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Summary and purpose of document

This document provides the information of Inter-Commission initiative regarding Uncertainty Analysis (UA).
Action Proposed  

The meeting is informed of the progress of the Inter-Commission initiative on Uncertainty Analysis (UA). 
Reference(s):
- ISO/IEC Guide 98: Guide to the Expression of Uncertainty in Measurement (GUM), 1995 (http://www.iso.org/iso/catalogue_detail.htm?csnumber=45315)
- PTC-2009/Doc. 3.8(1) – Proposed Inter-Commission Initiative on Consistent Methods of Estimating and Expressing Uncertainty
- PTC-2010/Doc. 6.1(1) - Proposed Inter-Commission Initiative on Consistent Methods of Estimating and Expressing Uncertainty
Background
1. Knowledge of the magnitude of uncertainty is essential for identifying and managing risks, and such knowledge underlies sound decision making.  Increasingly, users in the broader community are seeking expressions of uncertainty.  Therefore, it is essential that National Meteorological and Hydrological Services (NMHSs) have guidance on how best to provide this information.  There is also an increasing need for scientists of one discipline to understand data and products from another discipline prior to using them, and it is important that the jargon used is consistent and understood.  The ability of NMHSs to provide the associated uncertainty has been hampered by the dramatic changes in the instrumentation and modelling techniques available for use.  
2. Uncertainty analysis provides an interval about the result of a measurement or observation that may be expected to encompass a large fraction of the distribution of values that could reasonably be attributed to the ‘measurand’ or variable (ISO, 1995).  Even in WMO Programmes, there are more than one uncertainty analysis frameworks that could be adopted for assessing uncertainty.  Besides, there are more and more frameworks that are used as standard in other fields.  
3. At the meeting of the Presidents of the Technical Commissions (PTC) in February 2009, the President of the Commission for Hydrology (CHy), Mr Bruce Stewart, presented a document proposing the adoption of a common framework for expressing uncertainty across the various WMO communities.  The PTC agreed to hold an Inter-Commission Expert Team (ICET) meeting on identification and establishment of a WMO agreed methodology for the estimation and expression of uncertainty.  Following the recommendation of the President of CBS, Mr. Fred Branski, the co-chairperson of OPAG-DPFS participated in this inter-commission activity as a representative of CBS.  
Progress
4. The ICET meeting was held in November 2009.  Dr P. Eckert (Météo Swiss) participated in the meeting as a representative of CBS to substitute the co-chairperson of OPAG-DPFS.  The meeting reviewed a document prepared by the President of CHy, Mr. Stewart, on an overview of the Uncertainty Analysis (UA) approaches accompanied by the implementation guidelines and agreed that it was worth exploring the possibilities of adopting a common framework for estimating and expressing UA within WMO Programmes.  The unifying approach recommended by the meeting was to adopt the principles as expressed in GUM, recognizing the need to adapt them to reflect the specific nature of the processes involved. 
5. The meeting also developed a plan for a demonstration project that comprises the estimation of uncertainties and their propagation from measurements to data assimilation to numerical simulation models such as NWP.  The detail of this project is described below. 
6. The related achievement including the outcome of the ICET meeting was reported to the meeting of PTC, in January 2010.  The PTC agreed to formally establish a joint-commission Working Group on Uncertainty Analysis to implement the proposal developed by the ICET.  
Demonstration Project

7. It was recognized that there are three general layers of uncertainty to be considered as a continuum when dealing with the propagation of uncertainty from measurements to models:
1) Measurement (from raw signals to physical parameters)
2) Measurement model* (for instance spatial and temporal interpolation and/or data assimilation for describing initial conditions or areal averages)

* [In this context used according to the definition of the ISO/IEC Guide 99-12:2007 International Vocabulary of Metrology – Basic and General Concepts and Associated Terms, VIM]

3) Numerical simulation model (for instance NWP, streamflow forecasting)

8. As a possible way forward, it is suggested that a demonstration project including all three layers be developed. It would comprise the estimation of uncertainties and their propagation from measurements to data assimilation to numerical simulation models.
9. This would entail propagation of uncertainty of measurements to the estimation of water balance components. More specifically, this would include:
a) estimation of uncertainty in measurements and its propagation to assimilation in NWP, with special emphasis on precipitation and temperature; and

b) estimation of uncertainty in the components of surface water balance (such as evapotranspiration, precipitation, percolation, runoff/streamflow) in a catchment, some of which would be derived by the NWP model

10. The benefits of this approach would be:
1) sharing the know-how and practical approaches currently used in dealing with UA among Technical Commissions;

2) adopting a common language for the expression of uncertainty that could lead towards a unified approach across TCs;

3) demonstrating the use of the principles of GUM and their adaptation to the work commonly undertaken by the WMO community;

4) demonstrating how UA can be used to identify dominant sources of uncertainty within the continuum, leading to possible improvements in measurements, data assimilation and numerical models (for instance by comparing their relative contribution to the total uncertainty); and

5) demonstrating the reliability of the computed uncertainty resulting from this project, thereby leading to increased user confidence in our data and products.


