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The Water Framework Directive (WFD)

Water Framework Directive (WFD) 2000/60 is considered to be one of the
most ambitious and comprehensive pieces of European environmental
legislation to date.

The WFD aims at the integrated management and protection of the
water resources

= |dentifying and analyzing of environmental pressures and risks at river basin
scale,

= ldentifying water bodies and protected areas

= Creation of monitoring networks for water resources (Article 8)

= Defining environmental objectives, classification systems and environmental
standards

= Creation and storage of environmental data in geodatabases with use of GIS

= Stakeholders participation (Article 14)



Momtormg requlrements of the WFD

Monitoring programmes are requwed to establlsh a coherent and
comprehensive overview of water status within each river basin district.

Monitoring information from surface waters is required for:

" The classification of status of water bodies (ecological and chemical
status of each body of water using the colour-coding system)

= Supplementing and validating risk assessment procedure

" The assessment of long-term changes in natural conditions

= Estimating pollutants loads transferred across international
boundaries or discharging into seas

= Assessing changes in status of those bodies identified as being at
risk in response to the application of measures for improvement or
prevention of deterioration

= Ascertaining the magnitude and impacts of accidental pollution



Monitoring requirements of the WFD

Monitoring information from groundwater is required for:

= Providing a reliable assessment of quantitative status of all
groundwater bodies or groups of bodies

= Estimating the direction and rate of flow in groundwater bodies

= Supplementing and validating the impact assessment procedure

= Use in the assessment of long term trends both as a result of
changes in natural conditions and through anthropogenic
activity

= Establishing the chemical status of all groundwater bodies or
groups of bodies determined to be at risk

= Estimating pollutants loads transferred across international
boundaries or discharging into seas



O
M
| =
=)
E
O
D
O
=
E
\| m
Wy
il fD
-
C'
O
i Q.
I‘

LY
T
! ||
it

|
|

l"d
il

\

The water body is a coherent sub un|t in the river basin
(district) to which the environmental objectives of the directive
are being applied.

The identification of water bodies is, first and foremost, based on
geographical and hydrological determinants.

> Body of surface water” means a discrete and significant element

of surface water such as a lake, a reservoir, a stream, river or canal,

part of a stream, river or canal, a transitional water or a stretch of
coastal water

> Body of groundwater" means a distinct volume of groundwater
within an aquifer or aquifers.




Classification: Typology A or Typology B

Example of Typology System B for Strymon River, Greece
A four digit numerical system was adopted to present the types
— 1st digit = altitude category
¢ (1=0-150m or 2=150-600m or 3=>600m)
— 2nd digit = catchment area category
¢ (1=0-100km2, or 2=100-1000km2 or 3=1000-10.000km2 or
4=> 10.000Km2
— 3rd digit = geology category
¢ (1= Calcareous (Ca) or 2= Siliceous (Si) or 3= Organic (C))
— 4th digit = slope
e (1=0-5° or 2=5°-150 or 3= >159)
Example: 1211 = Altitude 0-150m, Catchment 100-1000m2, Geology
Ca, Slope 0-50




Results of application of Typology B

1311
1321
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1 For surface water bodles the Dlrectlve requires that sufflaent
surface water bodies are monitored in surveillance programmes to
provide an assessment of the overall surface water status within
each catchment and sub-catchment within the river basin district.
The results of such monitoring should be reviewed and used, in
combination with the impact assessment procedure, to determine
requirements for monitoring programmes.

. Operational monitoring is to establish the status of those water
bodies identified as being at risk of failing their environmental
objectives, and to assess any changes in their status from the
programmes of measures.

. Investigative monitoring may also be required in specified cases
where the reason for any exceedences (of Environmental
Objectives) is unknown.




Telemetry monitoring systems — Gauging stations

Telemetric Equipment
»  Measuring sensors kit
= Energy independent (use of solar panels)
= Doppler flow sensors and meteorological stations

= Remote Telemetry Unit (RTU) (Data logger for measurements storage
and transmission of data)

> GPRS data communication

L

Base Station

(@) Leena

GPRS
Communications




Telemetry monitoring systems — Base station

> Base Station

= Gateway — Data collection from the monitoring stations through GPRS
= Data storage in data bases (SQL2008)
= Data evaluation and control checks

= Data allocation to users through the internet

Backup Process
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WebIMS technologies for monitoring networks

(Thematic Maps)
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Use of GIS for the creation of

geodatabases

Database is a collection of information organized in such a way that
a computer program can quickly select desired pieces of data.

Geodatabase is the common data storage and management
framework for ArcGIS. It combines "geo" (spatial data) with
"database" (data repository) to create a central data repository for
spatial data storage and management.

The serving of georeferenced data that are stored in geodatabases
over the Internet is based on the technology known as Web Map
Service (WMS).

Strategic Partnership for the Mediterranean Sea Large Marine Ecosystem
MedPa rtnership



Geographic Information Systems - GIS
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Examples:
Soil data maps + Land Use maps = Curve Number (CN)

DTM - flow direction, flow accumulation, slopes...



Commercial GIS products

Autodesk

g Benfle Y r@ LIZARDTECH;

Sustaining Infrastructure

LizardTech's Express Server
GeoWebPublisher




Freeware, open source (OS) (GIS)

O 3 KUpPLEG KaTNYOPLEC TwV open source GIS
(in terms of programming languages) eivau:

*“C” languages, S y

eJava, and GRASS GIS
*.NE

EEE SharpMap %
Geospatial Application
Framework for the CLR
SAGA -

System for Automated Geoscientific Analyses

MapWindow GIS

Potlach


https://sharpmap.codeplex.com/

Commercial WebGlIS products

Autodesk

Autodesk's Map 3D and Civil 3D

erdas ™«
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g Bentle Y ,@ LIZARDTECH;

Sustaining Infrastructure

LizardTech's Express Server
GeoWebPublisher



Freeware, open source WebGIS products

4
.qu°§§'wﬁgr ’ Open Layers

kml

xmins="http://earth.google.com/kml/2.2">

GO Ug[e m a DS <Document id="general_map.png">
<name>general_map.png</name>
<Snippet></Snippet>

<?Xm I version="1.0"?> </kml> GO Ug[e 'I:US iD n ta b | es
<ARCXML version="1.0"> beta
<RESPONSE>

<ERROR machine="IMSEmu WINNT; ﬂ I I

Apache/2.2.10 (Win32); PHP 5.2.6 cgi-fcgi" Ap c E

processid="0" threadid=""> HTTP SERVER

XMLParser: Fatal parsing error:
'Undefined variable: post'
</ERROR>

</RESPONSE>

</ARCXML>



http://mapserver.org/index.html
http://www.openlayers.org/
http://www.openlayers.org/
http://www.openlayers.org/

GIS on water resources

HYDRAULICS

HYDROLOGY
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Transboundary River & Lake Basins
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o Cover' 45% of the Iand sdr'face of The Ear‘rh

o Affect 40% of the world's population;

e Account for approximately 60% of global river
flow;
e Cross the political boundaries of 148 countries
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iarac Transboundary Aquifers of the World
J4 - Update 2012 - @ @) H
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Soale 1: 60 000 000

Special Edition

#r e 6 Worid Water Forum, Marselie, March 2012




Transboundary Aquifers in South Eastern Europe (SEE)
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Sub-Danubian Transboundary River & Lake Basins
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Digital Terrain Models - DTMs
Data availability

http://eros.usgs.gov/#/Find Data/Products and Da
ta Available/Elevation Products

e Shuttle Radar Topography Mission (SRTM)
Research Grade

3 arc second (90 meter)

e Global 30 Arc-Second Elevation Dataset (GTOPO30)
Global 1-km



http://eros.usgs.gov/
http://eros.usgs.gov/
http://www.jpl.nasa.gov/srtm/
http://www.jpl.nasa.gov/srtm/
http://www.jpl.nasa.gov/srtm/
http://eros.usgs.gov/Find_Data/Products_and_Data_Available/GTOPO30
http://eros.usgs.gov/Find_Data/Products_and_Data_Available/GTOPO30
http://eros.usgs.gov/Find_Data/Products_and_Data_Available/GTOPO30
http://eros.usgs.gov/Find_Data/Products_and_Data_Available/GTOPO30

Geospatial Hydrologic Modeling System
GeoHMS

U.S. Army Corps of Engineers (USACE) Hydrologic
Engineering Center (HEC)

e HEC-HMS: Hydrologic Modeling System
http://www.hec.usace.army.mil/software/hec-hms/

e HEC-GeoHMS: Geospatial HMS

http://www.hec.usace.army.mil/software/hec-
geohms/index.html



http://www.hec.usace.army.mil/software/hec-hms/
http://www.hec.usace.army.mil/software/hec-hms/
http://www.hec.usace.army.mil/software/hec-hms/
http://www.hec.usace.army.mil/software/hec-geohms/index.html
http://www.hec.usace.army.mil/software/hec-geohms/index.html
http://www.hec.usace.army.mil/software/hec-geohms/index.html

GeoHMS: A cascade of GIS based tools

Eilx Edit Wiew [nsert Selection Tools Wiedow Help Arc Hydro Tools
L = = & B2 £ [Tossass /« 5 e O W7 | Edice = [
T

errain Preprocessing =  Tetrain Morphology =  Watershed Processing =  Abtribube Tools =  Metwork Tools = Utiicias = 5 2 & =z O3y B 4 Heb
Basin Processing = Basin Characteristics *  Hydrohogic - 4o = & S Help

bars =  HMS =  Lkilicy

| HMS :iaﬂ.'iel.-.ﬂ - $ F= Help |
- i ﬂ ——
r— HEC-GeoHMS Main View _J r HEC-CeoHMS Project View _J

1. Arc Hydro Tools (ESRI)

2. HEC-GeoHMS Main View (USAGE)

3. HEC-GeoHMS Project View (USAGE)



DEM: Image cropping and rectification




Terrain processing

*Flow Direction

*Flow Accumulation

*Stream definition

*Stream segmentation
*Catchment Grid Delineation
*Catchment polygon processing

*Drainage line processing




ArcGlIS: Statistics (Analysis)

The Statistics toolset contains tools that perform standard statistical
analysis (such as mean, minimum, maximum, and standard deviation)
on attribute data as well as tools that calculate area, length, and count
statistics for overlapping and neighboring features.

Tool Description

Reads a table and a set of fields and creates a new table
Frequency containing unique field values and the number of occurrences of
each unique field value.

Creates a table with statistics based on polygon contiguity

Polygon Neighbors .
¥E 5 (overlaps, coincident edges, or nodes).

Summary Statistics Calculates summary statistics for field(s) in a table.

Computes the intersection between two feature classes and
Tabulate Intersection cross-tabulates the area, length, or count of the intersecting
features.



http://resources.arcgis.com/en/help/main/10.1/0008/00080000001w000000.htm
http://resources.arcgis.com/en/help/main/10.1/0008/000800000045000000.htm
http://resources.arcgis.com/en/help/main/10.1/0008/00080000001z000000.htm
http://resources.arcgis.com/en/help/main/10.1/0008/000800000044000000.htm

ArcGIS: Statistics (Analysis
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ArcGIS : Distributing point information to space

Legend

® rain_stations_87_95
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Thiessen polygons

Thiessen polygons can be used to
apportion a point coverage into
polygons known as Thiessen or
Voronoi polygons.

* Each polygon contains only one
Input Features point.

* Each polygon has the unique
property that any location within the
polygon is closer to the polygon's
point than to the point of any other

polygon



ArcGIS : Distributing point information to space
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In effect, the precipitation surface is
assumed to be constant and equal to
the gage value throughout the region.



ArcGIS : Computation of equivalent rainfall

0 5 10

20 30 40

Kilamaters

Legend

Variation of weights (%)
weights

I 0.077% - 3.232%
I 3.233%-8.037%
[ 8.038% - 14.336%
1 14.337% - 20.821%
[ ] 20822% - 20.961%
[ 29.962% - 38.933%
I 38994% - 65.811%
I &5.512% - 08.525%

Computation of equivalent
rainfall per subbasin:

Where

K: the number of stations
h.: point rainfall (mm)

w;: the weight factor



ArcGIS : Spatial analyst, Interpolation

* In the mathematical field of numerical analysis, interpolation is a method of
constructing new data points within the range of a discrete set of known data
points.

* In GIS, interpolation is used to predict values for cells in a raster from a limited
number of sample data points. It can be used to predict unknown values for any
geographic point data, such as elevation, rainfall, chemical concentrations, noise
levels, and so on.

*20

*14 *24

*16

z
E=

Ty ok *20
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Fig. 1 : Rainfall Fig. 2 : Elevation



ArcGIS : Spatial analyst, Interpolation

The assumption that makes interpolation a viable option is that spatially
distributed objects are spatially correlated; in other words, things that are close
together tend to have similar characteristics.

Tool Description

IDW Performs an inverse distance weighted interpolation on a point

- dataset.

Krige Interpolates a raster from a set of points using kriging.

Kriging Interpolates a grid from a set of points using kriging.

. Interpolates a surface from points using a natural neighbor

Natural Neighbor p P g g

technique.
: Interpolates a raster from a set of points using a specified

Pointinterp : P P &3P
neighborhood.

Spline Performs a two-dimensional minimum curvature spline

interpolation on a point dataset resulting in a smooth surface that
passes exactly through the input points.



http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=idw
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Krige
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=kriging
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=natural_neighbor
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=pointinterp
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=spline

ArcGIS : Example with Kriging
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e an = -~ interpolation methods because

B eet-ate | EEECEER] .
— il === they are directly based on the

surrounding measured values.

[ Jusr-we

* Kriging is based on statistical
models that include
autocorrelation—that is, the
statistical relationships among
the measured points
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Case study: The Strymon River basin
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Geographic Information Systems (GIS) on water
resources

Legend
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Geographic Information Systems (GIS) on water

Legend
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The Struma/Strymon basin can be
characterised as a natural basin:

* Forested areas (36.25%)

* Scrub/herbaceous vegetation areas

(22.65%)

* Arable agricultural areas (21.95%)

* Pastures and the heterogenous
agricultural areas (13.10%)

* Urban areas (1.95%)



Precipitation distributi -
recipitation distribution ;
Dragoman —
19 —
o ¥
18—
17
5 — 5 Chemi Vrah '
VAAH
15 —
- ( Legend WAN
e
- @ Rainfall gauges -Kala Dendra &
i di Jupnic e Struma/Strymon River [l Kriva Palanka oL
" b pe—- B O ’.‘ .Mussala Station_na B Kustendil 2
2 IR = B Berovo B Vussala |
i1 — I cherni Viah B viorita
) :_: v/ ; I 0ragoman B Pentapolis
potigy * B 0rama [ Petrich
NI ﬁ 8 — lv. - Dupnica - Rilci A
' % l-\ [ Eteftheroupoli B sandanski

B Gengeliz B simitii
“‘ B K Nevokopi B Vounochori
il

(5 )
o

5 L
|

oLs
N it s | ¢ Ejvrokgpl ROUPOLI
. : T .y KO?!
- ™ Gengelija e ala [ j\"’ i
. | i - j : a [ NDRA
N
J | v i CHORI
Legend ® o W &
o 9
@ Ranta ‘g% s
e SEPUM; = -1
— ‘ o 0 10 20 40 80

r‘
P
o
2
-



Flood Directive

Preliminary flood Flood hazard and
risk assessment flood risk mapping

December 22, 2011 December 22, 2013
December 22, 2018 December 22, 2019

every 6 years after every 6 years after

Flood risk
management plans

December 22, 2015
December 22, 2021
every 6 years after




Floods and storms in Europe account respectively for 40 % and 33%
of the total economic damages for the period 1989-2008.
The trend will probably continue to rise as floods and storms are expected to

become more frequent and severe in the future in Europe. (source: UNISDR)

In the past 20 years, 953 disasters killed nearly 88,671 people in

Europe, affected more than 29 million others

Economic losses (US S billions)

Others |
Storms —
Floods E——————— |
Floods, droughts and storms —
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Floods, droughts and
storms
BEconomic losses (US S billions) 269 107.6 88.77 72.63
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The European "Directive on the assessment and management of
flood risks", endorsed in 18 September 2007, aims to reduce the
adverse consequences on human health, the environment, cultural

heritage and economic activity associated with floods in the
Community.

Article 6 of the Floods Directive requires Member States to prepare
1. flood hazard and

2. flood risk maps

(at the river basin level and at the most appropriate scale) for the
areas of potential significant flood risk identified under Article 5 or
13.1(a), or for the areas for which Member States decided to
prepare flood maps according to Article 13.1(b).



Flood: is a temporary covering by water of land normally not covered by
water. This shall include floods from rivers, mountain torrents,
Mediterranean ephemeral water courses, and floods from the sea in coastal
areas, and may exclude floods from sewerage systems

Flood risk: is the combination of the probability of a flood event and of the
potential adverse consequences to human health, the environment and
economic activity associated with a flood event

Flood hazard maps: demonstrate areas which could be flooded according to
three probabilities (low, medium high) complemented with: type of flood,
the flood extent; water depths or water level as appropriate; where
appropriate, flow velocity or the relevant water flow direction

Flood risk maps: indicate the potential adverse consequences associated with
floods under several probabilities, expressed in terms of: the indicative
number of inhabitants potentially affected; type of economic activity of the
area potentially affected; installation which might cause accidental pollution
in case of flooding




»Preliminary flood risk assessment: the aim of this step is to
evaluate the level of flood risk in each river basin district or
unit of management and to select those areas on which to
undertake flood mapping and flood risk management plans.

»Flood mapping comprising of flood hazard maps and flood
risk maps: the flood hazard maps should cover the
geographical areas which could be flooded according to
different scenarios; the flood risk maps shall show the
potential adverse consequences associated with floods under
those scenarios.

»Flood risk management plans: on the basis of the previous
maps, the flood risk management plans shall indicate the
objectives of the flood risk management in the concerned
areas, and the measures that aim to achieve these objectives.

To be
completed
by 2011

To be
___completed
by 2013

To be
completed
by 2015




Nomenclature of FD

Type of flooding Causes of flooding Effect of flooding Relevant parameters
River flooding in e Intensive rainfall e Stagnant or flowing = Extent (according to
flood plains and/or snowmelt water outside the probability)
* lce jam, clogging channel * ‘Water depth
= Collapse of dikes or * Water velocity
other protective * Propagation of flood
structures
Sea water flooding = Storm surge = Stagnant or flowing * Same as above
=  Tsunami walerbel‘indtl‘redwre
* Salinisation of
agricultural land
Mountain torrent = (Cloud burst = Water and sediments = Same as above;
activity or rapid * Lake outburst outside the channel on * Sediment deposition
run-off from hills = Slope instability alluvial fan; erosion along
in watershed channel
=  Debris flow
Flash floods in = (Cloud burst = Water and sediments * Same as above
Mediterranean outside the channel on
ephemeral water alluvial fan
courses = Erosion along channel
Groundwater flooding | = High water level in = Stagnant water in flood = Extent (according to
adjacent water bodies plain (long period of flooding) probability)
* water depth
Lake flooding = Water level rise trough = Stagnant water behind the * Same as above

inflow or wind induced
set up

shore line




Production of flood maps

To produce the maps data and models are required

Models

Hydrological j@ Hydraulic

Coastal flooding

Historical data Land use &
related data

Topography,
digital elevation models (DEM)




Topography, digital elevation models (DEM)

To enable accuracy of inundation modelling as well as to secure the identification of the
endangered properties, detailed and accurate digital maps and digital elevation models
(DEM) are required. Taking into consideration the most flat character and the very slight
slope of the floodplain as well as that of the river flood surface, appropriate selection of
horizontal and vertical accuracy of the maps/DEM has significant impact on the reliability
and accuracy of the end product.

Minimum requirements are 10 m*10 m (possibly 5 m*5 m)
horizontal and minimum 0.5 m vertical resolution.

Possible tools/methods to generate DEMs of the required accuracy:

e LiDAR

¢ SAR and variations (IFSAR, GeoSAR, AIRSAR)

¢ orto-maps, DTM derived from digital satellite images

e DEMs derived from the vectorised contour lines of 1:10 000 scaled digital map
segments



Depth of 100 Year Flood
[ ]3feet [ ] 4feet B 5 feet or more

S

Topography, digital elevation models (DEM)

2013-07-23 2013-08-08 & 2013-09-09



Historical data

Historical data are very important for public awareness rising as well as for the
calibration of flood modelling (as long as past and modelling conditions can be
compared).

Historical data interesting to be collected are:

e Flood maps

e Water level records in river

e Velocity records (gauge)

e Flood marks

e Pictures, painting or drawing

e Newspapers relating flood events

e Historical reports or books on floods, focusing on damages and on protection
upgrade studied or decided after the flood

e Aerial and satellite photos.
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Land use and related data
The types of land use and related data used by European countries and the place where to
get them are as described below:

¢ Population data — data acquisition: statistics (ZIP-code based registers)

¢ Corine Land Cover: The pan-European project CORINE Land Cover (CLC) provides a
unique and comparable data set of land cover for Europe. It is part of the European Union
programme CORINE

¢ Economical data — data acquisition: land use maps, statistics, (ZIP-code based registers)

¢ Basic services: transportation, energy supply, communication, water supply, sewerage,
healthcare, social and education facilities— partly from statistics, or ZIP code based
registers, land registry, databases and maps of linear infrastructures.

¢ Environment — pollution sources and protected areas: facilities and pipelines of chemical
industry, filling stations, agricultural pollution sources (herbicides, pesticides, fertilizers,
manure, poisonous substances and nutrients), wastewater treatment plants, waste storage,
septic tanks;

¢ Protected areas — Natura 2000, nature conservation— thematic databases and maps.

¢ Cultural heritage — thematic databases and maps



Hydrological models:

Various rainfall-runoff models or statistical models are used to determine
hydrological parameters of the flood waves (which are input data of hydrodynamic
models). The rainfall-runoff models are typically used to simulate the flash floods
of mountain torrents and watercourses of mountain toe regions, but are also used
for flood forecasting purposes even in large catchments where the time required
for accumulation and runoff enables early warning of operational and/or
emergency organisations.

Hydraulic models:

River flood routing (flood propagation in rivers) can be described by one
dimensional (1D) mathematical model. This solution is suitable for the modelling
of inundation of open floodplains.

In case of sophisticated morphological conditions application of quasi 2D or 2D
models might be necessary.

Flood distribution and inundation maps need to be examined through the use of
2D models




Preliminary Flood Risk Assessment — PFRA

I ERACHIIS

Greece: 1077 historic floods at different
locations, which correspond to 1627 flood
events, i.e. there are locations where more
than one flood has occurred.

Flooding typology:

211 floods have designated as "Flash
floods",

*18 have designated as "Other rapid onset",
* 6 as "High Velocity Flow,

*1342 flood events there are "No data
available on the characteristics of flooding".

Axios : 36 historic floods at different
locations.




Preliminary Flood Risk Assessment — PFRA

I ERACHIIS
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Preliminary Flood Risk Assessment — PFRA

I ERACHIIS

Significant historic floods

» 249 locations are denoted as significant
historic flooding locations at national
level.
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» These locations correspond to 297
significant flooding events, i.e. there are
locations where more than one
significant flood has occurred.

» 61 floods are categorized as floods of
type A31, i.e. flash floods. Unfortunately,
these flash floods were almost all
correlated to B11 category, i.e they have
adverse conseguences to human health
(53 fatalities).
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Figure. Time-series SAR images over a section of Evros River for a) 12/12/2014 and b) 13/12/2014.
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The flood simulation model InfoWorks RS bases its operation on a
ground model. The model uses the relief characteristics which are
contained in the ground model in order to:

v'Define in an automated way the cross section parameters, the
changes of the river slopes and the river bed.

v'Generate and display ground level contours,

\/Produce dynamlc flood mapplng and assess the flood propaga*tlon

- unsteady run Q=1200m*3/s>Case n7 [Target]

4 | 3
| |
a) E.J EL

Flood propagation results in the Strymonas plain in case of
a) Q=1200 m"3/sec and b) Q=500m"3/sec water discharges from the Kerkini Lake outlet



WebGIS for real time monitoring

4 Iz Thematic Maps
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WebGIS for real time monitoring

o /i R 1§ = =S lepd i § 4

lllustration of monitoring stations and their operational status, a
floods for the Greek part of the Strymon transboundary river basin (Skoulikaris et al., 2014-
IAHS Publications 363)
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1 I,’I!DDSURHG_BI a1 5_"?6]121']])5]5@1.1' FLOW/01JAN1991 - 01JAN1995/1DAY/MODSURNG/
2 M3/SEC
5  INST-VAL
¢ 0SRmg™5- """t "I the following OPEN.
. f 29 C
6 0
- g 30 OPEN ( UNIT=10, FILE='gpcp v2 psg.l1987', ACCESS='DIRECT',
; 0 31 + FORM="TMNFOEMATTED" , STATUS="CLD", RECL=I1<44%<%,
32 + IOSTAT=1iret )
9 0 ] ] o o o R R
10 033 IF { iret .NE. 0O } THEN oo o oo oo o o o o
11 g 22 WRITE (%, *) 'Error: open error', iret, FEEAE A IR
35 + - le qoc 2 30,1987 Y T TS
2 n file cp V2 L1987
— : SEEE_Te_BSE 3.2306  0.2338
13 g 36 STOP 3.3997  0.4175
14 0 37 EHD IF a.6lea 8.6496
15 0 38 o 3.8544 8.9214
- 1.1265 1.2254
16 g 39 C Compute the number of records to skip, namely 1 for the header 1.4193 1.5538
17 B ap C and 72 for each intervening month. 1.7273  1.90@3
an n a1 - 2.8464 2.26081
2.3734 2.6296
42 nekip = 1 + { month - 1 ) * 72 2.7058 3.0058
43 C
1 size=(char 44 C Eead the 72 rows of data and close the file.
2 | 1.8736877 27 c
3 | 2.1380784 46 O] Do 103 =1, 72
. -3.3073868 47 c READ ( UNIT=10, REC=j+nskip, IOSTAT=iret )
| _4.8036740° 48 EEAD ( UNIT=1C, BEC=]j4nskip)
: IR 19 + { data (i, 3), i = 2, 144 )
= IF ( iret .NE. 0 ) THEN
ol WRITE (*, *) 'Error: read error', iret,
22 '"'on file gpcp v2 peg.l387!
ETOP
11—
12 Negative latitudes indicate South and negative longitude indicate West.
13
14 INDEX LATITUDE INDEX LONGITUDE
15 1y 88.750 1) 1.250
1& 2) 8&6.250 2) 3.750

17 2) 83.750 3) 6.250



Homogenization of data

* Spatial homogenization
* Temporal homogenization
* Values with common units

The necessity is greater for the management

of international water resources

Strategic Partnership for the Mediterranean Sea Large Marine Ecosystem Management of s
M dPartnership e et 7



_igrae Transboundary Aquifers of the World
S—— - Update 2012 -
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The INSPIRE Directive

The INSPIRE (Infrastructure for Spatial Information in the
European Community) directive (2007) aims to create a European
Union (EU) spatial data infrastructure.

This will aim at making available relevant, harmonised and
quality geographic information to support the formulation,
implementation, monitoring and evaluation of policies and
activities which directly or indirectly impact the environment.

A European Spatial Data Infrastructure will assist in

policy-making across boundaries



Principles of the INSPIRE Directive

e Data should be collected only once

e It should be possible to combine seamless spatial
information from different sources across Europe
and share it with many users and applications.

e Easy to find what geographic information is
available, how it can be used to meet a particular
need, and under which conditions it can be acquired
and used.



Spatial data themes of INSPIRE

INSPIRE requires EU Members States to share 34 different
spatial data themes through a network of 'services'.

Annex I Annex III

1 Coordinate reference systems 1 Statistical units

2 Geographical grid systems 2 Buildings

3 Geographical names 2.0l

4 Administrative units 4 Land use

s Addresses 5 Human health and safety

?TranSPDrtnetWDrL:S- ............... e e e e

8 Hydrography -ﬁfm.c'”-';-t-'-”” and.industrial f-g'-’;!"t"z.-sf .

g Protected sites .‘3...&9.{!.@.@.!r.u_ral .a.!j..d _E-qu.é.':ultuz;..fa':Il.!r.l.ﬁ..ﬁ:
10 Population distribution and demography
11 Area management / restriction / regulation zones & reporting units
12 Natural risk zones
13 Atmospheric conditions

Annex II .1.%...'1*.1.9:;-;9.{9.'.99.!.'.:ﬁ.!..g.e:.@.g.caﬁhg:.;;a.l.i.ff.a.tu.ce:..s:

) 15 Cceanographic geocgraphical features

| Elevation  130ceano graphic geographical features

................................ lE SEE rEEIDnS

2 Land |:|:|'|.."E[' .............. e s - ) )

2 Brhoioa ) 17 Bio-geographical regions

4G ........ | Dlmager:!{ ].E Hah‘ltatE Ell'ldbltltI:IFPEE-

"""""" enA 15 Species distribution




Implementmg Rules of INSPIRE
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The dlrectlve also requires the adoptlon of the foIIowmg
rules:

(1 Metadata: Descriptions of available information (spatial data
sets, series and services).

(] Data specifications: Agreements on how data should be

defined and presented, or modelled into 'virtual reality' - for
example, defining the width of a highway lane for standardized

mapping.

(J Network and sharing services: Discovery, view, download,
transformation and invoke services.




Example of metadata

<gmd:MD Metadata xmlns:gmd="http://www.isotc21ll.0rg/2005/gmd
" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-
instance" xmlns:xlink="http://.....

<gmd:organisationName>

<gco:CharacterString>

MEDDE/DGPR/SRNH - Bureau des risques météorologiques
</gco:CharacterString>....

<NameofAPSFR>CENTRE GUADELOUPE< /NameofAPSFR>
<LAT>16.294</LAT>

<LON>-61.414</LON>

<TypeofFloods>
<SourceofFlooding>Al2</SourceofFlooding>
<SourceofFlooding>Al1l</SourceofFlooding>
<SourceofFlooding>Al4</SourceofFlooding>

<SummaryofMethodology>
Un TRI est une portion du territoire guadeloupéen
présentant les caractéristiques suivantes



Thank you for your attention!
hskoulik@civil. auth. gr
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