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WMO Hydrological Observing System
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Il monitoraggio idrologico italiano viene effeftuato mediante una rete o %¢:.,\Fm
et ﬁ';“*, Liubljana  Zogeet

federata composta da 19 regioni amministrative e 2 province autonome,

insieme con ISPRA, che & l'organo tecnico governativo istituito dal f
Ministero dell Ambiente italiano.
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Il portale fornisce l'accesso alle osservazioni idrologiche in lalia,
comunemente pubblicate come Annali idrologici. In paricolare, per le |
osservazioni in situ, fornisce ulteriori capacita operative, quali un registro
nazionale di servizio dati, catalogati utilizzando le norme e le procedure
della Geospatial Consortium e ['Organizzazione meteorologica
mondiale.

Le interfacce pubblicate sul portale permettono di recuperare i dati
idrologici regionali direttamente dai fornitori framite abilitazione e
download.

WEB SERVICE CATALOG SYSTEM

» Brokered services: 19

+ Brokered sites: G028

» Brokeredvariables: §

+ Brokeredvalues: 73491569

» (eographic extent [6.704337, 18.48 355017, 47.03659]

http://www.hiscentral.isprambiente.gov.it
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WMO Hydrological Observing System

Brokered services

Data Serwvice Title
Provincia Autonoma
di Bolzano

Regione Abruzzo

Regione Basilicats
Regione Calabris
Regione Campania

Regione Emilia
Romagna

Regione Friuli
Veneziz Giulis

Regione Lazio
Regione Liguria

Regione Lombardia
Regione Marche

Regione hMalise
Regione Fiemonte
Regione Pugliz
Regione Sardegnsa
Regione Sicilia
Regione Toscana

Regione Valle

d"Aosta

Regione Weneto

Observation
Metwork Hame

Provincia di
Bolzano

Regione Abruzzo

Regione Basilicats
Regione Calabris
Regione Campanis

Regione Emilia
Romagna

Regione Friuli
Venezia Giulis

Regione Lazig
Regione Liguria

Regione Lombardis
Regione Marche

Regione Malise
Regione Piemonte
Regione Puglis
Regione Serdegns
Regione Sicilis
Regione Toscana

Regione Valle

d'Aosta

Regione Veneto

WsDL

WSDL

WSDL
WSDL
WSDL
WSDL

WSDL

WSDL

WSDL
WSDL
WSDL
WSDL
WSDL
WSDL
WSDL
WSDL
WSDL
WSDL
WSDL

WSDL

CreatedDate

2013.09.04

2012.08.04

2013.09.04
2012.09.04
2012.09.04

2012.02.28

2012.08.04

2012.09.04
2013.09.04
2012.09.04

2013.09.04

2012.09.04
2012.09.04
2012.09.04
2013.09.04
2012.08.04
2012.09.04

2012.09.04

2013.09.04

ARFPA

ARPA Liguris -

Provincia Autonoma di Bolzano - Ripartizione Protezione anticendi e civile - Uficio |drografico

Dipartimento Opere Pubbliche, Governo del Temitorio & Politiche Ambientali, Servizic Emergenza di Protezione
Civile, Ufficic |drografico Mareocgrafico [PE), Gestione Celonna Maobile

Crrganization

Protezione Civile Regione Basilicats
d

CAL - Centro Funzionsale Multirischi

Centro Funzignale Regiocne Campania - CEMPID

ARPA Emilia Romagna

Regione Autocnoma Frivli Venezia Giulia

Regione Lazio - Centro Funzionale Regicnale

U0, Sewizio Meteoro

Cipartimento per le pelitiche integrate di sicurezza e per la protezione civile della Regione Marche - Centro

Funzicnale

Centro Funzionale Meteo ldrologico di Protezione Civile

logico & Rete |dro-hMeteo regionale

Agenziz Regionale di Protezione Civile - Centro Funzionale del Maolise

Arpa Piemonte - Agenzia Regionale per |a Protezicne Ambientale del Piemonte - Dipartiments Sisteni Previsionali

Centro Funzignale - Servizio Protezione Civile

ARDIS - Sewizic Tutela e Gestione delle Risorse ldriche, vigilanza sui servizi idrici e gestione delle sicoita

Regione Siciliana - Csservatorio delle Acgue

Servizio ldrologico - Centro Funzionale

Assessorato opere pubbliche, difesa del suclo e edilizia residenziale pubblica - Centro funzionale regicnale

Agenziz Regicnsle per |a Prevenzione & Protezione Ambientsle del Veneto

Status

Earliest
Start Date

1820.01.01

1921.01.01

2001.01.01
1900.01.01
1985.01.01

1818.01.01

1812.01.01

1821.01.01
1913.01.01
1762.01.01

1928.01.30

2007.01.01

1887.08.28

20040101
1920.01.01
1818.01.01
19168.01.01

19841221

1992.01.01

Latest End
Date

1999.01.01

2014.11.20

2014.11.28
2014.10.21
2014.12.31

2014.12.21

2012.12.21

2004.12.21
20091231
2014.11.2E

2013.12.31

20141221
2013.12.21
20041231
2008.12.21
2008.12.21
2015.02.21

20121221

20131231



WMO Hydrological Observing System

[e] Regione Emilia Romagna
ARPA Emilia Romagna

Regione Emilia Romagna
WaterML Service

WFS Service
Silvano Pecora
Contact: specorai@arpa.emr.it

Service Statistics:

Sites: mr Geographic Extent: as 12a
Variables: © 28492 - 1273278
Values: 6618109 . .

432.51028
Last Harvested on 7/1/2015 12:50:49 PM
(updated weekly, assumed static)

ARPA SIMC, Servizio ldro-Meteo-Clima dell"Agenzia Regionale Prevenzione e
Ambiente Emilia-Romagna, svolge atfivita osservative e previsionali operative e Algiers
di ricerca e sviluppo, in meteorologia, climatologia, idrologia, . ol Alger
agrometeorologia, radarmeteorologia e meteorologia ambientale. ' #

| dati si riferiscono alle stazioni di monitoraggio
selezionate per la pubblicazione degli Annali
Idrologici.



| servizi web di catalogo
WHES

WMO Hydrological Observing System

Published interfaces

The following catalog interfaces are available:

+« CUAHSI APl interface
Endpoint. hitodwww hiscentral isprambiente.gov.ithiscentralivebzervices/hiscentral. asmx
Target namespace: hitodhiscentral cuahsi org/20100205/
Capabilities document

o CSWISO 2.0.2 interface
Endpoint hifodarpa-er.geodab.eufgicaliservices/cawiso?
Target namespace: hifo.dfaxws.oge.essiimaa.cnrit’
Capabilities document

s CSWISO-GED 2.0.2 interface
Endpoint hitofarpa-er gecdab ewgi-cat/senvices/cswisogeo
Target namespace: hffodfaxws.oge.essiimaa.cnrit’
Capabilities document

+ OPENSEARCH interface
Endpoint. hito#farpa-er.gecdab. ewlyi-calizervicesiopensearch
Target namespace: hftood 202 csw.sdi floraresearch ew’
CpenSearch description

» CKAHN interface
Endpoint hiiodampa-er.geodab. ewgi-calisenvices/chan 7wsd!
Target namespace: hitoofckan.ediforaresearch. e’
Capabilities description

« OAI-PMH 2.0 interface
Endpoint: hitofarpa-er gecdab ewgi-cat/services/oaipmh
Target namespace: hffoidoal_pmh.sdi floraresearch.euw’
Identify response

« WPSinterface
Endpoint. hito#arpa-er-axe. geodab.ewyi-axesseniceshiio-gel?
Target namespace: hitoodessi imaa.cor itivos . 0. Odvsdl
Capabilities response
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WMO Hydrological Observing System
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WMO Hydrological Observing System

by o,
.;T“Jg K I .
Services

ngmn ._‘ Permalink | Helo | Add bookmark | Imorint | @ 52°Morth. GmbH 2015
=~ Search for time series O %

Choose data source

Dataprovider

(R e Iy ey e

@ Regione Calabria

ODM:Discharge
() (ODM:Discharge-
Average)
ODM:Precipitation
(@) (ODM:Precipitation-

Cumulative )
ODM:Tmax
() (ODM:Tmax-
Lo - Maximurm}
ODM:Precipitation-Cumulative )
Station: OD:1000 ~ ODM:Tmin
M t of ODM: Precipitat © (ODM:Trmin-
— ) vieasurement o vi:Fred pitaticn ..
Description: with sensor type Cumulative R
P : ODM:Water_Lewvel
Name: ODM: Precipitation-C lat - -
P Method ——— () (ODM:Water_Level
rocessietno
ifi Unk -
Description: Mo method specified nknown}
Station:
Sensor: Cumulative
Parameter: ODM:Precipitation

Sample Medium :

r5ey

Data CC-By-SA by OpenStreetbap

Lon: 18 BTOOOE2ETESTEY, Lat: 38 51270003981 256 (EPSG:4328)

i Ao A=s

Dats CC-By-GA by OpenStresthlsp ~



HYDRODESKTOP e HIS tramite CUAHSI API

) .:C IJAH:.I Hydrc:Dt sktop - DotSpatial.S ampleF'rchct World. dspx

|Ma|:| Search  Interpolation Tool Graph  Edit  HydroR  Help & (@

3B a’t Qal e o |

Add Layer... Rf;z:e To Extents Previous [Mext ZE:EQ Select Des:l:ect Identify 'lﬁengElrelbute Opadty: Delingate
Layers Vigw Zoom Map Tool Online Basemap EPA Tool
Legend o x
Bl £F Map Layers
B [ Data Sites
= [¥] Emilia Romagna
= Number of Observations

= (6. 29]
= . Lombardia

= (8, 28]
S]] Piemaonte
E Mumber of Cbservations
= (5, 28]
lakes
= rivers
=] Online Basemap
= Countries

L [ — ¢
l Legend rﬁtime series |

Longitude: 3°7362"E, Latitude: 43°29'34™N layer: Piemonte Selected: 0




% CUAHSI HydroDesktop - DotSpatial.SampleProjects. World.dspx *

Search | InterpalationTool  Table  Graph  Edt  HydroR  Help & @
47 select by attribute ¢ Pan T ﬁ {4 : ?
:E; Select Features l@: In |PTECIIJ”311W | & 513”2 % S @ - ]
) = Current Precipitati ~| Multiple End | 30/11/1980 | Select Select Data Search Download
" Clear Selection E) out Ty | | St | | Keywords Dates Sources Selected

Results

Area = e -
Sl ‘ | Download Manager
El £ Map Layers —
= ¥ Data Sites
= [¥] Lombardia Dol
B Mumber of Obsd Total series: 163 Downloaded and saved: 75
W {828 Remaining series: 54 With emor: M
ER F‘“”‘ﬂ'ﬂ“j Esimated time:  00:24:36
[# Number of Obs}
=l |_P'i3"'“]'rIlEI Service Ud SiteCode WariableCode SteMName Varable Name Status o
& Number of Dugy http://132 1681 |OD-ALADISTURA |ODM:Precipitation | ALADISTURA Precipitation
ke http://192168.1.. |OD:ALBA ODM:Precipitation | ALBA Preicilion
= [ rivers http://192.168.1... |OD:ASTI ODM Precipitation | AST] Piscipitation
= ;Iine Eay http:/#152.168.1... |OD:BALME QDM Precipitation | BALME Precipitation
& [ Countries http://192.168.1... |OD:BERTESSEND |ODM:Precipitation |BERTESSEMNO | Precipitation
http://192.168.1... |OD:BORGOFRA... |ODM:Precipitation | EORGOFRANCO... | Precipitation
http://152.168.1... |OD.BRA QDM Precipitation | BRA Precipitation
http://192.168.1... |OD:BROSSASCO | ODM:Precipitation | BROSSASCO Precipitation
http://192.168.1... |ODCALCINERE | ODM:Precipitation | CALCINERE Precipitation
1 | mn
[ Details.... ] | Send emor | [ Copy log ] |R-—~:|-'-r mio !HI series with emors *i (V] Auto sorol

LS

1 s _ ol
I Legend I’ﬁ time series |

Map

Tabe | Grph |t | Hyorol |

layer: Piemonte Selected: 163

Ready.



QGIS e HIS tramite WFS

€ v Layers B
1 o vE Regione Emilia Romagna:Dat...
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GEOSS e HIS

5 Gl-portal

&= 184.73.174.89

CEOSSGE

EuroGEOSS

| Hide sources selection

=

: . e

web Accessible Folder

HIS Central US

one Geology

New Zealand Maonitaring Network

NASA Global Change Master Directary

HIS Central Italy

GEOSS Clearinghouse

10DE

EEA SDI Catalog

'Q Start search

ﬁiv

Q-

CESS BROKER

Search Results - All

Access/Use Constraints

Close Tab

Search results

Title

No records found.

Welcome Page

Configuration page

Powered by % and CNR-IIA @_and EuroGEOSS &

]




GI-PORTAL e HIS tramite WPS

| http...xsd http...xsd @ NetCDF... QCFMEL,. @ Dataset... B Attribut... @ ncmlex... @& NcMLS... ™ proble...

1.unifi.ik:8080/gi-cat/gi-portal/index.js | C % Bl ~ coogle Ql < @ ¥ oy

EuroGEOSS

A EUROFEAN ARPROACH T0 GEDSS

My resources

Query constraints selection

- Keyword

“ GEOSS Data Core J

@ Area selection

I 48,369
I 3.792 15 ) I 16.185
I 40,633

Overlaps @ Contains | Disjoints

Start date | =
End date | = |
Search results: 718 - Elapsed time: 5 seconds

- Resuits per page I 10 j Search results - All: 718 GEQSS Category: Alerts, RSS, and Information Feeds

| Show Semantic options |

Access/Use Constraints Title

| Show Quality and Feedback options | ® Tiled dataset w/ about 718 HIS time series
i Show Legal Constraints options |

| Show Event and Station options |

| Show INPE options |
#® Find: | earthobs 4 Previous P Next Highlight all I Matchcase (¥ Reached end of page, continued from top

B T WA i A7 s il mmnm wnfarmme s A Emilad Fa rmad mrbmmms A oo B L B R R T e Ty s s B T I B B R P B S P T e L S e ] e e AR



Modello di crescita conoscitiva

Know why

Know how

Know
what
Know
nothing

Compiled based on Ackoff, R. L. (1989). From data to wisdom. Journal of Applied Systems Analysis, 156(1), 3-9. and Zeleny, M.
(1987). Management support systems: towards integrated knowledge management. Hurnan Systems Manogement, 7(1), 59-70.




WMO INTEGRATED GLOBAL OBSERVING SYSTEM (WIGOS)
and
WMO HYDROLOGICAL OBSERVING SYSTEM (WHQOS)

GOS

GDPES ' g : ; Co-sponsors

GTS




WIS — WMO Information System

International Organizations
(IAEA, CTBTO, UNEP, FAO..)  «GaAW World Data Centres
«\World Radiation Centre f +GCOS Data Cenfres
sRegional Instrument Centres +Global Run-off Data Centre

\\ fDCPd . _L‘,I-\Ex} :ilcﬂ:/al:‘remp Climatology Centre

*IRI and other climate NC;

research institutes
sUniversities
*Regional Climate Centres

_ - SDNC |
Wanaged Regional and Interne PC )
(DN—FH Communication Networks Commercial

—_

CPQ / ( NC Service Providers

\\Uﬁ%‘) L=

INTERNET.
(nC ) P WMO World Data
Cenfres

NENESS J
; & Aen. /
‘ Satellite  Disse NC )
. _\ f—w &on-Way ol
1 ystem qi e

ch

NC = National Centres = Real-time "push”
GISC = Global Information System Centres = On-demand "pull"

DCPC = Data Collection and Production Centres

Ingests data from National Centers . . .

. synthesized globally through communication networks




WHOS

NK
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reshaping data in hydrology




WHOS Architecture Overview

NHS

sa|d _E

666

NHS

O

Data Providers

666

Web

| Service Data

Registration

Data Access
Data Discovery
m» [ @@i

Users
(Web & Desktop)



WaterML2 and SOS?2

Locations geg:els f
. _’ etolteinto
Variables GetVariablelnfo
Date Range GetValues
&5 J Data
i S0S2- Repositories
Client eb Service

SOS2 is how you ask for data
WaterML?2 iIs the format of what comes back



Broker Approach

Discovery and

ACCeSS
[functionality] =

Mastructures




WMO Hydrological Observing System

WMO Hydrelogical Ontology

The WMO Hydralogical Ontalogy is a formal
naming and definition of the ftypes,
properties, and interrelationships of entities
that really or fundamentally exist in the
domain of hydrology;, in paricular, it
compartmentalizes the variables needed in
hydrology and establishes the relationships
between them.

i More about this visualisation
Legend:
® A concept
\ Arelationship between two concepts

ﬂ Colour represents a grouping of
concepts according to their properies

Ontology client

o sean

Search:

Search by name b
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WMO Hydrological Observing System

WMO Hydrelogical Ontology

The WMO Hydralogical Ontalogy is a formal
naming and definition of the ftypes,
properties, and interrelationships of entities
that really or fundamentally exist in the
domain of hydrology;, in particular, it
comparmentalizes the variables needed in
hydrology and establishes the relationships
between them.

i More about this visualisation
Legend:
® A concept
.. Arelationship between two concepts

™ Colour represents a grouping of
concepts according to their properies

Ontelogy client

(g SPARQL

Search:

Search by name b

Q

@ Return to the full network

Information Pane

Flux, discharge

Variables

Connections:
Discharge, groundwaterflow
Discharge. in conduit
Dizcharge, stream
Dizcharge, unspecified
Dizcharge, well flow rate
Fluzx

Storm water flow

Synonyms:
Flujo, caudal
Flusso, portata
Fluzx, débit



Caudal, agua subterranea
Dizcharge, well flow rate
Parata, in condotta
Débit, dans une conduite
Discharge, per batch
Depth of flow in pipe or conduit
Flow, per batch
Discharge, groundwaterflow
Storm water flow
Debit, cours d'eau
Flow, in conduit pipe or treatment plant
Caudal, en conducto

harge, stream

udal, corriente

Discharge, unspecified
Portata, ©
Paortata,
Di arge, in conduit
Débit, écoulement souterrain
Streamflow




Fa

Lad

(4,

1 - PREFI¥ : <http://www.semanticweb.org/ontologies/hydrology#>

PEEFIX rdf: <http://www.w3.o0rg/l399/02/22-rdf-syntax-nsf>
gelect distinct ?name
- where {?x rdf:type :Variable.
?X :variablename ?name.
?x :searchedBvy ?v.
?y rdf:tyvpe :Concept.
?y conceptname ?z.

filter regex|(?z, "lewvel, stream", "i" }}

Raw Response *

Showing 1 to 18 of 18 entries

name

Search:

L
K

|Shc+w|5[] v|entries

&4
v

10

Water depth, stream

Profondeur de I'eau, cours d'eau

Profondita dell'acqua, corsi d'acqua

Mivel del agua, corrisnte

Stream gage height

Gage height stream

Profundidad del agua, seccion transversal promedio
Hauteur d'eau, cours d'eau

Water depth, cross-sectional averaged

Profondeur de I'eau, coupe transversals moyenne



International Standardization for Water Data

OGC\WMO Hydrology Domain Working Group

- standards for water data: WaterML 2.0 suite

- organizing Interoperability Experiments (IEs)
focused on different sub-domains of water

Chairs: Iterative Development
3 Feedback to Hydro -DWG
- Silvano Pecora (Italy) a‘"i?s;’" A . v:;r;gl;n
- David Blodgett (USA) \ /
= Tony BOStOﬂ (AUStralla) Observation Model
Feature Model ! Develop
Vocabularies IE
eeeeeeee Services stack Plan

Complete
IE



http://external.opengis.org/twiki_public/bin/view/HydrologyDWG/WebHome

WaterML2.0 standards

.....

Part 3 — Part 4 — Part 5 —
Timeseries Ratings, Surface Groundwater [ Water quality

Gaugings and water (best
Sections features practice)




Specification to data encoding

class Requirements model/

Requirementl |
Requirements <
model

RN

N> —Applic

p__ w  (dka ‘conceptual model’)

ation

&v&c

nnnnnnn

kkkkkkhkk

/

*%

*kkkkkk

*kkkkkkkk

kkkkkkhkkhk

Technology independent
description of content and
structure of information to be
exchanged for a given

*%

application

ed frgm—»

«defik

XML

Schema 1.0@

chematron

Validation
schema and
rules

A
o
+—
0
B =
o
Y
c
o
(&}
M

WMO

| XML instance -

documents

==

Validatab

le

data

products




WIGOS Metadata Standard (\WMDS)

- Specifies metadata elements to be recorded and exchanged for all stations/platforms under WIGOS
- Appliesto all WIGOS component observing systems: GOS, GAW, WHOS, GCW
- Practical implementation via the OSCAR/Surface database (metadata repository)

WIGOS METADATA PRINCIPLES: |

| Enable adequate use of observations

|
| Timestamp on every piece of metadata I
|

| For all internationally exchanged observations

| Metadata updates in a timely/useful manner

| For all types of observations

| Applicable to all disciplines |
[Acceptab\e to and applicable by all Members ]

Forwal oking but also respect legacy

WIGOS Metadata
Standard

- Approved at Cg-17 June
2015

Three levels of metadata reporting
Mandatory - Required for all WIGOS
observing systems/platforms
Conditional - Required if applicable

(e g. instrument calibration makes
little sense for a human observer)
Optional — Desirable/useful, but
non-compulsory

Source:
https://www.wmo.int/pages/prog/www/wig
os/documents/Cg-

17/WIGOS Metadata.pdf

WIGOS Identifiers
- Used to link observations, stations/platforms and
other items to their associated WIGOS metadata;

- For any station/platform known to Members, regardiess of
the commitment for data quality or sustained operation;
- For managing and planning the networks

WIVDS CATEGORIES:

| 1- Observed variable

| 2- Purpose of observation

I 3- Station/Platform

| 4- Environment

I 5- Instruments and methods of observation

| 6- Sampling

| 7- Data processing and reporting

| 8- Data quality

| 9- Ownership and data policy

| 10- Contact

b ] ] ] e | e ] e R

The Observing Systems Capabilities Analysis and Review
tool (OSCAR) database is the key source of information
for WIGOS metadata - other global compilations of specific
components of WIGOS are held in several databases, e.g.
GAWSIS, JCOMMOPS.

Metadata Elements that Remaining
elements that will require elements
are less additional data

challenging to | and/or changes
implement to procedures



https://www.wmo.int/pages/prog/www/wigos/documents/Cg-17/WIGOS_Metadata.pdf
https://www.wmo.int/pages/prog/www/wigos/documents/Cg-17/WIGOS_Metadata.pdf
https://www.wmo.int/pages/prog/www/wigos/documents/Cg-17/WIGOS_Metadata.pdf

WHOS interfaces

Gl-conf web tool
Profilers & Sources Seftings Configurations Log
Prafilers

Sources

OAI-PMH interface
endpoint can be used to
harvest WHOS content as:

Dublin core
ISO 19139
2006 schema

2007 schema 1@0

st
= Last comphste hanvest 2017-09-13TOX 51208

* Harvested resources: 1

Harvested resources: 10

Wigos Metadata
Standard

nnnnnn

\[. Py H .V
V*% y
AN, 27

http://arpa-er.geodab.eu/gi-cat-arpa/services/oaipmh



ADOPTIONS by OGC and WMO

- OGC adopted WaterML2 Partl — Timeseries in February
2014, WaterML2 Part2 - Ratings, Gaugings and Sections in
February 2016, the conceptual model WaterML2 Part3 -
Surface Hydrology Features in January 2018, WaterML2
Part 4 - GroundWaterML2 in March 2017

- WMO Executive Council 69th session meeting in May 2017
formally adopted WaterML2 Part 1 & 2 standards (p.133-134)
decides “To amend the Manual on Codes, Volume 1.3 to introduce WaterML2 Parts

1 and 2 as data representations that are suitable for the exchange of hydrological
information, as specified in Annex 1 of the Annex to Recommendation 12 (CBS-16)”



vigsml:ghUnitDescription>
v<gsmle:GeologicUnitDescription>
<gsmle:bodyMorphology xlink:href="http://resource.geosciml.org/classifier/cgi/geologicunitmorphology flayer
</gsmle:GeologicUnitDescription>
</gsml:gbUnitDescription>
¢!-- add more compositions --3»
cgwmll:gwUnitMedia xlink:hrefs"http://gw-info.net/media/granular” xlink:title="granular”/>»
<geml2:gulUnitWaterBudget xsi:inil="true"/>
v <gaml 2 : gwlnitRecharge>
viguml2f:Gh_Recharge gml:id="gin.richelieu.recharge.1™>
v ¢gml:location>
<gml:LocationString>Regional precipitation</gml:Locatico
</gml:location>
<gwml2f:gwFlowPersistence nilReason="missing"/>
<gaml2f: gwFlowProcess xlink:href="urn:Precipitation” xlir Wl i Vet W Flow Well
v cguml 2 : guF LowT ime> Well Construction g

Flow

GW_Recharge GW_Discharge

v <gml:TimePeriod gml:id="gin.richelieu.recharge.1.ft™> Aquifer Test T ow_oivige SM-BoSurtace GW_Spring
<gml:beginPosition>2012-84-81</gml:beginPosition> aw_wel surtece
<gml:endPosition>2013-83-31</gml:endPositions !

£fgml:TimePeriod> N JJ/ ,q;,m p = j

</gwml2f : gwFlowTime>

<gwml2f:gwFlowVelocity xsi:nil="true" nilReason="unknown" Main

GW_AquiferSystem

- : G’Dg W
v guml2f: gwFlowVolumeRates CWN“W “awater oW
Bedrock .l:quﬂv GW_Aquifer
GW_IntraFlow \ GW_FlowSystem
GW_Basin R
Flow

GW_ManagementArea

GW_Monitori

wiencn — GroundWaterML2
(GWML2)

Solutes, suspended solids,

WaterML?2 Part4
avumacnamen. QG C Standard today -> WMO Standard soon

Main ' 4 GW_BiologicConstituent

Constituent



Context
Big Science and Big Data

Increasing gw data
volume and online
availability

Increasing scientific and
societal need for
Integrated gw data

Rise of water data
networks and software
tools

No appropriate int’l
data standards!



Standards Development
GroundwaterML2 (GWML2)

info@opengeospatial.org

» Open Geospatial Consortium

Making location count

OGC} Geospatial standards of all kinds

» Hydro Domain Working Group

0GC WaterML 2: Part 4 - GroundWaterML 2 WaterML2 hydro data standards

o » Groundwater Standards Working
:w Offl al écrdems G rou p

4) Related News

1) Overview GWM L 2

This standard describes a conceptual and logical model for the exchange of groundwater data, as

well as a GML/XML encoding with examples. reuses GGOSClM L’ O&M’ .

2) Downloads

Version Document Title (click to download) e H yd ro g eo | (9) g | C al & d a_ta eXp e rtS

CAN, USA, FR, DE, AT, NZ, AU

Submit a Change Request, Requirement, or Comment for this OGC standard.

2012-2017

3) Official Schemas
The schemas are posted at:

http://schemas.opengis.net/gwml/ fl n al ap p I’OV&| M arC h 2 0 17



Methods
GWML2 development

; Usage Scenarios

Aquifer: A formation, group
a formation that contains suf

VOC&DU|3W permeable material to yield ¢

water to wells and springs.

https://water.usgs.gov/ogw/aquiferbasics/

«FeatureType»
GW_HydrogeoUnit \',f

«property, voidable»
gwUnitDischarge: GW_Discharge [0.%] 8 h

gwUnitMedia: PorosityTypeTerm [0..1] C em as
gwunitRecharge: GW_Recharge [0..¥]
gwUnitWaterBudget: GW_WaterBudget [0..1]
«property»

gwUnitProperty. OM_Observation [0.*]
gwUnitVulnerability: OM_Observation [0.*]

\/ - <gwml2:GW_AquiferSystem
- <gsml:composition>
E | <gwml2:gwUnitMedia xlink:title:
xamp es <gwml2:gwUnitWaterBudget xsi
+ <gwml2:gwUnitRecharge>

+ <gwml2:gwUnitRecharge>

Testing



https://water.usgs.gov/ogw/aquiferbasics/

Conceptual Model: GW & SW
Fluid Container Pattern: Containers, Voids, Fluids

/ fluid flow

container
, object

container
matter

void

fluid body ground

surface water

water

fluid matter

34



Conceptual Info Model: GW
GW Container Pattern: Units, Voids, Fluids

gwPartOfVoid
«property» 0..1

«FeatureType»
GW_HydrogeoVoid

gwVoidPartOf
«property» 0..* | «property, voidable»
gw\oidHostMaterial: EarthMaterial [0..%]
gw\oidMetadata: MD_Metadata [0..1]

«type» gwVoidShape: GM_Object [0..1]
GW_UnitVoidProperty gw\VoidType: PorosityTypeTerm [0..1]
gw\VoidVolume: OM_Observation [0..1]
«property, voidable» 0.1
gwPermeability. OM_Observation [0..*] quUnitvoid gwFluidBodyVoid
gwPorosity: OM_Observation [0..%] «property» «property»

gwBodyPar{of gwPartOfBody

gwVoidFluidBody <propety» P.« «pfoperty 0.1

0%
gwVoidUnit «property> u.d
«FeatureType» . «property» «FeatureType»
GW_HydrogeoUnit H O I e _y GW_FuidBody
«property, voidable» 0.* 0.5 | « i

ah : X . . property, voidable»
gwUnitDischarge: GW_Discharge [0.] T it T W gwBodyFlow: GW_Flow [0.]
ngn!tMedla: PorosityTypeTerm [0..1] _ | | ||| | |gl“.IMF|ui dBody | gWBodyMetadata: MD_Metadata [0.]
gwUnitRecharge: GW_Recharge [0.] gWF'”“:th’dyU"” : «property» gwBodyProperty: OM_Observation [0.]

- . «property» et
gwUnitWaterBudget: GW_WaterBudget [0..1] «Property i gwBodyQuality: BodyQualityTerm [0.%]
«property» [ gwBodyShape: GM_Object[0..1]
gwUnitProperty. OM_Observation [0..*] : gwBodyVolume: OM_Observation [0..1]
gwUnitVulnerability,. OM_Observation [0..4] | gwBodyVulnerabilit. OM_Observation [0..]

I
I
|
|

«type»
GW_UnitHuidProperty

«property, voidable»

gwHydraulicConductivity,: OM_Observation [0..¥]
gwStorativit: OM_Observation [0.¥]
gwTransmissivity,: OM_Observation [0..%]
gwYield: OM_Observation [0..]




GWML2: contents
Hydrogeological Units, Voids, Fluid bodies

GW_Basin

r 3
v

GW_ManagementArea

GW_MonitoringSite

GW_AquiferTest

quiferSystem

GW_A

Fractured
rock aquifer

Groundwater

filling the pore
space
Particulare
#— GW_AquiferUnit—p rock aquifer

GW_FluidBody

Solutes, suspended solids,

GW_HydrogeoVoi and organisms in groundwater

GW_ChemicalConstituent
GW_MaterialConstituent
GW_BiologicConstituent
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GWML2: contents
Fluid Flow, Water wells, Springs

Pumping well GW_Recharge GW_Discharge
4 >< 5

L. Ll

GW_Spring

GW_Divide GW_BodySurface

_ Groundwater basin
|
Unconfihed Watertapq
ranul . o
aquifer GW—\q'f{\j i /]
Confining bed| GW_ConfiningBed i
]
1
Confined Gy |
grahular ~Flo,,  GW_Auifer |
aquifer :
SR
I
Bedrock aquifer \‘ GW_Aquifer | \
- |
| \ i ;
GW _IntraFlow  GW_InterFlow —— :
p o
|

GW_FlowSystem

I

|

|
>

! GW_FlowSystem

GW_FlowSystem



GWML2: GML-XML encoding
Aquifer System: Lithology, Hydraulic Conductivity

- <gwml2:GW_AquiferSystem
[... snip ..]
<gml:name codeSpace="http://gw-info.net"> Appalachian External Zone</gml:name>
[ snip ..]
- <gsml:composition=
- <gsml:CompositionPart:
<qgsml:role nilReason="unknown"/>
<gsml:material xlink:title="Shale"
xlink:href="http:/ /resource.geosciml.org/classifier/cgi/lithology/shale"/>
<{gsml:CompositionPart>
</gsml:composition
+ <gsml:composition=
+ <gsml:composition=
[ sNip ..]
<qwml2:gwUnitMedia xlink:title="granular" xlink:href="http://gw-info.net/media/granular"/
<gqwml2:qwUnitWaterBudget xsi:nil="true"/>
+ <gwml2:gwUnitRecharges>
+ <gwml2:gwUnitRecharge>
[-.. snip ?
+ <gwml2:gwUnitDischarge>
+ <gwml2:gwUnitDischarge>
[ snip ...]
- <gwml2:gwHydraulicConductivity >
- <om:0M_0Observation gml:id="gqu.fprop.1.1">
<gml:description>Hydraulic conductivity for the hydrogeological unit. The median value for
hydraulic conductivity is 10~-6 0.2 m/s, but it ranges from 10~-7 0.8 to 10~-4 0.8 m/s.
Hydraulic regional conductivity The decreasing trend of transmissivity with depth in the
rock is observed in all contexts. The average hydraulic conductivity is 10~-3 0.9 m/s near
the top of bedrock (z = 1 m) which gradually loses an order of magnitude at a depth of 10
m (10*-4 0.9 m/s), 25 m (10~-5 0.9 m/s), 60 m (10*-6 0.9 m/s) and 200 m (10~-7 0.9
m/s).</gml:description
<om:phenomenonTime xlink:href="http:/ /www.opengis.net/def/uom/nil" nilReason="missing"/>
<om:resultTime xlink:href="http:/ /www.opengis.net/def/uom/nil" nilReason="missing"/>
<om:procedure xlink:href="http:/ /www.opengis.net/def/uom/nil" nilReason="missing"/>
<om:observedProperty xlink:title="Hydraulic Conductivity - Median" xlink:href="http://ngwd-
bdnes.cits.nrcan.gc.ca/Reference/uri-
cqi/classifier/ca.gin/NRCanGroundWaterTopics/1404"/>
<om:featureOfinterest xlink:href="#gin.1"/>
<om:result uvom="http://sweet.jpl.nasa.gov/2.3/reprSciUnits.owl#meterPerSecond”
xsi:type="gml:MeasureType">0.2E-6</om:result>
</om:0M_Observation>
</gwml2:gwHydraulicConductivity>

</gwml2:GW_AquiferSystem>



Implementation
Commercial Scenario: Wells, Units, Levels,.

€2 Gestegy tog viewsr
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National GW Monitoring Network (USA) L=



Implementation
Environmental Scenario: Monitoring, Flow,...

VVGE= = groundwater
Bore Details: 119330 C h e m IStry

& Hydrochemistry Details




Implementation
Scientific Scenario: Units, Wells, Measurements, ...

MODFLOW model from GWML2 inputs (Horowhenua, NZ)

12000

=
6000

4000

111
T

2000

0 2000 4000 6000 8000 10000 12000 14000 16000



Implementation

Policy Scenario: Management Areas, Units,...

3D visualization of GWML2 data for
Horowhenua Management Area (N2)



Implementation
Technical scenario: GWML2 data used in QGIS
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Screenshot QGIS GMLAS toolbox interaction with French
Groundwater Information Network: linking stations to aquifers




Implementation
Technical scenario: GWML2 data used in QGIS

Bana

Couches  Recherche g4 bess 0SH -

Screenshot QGIS GMLAS toolbox interaction with French Groundwater
Information Network : linking stations to groundwater level observations



Implementation
Linked data scenario — surface/ground water interaction

of S

o B
aans

S Bl River network traversed to its mouth

-
L]

o

C

e

GWML2 data exposed in LinkedData and consumed in a JSON-
LD aware viewer (BRGM : BLIV)



Tethys GRACE App

- GRACE Data

App Navigation 2oao

Animation Speedffps): Day:

Global Map

- GLDAS Data  ssemmme

Groundwater Storage (GRACE)

Select a day
2002 Aprl 16

Map Interaction {[" 1)
Groundwater Storage (GRACE) s il
Total Water Storage (GRACE)
Surface Water Storage (GLDAS)
Soil Moisture Storage (GLDAS)

Show Plot Legend Controls =
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COMMISSION FOR BASIC -
SYSTEMS a9 World Meteorological Organization

Working together in weather, climate and water

Inter-Program Expert Team on Data IPET-DD-1
Representation Development (IPET-DD) Agenda Item [xx]
Zagreb, Croatia 18-20 February 2019 6.2.2010

Submitted by: Silvano Pecora vice-President CHy

Proposal for WMLGW - WATERMLZ GROUNDWATER

Background

& significant portion of the { ) ibutad to groundwster resources. Effective
mansgement of such resources requires the ection, nzgemant =nd dzlivery of relsted dats, but
thess zre impaded by issussre vgilzbility, distribution, fr ogeneity:

sgencizs in different ssc snd similar ty grzely
structured by the variou stion holds both within and between gntities
such == countries or states water manzgement scross 2l jurisdictions. The Hydrology
Domain Warking Group up of the WMO and the OGC, promoted the development
of GroundWaterhML2, = Ero water data standard, which is the Part 4 of WaterML2, whose

ozl is to capture the semantics, schems, and encoding syntax of key groundwater dats, to

having tested it successfully into WHOS W

information in WIGOS, facilitating groundwater data di ! gh WI5, the schema
WMLGW-XML will complete the standard WaterhL2, 2 f

c=l information groundwsat

in

]
w
n
it

or the exchange of hydro

Proposal

The chengs to the hanual on Cedes Vel 13 m attzchment is propesed. The tzam iz requestad to
srzming the proposal =nd the decument refersmesd with the zim to propess the changs with the
sppropriate procedurs.

References
[1] https: www opengeespatizl org stand erds gwml 2

i

[2] https: Imk springsr. com articla 101007 51004

S018-1747-8

[

[3] https 2 lmk springst. com articla 10,1136 %:2F s40965-013-003 3-3



WH@ s S my sources

@ Dashboard +Add
£ Sources
Show 10 v entries search:
Catalogs
Source - Description = Endpoint Type =
* Favourites
Argentina Histarical daily termperature n wege Thredds
Canada Real-time discharge n %‘ﬁ Ftp
Ernilia Romagna Histarical daily discharge n e Hydroserver
Switzerland Historical daily precipitation B @ Hydroserver
Showing 1 tod of 4 entries Previous MeExt

Source Usage Information

Source editor is a very flexible, advanced plugin for data dissemination. In the admin interface, we are using a specialized wersion of the
source plugin built for hydrological purposes. We hawe also customized the plugin with user-friendly editors in place of command-ling tools.
For complete documentation on the source plugin, visit the website WHOS.

View Source Documentation



WH&S
WMO Hydrological Observing System

ITA Lazio

The ultimate goal of data collection in hydrology, be it precipitation measurements,
water-lesel recordings, discharge time series, groundwater monitoring and water quality
sampling, is to provide a set of sufficient werified quality data that can be used in water
resources management decision-making. Such needs span all aspects of water
FESOUrCES management, in a wide rande of operational applications, as well a3 in
research. Decisions may be made directly from raw data measurements, based on
derived statistics, ar from the results of many stages of modelling beyond the raw data
stage. Regardless of any added walue though, it is the collected data that form the basis
for these decisions. Data sets are of great intrinsic value a3 they are collected through a
huge commitrment of human and financial resources and often during = long period of
time. Further, they have additional value when they are made availablle in a usable form
far the many users to respond to their specific needs. The portal provides access to the
awvailable hydrological observations. In particular, the portal provides additional
operational capability, for in situ water obsersations, as an international registry of
frecrological data services catalogued using the standards and procedures of the Open
Geospatial Consortium and the Waorld Meteorological Organization.

Brokered services: 1

Brokered sites: 114

Brokered variables: 4

Geographic extent [ 11.5989 428942 134633, 41.3422 ]

=‘



WH&S

WMO Hydrological Observing System

Published interfaces

The following catalog interfaces are available:

CUAHSI API interface

Endpoint. fifpdanaa-er geodab. ewgi-cat-arpalsenvices/hiscentralivae? 1 3007 4 5be4 894 bdd 3beStodac 2 4fe
Target namespace: AfpAhiscentral clahslorgr 207002057

Capabilities document

REST interface
Endpaint. fifpAanpa-er geodab ewgi-cat-arpa’senvices/apl-resttvae T 1 38074 5hed B4 hdD3hebtedas 24fe/dataset sireport
Capabilities document

OAIPMH interface

Endpoint. fifpdanaa-er geodab. ewgi-cat-arpalsernvices/oalpmivvae? 7 3007 4 5bo4 804 bef0 3be BEcdas 24 fe
Target namespace: Affpdoal_pmib.sdifioraresearch el

Capabilities document

OAIPMH 1SO 2007 interface

Endpoint. kifpedampa-er geodab ewgi-cat-arpa’senices/oalpmhis 2007 vae 7 3807 4 5had BO4 b0 3be 8o dan 2 4fe
Target namespace: AffpAoal pmi.sdifioraresearch.ew’

Capabilities document

Test Portal interface
Endpoint. fffocdanna-er geodab ewgi-cat-arpa’search?viewld=vae ! 1 307 4 5be4 804 b0d3heStodaez 4fe
Capahilities document

OPENSEARCH interface
Endpoint. fifpdanaa-er geodab, ewigi-cat-arpalservicesiopensearchvas? 7 30074 5bod 804 bef0 3be Bocdas 24fe

E‘
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Import data from a WaterML2 webserver

WaterML2 Server import

Here is an example import module configuration file that imports data from a WaterMI2 webserver:

<timeSeriesImportRun smlns="http:/ /wew.wldelft.nl/fews"

¥mlns:xsi="htip JHEN f2881/¥HLSchema-1nstance™
¥si:schemaLocation="http:/, wldelft.nl/fews http://fews.wldelft.nl/schemas/versionl.e/timeseriesImportRun,xsd™>
<!-- This is an example import configuration file for importing WaterML data from a WaterMl server -

<imports
<generals
«!-- Class name of WaterML server parser --»
cparserClassiames»nl.wldelft.waterml.timeseriesparsers.WaterMlserverParsers/parserilassiames

<!-- path to directery containing libraries --»
<binDir>%BRECION _HOMER Modules/waterml-bin</binDir:

<importTimeZones
<timeZoneCffset»-g6:188</timeZoneCffset>

<fimportTimeZones

</generals»

<timeseriessets
<moduleInstanceld>ImportWatertl?_usgs</moduleInstancelds
<valueTyperscalars/valueTypes
<parameterlds>MyPars/parameterids
<locationSetId»MyLocset</locationsetids
<timeSeriesTypesrexternal historical</timeSeriesTypes
<timeStep unit="nonequidistant™/>
<readwriteModesadd originals</readwritemodes
<synchLevels»lq/synchlevels

<ftimeSeriessets

</ import>
</timeSeriesImportRuns>



Import WaterML2 data from a directory

WaterML2 file import

Here is an example import module configuration file that imports data from a directory

ersionl.@/timeSeriesImportRun. xsd™>
<l-- This is an sxample import configuration file for importing waterML data from a wWaterMl server -3
<imports
<generals
«!-- Class name of WaterML server parser --»
cparserClassiamexnl.wldelft.waterml.timeseriesparsers.WaterMlTimeseriesParsers/parserilassiames

<!-- path to directory containing libraries --»
<binDir>X3RECION_HOMERE Modules/waterml-bin</binDirs

<!-- pirectory from which CSV files are to be Imported --»

<folder»>SIMPORT_FOLDER_WATERMLE</folder:s
<idMapIld>IdImportwatertL2_usgs</idMapId»
<importTimeZones

<timeZoneCffset>-26:88«/timeZonelffset>

</ importTimeZones

</generals

<timeSeriessets
<moduleInstanceld»ImportwWatertl?_usgs</moduleInstancelds
<valueTyperscalar</valueTypes
<parameterlds>MyPar</parameterids
<locationSetId»MyLocSet</locationSetId»
<timeSeriesTyperexternal historicals/timeSeriesTypes
<timeStep unit="nonegquidistant™/>
<readwriteMode»add originals</readwritemods»
<synchLevels»1</synchLevels

</timeseriessets

</ imports
<ftimeSeriesImportRuns>
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DEWETRA and the Po river basin
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Amministrazioni Regionali e Statali in Idrologia Operativa

WH& S

WMO Hydrological Observing System

Brokered services

Data Service Title

Provincia Autonoma
di Bolzano

Regione Abruzzo

Regione Basilicats
Regione Calabris
Regione Campania

Regione Emilia
Romagna

Regione Friuli
Veneziz Giulis

Regione Lazio
Regione Liguria

Regione Lombardia
Regione Marche

Regione Maliss
Regione Piemonte
Regione Puglia
Regione Sardegnsa
Regione Sicilia
Regione Toscana

Regione Valle

AP e
d'Aocsta

Regione Vensto

Observation
Metwrork Hame

Provincia di
Bolzano

Regione Abruzzo

Regione Basilicats
Regione Celabriz
Regione Campanis

Regione Emilia
Romagna

Regione Friuli
Venezia Giulis

Regione Lazio
Regione Liguria

Regione Lombardia
Regione Marche

Regione Maolise
Regione Piemonte
Regione Puglia
Regione Sardegns
Regione Sicilis
Regione Toscans

Regione Valle

A e
dAosta

Regione Veneto

WSDL

WSDL

WSDL

WSDL

WSDL

WSDL

WSDL

WSDL
WSDL
WSDL

WSDL

WSDL
WEDL
WSDL
WSDL
WSDL
WESDL

WSDL

WSDL

CreatedDate

2012.09.04

2012.09.04

2013.09.04
2012.09.04
2012.08.04

2012.02.28

2013.09.04

2012.08.04
2012.09.04
2012.09.04

2013.09.04

2012.09.04
2012.08.04
2012.09.04
2013.09.04
2012.09.04
2012.09.04

2012.09.04

2012.09.04

COrganization

Provincia Autonoma di Belzano - Ripartizione Protezione anticendi e civile - Ufficio |drografico

Dipartimento Opere Pubbliche, Governo del Temitorio & Politiche Ambientali, Servizioc Emergenza di Protezione

Civile, Ufficic |drografice Mareocgrafico [PE), Gestione Celonna Meobile
Protezione Civile Regione Basilicata
ARPACAL - Centro Funzionale Multirischi

Centro Funzignale Regione Campania - CEMPID

ARFPA Emilia Romagns

Regione Autonomsa Friuli Venezia Giulis

Regione Lazio - Centro Funzionale Regicnale
ARPA Liguria - Centro Funzionale Metec Idrolegico di Protezione Civile
0. Semwvizio Meteorologico e Rete |dro-Meteo regionale

Cipartiments per le politiche integrate di sicurezza e per |a protezione civile della Regione Marche - Centro
Funzicnale

Agenziz Regicnsle di Protezione Civile - Centro Funzionale del Molise
Arpa Piemonte
Centro Funzicnale - Servizio Protezione Civile

ARDIS - Servizio Tutela e Gestione delle Risorse |driche, vigilanza sui servizi idrici e gestione delle siccita
Regione Sicilians - Csservatorio delle Acgue

Servizio ldrologico - Centro Funzicnale
Assessorato opere pubbliche, difesa del sucle = edilizia residenziale pubklica - Centre funzionale regicnale

Agenzia Regionale per |a Prevenzione e Protezione Ambientale del Venseto

- Agenzia Regionale per la Protezione Ambientale del Piemonte - Dipartiments Sistemi Previsionali

Earliest
Start Diate

1920.01.01

1821.01.0

2001.01.01
1800.01.01
18985.01.01

1918.01.0

1912.01.01

1821.01.01
1912.01.01
1783.01.01

1828.01.30

2007.01.01
1887.08.25
2004011
1820.01.01
1916.01.01
1816.01.01

19841221

1922.01.01

Latest End
Date

1999.01.01

2014.11.20

2014.11.28
2014.10.21
2014.12.31

20141221

20121221

2004.12.21
20091221
2014.11.28

2013.12.31

20141221
2013.12.31
20041221
2008.12.31
20081221
2015.02.21

2012.12.21

2013.12.31



WHOS System Overview
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App Icons made by Maxim Basinski from www.flaticon.com is licensed by CC 3.0 BY



Brokering a Data Node

The choice of which service

or API to use is up to the
Data Node

Data Node {.}<
/

The Data Node is
reachable on the Web

If needed,

one or more

Data Itis possible to discover
Discoverability data cycles of
tuning/tests
It is possible to can take
download discovered lace
data *

Data Node becomes

Interoperability Tests part of the System of
Systems




Connecting an Application

The System must
support required
services/APIs utilized by
the different Applications

Applications will interact
with the System as if it
was a single server

Application
-‘------.---..-..-.-->°

App Icons made by Maxim Basinski from www.flaticon.com is licensed by CC 3.0 BY

Accesses the entire
content of the System

and displays it to user
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