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Simple Expression of Uncertainty for Meteorological Observations
Overview
There is a need to increase the wider recognition and attribution of uncertainty in meteorological observations.
The project’s primary supporter, the UK Met Office (MO), has proposed an approach to doing this by refining
existing metrology knowledge, including that from the EMRP project ENV058 MeteoMet2, to form a simplified
system of expressing measurement uncertainty.
This project will develop a rule-based system that can be applied automatically to meteorological data, which
will give simplified expression of uncertainty based on influences such as siting location and current weather
conditions. It will offer recommendations on how best to present this uncertainty information for public
consumption. The resulting approach to expressing uncertainty could in future be used to improve numerical
weather prediction (NWP).
Need
Weather affects a vast range of human endeavours, and its importance ranges from convenience and comfort
to matters of life and death. Despite ever-improving techniques, weather forecasts carry significant uncertainty
(UK forecasts of temperature are correct to within ± 2 °C only 80 % of the time). Users at all levels need
uncertainty information, so that they can assess weather-related risks. In addition, a large class of users buy
commercially-supplied weather services and need uncertainty as a differentiator of quality in order to select
between sources. However, this uncertainty information is generally not available, or is not provided in an
easy-to-use format.
In addition, MO itself has particular needs for simplified expression of uncertainty for observations. MO needs
to use more widely sourced data in order to meet its ambition of improving the resolution of numerical weather
prediction from the current 500 m to 100 m, within a rapid turnaround of 2 hours from data to forecast. In order
to achieve a higher resolution, a wider source of data is required, including data from third parties such as
public or private organisations. Such data will be of varying quality and cannot have uncertainty evaluation
case by case: a simple and fast system is needed. In order to provide this, a simplified system to express the
uncertainty of meteorological data in an easily understandable form is required.
Objectives
The overall aim of the project is to demonstrate a system of expressing uncertainty in a simplified way, for
meteorological observations.
The specific objectives of this work are:
1. To develop a system (methodology and visual representation) for simplified expression of uncertainty
for meteorological data, suitable for observations of varying sources and quality from both MO and
third parties, and for use by non-experts, demonstrated in a worked example for air temperature.
2. To communicate, consult and agree the approach for the simplified expression of uncertainty with the
World Meteorological Organisation (WMO) Commission for Instruments and Methods of Observation
(CIMO) Expert Teams on Operational In Situ Technologies and Operational Metrology and with other
selected stakeholders, and propose how this could be implemented across a range of variables and
for a range of audiences including non-experts.
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Results
Development of simple expression of uncertainty for meteorological observations
This work draws upon outputs of the previous EMRP project ENV58 MeteoMet2, together with evidence from
other published literature, covering influences on meteorological observations, particularly of air temperature.
Available information has been selected and is being used to develop an approach to simplified expression of
uncertainty for meteorological observations. This methodology will consider the main influence factors for a
given measurement, in order to establish approximate uncertainty. The documentation will also include
examples of displaying information in a simple form, such as tables or graphical visualisations, designed to
support less-expert users to recognise and attribute measurement uncertainty in a simplified but appropriate
way. This will result in a discussion document describing a draft simplified system for expressing uncertainty
of meteorological observations, including a worked example for air temperature.
Project partners have produced a draft discussion document proposing a methodology for a simplified
treatment of uncertainty for temperature observations of varying quality from wide-ranging sources, Options
for the worked example for air temperature have been identified.
Stakeholder engagement concerning simple expression of uncertainty for meteorological observations
Once completed, the developed discussion document will be shared for review and feedback from specialists
within WMO CIMO, and other selected stakeholders, such as the national meteorological and hydrological
services. They will be consulted on the approach to uncertainty evaluation and presentation, and its correct
applicability to the meteorology context. Feedback from this stage will be used to refine the approach and
document. Based on the agreed approach, recommendations will be published in an open access report. The
work in progress has been presented as a conference poster at WMO CIMO TECO 2018 and has been
accepted for an oral presentation at MMC 2019, to reach a variety of specialists in temperature measurement
as well as in meteorology. In addition, the work has been publicised through networking at a number of other
relevant events, as well as to a number of other groups and individuals.
Impact
The process developed in this project of assimilating uncertainty in observations from different sources into a
simplified expression of uncertainty will support MO to use weather observations from an increasing range of
widespread sources of varying quality - sources including infrastructure (roads, airports), industrial premises
and amateur observations. It will support attribution of measurement uncertainty to observations in cases
where uncertainty was not previously given, enabling simple classifications or algorithms to be rapidly applied.
This will contribute to the use of more third-party observations in numerical weather models, using weightings
according to quality (uncertainty), contributing to finer resolution forecasts while maintaining the rapid
processes needed for timely forecasting.
The simple approach to expressing uncertainty, once implemented by MO, will improve user understanding
and confidence in weather information. Non-expert end-users will be supported in recognising and interpreting
measurement uncertainty, in order to choose between information sources of differing quality, and to use
uncertainty information to manage risk. For users purchasing commercial meteorological services, improved
expression of uncertainty will provide a basis for selecting according to the quality (uncertainty) of weather
data. Clearly expressed uncertainty can increase user understanding and trust of weather forecasts, and allow
decisions based on awareness of risk.
In the longer term, the approach developed within the project to express and communicate uncertainty, will
allow MO’s customers (including transport sector, utilities, agriculture, large-scale construction, defence and
management of civil emergencies) to better understand weather risks and to improve their risk mitigation
strategies, especially those associated with extreme weather events.
In addition, the engagement of WMO CIMO Expert Teams, which establish best practice in meteorology
worldwide, can provide a route for further exploitation of the project outputs to influence practices globally.
There is potential for the outputs to be adopted by WMO/CIMO for development towards published
recommended practices or technical regulations, and to progress by agreement into an ISO standard. In
addition, there is potential for the outputs of this project to inform practices in wider sectors, for example in air
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quality sensor networks. In order to promote this, the project and final report will be publicized to relevant
contacts in fields beyond meteorology.
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