only to be performed
on bins used in wave computations.

Flags Condition Codablelnstructions

If CMAGi(j) <CMAGMIN, flag = 4

Fail = 4 If the correlation magnitude

(CMAGI]j]) fallsbelow a certain
count level (CMAGMIN), thaata
point for that bin and beamdils.

Suspect=3 | Ifthe correlation magnitude IF CMAGY) XxCMAGMIN
(CMAGI]j]) is between the AND

minimum (CMAGMIN) and CMAGI(j) MCMAGMAX, flag = 3
maximum (CMAGMXR) count
levels, thedata pointfor that bin
and beam passes, but is considered
suspect.

Pass=1 If the correlation magnitude IF CMAG{) >CMAGMAX, flag = 1
(CMAGI]) is above a maximum
countlevel (CMAGMAXhe data
point for that bin and beam @sses.

Test Exception:This test is primarily for the TRDI ADCP sensors.

Test specifications to be established by the manufacturer.
Example: Operators to provide examples psocedures are implemented.

Acoustic Noise (Tes}-3Strongly Recommended

Check that acoustic noise is less than noise floor threshold values.

The operator/manufacturedefines the noise threshold value, NOITHRESH.
NOISH] is the value of the noise for beaimThe test is performed for each beain,

Flags Condition Codablelnstructions

Fail=4 The threshold value for noise is IFNOISE) % bhLe¢l wo{lx FtH
exceeded; data are failed.

Suspect3 No result; ndflag. N/A

Pass=1 All values of noise are less than the| If NOISE(<NOITHRESIHlag = 1

threshold; data are good.

Test exceptionsNone

Test specifications to be established logalhythe operator.
Example: Threshold is operatedefined.Operators to provide examples as procedures are implemented




In-Situ Surface Waves

Signato-Noise Test 4) Strongly Recommended

Check that signéab-noise ratio exceeds noise floor threshold.
I —

The operator defines the sigrtd-noise ratio threshold valusSNRTHRESH.

SIGSTRNIB(s the value of the received signal strength for béand NOISE(is the value of noise for
beami. The test is performed for each beaim,

Flags Condition Codablelnstructions

Fail = 4 The threshold value for SNR is not| |f (SIGSTRNBNOISH]) < SNRTHRESH, flag = 4
exceeded; data are failed.

Suspect = 3| No result; no flag. N/A

Pass=1 All values of signal strength exceed If (SIGSTRNBNOISE)O 0 »x { b flag+ w9

the threshold; data are good.

Test exceptionsNone.

Test specifications to be established locally the operator.
Example: SNR threshold = 3.

Pressure or Acoustic Surfabacking Test 5) Strongly Recommended

Check that pressure or AST recorded at the instrumenttisn an acceptable range

For nondirectional pressure or AST measurements, or directional measurementsthsifiyV or ASTUV
method, the pressure or ASifieasurementan be tested to ensure it falls within an acceptable range,
defined by the operatorif both pressure and AST are available, both should be tested.

The test described here is fapressuremeasurement; an AST test would simildPUVPRES is the value of
the pressure and/or AST provided by the instrumd@RESCMIN and PRESCMAX are dssyme variability
values allowed to consider the instrument at a constant depth.

Flags Condition Codablelnstructions
Fail = 4 The PUV pressure exceeds the If PUVPRES > PRESCMAX or PUYPRES
maximum pressure allowed or the | PRESCMIN, flag = 4

PUV pressure is less than the
minimum pressure allowed; data

are failed.

Suspect = 3| No result; no flag. N/A

Pass=1 The PUV pressure values are within If PUVPRBSPRESCMIN and PUVPRES
the range limits provided for PRESCMAX, flag =1

pressure variance; data are good.

Test exceptionsNone

Test specifications to be established locally the operator. Minimum and maximum pressure or AST

measurement

Example: For an AWAC depyed in water depth of 10 randa tidalrangeof +1 m, afterconsidering
storm surge and wave heights, PRESCMINecibarsand PRESCMAX =desibars
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AcousticCurrentVelocity Min/Max (Test 6)Strongly Recommended

Check that current velocity recorded falls within expected ranges.

VELVAL ihe current velocity value provided by the instrument. VELMIN is the minimum current velocit
value and VELMAX is the maximum current velocity value allowed.

Flags Condition Codablelnstructions
Fail = 4 The velocity value exceeds the If VELVAE (VELMAX) or VELVAVELMIN),
maximumvelocity allowed or the flag =4

velocity value is less than the
minimum velocity allowed; data

are failed.

Suspect = 3| No result; no flag. N/A

Pass=1 The velocity value is within the If VELVAK(VELMIN) and VELVA{VELMAX),
range limitsprovided for velocity; flag=1

data are good.

Test exceptionsiNone

Test specifications to be established locally the operator.
Example: VELMIN = 0, VELMAX = 2.0 m/s

AcousticCurrentVelocity Mean Value (Test-Strongly Recommended

Check that current velocity recorded falls within expected standard deviation ranges.

VELVAL is the horizontal value of the current velocity provided by the instrument. VELMEAN is the me
current velocity value and VELSTDEYV is the standard deviation allowed. VELMEAN and VELSTDEV &
calculated from the ST time series. TRDI ADCP operaiibtsevradial velocities (beam coordinates)
instead of u,v,w.

Flags Condition Codablelnstructions
Fail = 4 The velocity value exceeds the If VELVAE (VELMEAN VELSTDEV) or
mean Ve|ocity pIUS one standard VELVAEK (VELMEANVELSTDEV), ﬂag =4

deviation or the velocity value is
less than the mean velocity minus
onestandard deviation; data are

failed.

Suspect = 3| No result; no flag. N/A

Pass=1 The velocity value is within the If VELVAK(VELMEANVELSTDEV) and
range limits provided for velocity VELVAMKVELMEAN VELSTDEV), flag = 1

standarddeviation; data are good.

Test exceptionshNone.

Test specifications will be calculatdaly the localoperator.
Example: Operators to provide examples as proceduresiarplemented.




Sample Count (Test 8ptrongly Recommended

In-Situ Surface Waves

Check that the number of samples is sufficient to calculate the value.

The ST time series is comprised of a nominal series of values. The operator determines the minimum
number of goodsamples threshold value, NGSTHRESH. If an insufficient number of good samples remj
after conducting tests-¥, no bulk wave parameters can be calculated.

NGSI is the value for the number of good samples for baafrhe test is performed for each bean,

Flags Condition Codablelnstructions

Fail=4 The threshold value for number of If NGS) <NGSTHRESH, flag = 4
good samples is not exceeded; dats
are failed.

Suspect3 | No result; no flag. N/A

Pass=1 The number of good samples If NGS() xNGSTHRESHeg = 1

exceeds thahreshold value; data

are good.

Test exceptionsiNone.

Test specifications to be established logalhythe operator.
Example: Number d good samples suggested by SekTor ADV/ADP is 128
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3.3.2 ST Tine Series QCests

ST time series tests are apptidtierawdata poirg from a wide variety of wave sensdfhen data are

received from the field, they are first checked for gaps and missing values. A minimum amount of data with a
pass flag iseededo perform thestatistical and time series tests required for producing quality data. The
checks are based on time tags and/or counters included in the data stream. After the ST data set has been
deemed good and given a passindlilagperatorshouldperform a besitfto fill in data gaps.

The failure of any one of these tests means that the bulk wave parameters cannot be computed. Nevertheless,
it is appropriate to complete all testgravideinformation that might assist in troubleshooting the problem.

ST Time $es Gap (Test 95trongly Recommended

The gap checlest determinesh&ther a gap is too large. A time series is accepted if there is no single gap
that lasts longer tha&hpoints.

Ched for missing data in SSBmple time series

Check folN consecutive missing data pointshis defines the size of an unacceptable gap in the time se
It is the maximum number of consecutive missing data points allowed.

A counter (C2) increments from O (zero) as consecutive data points are misshd end ofa gap of
missing datathis counter is compared to NE.C2 > N, the test is failednd a sispect flag is sefThe counter
(C2) is reset to 0 after a data point is encountered.

Flags Condition Codablelnstructions

Fail = 4 Gap maximunexceeded. ST time series data are faileg If C2>N, flag=4

Suspect=3| N/A

Pass=1 Pass/data are good. If C2<N,flag=1

Test specifications to be established locally the operator.
N is the number ofonsecutive points allowed to be misséthe valuel, is operata-defined.
Example: Operators to provide examples as procedures are implemented.
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In-Situ Surface Waves

Station 073 Channel 1 Calibrated Data 0940152012 06:24 UTC
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Figure 3-1 The plot shows an example of a data gap that woidldrnitiéied ly the ST time serieaptest (Graphic courtesy of
SIO/CDIP)



ST Time Series Spike (Test Bljongly Recommended

The spikedst checks for spikes in a time series. Spikes are defined as points more than M times the standard
deviation (SD) &m themeari a WMO standardf 4+ SD isoften usedAfterthe ST timeseries is

receivedthe mean (MEAN) and standardiddenmust be determine@ountes M1 and M2 arset to O.

Once a spike has been identified, the spike is replaced with thd/AV&pofethe previous poinh¢ 1)

and the following poinh 1). Alternative interpolation methods such as a spline fit may alsa beeised

counter, Mlis incrementkas spikes are identifi&tle algorithm should iterate over the time series multiple

(P) times, reomputing the mean and standard deviation for each itekfidomhePt iteration, dinal

spke count, M2, is run. The counters M1 and M2aangaredo the number of spikes allowed. The time

series is rejected if it contains too many spikes (generalN%atftall points) or if spikes remain aRer
iterationgM2 > 0)

For ADCP wavebservationsa beanby-beam spike test can be useidéatify potentially bad values
caused by a single beam.

Check for spikes in the time series

Operata definesM, N%, andP (iterations). TSVAL) is the time series value being evaluated.

Flags Condition Codablelnstructions

Fail = 4 Spikes remain in the time series after Compute the series mean and SBran series,
iterationsORthe allowed number of excluding endpoints, for spikes where
spikes is exceeded. The entire ST time [TSVALI) - MEAN|> M* SD

series is failed. ) ) )
Replace spike with AVG and increment M1.

Repeat P times, summing Mdnd thensan
series for final spike counm?2.

LT awm x bU:THENWagadH
Suspect=3 | NJA N/A

Pass=1 No spikes remain in the time series after] M1 < N% ADM2 =0, THEN flag: 1
iterations,ANDdeleted spike count is les
than the specified percentagd% of the
ST time series.

Test ExceptionsNone.

Test specifications to be established locally the operator.
ExampleN% = 10, M4, P=2
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Figure 3-2. The spikes shown in thiopivould be detected by the ST time series gsii&raphic courtesy &lO/CDIP)
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STTime Series Range (T&$) - Strongly Recommended

The rangeest checks that the values (e.g., pressurgy, AEdT the time series fall within limits defined by
the operator. The operator should at least define the instrument range for these tests. Regional or

seasonal/climate ranges may also be provided. If the instrument range is exceeded, data shoakl be flagged
failed.

Ensure that time series values fall within an expected range.

Theoperator defines theristrument minimum (IMIN) anthstrument maximum (IMAX) anday also
define the local minimum (LMIN) and local maximum (LMAX). The local maximum and mimiayuine
location, season and/or sensoidependent.

TSVAL is the value of the time series at paint,
Flags Condition Codablelnstructions

Fail=4 The instrument range isxceeded, If TSVAE IMAX or TSVALIMIN, flag = 4
results in a flag (4)jata are failed.

Suspect = 3| The location/season range is If TSVAE LMAX or TSVALLMIN, flag = 3
exceeded, results in a flag (3); data
are released with suspect flag.

Pass=1 All time-series values in rangdata If TSVAKLMIN and TSVAK MAX, flag = 1
are good (flag = 1).

Test exceptionsiNone

Test specifications to be established logalhythe operator.
Example: Operators to provide examples as procedures are implemented.
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Station 073 Channel 1 Calibrated Data 07/16/1996 17:32 UTC
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Figure 3-3. The plot shows an example of bad data that would be identifiedSJytime series rangsti(Graphic courtesy of
SIO/CDIP)
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ST Time Series Segment Shift (Test3@jygested

The time serids broken into segmentmpoints long. Segmemteans are compaat for each of the
segmentEach segment mean is compared to neighboring segments. If the difference in the means of two

consecutive segments exc&edseST time series data are rejected. The opdedittean segmentsn
points, andP.

A test for a large mean shift in the timerges

The operatordetermines thenumber of segmenta] to be compared in the time series and the length of
each segmentn() to be compared in the time series. Thempr n can be computed by the other in
conjunction with the length of the entire timeesies.The length ofm should be consistent with statistical
best practicesThe operator also defines the mean shi} that is allowed in the time series.

A mean value (MEAN]) is computed for each of thesegments. The means of consecutive segmeat a
then compared. If the differences of the means exceed the allowed mean Bhiftdvided by the user, the
entire time series is failed.

Flags Condition Codablelnstructions

Fail = 4 The allowable mean difference, P, | |f [MEANG) ¢ MEAN(G +1)] P, flag = 4
between two adjacent segments in
the time series is exceeded. Data

are failed.
Suspect=3| N/A N/A
Pass =1 Data are good. If IMEANG) ¢ MEANGO +1)] <P, flag = 1, for all

values oin-1

Test ExceptionNone.

Test specifications to be established locally the operator: m, n, andP are operatorprovided.
Example: UNESCO (1993) recommends: 8 and P = 0.20 m (for displacement)
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L\ i J n

Figure 3-4. The plot shows an example of an abrupt shift in the ST time serigshi@awould be detected tye ST time series
mean ést.(Graphic courtesy of SIO/CD)P
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ST Tim&eries Acceleration (Test 1Btrongly Recommended

The insitu systems that collect these time seriesath@acumulate accelerationalldirectionsrom

multiple sensorény acceleration that exceeds a practical value should be replaced by an
interpolated/extrapolated value.

Data point exceeds sensar operatorselected min/max

Acceleration (nis defined as the product of M and G, M is an operalgiined valueandG is the
gravitational acceleration (9.80 nfjs

Anyacceleration values ereding M*G are replaced witbperator-defined interpolated/extrapolated values
A couwnter, M5, is initially set to @nd is incremented by one as each point is replaced. The operator defin
to N points thatmay be replaced.

Flag

Condition

Codablelnstructions

Fail =4

N/A

N/A

Suspect = 3 Reported value is outside of

operator-selected span.

Ifa>(M* G), increment ¥ N + 1then
interpolate, flag = 3.

Pass=1

Test exception: Applies only to buoys using accelerometers.

Data are good.

IfaX{M+ G),flag = 1.

Example: UNESCO (1993) recommendskBL5. Include in % countheoperator defines M and Nand the

method of replacement.
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3.3.3 LT Time Series QC Tests for Bulk Wave Parameters

The next tests operate on the tgrgn wavebservationime series of fundamental, derived wave

characteristics known as bulk wave parameters, which consist of significant wavg, ipeightwblve period

(Tp), peak wave directiong)Dand wave spreddany of the QC checks on the bulk wave parameters are

applicable to any measurement sySeweral tests include the correlation with data collected by other

operators. QARTOD patrticipants have recognized the importance oiauibome testing busa noted the

challenges. Such testing may not yet be ready for operational implementation but is mentioned here because, il
rare instances, it can be done.

LT Time Series Check Ratio or Check Factor (TeSttbfigly Recommended

The check ratio or chetactor, R, is loosely defined as thioraf verticakto-horizontal wave orbital
motions. R is more formally defined by:

Rf) = Z

where:
fis the frequency
C119), C22), and C33), are therossspectra of heave, pitch, and roll, respectively.
k(f), is the wave number,
h is the water depth, and
tanh is the hyperbolic tangent function.

This check ratio is a function of frequency and depth and should theoretically be 1.0 for relatisedy deep
waves. But, it tends to deviate substantially from that value at periods longer than the peak frequency and at
short periods outside the response range of the buoy.

The operatorshould choose one of the following methods of the check ratio test:
1) Conpute at the peak wave energy period and at a short period (but within response range of the
buoy) flag values outside the range of 0.9 to 1.1; or
2) Test at least three frequencies distributed one each in the low, mid, and high frequency ranges; or
3) Computethe percentage of all frequencies whose check ratio is within acceptable limit of 1.0,
and flag if the percentage is outside of an established criterion.

Ratio of verticato-horizontal wave orbital motions.

The chek ratio or check factor, R, is a fui@t of frequency, with a nominal value near 1M@hen a fail or
suspect check factor occurs, bulk wave parameters should be flagged.

Flags Condition Codablelnstructions
Fail=4 N/A N/A

Suspect3 | IfR, the ratio of vertical to horizontal | fR<0.9orR>1.1, flag = 3
waveorbital motions, is not in the
range of 0.9 to 1.1, data are suspect.

Pass=1 Data are good. If Rx0.9 or RKL.1, flag = 1.
I ——
Test exceptionsApplies only talirectional wave sensotthat measure the crosspectra not to singé-point
altimeters, pressure sensors, pressuresensor arrays.

D ——
Test specificationsShould be apprdmately 1.0.

Example: Range defineés 0.9 to 1.1.
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Figure 3-5. The plot shows an example béck or R factor data calculaaedbur different frequenciéhe very high frequency

data (red line) shows an abrupt shift after cleaning the hedailidaidouoy hull, indicating thaoy had not been following short

period wavesue to the increased buoy m&sdection of the appropriate threshold foctteekratio or ©ieckfactor est permits

detection bthe problem before cleani@@raphic courtesy of SIO/CD)P
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LT Time Seriesédnand Standard Deviation (Td4)- Strongly Recommended

This test applige all insitu wave measuring systemd most bulk wave parameters (few operators will test
wave spread¥eriesnearvalues are compared to thresholds defined by the openetsholds are
detemined by an operatdefined mean plus @aperato-defined allowable variance from the mean.

Time series value is within operatprovided mean and standard deviation

Check that TSVAL valueanishin limits defined by theperatar. Operator defines the period over which the
mean and standard deviation are calculated and the number of allowable standard deviations (N).

Flags Condition Codablelnstructions
Fail = 4 N/A N/A
Suspect =3 | TSVAL is outside operatsupplied If TSVAK (MEAN- N+ SD) or
MEAN plus/minus N SD. TSVAE (MEAN + N SD), flag = 3.
Pass =1 TSVAL passes test. If TSVAK(MEANG N* SD) and
TSVABKMEAN + N SD), flag = 1.

Test exception:None.

Test specifications to be established locally the operator.
SuspecFlag,FailFlag if value exceeds thresho@peratordefined, location dependent.
Example: Mean calculated over 24 hours, N = 2.




LT Time Serid¢dat LingTest16)- Required

This testchecks for invariate observations and can be applied to all bulk wave paramg
that arereported.

When some sensors and/or data collection platforms fail, the result can be a continuously repeated
observation of the same value. This tesample compares the present observation (PO a number
(REP_CNT_FAIL or REP_CNT_SUSPECT) of previous observdtidlzgdeq if it has the same value as
previous observations within a tolerance val& Sto allow for numerical rouneff error. The value
chosen for EPS should be selected carefully after considering the resolution of the sensor, the effects ¢
data processing, ahthe performance of the tesSimilar testsevaluatingdfirst differences owariance
among the recent observationsay be implemented

Note that hitorical flags are not changed.

Flags Condition Codablelnstructions
Fail=4 When the five most recent POnF

observations are equal, RG flagged AND

fail. Forl =1,REP_CNT_FAIP PO <EPS
Suspect 3 It is possible but unlikely that the Forl=1,REP_CNT_SUSPEGi- POn <EPS

present observation and the two
previous observations would be
equal. When the three most recent
observations are equakQ is flagged
suspect.

Pass=1 Applies for tespass condition

Test ExceptionNone

Test specifications to be established locally the operator.
Examples: REP_CNTFAIL =5, REENT_SUSPECT= 3
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LT Time Serié@perational Frequency RanJest17)- Required

The operational frequency tggtlaes to alin-situ wave measuring systémasreportspectral dajaither

directional or nowlirectional Spectral data should be reported only for the valid range of frequencies

(selected by the operator as appropriate to the eegi@ensgr Theoperator may choose to use
instrument frequency ranges provided in the manuf

Check for validity of the operational frequency range

Defined bythe instrument and the environment.

The operator defines the instrument minimuirequency (IMINF) and instrument maximum frequency
(IMAXH, which areusually providedy the manufacturerThe operator may also define the local minimum
frequency (LMINF) and local maximum frequency (LMAXF). The local maximum and minimum may bée
location, season, and/or sensoidependent.

FVAL is the value of the frequency.
Flags Condition Codablelnstructions

Fail = 4 Frequency reported is outside the If FVAL> IMAXF or FVALIMINF, flag = 4
YI ydzFl OG dzZNBNR& NI L2
data are failed.

Suspect = 3| Frequency reported is outside the local | f FVAI>LMAXF or FVALLMINF, flag =3
reported frequency range.
Pass =1 Frequency reported is within the local If FVARKLMINF and FVAK_MAXF, flag =1

reported frequency range; data are good.

Test exception: This test is used by those who report wave spectra {ghoectional and directional).

Test specifications to be established locally by the operator.
Example: IMINF = 0.33#z IMAXF = 0.628z LMINF 9©.05Hz LMAXF 8.5Hz

S5tation 873 Spectral Flot Tine: 12=-31-2812 23145 UTC
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Figure 3-6. The plot shows an example of data that would notp&a3stime seriesprrational frequency rangsst.The energat
0.01 Hz is beyond the manufactsecified low frequency detectapability of the buofGraphic courtesy of SIO/CD)P
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LT Time SerieowFrequency Energy (Test 1&equired

The incident lovfrequency energy test determingiflent energy levels at lisaquencies axgithin
allowedvalues as defined by thgeratorLow-frequency gravity waves are constrained by basin dimensions
and depth. Thresholds are based tipemavailable fet@nd the direction of swell waves, so the test could

be carried out as a function of swell direction

Note thatthis test may need havebroad limits or may not be appropriate for data collected in harbqrs, bays
or coastal sitesitiv highly dissipative beachafagravitywaves witlperiodsn the range dd0secondgo

several minutes can often dilaate the energy spectra in these regions, but such waves are beyond the scope
of this document at present.

Check lowfrequency energy and direction

Locationdefined.

Operator defines minimum energy (MINE) and maximum energy (MAXE) as determined dlylaveiith
and swell wave direction at low frequencies. These values are compared to the energy (NRG) levels in
low frequencies.

Flags Condition Codablelnstructions
Fail = 4 N/A N/A
If NRG<MINE oNRG>MAXE, flag = 3

Suspect = 3| If energy is less or greater than the
expectedvalues, data are suspect.

Pass=1 Energy levels are within the If NRGKMINE or NRGKMAXE, flag = 1
expected values.

Test ExceptionNone.

Test specifications to be established locally the operator.
Example: Operators to provide examples as procedures are implemented.
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LT Time Series Bulk Wave Parameters Max/Min/Acceptable Range (TBsifqléed

Thebulkwaveparameterare to be tested against operptorided ranges, including heights (usually
significant wave heights), periods, directions, and spreading parameters.

A test for maximum, minimum, and acceptable range for bulk wave parameters.

The operato shouldestablish maximum and minimum vailsifor the bulk wave parameteraave height
(WVHGT), period (WVPD), direction (WVDIR), and spreading J\(\B&vided. If the wave height fails thig
test, then nobulk wave parameters should be released. Otherwisspgat flags are set.

Operatorsupplies minimum wave height (MINWH), maximum wave height (MAXWH), minimum waveJ
(MINWP), maximum wave period (MAXWP), minimum spreading value (MINSV), and maximum spre
value (MAXSV).

Flags Condition Codablelnstructions

Fail =4 Wave height fails range test. If WHGKMINWH or WWHG¥ MAXWH, flag = 4 for
all parameters

Suspect = 3| Wave period, wave direction, If WWPD< MINWP or WVPB MAXWP, flag = 3.
or spreading value fails range If WVDIR<0.0 or WVDIR 360, flag = 3.
test. If WWSRMINSV or WWVSPMAXSV, flag = 3.

Pass =1 Bulk parameters pass tests. If WHGTHKMINWH and WWHGKMAXWH, and
If WWPDKMINWP and WVPBMAXWP, and

If WVDIRK0.0 and WVDIRG60, and

IF WVSBKMINSYV and WVSRMAXWYV, flag = 1

Test exceptions: None.

Test Specifications are operatedefined and parameter and location dependent

Reject entire record if WWHGT exceeds limit, otherwise reject individualavi& parameter.

Example:  MINWH = @05m, MAXWH = 8 mMINWP = 2 seconds, MAXWP = 16 seconds,
MINSV = 0.07, MAXSV = 1.0
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Figure 3-7. The plot shows an exampledata that may not pass the LT time series bulk wearagiermax/min/acceptable

range ést. The central plot shows multiple instances where the peak waveppenodgds an operajmovided maximum wave

period.(Graphic courtesy of SIO/CD)P
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LT Tim Series Rate of Change (Test-Z®yquired

This test evaluates the rate of change with time, i.e., a maximum limit is placed on the rate of change between
successivdata poirg, orspecific data poing defined times. It can also be considered aeagiike

A test for acceptable rate of change.

This test is applied only to wave heightiverage wave periods, apdrametersthat are a result of expected
changes due to winds and cditate an integration of the whole or relevant portions of tepectrum (e.g.,
wind waves)The test described here uses significant wave height as an example.

The operator selects a threshold value, MAXHSDIFF, and the two most datempoins H(n) and Hn-1)
are checked to see if the rate of changexseeded.

Flags Condition Codablelnstructions

Fail = 4 Rate of change exceeds threshold.| [Hs(n)-Hs(n-1)| > MAXHSDIFF, flagt
Suspect=3| N/A N/A

Pass =1 Test passed. [Hs(n)-H{(n-mOpy X a! - I={ 5L CC2

Test exceptionDoes not apply taliscrete parameters such as peak period or peak dire¢ctiahmay

change abruptlySome operatorslisable this test during known extreme storpvghen many wave
characteristics might change quickly

Test specifications to be established lobabythe operator.

Example: MAXHSDIFF=4. Alternative rate of change tests alecumented in NDBC 4.1.2
Time continuity (NDBC 2009)

Significant Wave Height - Ocean Station Papa
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Figure 3-8. The plot shows an example of data that may nahpdst time series rate dfangetest. Theaime series of significant
wave height (§I shows a rate of change (highlighted by theats) thatnay be excessiy&raphic courtesy of SIO/CD)P
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Neighbor Checest 21) Suggested

Comparison of bulk parameters to nearby sensors

This check has the potential to be the most useful test when a nearby second sensor is determined to
a similar response.

Ideally, redundant waveensors utilizing different technology would belooated and alternately serviced
at different intervals This close neighbor would provide the ultimate QC check, but cost prohibits such 3
deployment in most cases.

However there are very few instances where a second sensor is sufficiently proximate to provide a us¢g
QC check. Justfew hundred meterof horizontalseparationcanyield greatly different resultOnly an
experienced operator can determine the extent to which adjacent waves sensors would agree.
Nevertheless, the test should not be overlooked where it may have application.

This testis simila to the LT time srieswave parameters max/minfkceptablerange (est 19) where the
agreement is constrained to matching the second wave sewibin allowable difference (DeltaJrhe
selected thresholds depend entirely upon the relationship betweentiyeesensors as determined by the
local knowledge of the operator.

In the instructions and examples belolylk parameterdata from one site (W1) are compared to a second
site (W2).
Flags Condition Codablelnstructions

Fail=4 Because of the dynamic nature of N/A
wave fields, no failag is identified
for this test.

Suspect3 | Thedifference threshold between a | [W1-W2| > Delta, flag=3
bulk wave parameter at W1 and W2
is exceeded.

Pass=1 The difference thresholtetween a | W1-W2| <Delta, flag=1
bulk wave parameter at W1 and W2

is not exceeded.
P ———————
Testexception:Surface wave measuring systems may not be subject to the same wave field.

Test specifications to be established locally operator.
Example: |W1H-W2H{ > Delta H
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191 POINT LOMA SOUTH, CA
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Figure 3-9. The plot shows an exampledata that may not pass the neighbor clestkWhile several differences can be seen
between these two buoys, the most noticeable difference is in the peak,periathgTl. Point Loma often reported a much lower
T, than did Mission BafGraphic courtesy of SIO/CD)P
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4.0 Summary

TheQC tests in thig-situwaves document have beempibed from QARTOD workshog®QARTOD

20032009. Test suggestions capranarily fromADCP and buoy operatokghich were refreshea the

2015 updated manuwahereadditional wave observing technologeE®includedWherevepossible,
redundantests have been merg€le tests described here are designed to support a range of wave sensors
and operator capabilities. Some-egétblished programs with the highest standards have implemented very
rigorous QC processes. Otharish different requirements, may utilize sensors with data streams that cannot
support as many QC chetkall have value when used prudently. It is the responsibility of the users to
understand and appropriately utilize data of varying quality, and operst@rovide support by

documenting and publishing their QC processkalance must be struck between theg@nsitive needs

of readtime observing systems dhe degree of rigor that has been applied togadtime systems by

operators with decas of QC experience.

The 21 QC tests identifiedthis manuapplyto wave observations from accelerortmeed buoys

ADCPs ADVs, pressure sensors, @RSed buoys, and other technologiles tests fall into three groups:
required, strongly recommeddand suggested. Some &gy only to ADC®, others only teensors
providing a ST time series in raahe, and some to all wave observatibins individual tests are described
and includeodablanstructions, output conditions, exampiestolds, and exceptions (if any). Sedsal
include a grdyc depiction of real data thetuld fail the test, providing clarity and justification for the test.

Selection of the proper thresholds is critical to a successful QC effort. Thresholds caarbkistasedl
knowledge or statistics derived from more recently acquired data, but they should not be determined
arbitrarily. This manual provides some guidance for selecting thresholds based on input from various
operators, but also notes that operatees thesubject mattegxpertise as well as a sincere interest in
selecting the proper thresholds to maximize the value of theffo@@Jse of existing standards such as
those provided by the WMO or NOAA National Weather Service should be strongly considered.

Future QARTOD reports will address standard QC test procedures and best practices for all types of
common as well as uncommon plaitfs and sensors for all the U.S. I00S core variables. Some test
procedures may take place within the sensor package. Significant components of metadata will reside in the
sensor and be transmitted either on demand or automatically along with thardatdsstre may also

reference metadata througshiform Resource Locatdissimplify the identification of which QC steps have

been applied to datdowever QARTOD QC test procedures in this manual address oHiyreaihsitu
observations ndig by senge on fixedor mooredplatforms. The tests do not include gascessing, which

is not conducted in retiine but may be useful for ecosysarsed management, or delagede, which is

required for climate studies.

Each QC manual is envisioned as a dgrdououment and will be posted on the QARTOD website at
https://ioos.noaa.gov/project/gartod/This process allows for QC manual updates as technology
development occurs for both upgrades of exstingprs and new sensors.
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