II.

System Components

There are many components to PacIOOS that are integrated via data management
and services. These include the various instruments and forecast models, but also
the servers themselves. The basic details are described in following sections; more
information on the data streams and formats are provided in Section V.

A.

Instruments and models

1.
High-Frequency Radio (HFR)
High-frequency radios (aka, high-frequency radars; HFR) provide estimates of ocean
currents by measuring the Doppler-shift resulting from radar returns reflected off
surface waves. The HFR typical scan through a swath of the ocean and supply alongradial current speeds every 15 minutes (time to complete one swath). Two
overlapping sites are needed to convert the radial velocities to geospatial (u,v)
velocities.
PacIOOS maintains seven HFR sites under the direction of Pierre Flament (see Table
1): Koko Head (KOK), Kaka’ako (KAK), Barber’s Point (Kalaeloa; KAL), Kapolei
(KAP), Kaena Point (KNA), Keaukaha (Hawaii Island; KKH) and Pepe’ekeo (Hawaii
Island; PPK). The first four provide overlapping coverage of Oahu’s southern shore,
and KNA gives coverage of the western side (towards the channel between Oahu
and Kauai; see Figure 2). The final two provide coverage of Hilo Bay on Hawaii
Island.

Figure 2. HFR sites and coverages for Hawaii.

Location

Site
Name

Lat

Lon

Koko Head
Kaka’ako
Barber’s Pt.
Kaena Pt.
Kapolei
Keaukaha
Pepe’ekeo

KOK
KAK
KAL
KNA
KAP
KKH
PPK

21.26083
21.29170
21.29750
21.57500
21.31140
19.73195
19.84720

157.70277
157.85830
157.08360
158.28970
158.11690
155.04830
155.08280

Range
Res
Range

First
Valid data

1.5 km
0.6 km
1.5 km
1.5 km
1.5 km
0.6 km
0.6 km

09-12-2011
09-12-2011
09-25-2010
03-26-2013
09-13-2015
12-17-2014
05-06-2015

110 km
75 km
150 km
250 km
150 km
50 km
50 km

Table 1. HFR data specifics.

The HFR data are transferred to the PacIOOS servers directly by the HFR group in
Matlab binary format. These files are then converted to ASCII and netCDF. The
ASCII files are “pulled” by the National HFR network at Scripps/UCSD for inclusion
into the National system. This process also provides vectors based on overlapping
radial components. The netCDF files are created locally and served via a private
THREDDS server for use by the PacIOOS modeling group.
2.
Beach Cameras
Two locations on Oahu were outfitted with cameras with a view of the shoreline.
One was atop the Sheraton Hotel in Waikiki with a view straight down to the beach
(sheraton1) and a view towards Diamond Head (sheraton2). The other was at
Waimea Bay with a view along the shore (waimea1) and out toward the ocean
(waimea2). Figure 3 shows sample images. Pictures were taken every hour, and
hourly animations were produced from higher temporal resolution images. The
animations are stored but not served by PacIOOS; the images appear on a web page.
The cameras were placed into operation in early February 2009 and stopped in late
2013, there are only images for that time period.

Figure 3. Two different views from the two cameras. The Sheraton views are on the top (sheraton1 on
the left, sheraton2 on the right); Waimea views on the bottom (waimea1 on the left, waimea2 on the
right).
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A new camera has been placed on the Sheraton (funded via SeaGrant and others),
but the details of data serving having not been decided.
3.
Near-shore sensors (NSS)
The PacIOOS near-shore sensors (NSS) are fixed-mounted instruments (e.g., to a
dock or pier) that typically measure temperature, salinity, turbidity and
fluorescence (from which chlorophyll is derived). There are approximately 10 to 15
of these in operation throughout the PacIOOS domain (see Figure 4), and they are
maintained under the direction of Margaret McManus. The NSS, along with wave
buoys, are the only PacIOOS-maintained assets outside of the State of Hawaii. Table
2 lists the sensor names and locations. The sensors either telemeter their data in
real-time (those equipped with a modem) or store the data internally. In the latter
cases, mainly those sensors outside Hawaii, an operator periodically downloads the
data and sends it to UH for processing.

Figure 4. Locations of near-shore sensors. Due to scaling, the sensors in Hawaii appear with a single
marker.
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ID

Location

NS-01

Waikiki YC

NS-02

Hawaii YC

NS-03

Hilton

NS-04

Aquarium

NS-05

Am. Samoa

NS-06

FSM

NS-07

RMI

NS-08

Palau

NS-09
NS-10

Guam
Maunalua
Bay

NS-11

Saipan

NS-12

Maui

NS-13

Maui

NS-14

Maui

NS-15

Guam

NS-16

Wailupe

NS-17

Guam

Valid
Dates

Telemetry

Sensor

Variables

SeaBird
Raven-XT
SeaBird
Raven-XT
SeaBird
Raven-XT
SeaBird
Raven-XT
SeaBird
Gumstix
SeaBird
Gumstix
SeaBird
Gumstix
SeaBird
Gumstix
SeaBird
Gustix
SeaBird
Raven-X
SeaBird
NOAA
YSI
Raven-X
YSI
Raven-X
YSI
Raven-X
SeaBird
Gumstix
SeaBird
Raven-X
SeaBird
Gumstix

SBE-16
FLNTUS
SBE-16
FLNTUS
SBE-37

T,S,P
Chl,turb
T,S
Chl,turb
T,S,P

SBE-37

T,S,P

SBE-16
FLNTUS
SBE-16
FLNTUS
SBE-16
FLNTUS
SBE-16
FLNTUS
SBE-16

YSI V2-4

T,S,P
Chl,turb
T,S,P
Chl,turb
T,S,P
Chl,turb
T,S,P
Chl,turb
T,S,P
Chl,turb
T,S
Chl,turb
T,S,P
Chl,turb
T,S,P,O,pH,
Chl,turb
T,S,P,O,pH,
Chl,turb

08/15/08
03/21/13
07/28/08
pres (R)
01/15/09
pres (R)
12/15/09
pres (R)
06/08/10
Pres (D)
05/07/10
pres (D)
05/02/10
pres (D)
05/24/10
05/27/14
05/20/10
02/01/11
05/31/11
pres (R)
09/15/11
08/02/13
07/19/14
02/22/18
02/05/14
04/20/16

YSI V2-4
SBE-16
FLNTUS
SBE-16
FLNTUS
SBE-16
FLNTUS

T,S,P
Chl,turb
T,S,P
Chl,turb
T,S,P
Chl,turb

07/07/12
pres (D)
01/15/14
04/30/17
02/22/19
09/28/19

SBE-16
FLNTUS
SBE-16
FLNTUS
YSI V2-4

Table 2. Near-shore sensor locations and availability (R: reports in real-time; D: reports in delayed
mode).

In addition to these NSS, PacIOOS also maintains a set of NSS as part of a
“partnership program” (pp filenames). This include instruments loaned to other
groups or those funded by external groups. At present, these are all operating in
delayed-mode with no real-time data. These include:
1.
2.
3.
4.
5.
6.
7.

pp02 (Pohnpei): 11/22/2015 – 06/19/2017
pp03 (Palmyra): 10/02/2017 – 10/04/2018
pp04 (Kewalo): 08/31/2017 – 09/05/2018
pp05 (Waialae): 09/15/2018 – 01/15/2019
cwb01 (Clean Water Branch site A): 08/06/2019 – 12/19/2019
cwb02 (Clean Water Branch site B): 08/05/2019 – 04/19/2020
cwb03 (Clean Water Branch site C): 08/06/2019 – 12/19/2019
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4.
Gliders
PacIOOS has funded the operation of several glider missions. All are SeaGliders, and
four have provided data to the project: sg114, sg139, sg523 and sg513. Difficulties
in keeping the gliders in the water have reduced their presence as part of the
PacIOOS data system, and they are typically deployed one at a time. The normal
path is a single up/down profile (termed dive) along a triangle-shaped trajectory
(termed mission) off the south shore of Oahu (see Figure 5). When active, the glider
data are included in the PacIOOS DMS and are mainly used directly by the ocean
models via assimilation.

Figure 5. Example dive tracks for a glider mission. In this case the glider did multiple dives after being
launched from Oahu (top) along a path to Penguin Bank (lower right).

The gliders measure temperature, salinity and depth (along with position) every
few minutes (configurable) on successive dives. The early deployments were for 3.5
hour dives. Each time the glider is deployed, the data stream is designated to belong
to a new mission. To date, a file gets created each time the glider transits a single
up-down profile (called “dive”). Successive dives during a single deployment are
referred to as a “mission”. So far, all missions have been run on the south shore of
Oahu; details are given in Table 3.
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Glider

Mission

Start date

End date

sg114
sg114
sg139
sg139
sg139
sg139
sg139
sg139
sg139
sg139
sg523
sg523
sg523
sg513

3
4
1
2
3
6
7
8
9
10
1
3
4
8

08-2008
09-2008
04-2008
07-2008
02-2009
03-2009
05-2010
07-2010
04-2011
05-2012
06-2011
02-2012
04-2013
05-2015

12-2008
12-2008
05-2008
08-2008
03-2009
05-2009
07-2010
11-2010
05-2011
05-2012
07-2011
04-2012
08-2013
06-2015

Table 3. Glider missions.

PacIOOS plans to continue glider missions in the future and will rely on the IOOS
Glider Data Assembly Center (DAC) to manage the output.
5.
Water quality buoys (WQB)
PacIOOS maintains a set of shallow-water, near-shore buoys with instruments
measuring a variety of water properties. These Water Quality Buoys (WQB) are
summarized in Table 4. Eric DeCarlo had been maintaining a group near Oahu,
including one near the Kilo Nalu site (WQBKN) and another near the Ala Wai exit to
the ocean (WQBAW). There are similar buoys in Kaneohe Bay, but as yet these are
not incorporated into the PacIOOS DMS. These are now maintained by Chris Sabine.
Steven Colbert at the University of Hawaii Hilo maintains the other group of WQB
around the Big Island: one in Kiholo Bay (WQB03), one in Hilo Bay (WQB04), and
one in Kaloko (WQB05). Figure 6 shows the locations of the WQBs.
Sabine’s buoys are maintained in co-operation with NOAA/PMEL and record
atmospheric CO2 and O2, as well as oceanic CO2, O2, temperature, salinity, turbidity
and fluorescence. The buoys were placed in operation in July 2008. The CO2 data
are sent via Iridium to PMEL where it is processed. In addition, data get recorded
every 20 minutes (it is an average of four measurements) and had been sent via
email, but this was discontinued in 2016 and 2017.
The Big Island buoys were established by Jason Adolf at UH Hilo. He left UHH in
August 2017 and Steven Colbert took over these buoys. The Hilo and Kaloko buoys
have YSI sensors, and YSI maintains the data stream. Data are pushed to the SOEST
ftp site once per hour and contain data for every 15 minutes. The Kiholo Bay buoy
has Satlantic instruments, and data from this buoy are available on the Satlantic web
site (http://hawaii.loboviz.com).
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Figure 6. Locations of water quality buoys. The left panel is the south shore of Oahu; the right panel is
the Big Island.

Platform
ID

Location

Telemetry

WQB-AW
(De Carlo)

Ala Wai exit
157.848°W
21.2799°N

Satlantic
STOR-X
(email)

WQB-KN
(De Carlo)

Kilo Nalu
157.865°W
21.2887°N

Satlantic
STOR-X
(email)

WQB-03
(Colbert)

Kiholo Bay
155.9294°W
19.8631°N

Satlantic
(web grab)

WQB-04
(Colbert)

Hilo Bay
155.082°W
19.7341°N

YSI
(ftp)

WQB-05
(Colbert)

Kawaihae
155.828°W
20.0241°N

YSI
(ftp)

Sensor
SBE-16
SBE-43
SBE-63
WetLabs
FLNTUS
ISUS
SBE-16
SBE-43
SBE-63
WetLabs
FLNTUS
ISUS
NortexAquadopp
WetLabs ECO FL
WetLabs WQM
WetLabs CDS
Satlantic SUNA
YSI V2-4 6600
YSI V2-4 6600
YSI V2-4 6600
YSI V2-4 6600
YSI V2-4 6600
YSI V2-4 6600
YSI V2-4 6600
YSI V2-4 6600

Variables
T, S, P
O2
O2
Chl, turb
nitrate
T, S, P
O2
O2
Chl, turb
nitrate
currents
Chl
T,S,O2,turb
CDOM
nitrate
T,S
O2
Chl, turb
pH
T,S
O2
Chl, turb
pH

Valid
Dates
06/06/2008
12/04/2016

08/07/2008
01/03/2017

03/01/2014
03/25/2014

10/23/2010
present
04/18/2018

Table 4. Water quality buoy (WQB) specifications.
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6.
Numerical models
There are three different types of models run locally within PacIOOS. The first is an
atmospheric model run by the Meteorology Department (D. Chen, PI). This model
provides wind and surface fluxes for the other groups, but also provides forecasts of
atmospheric conditions for the islands. The second type of model includes wave
models run by the Ocean and Resources Engineering Department (K.-F. Cheung, PI).
The final type is a general ocean circulation model run by the Oceanography
Department (B. Powell, PI). These are described separately below.
All models are run in succession on the PacIOOS clusters (observer.hawaii.edu and
forecast.hawaii.edu) in the new ITS building. Information is passed between the
models via local disk access, and the model outputs are transferred to the DMS daily.
The model output represents the largest use of PacIOOS disk space, and since it is
updated daily, space continues to be an issue. Table 5 shows the current disk
requirements by the models and estimates for the year. Note a present the models
require about 6TB per year.
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MODEL
roms_assim

GRID
hiig
hiog
mari
samoa

roms_forecast
hiig
hioekg
hiog
hiomsag
hiomsg
hiomwg
mari
marig
samoa

swan
apra
bigisland
guam
kauai
maui
oahu
samoa
manua
saipan
rota

ww3
global
hawaii
mariana
nwhi
samoa

atm
samoa
gfs_global
gfs_pacific
wrf_cnmi
wrf_guam
wrf_hi
wrf_mo
wrf_oa
wrf_sam

Daily file
2.6 GB/day

Total
4 TB total

834,240
N/A
1,440,931
302,117

1,962,989,948
22,290,984
1,595,823,572
312,701,776

8.4 GB/day

8TB total

1,901,904
724,196
127,022
576,094
104,584
N/A
2,824,023
1,413,296
688,759

2,101,979,400
51,627,356
137,786,348
572,826,280
107,711,368
5,598,864
3,088,881,384
1,535,525,980
737,284,864

1.4 GB/day

1.8 TB total

82,182
327,981
48,624
109,549
197,226
60,679
22,343
70,525
383,585
58,869

216,691,388
509,591,040
129,339,148
351,401,300
305,662,652
194,172,336
26,247,112
24,244,388
55,814,816
8,623,812

1.7 GB/day

4.5 TB total

1,459,071
92,800
28,226
112,543
26,987

3,915,679,052
210,365,900
56,106,364
138,404,616
9,850,493

3 GB/day

5.6 TB total

26,988
1,216,440
962,975
213,155
99,664
156,273
88,444
10,404
164,427

46,623,464
2,972,206,308
725,054,796
494,951,056
231,382,096
510,311,000
288,699,888
25,965,284
304,633,540

1 TB/year

3 TB/year

497 GB/year

620 GB/year

1 TB/year

Table 5. Model output disk usage.
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a)
Atmospheric model
The atmospheric model is the Weather Research and Forecast (WRF) model and is
run by D. Chen’s group. At present there are five model grids saved from the local
runs (see Table 6).
Grid
Hawaii
Oahu
Maui
Guam
CNMI
Samoa

Latitude
17.0°N to 24.0°N
21.0°N to 22.0°N
20.2°N to 21.9°N
11.9°N to 16.0°N
10.0°N to 27.0°N
16.1°S to 11.9°N

Longitude
165.0°W to 150.0°W
158.5°W to 157.5°W
159.0°W to 155.6°W
142.9°E to 147.1°E
115.9°E to 149.1°E
174.1°W to 168.7°W

Res
7km
2km
2km
3km
12km
2km

Start time
May 2010
June 2010
May 2010
June 2013
June 2013
Sep 2013

Table 6. Atmospheric model grids (locally run models only).

The models are run each morning (local time) and are used to force the ocean wave
and circulation models. The data archived and served by PacIOOS are actually
converted by the ocean circulation model (ROMS) and are projected onto the ocean
model grid.
The files contain hourly output and include a 1.5-day hindcast and a 6-day forecast
(total of 7.5 days of output)10. The saved variables are surface air temperature,
pressure, rain rate, wind speed (zonal and meridional), longwave and shortwave
radiation, relative humidity and sea surface temperature. Since the model output is
processed first by the ocean model, it contains the ROMS conventions for grid
variables (e.g., eta and xi).
b)
Wave model
There are two types of wave models run by the ORE group (K.-F. Cheung, PI):
WaveWatch III (WW3) and Simulating Waves Nearshore (SWAN). WW3 is typically
run for larger-scale domains, and at present PacIOOS has WW3 for the globe, the
main Hawaiian Islands, the Mariana Islands, and the islands of Samoa. SWAN is
more for near-shore conditions. The SWAN model uses the WW3 output as
boundary conditions and current domains include Apra Harbor (Guam), Guam,
Hawaii Island, Kauai, Maui, Oahu and American Samoa.
Grid

Latitude

Longitude

Res

Start
time

0.5deg
5.5km
5.5km
5.5km
5.5km

Nov 2010
Sep 2014
Jun 2011
May 2012
Feb 2013

WWIII
Global
NWHI
Hawaii
CNMI
Samoa

77.5°S to 77.5°N
22.0°N to 27.0°N
18.0°N to 23.0°N
12.2°N to 15.7°N
15.0°S to 13.0°S

0.0°W to 359.5°W
170.0°W to 161.0°W
161.0°W to 154.0°W
143.5°E to 146.5°E
174.0°W to 169.0°W

One exception is the Oahu run has a half-day hindcast and two-day forecast (total
of 2.5 days of output).
10
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SWAN
Apra
Guam
Big Island
Kauai
Maui
Oahu
Tutuila
Manua
Rota
Saipan

13.4°N to 13.5°N
13.2°N to 13.8°N
18.8°N to 20.4°N
21.7°N to 22.4°N
20.4°N to 21.3°N
21.2°N to 21.8°N
14.4°S to 14.2°S
14.35°S to 14.05°S
13.8°N to 14.3°N
14.5°N to 15.391°N

115.9°E to 149.1°E
144.5°E to 145.0°E
156.2°W to 154.7°W
160.4°W to 159.2°W
157.4°W to 155.9°W
158.4°W to 157.6°W
171.0°W to 170.4°W
169.75°W to 169.35°W
144.7°E to 145.5°E
144.8°E to 146.087°E

55m
0.5km
1km
0.5km
1km
0.5km
0.5km
0.28km
0.5km
0.3km

May 2012
May 2012
Jun 2010
Jun 2010
Jun 2010
Jun 2010
Feb 2013
Jul 2019
Feb 2020
Feb 2020

Table 7. Wave model grids (locally run models only).

Similar to the atmospheric models, the wave models are run on the local cluster
each morning, and the files contain hourly output for a total of 7.5 days. The saved
variables are different for the two models. WW3 predicts significant wave height,
period, and direction for peak, swell and wind waves. The SWAN output contains
significant wave height, period and direction for mean and peak waves.
c)
Ocean circulation model
The ocean circulation model for PacIOOS is based on the Regional Ocean Modeling
System (ROMS) and is run by Brian Powell’s group. Similar to the models described
above, the circulation models are also run on different grids (domains). These are
regional models and use US Navy operational model output as boundary conditions.
PacIOOS serves this larger model as well as the regional ROMS, but only ROMS is run
locally (again, similar to the case for the atmospheric models).
The ROMS model runs are done on the PacIOOS cluster and use output from the
atmospheric models described above as forcing. In addition to different grids,
ROMS integrations are done in “forecast mode” and “assimilation mode”, the latter
runs assimilating observations to constraint the solution. There are two grids for
the data assimilating runs, one that covers the entire Hawaiian Islands (hiig) and
one that covers just Oahu (hiog). The forecast runs are done with an additional
high-resolution grid for the south shore (hiomsg).
The model grids are considered curvilinear, so technically the grid points don’t align
with a rectangular lat/lon grid, and vectors don’t necessarily align with east/west or
north/south directions. This adds complexity to the data services (described later),
and to defining appropriate ranges and resolutions. Instead of latitude and
longitude, the model uses variables “xi” and “eta”, with further classifications for
scalars (_rho), u (_u) and v (_v). In the case that the grid is regular, “xi” would
correspond to longitude and “eta” to latitude.
These models also have complex vertical co-ordinates, so-called sigma-coordinates,
based on the ocean depth at each model grid point. Each grid has 30 depths levels
that represent similar percentages of the water column. The model forecasts are for
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7 days for the free run (2 for the south shore grid) and 3 days for runs with
assimilation; all output 3-hourly.
There have been a few major revisions to the model grids and dynamics. The most
recent one involved a change to the way HFR radials and tides are implemented.
This caused all prior output to be suspect, so all time-series were restarted.
Domain
Hawaii
Oahu
CNMI
S. Shore
Waikiki
Waianae
Guam
Kaneohe

Grid

Latitude

Longitude

Res

hiig
hiog
mari
hiomsg
hiomsag
hiomwg
marig
hioekg

17.0°N to 24.0°N
variable
10.7°N to 27.0°N
variable
21.2°N to 21.3°N
variable
11.9°N to 16.0°N
21.34°N to 21.62°N

163.8°W to 152.5°W
variable
116.0°E to 148.9°E
variable
157.9°W to 157.8°W
variable
142.9°E to 147.1°E
158°W to 157.7°W

4.0km
2-0.7km
4.0km
200-60m
40m
200-60m
4.0km
340m

Start time
Apr 2015
Apr 2015
Apr 2015
Apr 2015
Apr 2015
Jun 2010
Apr 2015
May 2018

Table 8. Ocean circulation model grids (locally run only). Note the top three are run in both forecast and
data assimilating modes; the bottom three are forecast runs only. The Waianae grid was a one-time run
for a separate study and was run June 2010 through March 2011 (it is no longer run).

d)
Tide model
PacIOOS serves output from two tide models. One is a Pacific-wide, barotropic
model. This model is based on code from the Oregon State University (OSU Tidal
Prediction Software, or OTPS). The original program works on single points, and
this was modified to work in a 2°x2° grid for the entire Pacific basin. A series of
FORTRAN programs are compiled and then run on a local machine. The model is
run once a year to produce an annual forecast.
The second tide model run by PacIOOS is a fully-baroclinic model for the Hawaiian
Islands. This model is based on Matlab code supplied by Glenn Carter. The
harmonics are computed from seasonal-mean stratification. Similar to the Pacific
barotropic model, the baroclinic model is run each year to provide a yearly forecast.
The output are also hourly, but the horizontal grid is more fine, roughly 1x1 km.
Because of this, two domains are run separately, one for the Big Island and the other
for the rest of the main Hawaiian Islands.
Grid
Pacific
MHI
Big Island

Latitude
66.0°S to 66.0°N
20.5°N to 22.9°N
18.1°N to 22.3°N

Longitude
118.0°E to 70.0°W
160.7°W to 155.5°W
156.7°W to 154.0°W

Res

Start
time

2.0deg
1.0km
1.0km

Jan 2011
Jan 2008
Jan 2008

Table 9. Tide model grids.

7.
Shark tracking
PacIOOS has funded a certain number of satellite-tracked tags for sharks. Shark
tagging/tracking is done by personnel at the Hawaii Institute of Marine Biology
(HIMB), specifically Carl Meyer and Kim Holland. At present, the tags only transmit
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the animal location, but in the future will provide estimates of in situ properties such
as ocean temperature and salinity.
The tag location is transmitted via Argos, and a daily e-mail is sent. These e-mails
are manually screened for location to make sure the location is sensible. The
resulting lat/lon location is then plotted on the PacIOOS Voyager web interface. The
PacIOOS data group does not archive or distribute any of these data, merely plots
the location (by animal) on the web (see Figure 7).

Figure 7. Example shark track from Voyager. The colors show the relative time along the track.

8.
Data obtained from non-PacIOOS providers
There are several data sets that PacIOOS routinely downloads, stores and serves
that do not derive from PacIOOS-funded assets. These include, for example, satellite
data, large-scale operational models, etc. These are listed here; data that are served
by PacIOOS but not locally-stored are described in a following section.
a)
ADCP from the ALOHA Cabled Observatory (ACO)
The ALOHA Cabled Observatory (ACO) is a collection of instruments mounted on the
sea floor near the Hawaii Ocean Timeseries (HOT) site. The ACO has several
instruments, and PacIOOS is presently serving data from the bottom-mounted
acoustic Doppler current profiler (ADCP). This instrument provides estimates of
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velocity in 20 depth bins from the sea floor upward about 150 meters (from 4550 to
4700 meters depth). Velocity is measured every 2 seconds, and files are created and
updated every 8 hours. PacIOOS has archived data back to June 2011.
b)
Ship traffic (AIS)
Automatic Identification Systems (AIS) are used to track ships of a certain size.
PacIOOS has access to a receiver used by the HFR group and can display ship tracks
in real-time near the Barber’s Point harbor. In addition to this AIS feed, PacIOOS
purchased a regional AIS data set from OrbComm11. This data set includes two
different types of ship reports giving vessel id, course, heading, etc. The purchased
data are for a single year (August 2011 through July 2012), and PacIOOS is
restricted from serving the raw data. Instead, aggregate maps were created. Prior
to obtaining this data set, PacIOOS received an aggregate AIS data set for a two-year
period covering the region of Hawaii. The second file is global while the first
(purchased from OrbComm) is just for a 30-degree box around the Hawaiian
Islands12. Finally, Pierre Flament’s group purchased an AIS data set from ExactAIS,
but these data are not yet served by PacIOOS.
c)
Coral bleaching monitoring
NOAA’s National Ocean Data Center (NODC) distributes satellite estimates of coral
bleaching based on sea surface temperature anomalies. The product is referred to
as “degree heating weeks” and provides indications of potential hot spots for
potential bleaching. The data sets include SST, SST anomalies, degree heating
weeks, and hot spots. Global files are generated roughly twice per week (not
regular), and PacIOOS downloads these every ten days.
d)
Atmospheric model output
Most of the atmospheric model output served by PacIOOS is generated by a locally
run version of WRF (see previous section). One exception is the NOAA/NCEP global
forecast known as GFS. GFS comes from http://nomads.ncep.noaa.gov. A forecast is
run four times per day (at 00:00, 06:00, 12:00 and 18:00), but PacIOOS just archives
the 12:00 forecast. A subset of variables are chosen from the 0.5-degree run for the
global, and from the 0.25-degree run for the Pacific.
e)
Surface Currents from a Diagnostic Model (SCUD)
Nikolai Maximenko and Jan Hafner at the IPRC have produced an estimate of ocean
surface currents using a diagnostic model. This was done to provide currents that
could be used for tracking surface drifting material (marine debris). PacIOOS
archives daily, one-quarter-degree output for the Pacific (119.875°E to 68.125°W,
70.125°S to 61.875°N).

This was done via collaboration with HIMB (Erik Franklin), PNMM (David
Graham) and SOEST/ORE (Bruce Howe).
12 While PacIOOS paid for the region 178° to 152°W, 5° to 35°N, the entire globe was
supplied via ftp
11
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f)
Reef fish population assessments
PacIOOS was involved in an early pilot project with the IOOS Program Office to put
biological data into standard services. The target was to work with reef fish
population assessments. These are done in the Pacific Islands by three groups, the
Coral Reef Ecosystem Division (CREF) of NOAA, the National Park Service, and the
Papahanaumokuakea Marine National Monument (PMNM). Each group did data
collection by a combination of towed diver surveys, belt transects and spot counts.
However, each recorded the data in different ways. Within this project, all three
standardized their data sets. This was done mostly in collaboration with CRED, who
gether and processed all the data. The data set, in the form of a PostGRES database,
was then transferred to PacIOOS. Upgrades were made to ERDDAP to handle these
kinds of data, and that is how the data are served.
g)
Maui citizen science water quality measurements
The Coral Reef Aliance maintains a “citizen science” program designed at
monitoring water quality at various locations on Maui. The data are collected via
the Coral Reef Monitoring Data Portal (http://monitoring.coral.org). PacIOOS gets
these data via ftp on a quasi-monthly basis. Scripts are used to convert the ASCII,
comma separated data into a PostGRES data base for displaying on Voyager. The
measurements include bacteria levels (Enterococcus), temperature, salinity, pH, etc.,
and they are collected periodically at several beaches throughout the island by
volunteers at various intervals.
h)
Liquid Robotics Wave Gliders
Liquid Robotics periodically runs wave glider missions around the Hawaiian Islands
(among other places). In some cases they provide data to PacIOOS via an
authenticated ftp client, and PacIOOS then shows the data on Voyager as tracks.
There have been three such missions to date (see Table 10).
The wave gliders measure different parameters, but only the wave properties (wave
height, period and direction) are provided to PacIOOS.
Glider
A’a
A’a 2
NC2

Start Time
Oct 24, 2013
Jul 16, 2014
Sep 12, 2014

End Time
Dec 07, 2013
Sep 19, 2014
Nov 21, 2014

Table 10. Liquid Robotics wave glider missions.

i)
USGS Digital Elevation Maps
Digital elevation maps, created by the United States Geological Survey (USGS) were
obtained from the Scripps/UCSD satellite geodesy group
(http://topex.ucsd.edu/WWW_html/srtm30_plus.html) and are saved as static tiff
and netCDF files. Maps are available for the following:
1. Hawaii
a. Oahu
b. Kauai
c. Hawaii Island
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2.

3.

4.
5.
6.

d. Maui
e. Molokai
American Samoa
a. Tutuila
b. Tau
c. Olosega
CNMI
a. Aguijan
b. Rota
c. Saipan
d. Tinian
Guam
Palau
FSM
a. Chuuk
b. Kosrae
c. Pohnpei

j)
NOAA Benthic Habitat Maps
These data were taken from the “Shallow Water Benthic Habitat Maps” DVD’s
produced by the National Ocean Service Center for Coastal Monitoring and
Assessment Biogeography Branch (September 2007). The files were loaded into the
PacIOOS GeoServer and from there ported to data services. The data include three
main groups: biology, geography and geomorphology.
k)
Miscellaneous Geo-spatial layers
There are a wide number of geo-spatial layers held in the PacIOOS geo-database
(served via GeoServer). Aside from these, there is an addition set of layers used in
Voyager, and in some cases, served via TDS and/or ERDDAP. These include:
1. Bathymetry from the Hawaii Mapping Research Group (HMRG)
2. ETOPO-5 bathymetry
3. Distance to coast
4. Flood Hazard Zones
5. Tagged marine animal maps
6. PacIOOS domain
9.
Data re-served from external sites
The final category of data available on the PacIOOS site includes those maintained
and provided by external groups. These groups maintain the data and provide it via
some service, and PacIOOS accesses and reserves it. In these cases, the data are not
saved by PacIOOS but simply provided via the PacIOOS interfaces.
a)
Water quality from State
The State of Hawaii Department of Health (DOH) Clean Water Branch (CWB)
maintains a Beach Monitoring Quality Assurance Program through which specific
beaches are monitored for various parameters. Measurements of bacteria levels
(Enterococcus and Clostridium perfingens) are used to assess water quality. These
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and other water measurements (temperature, salinity, pH, etc.) are collected
periodically (from a few times per week to monthly) at several beaches throughout
the state.
b)
Satellite data from NOAA OceanWatch
The Pacific Islands Fisheries Science Center (PIFSC) operates a regional OceanWatch
node for the central Pacific. As part of this service they provide a variety of satellite
measurements including SST, salinity, winds, etc. for the PacIOOS domain. These
data are supplied both in TDS and LAS, and PacIOOS servers can link into this and
re-serve the data via the PacIOOS services.
c)
Wave buoy data
There are two different wave buoys in use in the PacIOOS domain: deep-water
buoys maintain by NOAA’s National Data Buoy Center (NDBC) and coastal buoys
maintained by the Coastal Data Information Program (CDIP)13 at Scripps. The NDBC
buoys carry an array of meteorological and oceanographic instrumentation and
transmit barometric pressure; wind direction, speed, and gust; air and sea
temperature; and wave energy spectra from which significant wave height,
dominant wave period, and average wave period are derived. The direction of wave
propagation is also measured on many moored buoys.
The CDIP buoys are generally closer to shore and do not measure atmospheric
conditions. Table 11 lists the buoys in the PacIOOS region.
Buoy ID
51000
51003
51004
51101
188
202
187
239
098
198
225
238
106
189
163
197
196
121
233

Location
Northeast Hawaiian Islands
Southwest Hawaiian Islands
Southeast Hawaiian Islands
Northwest Hawaii (Kauai)
Hilo, Hawaii
Hanalei, Kauai
Pauwela, Maui
Kaumalapau, Lanai
Mokapu Point, Oahu
Kaneohe Bay, Oahu
Kaneohe Bay, Oahu (WETS)
Barbers Point, Oahu
Waimea Bay, Oahu
Aunuu, American Samoa
Kalo, Majuro, RMI
Tanapag, Saipan, CNMI
Ritidian Point, Guam
Ipan, Guam
Pearl Harbor, Oahu

Provider
NDBC
NDBC
NDBC
NDBC
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP
CDIP

Table 11. Wave buoy nomenclature.

The CDIP buoys in the PacIOOS domain are listed as “PacIOOS buoys” while those
in the other regions (e.g., along the coast of California) are listed as “CDIP buoys”
13
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d)
Tide gauge data
The UH Sea Level Center (UHSLC) maintains the global tide gauge network and
provides data via OPeNDAP. In the past these data were downloaded daily using ftp
daily. More recently the UHSLC provided data via OPeNDAP, and now PacIOOS
accesses these data via catalog entry (no data downloads).
e)
Sea level
Sea level is measured by different platforms such as tide gauge and bottommounted pressure gauges. The tide gauge data was referenced earlier, but PacIOOS
also provides access to sea level from Deep-ocean Assessment and Reporting of
Tsunami (DART) and other high-temporal resolution stations. These are mainly for
the detection of tsunamis. DART systems consist of an anchored seafloor bottom
pressure recorder (BPR) and a companion moored surface buoy for real-time
communications. The pressure values are corrected for temperature effects and
converted to an estimated water column height (height of the ocean surface above
the seafloor).
In addition to DART buoys, the Intergovernmental Oceanographic Commission (IOC)
and NOAAs National Ocean Service (NOS) maintain a global array of sea-level
stations. The NOS shore stations are the foundation for NOAA's tide prediction
products. They report water level, or sea surface height, as the amount of water
above or below mean lower low water (MLLW). In addition, they also report
meteorological observations such as wind, air temperature, air pressure, and sea
surface temperature.
f)
Ocean model output
Similar to the atmospheric model, results from a global operational model are
downloaded. These are served via the PacIOOS services but also used as boundary
conditions for the regional models. The operation models are run by the US Navy,
and used to include the Navy Layered Ocean Model (NLOM) and Coastal Ocean
Model (NCOM). In early 2013 the Navy discontinued these in favor of HYCOM
(Hybrid Co-ordinate Ocean Model). PacIOOS does not archive the global HYCOM but
reserves the output from the APDRC (APDRC has global output for the top 200
meters of the ocean and the full-depth output for a region around Hawaii). The
HYCOM downloads are done daily and contain a 4-day forecast.
g)
Ocean Acidification buoys
There are a number of buoys that measure atmospheric CO2, pH and other variables
used to estimate ocean acidification. Since this is an area of interest for the region,
PacIOOS pulls the data from these buoys and provides plots on a special ocean
acidification projects page as well as on Voyager. The buoys include the Hawaii
Ocean Timeseries, Woods Hole buoy (WHOTS), the Tropical Atmosphere and Ocean
(TAO) array, and the local PacIOOS WQB’s. Table 12 lists the buoys that are part of
the ocean acidification display.
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Buoy ID
WQB-AW
WQB-KN
CRIMP14
Kaneohe
WHOTS
TAO110W
TAO125W
TAO140W
TAO155W
TAO170W
TAO165E
TAO165E8S
Chuuk

Location
Ala Wai, Oahu, Hawaii
Kilo Nalu, Oahu, Hawaii
Kaneohe Bay, Oahu, Hawaii
Kaneohe Bay, Oahu, Hawaii
HOT Site, north of Oahu
Equator at 110oW
Equator at 125oW
Equator at 140oW
Equator at 155oW
Equator at 170oW
Equator at 165oE
8oS at 165oE
Chuuk, FSM

Provider
PacIOOS
PacIOOS
PMEL
PMEL
HOT
PMEL
PMEL
PMEL
PMEL
PMEL
PMEL
PMEL
PMEL

Table 12. Ocean acidification buoy nomenclature

B.

Data servers

The PacIOOS DMS has run on a variety of servers, and at present are in a state of
flux. The original server, lawelawe.soest.hawaii.edu, is a Dell PowerEdge 2950
purchased in April 2008. It was moved from POST-31 in March 2015 to the new
UH/ITS building. This should provide 24/7 operations, but it does mean the
machine is outside the SOEST subnet (but we still proxy through the SOEST
firewall). In February 2010 PacIOOS purchased an additional server, a Dell R510, as
the primary server for the insular Pacific data and GeoServer (these two machines
were purchased when HiOOS and PacIOOS were separate grants). This machine,
pacioos.soest.hawaii.edu, was originally in HIG-319 and later moved to Keller. It also
hosts the beach safety site and DBEDT cable survey WMS15. In July 2011 a pair of
Dell PowerEdge R610’s were purchased. The intention is to have these two
machines as primary hosts of all PacIOOS servers and data. They are housed in
Keller-103. The two older machines will be used as developmental servers, and
tested implementations will be migrated to the main machines when ready. The
plan is to virtualize all our services onto a physical stack of three Dell machines.
The main services from PacIOOS will run on different virtual machines as follows:
• Web pages and voyager:
sonoflawelawe
• HFR processing:
hfr
• Model output processing: pacmod
• Data services and storage: pae-paha
• ERDDAP:
erddakine
• GeoServer:
geoserver

The original CRIMP buoy in Kaneohe; it went inactive in 2008. The new buoy is
referred to as Kaneohe or CRIMP2
15 This Web Map Service was done under contract to the Department of Business,
Economic Development and Tourism (DBEDT) and provides data collected by
SOEST in support of the Inter-Island cable project.
14
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In addition to these machines there are two other machines, purchased in support of
the Kilo Nalu effort, that are now maintained by the DMG. One of these was installed
on-site in Kakaako, the other is in the Advanced Network Computing Lab (ANCL) in
HIG-P5 (part of Brian Chee’s lab). This second machine, bbl.ancl.hawaii.edu, was
maintained by Kilo Nalu and the water quality staff, but was turned over the data
group in 2012. DataTurbine runs on this machine, and it holds the archive off all the
data that is acquired via DT (i.e., WQB, NSS and Kilo Nalu).
In addition to these machines, workstations were purchased to support the DMG
staff. These include a variety of Dell (Windows-based) and Macs, and are not listed
here.
Machine Location

Specification

Purpose

lawelawe

ITS

Ticket/UH ID
3SLG2G1
138148

Dell PowerEdge 2950
purchased 04-2008
48TB Xyratex RAID

pacioos

HIG-319

216B3M1
145245

Dell PowerEdge R510
purchased 02-2010
internal disk array

lawelawe2

Keller-103

26R4YQ1
146724

Dell PowerEdge R610
Purchased 07-2011
96TB Infotrend RAID

pacioos2

Keller-103

26RZXQ1
146723

Dell PowerEdge R610
Purchased 07-2011

sonoflawelawe

Keller-103

1LSWQV1
150060

Dell PowerEdge
R620
Purchased 11-2014
96TB Infortrend
RAID
Dell ?

Developmental data
services including: web
page hosting, OPeNDAP
servers, etc.; main
archive
GIS-based system
including: GeoServer,
Postgres, cable survey
site, beach safety site
Main server for: web
pages, non-GIS based
data services and
associated data
Main server for GISbased data; beach
safety and all
associated data
Backup server, soon to
be main server; hosts
development web site

8505772
150024
bbl.ancl

HIG-500

switch

HIG-500

storage

HIG-500

server

HIG-500

server

HIG-500

server

HIG-500

server
server
server

HIG-500
HIG-500
HIG-500

DN9ZJN1
147208
9C4L6S1
147208
GRGFJN1
145783
6562NM1
145782
FLZ84S1
147331
6LZJJn1
7LZJJN1
9FF0WJ1
144614

Brocade 300

DataTurbine and Kilo
Nalu data services
old EPSCOR

Dell MD3600F

old EPSCOR

Dell PowerEdge R710

old EPSCOR

Dell PowerEdge R710

old EPSCOR

Dell PowerEdge R710

old EPSCOR

Dell PowerEdge R210
Dell PowerEdge R210
Dell PowerEdge
R2950

old EPSCOR
old EPSCOR
old EPSCOR

Table 13. PacIOOS data server hardware.
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In late 2014 a set of machines that were being used for a different project (UH Hilo
EPSCOR) were “donated” to PacIOOS. This was done via agreement between Kohei
Miyagi and Lisa Canale. The machines included six power edge machines and a
switch). These are listed as “old EPSCOR”.
Figure 8 shows the rack layout in the three server rooms. Brian Chee and
SOEST/RCF have access to the HIG-319 servers. The other two, one in Keller and
the other in the new ITS building, are accessed only by contacting ITS (Jonathan
Trawick, jonathan@hawaii.edu). The proceedures as outlined by ITS are:
You may contact the ITOC @956-2393, let them know who you
are and when you want to come over. It really helps if you can
give a heads up of at least 15 minutes as staff may be occupied
with other operation work or installations. I have staff manning
the line usually 24x7x365. Staffing is reduced to a bare minimum
on Holidays and lighter coverage during late/early hours. Your
technical contacts names should already be on the access list
(Ross and Joe). If arriving after general building access hours, MF 7:45am – 4:30pm (excluding holidays), you will need to be
buzzed into the building. There is a silver/gray video/voice
buzzer to the right of the main doorway. Press the silver button
and it should ring the operations staff. If arriving during regular
building access hours, the Reception desk should be able to ring
up and get a person to escort you up to the DC.
It should be noted that PacIOOS pays fees for all three of these setups. The SOEST
charges (HIG-319) are per-rack and per-IP address. The ITS fees are also per rack,
but a certain number of IP’s are assigned at no cost.
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Figure 8. Schedmatic of rack layout. The first two racks are in HIG-319 (mostly GeoServer and Data
Turbine); the third is the main server (lawelawe) in ITS; the final one is for Keller.

The POST-31 machine has an attached 40-TB RAID disk (Xyratex), and the Keller
machines have two identical, 48-TB Infotrend RAID arrays. The disk on the main
server (at present) lawelawe has three equally-sized 14TB partitions: lawelawe0,
lawelawe1 and lawelawe2. The first partition has data assimilated into the
ocean circulation model, for example raw satellite swath data; HRF files; and the
system backups (a daily cron is run on lawelawe to copy any recently modified files
to the RAID disk). The second partition, lawelawe1, has almost all the locally
stored data including beach camera pictures, model output, converted HFR, etc. In
March/April 2015 the disk became full due to the model output files. These were
then split, with atmospheric model output now saved to partition 0 and wave model
output saved to partition 2 (with symbolic links to partition 1). The last of these
(lawelawe2) has backup files from the HFR group
(/export/lawelawe2/radlab/backups). Table 14 summarizes the disk
usage as of June 1, 2015.
Amount
% of
Partition
Directory
used (MB) partition % full
lawelawe0
obs_roms
radlab
model (atm)
sys backup
lawelawe1
SCUD
model/tide
model/ocn
lawelawe2
model (wave)
radlab backup

12,289,753
2,371
83,739
3,757,129
8,165,443
7,402,732
3,181
854,232
6,279,993
11,319,894
3,280,007
8,037,124

90
1
1
30
66
55
1
11
84
83
29
71

Table 14. Disk usage on lawelawe (as of June 2015).
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All the servers in Keller and HIG are virtualized, and require special steps to access.
This is done with Vsphere. To access these machines, first need to use VPN
(network settings on a Mac, or NetExtender). The server address is 192.168.100.2,
account name xxxx, password is xxxxx. Once on, can then ssh or remote desktop
to a machine listed in Table 15 (the complete IP is 192.168.100.XX where XX is
the number in the first column).
IP
2
3
10
11
12
13
31
32
33
39
40
41
42
43
47
48
49
50
58
61
62
64
101
250
252
253
254

Machine
JoeCentOS
Dell switch
JoeNAS
ESX1
ESX2
ESX3
Infotrend-1
Infotrend-2
Infotrend-3
Brocade switch
SonOfLawelawe
Lawelawe_Sr
Matlab_NFS
Kohei GeoServer
PacIOOS_BeachSafety_W2k8
PACIOOS_MAP_SERVER2_W2k8
PACIOOS_PGSQL_DB2_W2k8
Abe_GeoNode_Ubuntu
PacIOOS1-345
BBL072512_61
BBLVM_62 kilonalu-sharedPW4kn
JimP NOAA Fisheries
pfSense (All)
vSphereCenter5_w2008R2
Windows2012R2HyperV
Cabinet APC bar
Vcenter 192.168.100.2-p3389
MySQL

Table 15. PacIOOS virtual machines.

C.

Data services

The backbone of the PacIOOS data system is the data service. On the back-end of
this system is an OPeNDAP-based architecture. In this section, the data transport
and discovery tools are described. Implementation specifications are described in
Section V.
The data system can be envisioned as a tiered system, with data at one end and
client tools, including web page displays, at the other. Connecting these two are
data bases and files systems, data servers, and data services. Figure 9 shows this
schematically.
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Figure 9. PacIOOS Data Flow16

PacIOOS Data can generally be classified as geospatial (maps, rasters, etc.) layers,
files or binary streams from instruments. The geospatial data are added to a
PostGIS database. Data from instruments are translated to ASCII and handled with
Data Turbine. All other files are translated to netCDF and are stored in a flat file
system (directories and files).
The three main data servers are the GeoServer (reading geospatial data from the
PostGIS database), TDS (reading netCDF files from local directories) and Data
Turbine (note in this sense Data Turbine acts as a server and a database). In some
cases data are read from the Data Turbine archive, converted to netCDF, and then
served by TDS.
GeoServer provides data via OGC standard services (WMS/WCS), and supports the
web-based map server GeoExplorer. TDS mainly provides data via OPeNDAP, but it
also has a Sensor Observation Service (SOS), and OCG services. Finally, ERDDAP
acts as both a server and service, allowing for OPeNDAP access
The final layer is the data viewers. ERDDAP provides graphical output of data and
subsets. LAS and Dchart are similar web-based data browsing tools. The main end16

LAS and DChart were discontinued in 2019
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user display is Voyager, and this reads data directly from the data services. In
addition to the web-based tools, data may be accessed directly via OPeNDAP and
OGC services.
1.
TDS
The main OPeNDAP system employed by PacIOOS is the Thematic Realtime
Environmental Distributed Data Services (THREDDS) Data Server (TDS). TDS
actually serves the contents of the datasets in addition to providing catalogs and
metadata for them.
The TDS uses the Common Data Model17 to read datasets in various formats, and
serves them through OPeNDAP, OGC Web Coverage Service, NetCDF subset, and
bulk HTTP file transfer services. The first three allow the user to obtain subsets of
the data, which is crucial for large datasets.
The TDS has the ability to aggregate many files into virtual datasets, which insulates
users from the details of file storage and naming, and greatly simplifies user access
to large collections of files.
The TDS is written in Java, and runs inside a Tomcat servlet container. The
implementation is installed on pae-paha in
/usr/local/tomcat/content/thredds. The PacIOOS TDS runs through port
8080 and is accessed via the web at http://lawelawe.soest.hawaii.edu:8080/thredds
(within SOEST) or http://oos.soest.hawaii.edu/thredds from everywhere else
(SOEST/RCF require this service to be proxied).

Unidata’s Common Data Model (CDM) is an ambitious project to unify scientific
data access. It merges the OPeNDAP, NetCDF, and HDF5 data models to create a
common API for many types of data. As currently implemented by the NetCDF Java
library, it can read (besides OPeNDAP, NetCDF, and HDF5) GRIB 1 and 2, BUFR,
NEXRAD, and GINI, among others. A pluggable framework allows other developers
to add readers for their own specialized formats. The CDM also provides standard
APIs for georeferencing coordinate systems, and specialized queries for scientific data
types like Grid, Point, and Radial datasets.
17
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Figure 10. The top catalog page for the PacIOOS TDS. The page can be accessed at
http://oos.soest.hawaii.edu/thredds.

2.

ERDDAP

In addition to the TDS, PacIOOS uses the Environmental Research Division’s Data
Access Program (ERDDAP). ERDDAP is a data server that gives a simple, consistent
way to download subsets of scientific datasets in common file formats and make
graphs and maps. It was developed by the Environmental Research Division (ERD)
at the NOAA Southwest Fisheries Science Center (SWFSC) and is available at
http://coastwatch.pfeg.noaa.gov/erddap/download/setup.html. ERDDAP has both
human readable web pages and RESTful services for machine-to-machine exchange.
Like TDS, ERDDAP can provide OPeNDAP URL’s for data in the catalog, but ERDDAP
provides many more data services such as browsing capabilities (via on-the-fly
graphics generation), sub-setting and data downloads. The data download
capabilities in ERDDAP are extensive; results can be returned in any of several
common data file formats (for example, html table, ESRI, Google Earth, Matlab
binary, NetCDF, Ocean Data View, json, etc.).
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ERDDAP runs in tomcat, and due to conflicts it is configured in a single instance of
tomcat. The service runs on port 8080 and is proxied, similar to TDS, as
http://oos.soest.hawaii.edu/erddap (from http://lawelawe:8080/erddap).

Figure 11. PacIOOS ERDDAP top-page showing the data catalog list. Each dataset is identified by a title,
and ERDDAP provides links to DAP, WMS and various metadata pages.

3.

Sensor Observation Service

The Open Geospatial Consortium (OGC) web services (OWS) include services for
maps (WMS), features (WFS) and vector data (WCS). Sensor Observation Service
(SOS) is something like a WFS, although SOS is specifically for sensor data, while
WFS is more generic. These services have the following operations:
• SOS: GetCapabilities, DescribeSensor, GetObservation
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•
•
•

WMS: GetCapabilities, GetMap, GetFeatureInfo
WCS: GetCoverage
WFS: GetCapabilities, GetFeature, DescribeFeatureType

Following the IOOS guidelines, SOS was implemented following the OOSTethys
convention and code-base. At the time when it was installed, there were several
packages, but most relied on reading data from MySQL database. Since PacIOOS is
using a flat-file system, and since most data are in NetCDF, the decision was made to
use the SOS version written in Java that reads NetCDF files in a flat file system. This
is the OOSTethys version written by Luis Bermudez.
Later, the Applied Science Associates (ASA) group developed an SOS “plugin” for
THREDDS. This seems like a more logical route for PacIOOS, given our success with
TDS. It is noted that SOS will likely phase out in favor of ERDDAP.
4.

DataTurbine

DataTurbine (DT) is a real-time streaming data engine that allows for quick datastreaming from a variety of sensors. It acts as a “black box” to which applications
and devices send and receive data. It is mainly used in PacIOOS to get data from
WQB’s and NSS’s into a database. There are two instances used by PacIOOS, a realtime side (http://bbl.ancl.hawaii.edu:8080/RBNB) and an archive side
(http://bbl.ancl.hawaii.edu/kilonalu-data). Individual sensor data are listed as ascii
files in a directory structure categorized by location and platform type.
5.

GeoServer

GeoServer is an OpenSource server written in Java that allows users to share,
process and edit geospatial data. It publishes data from most sources using open
standards. GeoServer functions as the reference implementation of the Open
Geospatial Consortium Web Feature, Map and Coverage Services.
The PacIOOS implementation reads from a PostGIS database and serves layers to
GeoExplorer.
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D.

Data Browsing Tools

The data services described in the previous section provide access to the data
streams. In this section, the tools that allow users to view, subset and optionally
download data are described. Again, as with the data transport tools, the software
used is either developed locally or is free, open-source code. All tools provide webbased access to the data and therefore the only requirement is a web browser and
network access.
It should be noted that some of the data server tools provide both transport and
browse capability. The main use, at least within PacIOOS, is where these tools are
described. For example, ERDDAP provides OPeNDAP capabilities, but also allows
users to display and subset data via on-line maps and figures. Finally, the main GIS
service in PacIOOS, GeoServer, is described in this section, but it is more than a data
browsing tool as it provides GIS analysis capabilities. At this point, however, it is
mainly used to search and display maps and features.
1.

ERDDAP

The ERDDAP server, described earlier, acts as both a data service and as a data
browsing tool.
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2.

Voyager (Data Viewer)

The core data-browsing tool is called Voyager. This is a map-based tool for
displaying data as overlays. The viewer, developed by John Maurer, uses the Google
Map API as foundation for the overlays. The viewer is linked to the web pages when
the Hawaiian Islands group pages are active, or directly at
http://pacioos.org/voyager.
Figure 12 shows the viewer with the default background. The list on the left
contains all the available layers. Some are static datasets or premade images, others
are generated and updated by feeds from remote servers, and still others are
generated from the PacIOOS servers. The list is ever-growing, but includes:
1. 36aprico radar: live feeds from the National Weather Service, the maps get
updated every 2 minutes; options include short-range reflectivity, velocity,
precipitation, etc.
2. hazards
a. air quality
b. drought
c. earthquakes
d. emergency shelters
e. flood hazard zones
f. tsunami evac zones
g. tsunami heights
h. unexploded ordnance
i. volcanoes
3. nautical charts
4. bathymetry (depth)
5. waves
a. PacIOOS wave buoys
b. NDBC buoys
c. CDIP wave buoys
6. tide and water level
a. DART stations
b. IOC stations
c. NOS shore stations
7. surface currents (HFR)
8. satellite data
a. ASCAT
b. AVHRR
c. GOES
d. Jason
e. SeaWifs
f. MODIS
g. QuikSCAT
9. weather forecast
10. surf forecast
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11. tide forecast
12. ocean forecast
13. maritime boundaries
a. three nautical miles
b. territorial sea
c. contiguous zone
d. EEZ
14. geographic boundaries
a. antemeridian
b. equator
c. international date line
d. prime meridian
e. tropic of cancer
f. tropic of 37apricorn
15. navigation
a. aids to navigation (beacons, buoys, lighthouses, lights)
b. boating facilities (anchorage areas, commercial harbors, launch
ramps, mooring buoys, pier only, small boat harbors)
c. FADs
d. Obstructions
e. Ship locations
f. Ship routes
16. seafloor infrastructure
a. dumping sites (dumping, discontinued, explosives)
b. sewer lines
c. underwater cables
17. fish and wildlife
a. monk seals
18. protected areas
a. bottom fish areas
b. Coconut Island
c. Conservation districts
d. Fish replenishment
e. Fisheries management
f. Kaho’olawe
g. National monument
h. Natural area reserve
i. Whale sanctuary
j. Wildlife refuge
k. Wildlife sanctuary
19. benthic habitats
a. biology
b. geomorphology
c. geography
20. water quality
a. nearshore sensors
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b. water quality buoys
c. water quality sites
21. water resources
a. stream gauges
b. rain gauges
22. ocean observatories
a. HOT
b. Kilo Nalu

Figure 12. Voyager top page.

The viewer has many features for modifying or interacting with layers. Most of
these are available via options on the page, and some are internal features (for
example, [shift-click-drag] will zoom to a specified region). Of the page options,
there are three types: layout options at the top, drawing at the lower left, and dataspecific options.
At the top of the page are quick-zoom options to specific islands and beaches (note
that zoom-to-beach is not yet implemented). Also along the top of the viewer is an
option to cycle through domains (arrows), and a “link” box. This box allows users to
save, via a single URL, the map with all parameters and overlays (for example a user
can zoom to a certain area, overlay specific data, and then save the result as a URL to
reproduce the image). This link can either be emailed to another user or saved as a
link in a web page. Finally, consistent with the Google Map API, the basemap can be
changed to a satellite, terrain or map view.

38

In the lower left corner are another set of options. These allow the user to draw
latitude and longitude grid lines, click on a point to get range lines, draw a line to
show distance, or draw a polygon to get area. There are also links to clear these or
change units.
Finally, each data set has it’s own set of options once displayed. These include, for
example, changing the transparency of an overlay, changing color ranges, animation,
etc.
3.
Explorer (GeoExplorer)
Geospatial data services, including the Open Geospatial Consortium (OGC) standards
Web Map Service (WMS), Web Feature Service (WFS) and Web Coverage Service
(WCS) are available via the PacIOOS GeoServer.
GeoServer is an open-source server written in Java that allows users to share and
edit geospatial data. Designed for interoperability, it publishes data from any major
spatial data source using open standards. GeoServer has evolved to become an easy
method of connecting existing information to Virtual Globes such as Google Earth
and NASA World Wind as well as to web-based maps such as OpenLayers, Google
Maps and Bing Maps. GeoServer functions as the reference implementation of the
OGC WFS standard, and also implements the WMS and WCS specifications.
GeoServer reads a variety of formats, including PostGIS18, Shapefiles, GeoTIFF, etc.,
and through standard protocols it can produce KML, GML, Shapefile19, GeoRSS, PDF,
GeoJSON, GIF, and more. It also includes an integrated OpenLayers client for
previewing data layers. Figure 13 is a schematic of the service. In the PacIOOS
implementation, the database is Postgres, the interface is PostGIS; the web browser
is OpenLayers.

PostGIS is an open-source program that adds support for geographic objects to
the PostgreSQL object-relational database. PostGIS follows the Simple Features for
SQL specification from OGC.
19 OpenLayers is an open source JavaScript library for displaying map data in web
browsers. It provides an API for building rich web-based geographic applications
similar to Google Maps.
18
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Figure 13. Schematic representation of GeoServer.

The PacIOOS GeoServer is hosted on separate server machine, and the interface is
found at:
http://pacioos-mapserver2.ancl.hawaii.edu:8080/geoexplorer/index_pacioos.html
Figure 14 shows the default entry page. Note that the PacIOOS web site links to
individual domains via the “dashboard”. For example, if the region “American
Samoa” is selected, then “Pacific Data Explorer” links to the domain of American
Samoa (and not the entire Pacific).
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Figure 14. PacIOOS GeoServer page.

Different data/layers are obtained by selecting the “Overlays” folder. This brings up
a window wherein a user can select data from the PacIOOS database or other
distributed data. At the top are icons that when clicked provide some mapping tools
(print, rulers, metadata, pan, zoom) and a Google Earth option.

E.

Discovery Tools

The ability to search for data and data-services via the web is handled with a Web
Catalog Service (WCS). This type of service works as a link between metadata (both
about data and data services) and user requests to and about data holdings. The
OGC Catalog Service defines common interfaces to discover, browse and query
metadata about data, services and other resources.
In addition to the WCS, a user interface is used to assist in queries. These are
typically composed of maps, pull-downs or fill-in boxes that users enter their search
criteria. The back engine, then, is the CWS that searches both local, and optionally
remote, data catalogs. Data catalogs from remote servers that are access in a catalog
service are referred to as “brokered resources”.
A premium is therefore placed on metadata; having metadata in a recognized
standard allows the data set to be “harvested” by the catalog service. Beyond the
metadata, the layout, or search process is also done in a standard or specific way.
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These “published interfaces” include things like CSW and OPENSEARCH, and
metadata standards include ISO and FGDC.
Figure 15 is a schematic of the meta-data process for the PacIOOS data. The current
catalog is based on this, and reads information from a PostGRES database that is
connected to a Web Accessible Folder (WAF; http://pacioos.org/metadata/iso).

Figure 15. Schematic flow of data and meta-data from file to server. The PyCSW reads from the ncISO
WAF via a PostGRES database.

At present, the main catalog service is done using PyCSW
(http://oos.soest.hawaii.edu/pacioos/search). This is based on python and was
developed by John.

F.

Web pages

The PacIOOS web pages are obviously the key component of the entire endeavor,
and creation and maintenance of these falls upon the DMG. Data services are also
integrally tied to the web pages, so data services and web services work together.
The web pages essentially went through three iterations. The first was put together
by an ad-hoc group of local developers, including Sharon DeCarlo, Paul Johnson, Jim
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Potemra, Peter Hacker, Marcie Grabowski and others. These initial web pages were
organized around the four themes, and data services were limited.

Figure 16. Initial PacIOOS (then HiOOS) web page.

Later, mainly through input and design ideas from Doug Luther, the pages were
redone to address specific user groups (Figure 17). The top page had links for
surfers, swimmers, etc. The pages were developed by Chip Fletcher’s programmer
(Chyn Lim). Users would self-identify and find information about particular topics.
These pages were confusing to some, much appreciated by others.
In mid-2010, Jennifer Patterson (formerly with the Kilo Nalu project) was hired to
completely revamp the HIOOS pages, in the process convert everything to the
PacIOOS brand, and develop the real-time data quality pages. The current pages
have a consistent format that includes a “dashboard” for each region.
Later in 2015 the web pages were redone again. This time the backend was based
on WordPress, and an external company (Hibiscus) did the development. The pages
are hosted on sonoflawelawe, and Fiona mostly handles the updates.
The pages are all served from lawelawe and are proxied as
http://oos.soest.hawaii.edu, or equivalently, http://pacioos.org (the latter
purchased from GoDaddy.com). There are three main features on the web site:
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regional “dashboards” that appear when specific regions are selected, IOOS general
content at the bottom of the page (links to other regions and partners), and menus
along the top.

Figure 17. Second version of the PacIOOS web page (still referred to as HiOOS).

The dashboards include real-time and forecast information about local tides,
weather, waves, etc.
The menus at the top provide links to all the subsequent pages. One of these, “Focus
Areas”, contains information about the main groups, i.e., water quality, ocean
conditions, modeling, etc.
Another important link is “Data Access”, which provides links to the data servers,
browsers and products.
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Figure 18. Third version of the PacIOOS top page (http://pacioos.org).
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Figure 19. Current PacIOOS top page (http://pacioos.org)

G.

Statistics

An important metric for the PacIOOS DMS is access statistics. These are separated
between hits to the web page, which are tracked via Google Analytics, and access via
data services. The latter are tracked with AWStats.
Advanced Web Statistics, or AWStats, is a free tool that generates advanced web,
streaming, ftp or mail server statistics, graphically. This log analyzer works as a CGI
or from command line and shows all possible information in the apache log in a
graphical way. It uses a partial information file to be able to process large log files,
often and quickly. It can analyze log files from all major server tools like Apache log
files (NCSA combined/XLF/ELF log format or common/CLF log format), WebStar,
IIS (W3C log format) and a lot of other web, proxy, wap, streaming servers, mail
servers and some ftp servers.
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Figure 20. AWStats page.

The most popular server, both in terms of hits and data downloaded, is the TDS.
Statistics began in February 2012. Recently, the THREDDS server averages over 1
million hits per month and just over 1TB of data accessed. The rest of the server
totals are given in Table 16.
Server
TDS
ERDDAP

Ave Hits
(month)
1,674,131
1,400,000

Ave GB
(month)
1,010
1,010

Table 16. Server statistics for 2020.
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