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| nteg rated M a rl ne IMOS acknowledges the Traditional Custodians and Elders of the land and sea on

which we work and observe and recognise their unique connection to land and sea.

0 bse rVI n g SySte m We pay our respects to Aboriginal and Torres Strait Islander peoples past and present.
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6.1 Objectives
Access
* A Data Management System, where required information

I n f O r m a t i O n is easily located and accessed [Al1 and Al2].

— - : - * Responsive and sustainable information platform, supporting
- knowledge systems needs [Al4 and Al5].
Reef 2050

* A platiorm where ‘big data’ can be analysed for management information
and systems, including the Reef Knowledge System [AI5].

Integrated Monitoring
and Reporting Program

* Negotiate and manage data sharing agreements, protecting

ownership rights and privacy [AI1 and Al2).
Business Strategy

2020-25 * Improved efficiency of access to information through
' automation of repetitive tasks [Al1, Al2 and Al3].
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+ Marine park zoning

+ Resilient reef
network
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climate adaptation

+ Restoration

+ Threat reduction

+ Managing for
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RIMReP Data Architecture

Decision Support Systems
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Data Sources

+160 datasets identified (+300 historic biodiversity DS from OBIS)
- 83 audited in terms of data maturity (IMOS/AODN 2017)

- 121 prioritised by GBRMPA (Great Barrier Reef Marine Park Authority) according to
their use in agency’s reporting

- High diversity of data systems, data types, access protocols

Program dataset_ID Organisation has_Contact Critical Survey ID GBR_Priority DA_Priority = DA_Maturity
Great Barrier Reef Ocean Observing System D5-049  QIMOS TRUE 40 HIGH HIGH 1
eReefs DS-029 CSIRO|AIMS|BOM TRUE CM1-NA HIGH HIGH 1
AIMS Weather Observing System D5-005 AIMS TRUE 42 HIGH HIGH 1
Great Barrier Reef and Coral Sea bathymetry DS-047 JCU FALSE HIGH 1
GBR Habitat Mapping layers and bathymetry DS-039 GBRMPA FALSE HIGH 1
ReefTemp DS-088 (CSIRO|GBRMPA|BoM TRUE HIGH HIGH 1
Australian National Accounts: State Accounts, census data D5-008 ABS FALSE HIGH 2
Qld wetland extent change mapping DS-077 QLD Herbarium | DSITI TRUE HIGH HIGH 2
GBR MMP- Inshore Water Quality Monitoring - Remote Sensing D5-045 CSIRO TRUE HIGH HIGH 2
Socio-Economic Long-Term Monitoring Program (SELTMP) D5-096 CSIRO TRUE CM1-NA 35 HIGH MED 2
Coral Reef Watch Satellite Monitoring DS-016  MOAA TRUE 37 HIGH HIGH 2
FRS (Field Reporting System) D5-037 GBRMPA FALSE HIGH 2
GBR MMP - Inshore Water Quality Monitoring - Ambient Water Quality Sampling DsS-043  AIMS TRUE 53 HIGH HIGH 2
GBR MMP - Inshore Water Quality Monitoring - Ambient Water Quality Sampling; (RRM  DS-044  JCU FALSE 55 HIGH HIGH 2
Sea Temperature Monitoring Program DS-091  AIMS |GBRMPA TRUE 41 HIGH HIGH 2
AlIMS Long-Term Monitoring Program D5-004  AIMS TRUE 4 HIGH HIGH 2
Coastal Bird Monitering DS-013  GBRMPA|QPWS TRUE 25 HIGH HIGH 32
0ld State-wide Monitoring of Recreational fishing (QFish) DS-076 DAF TRUE 1 HIGH 3
D5-027 JCU TRUE 49 HIGH HIGH 3
D5-078 DAF TRUE HIGH MED 2
7 5 0/ . . . D5-079 DAF TRUE 12 HIGH MED 2
0 of high priority datasets D014 QPWS|GBRIPA a
Ds-041  JCU TRUE 32 HIGH HIGH 4
D5-040 AIMS TRUE 3 HIGH HIGH 4
are prOVIded by 9 Organlsatlons DS-020 RRRC|GBRMPA TRUE 46 HIGH MED 4
DsS-042  Entox|UQ TRUE 28 HIGH HIGH 4
D5-075 DAF TRUE HIGH HIGH 5
(from +68) DsS-024  JCU|Girringun Aboriginal Corporation TRUE HIGH MED 5
DS-025 JCU|Lama Lama Aboriginal Corporation TRUE HIGH MED 5
ITDolphin and dugong monitoring - Mandubarra Sea Country DS-026  Mandubarra Land and Sea Inc. TRUE HIGH MED 5

Integrated Marine Observing System



DMS

« Harvesting engine

« Data API

 Metadata catalogue
and API

* Authenticated data
services

Data Provider q -

Data Provider é .

Data Provider q
DATA
Data Provider #

Data Provider  se—-

Diata Provider *
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External Authenticated Users
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=3 MetaData API #:
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" GBRMPA
Analytics
Cloud

Analyfics
Data Lake Dala Science Power BI

Database GIS Apps

DSS Tools
Models
Power BI
R, Python, etc.
Staff with Analytics Skills
Guest Developers
Data Scientists

Really big and/or

well maintained
data
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DATA

ARCO formats (Analysis-Ready Cloud-Optimised)

Gridded Datasets -eragb‘l_‘l?]g ['I?;tn?sli/?;ﬁi toring Geometries (shapefiles)
e.g. S:atelllte derived data Program (AIMS) e.g. GBR Features
a”ﬁii_.{?ﬂ

%y Parquet %y Parquet

\ \ / 3| sTAC

Frictionless /

pygeoapi
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HOW TO USE RIMReP-DMS [©)sTAC

pygeoapi

1. Discover the data collections of interests — STAC

1. Get the data:
a. From the original provider — See metadata link in STAC
b. By directly connecting to the AWS S3 bucket — get the URL from
STAC
c. By making pygeoapi API calls — get the link from STAC
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STAC Catalogue

METADATA STAC Catalogue
Spatio-Temporal Asset Catalogs

- INTERNAL catalogue
- Refers to the original point-of-truth
- Light & Highly configurable
- Searchable

- Browser / API

o

Integrated Marine Observing System

stac-fastapi

[MBr

se | QQ Search

Description

stac-fastapi

Catalogs @ = st

1% Ascending | T¢ Descending

A2 Filter catalogs by title

NOAA Coral Reef Watch Version 3.1 Daily
Global 5km Satellite Coral Bleaching Heat
Stress Monitoring Product Suite

The NOAA Coral Reef Watch (CRW) daily global 5km
(0.05 degree spatial resolution exactly) satellite coral

bleaching heat stress monitoring product suite present...

1/1/1983, 12:00:00 AM UTC until present

AIMS Oceanography

The Australian Institute of Marine Science (AIMS) has
been collecting in situ oceanographic data since 1980
with the deployment of automatic weather observing...

11/12/1991, 12:00:00 AM UTC until present

GBRMPA Administrative Regions

The Great Barrier Reef Marine Park Authority
(GBRMPA) is the custodian to a large range of data
relevant to the Great Barrier Reef. On the Geoportal,...

7/1/2004, 12:00:00 AM UTC until present

ABS Census

The Australian Bureau of Statistics (ABS) provides a
range of statistical outputs. Included within this collection
are ABS datasets related to census and demographic...

1/1/2011, 12:00:00 AM UTC - 12/31/2022, 12:00:00 AM UTC

QLD Transport and Main Roads Vessels

The QLD Department of Transport and Main Roads
maintains data related to marine vessels in the state of

@] sTAC

Additional Resources

- OpenAPI service description
- OpenAPI service documentation

AMSA Vessel Tracking

The Australian Maritime Safety Authority (AMSA)
provides multiple sources of vessel traffic data via the
Craft Tracking System (CTS). Included within this...

1/1/2022, 1:00:00 AM UTC until present

ABS Spatial Geographies

The Australian Bureau of Statistics (ABS) provide a
range of non-ABS structure digital boundary files. Mesh
Block boundaries were created using various sources...

10/6/2021, 12:00:00 AM UTC - 7/21/2022, 12:00:00 AM UTC

GBR Biogeographic Areas

The Great Barrier Reef Marine Park Authority
(GBRMPA) is the custodian to a large range of data


https://stacspec.org/

METADATA

METADATA STAC Catalogue
Spatio-Temporal Asset Catalogs

INTERNAL catalogue

Refers to the original point-of-truth
Light & Highly configurable

Searchable
Browser / API
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stac-fastapi

I [T]Browse ‘ (, Search l

Description

stac-fastapi

Catalogs € = Lt

1% Ascending | 1% Descending

A Filter catalogs by title

NOAA Coral Reef Watch Version 3.1 Daily
Global 5km Satellite Coral Bleaching Heat
Stress Monitoring Product Suite

The NOAA Coral Reef Watch (CRW) daily global 5km
(0.05 degree spatial resolution exactly) satellite coral

bleaching heat stress monitoring product suite present...

1/1/1985, 12:00:00 AM UTC until present

AIMS Oceanography

The Australian Institute of Marine Science (AIMS) has
been collecting in situ oceanographic data since 1980
with the deployment of automatic weather observing...

11/12/1991, 12:00:00 AM UTC until present

GBRMPA Administrative Regions

The Great Barrier Reef Marine Park Authority
(GBRMPA) is the custodian to a large range of data
relevant to the Great Barrier Reef. On the Geoportal,...

T/1/2004, 12:00:00 AM UTC until present

ABS Census

The Australian Bureau of Statistics (ABS) provides a
range of statistical outputs. Included within this collection
are ABS datasets related to census and demographic...

1/1/2011, 12:00:00 AM UTC - 12/31/2022, 12:00:00 AM UTC

QLD Transport and Main Roads Vessels
The QLD Department of Transport and Main Roads

Additional Resources

- OpenAPI service description
- OpenAPI service documentation

AMSA Vessel Tracking

The Australian Maritime Safety Authority |
provides multiple sources of vessel traffic
Craft Tracking System (CTS). Included w

1/1/2022, 1:00:00 AM UTC until pre

ABS Spatial Geographi

The Australian Bureau of Statistics (ABS)
range of non-ABS structure digital bound:
Block boundaries were created using vari

10/6/2021, 12:00:00 AM UTC - 7/21/2022, 12

GBR Biogeographic Are
The Great Barrier Reef Marine Park Authi

ﬂmaintgins dat_g relatedjp marine yessels _in the state of
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(GB_RMPA) is the custodian to a large ran


https://stacspec.org/

STAC Catalogue

AIMS Oceanography

Description

The Australian Institute of Marine Science (AIMS) has been collecting in situ oceanographic data since 1980 with the
deployment of automatic weather observing stations and since 1991 with the sea temperature monitoring program. Both
datasets provide hourly data related to sea temperature at a range of depths, ic pressure, air relative
humidity, solar radiation (light as PAR), wind direction and wind speed, spanning the entirety of the Great Barrier Reef.

License
Temporal Extent

CC-BY-3.0-AU
11/12/1991, 12:00:00 AM UTC until present

B ‘il_

= Leaflet | © OpenStreetMap contributors.
Provider

> AIMS [ Licensor | propucer ]

Metadata

General

AIMS Sea Surface Temperature Monitoring Program

in stac-fastapi [ T_Up

@ Collection ‘ [ Browse ‘ Q Search l

(5]

i

== | eaflet | © OpenStreetMap contributors.

Asset

v AIMS Sea Water Temperature Observing System (AIMS
Temperature Logger Program)

Parquet

[C] Copy URL for Amazon S3 -

S3 address of the AIMS Sea Water Temperature Observing System (AIMS
Temperature Logger Program) in GeoParquet format

Additional Resources
Description of the resource

- Link to data AP| <&
- Link to original metadata -

I o Source ‘ = Share ‘ PP Language: English ~

Description

The data provided here are from a number of sea water temperature monitoring
programs conducted in tropical and subtropical coral reefs environments around
Australia. Data are available from approximately 80 GBR sites, 16 Coral Sea sites,
7 sites in North West Western Australia (WA), 8 Queensland regional ports, 13 sites
in the Solitary Islands, 4 sites in PNG and 10 sites in the Cocos (Keeling) Islands.
Data are obtained from in-situ data loggers deployed on the reef. Temperature
instruments sample water temperatures every 5-10 minutes (typically) and are
exchanged and downloaded approximately every 12 months. Temperature loggers
on the reef-flat are generally placed just below Lowest Astronomical Tide level.
Reef-slope (or where specified as Upper reef-slope) generally refers to depths 5 -9
m while Deep reef-slope refers to depths of ~20 m.

Collection

11/12/1991, 12:00:00 AM UTC until present

AIMS Oceanography

The Australian Institute of Marine Science (AIMS) has been collecting in situ
oceanographic data since 1980 with the deployment of automatic weather...

General
Themes Scheme: hittps://wiki.esipfed.org/ISO_19115-
3_Codelists#MD_TopicCategoryCode
Concepts:
Id: oceans

Title: Oceans

Time of Data
begins

11/20/1991, 2:00:00 PM UTC

Time of Data 5/6/2022, 1:56:45 PM UTC

ends

‘\IIMOS Integrated Marine Observing System




DATA A P I https://pygeoapi.staging.reefdata.io/collections/091-aims-sst/items?bbox=149.-20.150.-19&datetime=2002-07 -

- 10T00:00:00Z/2002-07-20T00:00:00Z&gc_flag=1&limit=1000
*pygeoapl gc tiag imi

AIMS Sea Surface Temperature Monitoring Program

™\

(), Search

e

in stac-fastapi |1 up ‘ & Collection | [ Br

" - Description

The Aata nravidad hears ars fram a numhar Af esa watear tamnarati

/collections/B91-aims-sst Get 091-aims-sst (S3:GDAL) metadata

/collections/891-aims-sst/items Get t (53:GDAL) items.

My test 53 collectior
Parameters
Name Description
f
S The optional f parameter indicates the output format which the server shall provide as part o
s GeoJSON
ble values : json, html, jsonld
Default value : jsor
=
ang
T, The optional lang parameter instructs the server retum a response in a certain language, if s

available values, the Accept-Language header languag
language is used. No

Asset e\l
like (e.g. "de-CH" or

will be used if it is supported. If t
at providers may only support a single language (or often no langud
s can be written in a complex (e.g. "fr-CA.fr;g=0.9,en-US;q

> AIMS Sea Water Temperature Observing System (AIMS Temperature Logger Program) fraphe e e

Default value : en-US

Ad dltlo nal Resou rces ﬂm,:rb, Only features that have a geometry that intersects the bounding box are selected. The bount

depending on whether the coordinate reference system includes a vertical axis (height or dej

Description of the resource « Lower left comer, coordinate axis 1

r left corner, coordinate axis 2

inimum value, coordinate axis 3 (optional)
- Link to data API « Upper right comer, coordinate a
Upper right comner, coordinate axis

aximum value, coordinate axis 3 (optional)

- Link to original metadata

If the valu of four numbers, the coordi reference tem is WGS 84 lol 1

CRS84) unless a different coordinate reference syste|

consists of six numbers, the coo
opengis.net/def/crs/On

inate reference sys
584h) unless a differen

m is WG5S
coordinate

rence syste

The query parameter bbox-crs is specified in OGC API - Features - Part 2: Coordinate Refere:

For WGS 84 longitude/latitude the v
L) third v

e (east-most box edge)

ues are in most cases the sequence of minimum longit:
where the box spans the antimeridian the first

If the vertical axis is included, the third and the sixth number are the bottom and the

If a feature has multiple spatial geometry properties, it is the decision of the server
used to determine the extent or all relevant geometries.

imit
i The optional limit parameter limits the number of items that are presented in the response d

Integratred Marine Observing System :



https://pygeoapi.staging.reefdata.io/collections/091-aims-sst/items?bbox=149,-20,150,-19&datetime=2002-07-10T00:00:00Z/2002-07-20T00:00:00Z&deployment_id=3499&qc_flag=1&limit=1000

DATA API angest: |

https://pygeoapi.staging.reefdata.io/collections/noaa-crw- "degree_heating_week": {

"type": "NdArray",

ﬁpyg €0 ap]. dhw/coverage?datetime=2023-02-01 iiﬂi:ﬂ%’ﬁ;.ﬂ "ot

",
"time"
1.,
"shape": [
{ 360,
Home / Collections / NOAA Coral Reef Watch... json jsonld "type”: "Coverage”, 728
"domain": { 1
NOAA Coral Reef Watch - Degree Heating Week ..zﬁ,‘;;;ngTf"TG;m.., 1. )
values™": [
.3,
.690P00a57220459,
.@29999732971191,
.230000019073486,
.489999771118164,
.690000a57220459,
. 739999771118164,
.819999694824219,
.900P00a95367432,
.950000038146973,
.@39999961853027,
.@499997138977@5,
.@99999994632568 ,
.@89999675750732,
. 769999980926514,
.8799996376@376,
.5499997138977@5,
3,
.449999809265137,
.96999979019165,
.759999752044678,
.529999732971191,
.279999732971191,
.@69999694824219,
.6899998188@188,
.369999885559082,
.4499998092651367,
.419999837875366,
25,
.1999998092651367,
.319999933242798,
.1599998474121094,
.5799999237060547,
_5799090237A6ASA7

52 i
29s pygeoapi Contact

NOAA Coral Reef Watch Daily Global 5km Satellite Coral Bleaching Degree Heating Week "axes": {
palembang Ihoresta mxr
+ "start": 133.02499389648438,
pata_ Pa o) "stop”: 168.97500610351562,
"num": 720

Islands,

v {
"start": -8.024999618530273,
"stop": -25.975000381469727,
"num": 360

200 },

"time": {

"start": "2023-02-01T12:00:00.000000000",

"stop": "2023-02-01T12:00:00.000000000",

"num": 1

Australia Brisbane

300

perth
Sydniey

Links

information (text/html)

The landing page of this server as JSON (application/json)

The landing page of this server as HTML (text/html)

This document as JSON (application/json) 500

400

This document as RDF (JSON-LD) (application/Id+json)

600

700

o 100 200 300 77

coverageJSON, netCDF, GeoTIFF =/
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https://pygeoapi.staging.reefdata.io/collections/noaa-crw-dhw/coverage?datetime=2023-02-01
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O aodn / rimrep-examples

<> Code () Issues 1 1 Pull requests

s rimrep-examples  Fublic

¥ main - ¥ 2branches G 0tags

ﬁ michaelamiller12 Merge pull request #16 frg

Python_based_scripts Moved k
R_based_scripts correctit
images Address
O .gitignore Ignoring
[§ LICENSE single li¢
[J README.md Updatin
[ rimrep-examples.Rproj updatin(

README.md

rimrep-examples

This repository contains example noteboa
in the Reef 2050 Integrated Monitoring an

Example notebooks also include suggestel
figures, and maps.

Setting up your machine

After makina this repository available loca

https://g

Q Type [/)to search

ithub.com/aodn/rimre

Actione A Proierte () Securitu I~ Incinhtc S Settinac
= O aodn / rimrep-examples Q Type[A)t > +- @
<> Code (O Issues 1 [ Pullrequests (O Actions [ Projects (@ Security |~ Insights 5 Settings
¥ main ~ rimrep-examples / R_base
= O aodn / rimrep-examples Q Type [ftosearch > ++-|®
lidefi87 correcting rendering of list in markdowr
b = d ' <> Code (@ Issues 1 11 Pullrequests @ Actions [ Projects @ Security | Insights 8 Settings
Preview | Code  Blame 441 Lines (368 loc) e | 4y oy o rimrep-examples/ R_based scripts / Extra = O aodn / rimrep-examples Q Type[Dto search 5 +~|[@
. @ lidefig7 Dividing scripts in two different folders: Python and R-bast <> Code () Issues 1 13 Pullrequests (® Actions [ Projects (@ Security |~ Insights &3 Settings
Extracting temp
o . . : a
: 291 lines (246 loc) - 10.4 KB EY ¥ main - rimrep-examples / Python_based _scripts / geoparquet.ipynb (&
Denisse Fierro Arcos 2023-06-05 Preview |RCcdeiclans - . )
» Goal of this notebook @ lidefi87 Adding more comments and plots 6bglade-Sdays 2
+ Loading libraries Extracting spatial data f
» Connecting to RIMReP collecti¢ Preview | Code = Blame 1389 lines (1389 loc) - 156 KB Raw (|

o Exploring dataset structur| Denisse Fierro Arcos 2023-06-05
» Extracting variables of our inte .

o Creating deployment_loca * Goal of this notebook
o Workflow to be followed in this notebook

o Extracting latitude and lon A .
Leading libraries

= Transforming geometr

o

o

. y 1 Connecting to RIMReP collection
o Extracting sites and coordi

o

Exploring dataset structure
» Plotting map of sampled sites | P 9

o

Extracting sites and coordinates from data

» Extracting data for sites of inte
= Transforming geometry format

o Plotting timeseries

o

Plotting all features
o Saving data summaries an

o

Saving GBR features as shapefile

Goal of this note Goal of this notebook
This notebook will demonstrate ho!
Program. This dataset includes sea
sites at the Great Barrier Reef.

This notebook will show how to access the RIMReP
Reef Marine Park Authority (GBRMPA). This dataset
banks, reefs, cays, islets, and islands. Since this dat

in this dataset.

We will use the spatial boundaries to extract envirg

—orkflow to be followeg

Integrated Marine Observing System

Geoparquet direct access example

Authors: Leo Ghignene, Denisse Fierro Arcos

This notebook demonstrates direct access to a dataset in the RIMReP geoparquet collection. The geoparquet collectionisa
collection of datasets that have been converted to the Apache parquet format. This format is designed for efficient storage and retrieval
of tabular data. The geoparquet collection is stored on the RIMReP S3 bucket and is accessible to all users.

We will use the AIMS Temperature Logger Monitoring Program dataset as an example. This dataset includes sea temperature data since
1980 for tropical and subtropical coral reefs around Australia, including sites within the Great Barrier Reef.

The workflow in this notebook is as follows:

« Inspect dataset metadata
- Aggregate and plot temperature data for all sites where temperature loggers were deployed
= Collect data for a specific region, in this case we will use the Great Barrier Reef Marine Protected Area as our region of interest

Loading libraries

# Accessing 53 bucket

from pyarrow import parquet as pg
# Manipulating dataframes
import pandas as pd

# Load and manipulate geospa
import dask_geopandas
import geopandas as gpd

patial dat.

from shapely.geometry import Polygon

ot
import matplotlib.pyplot as plt

-examples




https://github.com/aodn/rimrep-examples https://stac.staging.reefdata.io/browser/

N C R I S ’ Australia’s Integrated Marine Observing System (IMOS) is enabled by the National

National Research Collaborative Research Infrastructure Strategy (NCRIS). It is operated by a consortium I f - I m @ t d
Infrastructure for Australia of institutions as an unincorporated joint venture, with the University of Tasmania I n O rl re p u aS - e u - a u
An Australian Government Initiative as Lead Agent. www.imos.org.au

PRINCIPAL PARTICIPANTS

UNIVERSITY of §53¢5 i 0/
T A S M A N I A T ¥ AUSTM;:‘\'\I“I‘NS‘T‘”UTE Australian Government
Australian Government OF MARINE SCIENCE Bureau of Meteorology

(Lead Agent)
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SIMS is a partnership involving four universities.

ASSOCIATE PARTICIPANTS

L) i

Curtin University Austraion Covernment DEAKIN L) ‘
e UNIVERSITY HE LNIVERSITY O

Department of Climate Change, Energy, the Environment and Water \
MELBOURNE '\

IMOS thanks the many other organisations who partner with us, providing co-investment, funding and operational support, including &
investment from the Tasmanian, Western Australian and Queensland State Governments. -«
) | | - O
IMOS acknowledges the Traditional Custodians and Elders of the land and sea on which we work and observe and recognise their A
unique connection to land and sea. We pay our respects to Aboriginal and Torres Strait Islander peoples past and present. ’
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