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PURPOSE: This Coastal and Hydraulics Engineering Technical Note (CHETN) guides users
through the quality control (QC) and processing steps that are necessary when using archived U.S.
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 U.S. Army Corps of Engineers (USACE) user
community.

INTRODUCTION: The USACE acknowledges that “Estimates of wave conditions are needed in
almost all coastal engineering studies” (USACE 2002, II-1-1). The expense to monitor waves
along all U.S. coasts can become cost prohibitive; however, the importance of wave measurements
is real. The USACE has adopted a paradigm of strategically positioning wave measurement sites
to maximize their effectiveness and filling in the gaps with model estimates. To satisfy this
requirement, in the 1970s, the USACE developed the Wave Information Studies (WIS) that
computes long-term (over 4 decades), hourly wave estimates along all U.S. coastlines, including
the Great Lakes and U.S. island territories (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); Reguero et al. (2012); Rusu and Guedes Soares
(2012); Van Nieuwkoop et al. (2013); Stopa and Cheung (2014); Stopa and Mouche (2016). One
source of WIS validation data is the NDBC network of meteorological and wave measurement
buoys.

NDBC has deployed buoys with wave measurement capabilities around the U.S. coastline and the
Great Lakes since the 1970s. Long-term time series data from a single buoy site have experienced
multiple instrumentation modifications and data archival upgrades with advances in technology.
Between 1970 and 2020, NDBC has deployed at least eight directional wave measurement systems
for operational or experimental use (e.g., Steele et al. 1985; NDBC 1996; NDBC 2003; Teng et al.
2007; Crout et al. 2008; Teng et al. 2009; Riley et al. 2011; Hall et al. 2018a; Riley et al. 2019).

While NDBC has worked hard to minimize the effects of the modifications on its data (e.g., Teng
and Timpe 1995; Teng et al. 2007; Riley and Bouchard 2015; Hall et al. 2018a), different versions
of these data are archived in multiple online locations, each with their own set of storage protocols.
If these data are used without prior knowledge of these archival idiosyncrasies, use of the measured
data in wave-related research activities may be compromised. This CHETN summarizes the steps
required to achieve the best available time-series datasets for all buoy data collected by NDBC
since the 1970s.

Approved for public release; distribution is unlimited.
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NDBC ARCHIVAL DATA SOURCES: NDBC currently archives its data in three places:

1. Source 1: NDBC website individual station pages: Historical data (e.g., for Station 44014:
https.//'www.ndbc.noaa.gov/station_page.php?station=44014).

2. Source 2: The official NOAA archives, which are located at the National Centers for
Environmental Information (NCEI) (e.g., https.// www.ncei.noaa.gov/access/marine-
environmental-buov-database/).

3. Source 3: The NDBC Distributed Oceanographic Data Systems framework, which uses the
Thematic Real-time Environmental Distributed Data Services (THREDDS) (e.g.,
https.//dods.ndbc.noaa.gov/thredds/catalog/data/catalog. html).

The NDBC website (Source 1) stores data in compressed text files while the NCEI and THREDDS
data (Sources 2 and 3, respectively) are stored in Unidata's Network Common Data Form (netCDF)
files. NDBC collates their website data (Source 1) annually and mirrors these data on the NDBC
THREDDS (Source 3) in netCDF format, meaning that these may be considered as a single source
of NDBC data that are stored in different formats. This CHETN describes data storage protocols
and issues between the first two, non-matching archival sources: the NDBC website (Source 1)
and the official NOAA archives at NCEI (Source 2). For simplicity, NDBC data sourced from the
NDBC website will be defined as “NDBC” data, while NDBC data sourced from the official
NOAA Archives at the NCEI will defined as “NCEI” data. The reader should remember
throughout this CHETN that the data should be identical as they are collected from the same buoy
site and instrument. The user should also be cognizant of the availability of different variables
within these datasets, which are an expected result of altered sampling protocols, instrumentation
and technological advances over the decades. Of note is that the scope of this work only covers
data collected by NDBC and not partner data that are sent to NDBC for publishing (e.g., buoy
stations funded and maintained by universities and other agencies), as NDBC does not QC those
partner data.

NDBC Website Data. These published NDBC data are the most accurate to date, as they have
been subjected to manual QC by NDBC Mission Control Center (MCC) data analysts (NDBC
2009). They display the most consistent structure in reported variables and nomenclature over
time. These datasets typically contain NDBC wave data: significant wave height, dominant (peak
spectral) and average (mean) periods, mean wave direction at the peak frequency, spectral wave
density data (c11), the four Fourier directional parameters for spectral wave direction data (alphai,
alphay, 11, and r2), and meteorological data: wind direction, wind speed, wind gust, air pressure at
sea level, air temperature, and sea surface temperature. NDBC has consistently documented
parameter definitions and methodologies applied in the resulting wave measurements (Steele et al.
1985; NDBC 2009; NDBC 2018a; NDBC 2018b).

Of note is that NDBC data are stored with only dates and time, and no other metadata. There are
no indications of changes in buoy location or buoy systems (e.g., hull characteristics,
instrumentation characteristics, nor sensor elevation above the water surface). This omission leads
to multiple identification issues for end-users. For example, when deriving 10-meter winds, what
were the anemometer heights, air, and water temperatures? For determining the buoy location
(which is not always a given even for moored buoys as they sometimes break loose from their
mooring and go adrift; or they are physically pulled aboard a ship for regular servicing; or the
station location is changed), what were the Global Positioning System (GPS) metadata?


https://www.ndbc.noaa.gov/station_page.php?station=44014
https://www.ncei.noaa.gov/access/marine-environmental-buoy-database/
https://www.ncei.noaa.gov/access/marine-environmental-buoy-database/
https://dods.ndbc.noaa.gov/thredds/catalog/data/catalog.html
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Additionally, data stored without metadata do not indicate which instrumentation (sensor-payload)
are used to collect the data. As most NDBC buoys presently contain secondary (redundant)
meteorological sensors, MCC data analysts switch between sensors as necessary to ensure an
unbroken data stream from each station. However, most instrumentation have their own collection
and processing protocols and algorithms, and these differences manifest in the final data product.

NCEI NetCDF Data. NetCDF NDBC datasets stored at NCEI are considered by NOAA to be its
official archived data source. In 2011, NDBC implemented a procedure to store data in netCDF
format on the NCEI server. Since then, archived NDBC datasets have been sourced from the
NDBC real-time data stream (instead of the NDBC database), which, due to latency commitments,
are only subjected to very broad, automatic QC protocols”. In other words, these data are not
manually reviewed for accuracy. The NDBC netCDF construction process also introduces errors
into the file structure. These generated netCDF files were not reviewed for errors prior to
publishing until 2018.

Prior to 2011, NCEI data were stored in coded form (required a decoder to access the data). In
2020, NDBC converted the pre-2011 data files into netCDF format. This conversion resulted in
different netCDF structures and file naming conventions for the pre- and post-2011 data files.
Regardless, all NCEI-sourced NDBC data are now in netCDF format.

Fortuitously, the NCEI datasets do contain metadata, such as GPS positions, primary and
secondary (where available) sensor information, and software versions. Data that are collected
during time periods where the buoys were adrift, or during servicing periods, are identifiable, as
are the different instruments that were used to collect the published data.

While the NCEI datasets include all the NDBC meteorological and spectral wave information that
are stored on the NDBC website, they also include uncorrected spectral energy wave data (Ciim)
and spectral co- and quad-spectra (Ci2, Ci3, C22, C33, Qi2, Q13, C22, C33, C23, and Q23) as well as
four data quality assurance parameters (gammap, gammas, Phin, R"/q): see Appendix A for
explanations of these parameters. These additional spectral wave data allow for the recalculation
of spectral wave energy and integral wave parameters to circumvent any processing applied to
these data during NDBC shoreside protocols.

PROCESS TO CREATE A BEST AVAILABLE NDBC DATASET: As the NDBC website
and NCEI netCDF data files provide complementary information, both should be combined to
develop a best available dataset for each NDBC station location.

NDBC Website Data Downloads. NDBC wave and meteorological data are stored in multiple
files within the “Historical Data & Climatic Summaries” page of the individual station’s webpages
(NDBC 2020). Data are stored in text files and zipped by month for the current year and by year
for the previous years (Table 1). Individual files are stored per dataset type using the following
associated file nomenclatures (in parentheses) and file codes [in square brackets]: standard
meteorological (stdmet [h]); spectral wave density (swden [w]); spectral wave (alpha;) direction
(swdir [d]); spectral wave (alphay) direction (swdir2 [i]); spectral wave (r1) direction (swrl [j]);

* S. DiNapoli. October 2018. NDBC. Personal communication.
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and spectral wave (r2) direction (swr2 [k]). Downloaded files require unzipping to access the data
in text format.

Table 1. NDBC website download Uniform Resource Locators (URLs) for zipped text
data files.

Yearly data file URL https://www.ndbc.noaa.gov/data/historical/swden/46029w1996.txt.gz
Monthly data file URL https://www.ndbc.noaa.gov/data/swden/Jan/4602912020.txt.gz

NCEI NetCDF Data Downloads. NDBC wave and meteorological data are stored in the NCEI
Coastal Buoy Data Archive with unique “Station” identification webpages (NCEI 2020a). Data are
stored in netCDF files by month for each year. When a buoy is serviced, a second deployment (D)
netCDF file is created for the balance of the month, meaning that multiple deployment files may be
available for a single month. The deployment number designation can reach up to 10 (as of August
2020). Note that the “10” does not mean that the station was serviced 10 times in 1 month.

NCEI has modified its website and server URLs to reflect its name change (the National
Oceanographic Data Center was reformed as the National Center for Environmental Research).
Table 2 shows the different pre- and post-2011 URLs and naming conventions. For more
information on the netCDF data file naming conventions, see the NCEI information about the
netCDF data files in the NOAA Marine Environmental Buoy Database (NCEI 2020b).

Table 2. NCEIl download URLs for NDBC netCDF data files.

NCEI

Download URL for Station 44014 prior to April 2020

Pre-
2011

https://data.nodc.noaa.gov/thredds/fileServer/ndbc/cmanwx/2006/12/44014_200612.nc

Post-
2011

https://data.nodc.noaa.gov/thredds/fileServer/ndbc/cmanwx/2011/01/NDBC_44014_201101_D1_v00.nc

NCEI

Download URL for Station 41001 after April 2020

Pre-
2011

https://www.ncei.noaa.gov/data/oceans/ndbc/cmanwx/1980/01/41001_198001.nc

Post-
2011

https://www.ncei.noaa.gov/data/oceans/ndbc/cmanwx/2020/04/NDBC_41001_202004_D4 v00.nc

Once downloaded, data require extraction from the netCDF files. NetCDF files created before and
after January 2011 have different structural formats, as outlined in Appendix B (pre-2011) and
Appendix C (post-2011). Note that the datasets are inconsistent with respect to their reported
variables over time, in both naming conventions and available parameters. Due to these netCDF
format changes and inconsistent variable names, all variable data stored in the netCDF file should
be extracted and merged with their corresponding date/time and GPS metadata. This ensures that
all data in the netCDF files are captured, regardless of unexpected variable name changes and the
addition of non-standard variables.

Another noteworthy issue in these netCDF data files is the inclusion of empty group variables (i.e.,
the netCDF creation process adds place markers for the standard suite of instruments but does not
import data into those place markers if there are no data for that particular month). The possibility
of group variables with no associated data needs to be accounted for to avoid batch import issues



ERDC/CHL CHETN-I-100
March 2021

when reading in the data. For example, the Station 45001 June 2018 netCDF data file has an empty
“payload 17 field, with no sub fields and no data in the “payload 2” sub fields for
“air_temperature sensor 1”; “anemomenter 17; “anemomenter 2”; “barometer 17;
“barometer 2”; “gps 17; or “ocean_temperature sensor 1.”

NDBC Data Concatenation. The NDBC text data files contain headers defining the data and
units in each column. These text file headers have changed format over the years. For example, (a)
the date and time nomenclature changed from YY to YYYY (in 1999), and back to YY (in 2007),
and did not include minutes until 2005; (b) variable names have changed: wind direction
nomenclature changed from WD to WDIR and atmospheric pressure from BAR to PRES.
Additionally, the standard suite of meteorological variables has changed over the years (e.g., empty
tide [TIDE] and visibility [VIS] fields are still present although those data have not been collected
at buoy stations for many years). When concatenating NDBC data, be wary of redundant data
(typically the beginning of each yearly file, where data from the end of the previous year are
included in the following year’s data file).

With technological advances, different wave instruments have been used since the 1970s, resulting
in two different wave spectral frequency bands (38 and 47 frequency bands). The 38 frequencies
are herewith considered as “old” frequencies, and the 47 frequency bands are considered as “new”
frequency bands. In the latter case, the 47 frequency bands continue to be used today (even though
they were the frequencies first used by NDBC from the 1970s until 1997-1998). Dates where these
frequency bands changed occur non-uniformly from buoy to buoy as a result of servicing schedules
and updated measurement requirements. Appendix D illustrates the format changes and the two
frequency band ranges.

To handle these varying frequencies, create empty datasets with the 38 old and 47 new frequency
bands and loop through each imported dataset to match each yearly or monthly dataset to the
correct frequency bands. Using this method, no inconsistencies are detectable within the NDBC
website data for the old and new frequency bands for all stations between 1970 and 2020.

To save on storage space, NDBC-published directional variables, r1 and 12, that are scaled by 100
(NDBC 2018c¢). They require conversion to their correct units by multiplying them by 0.01. Note
that these NDBC data do not contain QC flags. Both the automated and manually-inserted NDBC
QC flags have already been assessed and applied (where necessary) to the data by an NDBC MCC
analyst before publishing.

NCEI Data Concatenation. Monthly NCEI netCDF files residing on the NCEI website contain
all measured NDBC data. Combine each dataset with the associated date/time and GPS fields to
create a dataset that matches the NDBC website file structure and nomenclature. During this
concatenation step, be aware of duplicate data points with timestamps that are ~5—10 seconds apart.

Each netCDF file contains a significant amount of data with metadata that specifically describes
each parameter. To read in only the relevant data, be aware of the generic character strings that are
incorporated within the unique naming conventions, and result in duplicate date/time rows. For
example, in addition to  “wind speed,” there are “continuous wind speed”;
“wind speed max 17; “peak wind speed”; and “wind speed 58 wvariables. Using only
“wind_speed” will produce four additional rows of data initially intended for one. Additionally,
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the pre-2011 files have a “lon” variable name for GPS longitude, which also returns
“solar_radiation_sensor 1 longwave radiation”. A number of these exception nomenclatures and
variables are listed in Appendix E.

The post-2011 netCDF metadata fields contain multiple payloads (group variables) that store data
from the various on-board sensor suites. Often, available secondary payload data are duplicates of
the first set of payload data, which already contain any available primary and secondary sensor
data and metadata.

Within the spectral data, there are multiple name extensions for ci1 and ci11m data (e.g., “1”; “k”;
“l,” historically defined as unique data sets for pre-netCDF file formatting). To recover the correct
ci1 data, select only “spectral density c”; “ k™; and “ci1” data extensions (no “ i” or “ciim”).
Likewise, for ci1m data, select only “ci1m” and “ 1” data extensions (no “ 1” or “ k). Important
explanatory references to understand the netCDF data formats, units, record changes, etc., are
recorded in the File Format Description for Meteorology, Oceanography, and Wave Spectra Data
from Buoys (NCEI 2016) and the NOAA Marine Environmental Buoy Data (F291) Important

Notices (NCEI 2014).

Standard meteorological netCDF data include two QC parameters for each variable: a “qc” and
“release” flag field (spectral data do not have associated QC flags). The QC flags correspond to
the NDBC flags as defined in the Handbook of Automated Data Quality Control Checks and
Procedures, NDBC Technical Document 09-02 (NDBC 2009). If QC flags values are present, they
should be applied to the variables to remove erroneous data (e.g., replace the data value with an
“NA”). Once NDBC QC flags have been applied to the primary and secondary data, the secondary
data may be used to augment the missing primary data. This will create a single, unique dataset
for each variable (echoing the published NDBC website data, but with associated metadata). Note
that there are exceptions that complicate the process. For example, the September 2012 netCDF
data file for Station 41009 had 2334 continuous wind speed data values, 2334 QC flag values, but
only 777 release flag values in the netCDF file instead of 2334.

To match the standard meteorological NDBC data, convert the NCEI netCDF air pressure from
Pascal to Millibar (divide by 100), and air, water, and dew point temperatures from Kelvin to
degrees Celsius (subtract 273.15). Remove any zero (“0”) wind gust values that are associated
with NA wind speed values, as these wind gust data were either not flagged in the data file or
included erroneously (i.e., it is not feasible to have gust data values when wind speed is missing).

When concatenating the wave spectral datasets, end-users will discover multiple, unusual
frequency bands. Note that these unusual frequency bands are not present in the NDBC website
data and are purely a manifestation of the NDBC netCDF creation process (see Appendix F for the
Station 44014 non-matching frequency examples). As with the NDBC data, create empty datasets
with the 38 old and 47 new frequency bands and loop through each imported dataset to match them
to the correct frequency bands. This process ensures that no data are forced into incorrect frequency
bands. When the “other” frequencies are present, save these as separate output files using a
frequency count nomenclature, e.g. freq 48 cols, for ease of post-concatenation investigation.

NDBC and NCEI Data Comparisons. To determine which data to include in a “best available”
NDBC dataset, both NDBC and NCEI datasets require comparisons. Exporting an automated table
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of start and end date/times for all equivalent NDBC and NCEI datasets (e.g., Table 3) allows for
easy time period comparisons. These time comparison tables clearly highlight the differences
between the two published data sources, considering that the matching data are collected from a
single instrument. For example, Table 3 shows that for Station 46029, NDBC first published
spectral wave energy, ci1, on its website for Station 46029 on 08 January 1997 while the NCEI
dataset includes an extra 4 days of data. More extreme differences are found in the Station 46029
spectral directional datasets: alphai; alphay; ri; and r2, where NCEI datasets include additional
years of data — NDBC alpha> data were only released to the public from the 07 May 1998 while
the equivalent NCEI dataset contains data from 14 September 1995.

Table 3. Station 46029 NDBC and NCEI dataset start and stop dates/times.

s_46029_ndbc_alpha1_freq_new 01/83:/3(? 97 04/21?:/58 20 s_46029_ncei_alphal_freq_new 01/,? g:/;é) o7 04/21?:/528 20
s_46029_ndbe_alphat_freq_old | O1D11996 | 12108/2007 Is 46029 ncei_alphat_freq_old | 09141995 | 1210872007
s_46029_ndbc_alpha2_freq_new 1 1/38/33 7 04/23?:/58 20 s_46029_ncei_alpha2_freq_new 01/»? g:/;(? ¥ 04/23?;/528 20
s_46029_ndbc_alpha2_freq_old 05/85:/33 98 |1 2/83/58 07 s_46029_ncei_alpha2_freq_old 09/113:/;(? 9 11 2/83/58 07
s_46029 _ndbc_c11_freq_new 01/83/38 97 04/%):/58 20 s_46029_ncei_c11_freq_new 01/,? g;/;(? 97 04/21(3):/528 20
s_46029 ndbc_c11_freq_old 01/83:/3(? 96 12/83:/58 07 s_46029 ncei_c11_freq_old 02/,? 56:/33 86 12/83:/528 07
s_46029_ndbc_r1_freq_new 1 1/58/38 97 04/3:;):/58 20 s_46029_ncei_r1_freq_new 01/10 g:/;(? 97 04/3:;):/5?8 20
s_46029 ndbc_r1_freq_old 05/85:/3(? 98 1 2/8§/§g 07 s_46029 ncei_r1_freq_old 09/11;':/;3 9 11 2/83/528 07
s_46029_ndbc_r2_freq_new 1 1/58 /3 (E)) 97 04/3 :(3) /g 8 20 s_46029_ncei_r2_freq_new 01 /10 g :/513 97 04/3 :(3) /gg 20
s.46020_ndbc_2_freq_od | *05150" | "500"" |o 46020 nceir2 freqola | gL | TEGHST
s_46029_ndbc_stdmet 03/223? /(;g 84 04/;3 /528 20 s_46029_ncei_stdmet 03/223? :/83 84 04/33? /528 20

* “freq_new” suffix refers to the current used 47 frequency bands while “freq_old” suffix refers to the previously used

38 frequency bands.

This would appear to be bonus data until one realizes that the NDBC website contains only released
data that are no longer experimental (i.e., they are no longer testing and modifying algorithms to
process and QC the data). High data uncertainty is what prevented NDBC from releasing those
data to the public. Using the additional NCEI data that have no associated flags to indicate
unreliability requires extreme caution and a full understanding of the instrumentation, deployment
metadata and processing algorithms applied to those data.

Matching dates/times. Data comparisons require matching on the nearest date and times.
NDBC website wave and meteorological data were generally published on the hour while the
NCEI data contain the more accurate, sensor reporting times. The NDBC wave sensors sample
over a period of 20 minutes (minute 20—40 of each hour) before transmitting its data to the on-
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board computing system, which packages the data and transmits to a shore receiver at 50 minutes
past every hour. NDBC wave data are paired with hourly meteorological data and published to the
Global Telecommunication System for immediate use, and after manual review, to the NDBC
website. However, the delayed, monthly production of the netCDF data files allowed for the
accurate sensor 50-minute time stamp to be applied to the variables.

The NDBC newly operational Self-Contained Ocean Observing Payload (SCOOP) (Hall et al.
2018b) allows for data transmission every 10 minutes, while wave data retain the hourly reporting
rate. End-users should match these SCOOP data with their end goal in mind — whether to match
to the hourly wave data (typically minute 40) and aggregate (average) or ignore the 10- to
50-minute data fields, or whether to merge the wave data with their corresponding hourly
meteorological data fields and retain all the data. NDBC is in the process of migrating all buoy
payloads to SCOOP systems during scheduled service visits.

Geographically clean. Of major importance is the use of available netCDF GPS metadata (post-
2011). As NDBC has, in the past, indiscriminately released data while the buoy is adrift or during
service visits when the buoy is onboard a vessel, these GPS (latitude and longitude) metadata are
invaluable to geographically clean these datasets.

Although buoy moorings generally retain the buoy within their specified watch circle (the area in
which a buoy maintains its intended location), each buoy station has a different watch circle radius
that is dependent on deployment water depths, mooring type, instrumentation, as well as wind and
current effects. While it would be possible to interrogate the NDBC website to obtain the watch
circle information for each buoy in the NDBC array, simply including all data within a radius of
1 degree around the mean deployment location is sufficient.

To capture the mean latitude and longitude positions and create a virtual watch circle, find the most
common values from the floor and ceiling values of the tail of a sorted table of value occurrences
(be sure to round off the latitude and longitude positions to at least three significant places to handle
the multiple significant places available in the netCDF data). Note that simply calculating the mean
latitude and longitude across the time period returns skewed results if the buoy was adrift for a
long period of time. For example, the buoy at NDBC Station 42059 went adrift in 2009, 2013,
2014, 2016, and was vandalized twice in 2018. Isolating the mean latitude and longitude for those
datasets returned a position that was nowhere near the original station location.

Quality control. Both the NDBC and NCEI variable data contain a few outliers that were not
identified during NDBC QC protocols. Use the same sorted table methodology to test for and
remove any erroneous outlier values in the datasets.

Best available datasets. The best available dataset for each NDBC station should consist of a
combination of the geographically cleaned datasets created in the comparison steps above. Filter
the NCEI netCDF geographically cleaned data to include only dates/time that match the NDBC
manually quality-controlled data and filter the NDBC data to include only dates/times that match
NCEI netCDF GPS positions within the virtual buoy watch circles.

Concatenate the filtered data for each NDBC station to include the following NDBC website-
sourced, manually quality-controlled data that have been geographically cleaned and checked for
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outliers: significant wave height; dominant and peak wave periods; mean wave direction; wind
direction; wind speed; wind gust; air pressure at sea level; air temperature; sea surface temperature;
and wave spectral ci1, alphai, alphao, r1, r2. Add the filtered, geographical cleaned NCEI NDBC
netCDF wave spectral datasets: ¢11m, gamma,, gammas, Phix, R"/q and sensor output data.

Comparison of best available NDBC datasets with Model/WIS data. Consistency
between observational measurements and modeled wind and wave conditions is paramount to a
successful evaluation. As the NDBC integral wave parameters, significant wave height, wave
period, and wave direction, are based on their own mathematical definitions, so are those generated
from the wave models used in the WIS hindcast. Wave spectra derived from the best available
datasets produced by the aforementioned methods are the basis of the WIS evaluations. All wave
parameters are computed via identical formulations found in the wave models used by WIS so that
there is uniformity in the results. In addition, the frequency range found for each buoy dataset is
used to set the WIS spectra so that the results are consistent with the buoy. WIS uses Fourier
coefficients to compute the four directional spectral moments for each frequency: mean wave
direction, spread, skewness, and kurtosis. Therefore, calculate these four Fourier directional
parameters, defined as ai, bi, a2, and by, from the alphai, alphay, 11, and r» NDBC best available
dataset as follows:

a, = —r.sin(alpha,.m/180) (1)
by = —ry.cos(alpha,.7/180) (2)
a, = —1y.cos(2.alpha,.m/180) 3)
b, = r,.sin(2.alpha,.m/180) 4)

SUMMARY: This CHETN reviews the variations in NDBC data that are archived in two
locations: on the NDBC website and in the official NOAA archives, which are located at the NCEI.
This document contains multiple QC and processing suggestions that aim to improve the quality
of these NDBC wave and meteorological data for use by the USACE and user community.

ADDITIONAL INFORMATION: This CHETN was prepared as part of the USACE Coastal and
Ocean Data System (CODS) program by Candice Hall and Dr. Robert E. Jensen, U.S. Army
Engineer Research and Development Center, Coastal and Hydraulics Laboratory, Coastal
Processes Branch, Vicksburg, MS. Questions pertaining to this CHETN may be directed to
Candice Hall (candice.hall@usace.army.mil) or to the USACE CODS Program Manager, Dr. A.
Spicer Bak.

This ERDC/CHL CHETN-I-?? should be cited as follows:

Hall, C., and 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. DOI: http://dx.doi.org/10.21079/11681/40059
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Appendix A: NDBC Conversion Algorithms and Data Quality Assurance
Parameters

c11 to C1im

The conversion algorithm (NDBC 2003) to calculate wave displacement spectral density ¢i; [m?/Hz] from
wave acceleration spectral density c¢i1m (m/s?)?/Hz is (as derived from Steele et al. 1985):

2
c11(f) = c1m(N/(Rsu () (5)
If hull response correction (Rux) is assumed insignificant (i.e., a perfect wave following buoy where Ry = 1):
4
€11 = C11m/(27T(f)) (6)

phlh

NDBC uses angle phi(f) to correctly determine the mean and principle wave directions (alpha;(f) and alphax(f)
respectively) in accelerometer-based directional wave systems. Equations (36) and (37) in Steele et al. (1985)
are adapted by NDBC (Linzell 2004, 6-7) for each frequency band as

phi(f) = phin(f) + phisy(f) = phin(f) + ™

In which phin(f) = phipy(f) — phins(f) (1)

where the acceleration sensor (s) heave (i) phase lag angle is represented as phigu(f); the phase lag angle of
the hull heave () is represented as phinu(f), and the phase lag of the hull slope (s) is represented as phins(f).

R"/q

NDBC estimates frequency dependent sensor and hull-mooring responses (including wave depth effects).
Removing the known sensor effects (static over time), allows NDBC to investigate the hull amplitude
response, R (Earle 2003). To separate the responses, the parameter, q is defined as (Earle 2003):

(1)2
q = tanh(kd) = P )

where k is wave number, d is mean wave depth, g is acceleration due to gravity and w is the perpendicular
angular velocity component. Where g = 1 in deep water, and canceling out k, yields

h m m
what NDBC actually uses: % =g /% (10)
11
1
. . R (gRSEN [(cB+CID2
From the original equation: . (—wz )[—( ) ] (11)

gamma; and gammas

These parameters allow the on-board wave sensor to determine whether values at each frequency are based
on noise or whether waves are present at that direction. This is necessary as the buoy hull delays wave
heave and wave slope at the same frequencies, but by different amounts. The differences in these two delay
angles are calculated per hour for each frequency. To correct for these angles’ deviation from zero,
alternations are made the co- and quad-spectra, C,; and Qy;, to ensure that Q,; contains all the information
needed to calculate wave direction. However, to help the computer code identify whether these frequency
differences are just noise (i.e., no waves at that particular direction) the software performs statistical checks
as follows:

For normal waves: if abS(Qlj) > abS(Clj) (12)
and if arctan ((Clj) / (Qlj)) (13)

returns a small angle (< 5 °), waves, not noise, are present at that frequency.

13



ERDC/CHL CHETN-I-100
March 2021

Appendix B: NCEI-sourced NDBC netCDF data format — pre 2011

MName Long Mame Type

g 46029_201012.nc

Meteorological and oceanographic data collected from a Mati... Local File

O OO OO0 00 00 iy > Oy DD DD DD DD D DD DD DD DD DD DD DD DD D DD DD D DD DD DD D

air_pressure_at_sea_level
air_temperature

alphai

alpha2
anemometer_height
average_wave_period
bottom_depth

cil k

c11 |

Ci12 ]

c13

72 |

€23

€33 |
continuous_wind_direction
continuous_wind_speed
direction_of_hourly_max_gust
dominant_wave_period
end_of_wave_data_acquisition_k
hourly_max_gust

at

on
magnetic_variation
mean_wave_direction

012 |

D131

ri

r2
sampling_duration_waves
sampling_rates_waves
sea_surface_temperature
sensor_output
significant_wave_height
speed_averaging_method
standard_deviation_of_hourly_speed
station

time

time 10

time 10_bnds

time_bnds

time_wpm_20
time_wpm_20_bnds

timem

timem_bnds
total_intervals_waves
wave_wpm
wave_wpm_bnds
wind_direction

wind_gust
wind_gust_averaging_period
wind_sampling_duration

wind_speed

air pressure at sea level

air temperature

mean wave direction at specified frequency

principal wave direction at specified frequency

anemometer height

sea surface wave mean period from variance spectral densit...
sea floor depth below sea level

sea surface wave variance spectral density

sea surface wave directional variance spectral density c11 u...
sea surface wave directional variance spectral density c12 u...
sea surface wave directional variance spectral density c13 u...
sea surface wave directional variance spectral density c22 u...
sea surface wave directional variance spectral density ¢23 u...
sea surface wave directional variance spectral density ¢33 u...
continuous wind direction

continuous wind speed

direction of hourly max gust

sea surface wave period at variance spectral density maximum
end of wave data acquisition time

hourly max qust

latitude

longitude

magnetic variation from north

sea surface wave from direction

sea surface wave directional variance spectral density q12 u...
sea surface wave directional variance spectral density g13 u...
first normalized polar coordinate of the Fourier coefficients
second normalized polar coordinate of the Fourier coeffidents
wave sampling duration in minute

wave sampling rate per minute

sea surface temperature

sensor output type

sea surface wave significant height

speed averaging method

standard deviation of hourly speed

Unique identifier for each feature instance

time

ten minute time

ten minute time bounds

time bounds

twenty minute time

twenty minute time bounds

max hourly measured time

max hourly measured time bounds

frequency interval count

sea surface wave frequency

sea surface wave frequency bounds

average wind direction

wind speed of gust

wind gust averaging period in seconds

wind sampling duration in minute

average wind speed

EEEEEEHEEEEEEEEEEBHEED

EEE5EEEEEHBEHEBEEESL

BEEEEBEEEEHNEBEEBEBELE |
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Appendix C: NCEIl-sourced NDBC netCDF data format — post 2011
Note: each expands as demonstrated with air_temperature_sensor_1,
anemometer_1 and wave_sensor_1
Mame Long Name Type

Meteorological and Oceanographic Data Collected from the. ..

¥ &) payload_1

¥ |l air_temperature_sensor_1

payload_1

payload_1/air_temperature_sensor_1

& air_temperature air temperature GeoTraj
& air_temperature_detail_gc air temperature detail gc —
& air_temperature_gc air temperature qc GeoTraj
& air_temperature_release air temperature release GeoTraj
& dew_point_temperature dew point temperature GeoTraj
& dew_point_temperature_detail_qc dew point temperature detail qc —
& dew_point_temperature_gc dew point temperature gc GeoTraj
& dew_point_temperature_release dew point temperature release GeoTraj
b [ air_temperature_sensor_2 payload_1/air _temperature_sensor_2 -
¥ |[&)anemometer_1 payload_1/anemometer_1 -
& continuous_wind_direction wind from direction 1D
& continuous_wind_direction_detail_gc continuous wind direction detail gc —
& continuous_wind_direction_gc continuous wind direction gc 1D
= continuous_wind_direction_release continuous wind direction release GeoTraj
& continuous_wind_speed wind speed D
& continuous_wind_speed_detail_qc continuous wind speed detail qc —
& continuous_wind_speed_gc continuous wind speed gc 1D
& continuous_wind_speed_release continuous wind speed release GeoTraj
@ direction_of_hourly_max_gust wind from direction D
w direction_of_hourly_max_gust_detail_qc wind from direction detail qc —
& direction_of_hourly_max_gust_qgc wind from direction qc 1D
& direction_of_hourly_max_gust_release  direction of hourly max gust release GeoTraj
& direction_of_max_1_minute_wind_speed wind from direction 1D
@ direction_of_max_1_minute_wind_spee... wind from direction detail qc —
& direction_of_max_1_minute_wind_spee... wind from direction qc D
w direction_of max_1_minute_wind_spee... direction of max 1 minute wind speed release GeoTraj
& hourly_max_gust wind speed of gust 1D
& hourly_max_gust_detail_gc wind speed of gust detail gqc —
@ hourly_max_gust_gc wind speed of gust qc 1D
w hourly_max_gust_release hourly max gust release GeoTraj
& max_1_minute_wind_speed wind speed D
& max_1_minute_wind_speed_detail_gc wind speed detail qc —
& max_1_minute_wind_speed_qc wind speed gc 1D
= max_1_minute_wind_speed_release max 1 minute wind speed release GeoTraj
& wind_direction wind from direction GeoTraj
' wind_direction_detail_qgc wind direction detail qc —
& wind_direction_gc wind direction gc GeoTraj
& wind_direction_release wind direction release GeoTraj
% wind_gust wind speed of gust GeoTraj
= wind_gust_detail_qc wind gust detail qc —
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MName
& wind_speed_qc

& wind_speed_release

F &) anemometer_2
¥ s barometer_1

& air_pressure

& air_pressure_at_sea_level

& air_pressure_at_sea_level_detail_qc
air_pressure_at_sea_level_gc
air_pressure_at_sea_level_release
air_pressure_detail_gc

air_pressure_gc

i O O O i

air_pressure_release
barometer_2
g

= latitude

& latitude_detail_qc
& latitude_gc

'« latitude_release
& longitude

w lonaitude_detail_qc
& longitude_qc

& longitude_release

¥ [ humidity_sensor_1

& relative_humidity
w relative_humidity_detail_gc
w relative_humidity_qc

& relative_humidity_release

¥ [®)ocean_temperature_sensor_1

@ sea_surface_temperature
sea_surface_temperature_detail_qgc
sea_surface_temperature_qgc

L R

sea_surface_temperature_release

E& wave sensor 1

&
'
&
-
-
-
&
-
-
w'
-
-
&
'
-
-
&
-
-
-
-
-
&
-
-
'
&
-
&
-
-
-
&
-
-
-

alphal

alpha2

average_period
average_period_detail_gc
average_period_qc
average_period_release

cll

clim

dominant_period
dominant_period_detail_gc
dominant_period_qc
dominant_period_release
gammaz

gamma3
mean_wave_direction
mean_wave_direction_detail_qgc
mean_wave_direction_gc
mean_wave_direction_release

Long Mame
wind speed qc
wind speed release
payload_1fanemometer_2
payload_1/barometer_1
air pressure
air pressure at sea level
air pressure at sea level detail gc
air pressure at sea level qo
air pressure at sea level release
air pressure detail qc
air pressure qc
air pressure release
payload_1/barometer_2
payload_1/gps_1
latitude
latitude detail gc
latitude qc
latitude release
longitude
longitude detail qc
longitude qc
longitude release
payload_1/humidity_sensor_1
relative humidity
relative humidity detail qc
relative humidity qc
relative humidity release
payload_1jocean_temperature_sensor_1
sea surface temperature
sea surface temperature detail gc
sea surface temperature qc
sea surface temperature release
payload_1jwave_sensor_1
mean wave direction at specified frequency
principal wave direction at spedfied frequency

sea surface wave mean period from variance spectral dens. ..
sea surface wave mean period from variance spectral dens. ..
sea surface wave mean period from variance spectral dens. ..

average period release
sea surface wave variance spectral density
sea surface wave variance spectral density uncorrected

sea surface wave period at variance spectral density maxi. ..
sea surface wave period at variance spectral density maxi. ..
sea surface wave period at variance spectral density maxi. ..

dominant period release

gamma2 coefficient for quad spectra
gamma3 coefficent for quad spectra

sea surface wave from direction

sea surface wave from direction detail qc
sea surface wave from direction go

mean wave direction release

16

Type
GeoTraj
GeoTraj

GeoTraj
jinj
GeoTraj
GeoTraj
GeaTraj
GeoTraj

10
GeoTraj
GeoTraj

jinj
GeoTraj
GeoTraj

GeaTraj
GeoTraj
GeaTraj

GeoTraj

GeoTraj
GeoTraj

5

GeoTraj
2D
2D
iie]
1D

GeoTraj
2D
2D
jinj
ile]

GeoTraj
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MName Long Mame Type
& phih phih coeffident for guad spectra Jein]
o ri first normalized polar coordinate of the Fourier coefficients 2D
w r2 second normalized polar coordinate of the Fourier coefficients v}
& rhg rhg coefficent for guad spectra D
& significant_wave_height sea surface wave significant height 10
& significant_wave_height_detail_qc sea surface wave significant height detail gc —
w significant_wave_height_qc sea surface wave significant height qc hln]

& significant_wave_height_release significant wave height release GeoTraj

¥ |&)payload_2 payload_2

b [&)air_temperature_sensor_1 payload_2/air_temperature_sensor_1 -
b &) air_temperature_sensor_2 payload_2/air_temperature_sensor_2 -
P [ anemometer_1 payload_2/anemaometer_1 -
P [&)anemometer_2 payload_2/anemometer_2 -
P [ barometer_1 payload_2/barometer_1 -
(&) barometer_2 payload_2/barometer_2 -
> Bagps 1 payload_2fgp=_1 -
P ) humidity _sensor_1 payload_2humidity_sensor_1 -
P[] ocean_temperature_sensor_1 payload_2/ocean_temperature_sensor_1 —
b Elwave_sensor_1 payload_2/wave_sensor_1 —
& time time 10
& timel0 ten minute time 10
& time_wpm_20 time 1D
w timem max hourly measured time hln]
& wave_wpm sea surface wave frequency D
= wave_wpm_bnds wave wpm bnds v}
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Appendix D: NDBC standard meteorological and wave spectra text file formats:
1970 — 2020

2007 to present:
stdmet format: ##YY MM DD hh mm WDIR WSPD GST WVHT DPD APD MWD PRES ATMP WTMP DEWP VIS TIDE
units: ##yr mo dy hr mn degT m/s m/s m sec sec deg hPa degC degC degC nmi ft

2006/2007 to present:

spectral format: #Y'Y MM DD hh mm 0.0200 0.0325 0.0375 0.0425 0.0475 0.0525 0.0575 0.0625 0.0675 0.0725 0.0775 0.0825
0.0875 0.0925 0.1000 0.1100 0.1200 0.1300 0.1400 0.1500 0.1600 0.1700 0.1800 0.1900
0.2000 0.2100 0.2200 0.2300 0.2400 0.2500 0.2600 0.2700 0.2800 0.2900 0.3000 0.3100
0.3200 0.3300 0.3400 0.3500 0.3650 0.3850 0.4050 0.4250 0.4450 0.4650 0.4850

2005 and 2006: - skip first line, has no skip (#) flag
stdmet format: YYYY MM DD hh mm WD WSPD GST WVHT DPD APD MWD BAR ATMP WTMP DEWP VIS TIDE
units: no units in files

2005/2006:

spectral format: YYYY MM DD hhmm  0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100 0.110 0.120 0.130 0.140 0.150
0.160 0.170 0.180 0.190 0.200 0.210 0.220 0.230 0.240 0.250 0.260 0.270 0.280
0.290 0.300 0.310 0.320 0.330 0.340 0.350 0.360 0.370 0.380 0.390 0.400

2000 to 2004: - no minute column - don't skip lines, missing tide data in some sets
stdmet data format: YYYY MM DD hh WD WSPD GST WVHT DPD APD MWD BAR ATMP WTMP DEWP VIS TIDE
units: no units in files

spectral data format: YYYY MM DD hh  0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100 0.110 0.120 0.130 0.140 0.150
0.160 0.170 0.180 0.190 0.200 0.210 0.220 0.230 0.240 0.250 0.260 0.270 0.280
0.290 0.300 0.310 0.320 0.330 0.340 0.350 0.360 0.370 0.380 0.390 0.400

1999: - no TIDE or minute column
stdmet data format: YYYY MM DD hh WD WSPD GST WVHT DPD APD MWD BAR ATMP WTMP DEWP VIS
units: no units in files

spectral data format: YYYY MM DD hh  0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100 0.110 0.120 0.130 0.140 0.150
0.160 0.170 0.180 0.190 0.200 0.210 0.220 0.230 0.240 0.250 0.260 0.270 0.280
0.290 0.300 0.310 0.320 0.330 0.340 0.350 0.360 0.370 0.380 0.390 0.400

1970s to 1998: - no TIDE or minute column, note year and spectral frequency change
stdmet data format: YY MM DD hh WD WSPD GST WVHT DPD APD MWD BAR ATMP WTMP DEWP VIS
units: no units in files

1970s to 1997/1998:

spectral data format: YY MM DD hh  0.0200 0.0325 0.0375 0.0425 0.0475 0.0525 0.0575 0.0625 0.0675 0.0725 0.0775 0.0825
0.0875 0.0925 0.1000 0.1100 0.1200 0.1300 0.1400 0.1500 0.1600 0.1700 0.1800 0.1900
0.2000 0.2100 0.2200 0.2300 0.2400 0.2500 0.2600 0.2700 0.2800 0.2900 0.3000 0.3100
0.3200 0.3300 0.3400 0.3500 0.3650 0.3850 0.4050 0.4250 0.4450 0.4650 0.4850
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Appendix E: NCEI NDBC netCDF File Nomenclature Exceptions

Remove these nomenclatures from data selection for each as they create
duplicate date/time rows that bias comparisons.

Lon

¢ solar_radiation_sensor_1_longwave_radiation

Wind Direction

e continuous_wind_direction

e wind_dir_58

e multiple payloads (duplicates of primary sensor payload)

Wind Speed

e continuous_wind_speed

e wind_speed _max_1

e peak_wind_speed

e wind_speed_58

e multiple payloads (duplicates of primary sensor payload)

Wind Gust

e wind_gust_averaging_period

e wind_gust_2

e wind_gust_58

e multiple payloads (duplicates of primary sensor payload)

Significant Wave Height, Mean Wave Direction, Dominant Wave Period, Average Wave Period

e multiple payloads (duplicates of primary sensor payload)

¢ secondary files (duplicate of primary sensor files)

Air Pressure, Air Temperature

e multiple payloads (duplicates of primary sensor payload)

Sea Surface Temperature, Dew Point Temperature

e multiple payloads (duplicates of primary sensor payload)

¢ secondary files (duplicate of primary sensor files)

C11

e Ci1

e multiple payloads (duplicates of primary sensor payload)

Ci1m

e C11

e Ci1k

e multiple payloads (duplicates of primary sensor payload)

alphas, alpha, r4, rz, C12, C13, C22, C33, Q12, Q13, gammaz, gammas; phin, R"/q, sensor_output

e multiple payloads (duplicates of primary sensor payload)
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Appendix F: NDBC Station 44014

NDBC central spectral frequencies vary over time with the use of different wave
sensors: 1996/01-1997/03.

0.02 0.0325 | 0.0375 | 0.0425 | 0.0475 | 0.0525 | 0.0575 | 0.0625 | 0.0675 | 0.0725 | 0.0775 | 0.0825
0.0875 | 0.0925 | 041 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19
0.2 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3 0.31
0.32 0.33 0.34 0.35 0.365 | 0.385 | 0405 | 0425 | 0445 | 0.465 | 0.485

1997/03 - 2006/03
0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14
0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24 0.25 0.26
0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38
0.39 0.4

2006/06 - 2019/11
0.02 0.0325 | 0.0375 | 0.0425 | 0.0475 | 0.0525 | 0.0575 | 0.0625 | 0.0675 | 0.0725 | 0.0775 | 0.0825
0.0875 | 0.0925 | 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19
0.2 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3 0.31
0.32 0.33 0.34 0.35 0.365 | 0.385 | 0405 | 0425 | 0445 | 0465 | 0.485 | 0.32

NOAA NCEI official archives show different frequencies bands for the same data.

1990/10 - 1995/05 == 40 frequencies
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12
0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24
0.25 0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35 0.36
0.37 0.38 0.39 0.4

1995/06 - 1997/02 == 47 frequencies
0.02 0.0325 | 0.0375 | 0.0425 | 0.0475 | 0.0525 | 0.0575 | 0.0625 | 0.0675 | 0.0725 | 0.0775 | 0.0825
0.0875 | 0.0925 | 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19
0.2 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3 0.31
0.32 0.33 0.34 0.35 0.365 | 0.385 | 0405 | 0425 | 0445 | 0465 | 0485

1997/03 - 1997/03 == 60 frequencies
0.01 0.02 0.03 0.0325 | 0.0375 | 0.04 0.0425 | 0.0475 | 0.05 0.0525 | 0.0575 | 0.06
0.0625 | 0.0675 | 0.07 0.0725 | 0.0775 | 0.08 0.0825 | 0.0875 | 0.09 0.0925 | 0.1 0.11
0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23
0.24 0.25 0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35
0.36 0.365 | 0.37 0.38 0.385 | 0.39 04 0.405 | 0425 | 0445 | 0465 |0.485

1997/04 - 2006/05 == 40 frequencies
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12
0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24
0.25 0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35 0.36
0.37 0.38 0.39 04

2006/06 - 2006/06 == 60 frequencies
0.01 0.02 0.03 0.0325 | 0.0375 | 0.04 0.0425 | 0.0475 | 0.05 0.0525 | 0.0575 | 0.06
0.0625 | 0.0675 | 0.07 0.0725 | 0.0775 | 0.08 0.0825 | 0.0875 | 0.09 0.0925 | 0.1 0.11
0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23
0.24 0.25 0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35
0.36 0.365 | 0.37 0.38 0.385 | 0.39 0.4 0.405 | 0425 | 0445 | 0465 | 0.485

2006/07 - 2019/11 == 47 frequencies
0.02 0.0325 | 0.0375 | 0.0425 | 0.0475 | 0.0525 | 0.0575 | 0.0625 | 0.0675 | 0.0725 | 0.0775 | 0.0825
0.0875 | 0.0925 | 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19
0.2 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3 0.31
0.32 0.33 0.34 0.35 0.365 | 0.385 | 0405 | 0425 | 0445 | 0465 | 0485

20




	PURPOSE
	INTRODUCTION
	NDBC ARCHIVAL DATA SOURCES:
	NDBC Website Data.
	NCEI NetCDF Data.
	PROCESS TO CREATE A BEST AVAILABLE NDBC DATASET:
	NDBC Website Data Downloads.
	NCEI NetCDF Data Downloads.
	NDBC Data Concatenation.
	NCEI Data Concatenation.
	NDBC and NCEI Data Comparisons.
	Matching dates/times.
	Geographically clean.
	Quality control.
	Best available datasets.
	Comparison of best available NDBC datasets with Model/WIS data.
	SUMMARY:
	ADDITIONAL INFORMATION:
	REFERENCES
	Appendix A: NDBC Conversion Algorithms and Data Quality Assurance Parameters
	Appendix B: NCEI-sourced NDBC netCDF data format – pre 2011
	Appendix C: NCEI-sourced NDBC netCDF data format – post 2011
	Appendix D: NDBC standard meteorological and wave spectra text file formats: 1970 – 2020
	Appendix E: NCEI NDBC netCDF File Nomenclature Exceptions
	Appendix F: NDBC Station 44014


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





