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USACE ERDC COASTAL HYDRAULIC LAB (CHL)

Research Oceanographer, Coastal Processes Branch

* Plresponsibilities for USACE projects:
— National Coastal Wave Climate (NCWC) work unit
—  Wave Information Study (WIS) operational and R&D work units
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PROBLEM

+ Knowledge of the wave climatology is required for
planning, design, construction, and maintenance of
USACE projects in the coastal zone

» Information is scarce due to the lack of measurements
at locations over timescales long enough to be
statistically significant

» This lack of information is a critical problem for USACE
operations, and project maintenance near the coast

SOLUTION

» Generation of long-term coastal wave estimates
using spectral wave models forced by high quality
wind fields, to retain continuity

» Validate the model estimates to measurements

» Provide easy access to the estimates and tailored
products specific to project needs

IMPACT

* Fully automated hindcast system with limited manual
intervention

» Model simulations cost-effective compared
measurements

» Timely web site updates with new wave estimates

-Alave Information

The Wave Information Study (WIS): wave
climatology needed for planning & design,
construction & maintenance of USACE
coastal projects — observations too
expensive, so WIS fills in the gaps

WIS provides long-term (~1970) wave
estimates along all US coasts, including the
Great Lakes, for pre-selected output
locations

Hindcast wave estimates (height, wave
period, and direction) and directional
spectral estimates

USACE ERDC CHL WIS Portal:
https://wisportal.erdc.dren.mil/



https://wisportal.erdc.dren.mil/
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77— NATIONAL COASTAL WAVE CLIMATE (NCWC)

FY20-22 THRUSTS | w——r

e National Data Buoy Cente

Center of Excellence in Marine Technology

Question: How accurate are the wave measurement data that are used for
USACE WIS validation, wave related R&D and wave model improvements?

@ National Centers for
Envi

Goal: Clean Data for Assimilation — USACE wave applications and climate
trend analyses

A. Observational data storage errors — develop a clean, quality controlled Bl CSricmment
measurement archive.

= NOAA NWS National Data Buoy Center (NDBC)
=  Fisheries and Oceans Canada Marine Environmental Data Section (MEDS)

s e QD& Monitoring and Prediction of
= —= Waves and Shoreline Change

coastal daia information program

Uses: Instrument and Platform evaluations:

= NDBC hull size and wave instrumentation variations

Uses: Wave Power Trends:

= Using USACE QCC measurement archive and WIS data to track spatial and temporal
variation in wave fields.



77~ A.NDBC OBSERVATIONAL DATA STORAGE SOURCES

NOAA NWS National Data Buoy Center NOAA National Center
(NDBC) for Environmental
Information (NCEI)

= (Cleanest data - manually QC by NDBC MCC data analysts.

= |ndividual annual files for stdmet and spectral data — formats
differ over the years

= No metadata besides date and time, e.g. no GPS positions or
instrumentation metadata

= No secondary (redundant) sensor data

= Contains unidentifiable data from:
= time periods where the buoys were adrift
= during service periods (when the buoys were physically

on board ships for maintenance)

= No uncorrected spectral data (c{}), which is necessary if the

user would like to calculate their own integral wave data

= Official archived for NOAA, i.e. the
‘best’ NDBC data

= Data pulled from real-time NDBC
data stream - subjected to a very
broad, automatic QC protocols

= Single year_month netCDF file for all
data — formats differ over the years

= |ncludes metadata, e.g. GPS positions
and instrumentation metadata

= |nstrumentation metadata is
inconsistent throughout the years, as

Station 46029 (LLNR 688) - COLUMBIA RIVER BAR - 20NM West of well as within each file’s payloads
Columbia River Mouth
Ouned and maintained by National Data Buoy Center W T DD T mm WDIR WSPD GST WWRT OPD APD MWD PRES ATAR WP DEw VIS TIOE = |ncludes primary a nd seconda ry
46.163 N 124.487 W (46°9°48" N 124°29'12" W) #yr mo dy hr mn degT m/s m's  m  sec  sec deg it
2022 01 01 €0 00 55 3.5 5.5 99,00 99.00 99.00 999 8 7.3 -6.999.0 99.00
Available historical data for station 46029 inlude: 2022 01 61 00 10 67 3.3 5.8 99.08 99.00 99.09 999 3.7 7.4 -1.299.8 99.00 sensor Outputs
Ny 2822 @1 @1 @0 20 64 2.9 5.1 99.00 99.90 99.80 999 3.8 7.3 B .2
« Quality controlled data for 2022 (data descrintions) 2022 01 01 00 30 70 2.5 4.9 99.00 99.00 99.00 999 3.8 7.4 -0.899.099.00 C . . epe
- Standard meteorological data: Jan 2022 01 61 00 40 S8 3.1 5.0 2.64 11.43 7.35 305 3.7 7.4 -1.099.0 99.00 [ ] d f bl d f m
- Spectral wave density data: Jan ar 2822 @1 @1 80 56 67 3.8 5.1 99.60 99.09 99.80 999 3.7 7.5 B .0 99.00 Ontalns I entl Ia e ata ro
Spectral wave (alpha1) direction data: 2022 01 01 01 00 55 3.2 5.2 99.00 99.00 99.00 999 3.7 7.5 -1.299.0 99.00 . .
irecti 120 Feb lar 2022 01 61 01 10 50 3.0 5.6 99.00 99.00 99.00 999 3.7 7.4 -1.999.099.00 n d h h b
Spectral wave alpha2) direction data: Jan Feb 2022 01 01 0120 70 3.4 5.4 99.00 9.0 59.60 593 37 755 22990 5500 time periods where the buoys
Spectral wave (rf) direction data: Jan Feb Mar Aor May Jun 2822 @1 @1 @1 30 73 3.6 5.8 99.60 99.00 99.80 999 3.7 7.5 ] o0
Spectral wave (r2) direction data: Jan Feb Ma o e T e e .
— 2g22 o1 @l e1 40 7@ 4.1 6.1 2.61 10.81 7.43 309 3.8 7.5 . .2 99.00 d ft
Supplemental Measuremens data 2022 01 01 0150 57 4.2 6.6 9.00 35.00 59.60 593 Sls 7l5 223900 3960 were adarl
« Historical data (data descriptions) 2022 01 61 02 60 70 4.3 6.3 99.00 99.00 99.09 999 3.8 7.5 -2.599.099.00
Standard meteorological data: 1934 1985 1985 1987 1901 1992 1093 1994 1905 | | 2622 @1 61 62 10 63 4.4 6.4 99,00 99.00 99,60 599 3.8 7.3 -2.393.0 99.00 . . .
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2022 01 61 62 20 73 4.9 6.8 99.00 99.00 99.00 999 3.7 7.3 -1.999.0 99.00 b d uri ng service pe rlOdS (When the
2010 20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2622 01 61 02 30 74 4.7 7.6 99.00 99.00 99.80 999 3.7 7.4 -2.199.099.60
- Continuous winds data: 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2022 01 61 02 40 76 4.2 7.8 2.52 10.81 7.86 306 3.7 7.3 -2.899.0 99.08 H
e aan 2022 61 01 02 50 75 4.0 6.5 93,00 39.00 59,00 950 37 772 s esl0 000 bquS were phys|ca”y on board
enertral wave d. 2822 @1 @1 @3 ee 77 4.8 7.4 99.00 99.00 99.80 999 3.6 7.4 . .2 99.00
2022 01 01 83 10 75 5.0 7.9 99.00 99.00 99.00 999 3.5 7.3 -1.699.0 99.00 . .
2022 01 61 03 20 76 5.2 7.6 99.08 99.00 99.09 999 3.3 7.2 -1.899.099.00 h f m
2822 @1 @1 83 30 69 5.8 7.8 99.60 99.0@ 99.80 999 3.3 7.4 . .8 99.00 S Ips Or alntenance)' s
2022 01 01 0340 74 5.2 7.2 2.31 10.00 7.60 295 3.3 7.5 -2.299.0 99.00 -
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2022 01 01 63 56 73 5.0 7.3 99.90 99.00 99.80 999 3.3 7.3 -2.599.0 99.08 | d ” I =
2017 2018 2019 2020 2021 2022 01 01 04 00 73 5.1 7.1 99,00 99.00 99,80 999 3.2 7.3 -2.3 99.0 99.00 " | nciuaes a spectra wave -
Spectral wave (alpha2) direction data: 1997 1995 1999 2000 2001 2002 2003 2022 91 61 @4 10 79 5.5 7.7 99.00 99.00 99.00 999 3.1 7.4 -1.599.0 9. -
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2022 01 01 @4 20 73 5.7 7.9 99.00 99.00 99.20 999 3.6 7.5 -1.899.0 99.00 : f : : I d : d -
2018 3018 2020 2021 2022 01 01 0430 75 5.5 5.4 92.00 99.00 99.60 599 23 7.5 -2.099.0 99.00 information, including uncorrecte -
ral wave (r1) direction data: 1997 1998 1999 2000 2001 2002 2003 2004 2022 01 61 64 40 77 6.6 8.9 2.5312.12 7.56 310 2.9 7.6 -1.499.0 99.00 =
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 B o Bl B 2ETE 20 S eCtra| data (Cm ) B
2018 2020 2021 ] 2022 61 01 05 20 51 7.1 10.1 95.00 99.00 99,08 999 29 7.7 1890900 p 11 2
* Spectral wave (r2) direction data: 1997 1998 1999 2000 2001 200220032004 | | 2022 1 01 5 20 76 7.0 9.7 99.08 99.00 99.60 999 2.8 7.7 -1.7 99.0 99.00 ]
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2013 2622 01 61 @5 30 79 6.5 9.0 99.08 99.00 99.80 999 2.8 7.7 -2.299.0 99.60 o
2019 2020 2021 2022 91 01 0540 8 6.6 9.4 2.3612.12 7.36 305 121.3 2.8 7.8 -1.8 99.8 99.00 ;
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‘_—A. NDBC OBSERVATIONAL DATA STORAGE ERRORS

NDBC Stations 42059 and 41001 locations before and after geographical QA/QC

Station 42059 NDBC GPS Positions Station 42059 NDBC GPS Positions « NDBC original * NDBC archive
-
o i
11 A M m ) el
Station 41001 NDBC GPS Positions * NDBC original * NDBC archive

Hs (m)

Ol B )

Station 41001 NDBC GPS Positions

B
4

34°N 1

Latitude

Latitude

76°W T4°W 72°W

70.'W
Longitude Longitude Hall and Jensen, 2022




= A. NDBC OBSERVATIONAL DATA STORAGE ERRORS

NDBC Website Data

Manually QA/QC by NDBC Mission Control
data analysts

No metadata other than date and time, e.g. no
GPS positions or instrumentation metadata

No secondary (redundant) sensor data or
indication of sensor switch

No uncorrected spectral wave data (C;;,)

!

Step 1:
Download
data
t

NCEI NetCDF Data

Data pulled from real-time NDBC data stream
= Automatic QA/QC protocols (flagged, not
removed)

Includes metadata— however, metadata are
inconsistent through time

Includes primary and secondary sensor
outputs, including release flags

Includes uncorrected spectral wave data (Cy;,)
netCDF formats change frequently over time

Step 2:
Concatenate
yearly / monthly
data files for
each data source

NDBC Buoy Metadata
Spreadsheets — station
specific metadata

(constructed from the NDBC database
and original NDBC service technician

log books)

—)

Step 3:
Validate
NCEIl metadata

=

I

Literature review
for buoy and
instrument
specifications

Step 4:
a) Compare,
b) geographically
QA/QC,

c) attach NCEI
verified
metadata to
NDBC data
source

‘Best’ data set includes...

NDBC station data:

+ hull, depth, mooring, payload variables for
each date/time record

NDBC meteorological data:

+ wind direction, wind speed, wind gust, air
pressure atsea level, air temperature, sea
surface temperature

NDBC wave data:

« significant wave height, dominant and peak
periods, mean wave direction, spectral c,;
alpha, and alpha,, r; and r,

NetCDF files contain:

+ ‘Best’ data variables with QC flags

* metadata variables with QC flags

+ global attributes that mirror NDBC
netCDF global attributes were
possible

« variable attributes for data and
metadata variable fields

=11

|
Step 5:
Create ‘Best’ data
set

t

!

Step 6:
Create year_month
netCDF data files
from ‘Best’ data set
for USACE Archive

‘Best’ data set includes...

NCEIl metadata:

+ metadata variables for NDBC meteorological
and wave data fields for each date/time
record

NCEl wave data:

* spectral ¢y;,, and metadata

t

NetCDF files are:

Climate and Forecast (CF)
compliant with discoverable
standard names and long names
Missing data fill value =-999.99

7

Hall and Jensen, 2022



= A. NDBC OBSERVATIONAL DATA STORAGE ERRORS

NDBC station 41008 geographically QA/QC spectral wave energy (C;;)

NDBC vs NCEI ¢11 mean and SD for 2017 T NDEC GeeClean T NDEC
—&— SD GeoClean 7 SDall
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A. NDBC OBSERVATIONAL DATA STORAGE ERRORS

Both re-published in the UNESCO / 10C Ocean Best
Practices (OBP) Repository:

Repository of community practices in Ocean Research,
Applications and Data/Information Management

Hall, C. & R.E. Jensen. 2022. USACE Coastal and Hydraulics Laboratory
Quality Controlled, Consistent Measurement Archive. Scientific Data 9:248.
https://doi.org/10.1038/s41597-022-01344-z

OBP Repo: https://repository.oceanbestpractices.org/handle/11329/2063

https://repository.oceanbestpractices.org/

cean best

practices

I®DE &\.:.
g unesco

Thie Global Ocean
Dbaerving $ystem

Hall, C. & R.E. Jensen. 2021. Utilizing Data
from the NOAA National Data Buoy
Center. ERDC/CHL CHETN-I-100.
Vicksburg, MS: U.S. Army Engineer
Research and Development Center.
http://dx.doi.org/10.21079/11681/40059

ERDC/CHL CHETN-1-27
MONTH 2021

Utilizing Data from the NOAA National
Data Buoy Center

By Candice Hall and Robert E. Jensen

US Army Corps
of Engineers,,

OBP Repo:
http://dx.doi.org/10.25607/0OBP-1087

PURPOSE: This Coastal and Hydraulics Engincering Technical Note (CHETN) guides users
through the quality control (QC) and processing steps that are necessary when using archived US.
National Oceanic and Atmospheric Administration (NOAA) National Data Buoy Center (NDBC)
wave and meteorological data. This CHETN summarizes methodologies to geographically clean
and QC NDBC measurement data for use by the US. Amy Corps of Engincers (USACE) user
community.

almost all coastal engincening studies” (USA
along all U.S. coasts can become cost prohibitiv

OPEN

DATADESCRIPTOR
: Consistent Measurement Archive

: Candice Hall O**2 & Robert E. Jensen®

www.ma\ure.:om,‘scie ntificdata
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i USACE Coastal and Hydraulics

Laboratory Quality Controlled,

© The US AmmyCorps of USACE)

: C
INTRODUCTION: The USACE acknowledges that “I of wave conditions are nceded in . i ol oplcotions Hame s, NDSC Aot v acesble do e achive cochafth o
002, 11-1-1). The expense to monitor waves © W source-: spe(ﬁl( ;mm;a metadata, and quality. I ;, which result in
however, the importance of wave measurements | nthe o usace Jable NDBC
is real The USACE has adopted a paradigm of strtegically positioning wave measurement sites i acc Archive;
to maximize their effectiveness and filling in the gaps with model estimates. To satisfy this : in data quality via parameter examples.
: Notethattl known rldwsnmverrfyquuilrtyfmman

requirement, in the 19705, the USACE developed the Wave Information Studics (WIS) lhal
computes long-term (over 4 decades), hourdy wave along all U.S, I
the Great Lakes and U.S, islind temitories (USACE 2020),

The WIS wave estimates require in situ buoy wave data for validation and calibration similar to
that of Ortiz-Royero and Mercado-Irizarry (2008); Regucro ct al. (2012); Rusu and Guedes Soares
{2012); Van Nicuwkoop et al. (2013); Stopa and Cheung (2014); Stopa and Mouche (2016), One

 alternate source. This self. describing, USACE Q.CC
 of consistently stared, geographicallyQ A/QCd NDBC data and madna

¢ Background & Summary

: Oneofthe US. Army Corps of Engineers (USACE) misskons
: in the coastal waters of the US. These activities include sediment transport, hardened structures, harbor nav-
¢ 1gabilty, chimate resthence and coastal protection, all of which require knowldge and assessment of the wave

source of WIS validation data is the NDBC network of logical and wave me: t : climate. For P"“""]mﬂm e USACE wave related requice accurate and
buoys. To that end. USACE sponsored an Investigation info uncertalnty errors in the wave measurement systems

NDBC has deployed buoys with wave measurement capabilitics around the U.S. coastline and the
Great Lakes since the 1970s. Long-term time scries data from a single buoy site have cxpsmn“d
multiple instrumentation modifications and data archival des with ady in

Between 1970 and 2020, NDBC has deployed at keast eight directional wave measurement .\y.\lcms
for operational or experimental use (¢.g., Steele ctal. 1985; NDBC 1996; NDBC 2003; Teng ctal.
2007; Crout ct al. 2008; Teng ct al. 2009; Riley et al. 2011; Hall ct al. 2018g; Riley et al 2019).

While NDBC has worked hard to minimize the effects of the modifications on its data (c.g., Teng
and Timpe 1995; Teng et al 2007; Riley and Bouchard 2015; Hall ¢t al, 2018a), different versions
of these data are archived inmultiple online locations, cach with their own sct of storage protocols.
Ifthese dataare used without prioe knowledge of these archival idiosyncrasies, use of the measured
data in wave-rclated rescarch activitics may be P
required to achieve the best available time-series datasets for all buoy data collected by NDBC
since the 1970s.

¢ that are used for evaluating products such as their Wave Information Study (WIS), a wave hindcast effort that
¢ serves as the basls for resolving the ULS. wave climate. OF particular interest are measurement errors thal may
; compromise wave model evaluations. These errors may be indistinguishable from wind forcing of wave model
; deficiencics, and may transfer o other USACE wave and costal applications.

One source of validation data is Oceante and (NOAA) National

* Data Buoy Center (NDBC) tn sttu buoy meteorological and wave measurements. As of 2022, NDBC publishes
: ther data via fwo differsnt streams: feal me and historical. The real tims data feed undergoss brosd. sutomated
i QA/QC protocols' to meet emergency management and forecasting agency latency commitments that require
i swift publication to the Global Telecommunications Sysiem (GTS). These ‘Real Time Data' files are also pub-
: lishad within indrvidual stattons pagees on the NDBC website 23 tabular fles that are contanuslly updated and
i cover the last forty-five day noaa gov/station @station = 41009).

Once latency commitments are met, NDBE manually QA/C' these data and stores themn wiihin station

 specific* Historical Data text iles on their webslt on 3 monthly basts (e.g. hitps:/fwiww.ndbe noaa.povstation
; historyphpistation — 41009). As per NOAA requirements, NDBC archives their data on a mondhly basts 1n the
{ official NOAA mms which are found a the National Cener or Enﬂmnmn\lal]nfnmmmﬂ (NCEI; hitps:/i

; wnaceooga ovc datahasel). NDB te data anmually
" and copy thesedola In . Us s Motk Cormmon Dat Fora {netCDF) forml for starege on the NDBC
§. This CHETN izes the steps ; Distributed framework (DODS: icatalog]

¢ datalcatalog htmi), Essﬂlllaltv. llu: NDRC websiteand the DODS may bi-cm\sidtﬂd as a;mw source of NDBC
: historical data that are stored in different formats.

| "USACE Engineer Research and Development Centes, Vicksburg, MS, USA. “Department of Oceanography,
I University of Cape Town, CapeTown, South Africa. Pe-mail: candics hall@usace sy mil

SCIENTIFICDATA|  (2022)9:248 | epsddol orgl10.1030/541 597-022- 01345 2 1
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= A. MEDS OBSERVATIONAL DATA STORAGE

Fisheries and Oceans Canada Marine Environmental Data Section (MEDS)

= Wave data: https://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/waves-vagues/data-donnees/index-eng.asp

= Single files for historical bulk wave parameters (.csv) and metadata (.csv)

= Single year to date (y2d) files (.fb) S i s suen L ss
. 0.00000E+00GSPD U.QQQIU]‘H»UEADRYT 0.18300E+402SSTP 0.420S7E+02LTGS

1 . 1] . 8 - ] . S
Annual spectral data files (.fb) w———————————————————————————) | oo oo e

0
0.3906E-02 0.3906E-02 0.1606E-01 0.7313E-02 0.3906E-02 0.1451E-01
0.1172E-01 0.3906E-02 0.1211E-01 0.1563E-01 0.3906E-02 0.8540E-02

Year to Date of Spectral Annual Files of Spectral 0.1953E-01 0.3906E-02 0.5027E-02 0.2344E-01 0.3906E-02 0.2499E-02

Configuration All CSV Data pata Data 0.2734E-01 0.3906E-02 0.1187E-02 0.3125E-01 0.3906E-02 O0.3512E-03
0.3516E-01 0.3906E-02 0.1491E-03 0.3906E-01 0.3906E-02 0.2003E-04
0.4297E-01 0.3906E-02 0.4460E-04 0.4688E-01 0.3906E-02 0.9603E-04

45149 coy 0.5078E-01 0.3906E-02 0.2590E-03 0.5469E-01 0.3906E-02 0.3145E-04
0.5859E-01 0.3906E-02 0.3641E-04 0.6250E-01 0.3906E-02 0.2242E-04
2128 0.6641E-01 0.3%06E-02 0.2778E-04 O0.7031E-01 0.3906E-02 0.6117E-04
CA5149 CSV.IIP 0.7422E-01 0.3906E-02 0.436lE-04 0.7813E-01 0.3906E-02 0.2003E-04
0.8203E-01 0.3906E-02 0.4410E-04 0.8594E-01 0.3906E-02 0.4122E-04
® £45149 Y2D.zi 182 H 0.8984E-01 0.3906E-02 0.1830E-04 0.9375E-01 0.3906E-02 0.3431E-04
. - Actlons: 0.S766E-01 0.3906E-02 0.2778E-04 0.1016E+00 0.3906E-02 0.3766E-04
@ SIS 459 0.1055E+00 0.39%06E-02 0.1750E-04 0.1113E+00 0.7813E-02 0.2426E-0%
@ C4514% 2001.71F 770.7 ™ . 0.118S1E+00 0.7813E-02 0.2747E-04 0.1270E+00 0.78l3E-02 0.4361E-04%
_— Data ext racted rom various 0.1348E+00 0.7813E-02 0.2596E-04 0.1445E+00 0.1172E-01 0.4719E-04
@ C45149 2002.21P 0.1563E400 0.1172E-01 0.3600E-04 0.1699E+00 0.1563E-01 0.3327E-04
. 0.1875E+00 0.1953E-01 0.4361E-04 0.2090E+00 0.2344E-01 0.5283E-04
@ C45145% 200371F 15145 fo rm ats for COhS'Stency 0.2344E+00 0.2734E-01 0.5050E-04 0.2676E+00 0.3906E-01 0.3940E-04
0.3086E+00 0.4297E-01 0.3216E-04 0.3652E+00 0.7031E-01 0.4832E-04
@ £45149 2004.21F 1.390.2 0.4512E400 0.1016E400 0.5342E-04

@ 45149 200571P 1.562.6 = Ava”able metadata Sourced and e 3 Lake Zuron cisles

43.5330 81.9670 58.0(2000 5 3 @23 34.1 0.100E+01 1 13 3 2 41
0.21000E+03WDIR 0.22000E+01WSPD 0.36000E+01GSPD 0.00000E+00WDIR O.000C00E+00WSPD

m e rge d Wit h CO n Cate n ate d fi I eS 0.00000E+00GSPD 0.98910E+03ATHS 0.16900E+02DRYT 0.18500E+02SSTP 0.42097E+02LTGE

0.83113E+02LNGS 0.66081E-0LLCF$ 0.20000E+01LRFS

@ £45149 2006.71F 13515

@ 45145 2007.71F

® ) 0.02VCAR 0.00VWHS 0.00VCMX 2.22VIPK 2.20VIPS
£45149 20082ip 3751 u D t QC d M EDS QC 0.3906E-02 0.3906E-02 0.1662E-01 0.7813E-02 0.3906E-02 0.1607E-01
DEErTET : ala were as pe r 0.1172E-01 0.3906E-02 0.1254E-01 0.1563E-01 0.3906E-02 0.8355E-02
s — . 0.1953E-01 0.3906E-02 0.5203E-02 0.2344E-01 0.3906E-02 0.2586E-02
@ Cas148 2010.p p— Cod es 0.2734E-01 0.3906E-02 0.9374E-03 0.3125E-01 0.3906E-02 0.3285E-03
" B 0.3516E-01 0.3906E-02 0.1064E-03 0.3906E-01 0.3906E-02 0.2780E-04
@ 45149 2011.21F 957.3 0.4287E-01 0.3906E-02 0.3522E-04 0.4688E-01 0.35906E-02 0.9185E-04
] E t d m th tCDF 0.5078E-01 0.3906E-02 0.3285E-03 0.5469E-01 0.3906E-02 0.3727E-04
@ 45145 2012 71F 1 Xpor e as yea r_ On ne 0.5859E-01 0.3906E-02 0.3292E-04 0.6250E-01 0.3906E-02 0.3562E-0%
0.6641E-01 0.3906E-02 0.2295E-04 0.7031E-01 0.3906E-02 0.3769E-04
LEEE fl |es 0.7422E-01 0.3906E-02 0.3887E-04 0.7813E-0l 0.3906E-02 0.3367E-0%
® Ca5148 20102ip L4493 0.3203E-01 0.3%906E-02 0.3182E-04 0.8594E-01 0.3906E-02 0.4617E-04
I o 0.8984E-01 0.3906E-02 0.3685E-04 0.537SE-01 0.3906E-02 0.2540E-04
® C45149 2015.2ip | 5765 0.ST66E-01 0.3906E-02 0.3685E-04 0.1016E+00 0.35906E-02 0.3147E-04
= 0.1055E+00 0.3906E-02 0.3147E-04 0.1113E+00 0.7813E-02 0.2748E-04
@ 45148 201671F 1,243.0 0.1181E+00 0.7813E-02 0.2687E-04 0.1270E+00 0.7813E-02 0.2004E-04
0.1348E+00 0.7813E-02 0.2657E-04 0.1445E+00 0.1172E-01 0.4267E-04
@ 45149 2017.2ip 1.347.5 0.1563E+00 0.1172E-01 0.4463E-04 0.1699E+00 0.1563E-01 0.4033E-04
@ cas a5 20 _ 0.1875E+00 0.1953E-01 0.3367E-04 0.2090E+00 0.2344E-01 0.3147E-0%
Hais 20 BEPR 62 0.2344E+00 0.2734E-01 0.3111E-04 0.2676E+00 0.3906E-01 0.3147E-04
@ C45149 2015217 |6 0.3086E+00 0.4297E-01 0.3292E-04 0.3652E+00 0.7031E-01 0.3769E-04
S 0.4512E+00  0.1016E+00 0.4596E-04
5145 2ip 106,
@ 45145 2020 1,106.1
@ £45145 2021.2ip 12112
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https://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/waves-vagues/data-donnees/index-eng.asp

i
-

e
USACE QCC MEASUREMENT ARCHIVE SOURCES
1. USACE ERDC CHL WIS Portal: 2. USACE ERDC CHL Data Server (Thredds): NDBC & MEDS
https://wisportal.erdc.dren.mil/ https://chlthredds.erdc.dren.mil/thredds/catalog/buoys/catalog.html
. WIS Data POTtB' I r—— : —~ CHL ‘»"EERDC CHL Data Server

Dataset

ﬁ NDEC/41801/

4leal.nc4

410@l.ncml

1978

,a
)
<
©

,a
i}
@
©

1981

BEEBEO8B8888E

1988

3. 1970 — 2021 Static NDBC Archive in the ERDC Knowledge Core:
Hall, C. & R.E. Jensen. 2022. USACE QCC NDBC Measurement Archive. ERDC Knowledge Core, Engineer Research
and Development Center, Coastal and Hydraulics Laboratory. http://dx.doi.org/10.21079/11681/43121
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https://wisportal.erdc.dren.mil/
https://chlthredds.erdc.dren.mil/thredds/catalog/buoys/catalog.html
http://dx.doi.org/10.21079/11681/43121

QUESTIONS?




