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SUMMARY AND PURPOSE OF DOCUMENT 

 
The document provides information on the review of the status of the Observing 
System Network Design (OSND) principles, which have been approved by the 
2014 Extraordinary Session of the Commission for Basic Systems (CBS 
Ext.(2014), Asunción, Paraguay, 8 to 12 September 2014) and are meant to be 
included in the WIGOS Manual. It also includes additional guidance material as 
produced by the IPET-OSDE. 
 

 
 
 
 
 

ACTION PROPOSED 
 

The Meeting is invited to note the information contained in this document when 
considering its recommendations. In particular, the workshop will review and take into account 
the available comments from Members and the Technical Commissions. 
 
 
 
 

____________ 
 
 
Appendix:  A. OSND Principles as agreed by CBS Ext.(2014) 
 B. Additional OSND guidance material compiled by the IPET-OSDE 
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DISCUSSION 
 
1. The OPAG IOS has initiated the development of observing systems network design 
(OSND) principles and guidance through the IPET-OSDE. An ad hoc workshop on Observing 
System Design was held, under the auspices of the IPET-OSDE, in Geneva, Switzerland from 12 
to 14 November 2013. The workshop reviewed the status of relevant observing system network 
design (OSND) activities within WMO Programmes, WMO Regions and relevant international 
organizations and groupings (such as ECMWF and EUMETNET), including impact studies relevant 
to OSND.  It developed a substantial body of material from which OSND principles could be 
extracted. The workshop also agreed a roadmap for the development of guidance for OSND, 
including the proposed role of this workshop’s participants and of IPET-OSDE.  
 
2. Following the workshop, work on developing OSND Principles and associated guidance 
material has proceeded according to the plan, and draft OSND Principles presented to ICG-
WIGOS-3 (Geneva, 10-14 February 2014).  ICG-WIGOS noted the progress on the draft OSND 
Principles and agreed that draft OSND Principles ought to be submitted to the WIGOS Regulatory 
Materials review process no later than 4 April 2015 through the Task Team on WIGOS Regulatory 
Materials. Further review of the draft OSND Principles was made by the IPET-OSDE-1 (31 March– 
3 April 2014), and submitted to the WIGOS Task Team on Regulatory Materials on 4 April 2014. It 
formed part of the draft WIGOS Manual that was considered by the presidents of technical 
commissions. IPET-OSDE-1 also reviewed the roadmap for further development of the OSND 
Principles and associated Guidance material (see OSDW2 Doc. No. 8).  
 
3. ICT-IOS-8 (Geneva, 7-10 April 2014) noted the draft OSND Principles with appreciation, 
concurred with the Principles proposed, and agreed that they should be presented to the 2014 
Extraordinary Session of the CBS (CBS-Ext.(14), Asunción, Paraguay, 8 to 12 September 2014) 
for its information. The Team also concurred with the roadmap proposed by the IPET-OSDE-1 for 
further development of the OSND Principles and associated Guidance material, and reflected in 
the final report of IPET-OSDE-1 (also reproduced in Appendix B). In particular, the Team agreed 
that a second Observing System Design Workshop (OSDW) should be organized prior to ICG-
WIGOS-4. 
 
4. CBS Ext. (2014) appreciated the work of the Inter-Programme Expert Team on Observing 
System Design and Evolution (IPET-OSDE) on Observing System Network Design (OSND) 
principles and guidance. It recommended that these principles, listed in the Annex to paragraph of 
the CBS Ext.(2014) report (Appendix A), be included in the first edition of the Manual on WIGOS to 
be submitted to the Seventeenth Session of WMO Congress in 2015 for approval. 
 
5. During the review process of the WIGOS Regulatory Materials whereby all Technical 
Commissions and Members were consulted, it is worth noticing that the Secretariat has received 
no comment regarding the proposed OSND principles. 
 
 
 

__________ 
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APPENDIX A 
 

OSND PRINCIPLES AS AGREED BY CBS EXT.(2014) 

(Annex to paragraph 3.1(1).26 of the general summary of CBS Ext. (2014)) 

OBSERVING SYSTEMS NETWORK DESIGN PRINCIPLES 

Members should follow the following principles when designing and evolving their observing 
system networks: 
 
1.  SERVING MANY APPLICATION AREAS 
Observing networks should be designed to meet the requirements of multiple application areas 
within WMO and WMO co-sponsored Programmes. 
 
2.  MEETING USER REQUIREMENTS 
Observing networks should be designed to address stated user requirements, in terms of the 
geophysical variables to be observed and the space-time resolution, uncertainty, timeliness and 
stability needed. 
 
3.  MEETING NATIONAL, REGIONAL AND GLOBAL REQUIREMENTS 
Observing networks designed to meet national needs should also take into account the needs of 
the WMO at the regional and global levels. 
 
4.  DESIGNING APPROPRIATELY SPACED NETWORKS 
Where high-level user requirements imply a need for spatial and temporal uniformity of 
observations, network design should also take account of other user requirements, such as the 
representativeness and usefulness of the observations. 
 
5.  DESIGNING COST-EFFECTIVE NETWORKS 
Observing networks should be designed to make the most cost-effective use of available 
resources. This will include the use of composite observing networks. 
 
6.  ACHIEVING HOMOGENEITY IN OBSERVATIONAL DATA 
Observing networks should be designed so that the level of homogeneity of the delivered 
observational data meets the needs of the intended applications. 
 
7.  DESIGNING THROUGH A TIERED APPROACH 
Observing network design should use a tiered structure, through which information from reference 
observations of high quality can be transferred to and used to improve the quality and utility of 
other observations. 
 
8.  DESIGNING RELIABLE AND STABLE NETWORKS 
Observing networks should be designed to be reliable and stable. 
 
9.  MAKING OBSERVATIONAL DATA AVAILABLE 
Observing networks should be designed and should evolve in such a way as to ensure that the 
observations are made available to other WMO Members, at space-time resolutions and with a 
timeliness to meet the needs of regional and global applications. 
 
10.  PROVIDING INFORMATION SO THAT THE OBSERVATIONS CAN BE INTERPRETED 
Observing networks should be designed and operated in such a way that the details and history of 
instruments, their environments and operating conditions, their data processing procedures and 
other factors pertinent to the understanding and interpretation of the observational data (i.e. 
metadata) are documented and treated with the same care as the data themselves. 
 
11.  ACHIEVING SUSTAINABLE NETWORKS 
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Improvements in sustained availability of observations should be promoted through the design and 
funding of networks that are sustainable in the long-term including, where appropriate, through the 
transition of research systems to operational status. 
 
12.  MANAGING CHANGE 
The design of new observing networks and changes to existing networks should ensure adequate 
consistency, quality and continuity of observations across the transition from the old system to the 
new. 
 

__________ 
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APPENDIX B 
 

ADDITIONAL OSND GUIDANCE MATERIAL COMPILED BY THE IPET-OSDE 
 
B.  Observing System Network Design (OSND) Principles and high-level guidance 
 

(Version dated 22 January 2014) 
 
1.  SERVING MANY APPLICATION AREAS 
Observing networks should be designed to meet the observational needs of many application 
areas1 within WMO and WMO co-sponsored programmes. 

• When designing observing networks the needs of WMO Application Areas, as documented 
in WIGOS guidance should be taken into account [Link to RRR material on Applications 
Areas and Statements of Guidance] 

• The design of observing networks implemented primarily to support operational forecasting 
should also take into account the needs of other applications, including climate and 
environmental monitoring.   

• Observing systems and their networks should be designed and operated, where technically 
and/or economically possible, in such a way that the needs of multiple applications are 
satisfied. 

• Partnerships with other organizations responsible for observations should be exploited, 
through the integration of observing systems and multi-purpose design in order to achieve 
synergies and better cost effectiveness. 

• … [others?] 
 
2.  MEETING USER REQUIREMENTS 
Observing networks should be designed to address stated user requirements, in terms of 
geophysical variables to be observed and the space-time resolution, accuracy, timeliness and 
measurement stability needed. 

• User communities should be involved in observing system network design.  To ensure 
observing system networks meet the key needs of the user communities, detailed decisions 
about observing system network design should include a consultation stage with 
appropriate application area representatives. 

• When design observing networks, the user needs as documented and quantified in WIGOS 
guidance should be taken into account [with link to RRR details of URs and SoGs] 

• [Guidance should be developed on how to interpret the UR information in the OSCAR 
database for the purposes of network design]  

• Long-term requirements, including appropriate sampling frequencies, should be specified to 
network designers, operators and instrument engineers at the outset of system design and 
implementation. 

• The domains and spacing of observing networks should be sized in order to capture severe 
and high impact events. 

• Observing systems should be designed with temporal spacings and other performance 
characteristics such that extreme events of short duration are captured and climate-relevant 
changes (e.g. diurnal, seasonal, and long-term inter-annual) can be resolved.  

• … [others?] 
 
3.  MEETING NATIONAL, REGIONAL AND GLOBAL REQUIREMENTS 
Observing networks designed to meet national needs should also take into account the needs of 
the WMO community for applications for which requirements are regional or global. 

• National networks shall be established by Members to satisfy their own requirements. 

1  A WMO Application Area is an activity involving primary use of observations, in a chain of activities which allow National 
Meteorological Services or other organizations to render services contributing to public safety, socio-economic well-being and 
development in their respective countries, in a specific domain related to weather, climate and water. The concept of a WMO 
Application Area is used in the framework of the WMO Rolling Review of Requirements (RRR) and describes a homogeneous 
activity for which it is possible to compile a consistent set of observational user requirements agreed by community experts working 
operationally in this area. 
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When implementing these national networks, Members shall take into account the needs of 
global and regional applications.  These considerations should include data storage, 
availability, exchange and documentation. 

• WIGOS principles should be adopted for networks that are implemented primarily to meet 
national needs. 

• … [others?] 
 
4.  MAKING OBSERVATIONAL DATA AVAILABLE 
Observational data from national observing networks should be made available to other WMO 
Members, at space-time resolutions and with a timeliness needed to meet the needs of regional 
and global applications. 

• Many gaps in user requirements for observations can be filled by disseminating  
observations that are currently made but not collected centrally in a NMHS, or made but not 
disseminated internationally, or made but not disseminated in a timely manner. 

• Mechanisms should be established to minimise loss of observational data and to promote 
recovery of old data for climate applications. 

• Multiple and overlapping methods of dissemination should be used whenever possible to 
ensure continuity of data collection. 

• … [others?] 
 
5.  PROVIDING INFORMATION SO THAT THE OBSERVATIONS CAN BE UNDERSTOOD 
Observing networks should be designed and operated in such a way that the details and history of 
instruments, their environments and operating conditions, their data processing procedures and 
other factors pertinent to the interpretation of the observational data (i.e. metadata) are 
documented and treated with the same care as the data themselves. 

• Appropriate metadata are essential to ensure quality, traceability and homogeneity of 
observations [link to appropriate WIGOS guidance] 

• Metadata collection, dissemination, archive and access systems should be designed with 
as much attention as those for observational data.  

• Station metadata should be created at the time of network installation and updated at a 
minimum annually to include information such as station location, the surrounding 
environment, instrumentation type and calibration metrics, observing practices, and 
maintenance. Whenever possible photographic images of the station and environment 
should be made and archived annually. 

• Metadata practices should adhere to international standards in use by the meteorological2 
community. 

• … [others?] 
 
6.  DESIGNING COST-EFFECTIVE NETWORKS 
Observing networks should be designed to make the most cost-effective use of available resources. 

• Observing networks should be designed using the most appropriate and cost-effective 
technologies or combinations of technology. [Develop guidance on how to do this.] 

• Developments to observing systems should normally build on existing sub-systems, 
capitalising on both existing and new technology, and integrating new systems into existing 
WIGOS capabilities.  

• Designs should be sufficiently flexible to allow for expansion without the need for complete 
network re-design.  As requirements change the design of the observing system network 
may need to change, and its configuration should be sufficiently flexible to allow for 
incremental expansion, or contraction, without the need for entire network re-design. 

• Partnerships with other organizations responsible for observations should be exploited in 
order to build on potential synergies, share costs and provide more cost-effective systems. 

• Observing network design should, where possible, be based on the results from scientific 
studies which assess the impact, importance and cost-effectiveness3 of the observations 
for the applications to which they contribute.  

2 Editorial noted from J. Eyre 2/24/2014: Should we generalize this? 
3 Editorial note from E. Andersson 2/24/2014: could we mention ‘value’ of observations, too? 
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• Tools are required to aid design of cost-effective composite observing systems.  They 
should include assessment of actual or anticipated impact of observations. A variety of 
such tools are available and widely used in some application areas (e.g. GNWP)4. 

• Tools are required to assess the cost-effectiveness of observations for each application and 
the combined value across all application.  This will require consultation between observing 
system designers and application owners/experts. 

• Spaced-based and surface-based observing networks should be designed and operated in 
such a way that they are complementary, with appropriate activities and cooperation 
between the communities responsible for these networks, to ensure that observations from 
each system are used to enhance the impact and effectiveness of the other. 

• [Use of functioning baseline instruments that meet calibration and stability requirements  
should be maintained for as long as possible, even when these exist on decommissioned 
observing systems – originally written for satellite instruments, and should be generalized.] 

• Observing networks should be designed taking into account measurements available from 
other networks in the vicinity, e.g. measurements using the same technology in 
neighbouring countries, or measurements from networks using different technologies. 

• To optimize benefits within a Member’s own territory, an effective observing network may 
require investment outside the Member’s territory. 

• Mechanisms should be developed for sharing best practice and lessons learnt on observing 
network design. 

• … [others?] 
 
7.  DESIGNING APPROPRIATELY SPACED NETWORKS 
Where high-level user requirements imply a need for spatial and temporal homogeneity of 
observations, network design should also take account of other important user requirements, such 
as the representativeness and usefulness of the observations. 

• For some applications the representativeness and effectiveness of observations may be 
more important design drivers than spatial and temporal homogeneity.  

• When considering priorities for additional observations, attention should be given to: 
observation-poor regions and domains, poorly observed variables, and regions sensitive to 
change.  

• Observing capabilities should be established/maintained in the transition zone between 
sparsely populated and populated areas, with the extent of this transition zone being 
defined by the phenomenon that places populations at greatest risk. 

• For the purpose of climate monitoring, special attention should be given to maintaining 
stations with long, historically-uninterrupted records 

• Network design may need to take advantage of university and private-sector networks in 
order to provide adequate spatial coverage not possible from national and other networks 
alone.  

• … [others?] 
 
8.  DESIGNING RELIABLE, STABLE AND SUSTAINABLE NETWORKS 
Observing networks should be designed to be reliable, stable and sustainable. 

• Observing systems and their telecoms should be designed to be robust against exposure to 
severe weather. 

• A combination of AC power and renewable energy sources (e.g., solar, wind) should be 
used whenever possible better to ensure continued operation in all weather conditions. 

• On-site data storage should be designed to augment real-time telecommunication and to 
ensure original observations are preserved on site for a minimum of 6 months to 1 year. 

• Station sites should be selected in areas least likely to be impacted by factors such as new 
construction that will force station relocations. 

• [Expand on other issues of reliability, stability and sustainability – with links to guidance 

4  Editorial note from J. Eyre 3/24/2014: “…are required …” “…are available …”.  There is an apparent contradiction here. 
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material]5. 
• … [others?] 

 
9.  DESIGNING THROUGH A TIERED APPROACH 
Observing network design should use a tiered structure, through which information from reference 
observations of high quality can be transferred to and used to improve the quality and utility of 
other observations. 

• In addition to improving the quality and utility of observations, this approach to design will 
also lead to improvements in the understanding of the quality of the observations. 

• The tiered approach should include at a minimum a sparse network of reference stations 
from which other stations can be benchmarked.  Reference stations should be calibrated to 
NIST 6  traceable standards, have triplicate measurements of key variables such as 
temperature and precipitation, be well sited in locations least affected by urbanization and 
other non-climatic influences, have regular maintenance and replacement cycling of 
instruments, the highest standard of metadata collection including photo documentation, 
and continuous monitoring of system performance to resolve instrument and environmental 
issues as they arise.  Stations from university and public-sector networks will often be 
necessary for filling gaps and providing the spatial density required for climate service 
requirements7. 

• … [others?] 
 
10. ACHIEVING HOMOGENEITY AND CONSISTENCY IN OBSERVATIONAL DATA 
Observing networks should be designed to deliver observational data of the level of homogeneity 
and consistency required by the intended applications. 

• Stations should be sited in locations that are least likely to be impacted by changes through 
time in the natural or man-made environment. 

• Where possible, technologies with known performance characteristics should be deployed, 
to ensure consistent levels of observational quality. 

• As part of routine operations the quality and homogeneity of data should be regularly 
assessed through an ongoing programme to monitor the health of the network8. 

• When9 station relocations or instrument upgrades are made, a minimum of one year of 
overlap between the old and new systems should be made. 

• The collection and archive of complete metadata are essential to ensuring the homogeneity 
of observations.. 

• For many applications including climate monitoring, it is important that calibration, 
calibration-monitoring and cross-calibration are designed as part of observing system;  

• Observations should be disseminated in a consistent way according to relevant regulatory 
material [links] 

• Observations should be disseminated in such a way that the quality and provenance of the 
original measurement is retained. 

• Observations should be disseminated to meet agreed availability performance targets.  
• … [others?] 

 
11. ACHIEVING SUSTAINABLE NETWORKS 
Improvements in sustained availability of observations should be promoted through the design and 
funding of networks that are sustainable in the long term including, where appropriate, through the 
transition of research systems to operational status. 

5 Editorial note from S. Klink 2/24/2014: What is about robustness against other geophysical exposures such as floodings, avalanches, 
earthquakes, solar wind? Robustness against simple types of vandalism by humans and animals (-> fences)? Robustness against 
misuse? (E.g. preventing that the telecommunication connection of an observing site can be easily hacked into…) 

6 Editorial note from J. Eyre 2/24/2014: Should this be “SI”? 
7 Editorial note from J. Eyre 2/24/2014: Is this a duplicate of #7? 
8 Editorial note from S. Klink 2/24/2014 for this bullet item, and the 2 bullet items below: As this aspect is mentioned here –which is 

actually also a sub-item of the “quality management” paragraph in section C-, I would like to suggest moving the entire “quality 
management” paragraph to this place! From my perspective homogeneity and consistency can be only achieved if comparisons 
are conducted, i.e. if QM is conducted. 

9 Editorial note from J. Lawrimore 2/24/2014: Realizing this is included in #12 should it also be included here? With a specification of 
a minimum period of overlap.  – Yes, I think so [JE] 
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• Some research-based systems, where mature and cost-effective, should be transferred to 
operational status while maintaining the quality of the observations produced.  

• Make pre-operational data available to users on a best efforts basis to facilitate early 
update and adoption of the new data, once operational. 

• Written agreement for operational collection and archive of observations should be made 
with a recognized archive centre.  

• The transition to operations should include the design of robust and maintainable software 
systems associated with data collection, quality control, archive and access. 

• … [others?] 
 
12. MANAGING CHANGE 
The design of new observing networks and changes to existing networks should ensure adequate 
consistency and quality of observations across the transition from the old system to the new. 

• The conversion of research observing systems or new observing technologies to long-term 
operations requires careful coordination between data providers and users (both research 
and operational users). 

• The impact of new systems or changes to existing systems should be assessed prior to 
implementation. 

• A suitable period of overlap for new and old observing systems is required, to maintain the 
homogeneity and consistency of time-series observations. 

• To avoid gaps in the long-term record, continuity of key measurements should be ensured 
through appropriate deployment strategies. 

• Test-beds and pilot projects are required through which new systems can be evaluated and 
guidelines for operational transition developed. 

• Guidance is needed on the transition of existing (legacy) systems to meet WIGOS 
requirements and standards. [Too general?  Or anything specific to say on this?]  

• … [others?] 
 
X10 
 
C.  Other Observing System Design issues – non-network issues 
 

(Version dated 22 January 2014) 
 
Quality Management 

• Mechanisms are required for collecting, archiving and providing access to observational 
metadata. 

• Data management systems that facilitate access, use and interpretation of data and 
products should be included as essential elements in observing system design 

• Instruments should be characterized and calibrated to agreed standards before operational 
deployment.  [links to guidance]  

• Instruments should be calibrated and monitored to agreed standards after operational 
deployment.  [links to guidance]  

• Random errors and time-dependent biases in observations should be quantified and 
documented. 

• Operational production of data sets for climate monitoring should be sustained and peer-
reviewed new products should be introduced as appropriate.  

• Improved qc and characterisation of errors 
• Improved data quality with defined standards on availability, accuracy, qc 
• Adhere to WIGOS and WIS standards 
• Radio frequency requirements 

 
Data and dissemination  

• Where possible, use redundant data dissemination pathways to enhance reliability 

10 Editorial note from J. Eyre 2/24/2014: Have all GCOS Monitoring Principles been adequately reproduced or generalised? 
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• Data systems to facilitate user access to climate products, metadata and raw data, 
including key data for delayed-mode analysis, should be established and maintained. 
[anything new here?] 

• Telecommunications adequate for data dissemination … bandwidth … 
• Collect and transmit in digital form (WIS guidelines) 
• Improved homogeneity of data formats and dissemination via WIS 

 
Other 

• Interoperability 
• Technical Design Principles – also needed? 
• [The RAs are responsible for the establishment and management of the criteria used to 

select stations as part of the regional and global networks. – Do we need to retain this?] 
 
 

__________ 
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