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SAMOS Stewardship Initiative

 Focus: To improve the quality of meteorological and
near-surface oceanographic observations collected in-situ
on research vessels (R/Vs)

» Science Goals:

» Creating quality estimates of the heat, moisture, momentum,
and radiation fluxes at the air-sea interface

* Improving our understanding of the biases and uncertainties
in global air-sea fluxes

« Benchmarking new satellite and model products

* Providing high quality observations to support modeling
activities, process studies, and global climate programs
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History of the SAMOS Initiative

* Developed as an outcome of the World Ocean Circulation
Experiment

* COAPS hosted the WOCE meteorological data center

* Project conceived during workshop on high-resolution
marine meteorology in 2003.

« SAMOS data center first funded by NOAA in 2004

 International partnership with Australian Bureau of
Meteorology started in 2008

* In 2009, became an active partner in the U.S. Rolling
Deck to Repository (R2R) program.

e Schmidt Ocean Institute support for RV Falkor in 2013,
Falkor(too) in 2023.
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SAMOS Fleet Overview
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Flow of SAMOS Observations
“ | Metadata

Daily Data
Message Via
Satellite

Data Quality
Statistics

Data Quality Feedback while at Sea

m Signifies data file to be transferred

Vessel Info,
to World Data Center Archives

Metadata,
Data Quality

Scientific from Database
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SAMOS on Vessel

« Ship’s data acquisition system (DAS) receives sensor data
messages at configured intervals (e.g., 1 Hz)

 SAMOS desires 1-minute interval between reported observations

 Either 1-minute average (preferred)

- DAS creates scalar or vector averaging using all values available for a
given minute (e.g., 60 samples if sensor reporting at 1Hz)

* Or instantaneous value

- DAS selects 1 sample to represent each minute (e.g., the 1 Hz value
nearest whole minute)

¢ One-minute average or spot “SAMOS” values written in key:value
paired SAMOS 1.0 CSV format

« All records for previous day transmitted via email as near as
possible to 0000 UTC.

e This process built into NOAA SCS, CORIOLIX
» Custom versions exist in institutional DAS versions
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SAMOS Data Processing

* Automated processing

« Combines metadata with data
received from vessel

« Conducts preliminary quality
evaluation

* Analyst visually reviews data
from each vessel (not 24/7)

* Vessel operators notified
when problems are
discovered

* Intermediate processing
combines all observations for
a single calendar day

* Research quality products
developed with additional
visual quality evaluation

[ Failed QC
M Passed QC

[ lat (latitude) - 39.79%

M lon (longitude) - 39.79%

M P (atmospheric pressure) - 0.71%

M PL_SPD (platform speed over ground) - 0.57%
Il RAD_SW (short wave atmospheric rad...) - 16.52¢
M RH (relative humidity) - 0.64%

[l SPD (earth relative wind speed) - 0.14%

M T (air temperature) - 0.77%

M TS (sea temperature) - 1.06%

1.11% of the data is flagged
(45296 flagged of 4094233 data values)

S AM o S http://samos.coaps.fsu.edu o AT @;

Shipboard Automated Meteorological and Oceanographic System ;s?‘




Data Distribution and Archival

H H H Hasbeenarchived but not pulled by NCEI Has been rearchived but not pulled by NCEI
° Data dIStrIbUtlon 5Hasbeen archived and puII:dbyNzEI %Hasbeenrearchivedand puII:dbyNZEI
* Web: http://samos.coaps.fsu.edu/ W W W w W@v“f,v*e"w’“j:"“w“"“‘;‘v“"xwf“

« THREDDS: http://coaps.fsu.edu/thredds.php Db b b EEEEEEEEELEE
'FTP FHLOABCDELGKOPR
f -//. f du/ b/d 8258;;§§_==H===i_=_i_==

tp: .vyww.coaos. su:e u samFJs pu _ f:\ta v AN EE NN N

- Additional web services provide statistics for e - HBERERR BB BB

i oso6/| | HEEEEEE B B HNE

data delivery status and automated QC. el - HEHLH I IeE Al
osos/z|HE| HEEENE BH EE B

- GrmEE mEm"E § SR &

* Archival at NCEI certsrs W EE L E EmEE N
» Monthly submission of original, preliminary, Séﬁiﬁi = = H = = = N = N = = = = =
intermediate, and research quality data ehed 1L HIGEH I HH L

- Automated handshake API confirms archival il LIS H elalulal 1 11T

* Links accession in SAMOS database 3:;13;5; = = B = = = = i = = = =

) - ) s/l HEENE | ||| BB BEBE

« All files are cataloged and verified with MD5 oseyz(El  HEEE || HE HBE
os2/z|HE HEEEE | EHEE B

checksums. 05/23/23 = = ] = = = = = 1 = = = ] =

. 05/24/23

- Data DOI: doi:10.7289/V5QJ7F8R | M  HEEEE | EEE R

) os26/23| || HEBEENE | BEEE B

« Landing Page: gg%gg___l====__===_=
http://data.nodc.noaa.gov/cgi-bin/iso?id=gov.n oseos| 111N EHEE | EEE B
0aa.nodc:COAPS-SAMOS ehove| mimimimt 1 1 1 ISISH 1 1 181 |
os01/23[ [ [[ [ | HIEENE || HENE B

SAMOS http://samos.coaps.fsu.edu [sorml——— " mE HE ..
Shipboard Automated Meteorological and Oceanographic System 82§8§5§§ I | ! ! ! E B ! ! Il !



http://samos.coaps.fsu.edu/
http://coaps.fsu.edu/thredds.php
ftp://www.coaps.fsu.edu/samos_pub/data
http://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.nodc:COAPS-SAMOS
http://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.nodc:COAPS-SAMOS

Why We Care

« SAMOS data uses: o ET T T T :
. : . 4 s ad
« Validating model analyses, air-sea A
. N 20
flux fields, and satellite products 7 2
3
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« Satellite retrieval algorithm :
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SAMOS in Global Data Syntheses

* An hourly subset of SAMOS

1-min data is included in SAMOS Data D - "o1a
Release 3.0 of the a_t "lty- 005-20

International e e g
Comprehensive oon
Ocean-Atmosphere Data
Set (ICOADS). 30N
* Average 10-min. at top of
hour to mimic synoptic -
reports from merchant )
vessels s 7N

« Takes advantage of
SAMOS QC 08

* ~750 K hourly reports:
2005-2014 0 60E 1206 180 1200 60w 0

« SAMOS also in NCEl's
surface underway marine
database

0 100 200 300 400
Hourly observations per bin
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SAMOS Flux Product

Ship Observation Distribution ¢ SAMOS air'Sea ﬂUX

product released early in

2016

*  One-minute interval

latent and sensible heat
flux, wind stress, and
other calculated
parameters

* Period: 2005-2014

« Data available from
NCAR

* doi: 10.5065/D6930R70

 Described in Smith et al.,
Geosci. Data J. (2016),
doi: 10.1002/gdj3.34

* NOAA presently funding

10 60E 110 160E 1'5.0W' toW 50w oW MarineFlux project
. . LRI RRbEORTONE which will update and
. | | | l _, serve new version.
0 1000 2000 3000 4000
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SAMOS in Integrated Analysis Tools

* Cloud Data Match-Up
Service (CDMS)
e N ASA AC C E S S p rOj e Ct Semt;;r::g :Jva“tlar:f:;vge nn:lsnAier ct!altl_at center for ot i

) N AS A Je‘t PrOPUISIOn Users Ywite';:::':glte;nsil::gt on ocean surface topography (OST),
Lab (Iead)’ Wlth FSU’ their research goals.
National Center for
Atmospheric Research,
and Saildrone

 Extending Distributed
Ocean Match-up
Service to support cloud
environment on AWS

* Will provide users tool to
match in-situ and
satellite data on the ﬂy. Surface Marine Data

. The National Center for
* SAMOS data one of the The Sl Aot b | 108 M

Users will be able to select

a region, time period, and Satellite Data .
variable (SST, salinity, The Physical Oceanography PN

winds) from a select subset Distributed Active Archive |
of satellite and in situ data Center (PO.DAAC) is the

sea surface temperature (SST), ocean
winds, sea surface salinity (SSS),
gravity, ocean circulation and sea ice.

@ Field Experiments

/ Salinity Processes in the Upper Ocean
Regional Study (SPURS) is a pair
of oceanographic field experiments
addressing the essential role of the
ocean in the global water cycle using

a plethora of in situ oceanographic
equipment and technology, including

research ships, floats, drifters,
autonomous gliders and moorings.

H t d t Meteorological and Oceanographic Comprehensive Ocean-
I n 'SI U a a SO U rceS System (SAMOS) initiative provides Atmospheric Data Set, the
routine access to accurate, high-quality most comprehensive archive of global marine surface
marine meteorological and near- climate observations available. Variables include SST, SLP,
surface oceanographic observations air temperature, wind speed, cloud amount, and others.

from research vessels. Variables include
SST, SLP, winds and air temperature,
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Questions So Far?
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Benefits for Vessel Operators

* Routine data quality evaluation by experienced
marine meteorologists

At sea notification of data problems
« Near real-time distribution of science observations
* Long-term archival of data

« Metadata tracking (and inclusion into all data files)
« Educational opportunities for technicians
« Showing value of their data collection efforts

« Decision support for vessels wishing to improve their
sensor suites and/or instrument exposure
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Lessons Learned (1)

« Shore-side data - .
monitoring works! \K, -
- Disciplinary data K
centers provide 2 b |4
expertise that b e \
shipboard i
technicians may not
possess.

e Shipboard
technicians benefit
from at-sea

feedback

* Corrects problems
before a whole

CKEANOS EXPLORER Meateorologicel Data: DIR

Station 46026 (1)
passage @ ~300 UTC:
station reports 311°

» 'Sacramento
(]

Santa Rosa :
. \

San Francisco
& N\

\SanlJose
‘o )

cruise of useless E
data is collected F
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Lessons Learned (2)

« Automated quality control
can miss problems in data
* Landmasks do not

contain all canals and
smaller waterways

» Airflow distortion, stack
exhaust, electronic noise
hard to diagnose

e Duplicate sensors can
help, but third data source

often needed to verify
which sensor is correct

* Visual QC frequently flags
9-10% more data

Springfield

4 ( | Providence
/ Hartford \ e
o

[ [ | | e L fes)
“ ;‘CO'NNECTICUTRHOD
/ i~ New Haven IS LA

A New. Y,Qrk =rl‘ong Island
LD SZ7 e
8 Ay .

EW. JE RS EY

FERDINAND HASSLER Meteorclogical Data: lat

3/24 20:24 3/24 20:54 3/24 21:24 3/24 21:54

FERDINAND HASSLER Metecrological Data: len

3/24 20024 3/24 20:54 3/24 21:24 3/24 21:54
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Lessons Learned (3)

« SAMOS advocates for fluid dynamics modeling of ship
structures in design phase

* Implemented for
Sikuliag and W RCRYV - Airflow, 12 kis, Elevation
RCRVs NUMECA: ; : : : :
- Allows instrument E— : ': ‘: —
mast changes
early in process ——

 SAMOS reviews
results and makes —— —
recommendations f S 12 ks, NO headwmd
for sensor siting B .  (° hcading

Image courtesy The Glosten Associates
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Lessons Learned (4)

* Never enough metadata!

Healy sea temperature difference by latitude

 Critical for data reuse N I
(FAIR) % b

» Supports visual QC

« Recommends controlled 05 g

vocabularies (no free text)

* Never enough focus on
metadata collection and
preservation

» Easier to capture as data
collected

- Example: Sea temperature ,

- Need absolute knowledge -1 TIRER NG 1 S T
of sensor location Latitude

« Distance from water intake 2008-2010: Blue, Green
affects measurement 2011-2012: Red, Orange

T ”I' T T | T T T T

0.0

TS -TS2

| 1 1 1 I 1 1 1 1 I 1 | 1 1 | 1 1 1 1

o
(631
T T T | T T T 1

—r
N
o
w
o
N
o
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New Metadata for SAMOS

» Associated

» New metadata we collect

Intake info parameters
_ = links SAMOS SOG,
- X, Y, z location COG, heading, and
- distance to sensor (pipe run) relative wind

variables associated
with true wind
derivation

- In future, may use to
associate other
sensors that result in

‘ NNU. 1 LUK PLAN 2-3C
* [Underway Science B

Sea Water System

T J

STACK_ (M)

i
= ;
(A derived val

| o erived values (e.qg.,
“H:H—‘

. ~86'of 1 1/2" Pipe/ Hose . ~10' of 3/4" Pipe/ Hose Pl’ﬁ‘:: DZE;S—A - ~32.5 of 3/4” Pipe/ Hose . ~17"of 1/2" Pipe/ Hose HALF SIZE PRINT

SCALE: 3/167=1'-0" \ —
. ~1.5'of 1" Pipe/ Hose ~~ 14’ of 1/2" Pipe/ Hose ~7.5 of 1/2° Pipel Hose AS-BU"_T

Atlantic Explorer. Image courtesy BIOS.
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Operator Best Practices

» Site meteorological sensors as !
far forward and as high as

H

possible to avoid influence of %*%f
ship on measurements ; oy ;

« Avoid sources of RF on vessel, ﬂ = 4 il
which result in noisy data — = |, B . e
particularly from radiation ey g ey e
sensors. e

* Avoid sources of heat.

* Record sensor locations with
respect to known vessel
coordinate system.

* Document system with data
* Ensure proper calculation of

true winds to remove ship
motion.

SAM os http://[samos.coaps.fsu.edu

Shipboard Automated Meteorological and Oceanographic System




Questions So Far?
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Recent Data Issues
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Recent Data Issues

* Bird is the word!

;énfrﬂiv P e
“‘ﬂ\‘&.«.‘& Wi

AN

RO ZaV
WA

Image courtesy UW

Images courtesy WHOI
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units: degrees (clockwise from bow)

units: meter second-1

Recent Data Issues

POSMYV “thrashing” events
- characterized by extreme
ship speeds
- affects true winds
- Applanix aware; software
patch does not entirely
resolve occurrences
] PL_WDIR
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Recent Data Issues

P
-  High-frequency
pressure variations,

often > 1-2 mb
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[ ] [ ]
evidence in T/RH

24+

or wind speed
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Recent Data Issues

;  resolved by replacing
pressure tubing
- sensor installed ~1
llllllllllllllllllllllll meter above pilot
""" PR house roof
- degraded, loose, or
cracked/kinked
g tubing makes sensor
01100 0200 03100 0400 05100 0500 07:00 0800 08100 10:00 11100 1200 1300 1400 1500 1600 17:00 1800 15:00 20.00 21100 2200 2300 vu | nera b | e tO
flow/localized
" pressure variations

||||||||||||||||||||||||
..............
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units: milibar

Recent Data Issues

* Pressure data rangingtoo
much diurnally Raleigh =

- Verified against nearby Chartoag._ ot o o\
stafions | Cenons s
. 5+ mb greater during the ooz i

daytime S —
P
1,014 range ~10 mb
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units: milibar

Recent Data Issues

Richmond

Raleigh ®

 Moisture identified in the
barometer tubing Charttsat . o cob ,\
« Technician used a

Atlanta Diamond Shoals and
vacuum cleaner to blow 00 Hatteras Bay buoys showed
. a range of ~1012-1015 mb
out the tUblng over the course of the day
' Jacksonwilie
¢ PrOblem SOIVed ' ‘ Leaflet | Map data © OpenStreetMap
P
1,016
1ot range ~10 mb
1,012
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Recent Data Issues

DIR Jackstaff RMY 05106
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Recent Data Issues
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Recent Data Issues

- Negative long wave radiation values

RAD LW
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Recent Data Issues

- Examination of data messages revealed a temperature issue:
$WIR35,23/03/17,00:10:30, 176, -13.2,-712.82, 28.04, 67.12, -0.88, 34.0, 11.5

- PIR case temperature = 28.04 °C
- PIR dome temperature = 67.12 °C
- dome and case temperatures usually about the same

- difference pointed to compromised dome temperature thermistor
or compromised dome seal
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Recent Data Issues

PL_SPD

* Spikey flow through
data.

s e S L e Vessel on/off station
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Recent Data Issues

PL_SPD

units: meter second-1
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» Air/bubbles confirmed

In bow intake line when
bow thruster was
offline

Spikes exist when ship
Is traveling very slowly
and is traveling
against the dominant
swell

Problem not present
when ship is traveling
with the swell
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Other Questions and Discussion

Base funding for the SAMOS data center is provided by the National Oceanic and Atmospheric Administration’s (NOAA) Global
Ocean Monitoring and Observing Program (FundRef number 100000192) via a subaward (191001.361472.01B) from the
Northern Gulf of Mexico Cooperative Institute grant NA210AR4320190 administered by the Mississippi State University.

Support for Academic Research Fleet vessels’ participation within SAMOS is provided by the National Science Foundation
(NSF), Oceanographic Instrumentation and Technical Services Program via a subcontract from the Lamont Dogherty Earth
Observatory grant OCE-1949707. The Schmidt Ocean Institute (SOI) provides contract funding to include the RV Falkor and
Falkor (too) in the SAMOS initiative.

Any opinions, findings, and conclusions or recommendations expressed in this presentation are those of the authors and do
not necessarily reflect the views of NOAA, NSF, or SOI.
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