
Hydrometric uncertainty guidance 
(HUG)
Lignes directrices relatives à l'incertitude en hydrométrie

© ISO 2020

INTERNATIONAL 
STANDARD

ISO
25377

First edition
2020-12

Reference number
ISO 25377:2020(E)

This is a preview of "ISO 25377:2020". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ISO/ISO253772020?source=preview


 

ISO 25377:2020(E)
 

ii © ISO 2020 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2020
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may 
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting 
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address 
below or ISO’s member body in the country of the requester.

ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

This is a preview of "ISO 25377:2020". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ISO/ISO253772020?source=preview


 

ISO 25377:2020(E)
 

Foreword ..........................................................................................................................................................................................................................................v
Introduction ................................................................................................................................................................................................................................vi
1 Scope ................................................................................................................................................................................................................................. 1
2 Normative references ...................................................................................................................................................................................... 1
3	 Terms	and	definitions ..................................................................................................................................................................................... 1
4 Symbols .......................................................................................................................................................................................................................... 1
5	 ISO/IEC	Guide	98-3	(GUM)	—	Basic	definitions	and	rules ........................................................................................ 3

5.1 General ........................................................................................................................................................................................................... 3
5.2 Uncertainty of sets of measurements .................................................................................................................................. 3
5.3 Random and systematic effects ................................................................................................................................................ 4
5.4 Uncertainty models — Probability distributions ...................................................................................................... 5
5.5 Combining uncertainties — Law of propagation of uncertainties ............................................................. 5
5.6 Expressing results ................................................................................................................................................................................ 6

6	 Open	channel	flow	—	Velocity	area	methods ......................................................................................................................... 6
6.1 General ........................................................................................................................................................................................................... 6
6.2 Mean velocity, V x   ............................................................................................................................................................................... 7
6.3 Velocity-area method for discharge calculation ......................................................................................................... 8
6.4 Measurement of velocity ................................................................................................................................................................ 9
6.5 Uncertainty associated with the velocity-area method ....................................................................................... 9

6.5.1 General...................................................................................................................................................................................... 9
6.5.2 Random and systematic effects ........................................................................................................................ 11

6.6 Integration uncertainties u F u Fy z
* *,( ) ( )    ............................................................................................................. 11

6.6.1 General................................................................................................................................................................................... 11
6.6.2 Vertical scanning uncertainties ........................................................................................................................ 11
6.6.3 Horizontal scanning uncertainties ................................................................................................................12

6.7 Perimeter flow uncertainties, u Qp( )   .............................................................................................................................. 12
7	 Open	channel	flow	—	Critical	depth	methods ....................................................................................................................13

7.1 General ........................................................................................................................................................................................................ 13
7.2 Head and geometry determination .................................................................................................................................... 13
7.3 Iterative calculation ......................................................................................................................................................................... 14
7.4 Evaluating uncertainty .................................................................................................................................................................. 14

8 Dilution methods ..............................................................................................................................................................................................15
8.1 General ........................................................................................................................................................................................................ 15
8.2 Continuous feed .................................................................................................................................................................................. 15
8.3 Transient mass ..................................................................................................................................................................................... 17

9 Hydrometric instrumentation .............................................................................................................................................................18
9.1 Performance specifications ....................................................................................................................................................... 18
9.2 Validity of uncertainty statements ...................................................................................................................................... 18
9.3 Manufacturer’s specifications ................................................................................................................................................. 19
9.4 Performance guide for hydrometric equipment for use in technical standard examples...20

10 Guide for the drafting of uncertainty clauses in hydrometric standards ...............................................21
10.1 General ........................................................................................................................................................................................................ 21
10.2 Equipment, methods and measurement systems ..................................................................................................21

10.2.1 General................................................................................................................................................................................... 21
10.2.2 Equipment .......................................................................................................................................................................... 21
10.2.3 Methods ................................................................................................................................................................................ 21
10.2.4 Systems ................................................................................................................................................................................. 22

© ISO 2020 – All rights reserved iii

Contents Page

This is a preview of "ISO 25377:2020". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ISO/ISO253772020?source=preview


 

ISO 25377:2020(E)
 

11 Examples ....................................................................................................................................................................................................................22
11.1 General ........................................................................................................................................................................................................ 22
11.2 Uncertainty in water level measurement ...................................................................................................................... 22

11.2.1 Example 1: Float/shaft encoder sensor installed in stilling well at gauging 
station.....................................................................................................................................................................................22

11.2.2 Example 2: Pressure transmitter installed in tube ..........................................................................23
11.3 Uncertainty in flow measurement using flow measurement structures ...........................................23
11.4 Uncertainty in flow measurement by current meter ..........................................................................................26

Annex A (informative) Introduction to hydrometric uncertainty .......................................................................................31
Annex B (informative) Introduction to Monte Carlo Simulation (MCS) ........................................................................48
Annex C (informative)	Interpolated	Variance	Estimation	(IVE)	method .....................................................................53
Annex D (informative) Performance guide for hydrometric equipment for use in technical 

standard examples ..........................................................................................................................................................................................57
Annex E (informative) Uncertainty analysis of stage-discharge relation ....................................................................60
Annex F (informative) Measurement of velocity ...................................................................................................................................64
Bibliography .............................................................................................................................................................................................................................69

iv © ISO 2020 – All rights reserved

This is a preview of "ISO 25377:2020". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ISO/ISO253772020?source=preview


 

ISO 25377:2020(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www .iso .org/ directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www .iso .org/ patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www .iso .org/ 
iso/ foreword .html.

This document was prepared by Technical Committee ISO/TC 113, Hydrometry.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www .iso .org/ members .html.
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Introduction

The management of a natural environment requires knowledge, by measurement, of what is happening. 
Only then can effective action be taken and the effectiveness of the action assessed. Much depends on 
the quality of the knowledge itself.

The quality of measurable knowledge is stated in terms of measurement uncertainty. The 
internationally agreed method for assessing measurement quality is the guide to the estimation of 
uncertainty in measurement (GUM). Without this uniformity of measurement standards, equitable 
sharing of the environment is not possible and international obligations to care for the environment 
would be weakened.

The essential purpose of the GUM is for a statement of the quality of a measurement result to be 
presented with all measurements described in technical standards. Without this, no two measurements 
can be compared, or standards set. Whereas the GUM is a reference document serving the universal 
requirements of metrology, the Hydrometric uncertainty guidance (HUG) document is specific to 
hydrometry, i.e. to the measurement of the components of the hydrological cycle. It borrows from 
the GUM the methods that are the most applicable to hydrometry and applies them to techniques and 
equipment used in hydrometry.

In the past, error analysis has provided an indication of measurement quality, but such statements 
cannot properly convey the quality of the result because it presupposes knowledge of a true, error-free, 
value against which the measured result can be compared. The true value can never be known and 
uncertainty remains. For this reason, the GUM uses the concept of uncertainty and uses it for all stages 
and components of the measurement process. This ensures consistency.

The GUM defines standard uncertainty of a result as being equivalent to a standard deviation. This can 
be the standard deviation of a set of measured values or of probable values. This is broadly similar to the 
approach used in error analysis that preceded the uncertainty technique. However, the GUM provides 
additional methods of estimating uncertainty based on probability models. The two approaches are 
equivalent, but uncertainty requires only a knowledge or estimate of the dispersion of measurement 
about its mean value, and not the existence of a true value. It is assumed that a careful evaluation of the 
components of measurement uncertainty brings the mean value close to a probable true value, at least 
well within its margin of uncertainty.

In more general terms, uncertainty is a parameter that characterizes the dispersion of measurable 
values that can be attributed to their mean value.

By treating standard deviations and probability models as if they approximated to Gaussian (or normal) 
distributions, the GUM provides a formal methodology for combining components of uncertainty in 
measurement systems where several input variables combine to determine the result.

Within this formal framework, the GUM can be consistently applied to a range of applications and, 
thereby, be used to make meaningful comparisons of results.

The HUG seeks to promote an understanding of the nature of measurement uncertainty and its 
significance in estimating the ‘quality’ of a measurement or a determination in hydrometry.

Hydrometry is principally concerned with the determination of flow in rivers and man-made channels. 
This includes:

— environmental hydrometry, i.e. the determination of the flow of natural waters (largely concerned 
with hydrometric networks, water supply and flood protection);

— industrial hydrometry, i.e. the determination of flows within industrial plants and discharges into 
the natural environment (largely concerned with environment protection and also irrigation).

Both are the subject of international treaties and undertakings. For this reason, measured data is 
intended to conform to the GUM to assure that results can be compared.
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Hydrometry is also concerned with the determination of rainfall, the movement/diffusion of 
groundwater and the transport by water flow of sediments and solids. This version of the HUG is 
concerned with flow determination only.

The results from hydrometry are used by other disciplines to regulate and manage the environment. 
If knowledge is required of biomass, sedimentary material, toxins, etc., the concentration of these 
components is determined and their uncertainty estimated. The uncertainty of mass-load can then be 
determined from the uncertainty of flow determination. The components of this calculation are made 
compatible through compliance with the GUM.

For practitioners of hydrometry and for engineers, the GUM is not a simple document to refer to. The 
document has been drafted to provide a legal framework for professional metrologists with a working 
knowledge of statistical methods and their mathematical representation. A helpful document, see 
Reference [2], is an abbreviated version of the GUM written to be more accessible to engineers and to 
specialists in fields other than metrology.

The HUG, although simplifying the concepts, in no way conflicts with the principles and methods 
of the GUM. Accordingly, the HUG interprets the GUM to apply its requirements to hydrometry in a 
practical way, and, hopefully, in a way accessible to engineers and those responsible for managing the 
environment.

In addition, the HUG introduces and develops the Monte Carlo Simulation, a complementary technique, 
which has benefits for hydrometry, insomuch as complex measurement systems can be represented 
realistically.

The HUG summarizes basic hydrometric methods defined in various technical standards. The 
HUG develops uncertainty estimation formulae from the GUM for these basic methods. The basic 
hydrometric methods described in the HUG might not be identical to those recited in the published 
technical standards. In such cases, the methods described in these standards are to be taken as 
authoritative. However, clauses in technical standards that concern uncertainty should be adapted to 
be in accordance with the HUG.

NOTE 1 There is no unified definition of space coordinates within the hydrometric standards. The textbook 
conventional axes are adopted in this document when describing open channel flow: the x axis being horizontal 
and positive in the mean flow direction, the y axis being orthogonal to the x axis in the horizontal plane and the z 
axis being vertical positive.

NOTE 2 For a complete appreciation of the scope of definitions used in measurement uncertainty, the reader is 
referred to the GUM[1] or to NIST Technical Note 1297[2].
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