


Schedule

 ERDDAP Tutorial
* NWEM ORCA Moorings
* ERDDAP —What is it?
* Demonstrate NWEM ERDDAP to see data availability
* Discuss NWEM Data Products
* Discuss ERDDAP programming language interfaces

* NWEM Data Processing
* Discuss NWEM Data Workflow
* Discuss processing steps for each data product



NWEM ORCA Moorings

* Northwest Environmental Moorings (NWEM) maintains a series of
nermanent moorings through Puget Sound, with the goal of
oroviding real-time and long-term environmental monitoring

* We call these mooring ORCA buoys (Oceanic Remote Chemical
Analyzer)
* Consists of a winch-driven profiling system with a sensor package

* Sensor package contains a CTD, as well as a variety of chemical and optical
Sensors



Buoy Locations

* ORCA1: Twanoh
* ORCA2: Hoodsport
* ORCA3: Hansville

* ORCA4: Dabob Bay
* NPBY1: Pt. Wells

e NPBY2: Carr Inlet

South Hill



Typical Cast

* Each cast samples at 4
Hz, with the CTD package
moving at a target speed
of 25 cm/s

* Asample is taken every ~6
cm when package is
moving

* For a 100 m cast, this
results in ~1600 samples
for just the downcast
portion of each cast
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Hoodsport : Cast Number = 24267: 2023-5ep-12 12:00:06 (Local Time)
Deployment Date : 06/01/2023 10:00

CTD : Model = SBE19PlusV2, SN = 7507

PUMP : Model = 5P, SN = 55552

V0 (02) : Model = SBE43, SN = 1328

V2 (Chlor) : Model = ECO-FLNTUS, SN = FLNTUS-564
W3 (Turb) : Model = ECO-FLNTUS, SN = FLNTUS-564

Downcast start time: 19:03:21 (UTC)
Downcast end time : 19:08:58 (UTC)




Data Coverage

ORCAz1: Twanoh
ORCA2: Hoodsport

ORCA3: Hansville
ORCA4: Dabob Bay
NPBY1: Pt. Wells
NPBY2: Carr Inlet
Total Casts

36,215
24,645
15,304
7,161
9,129
24,950
117,404

2005-Jan-19
2005-0Oct-19
2005-Nov-18
2010-Jun-07
2010-Apr-10

2010-Oct-13

* Target of at least 1 cast per
day
e This can be higher
during the summer,
when we have more
time for solar to
recharge the batteries

* Each cast can consist of
1200-4000 samples,
depending on buoy depth



ERDDAP -Whatis it?

* ERDDAP is a data server platform to distribute & visualize data
* Allows for temporal and spatial subsetting of data
* Allows for multiple data file formats (ex. netCDF, csv, JSON, mat, etc.)

* Visualization tools let you explore the data and save the resulting images
in your preferred output (png, pdf, etc)

* Serveris "RESTful”, meaning that the URL used to access the data
completely defines the output

* Overall, ERDDAP is a data platform that allows for direct user data
exploration, and automated machine access



ERDDAP — Resources

* Coast Watch ERDDAP Tutorial — Best Resource:
https://coastwatch.gitbook.io/satellite-course/tutorials/erddap-
tutorial



https://coastwatch.gitbook.io/satellite-course/tutorials/erddap-tutorial
https://coastwatch.gitbook.io/satellite-course/tutorials/erddap-tutorial

ERDDAP —Web Interface

'?J ERDDAP - Home Page +

Front page of the NWEM ¢ 2 ° RS
ERDDAP lists:

Start Using ERDDAP:
Search for Interesting Datasets

ot DESCI’IptIOI’] Ofthe € W al Moorings ( - Do aFull Text Search for Datasets

the Applied Physics Laboratory of the University of Washington.

|
N W E IVI p ro g r a m NWENM maintains a number of buoys throughout the Puget Sound and along the Washington [s

coast. This includes the Oce emical Analyzer (ORCA) moorings, as well as the
Northwest Enhanced Moored Observatory (NEMG). « View a List of All 72 Datasets
The Oceanic Remote Chemical Analyzer (ORCA) maoorings are autonomous profiling systems that Search for Datasets by Category
. collect near real- ater property and atmosph data in Puget Sound, Washington State.
® L | n k to t h e d ata | | | a n U a | Data are transmitter i rings to a ser housed at the University of Washington in Datasets can be categorized in different ways by the

Seattle, where they are proc . guality controlled, and disseminated.

Since 2010 the University of Washington has maintained a pair of moorings 13 nautical miles [ :, ame)
west-northwes a Push, Washington on the Washington continental shelf and within the : ateg ; at attribute.
Olympic Coast National Marin ary, collectively referred to as the Northwest Enhanced
® Acce SS to t h e d ata Sets \oore atory (NEMO). The moorings consist of a large surface buoy (Cha'Ba or Quileute
ale profiling subsurface mooring rred to as
nographic and at pheric data, with Search for Datasets with
lumn. Data are stored both Advanced Search @

Search for Datasets by Protocol

To learn more about the ORCA Data Processing, please read the Data Processing Manual, found
here.

NWEM ERDDAP:
https://nwem.apl.washington.edu/erddap/index.html
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https://nwem.apl.washington.edu/erddap/index.html

ERDDAP —Web Interface

'?J ERDDAP - Home Page +

Front page of the NWEM t2° @ plud
ERDDAP lists:

Start Using ERDDAP:
Search for Interesting Datasets

= DESCI’IptIOI’] Ofthe € ODAP server for the Northw al loorings /) Lab g » Do a Full Text Search for Datasets

the Appll-—ﬂ Physics Lab::r'{'ror\- of the Unl\n—rsm, of Washington.

N W E IVI p ro g r a m N‘u"-!EI'-,-1 malntanb a numt:r-r of buoys through- out the F'uget S nund anri ale ong the \"Ja=h|ngt= n

 Link tothe data manual

on has maintained a pair of moorings 13 nautical miles
non ‘an-‘.p"Jashlng'ron continental shelf and within the
ympic Coast National Marin ary, collectively r ed to as the Northwest Enhanced
o AcceSS to th e d ata sets voore atory (NEMO). The moorings consist of  large surface buoy (Cha'Ba of Quilette
r "whale and an adj : profiling subsurface mooring rred to as
e. Both moorings collw nographic and atmospheric data, with Search for Datasets with
noqlapm: observa throughout much of the 100 m water column. Data are stored both Advanced Search @
and transfern ore hourly to be displayed on the NANOOS Visualization System
) in near real-time. Search for Datasets by Protocol
To learn more about the ORCA Data Processing, please read the Data Processing Manual, found
here.

NWEM ERDDAP:
https://nwem.apl.washington.edu/erddap/index.html
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ERDDAP —Web Interface

List of all Data Products:

 Title & Dataset ID

Grid
DAP
Data

data
data
data

i]
data
data
data
data

data
data
data
data
data

Sub-

Northwest Environmental Moorings ERDDAP

Access To Puget Sound Mooring Data

ERDDAP > List of All Datasets

72 matching dat

Table
DAP
Data

data
data
data
data
data

S, in alphabetical order.

Make W Sourg

files
Tiles

Title

* The List of All Active Datasets i
NEMO - ChaBa

s ERDDAP *
- Gill Metpak Pro
2 WIMT 700 Ane

NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar

NPBY1 - Pt Wells - L2 P ure Gridded Data - 1.00 dbar

NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 0.25 meter (In
NPBY1 - Pt Wells - L3 Climatol - Depth Gridded - 1.00 meter (In
NPBY1 - Pt Wells - L3 Climato idded - 0.25 dbal
NPBY1 - Pt Wells - L3 Climato

NPBY1 - Pt Wells - L3 Depth Gridded Data -

NPBY1 - Pt Wells - L3 Depth Gridded Data - 1.00 meter

NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter
NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

Gridded Data - bar
T Inlet - L2 Pressure Gridded Data - 1.00 dbar
T Inlet - L3 Climatology - Depth Gridded - 0.25 meter
T Inlet - L3 Climatology - Depth Gridded - 1.00 meter
mr Inlet - L3 Climatology - Pressure Gridded - 0.25 dbar

Carr Inlet - L3 Climatology - Pressure Gridded - 1.00 dbar

Am-

SOOI P DIV IOID

FGDC,

[ 150,
Y| Metadata

M
M
M
M

BKKERKKEK KRR KR EERKX XK KKK KK

Institution

Northwest Enviror
Northwest Environ
Northwest Environ
NWEM G

Environ.
Environ..

Northwest Enviro
Northwest Envi

Dataset ID

allData:
nemo-chaba_met
nemo-chaba_winds

chaba 7

npby1_L.

npby1_L.

npby1_L

npby1_L

npby1_L
npby1_L3_depthgridded_0
npby1_L3_depthgridded 100
npby1_L4 anomaly 025
npby1_L4 anomaly
npby2_L1_pro
npby2_L2_gridded_025
npby2_L2_gridded_100
npby2 L

npby2 L

npby2_L.

npby2_L.



ERDDAP —Web Interface

List of all Data Products:

All Datasets > +

& nwem.apl.washington.edu;

Northwest Environmental Moorings ERDDAP

* Title & Dataset ID NS

Ets, listed in alphabetical order.

raph files Northw
ound & MNorthwi

ound & Northwest Envir

grid (with axis variables) oo tes

raph files

ake W Source S FGDC, Back- -
[ ] D a t a A C C e S S F O r m A M D_ata Title T 10, ground Institution Dataset ID
raph | § | Files Metadata Info
ata raph * The List of All Active Datasets in this ERDDAP * (7] M g ound iron_. @ allDatasels
Ps T b | D A P raph 5 |NEMO - ChaBa Meteo al - Gill Metpak Pro @ M | background & @ nemo-chaba_met
a e O r raph s |NEMO - Chaba Wind - W a WMT 700 Anemometer ] M bz ound & @ nemo-chaba_winds
raph ] NEMO Cha'Ba: SBE-37 CTD [7] ound & chaba
G . d D A P . : s Seabird SBE37 CTD, Historical data @ @
rl O pt I O n S NPBY1 - Pt Wells - L1 Profile Data @ .. @ npby1_L1_profiles
d fles | NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0 @ .. @& npby1l L2 gridded 025
¢ Ta b | e D A P . d fles | NPBY1 - Pt Wel 2 Pre: @ @ npbyl_L ded_100
raph files | NPBY1 - Pt Wel [7] t Environ @ matology_025
A | | st Of p o | nts W|t h va | ues at raph| | files | NPBY1-PtWells - ) Northwest Environ... @
dat; files | NPBY1 - Pt Wel @ t Environ... @
a SSOC i atEd Wit h ea C h at - files | NPBY1 - Pt Wel : 2 - Pressure Gridded - 1.00 dbar (Incomplete) 7] t Environ... @
at files | NPBY1 - Pt Wells - L3 Depth Gridded Data - 0.25 meter @ .. @
raph files | NPBY1 - Pt We 3 Depth Gridded Data - 1.00 meter (7] t Environ.. @
Exa m p | e : Exce | Ta b I e S a: raph NPBY1 - Pt Wel L4 Anomaly - Depth Gridded Data - 0.25 meter [7] t Environ @ npby1_L4_anomaly_025
. at raph es | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter 7] Northwest Environ.. @ npby1 L4 anomaly 100
L G rl d DA P : I es |NPE @ ound & Northwest Environ._. @
at: r files ] ound & Northwe .. @
Variables on a fixed data R . e C
7] 7]
7] 7]
7] [7]
@ @

raph files ound & Northwest Environ...

Example: Maps of sea
surface temperature



ERDDAP —Web Interface

List of all Data Products:

All Datasets > +
& nwem.apl.washington.edu;

Northwest Environmental Moorings ERDDAP

* Title & Dataset ID NS

. Source S FGDC, Back-
* Data Access Form [ = e o
5 | Files Y| Metadata Info
SE atll| graph * The List of All Active Datasets in this ERDDAP * M z ound iron._. @ allDatasets
([ ] I b | D ‘ * P SE lat| graph files | NEMO - ChaBa Meteo al - Gill Metpak Pro M | ba ound & @ nemo-chaba_met
a e O r set | dat: raph NEM®O - Chaba Wind - W a WMT 700 Anemometer M ba ound & @ nemo-chaba_winds

raph 5 | NEMO Cha'Ba: SBE-37 CTD ound & chaba

G - d DAP t' 5 atl| ar 5 Seabird SBE37 CTD, Historical data
rl O p I O n S datz fles | NPBY1 - PtWells - L1 Profile Data

fles | NPBYT - Pt Wells - L2 Pressure Gridded Dat:
fles | NPBY1 - Pt We 2 Pre:
ph fles | NPBY1 - Pt We
at: graph files | NPBYT - Pt Wells - L3 E r 0 3
- Data Visualization m o o
at: qrs files | NPBY1 - PtWe X = - Pressure Gridded - 1.00 dbar {Incomplete)
fles | NPBYT - Pt Wells - L3 Depth Gridded Data - ( meter
graph files | NPBY1 - Pt We 3 Depth Gridded Data - 1.00 meter
graph NPBY1 - Pt Wel L4 Anomaly - Depth Gridded Data - 0.25 meter
NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter
NPB

npby1_L1_profiles

npby1 L2 gridded 025

npby1_L. ded_100

t Environ... imatology_025

Northwest Environ...
t Environ...

t Environ...

t Environ...
t Environ... npby1_L4 anomaly 025
Northwest Environ.. npby1_L4 anomaly 100
ound & Northwest Environ...
ound & Northwe

Northws

Northwi
ound & Northwi

ound & Northwest Envir

files

graph files
ph files
graph files
graph Tiles

(2]
@
(]
@
@
(]
2]
]
]
@
@
@
@
(2]
(2]
(]
(]
(]
@
2]
2]
@
@

090009999909 9909988 0

graph files ound & Northwest Environ...




NWEM Data Products

ERDDAF - Search

c

+

Northwest Environmental Moorings ERDDAP

Access To Puget Sound Mooring Data

ERDDAP > Search

Do a Full Text Search for Datasets:

[Pt Wells

| Search |

11 matching datasets, with the most relevant ones listed first.
(Cr, refine this search with Advanced Search 7] )

Grid
DAP
Data

data
data
data
data
data
data
data
data
data
data

Sub-
set

Table  Make (W | Source

DAP

Data Graph S Files

data

A

graph
graph
graph
graph
graph
graph
graph
graph
graph
graph
graph

M Data

files
files
files
files
files
files
files
files
files
files
files

NPBY1 - Pt Wells - L1 Profile Data

NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar
NPBY1 - Pt Wells - L2 Pressure Gridded Data - 1.00 dbar

NPEY1 - Pt Wells - L3 Climatology -
NPEBY1 - Pt Wells - L3 Climatology -
NPBY1 - Pt Wells - L3 Climatology -
NPBY1 - Pt Wells - L3 Climatology -

Depth Gridded - 0.25 meter (Incomplete)
Depth Gridded - 1.00 meter (Incomplete)

Pressure Gridded - 0.25 dbar (Incomplete)
Pressure Gridded - 1.00 dbar {Incomplete)

NPBY1 - Pt Wells - L3 Depth Gridded Data - 0.25 meter
NPBY1 - Pt Wells - L3 Depth Gridded Data - 1.00 meter
NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter
NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

The information in the table above is also available in other file formats (.csv, htmiTable, (itx, json,
JjsonlCSV1, jsonlCSY, jsonlkVP, .mat, .nc, nccsy, tsv, xhtmil) via a RESTul web service.

# nwem.apl.washington.edu/erddap,/search/index.htmi?page=1&itemsPerPage=10008searchFor=Pt+Wells

FGDC,
i SO,
Y Metadata

FI M

Sum-

POLHDLDOEDBBY®

Back-
ground
Info

background &
background &
background &
background &
background &
background &
background &
background &
background &
background &
background &

RSS -
mail

3 Rss Jy¥|
3 Rss I
3 Rss JIV¥Y
3 RssJITY
3 Rss I3
3 R5S I
3 Rss Jy¥|
3 Rss JIV¥Y
3 Rss JVEY
3 RssJI¥Y
3 Rss I3

Institution

Northwest Environ.
Northwest Environ...
Northwest Environ.
Northwest Environ...
Northwest Environ...
Northwest Environ...
Northwest Environ.
Northwest Environ.
Northwest Environ.
Northwest Environ...
Northwest Environ...

POPHODLOOEBDBOY®

Dataset ID

npby1_L1_profiles

npby1_L2_ gridded 025
npby1_L2_gridded_100

npby1_L3 depth_climatology 025
npby1_L3_depth_climatology_100
npby1_L3 climatology_025
npby1_L3_climatology_100
npby1_L3_depthgridded 025
npby1_L3_depthgridded_100
npby1 L4 anomaly 025
npby1_L4_anomaly_100




NWEM Data Products

&) ERDDAP - Search x  +
6

L1: Profile Data
» Contains every point taken by the CTD
package during a cast
* Contains all the IOOS QARTOD quality
control tests performed for every point

L2: Pressure-Gridded Data

(& 8 nwem.apl.washington.edu/erddap/search/index.html?page=1&itemsPerPage=

Access To Puget Sound Mooring Data

I@-@ Northwest Environmental Moorings ERDDAP

ERDDAP > Search

Do a Full Text Search for Datasets:
[Pt Wells ¥ | Search |

11 matching datasets, with the most relevant ones listed first.

(O, refing this search with Advanced Search @ )

* The downcast portion of each cast is

] ) : Grid | .~ Table Make W Source
interpolated onto a uniform pressure grid pap S“* pAP A M Data
R ) Data Data Graph S Files
* Griddingis done at 1.00 dbar and o0.25 dbar e P NPBY1 - PtWelks - L1 Profie Data
resolution data : fles | NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar
data g fles | NPBY1 - Pt Wells - L2 Pressure Gridded Data - 1.00 dbar
data graph fles | NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 0.25 meter (Incomplete)
. : data graph fles  NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 1.00 meter (Incomplete)
L3: Depth-Gridded Data e e e ey e S Shme s theembE s
) ] data graph fles  NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 0.25 dbar (Incomplete)
- Pressure-g ridded casts are converted into data graph fles | NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 1.00 dbar (Incomplete)
. . . data graph fles | NPBY1 - Pt Wells - L3 Depth Gridded Data - 0.25 meter
hydrostatic depths, and re-gridded to uniform - _ S e ;
data graph fles | NPBY1 - Pt Wells - L3 Depth Gridded Data - 1.00 meter
depth g rids data graph fles | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter

data graph files | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

e Gridding is done at2.00 m and 0.25 m
resolution

The information in the table above is also available in other file formats (_csv, _htmiTable, itx, json,
JsonlCSV1, jsonlCSV, jsonlkKVP, mat, nc, .nccsv, tsv, xhtml) via 2 RESTul web service.




NWEM Data Products

&) ERDDAP - Search x  +
6

L1: Profile Data
» Contains every point taken by the CTD
package during a cast
* Contains all the IOOS QARTOD quality
control tests performed for every point

L2: Pressure-Gridded Data

(& 8 nwem.apl.washington.edu/erddap/search/index.html?page=1&itemsPerPage=

Access To Puget Sound Mooring Data

I@-@ Northwest Environmental Moorings ERDDAP

ERDDAP > Search

Do a Full Text Search for Datasets:
[Pt Wells ¥ | Search |

11 matching datasets, with the most relevant ones listed first.

(O, refing this search with Advanced Search @ )

* The downcast portion of each cast is

] ) : Grid | .~ Table Make W Source
interpolated onto a uniform pressure grid pap S“* pAP A M Data
R ) Data Data Graph S Files
° Grlddlng is done at 1.00 dbar and 0.25 dbar data | graph fles | NPBY1 - Pt Wells - L1 Profile Data
resolution data of NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar
data _ d  NPBY1 - Pt Wells - L2 Pressure Gridded Data - 1.00 dbar
data fles | NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 0.25 meter (Incomplete)
. : data graph fles | NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 1.00 meter (Incomplete)
L3: Depth-Gridded Data e e e ey e S Shme s theembE s
) ] data graph fles  NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 0.25 dbar (Incomplete)
* Pressure- gri dded casts are converted into data graph fles | NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 1.00 dbar (Incomplete)
. . . data graph fles | NPBY1 - Pt Wells - L3 Depth Gridded Data - 0.25 meter
hydrostatic depths, and re-gridded to uniform e _ et :
data graph fles | NPBY1 - Pt Wells - L3 Depth Gridded Data - 1.00 meter
de pt h gri ds data graph fles | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter

data graph files | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

e Gridding is done at2.00 m and 0.25 m
resolution

The information in the table above is also available in other file formats (_csv, _htmiTable, itx, json,
JsonlCSV1, jsonlCSV, jsonlkKVP, mat, nc, .nccsv, tsv, xhtml) via 2 RESTul web service.




NWEM Data Products

&) ERDDAP - Search x  +
6

L1: Profile Data
» Contains every point taken by the CTD
package during a cast
* Contains all the IOOS QARTOD quality ERDDAP > Search
control tests performed for every point

(& 8 nwem.apl.washington.edu/erddap/search/index.html?page=1&itemsPerPage=

Access To Puget Sound Mooring Data

I@-@ Northwest Environmental Moorings ERDDAP

Do a Full Text Search for Datasets:

[Pt Wells ¥ | Search |
L2: Pressure-Gridded Data 11 matching datasets, with the most relevant ones listed first
] ; {Or, refine this search with Advanced Search @)
* The downcast portion of each cast is
_ ) _ Grid | Table Make W Source
interpolated onto a uniform pressure grid pap S“* pAP A M Data
AN Data Data Graph S Files
° Grlddmg is done at 1.00 dbar and 0.25 dbar data graph fles | NPBY1 - PtWels - L1 Profile Data
resolution data fles | NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar
data _ fles | NPBY1- Pt Wells - L2 Pressure Gridded Data - 1.00 dbar
data fles  NPBY1- Pt Wells - L3 Climatology - Depth Gridded - 0.25 meter (Incomplete)
_ : data fles  NPBY1- Pt Wells - L3 Climatology - Depth Gridded - 1.00 meter (Incomplete)
L3: Depth-Gridded Data L - |
3 P ] _ data fles  NPBY1- Pt Wells - L3 Climatology - Pressure Gridded - 0.25 dbar (Incomplete)
* Pressure- gri dded casts are converted into data fles  NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 1.00 dbar (Incomplete)
- - - data flef™ NPBY1 - Pt Wells - L3 Depth Gridded Data - 0.25 meter
hydrostatic depths, and re-gridded to uniform _ ST e e e ;
data graph | | file] | NPBY1 - Pt Wells - L3 Depth Gridded Data - 1.00 meter
de pt h gri ds data graph fles | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter

data graph files | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

e Gridding is done at2.00 m and 0.25 m

| ti The information in the table above is also available in other file formats (.csv, -htmiTable, _itx, json,
resolution SonICSVA, jsoniCSV, jsonlKVP, mat. nc. ncesv, tsv, xhimi) via a RESTRUl web service.




NWEM Data Products

&) ERDDAP - Search x  +
. L3 ChmatOlOgy < (& 8 nwem.apl.washington.edu/erddap/search/index.html?page=1&itemsPerPage=
Climatological means and standard deviations I‘f Northwest Environmental Moorings ERDDAP
for each sensor variable are created Access To Puget Sound Mooring Data
- T - \\ "
* Climatologies are only considered “complete ERDDAP > Search
|f we hav.e at least 6 full years of data over the Do a Full Text Search for Datasets-
time period used (2010-2022) Pwels @ Seareh]
° Only 3 buoyS have “Complete” Climat0|ogies: 11 matching datasets, with the most relevant ones listed first.
(O, refing this search with Advanced Search @ )
ORCA1-Twanoh, ORCA2 — Hoodsport, and
Grid Table Make W Source
NPBY2 —Carr Inlet pap S“* pAP A M Data
) ] Data ~°' Data Graph S Files
* Climatologies are made for pressure- and data graph| | fles | NPBY1-PtWels - L1 Profiie Data
depth_g rldded data at a ” reSO| UtIOnS data files NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar
! : . data [y files MNPBY1 - Pt Wells - L2 Pressure Gridded Data - 1.00 dbar
1.00 dbar and 0.25 dbar for pressure-g ridded ; data grap £ NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 0.25 meter (Incomplete)
1.00mando.2 5m for depth-aridded data gre } | NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 1.00 meter (Incomplete)
’ ) P g data grapl } | NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 0.25 dbar (Incomplete)
data graph : NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 1.00 dbar (Incomplete)
* L4:Anomaly oo | s NPBN T—Fivieks 3 Do Gradadiben 11 i
° Depth-g ridded data with the cIimatoIogicaI data graph | fles  NPBYA - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter

data graph files | NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

mean for the cast day-of-year removed

The information in the table above is also available in other file formats (_csv, _htmiTable, itx, json,

* Ati.00mand 0.26mM resolution JSONICSVA, jsoniCSV. jsonlKVP. mat. nc. ncesv. tsv, xhimi) via 2 RESTRUl web senvice.




NWEM Data Products

&) ERDDAP - Search x  +
B nwem.aplwashington.edu/erddap/search/index.html?page=1&itemsPerPage=
L3 Cllmatology & C & l.washington.edu/erddap h/index.html? PerPag
Climatological means and standard deviations I‘f Northwest Environmental Moorings ERDDAP
for each sensor variable are created Access To Puget Sound Mooring Data
A A A A\Y "
* Climatologies are only considered “complete ERDDAP > Search
|f we hav.e at least 6 full years of data over the Do a Full Text Search for Datasets-
time period used (2010-2022) Pwels @ Seareh]
° Only 3 buoyS have “Complete” Climat0|ogies: 11 matching datasets, with the most relevant ones listed first.
{Or, refine this search with Advanced Search @)
ORCA1-Twanoh, ORCA2 — Hoodsport, and
Grid Table Make W/ Source
NPBY2 —Carr Inlet pap S“* pAP A M Data
) ] Data ~°' Data Graph S Files
* Climatologies are made for pressure- and data graph| | fles | NPBY1-PtWels - L1 Profiie Data
depth-gridded data. at all resolutions: data fles | NPBY1 - Pt Wells - L2 Pressure Gridded Data - 0.25 dbar
I o data g fles | NPBY1 - Pt Wells - L2 Pressure Gridded Data - 1.00 dbar
1.00 dbar and 0.25 dbar for pressure-g ridded ; data grap fles | NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 0.25 meter (Incomplete)
1.00mando.2 5m for depth-aridded data gra fles  NPBY1 - Pt Wells - L3 Climatology - Depth Gridded - 1.00 meter (Incomplete)
| . pth-g data grap fles  NPBY1 - PtWells - L3 Climatology - Pressure Gridded - 0.25 dbar (Incomplete)
data grap fles  NPBY1 - Pt Wells - L3 Climatology - Pressure Gridded - 1.00 dbar (Incomplete)
L4: Anoma |y data grap fles | NPBY1 - PtWells - L3 Depth Gridded Data - 0.25 meter
. _ _ _ _ data gra fles | NPBY1 - PtWells - L3 Depth Gridded Data - 1.00 meter
° Depth-g ridded data with the cllmatologlcal data grapl fied  NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 0.25 meter

data graph file NPBY1 - Pt Wells - L4 Anomaly - Depth Gridded Data - 1.00 meter

mean for the cast day-of-year removed

The information in the table above is also available in other file formats (_csv, _htmiTable, itx, json,

* Ati.00mand 0.26mM resolution JSONICSVA, jsoniCSV. jsonlKVP. mat. nc. ncesv. tsv, xhimi) via 2 RESTRUl web senvice.




ERDDAP — NWEM Demonstration

Let's walk through some examples of downloading data from the
NWEM ERDDAP server:

https://nwem.apl.washington.edu/erddap/index.html



ERDDAP — Download via Data URL

e ERDDAP creates data URLs which can be used to download data

* By understanding the format of these URLs, they can be
manipulated to download the data of your choosing

* Example Download From TableDap:
https://nwem.apl.washington.edu/erddap/tabledap/orca2_L1_profiles.csv?cast_num
ber%2Ctime%2Csample_time%2Csea_water_pressure%2Csea_water_temperature
&time%3E=2023-10-24T19%3A00%3A08Z&sea_water_temperature_qc_agg%3C=3



ERDDAP — Download via Data URL

* TableDAP: Deconstruct the Example:

[tabledap/orcaz_La_profiles.csv? %2C
%2C %2C &time%3E=2023-10-
24T119%3A00%3A08Z&sea_water_temperature_qc_agg%3C=3

e Base url:

 ERDDAP Data Type: tabledap
 dataset_id: orca2_L1_profiles
* Desired file format: csv

* Selected Variables:

{ 5

* Constraints:
{time%3E=2023-10-24T19%3A00%3A08Z, sea_water_temperature_qc_agg%3C=3}


https://nwem.apl.washington.edu/erddap

ERDDAP — Additional Resources

* Coast Watch ERDDAP Tutorial — Best Resource:
https://coastwatch.gitbook.io/satellite-course/tutorials/erddap-
tutorial

* Python — Direct Interface Client:
* erddapy:

* R — Direct Interface Client:
* rerddap:

* Matlab — It may be possible if you have the Mapping Toolbox


https://coastwatch.gitbook.io/satellite-course/tutorials/erddap-tutorial
https://coastwatch.gitbook.io/satellite-course/tutorials/erddap-tutorial
https://ioos.github.io/erddapy/
https://cran.r-project.org/web/packages/rerddap/index.html

NWEM ERDDAP

Any questions?

Seth Travis: setht1@uw.edu



NWEM — ORCA Data Processing

Data Manual Can Be Found Here:
https://nwem.apl.washington.edu/orca_datamanuals/ORCA_DataProcessing_Manual.pdf

e L1:

e L2:

 L3:

Profile Data

Contains every point taken by the CTD
package during a cast

Contains all the QARTOD tests
performed for every point

Pressure-Gridded Data

The downcast portion of each cast is
int(ejrpolated onto a uniform pressure
gri

Gridding is done at 1.00 dbar and 0.25
dbar resolution

Depth-Gridded Data

Pressure-gridded casts are converted
into hydrostatic depths, and re-gridded
to uniform depth grids

Gridding is done at 1.00 m and 0.25 m
resolution

e [3:

Climatology

Climatological means and standard
deviations for each sensor variable are
created

Climatologies are only considered
“complete” if we have at |least 6 full years of
data over the time period used (2010-2022)

Onlg buoys have “"complete” climatologies:
ORCA1-Twanoh, ORCA2 - Hoodsport, and
NPBY2 —Carr Inlet

Climatologies are made for pressure- and
depth-gridded data, at all resolutions:

1.00 dbar and o.25 dbar for pressure-gridded;
1.00 m and o0.25 m for depth-gridded

* Lg4:Anomaly

Depth-gridded data with the climatological
mean for the cast day-of-year remove

At 1.00 m and 0.25 m resolution



Data Initial Workflow




Data Ingestion Workflow
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Typical Cast

* Each cast samples at 4
Hz, with the CTD package
moving at a target speed
of 25 cm/s

* Asample is taken every ~6
cm when package is
moving

* For a 100 m cast, this
results in ~1600 samples
for just the downcast
portion of each cast
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Raw voltage signals

= V0. 02
= =  W2:Chlor
= V3:Turb

Temperature Conductivity

12
deg C

Fluorometer Turbidity

e TR vy .

Hoodsport : Cast Number = 24267: 2023-5ep-12 12:00:06 (Local Time)
Deployment Date : 06/01/2023 10:00

CTD : Model = SBE19PlusV2, SN = 7507

PUMP : Model = 5P, SN = 55552

V0 (02) : Model = SBE43, SN = 1328

V2 (Chlor) : Model = ECO-FLNTUS, SN = FLNTUS-564
W3 (Turb) : Model = ECO-FLNTUS, SN = FLNTUS-564

Downcast start time: 19:03:21 (UTC)
Downcast end time : 19:08:58 (UTC)




Typical Cast

* Sensor calibrations applied
to each cast

* Sensor alignment
performed on every cast
* Needed to ensure sensor
measurement corresponds

to correct water parcel (ex.
Salinity spiking)

* All these parameters are
stored in the individual
netCDF files for each cast

Pressure (dbar)
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Pressure (dbar)

Cast position

+  Downcast

el ] -]
o9 o o

Time (UTC})

Dissolved oxygen

swzsa el

4 6
g * Lt

Raw voltage signals

= V0. 02
= =  W2:Chlor
= V3:Turb

Temperature Conductivity

12 14
deg C

Fluorometer Turbidity

e TR vy .

Hoodsport : Cast Number = 24267: 2023-5ep-12 12:00:06 (Local Time)
Deployment Date : 06/01/2023 10:00

CTD : Model = SBE19PlusV2, SN = 7507

PUMP : Model = 5P, SN = 55552

V0 (02) : Model = SBE43, SN = 1328

V2 (Chlor) : Model = ECO-FLNTUS, SN = FLNTUS-564
W3 (Turb) : Model = ECO-FLNTUS, SN = FLNTUS-564

Downcast start time: 19:03:21 (UTC)
Downcast end time : 19:08:58 (UTC)




Data QA/QC

* For every cast, IOOS-standard QARTOD tests are performed, assigning a
QC flag value to every point
* 1=good, 3 = questionable, 4 = bad, 9 = untested
* QARTOD tests performed:

* Spike test, flat-line test, gross-range test, climatology test
* Check NWEM ORCA Data manual for the thresholds we use

* We perform a few additional tests that we’ve developed in-house. If any of
these fail, the whole cast “fails”

* Ensure that CTD port is not clogged by making sure T-S space on downcast is same as
on upcast

* Ensure that non-CTD based sensors aligned on up- and downcasts
* Check for density inversions in the dataset
* Make sure that pressure data is good



Data QA/QC

* T-S Alignment Test:

* This test checks to
ensure that the
temperature-salinity
signature on the up-
and downcast are the
same

-
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Twanoh: Cast 36205

Salinity (psu)
27.0 27.5 28.0 285 29.0 295 30.0 T-S Alignment
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—=— Downcast
—== Down Best Fit
——- Up Best Fit

12 14 16 12 14 16
Temperature (deg C) Temperature (deg C)



Data QA/QC

* T-S Alignment Test: Salinity (psu)

* Pump port for CTD A e
sampling can get
clogged

* When this happens,
the values that the

CTD samples look
realistic, but seem odd

Twanoh: Cast 36118
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o

-
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v
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Salinity (psu)
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—=— Downcast
—== Down Best Fit
——- Up Best Fit
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Ln
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12 14 16 18 20 22 10 12 14 16 18
Temperature (deg C) Temperature (deg C)

* By testing if the up- and downcast have the approximately the same
temperature-salinity (T-S) signal, we can check to see if the CTD is
functioning correctly



Potential Density for ORCA2: Cast 23500

Potential Density Potential Density Potential Density Gradient

Data QA/QC

* Density Inversion Test: R - o

£a —— Smoothed
* We check for any 5
density inversions that
occurin a profile

10
* Small density
inversions could be
detected, and

15
shouldn’t be

discounted 21 22 23 23.1 23.2 233 -0.2 00 0.2
(kg/m? - 1000) (kg/m? - 1000) (kg/m? - 1000)/m

-
[1+]
o
=2
v
=
)]
u
v
o

* We look for large density inversions, or inversions that occur over a significant
portion of the water column

* If inversions are detected, we assume the whole profile is suspect, and flag as bad
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Pressure-Gridding

Temperature for ORCAL: Cast 32626

]

* When gridding the data, we
first smooth the data with a

rolling centered mean with a ’
window width of 1-grid size g 10 22
* Ex. 0.25dbar smoothing window o \ 1249
for 0.25 gridded-data 7 ©r126 3
d , d
& . « Samples 12.8 &
 Bad data #Q C_flag=4)is 1.00 Grid
excluded trom the smoothing s N 25 one
0.4 0.6 0.8 . 1.2
(deg C) (deg C)
e The smoothed data is then e

No test Questionable Bad

interpolated onto the fixed
pressure grid



Pressure-Gridding

Temperature for ORCAL: Cast 32626
* QCflags are propagated through by
checking all QC flags with +/-0.5 grid-
size
* Ex. For1.00 dbar gridding, the point at

10.0 dbar uses data between 9.5-10.5
dbar

* If all QC flags within the window = 4,
then the new QCflag =4

* |f there is no data within the window,
the new QCflag=3
3] 8 0.4 0.6 0.8 ; 1.2

* If the QC flag for >25% of points in the (deg O dea O

WindOW=3’ then the new QC ﬂag =3 e — ]
* For all other cases, assume the data is No test Questionable Bad
good, and the new QCflag=1
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Depth-Gridding
* Pressure is roughly equivalent to depth, but not exactly

* Depth is a more natural coordinate for many users

* To convert our pressure-gridded data to depth-gridded data,
we:

* Calculate a hydrostatic depth from our pressure-gridded for every

cast: d(p) =/ 5p/(p(p)g)
* Interpolate the hydrostatic depth onto a fixed depth grid



Climatologies

Climatological means and standard deviations for each sensor variable are
created

Time period used is 2010 — 2022; Only consistent time period across all buoys

Climatologies are only considered “complete” if we have at least 6 full years of
data

Only 3 buoys have “complete” climatologies:
ORCA1—-Twanoh, ORCA2 — Hoodsport, and NPBY2 —Carr Inlet

Climatologies are made for pressure- and depth-gridded data, at all resolutions:
Pressure: 1.00 dbar and 0.25 dbar; Depth: 1.00 m and 0.25 m



Climatologies

1. First, we average all gridded casts taken on any given day

* Prevents biasing against days with higher sampling, such as during the
summer

2. Find the day-of-year for every cast

3. Average the all data by z-level (pressure or depth) and day-of-year



Lanczos kernel for a=2

Climatologies

. Perform a 2-D convolution
smoother

 Using a 2" order Lanczos filter,
with a 6-week time-dimension Lanczos kemel for a=3
half-width and 2.5 z-units (dbar or
m) z-dimension half-width

* Use periodic boundaries in the
time-dimension (i.e., smoother
loops around from December to

January)

Image By Zapparello (talk) - the English language Wikipedia (log), CC BY-
SA 3.0, https://commons.wikimedia.org/w/index.php?curid=6897796



Climatology Data

ORCA Twanoh @ 5 meters ORCA Twanoh @ 25 meters

Climatological mean Climatological mean
+/- 1 std +/- 1 std

+/- 2 std ™ +/- 2 std
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Anomalies

* Anomaly data is only calculated from depth-gridded data

* To find anomalies, we take the day-of-year for any given cast,
and subtract of the climatological mean for the same day-of-
year
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Data Access

* All data has been posted to an ERDDAP server, hosted on the NWEM
server: https://nwem.apl.washington.edu/erddap/index.html

* All buoys have L1-L4 data products, with 1.00 and 0.25 gridding for L2-L4
products (21 products per buoy)

* Immediately after data processing, all data is added to the ERDDAP data
directory

* The data directory refreshes itself:
* Every 15 seconds for changed files
* Every 15 minutes for added files

* Typical time from completing sampling cast to posting on ERDDAP is
<6 hours; mostly limited by how often we are able to connect to
buoys


https://nwem.apl.washington.edu/erddap/index.html

NWEM ERDDAP

Any questions?

Seth Travis: setht1@uw.edu
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