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1. What is the 
uncertainty
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Uncertainty: 

a logical doubt

about our limits to know the true



If we correct for all systematic
errors, will the measurement
result be «perfect»?

No: a doubt will still remain. This
doubt is the uncertainty.
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Evaluation of measurement data – Guide to the expression of 
uncertainty in measurement 

(aka the “GUM”)

JCGM 100:2008

Free download at

https://www.bipm.org/en/publications/guides/gum.html
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http://www.bipm.org/en/committees/jc/jcgm/wg1.html
http://www.iso.org/sites/JCGM/JCGM-introduction.htm

The Joint Committee has the
responsibility for maintaining and
up-dating the International
vocabulary of basic and general
terms in metrology (VIM) and the
Guide to the expression of
uncertainty in measurement (GUM)

The JCGM

http://www.bipm.org/en/committees/jc/jcgm/wg1.html
http://www.iso.org/sites/JCGM/JCGM-introduction.htm
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From the GUM

3.3 Uncertainty
3.3.1 The uncertainty of the result of a measurement reflects the lack of exact knowledge of the 
value of the measurand (see 2.2). 

The result of a measurement after correction for recognized systematic effects is still only an estimate of 
the true value of the measurand because of the uncertainty arising from random effects and from imperfect 
correction of the result for systematic effects.

The result of a measurement (after correction) can unknowably be very close to the value of the 
measurand (and hence have a negligible error) even though it may have a large uncertainty. Thus the 
uncertainty of the result of a measurement should not be confused with the remaining unknown error.
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Uncertainty

...dispersion of the values that 
could reasonably be attributed 
to the measurand.

xi u(xi) [°C]
HMP 155 HMP 45 AC

Components derived from the reference thermometer 5.12 ·10-3 5.02 ·10-3

Components derived from measurement system 1.27 ·10-2 1.27 ·10-2

Components derived from
meteorological thermometer

repeatibility 3.47 ·10-2 2.06 ·10-2

resolution 4.04 ·10-3 2.89 ·10-3

reproducibility 1.40 ·10-2 5.00 ·10-4

hysteresis 2.00·10-2 1.73 ·10-3

u(x) = (√∑u2(xi))½ 4.45 ·10-2 2.50 ·10-2

U(x) = 2·u(x) 0.090 °C 0.050 °C

The uncertainty is evaluated 
by completing the uncertainty 
budget 
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• Uncertainty is a property of a measurement result

• Indicates the likely range within which we think the ‘true’ value of a measured quantity 
lies, given all the information we have;

• Measurement uncertainty is a single value, expressed in terms of the measurement result 
either 

as a percentage (relative uncertainty) 
or 
in units or the measurand (absolute uncertainty).
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STANDARD MEASUREMENT UNCERTAINTY (2.3.1)

measurement uncertainty expressed as a standard deviation

COMBINED STANDARD MEASUREMENT UNCERTAINTY (2.3.4)

standard measurement uncertainty that is obtained using the individual 
standard measurement uncertainties associated with the input quantities 
in a measurement model

RELATIVE STANDARD MEASUREMENT UNCERTAINTY
standard measurement uncertainty divided by the absolute value of the 
measured quantity value

product of a combined standard measurement uncertainty and a 
factor larger than one, to cover larger probability that the measured value 
and the expanded uncertainty range include the true value

EXPANDED UNCERTAINTY (2.3.5)
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 The uncertainty arises from numerous causes and we try to evaluate it in two 
quite distinct ways:

 Type A estimates are made by analyzing the statistics of repeated 
measurements.

 Type B estimates are made by using prior knowledge about factors affecting 
the measurement, such as calibration certificates, or known sensitivities to 
confounding factors.

 There may be multiple sources of uncertainty in each category.
 These uncertainties are then combined into an uncertainty budget to 

calculate a standard uncertainty 
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Also the un-complete knowledge of the measurand or 
its definition is a component of the overall 
measurement uncertainty.

Example: air temperature
• Do we measure air temperature or the heat transfer 

between the air and the thermometer? 
• How well can we evaluate this heat equilibrium? 
• How well can we describe the heat transfer model, 

including materials, convection, conduction, radiation…
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• incomplete definition of the measurand;
• imperfect reaIization of the definition of the measurand;
• Non representative sampling — the sample measured may not represent the 

defined measurand;
• inadequate knowledge of the effects of environmental conditions on the 

measurement or imperfect measurement of environmental conditions;
• inexact values of measurement standards and reference materials;
• approximations and assumptions
• variations in repeated observations of the measurand under apparently identical 

conditions.

Play a relevant role in field observations

Uncertainties on the measurand
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Why worry about uncertainty?

• Every measurement is subject to some level of uncertainty.
• A measurement result is incomplete without a statement of the 

uncertainty.
• Knowing the uncertainty in a measurement helps you judge it’s 

fitness for purpose.
• Understanding measurement uncertainty is the first step to reducing 

it.
• Good measurement practise can help reduce uncertainties. 
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Why we need to evaluate uncertainty

• Allows us to assess methods and results against data quality 
requirements.

• Fitness for purpose of a measurement method (do we meet target 
uncertainties?).

• Interpretation and application of results.
• Equivalency of different results.
• Comparability of measurements
• Provides an understanding of the measurement and which parameters 

should be given most consideration.

• Informs method optimisation and improvement.
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Illustration of the concept of uncertainty

Repeated measurements
(of the same quantity)

Average

Uncertainty due to repeatability

Correction for external conditions

Uncertainty due to correction

Measurement result and 
estimate of uncertainty

However, ‘true’ result may be 
outside the uncertainty because of 

unknown effects 
We minimise this by describing the 

method as fully as possible

This is 
unknowable
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What isn’t it

• Mistakes
- Uncertainty doesn’t (can’t) cover mistakes.

• The error in the instrument indication
- An error is the difference between a instrument indication and the true quantity 

value – we don’t know what the ‘true’ quantity value is.
- Better to think of measurement uncertainty as a figure of merit, an expression of 

what range of values the true quantity value might have.
• An absolute fact

- It is an estimate, at best we are saying that 95 times out of a 100 the instrument 
indication is in agreement with true quantity value within the calculated 
uncertainty bounds. 

- Of course, this also means that 5 times out of a 100 a instrument indication will 
be outside these bounds.
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What isn’t it
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20

 Terms like ‘accuracy’ and ‘error’ involve the concept of the existence 
of a true underlying value of a measurand. 

 But… we cannot perfectly know this value, due to limited knowledge 
of the whole measuring principle, from the instruments capabilities, 
to the data analysis

 We therefore have doubts about the measured value. This doubt is 
the uncertainty associated with a measurement.
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They are not synonyms, but represent completely 
different concepts; they should not be confused 
with one another or misused.

Errors can be (partially) corrected
Uncertainties can be (partially) reduced

Uncertainties are not mistakes: 
they represent our limit to exactly know a 

measurement value. 

The uncertainty is not the error!
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If I have a cheaper instrument than someone else, I do 
not make a mistake or an error: I will just have larger 
uncertainties.

If I have evaluated a deviation from a reference value, 
also from a high quality device, by the calibration of 
the instrument and I do not correct it by means of  the  
calibration curve, then I will introduce errors in my 
measurement results.

The uncertainty is not the error!



Error
In metrology the error of a measurement is the difference 
between the indication of the instrument and the actual 
value of the measurand.
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Systematic error (= -correction)
remains fixed when the measurement is repeated 
under the same conditions 
• Can be determined by calibration
• Absolute or relative

Random error
varies when a measurement is repeated under the 
same conditions.



A visual scheme for error and uncertainty
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Guide to Uncertainty in Measurement (GUM)
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• The GUM has been adopted as 
an overarching methodology

• Approach can be summarised 
as:

- Describe measurement steps.
- Identify uncertainties associated 

with these and all inputs.
- Combine them.
- Assign known level of confidence 

to this uncertainty.



GUM approach to determining uncertainty
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1. Define the measurement process
1. In principle we should know the ‘measurement equation’

2. Quantify uncertainties of each Xi (input quantities) these as standard 
uncertainties (in units of measurand)

- Statistical, by repeated measurement - Type A
- by estimation (non statistical - instrumental) - Type B
- Insignificant contributions may be ignored.

3. Combine these source uncertainties as square root of the sum of the 
variances – for random uncorrelated sources.

4. Expand the combined uncertainty to give an estimate of the 
uncertainty with a required level of confidence by multiplying be a 
coverage factor.

)..,( 21 NXXXfY =
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TYPE A EVALUATION OF MEASUREMENT UNCERTAINTY

evaluation of a component of measurement uncertainty by a statistical 
analysis of measured quantity values obtained under defined 
measurement conditions
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GUM approach to determining uncertainty

1. Define the measurement process
1. In principle we should know the ‘measurement equation’

2. Quantify uncertainties of each Xi these as standard uncertainties (in 
units of measurand)

- Statistical, by repeated measurement - Type A
- by estimation (non statistical - instrumental) - Type B
- Insignificant contributions may be ignored.

3. Combine these as square root of the sum of the variances – for 
random uncorrelated sources.

4. Expand the combined uncertainty to give an estimate of the 
uncertainty with a required level of confidence by multiplying be a 
coverage factor.

)..,( 21 NXXXfY =
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TYPE B EVALUATION OF MEASUREMENT UNCERTAINTY

evaluation of a component of measurement uncertainty determined by 
means other than a Type A evaluation of measurement uncertainty

EXAMPLES Evaluation based on information:
— associated with authoritative published quantity values,
— associated with the quantity value of a certified reference material,
— obtained from a calibration certificate,
— about drift,
— obtained from the accuracy class of a verified measuring instrument,
— obtained from limits deduced through personal experience and previous studies.



2. Type A 
Estimates
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Random uncertainties – average out
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• If we have random terms then averaging multiple measurements will 
improve the uncertainty.

• So for a normally distributed system, if we have:
- N measurements
- with a random uncertainty, Um – which  can be estimated as the standard 

deviation of a series of measurements of an unchanging quantity – then
- the uncertainty of the mean = 

N
Um



Random uncertainties – average out
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• If we have random terms then averaging multiple measurements will 
improve the uncertainty.

• So, for a normally distributed system, if we have:
- N measurements
- with a random uncertainty, Um – which  can be estimated as the standard 

deviation of a series of measurements of an unchanging quantity – then
- the uncertainty of the mean = 

N
Um

This must be the same measurand 
for all measurement. A quantity that 
changes (for example air 
temperature) cannot be considered 
the same measurand for all records.



Type A evaluation
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Make a series of observations of a quantity xi
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Types of Distributions

 Not everything has a normal distribution.

 Sometimes the distribution of a parameter is 
unknown and can only be guessed.

 Common distribution types are;

 Rectangular – for example water in a rain gauge

 Triangular – used if you are sure of the end points and 
believe the mode occurs at zero.

35



Normal Distribution

The normal distribution leads to the least 
conservative estimate of uncertainty; i.e., it 
gives the smallest standard deviation. 
The calculation of the standard deviation is 

based on the assumption that the end-
points,  (µ ± 3σ) , encompass 99.7 percent 
of the distribution. 
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Rectangular Distribution

This is the most conservative estimate of 
uncertainty since it leads to the largest value 
of s.
An actual example if the water in the siphon 

of a tipping bucket rain gauge at an particular 
time.
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• Sometimes you can estimate a bound, a, for the error, 
but you believe that values near xi are more likely than 
those farther away

• In this case, you might assume a triangular distribution
for the error

• If so, you divide a by      to obtain u(xi)

Triangular Distribution

6
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6
)( axu i =



3. Type B 
Estimates
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Type B evaluation

Other than statistical methods
Based on scientific judgement
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• Previous measurement data

• Experience with behavior/properties
• of materials
• of instruments

• Manufacturers specifications

• Data provided in (calibration) certificates

• Reference data from handbooks

 Often a Type B evaluation involves estimating a 
bound, a, for the largest possible error in the 
estimate, xi, and dividing by an appropriate 
constant based on an assumed distribution for the 
error
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Main groups of type B uncertainties

• Calibration uncertainty (including uncertainty in standards)

• Instrumental components (stability, drift, repeatability, 
constant time, ...)

• Environmental conditions
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VIM 2.39 (6.11)

calibration
operation that, under specified conditions, in a first step, establishes a relation between 
the quantity values with measurement uncertainties provided by measurement 
standards and corresponding indications with associated measurement 
uncertainties and, in a second step, uses this information to establish a relation for 
obtaining a measurement result from an indication

NOTE 1 A calibration may be expressed by a statement, calibration function, 
calibration diagram, calibration curve, or calibration table. In some cases, it may 
consist of an additive or multiplicative correction of the indication with associated 
measurement uncertainty. 

NOTE 2 Calibration should not be confused with adjustment of a measuring system, 
often mistakenly called “self-calibration”, nor with verification of calibration.

Calibration
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Is required to establish a document traceability

Allows to detect instrument drifts or damages

Generates a correction function to be applied to the 
instrument readings

Generates the correction calibration uncertainty as
one fundamental component of the overall
measurement uncertainty
Is required to complete the measurement uncertainty
budget

Calibration
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Calibration

• Calibration ties down the uncertainties at the conditions present 
during calibration.

• Influence quantities which don’t change from the conditions of 
calibration won’t contribute to the uncertainty.

• Only things which are either uncontrolled during the calibration or 
that change during calibration measurements should be included in 
the calibration uncertainty.

• Of course the calibration itself introduces the uncertainty, associated 
to the standards used and their traceability

• Calibration therefore needs to be considered as one 
(important) part of the overall measurement process.
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• The calibration is required to establish
traceability to primary standards

• The instrument calibration generates the 
calibration uncertainty.

• This is reported in the calibration 
certificate

• The calibration uncertainty becomes one
of the component of uncertainty when
the instrument is used. 

There is no sense in evaluating an uncertainty budget for 
measurement made with an uncalibrated instrument
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The calibration uncertainty

is NOT
the measurement uncertainty

…it is only one component of the overall measurement
uncertainty

…the calibration procedure should bush that the instrument is 
calibrated in similar conditions of its use

…in meteorological observations it is frequently not 
the major component

…the effect of the uncontrolled (out of laboratory) environmental 
factors in field should be evaluated as further measurement 
uncertainty contributions
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Manufacturer’s specifications

Some component of uncertainty can be 
derived from instrument datasheets:
• Resolution

• Response time

• Hysteresis

• Sensitivity

• Stability

• Full scale uncertainty

Accuracy must never be expressed as a value

Note: some datasheet report a value of “accuracy” instead of 
“uncertainty”. Clarification must be required from the 
manufacturer on the meaning. 



smallest change in a quantity being measured that causes a 
perceptible change in the corresponding indication
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4.12 SENSITIVITY (of a measuring system)

quotient of the change in an indication of a measuring system and the corresponding change
in a value of a quantity being measured 

NOTE 1 Sensitivity of a measuring system can depend on the value of the quantity being measured.
NOTE 2 The change considered in a value of a quantity being measured must be large compared with
the resolution.

4.14 RESOLUTION



For digital instruments, it is normally expressed as last digit visualized. 
For analog devices is the amplitude of each mark or graduation in a 
scale. 
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SENSITIVITY (of a measuring system)

Also expressed as the smallest change in the measured quantity that causes a 
change in the indication

RESOLUTION

For example, a datalogger records pressure values with 1 Pa as
last digit, but the readed instrument has a sensitivity around 5 
Pa



Resolution

• If digital, then uncertainty is 1
2 3

x times the unit 
of the last digit (rectangular distribution)

• If the reading fluctuates, the uncertainty equals 
the range

• If analogue, the minimum uncertainty is generally 
not better 0.2 times the smallest division mark 
(or unit).
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Resolution is the smallest increment in value the 
instrument can report.
Resolution will not ordinarily affect the accuracy 
of an instrument



Response Time
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• Opposite are plots of RH 
versus time for a humidity 
probe.

• RH was changed 
“instantaneously” 

• “Response time” is 
defined as the time taken 
for the instrument to read 
63% of the step change
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• Repeatability  (of results of measurements)  (GUM B.2.15 [VIM:1993, definition 3.6])

closeness of the agreement between the results of successive 
measurements of the same measurand carried out under the same 
conditions of measurement. 

Repeatability conditions include the same measurement procedure, 
the same observer, the same measuring instrument, used under the 
same conditions, the same location, repetition over a short period of 
time.

Repeatability



Repeatability

• Measurement results differ, even under strict 
repeatable conditions:

• same operator
• same equipment
• same other conditions
• absence of shift

• Problem of consistency

54

• Evaluated by repeated measurements - type A
• Estimation of lack of reproducibility and including this 

result - type A or B
• From manufacturer’s specifications - type B 

evaluation
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Reproducibility

• Reproducibility  (of results of measurements) closeness of the 
agreement between the results of measurements of the same 
measurand carried out under changed conditions of measurement

The changed conditions may include principle of measurement, method of 
measurement, observer, measuring instrument, reference standard, 
location, conditions of use, time.

Instrument drift between repeated calibrations



Hysteresis and linearity

• Influence of previous measurement/reading
• Examples

• aneroid barometer,backlash in mechanical 
transmission

• derivation of a magnetic field,reading of a 
thermometer not in equilibrium

56
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PROPERTIES OF MEASURING DEVICES

STABILITY (of a measuring instrument)

property of a measuring instrument, whereby its metrological 
properties remain constant in time
NOTE Stability may be quantified in several ways.
EXAMPLE 1 In terms of the duration of a time interval over which a metrological
property changes by a stated amount.
EXAMPLE 2 In terms of the change of a property over a stated time interval.

continuous or incremental change over time in indication, due to 
changes in metrological properties of a measuring instrument

INSTRUMENTAL DRIFT

NOTE Instrumental drift is related neither to a change in a quantity being measured nor to a 
change of any recognized influence quantity.



Drift and zero deviation

• Drift: gradual deterioration of a reading as 
function of time

• Zero deviation: non-zero reading when the 
value should be zero
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Environmental conditions

Can be controlled within prescribed ranges in laboratory during the calibration

Play a key role in field measurements
• Atmospheric pressure
• Humidity
• Temperature
• CO2 content of atmosphere
• Light radiation
• Air speed
• Condensation, convection, icing
• Precipitation
• Presence of other equipment or obstacles
• Current stability and grounding
• …
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How to include influence quantities in 
the definition of the measurand? ……        
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How to include influence quantities in 
the definition of the measurand? ……        
Two Options
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How to include influence quantities in 
the definition of the measurand? ……        
Two Options

1. Make them an integral part of the 
definition.
2. Prescridbe standard measurement
procedures to take them into account 
always in the same way.

62
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A new key WMO document:

The Measurement Quality 
Classification for Surface Observing 
Stations on Land 

(INFCOM-1-d04-1-2-SC-MINT-WMO-
NO-8-MQC-SCHEME-
approved_en.docx).

https://meetings.wmo.int/INFCOM-1/_layouts/15/WopiFrame.aspx?sourcedoc=/INFCOM-1/English/2.%20PROVISIONAL%20REPORT%20(Approved%20documents)/INFCOM-1-d04-1-2-SC-MINT-WMO-NO-8-MQC-SCHEME-approved_en.docx&action=default
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User Requirements and Classification Schemes Overview
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Sources of Uncertainty for surface-based measurement systems (from the Measurement Quality Classification Scheme) 

(Each one should generate a component in the uncertainty budget)

Measurement System and Calibration:

• Construction quality,

• Resolution,

• Instrument and logger calibration,

• Linearity,

• Hysteresis, 

• Time constant, 

• Drift with temperature, 

• Sampling method,

• Sampling frequency,

• Processing algorithm,

• Digitization and rounding,

• Response time.

• Definition of the measurand

Instrument Coupling:

• Radiation screen, 

• Static pressure head,

• Rain gauge fence screen. 

Maintenance and Verification:

• Frequency of maintenance, 

• Instrument and system drift with time,

• Instrument and system aging,

• Instrument and system faults (that affect data but do not cause 
failure),

• Cleanliness of instrument and site.

Environment Effects:

• Sensor mechanical stress during transport and operation,

• Evaporation of precipitation on screen,

• Wind effects on measurement,

• Condensation on temperature instrument,

• Solar radiation effects on measurement.



STANDARD MEASUREMENT UNCERTAINTY

measurement uncertainty expressed as a standard
deviation

COMBINED STANDARD MEASUREMENT UNCERTAINTY

standard measurement uncertainty that is obtained using the individual 
standard measurement uncertainties associated with the input quantities 
in a measurement model

RELATIVE STANDARD MEASUREMENT UNCERTAINTY

standard measurement uncertainty divided by the absolute value of 
the measured quantity value
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(to cover larger probability that the true value falls in the uncertainty interval)

product of a combined standard measurement uncertainty and 
a factor larger than the number one
NOTE 1 The factor depends upon the type of probability distribution of the output 
quantity in a measurement model and on the selected coverage probability.
NOTE 2 The term “factor” in this definition refers to a coverage factor.

EXPANDED UNCERTAINTY

Coverage
factor

k = 1 1.845 1.960 2 2.576 3

Coverage
probability

% 68.27 90 95 95.45 99 99.73

67



UNCERTAINTY BUDGET

statement of a measurement uncertainty, of the components of that 
measurement uncertainty, and of their calculation and combination

An uncertainty budget should include the measurement model, estimates, and measurement
uncertainties associated with the quantities in the measurement model, covariances, type of
applied probability density functions, degrees of freedom, type of evaluation of measurement
uncertainty, and any coverage factor.

The measurement uncertainty budget must include the calibration
uncertainty, the instrument properties (drift, resolution, constant time Vs.
observed phenomenon, repeatability, stability. It also requires the
quantification of the effect of the quantities of influence.

68
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Scenario Class B (Measurand: Air Temperature, Target System Uncertainty: 0.6 K)
Scenario Use of a high-quality (Class A capable) 

instrument in large Stevenson 
Screen, but reduced maintenance.

Use of a medium quality 
instrument in a small Stevenson 

Screen and well maintained.

Use of a high-quality, well calibrated 
[Germany]instrument (Class A 
capable) in a small plastic plate 

screen and well maintained.

Resolution 0.01 K 0.10 K 0.01 K
Calibration Interval 5 years 2 years 3 years
Verification Interval 3 years 1 year 1 year
Maintenance Interval 3 years 1 year 1 year
Uncertainty Budget
Measurement System and 
Calibration (k=1)

Instrument: 0.03 K

Resolution: 0.005 K

Calibration: 0.07 K

Logger: 0.03 K

Instrument: 0.05 K

Resolution: 0.05 K

Calibration: 0.07 K

Logger: 0.03 K

Instrument: 0.03 K

Resolution: 0.005 K

Calibration: 0.007 K

Logger: 0.01 K

Instrument Coupling (k=1) Screen: 0.05 K Screen: 0.10 K Screen: 0.35 K
Maintenance and Verification (k=1) Maintenance: 0.15 K

Drift/Aging:         0.025 K
(0.005 K/y)

Maintenance: 0.05 K

Drift/Aging:       0.060 K
(0.030 K/y)

Maintenance: 0.03 K

Drift/Aging: 0.015 K
(0.005 K/y)

Environment Effects (k=1) 0.24 K 0.24 K 0.35 K

Combined Uncertainty (k=1) 0.30 K 0.29 K 0.50 K

Realised System Uncertainty (k=2) 0.60 K 0.58 K 1.00 K

Achieved Class B Pass Pass FAIL

Example of uncertainty budget from MQC



Example of uncertainty budget

• Calibration of a meteorological sensor 
by comparison against a reference 
thermometer

xi

Distribution u(xi) / °C
Components derived from the reference
thermometer

Normal 5.02 ·10-3

Components derived from measurement system Normal 1.27 ·10-2

Components derived from
meteorological thermometer

repeatibility Rectangular 3.47 ·10-2

resolution Rectangular 4.04 ·10-3

reproducibility Rectangular 1.40 ·10-2

hysteresis Normal 2.00·10-2

u(x) = (√∑u2(xi))½ 4.45 ·10-2

U(x) = 2·u(x) 0.090 
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Reporting Uncertainty in field measurement (not 
calibration)

When completing the measurement uncertainty budget:

1. List all Type B components (instrumental and environmental factors) separate 
from Type A (such as residual, statistical analysis etc)

2. Describe all components and  Report all values in k=1
3. Be sure one of the component is the calibration uncertainty
4. Identify, evaluate and include all environmental effects and  quantities of 

influence
5. Report the distribution associated to every component (normal, rectangular…)
6. Calculate the propagation formula to evaluate the combined uncertainty
7. Multiply by the coverage factor, to obtain the combined uncertainty.
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Example of uncertainty budget - Measurement

Contribution Correction 
(°C)

Value
(°C)

Distribution Total
(°C)

Calibration 0 0.017 normal 0.017
Datalogger sampling process, mean, 
stdev and truncation 

0 0.01 normal 0.01

Thermometer resolution 0 0.5 rectangular 0.14
Drift Max   +0.1 0.02 rectangular 0.006

Max wind speed expected influence
(uncertainty )

Max   -0.3 0.052 rectangular 0.015

Reproducibility 0 0.03 normal 0.03
Total Uncertainty 0.15
Expanded uncertainty k = 2 0.30
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Summary of Steps 1/2

1. Define the measurand and construct the mathematical 
model of the measurement

2. Obtain estimates, xi, of the input quantities
3. Evaluate the standard uncertainties u(xi), by Type A or 

Type B methods, and evaluate the covariance u(xi,xj) 
for each pair of correlated input estimates xi and xj

4. Apply the model to evaluate the output estimate, y
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5. Propagate the standard uncertainties u(xi) and covariances 
u(xi,xj) to obtain the combined standard uncertainty uc(y)

6. Optionally, multiply uc(y) by a coverage factor, k, to obtain 
an expanded uncertainty, U

7. Report the result, y, with either the combined standard 
uncertainty, uc(y), or the expanded uncertainty, U

8. Explain the uncertainty clearly

Summary of Steps 2/2
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Some summary concepts

• Measurement uncertainty is a property of a measurement result.
• Ideally this would be evaluated for every measurement result.
• There is general acceptance that it is possible to evaluate the uncertainty 

of a standardised method – and assume this uncertainty applies to future 
measurements made with that method.

• Need to be sure the uncertainty evaluation is appropriate for all 
applications of the method – i.e. conditions and scope of the evaluation 
(and validation) cover the ongoing use.

• Quality requirements within method become important.
• Ideally a method would provide a procedure for a user to evaluate the 

measurement uncertainty of results they have obtained, and the results 
of validation of the method uncertainty.



76

Uncertainty is also a matter of personal involvement:

different operators can compile an uncertainty budget in different ways;
different reasons can motivate moving Type A components into type B. 
different solutions can be adopted to minimize the uncertainty.

The measurement procedures shall 
describe how each uncertainty 
contribution is determined. 
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IOM report 119: Guidance on the computation of calibration uncertainties
https://library.wmo.int/index.php?lvl=notice_display&id=17152#.YKdmN6FvFaQ

References

International vocabulary of metrology – Basic and general concepts and 
associated terms (VIM) 
https://www.bipm.org/documents/20126/2071204/JCGM_200_2012.pdf/f0e
1ad45-d337-bbeb-53a6-15fe649d0ff1
Guide on expression of uncertainty
https://www.bipm.org/documents/20126/2071204/JCGM_100_2008_E.pdf/cb
0ef43f-baa5-11cf-3f85-4dcd86f77bd6
WMO Knowledge Sharing Portal
https://community.wmo.int/activity-areas/imop/knowledge-sharing-portal

https://library.wmo.int/index.php?lvl=notice_display&id=17152#.YKdmN6FvFaQ
https://www.bipm.org/documents/20126/2071204/JCGM_200_2012.pdf/f0e1ad45-d337-bbeb-53a6-15fe649d0ff1
https://www.bipm.org/documents/20126/2071204/JCGM_100_2008_E.pdf/cb0ef43f-baa5-11cf-3f85-4dcd86f77bd6
https://community.wmo.int/activity-areas/imop/knowledge-sharing-portal


Thank you
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