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Somewhere between information and knowledge, things start to get useful.



From data to information
Raw data

A Water quality samples

A Bathymetry Data-oriented
A Remate Sersing\ Processing
A Lierature ._

Databases

e Model-oriented
Processing
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What Is viitual techndogy?

Virtual Technology is defined as any attificial representation of
ecosystems, whether directly (in situ) or indirectly (remote sensing).
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Such representations are designed to
help measure, understand, and
predict the underlying variables and i)
processes. /

Kilometars

Simulation of wild species distribution, Loch Creran,
Scotland. (Aquaculture, 274, 313-328)

Distinguish between:

ATooIs which allow measurements to be made and translate data
into information (Information and Communication Technology);

AModeIIing tools (the way in which information is used for a given
purpose) and the link to data collection technology.



Typesof virtual techndogy

Objective and issues | Technology

1 Knowledge
gathering

2 Map resources and
environment

3 Assess system
changes

4 Optimise production
5 Control production
6 Risk assessment

7 Build indicators of
sustainability

8 Communication and
learning

Database (monitoring, expert

knowledge, literature)
GIS, remote sensing

System approach,
Mathematical models

Mathematical models

Information technology, sensors

Handbooks, models, expert

knowledge, literature, monitoring
Stakeholder forums, enquiries,

indicator databases, LCA

Web technologies, e-learning,

forums, technical networks,
demonstration tools

Micro(local) to macroscale
(national, transboundary)

Mesoscale (coastal to
national boundaries)

Meso- (regional) to
macroscale

Microscale to mesoscale
Microscale (e.g. aguafarms)

Micro to macroscale
(transboundary)

Mesoscale (economic
sector)

Meso- (regional) to
macroscale (national,
transboundary)



Data andinformation

Issue Key variables

Morphology and climate

Water availability,
inputs, and exchange

Water quality

Environmental
interactions

Thematic data collection
from local to watershed .

Geometry, bathymetry, rainfall distribution, air
temperature, wind speed, relative humidity

Volume, seasonal and annual hydrographs, tidal
range and prism, current velocities, residence time

Temperature, salinity, suspended matter, nutrients,
organic detritus, oxygen, chlorophyll, submerged
aquatic vegetation, xenobiotics, microbiology

Fouling, pathogens, extent of submerged aquatic
vegetation, benthos

for use of virtual tools, applied on scales ranging



Databases
Data collection and analysis

Data storage

A Types and volume of data
A Typical storage approaches
A Where do the problems begin?

A How do we move from data to information?

Databases

A What makes a good database?
A Advantages and requirements

A Case studies

Desks do not self-tidy. Data do not self-organize.



Databases

Data types
Metadata Raw data
Institutions Station name
Station coordinates

Teams ()
Projects Sample date
Systems Sample time
Campaigns Sample depth
Products ()
Formats Parameter name

L Parameter units
Availability ()
Cost

Data types exhibit wide variation .

Measured value (result)

(...)



Databases
Data volumes

From kilobytes to terabytes

A Atypical one-year data collection cycle historically included seasonal
to monthly sampling, a maximum of dozens of stations, some
vertical resolution and a maximum of hundreds of parameters,
particularly if species identification was included

A This typically resulted in 50,000 i 500,000 data items. Tagus (UNDP,
1980s: 68,000 items; Sanggou Bay (INCO, late 1990s): 52,000
items.

A Automated acquisition including moorings and remote sensing have
Increased this (already substantial) load by orders of magnitude

A Storage of images and video quickly takes storage to the petabyte
range

The more data there are, the more challenging the storage and retrieval
problem becomes.



Typical storage approaches
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Data storage in spreadsheets

Station Date Time Depth  Secchi Dissolved oxygemmmonia Chlorophyl

(m) (m) (mg L-1) (umol L-1) (ugL-1)

17  2014.11.17 0900 0.5 1.8 7.3 6.5 2.1

014.11.17 0910 6 5.8 8.1 -

2014.11.17 0920 11 5 8.1 1
56  2014.11.17 1105 0.5 0.7 6.1 15.6 5.6
56  2014.11.17 1115 3 - 5.8 16 5.4
56  2014.11.17 1125 6.5 - 5.8 16.4 5.1
17  2014.11.18 0900 0.5 2.3 4.7 2.3
17  2014.11.18 0910 6 - 4.9 2.1
17 /72014.11.18\ 0920 11 - 5.6 1.8
56 \2014.11.18/ 1105 0.5 0.9 13.4 8.7
56 2014.11.18 1115 3 - - -
56  2014.11.18 1125 6.5 - 15.1 8.1

Flatfiles encourage redundancy and empty records fithis wastes memory,
lengthens search times, and makes filters difficult .



Database models

A Hierarchical

A Distributed s

A Relational

http://www.extropia.com/tutorials/sd/
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http://www.extropia.com/tutorials/sql/

The elational database model
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entities ae represented by through Aakestime to setup
valuesstoredin the columns Sandard Query /
of the correspording tables Larguage (SQL) \

(keys)

This is one of the most enduring computational models. The internet is
full of examples, and you use them every single day.



RDBMSAdvantages

A Catrollingredundancyis one of most important feature in DBMS
A Improved data consstency& quality

I Aacesscontrol

I Transadion control
Improved acessbility & data sharing

Inareased productiuty of applicaion development

Manipulkation of the database:
I Retrieval: Querying, generating reports
I Modification: Insertions, deletions andupdatesto its content
I Aacessing the database through Web applications

o o T

A Sharing a databaseallows multiple use's and programsto access the
databasesimutaneously

From Amazon to Expedia, the web has brought RDBSto the masses



Web databases

A Data ae accesible directly through the
Internet with integrated DBMS
A Water quality- USGS

A Example of biological databases
I WoRMS(http:// www.marinespea@s.aq/)
I Fisbase.ag
I http://geo.snirhpt/snirlit/site/ #
A Scientific papers
I Web of Khowledge



http://www.marinespecies.org/
http://geo.snirh.pt/snirlit/site/

Water quality of San Francisco Bay, U.S.A.

http://lan.umces.edu/neea/

Agricultural and urban nutrient loading in northern California



