
WMO 

Standardization of 

hydrologic data sharing in RAIII 
Silvano Pecora, ARPA, Italy 

 

Meeting of the Working Group on Hydrology and Water Resources 

in Regional Association III 

Asuncion, Paraguay, 5-9 September 2015 

 
WMO Commission for Hydrology 



VALUABLE INFORMATION FROM WATER DATA 



Statistics of disasters associated with weather-, water- and climate-

related hazards for the period 1970 to 2009  

The global total number of disasters by decade and hazard 

type:  significant increase 

from the WMO STRATEGIC PLAN 2016-2019  



Statistics of disasters associated with weather-, water- and climate-

related hazards for the period 1970 to 2009  

The global total number of deaths by decade and hazard type: 

significant decrease  

from the WMO STRATEGIC PLAN 2016-2019  



Processes to achieve expected results and realize the intended 

societal benefits from the WMO STRATEGIC PLAN 2016-2019  

Schematic representation of the WMO Strategic Plan 



WMO COMMISSION FOR HYDROLOGY 



WMO Commission for Hydrology 

 



WMO Commission for Hydrology 

CHy Structure 



WMO Commission for Hydrology 

Commission for Hydrology (CHy) 

Data Operations and Management 

•  Guide the implementation of CHy-14 Resolution 7/1 that began “a 

    process, including testing, that could see the potential adoption of 

    the WaterML 2.0 as a WMO standard for information exchange 

    managed by WMO (supported by the WMO/OGC MOU) and to 

    register this standard as a joint WMO/ISO standard”;  

•  Monitor and report on new developments dealing with data 

    management issues, such as observations, data exchange and 

    protocols, data transfer formats, and WIS and WIGOS;  

•  Review progress with respect to the exchange of hydrological data 

    and products, and propose additional guidance on data that should 

    be exchanged, including harmonization of exchange practices. 



WMO Commission for Hydrology 

WMO Res. 40 (Cg-XII) - WMO policy and practice for the exchange of meteorological and 

related data and products. 

Members shall provide on a free and unrestricted basis essential data and products which 

are necessary for the provision of services in support of the protection of life and property 

and the well being of all the nations… 

 

WMO Res 25 (Cg-XIII) - Exchange of hydrological data and products. 

Members shall provide on a free and unrestricted basis those hydrological data and 

products which are necessary for the provision of services in support of the protection of 

life and property and the well being of all the nations… 

 

WMO Congress of 2012 noted the considerable work being undertaken internationally with 

respect to the development and agreement on standards for the transfer of hydrologic data 

between data servers (databases) and users. 

WaterML 2.0 was proposed for adoption as a WMO standard  for information exchange. 

International resolutions 



WMO Hydrological Observing System (WHOS) 

 



WMO Hydrological Observing System (WHOS) 

No analogue to World Weather Watch within hydrology. 

No portal to real-time hydrological data of NHSs, or 

direct online access to NHS historical data. 

WHYCOS is capacity building, not data delivery. 

Given increasing number of NHSs with real-time and 

historical data available online, as well as systems that 

facilitate data exchange and interoperability (e.g., 

WaterML 2.0), improved accessibility is achievable goal. 

Background: 



WMO Hydrological Observing System (WHOS) 

Proposal: 

CHy Advisory Working Group has proposed the WMO 

Hydrological Observing System (WHOS) as the means to 

provide the most comprehensive hydrological component in 

fulfillment of the WIGOS objective of “an integrated, 

comprehensive, and coordinated system which is comprised 

of the present WMO global observing systems.” 



WMO Hydrological Observing System (WHOS) 

Design: 

WHOS is conceived as a portal to facilitate access to  

already available on-line real-time and historical data,  

drawing from the water information systems of countries  

around the world that make their data freely and openly  

available, including HYCOS projects. 



WMO Hydrological Observing System (WHOS) 

Implementation: 

Phase 1: 

Map interface with links to those NHSs that make their real-

time and historical stage and discharge data available online.  

Initial implementation July 2015. 

Phase 2: 

A fully WIS/WIGOS compliant services-oriented framework 

linking hydrologic data providers and users through a 

hydrologic information system enabling data registration, data 

discovery, and data access. 

Beta version for CHy-15 review and endorsement (Dec 2016) 

Initial implementation for EC approval (June 2018) 



http://www.wmo.int/pages/prog/hwrp/chy/whos/index.php 
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WMO INTEGRATED GLOBAL OBSERVING SYSTEM (WIGOS) 



WIS – WMO Information System 

Ingests data from National Centers . . . 

. . . synthesized globally through communication networks 



http://www.hiscentral.isprambiente.gov.it 



WATER DATA DISSEMINATION 

the old style 



THE HYDROLOGICAL YEARBOOKS 

Part I   Yearbooks published from 1913 to 2014 

Part II  Yearbooks published from 1913 to 2014 

 



WEB APPLICATIONS 



Common actual architecture 



WATER DATA DISSEMINATION 

the new style 



The concept of open data is not new, but a formalized definition is relatively new. 

A typical depiction of the need for open data: 

Numerous scientists have pointed out the irony that right at the historical 

moment when we have the technologies to permit worldwide availability and 

distributed process of scientific data, broadening collaboration and 

accelerating the pace and depth of discovery…..we are busy locking up that 

data and preventing the use of correspondingly advanced technologies on  

knowledge. 

 
John Wilbanks, VP Science, Creative Commons 

Making data available… 



Open data architecture (towards level 5) 



The 5 star deployment scheme 

★ Available on the web (whatever format) but with an open licence, to be Open Data 

★★ Available as machine-readable structured data (e.g. excel instead of image scan of a table) 

★★★ as (2) plus non-proprietary format (e.g. CSV instead of excel) 

★★★★ 
All the above, plus use open standards from W3C (RDF and SPARQL) to identify things, so that 

people can point at your stuff 

★★★★★ All the above, plus link your data to other people’s data to provide context 

by Tim Berners-Lee, the inventor of the Web and Linked Data initiator 



EVOLUTION IN WATER DATA SHARING 



www.cuahsi.org  

Consortium of Universities for the 

Advancement of Hydrologic Science, Inc. 

CUAHSI  
A consortium representing 125 US universities 

 

 

Building an academic prototype system 

Supported by the National Science 

Foundation Earth Science Division 

Advances hydrologic science in 

nation’s universities 

Includes a Hydrologic Information 

System project 

Invented WaterML language for 

water resources time series 

http://www.cuahsi.org/


The Result 

WaterML language for 

describing water data 

 

National catalog of water data 

sources 

 

Free software for data access 

Metadata 

Catalog 

WaterML Standards 

Services 

Software 



Catalog 

(Google) 

Web Server 

(CNN.com) 

Browser 

(Firefox) 

Access 

Web Paradigm 



HIS Central 

HydroServer HydroDesktop 
Data access 

Services-Oriented Architecture for Water Data 



HIS System Overview 

Users 

(HydroDesktop) 

USGS 

University 

Dat

a 

HydroServers 
Data Discovery  

Data Access 

Dat
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Web 

Service 

Metadata 

Catalog 

HIS Central 

HIS Central 

Hydrologic 

Ontology 
Data  

Registration 



XML – A Primer 

The Extensible Markup Language (XML) is a 

W3C-recommended general-purpose markup 

language that supports a wide variety of 

applications. – Wikipedia 

 

XML represents data 

XML is both human and machine readable 

 
<site> 

  <name>Mansfield Dam</name> 

</site> 



XML Structure 

<site></site> 

<site> 

</site> 

<site /> 

OR 

OR 

element 

start tag end tag 

Example – Let’s describe a 

streamflow site 

element name = “site” 



Elements can have Children 

<site> 

  <name>Mansfield Dam</name> 

</site> 
element 

child element 

element text 



Elements can have Attributes 

<site> 

  <name>Mansfield Dam</name> 

  <siteCode network=“NWIS”>08154510</siteCode> 

</site> 

attribute name attribute value 



XML Nesting 

<site> 

  <name>Mansfield Dam</name> 

  <siteCode network=“NWIS”>08154510</siteCode> 

  <location> 

    <latitude>30.39</latitude> 

    <longitude>97.91</longitude> 

  </location> 

</site> 



WaterML includes sites, variables and timeseries 

location 

variable 

time series 



WaterOneFlow web service  

Data Source 

Network 

Sites 

Variables 

Values 

• Set of query functions 

- Get Sites 

- Get Site Info 

- Get Variable Info 

- Get Values 

• returns data in WaterML 

 



Locations 

Variables 

Date Ranges 

WaterML and WaterOneFlow 

GetSites 

GetSiteInfo 

GetVariableInfo 

GetValues 

WaterOneFlow 

Web Service Client 

EPA 

UT 
USGS 

Data 

Repositories 

Data 

Data 
Data 

EXTRACT TRANSFORM 
LOAD 

WaterML 

WaterOneFlow is how you ask for data 

WaterML is the format of what comes back 



Data Series – Metadata description 

Space 

Variable, Vi 

Site, Sj 

End Date Time, t2 

Begin Date Time, t1  

Time 

Variables 

Count, C 

There are C measurements 
of Variable Vi at Site Sj from 
time t1 to time t2 



HydroTagger 

Each Variable in your data is connected to a corresponding Concept 



HIS Central Web Service 

• Programmatic methods 

to query the national 

metadata catalog 

• Search by: 

- Location 

- Variable 

- Date Range 

- Data source  



RELATED STANDARDS AND ACTIVITIES 



Open Geospatial Consortium 

More than 400 companies and agencies globally 

. . . internet data standards for maps and observational data                   



OGC/WMO Hydrology Domain Working Group 

2008 

4-Year International Effort – WaterML2 

2009 2010 2011 2012 

November 2009 

Hydrology Domain Working Group formed 

OGC observer at CHy-13 

Technical Meetings Each 3 Months 

Four Interoperability Experiments 

 (Surface water, groundwater, forecasting) 

Annual week-long workshops 

Involvement by many countries 

A time series for one variable at one location 

Acknowledgements: OGC,  GRDC, CUAHSI, 

BoM/CSIRO, USGS, GSC, Kisters, ……. 



International Standardization of WaterML 

Hydrology Domain Working Group (HDWG) 
 

- standards for water data: WaterML 2.0 suite 
- organizing Interoperability Experiments (IEs)                 

focused on different sub-domains of water 
 

 

Chairs:  

- Ilya Zaslavsky (USA) 

- Tony Boston (Australia) 

- Silvano Pecora (Italy)  
  

Iterative Development 

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

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


GML - Geography Markup Language 

GML is a standard of the Open Geospatial  Consortium  (OGC). 

 

It  offers  a  data  model  as  well  as  an  XML  encoding  for 

geographic features (abstractions of real world phenomena). 

 

GML has been developed to enable the standardised and 

interoperable exchange of  geospatial objects (features) together 

with their attributes, their relationships to other objects as well as 

their geometries. 

GML is relevant because of two reasons: on the one  hand,  the  Observations  and  

Measurements  standard  (which  is  again  the foundation for WaterML 2.0) has been 

defined as an application profile of GML; on the other hand, GML is the standard for 

modelling and encoding geometries such as the features of interest, to which 

hydrological observations are related.  



O&M - Observations and Measurements 

O&M belongs to the framework of Sensor Web Enablement  

(SWE)  standards  of  the  OGC.  It  defines  a  data  model  as  

well  as  an  encoding for observation data (e.g. sensor data). 

 

Generally an observation contains a set of time stamps:  

phenomenonTime , resultTime   and validTime. 

 

Furthermore, every observation contains a description of the 

observed property (the phenomenon  that  was  observed),  the  

geometric  feature  to  which  the  observation belongs  (feature  

of  interest)  and  information  about  the  process/sensor  

(procedure) which  has  been  used  for  obtaining  the  result.  

 

Finally,  an  observation  may  contain optional  information  

about  its  quality  as  well  as  parameters  of  the  measurement  

process.  



Observations Information Model 

Observations & Measurements Model:  

A Feature of Interest has a Property that is 

measured by a Process that produces a Result 



WaterML2 



WaterML2 – a Profile of O&M 

Time Series as a set of Time-Value Pairs 



WMO/OGC Hydrology Domain Working Group  

Suite of Water Information Standards 

WaterML2Part5: 

River Channel 

(RiverML, under 

development)  

WaterML2Part1:  

Water Quantity 

Observation 

(OGC10-126r4) 

WaterML2Part2: 

Gauging 

Observation 

(OGC13-021rX) 

WaterML2Part3: 

Water Quality 

Observation 

(OGC14-003rX) 

CSML3: 

Atmospheric-

water  

component  

SoilML: 

Soil-water 

component   

WaterML2Part4: 

Groundwater  

(GWML2, under 

development) 

 

TimeSeriesML 

(under 

development) 

Suite of Water Information Standards: 

towards the identification, observation 

and representation of hydrologic 

features using standards 

HY_Features, 

common hydrologic  

feature model 

 (OGC11-039r3) 



WaterML2.0 part 2 

 

As of August 2015, the OGC TC & PC votes for adoption 

have been completed, and WaterML 2.0 Part 2 - RGS is 

now an OGC international standard. 

https://portal.opengeospatial.org/files/?artifact_id=54423


Test web client 



WQ classes as sub-types of O&M and WaterML 2 

«FeatureType» 

measurement:: 

OM_Measurement 

«FeatureType» 

observation::OM_Observation 

+  parameter  :NamedValue [0..*] 

+  phenomenonTime  :TM_Object 

+  resultQuality  :DQ_Element [0..*] 

+  resultTime  :TM_Instant 

+  validTime  :TM_Period [0..1] 

constraints 

{observedProperty shall be a phenomenon associated with the feature of interest} 

{procedure shall be suitable for observedProperty} 

{result type shall be suitable for observedProperty} 

{a parameter.name shall not appear more than once} 

Units of Measure::Measure 

{root} 

+  value  :Number 

+  convert(UnitOfMeasure*)  :Measure 

«metaclass» 

General Feature Model:: 

GF_PropertyType 

{root} 

«FeatureType» 

coverageObservation:: 

OM_DiscreteCoverageObservation 

«FeatureType» 

Timeseries Observation:: 

TimeseriesObservation 

«FeatureType» 

Timeseries (TVP) Observation:: 

TimeseriesTVPObservation 

«Type» 

Measurement (TVP) Timeseries:: 

MeasurementTimeseriesTVP 

Timeseries 

«FeatureType» 

Interleaved (TVP) Timeseries:: 

TimeseriesTVP 

TimeValuePair 

«Type» 

Measurement (TVP) Timeseries:: 

MeasureTimeValuePair 

+  value  :Measure 

«FeatureType» 

WQ_Measurement:: 

WQ_Measurement 

«FeatureType» 

WQ_MeasurementTimeSeriesTVPObservation:: 

WQ_MeasurementTimeSeriesTVPObservation 

«FeatureType» 

WQ_MeasurementTimeseriesTVP:: 

WQ_MeasurementTimeSeriesTVP 

«metaclass» 

WQ_Observation:: 

WQ_PropertyType 

O&M Classes 

WaterML 2 Classes 

Water Quality Classes 

Legend 
+result 

+collection 

0..* CoverageFunction 

+element 

0..* 

+result 

Range 

Phenomenon 

+observedProperty 

1 



RiverML: Modular River Data Format 

Relationships organized by a system of Reference Points 

Flow 

Time 



RiverML: Modular River Data Format 



OGC SOS 2 as the web data service for WaterML 2 

Web Map 

Viewer 

SOS 

GRDC  WaterML2 

(Kisters host) 

WOF 

Italy WaterML2 

(ISPRA host) 

SOS 

New Zealand 

WaterML2 

(HRC Hilltop host) 



SOS 2.0: development and objectives 

• Originated from the requirement of technically and 

semantically interoperable web services for hydrological 

data 

• Create a fully interoperable SOS 2.0 for hydrological data 

• Specifies WaterML2.0 as the language for timeseries data 

• Guide developers to ONE specific way of implementation 

(instead of supporting multiple variants) 

 



WMO STANDARDS IN HYDROLOGY 
data formats and service types 



Specification to data encoding 

******** 

**** 

******* 

********* 

********* 

******** 

** 

******* 

********** 

** 

«
 d

e
ri

v
e

d
 f

ro
m

 »
 

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

Requirement1

Requirement2

Requirement3

Requirements 

model 

XML instance 
documents 

Validatable 

data 

products 

«
 c

o
n

fo
rm

s
 t

o
 »

 

XML Schema 

1.0 

Schematron  . 

Validation 

schema and rules 



Two standards: Conceptual & Implementation 

Timeseries Profile 

• Timeseries Profile of Observations and 
Measurements  

 

TimeseriesML 1.0 

• XML Encoding of the Timeseries Profile of 
Observations and Measurements  



Conceptual Model -  based on O&M 

Timeseries is 

the 'result' of an 

Observation 



Implementation Model  - Mapping to Concepts 

Collection/Metadata 

 

OM Observation 

 

 

 

Time Value Pair Encoding 

 

Domain Range Encoding 

 

 

Point Metadata 

 

 

Specialised data types 

 

Process  

Monitoring feature 



Metadata – a much abused concept 

please qualify your use 
 

• Observations Metadata 

- Time-series data that describe how, when and where meteorological 
observations were made and the conditions they were made under   

• Discovery Metadata 

- Information intended to facilitate the discovery and assessment of a dataset 
to determine if it is fit for reuse for a purpose that may be at odds with the 
reason for which it was originally created   

• Data Provenance Metadata 

- Information relevant to climate data that allows end-users, including data 
managers, scientists and the general public, to develop trust in the integrity 
of the climate data   

• Data Intellectual Property Metadata 



METCE: a profile of Observations and Measurements 

«FeatureType» 
OM_Observation 

(ISO 19156) 
+result 

«Type» 
Any 

(ISO 19103) 

WMO METCE 

Does the data collected (e.g. the ‘result’) from the Observation event: 

Q 

B. Describe multiple physical properties? 

No 

«FeatureType» 
OM_ComplexObservation 

(ISO 19156) 

«Type» 
Record 

(ISO 19103) 

+result 

B 
Yes 

«FeatureType» 
ComplexSamplingMeasurement 

No 

«FeatureType» 
SamplingObservation 

A. Vary in space and or time? 

«FeatureType» 
OM_DiscreteCoverageObservation 

(ISO 19156) 
+result 

«Type» 
CV_DiscreteCoverage 

(ISO 19123) 

A 
Yes 

«FeatureType» 
SamplingCoverageMeasurement 



DEFINITION OF A STRATEGIC ROADMAP 



2012 2013 2015 2016 

Hydrologic data exchange revolutions 

1st Revolution 

[Service 
driven] 

Catalog of 
catalogs 

2nd Revolution 

[Brokering 
pattern] 

Brokering 
framework 

3rd Revolution 

[Big Data] 

Cloud-based 
EcoSystem  

4th Revolution 

[… .] 

 

… . 

Discovery 
[functionality] Discovery and 

Access 
[functionality] (re-)Use 

[functionality] 



Virtual Community Approach 
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Registry 
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Broker Approach 
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Views 











DEMONSTRATIONS ON 

HYDROLOGIC DATA EXCHANGE 



The Road Further Ahead 

HydroCatalog 

HydroServer HydroDesktop 
WFS 

SOS 

(WaterML 2) 

Using OGC Standards 



HIS in the SAVA River Basin 



HIS in the SAVA River Basin 



HIS in China 





HIS in  Niger River Basin 





HIS in New Zealand 





HIS in the SADC 





HIS in the WMO RAIV 





HIS in WMO Arctic-HYCOS 

























APPLICATIONS 





Import data from a WaterML2 webserver 



Import WaterML2 data from a directory 



Archive use case analysis 

Rating 

Curves 

Forecast 

Products 

Observations 

Simulation 

results 

NWP 

forecasts 

Initial model 

state 

Post event 

reports Communication 

notes 

Model 

setup 

Model run 

settings 

Event review/ 

inquiry 

Model  

calibration 
Training  

materials 

Event 

analysis 

Informative  

event 

Model  

verification 

Time 

series 

Model data 

(native) 

Documents  

& images 

Data types: 



Requirements  

 

Simulations Observations 

Reports 

Configuration Rating curves 

Deltares Open Archive 

Messages 

  
 

• Open archive (accessible and usable by wide variety of tools and systems) 

• Based on standards 

• Support for different data access protocols 

• Scalable 

• Data is easy to find 

 

Delft-FEWS  



Overview of the Deltares Open Archive 

Data storage Catalogue 

 

harvester Data Importer 

Data 

set 

Search for data Retrieve data 



Finding and retrieving data from the archive (1) 

 

URL’s 

HTTP Get 

GetRecords 

Deltares Open Archive 

Retrieving data from the archive for analysis 

• Request is send to the catalogue (area, period of time, data type), 

• Catalogue responds with a list of URL’s to download, 

• Delft-FEWS downloads the data from the THREDDS webserver, 

• Data can be imported in the stand alone version by running a workflow 

Catalogue 

THREDDS 

Webserver 

Method 1: Retrieving data by location, data type and area 



Finding and retrieving data from the archive (2) 

Simulations Observations 

Reports 

Configuration Rating curves 

 
Messages 

Deltares Open Archive 

W
e
b
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e
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Events, a special kind of tagging mechanism 

• Events occur in an area over a certain period of time 

• Forecaster can defines an event as a post-event activity 

• Users can search by event to retrieve all associated data 

• Data related to an event is kept longer in the archive. 

Method 2: Retrieving data by event 



DEWETRA and the Po river basin 







WATER DATA SHARING IN RAIII 



HIS in the Ibero-American Countries 



HIS in the Ibero-American Countries 





CONCLUSIONS 



• Water data sharing is essential for improved water resources 
management 

• Water data availability/accessibility is fundamental to the 
transparent management of the resource 

• Tools and techniques have to be made available for the 
optimization of hydrological data collection and related networks of 
National Meteorological and Hydrological Services 

• Internationally agreed standards, formats and protocols have to be 
adopted for the transfer of hydrological data and information 

• Exchange of hydrological and related data have to be increased at 
national, regional and international levels 

• Dependency on the availability of the data should be increased as 
value added products and services 

Recommendations 



Linking people 

everywhere with 

hydrologic data, 

maps and models 



www.wmo.int 

Thank you for your attention 


