8. WMO HYDROLOGICAL OBSERVING SYSTEM
        [Lead Compiler Paul Pilon, with R.Stringer and J.van der Meulen / Gabriel Arduino]

8.1 Requirements
The WMO Hydrological Observing System (WHOS) shall allow access to sources of hydrological data in near real-time currently being publicly served by many national services around the world. Hydrological observations within WHOS shall comprise water levels and streamflow.
Streamflow plays an important role in driving the climate system, as the freshwater inflow to the oceans may influence thermohaline circulation. The statistical properties of streamflow are an indicator   for   climatic   change   and   variability,   as   they   reflect   changes   in   precipitation   and evapotranspiration and are influenced in the longer term by land cover and changes in land use over time. Streamflow data are also used for: the calibration and validation of climate and impact models; trend analysis; socio- economic investigations; water apportionment in transboundary basins; regional, national and sub-national assessment of water resources; and regional hydrological studies (e.g., regional flood frequency analysis). 
Monthly observations of streamflow are generally sufficient to estimate continental  runoff  into  the  ocean,  although  daily  and instantaneous peak data  are  needed  to  calculate  the  statistical parameters of streamflow, e.g., flood frequency analysis. (reference: WMO-IOC, 2010, Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC (2010 Update), WMO-No. 1523.)
8.2 Design, planning and evolution
8.2.1 Review of observational user requirements

With current technology, in situ systems offer the most complete basis for streamflow monitoring. The  Global Runoff Data Centre (GRDC)  has  a  mandate,  through  resolution  21  (WMO  Congress  XII,  1995),  to  collect  streamflow data on behalf of all Members in a free and unrestricted manner, in accordance with Resolution 25 (WMO Congress XIII, 1999). However, there are major gaps in the data received by the GRDC, both in terms of the number of stations for which data are provided and the time it takes for the GRDC to receive the data.

Based on past demands for data, the GRDC has identified a baseline network of streamflow stations near the downstream end of the largest rivers of the world – as ranked by their long-term average annual volume of streamflow. These stations, which comprise 450 sites, are a subset of all existing gauging stations around the world, and they collectively  form  a  new  GCOS/GTOS  baseline  network,  termed the  Global  Terrestrial  Network  –  River Discharge (GTN-R). Data from these stations capture about 70% of the global freshwater flux to the oceans.
CHy-XII (WMO-No. 979) identified the importance of analyzing the variability and trends in hydroclimatological data and in promoting the use of the pristine river basin criteria and the identification of river basins that meet these criteria. It was expected that streamflow data from such basins would facilitate statistically sound and relevant studies of trends in hydroclimatological data for input to decision making activities associated with sustainable water resources management and disaster mitigation. It was also expected that this would result in an agreed international network of pristine river basins. 
Members should make available in prescribed format annual instantaneous peak and daily streamflow data in near real-time to the GRDC from all identified sites. Data formats and their metadata are described in 8.3.4 and should be used for the transmission of data and metadata.
8.2.2 Review of current and planned observing systems capabilities

(Does not seem appropriate for Technical Regulations)
8.2.3 Impact and design studies, and critical review

8.2.3.1 Impact studies, OSEs, and OSSEs

8.2.3.2 Critical review and gap analysis

All GTN-R stations have reported at some time in the past, and most are operating today.  This  network  is  now  being  adjusted  in  consultation  with  national  hydrological services, and a total of 185 stations have been confirmed. The status of another 265 stations has not yet been clarified. 

CHy-XIII (WMO-No. 1033) reported the identification of 2,476 stations for pristine basins of which 1872 were not in the GRDC database.

Most countries monitor streamflow, yet many are reluctant to release their data. Additional difficulties arise because data are organized in scattered and fragmented ways, i.e., data are managed at sub-national levels, in different sectors, and using different archival systems. Even for those data providers that do release their data, delays of a number of years can occur before data are delivered to International Data Centres such as the Global Runoff Data Centre. In addition to the need for better access to existing data, the trend toward shrinking observing networks in some countries (especially the closing of stations with long records) needs to be reversed. The World Hydrological Cycle Observing System, through the participation of a number of Members and donors, is helping in this regard.
8.2.3.3 Design studies
(Does not seem appropriate for Technical Regulations)

8.2.4 Vision for the WIGOS


8.2.5 Implementation Plan for the Evolution of WIGOS
8.2.6 Monitoring observing systems implementation
8.3 Instrumentation and Methods of Observation
8.3.1 General Requirements of Instruments/Sensor

Each Member should equip its stations with properly calibrated instruments and should arrange for these stations to follow adequate observational and measuring techniques to ensure that the measurements and observations of the various hydrological elements are accurate enough to meet the needs of hydrology.
Devices for measurement of water levels should conform to the specifications given in the Technical Regulations Volume III annex, section II — Water level measuring devices.

Stage accuracy requirements should be very stringent when stage data records are used to compute streamflow. The overall accuracy of stage data established for gauging stations as provided in the Manual on Stream Gauging Volume I (WMO-No. 1044) should be either .003m, or 0.2 per cent of the effective stage, whichever is greater.
Uncertainty in the observation of water levels of rivers, estuaries, lakes, and reservoirs should not exceed: 

(a)   In general, 10 mm at the 95 per cent confidence level; 
(b)   Under difficult conditions, 20 mm at the 95 per cent confidence level.
NOTE: Stage and elevation data are used primarily as an index for computing streamflow discharge. 

8.3.2 General Requirements of (Observing Systems) – see "Definitions" section, use of this term needs to be clarified
The method for measuring discharge at a new site should be selected on the basis of the streamflow characteristics at the site determined from water-velocity observations at various verticals in a cross-section and depths at each vertical.
The establishment and operation of a hydrometric station for measuring discharge should conform to the specifications given in the Technical Regulations Volume III annex, section VI — Establishment and operation of a hydrometric station.

Equipment and functional requirements for the use of the moving-boat method for discharge measurement should be as specified in the Technical Regulations Volume III annex, section XII — Discharge measurements by the moving-boat method.

The number of discharge measurements at a stream gauging station should be adequate to define the rating curve for the station at all times.

Methods of determining the stage-discharge relation (rating curve) for a station should be as specified in the Technical Regulations Volume III annex, section VII — Determination of the stage-discharge relation.

River discharges should be measured to an accuracy commensurate with flow and local conditions. Percentage uncertainty of the discharge measurement should not exceed:

(a) In general, 5 per cent at the 95 per cent confidence level;

(b) Under difficult conditions, 10 per cent at the 95 per cent confidence level.

The method of evaluating the uncertainty in discharge measurements should conform to the specifications given in the Technical Regulations Volume III annex, section VIII — Estimation of uncertainty of discharge measurements.
NOTE: Discharge measurements are taken to establish and verify the stability of a rating curve. Stage measurements are converted to estimates of discharge using the rating curve on an on-going basis. 

8.3.3 Calibration and Traceability
Specifications of facilities, equipment and procedure to be used for the calibration of current meters should be as specified in the Technical Regulations Volume III annex, section I — Calibration of current meters in straight open tanks.
Operational requirements, construction, calibration and maintenance of rotating element current meters should be as specified in the Technical Regulations Volume III annex, section IV — Rotating element type current meters.

Acoustic meters should be recalibrated on a routine basis to ensure stability of the calibration.  (This is new and being considered by some NHSs.)

8.3.4 Data and Metadata Representation and Format
Streamflow data and metadata should be reported to the Global Runoff Data Centre on the timescale requested by the Data Centre.

Site metadata for all stations shall be made available to the Global Runoff Data Centre through WIR/WIS(?).
8.3.5 General Requirements of a Hydrological Station
8.4 Operations    






8.4.1 Observing Practices
Each Member should collect and preserve its hydrological records.

Each Member should make the necessary arrangements to facilitate the retrieval and analysis of its hydrological data by automatic data-processing equipment. 

Where automatic registration is not available, observations of elements for hydrological purposes should be made at regular intervals which are appropriate for the elements and purposes.

Each Member should maintain in its archives an up-to-date inventory of the hydrological data available in its territory.

Uniformity in time of observations should generally be observed within a catchment area.

The time units used in processing hydrological data for international exchange should be selected from the following:

(a) The Gregorian calendar year;

(b) The months of this calendar;

(c) The mean solar day, from midnight to midnight, according to the zonal time, when the data permit;

(d) Other periods by mutual agreement in the case of international drainage basins or in the case of drainage basins in the same type of region.

For hydrometric stations where data are internationally exchanged, the following characteristics

for each year should be processed:

(a) Maximum instantaneous and minimum daily mean values of water stages and streamflow;

(b) mean daily water stages and/or mean daily discharges;

For rivers under flood conditions or where there are variable controls, special measurements should be made at intervals frequent enough to define the hydrograph.

When sudden and dangerous increases in river levels occur, observations should be made and reported as soon as possible without regard to the usual time of observation, to meet the intended operational use.

The established methods require that stage data should be measured and stored as instantaneous values rather than averaged values.
8.4.2 Quality Assurance/Control/Monitoring/Evaluation
Quality assurance programmes, such as the ISO 9000 series have been adopted by some Members, putting in place practices that aim to formalize and standardize procedures, from data collection, through processing, to extensive data checking. Quality assurance typically encompasses training, best practices, recording errors and malfunctions, corrective action, checking and other quality control, and independent audit of the entire operation. 

Following their capture on some medium, whether paper, punched-tape or electronic digital form, hydrological data are converted to a form suitable for archiving and retrieval. In addition, at various stages, data undergo a range of checks to determine their accuracy and correctness. As computer archiving has become a standard practice by most Members, the processing will involve the data being converted to the required format early in the process.

Data are collected and recorded in many ways, ranging from manual reading of simple gauges to a variety of automated data-collection, transmission and filing systems. With accelerating developments in technology, it is now more important than ever that data-processing and quality control systems be well-organized and understood by the people involved in collecting and using them.

It is noted that quality assurance encourages the adoption of recognized best practices and advances in data validation. It is recommended that, subject to the availability of resources, Hydrological Services should consider the adoption of a quality management programme such as that described in ISO 9001:2008. Once this has been achieved, organizations usually employ an accredited certification agency to provide independent verification and advice on developing the programme.

Members should undertake data processing and quality control as described in the Guide to Hydrological Practices Volume 1 Chapter 9 (WMO-No. 168) and the Manual on Stream Gauging Volume II Chapter 6 (WMO-No. 1044).
8.4.3 Data and Metadata Reporting
Hydrological information for international purposes should be open text or in the appropriate code forms on the bases of bilateral or multilateral agreement.

The reporting interval of river, lake and reservoir stages should be prescribed to meet the intended operational use.

Transmission facilities should be organized for the international exchange of hydrological data on the basis of bilateral or multilateral agreement.

The Global Telecommunication System (GTS) of the World Weather Watch (WWW) should be used for international exchange of hydrological data, where practical and economical.

NOTE: Alternative systems may be more appropriate for the transmission of hydrological data not required in real time.

NOTE: The regulation governing exchanges in international code (Technical Regulations, Volume I (1988 edition), [A.2.3.] 1.1.1) is given below.

8.4.4 Incident Management (Control)

8.4.5 Change Management – need a cross reference to 8.6.2.2
8.4.6 Maintenance (Preventative, Corrective and Adaptive)
The frequency and timing of visits to recording stations should be constrained by the length of time that the station can be expected to function without maintenance. A balance should be achieved between the frequency of the visits and the resultant quality of the data collected. Too long a time between visits may result in frequent recorder malfunction and, thus, in loss of data, while frequent visits are both time consuming and costly.
The frequency of the visits should also be determined by accuracy requirements of the data. Some data collection devices may suffer a drift in the relationship between the variable that is recorded and that which the recorded value represents. An example of this is a non-stable stage-discharge relationship. In such cases, visits to the station should be made periodically in order to recalibrate the equipment or the measurement equations.

Stations should be inspected periodically by a trained person to ensure the correct functioning of instruments. In addition, a formal written inspection should be done routinely, preferably each year, to check overall performance of instruments (and local observer, if applicable). This should include the measurement of gauge datum to check for and record any changes in levels.

Such inspections should include checking of the stability of the rating curve, the inspection duties listed below and a review of the relationships between the gauges and permanent level reference points to verify that no movement of the gauges has taken place. It should also include a review of the gauging frequency achieved and the rating changes identified. Every visit for stream gauging should include instrument checks and the rating checks mentioned above. These should be at an absolute minimum of two per year, and preferably more often to avoid the dangers of losing data and/or having data severely affected by problems such as silting, vandalism or seasonal vegetative growth. The field programme should also provide for visits by a well-trained technician or inspector immediately after every severe flood in order to check the stability of the river section and the gauges. If there is a local observer, this person should be trained to check for these problems and communicate them to the regional or local office. 

NOTE: It is vital, for the quality of data, that resources for gaugings be allocated and prioritized using rigorous and timely analysis of the probability and frequency of rating changes.

The following maintenance activities should be conducted at data-collection sites at intervals determined to ensure that the quality of the data being recorded is adequate. These activities should be conducted by the observer responsible for the sites, if there is one. However, they should also occasionally be performed by an inspector. 

All collection sites:

(a) Service the instruments;

(b) Replace or upgrade instruments, as required;

(c) Retrieve or record observations;

(d) Perform the recommended checks on retrieved records;

(e) Carry out general checks of all equipment, for example, transmission lines;

(f) Check and maintain the site to the recommended specifications;

(g) Check and maintain access to the station;

(h) Record, in note form, all of the above activities;

(i) Comment on changes in land use or vegetation;

(j) Clear debris and overgrowth from all parts of the installation.

Streamflow collection sites:

(a) Check the bank stability, as necessary;

(b) Check the level and condition of gauge boards, as necessary;

(c) Check and service the flow-measuring devices (cableways, etc.), as necessary;

(d) Check and repair control structures, as necessary;

(e) Regularly survey cross-sections and take photographs of major station changes after events or with vegetation or land-use changes;

(f) Record, in note form, all of the above activities and their results;

(g) Inspect the area around or upstream of the site, and record any significant land-use or other changes in related hydrological characteristics, such as ice.

NOTE: Further details are found in the Manual on Stream Gauging (WMO-No. 1044).

Flood gauging should not be programmed as part of a routine inspection trip because of the unpredictable nature of floods. A flood action plan should be established prior to the beginning of the storm or flood season and should include priority sites and types of data required. If flood gaugings are required at a site, the preparations should be made during the preceding dry or non-flood season so that all is ready during the annual flood season. Additional measures should be considered if severe flooding is likely and include:
(a) Upgrade site access (helipad, if necessary);

(b) Equip a temporary campsite with provisions;

(c) Store and check gauging equipment; and
(d) Flood-proof instrumentation such as stage recorders.

Following the recession of flood waters, particular attention should be given to ensuring the safety and security of the data-collection site and to restore normal operation of on-site instrumentation. In some cases redesign and reconstruction of the site should be undertaken. This work should take into account information obtained as a result of the flood.

8.4.7 Calibration procedures

The number of discharge measurements at a stream gauging station should be adequate to define the rating curve for a stream at all times.

Methods of determining the stage-discharge relation (rating curve) for a station should be as specified in the Technical Regulations Volume III annex section VII — Determination of the stage-discharge relation. 
8.5 Observational Metadata 

(…. the first seven sub-headings here represent an initial brainstorming from TT-WRM-1. The list needs to be rationalised, then later refined based on the work of TT-WMD)

(…. Include the keeping of Historical metadata where appropriate)

A station registration file should record the details of each station, with the level of detail varying with the parameter monitored. Typical information would include the station name and location details, the station type, the associated stations, establishing/operating/owner authorities, the elevation details, the frequency of observation, the operating periods and the details of installed equipment. Additional items specific to the station type should also be included. Selected information from this text file should be attached routinely to any data output.

8.5.1 Instrument metadata
Each station should have metadata equipment/telemetry (Information describing any equipment such as data loggers or automated telemetry systems used at the station). 

Metadata should also be provided regarding the current meter used to take each measurement.
8.5.2 Site/Station/Platform metadata 

Each station should have the following metadata:

· Identification (Current identification for the station, and summary of the purposes for which the station is used);

· Location (Information about the geographical location of the station);

· Operator (Information about the organisation operating the station, if operated by another, for example, regional organisation);

· Observer (Information about staff taking measurements at the station);
· Station History (Description of the history of the station, describing any changes that might affect data measured over time, such as upstream regulation, change sin consumptive uses, and changes in land-use);

· Statistics (summary of statistics of data at a station);

· Graphics (Pictures of station and surrounding area);

· Data Set History (Information describing the data sets produced for the station);and

· Gaugings and rating history (Descriptive information concerning instantaneous discharge measurements and rating equation development over time, description of river section(s) used for gaugings, history of changes to section(s) through movement of section(s)/erosion/accretion, drawings of section(s), and description of measurement issues)
NOTE: Further details are found in the Guide to Hydrological Practices Volume I Chapter 10 (WMO-No. 168).
8.5.3 Network metadata

8.5.4 Quality metadata

Metadata on the accuracy of the gaugings and systematic discharge data should be provided. 
8.5.5 Interpretation metadata

(See station history as listed in 8.5.2 as to factors such as regulation, consumptive uses, and changes in land-use that might influence observations over time and 8.5.4 where accuracy may vary over the history of the station.) 

8.5.6 Static/Dynamic metadata (not sure what this is)
8.5.7 Maintenance metadata
Metadata should exist on the frequency of visits to the sites for maintenance purposes and gaugings. There is a close link with the operator and gauging and rating history as described in 8.3.2.








8.5.8 WIGOS Operational Information Resource

8.5.8.1 Input to WIR

8.5.8.2 Use of WIR

(…. These two subheadings simply flag two aspects of the topic, more subheadings may be needed)
8.5.9 Enabling Discovery, Access and Retrieval (via WIS)

8.5.10 WIS Discovery metadata

8.6 Quality Management  








  

8.6.1 WMO Quality Management Framework

8.6.2 Development and Implementation of Quality Management Systems

      8.6.2.1 Performance Monitoring and Continuous Improvement

                                8.6.2.2 Management of Change – need a cross reference to 8.4.5
8.6.3 Documentation
(…. Note: see TR Vol. IV on the WMO QMF, especially the description of hierarchy of docs in 4 levels)
8.7 Capacity Development



(There is no mention of capacity development in either the Technical Regulations Volume III or the Manual on Stream Gauging.)
Whatever the level of technical sophistication of a data-collection authority, the quality of its staff should always remain its most valuable resource. Careful recruitment, training and management should be undertaken to attain and maintain the appropriate personnel. 
A carefully structured training programme should be pursed for all personnel engaged in field and office practices pertaining to data collection because they are in a strong position to influence the standard of the final data. Formal training should aim at providing both a general course in first principles, plus training modules to teach in-house field and office procedures. All material should be relevant and current.

Training classes and follow-up exercises should be provided to field personnel before they make streamflow and survey measurements using various technologies (e.g., ADCP, mechanical current meters). With respect to data collection and processing, employee education should also be pursed as it results in greater productivity and effectiveness. 

Members should have appropriate technologies in place, such as hydrological information systems, to allow for streamflow data processing and to allow the effective and efficient delivery of metadata, data and data products to users.

Members should have adequate number of stations to meet priority needs and ensure sufficient resources to maintain and operate sites to attain required accuracies and reliability of data for their intended use.

(Not use if we need to refer to WMO has published a set of Guidelines for the Education and Training of Personnel in Meteorology and Operational Hydrology (WMO-No. 258).)
� [A.2.3.] 1.1.1





Coded information exchanged for international purposes shall be in the appropriate international code forms, specified in Annex II (Manual on Codes (Publication No. 306), Volume I).





NOTE: Coded information exclusively for exchange between one Member and another may be in other forms by bilateral agreement.








