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I servizi web di catalogo 







HYDRODESKTOP e HIS tramite CUAHSI API 





QGIS e HIS tramite WFS 



GEOSS e HIS 



GI-PORTAL e HIS tramite WPS 



Modello di crescita conoscitiva 



WMO INTEGRATED GLOBAL OBSERVING SYSTEM (WIGOS) 
and 

WMO HYDROLOGICAL OBSERVING SYSTEM (WHOS) 



WIS – WMO Information System 

Ingests data from National Centers . . . 

. . . synthesized globally through communication networks 



WHOS 

reshaping data in hydrology 
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WHOS Architecture Overview 
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Locations 
Variables 

Date Ranges 

WaterML2 and SOS2 

GetSites 
GetSiteInfo 
GetVariableInfo 
GetValues 

SOS2 
Web Service Client 

EPA 

UT 
USGS 

Data 
Repositories 

Data 

Data Data 

EXTRACT TRANSFORM LOAD 

WaterML2 

SOS2 is how you ask for data 
WaterML2 is the format of what comes back 
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Broker Approach 











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:  
- Silvano Pecora (Italy) 
- David Blodgett (USA) 
- Tony Boston (Australia) 

  

Iterative Development 

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

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


WaterML2.0 standards 

Part 1 - 
Timeseries 

 

Part 2 – 
Ratings, 

Gaugings and 
Sections 

Part 3 – 
Surface 
water 

features 

Part 4 – 
Groundwater 

Part 5 –  
Water quality 

(best 
practice) 



Specification to data encoding 
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Application Schema 
(aka ‘conceptual model’) 

Technology independent 
description of content and 

structure of information to be 
exchanged for a given 

application 

WMO 
regulation and 

other 
specifications 

class Requirements model
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WIGOS Metadata 
Standard 
- Approved at Cg-17 June 
2015 

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


WHOS interfaces 

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

• Dublin core 

• ISO 19139 

• 2006 schema 

• 2007 schema 

• Wigos Metadata 
Standard 

 

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



ADOPTIONS by OGC and WMO 

• OGC adopted WaterML2 Part1 – 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 I.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)” 



WaterML2 Part4 

OGC Standard today -> WMO Standard soon 



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! 

 

CAN & US groundwater data 
networks 



Standards Development 
 GroundwaterML2 (GWML2) 

 Open Geospatial Consortium 

     Geospatial standards of all kinds 

 Hydro Domain Working Group 

     WaterML2 hydro data standards 

 Groundwater Standards Working 
Group 

     GWML2 
     reuses GeoSciML, O&M, … 

     Hydrogeological & data experts  

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

      2012-2017 

      final approval: March 2017 



Methods  
GWML2 development 

well drilling 

environme
ntal 

policy 

flow 
modeling  

«FeatureType»
GW_HydrogeoUnit

«property, voidable»
gwUnitDischarge:  GW_Discharge [0..*]
gwUnitMedia:  PorosityTypeTerm [0..1]
gwUnitRecharge:  GW_Recharge [0..*]
gwUnitWaterBudget:  GW_WaterBudget [0..1]
«property»
gwUnitProperty:  OM_Observation [0..*]
gwUnitVulnerability:  OM_Observation [0..*]

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

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

container 
matter 

fluid body 

fluid matter 

fluid flow 

void 

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

surface 
water 

ground
water 



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

 

«FeatureType»
GW_HydrogeoUnit

«property, voidable»
gwUnitDischarge:  GW_Discharge [0..*]
gwUnitMedia:  PorosityTypeTerm [0..1]
gwUnitRecharge:  GW_Recharge [0..*]
gwUnitWaterBudget:  GW_WaterBudget [0..1]
«property»
gwUnitProperty:  OM_Observation [0..*]
gwUnitVulnerability:  OM_Observation [0..*]

«type»
GW_UnitFluidProperty

«property, voidable»
gwHydraulicConductivity:  OM_Observation [0..*]
gwStorativity:  OM_Observation [0..*]
gwTransmissivity:  OM_Observation [0..*]
gwYield:  OM_Observation [0..*]

«FeatureType»
GW_FluidBody

«property, voidable»
gwBodyFlow:  GW_Flow [0..*]
gwBodyMetadata:  MD_Metadata [0..*]
gwBodyProperty:  OM_Observation [0..*]
gwBodyQuality:  BodyQualityTerm [0..*]
gwBodyShape:  GM_Object [0..1]
gwBodyVolume:  OM_Observation [0..1]
gwBodyVulnerability:  OM_Observation [0..*]

«FeatureType»
GW_HydrogeoVoid

«property, voidable»
gwVoidHostMaterial:  EarthMaterial [0..*]
gwVoidMetadata:  MD_Metadata [0..1]
gwVoidShape:  GM_Object [0..1]
gwVoidType:  PorosityTypeTerm [0..1]
gwVoidVolume:  OM_Observation [0..1]

«type»
GW_UnitVoidProperty

«property, voidable»
gwPermeability:  OM_Observation [0..*]
gwPorosity:  OM_Observation [0..*]

gwVoidUnit
«property»

0..*

gwUnitVoid
«property»

0..1

gwFluidBodyUnit
«property»

0..*

gwUnitFluidBody
«property»

0..*

gwPartOfBody
«property» 0..1

gwBodyPartOf
«property» 0..*

gwFluidBodyVoid
«property»

0..1

gwVoidFluidBody
«property» 0..1

gwPartOfVoid
«property» 0..1

gwVoidPartOf
«property» 0..*

Hole-y 
Trinity 
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GWML2: contents  
Hydrogeological Units, Voids, Fluid bodies 



GWML2: contents  
Fluid Flow, Water wells, Springs  



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



Implementation  
Commercial Scenario: Wells, Units, Levels,…  

GW Info Network (CAN) 

National GW Monitoring Network (USA) 

Logs 

QG
IS 
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Implementation  
Environmental Scenario: Monitoring, Flow,… 

groundwater 
chemistry 



Implementation  
Scientific Scenario: Units, Wells, Measurements,…  

MODFLOW model from GWML2 inputs (Horowhenua, NZ) 



Implementation  
Policy Scenario: Management Areas, Units,…  

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



Implementation  
Technical scenario: GWML2 data used in QGIS 

Screenshot QGIS GMLAS toolbox interaction with French 
Groundwater Information Network: linking stations to aquifers 

  



Implementation  
Technical scenario: GWML2 data used in QGIS 

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

 



 
Linked data scenario – surface/ground water interaction 

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

Implementation  



Tethys GRACE App 

- GRACE Data 

 

- GLDAS Data 

 

- Calculated 
Groundwater 
Data 



















Import data from a WaterML2 webserver 



Import WaterML2 data from a directory 



Archive use case analysis 
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DEWETRA and the Po river basin 







WaterML 

BORETTO 

L’utente può selezionare la 
variabile e il periodo L’utente 

può 
scaricare i 
dati e 
visualizzare 
in diverse 
modalità le 
elaborazioni 
di interesse 



Amministrazioni Regionali e Statali in Idrologia Operativa 



WHOS System Overview 

Data Node 
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Brokering a Data Node 

Publishes data Interoperability Tests  
Data Node becomes 
part of the System of 

Systems 

Data Node 

The choice of which service 

or API to use is up to the 
Data Node 

If needed, 
one or more 

cycles of 
tuning/tests 

can take 
place 

Connectivity The Data Node is 
reachable on the Web 

Data 
Discoverability 

It is possible to discover 
data 

Data 
Accessibility 

It is possible to 
download discovered 

data 



Connecting an Application 

Publishes a set of 
web services/APIs 

Can use any 
service/API to connect 

to the System 

Accesses the entire 
content of the System 
and displays it to user 

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 
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Other Global 
Platforms 

  GEOSS 
API 

WHOS Knowledge 
Management 

Platform 

Portals 

End Users 

Long-term 
preservation 

archives 

Remote 
processing 

services 

Scientific 
Workflows 

Model Developer 

Model Developer 

Big Data Analytics 
Platforms 

Application Developers 

APIs 



BASIN DISTRICT PORTAL 

ITALIAN NHS PORTAL 

REGIONAL WATER PORTAL 

APP WAREHOUSE 



Linking people 
everywhere with 
hydrologic data, 
maps and models 



GRAZIE PER L’ATTENZIONE 
insieme per l’Idrologia Operativa del nostro Paese nel Mondo 
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