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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.
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Introduction

Rainfall totals and intensity rates are measured at frequencies ranging from seconds to months,
and the data are required by the user on timescales ranging from immediate to several weeks. This
document covers instrumentation that measures rainfall accumulation and rainfall intensity (RI) by
collecting the volume of water that falls on a fixed area. The gauge user should decide on the gauge
design, measurement unit, period of rainfall and network purpose.

Unlike many other meteorological instruments, there is no absolute physical standard against which
a ralngauge (hereafter called catchlng type 11qu1d prec1p1tat10n measurlng gauges) can be compared.
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NOTH

NOTH
Refer]

ptable for the measurement of rainfall and ralnfall depth, each reflectlng a specific
consist of a circular collecting device, delineating the fixed area of the sample, andafu
h storage reservoir or measuring system, or both. Some types of automatic gauges do
nel. Since various sizes and shapes of orifice and gauge heights are used in different ¢
urements are not strictly comparable.

document provides general information on the functions of catching-type liquid
es. The annexes in this document provide guidance on the types of catching-type liquid
uring gauges currently available (see Annex A) and the measurement uncertainty ass
(see Annex B). Although advances in measurement electronic technologies and smart
led to the development of optical and hybrid type liquid précipitation measuring gaug
hcluded in this document.

1  This document specifies only the general functions.of catching-type liquid precipitatig
s, For in-depth and extensive information on precipitation measuring gauges, see References

2 For detailed information on measurement unit and period of rainfall, see Reference [1].

3 For detailed information on the design of a reference raingauge pit as well as ins
ence [3].
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INTERNATIONAL STANDARD IS0 23350:2021(E)

Hydrometry — Catching-type liquid precipitation
measuring gauges

1 Scope

This document specifies the typical requirements of instrumentation for measuring liquid precipitation,

primgrity forthe purpose of iydrotogicatamd eteorotogicat observation: Thisdocumertis applicable

to bgth non-recording and recording catching-type precipitation gauges for the measuremlent of liquid
precipitation. This document covers design criteria for the gauges and elements te'\be cgnsidered in
their{ construction. This document does not include specification, design and installation cqnditions.

NOTH Since the measurement of solid precipitation is outside the scope, the) disadvantjges of solid

precipitation apply to all gauges listed in Annex A. The measurement of solidprecipitation arjd associated
disadvantages are well documented in Reference [1].

2 Normative references

The following documents are referred to in the text in such)avway that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced dectiment (including any amendments) applies.

ISO 172, Hydrometry — Vocabulary and symbols

BS 7B43-3, Acquisition and management of metearological precipitation data from a gaugq network —
Part B: Code of practice for the design and manufacture of storage and automatic collecting rajngauges

3 Terms and definitions
For the purpose of this document)the terms and definitions given in ISO 772 and BS 7843-3 apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following gddresses:

— SO Online browsingplatform: available at https://www.iso.org/obp

— IEC Electropedia;-available at http://www.electropedia.org/

4 Instrument specifications

4.1 | General

Catching-type liquid precipitation measuring gauges are classified as non-recording and recording
types. The non-recording type has ordinary and storage gauges. The recording type has weighing,
tipping-bucket and floating types. Catching-type liquid precipitation measuring gauges have a
resolution of 0,1 mm to 1 mm, and can measure rainfall intensities of 0,1 to 1 000 mm-h1 or higher.
Measurement errors can occur according to installation conditions, the measurement environment,
solid precipitation and rainfall intensity.

A catching-type liquid precipitation measuring gauge shall be a circular orifice and shall be formed
perpendicular to the outer slope and the inner surface with sharp edges. The diameter of the edge
of the collecting device should not differ by more than 0,2 % of the stated diameter in any direction.
Furthermore, the collector should be designed to prevent rain from splashing in and out. This can be
achieved if the vertical wall is sufficiently deep and the slope of the funnel is sufficiently steep (at least
45 %). The container should have a narrow entrance and be sufficiently protected from radiation to

©1S0 2021 - All rights reserved 1
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minimize the loss of water by evaporation. The surface of the funnel shall consist of a stable, durable
material such that the water drop is not retained by surface tension, is freely moved towards the orifice
and is passed to the measuring mechanism.

NOTE

This document specifies the functional requirements of catching-type liquid precipitation measuring

gauges. Consideration of the siting and exposure of gauges is also important. More specifically, the installation
conditions, measurement environment and solid precipitation (see Reference [1] and BS 7843-3).

4.2 Gene

ral gauge specifications

The gauge manufacturer should provide general specifications that can impact the measurement of

precipitatiofrwhich inciude, butare not Himited to:

a) range;

b) resolutipn;

c) accuracy;

d) size of drifice area;

e) standarldized communication interfaces and protocols for data transmission;

f) power gupply and consumption;

g) height df gauge (including rim height placement to avoid interference from deposited snow or
materials near the gauge);

i) gauge materials.

Requiremerfts for uncertainty, range and resolution“for precipitation measurements shoul

considered. [It should be noted that, in some countries, trace observations are officially given a v

zero, thus rq

with weighi

4.3 Envir

4.3.1 Gen

hg-type gauges since even very smalbamounts of precipitation will accumulate over ti
onment

eral

Liquid precipitation measuring-gauges shall operate within the ranges of temperature in 4.3.2 an

ranges of re

inclement w

ative humidity-in4.3.3. Wind should be taken into consideration in areas that are pro
eather condifions.

4.3.2 Temperature

Catching-ty
following e

be-liquid precipitation measuring gauges should function in their intended manner i

bther

d be

alue of
sulting in a biased underestimate of the'seasonal precipititation. This problem is minir:Lized

mne.

d the
ne to

h the

Operating temperature for non-recording type and recording type gauges:

maximum temperature: +60 °C;

weighing gauge without antifreeze): 0 °C;

weighing gauge with antifreeze): -40 °C.

minimum temperature (catching-type liquid precipitation measuring gauges, excluding heating or

minimum temperature (catching-type liquid precipitation measuring gauge, with heating or

© IS0 2021 - All rights reserved
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Relative humidity

Catching-type liquid precipitation measuring gauges shall operate within the following relative
humidity range.

Oper

ating relative humidity for non-recording type and recording type gauges:

— maximum relative humidity: 100 % RH;

— minimum relative humidity: 0 % RH;

5

5.1

For 1
store
day;
rainf

placs,

5.2

The 1
netw
could

For 1
the 1
inter

Non-
the ¢

comimonly daily or monthly depending on gauge design and network purpose. Liquid pre
ted per unit of time. The'manufacturer or network operator should specify the volume of liquid

repo
prec

6
The

is du
wate

necording

Recording format

ecording and non-recording type liquid precipitation gauges, the time stamp of each
and eight digits for the hour, minute, second and millisecond (e.g. 2019/12/31 09:0(

all accumulation, there shall be at least five digits (e.g. 000,00 mui-h), not including
for the liquid precipitation amount.

Recording interval
ecording interval for catching-type liquid precipitation:measuring gauges shall be spe

| affect the accuracy and precision of recorded mé€asurements.

ecording type gauges, the measurement reecord of liquid precipitation should be tra

vals are commonly hourly or every mintite depending on gauge design and network py

recording type liquid precipitation gauges should be read manually at a specified intervj
ata. Ordinary and storage gauges should be emptied in line with network operatin

pitation and time interval fecorded in its most granular form.

tnvironmental,protection and housing

catching-type-liquid precipitation measuring gauge should be constructed in a nj
rable and¢an endure natural weathering without changes to its surface characteri
rtight seans should be used throughout. The collecting funnel should fit firmly ove

the 1
desig

neasurement mechanism but should be removable without undue force. The gaug

d in a data storage gauge or manual recording shall be at least eight digits for the year,

record to be
month and
:00:00). For
the decimal

cified by the

ork operator to ensure regional and climatological constraints are taken into consideration that

nsmitted to

ecording device instantaneously or at a specified time according to the gauge user. The recording

rpose.

al to acquire
b principles,
cipitation is

aterial that
stics. Sound
r the top of
e should be

ned to minimize 1ngress by small ammals and insects. The outer housmg of the g

auge should
gh the inlet

funnel. Electrlcal connections for power supphes and outgoing 31gnals should be provided using water-
resistant plugs or terminals, suitable for the environmental conditions in which the gauge is deployed.
[6] Any marking identifying connectors should be weather-resistant and remain legible for the expected

lifeti
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7 Installation

The manufacturer shall provide clear instructions for the installation of catching-type liquid
precipitation measuring gauges. As mentioned in 4.1, the position and exposure of raingauges should be
taken into consideration.

NOTE

Measurements will be influenced by rim height, either through individual gauge design or local

deployment to allow for factors such as snow depth where close to ground level deployment is not practical. All
gauge types are expected to be positioned to ensure operation within the manufacturer’s design.

The rim of the gauge should be installed parallel to the ground surface. The design should maintain

plane of ri

level to within +2° of the hase p];mp Failure to ensure that the rim is level will intr

duce

a systemati
tipping buch

The gauge s
changesing

The gauge 1

resultinan
be avoided.

8 Estim4

8.1 Gene

The uncertd

a) signaln|
b) resoluti
c) other
convers
Type A and ]

of values to

NOTE
the scope of {

8.2 Factors of measurement uncertainty

In practice,

a)

incomp

pn of the measurement process;

Although installation dandenvironmental factors are major sources of uncertainties, they are ot

C error into the measurement. The measurement mechanism of the gauge, for examyj
et mechanism, should be level to ensure there are no systematic errors.

hould be installed securely to ensure that it remains stable. Impacts such as ffost heav
round conditions should be taken into account.

hould be placed to ensure that the surrounding surface minimizes, splashback tha
bver-catch. A surface of gravel or short grass is typical; and surfaces:such as concrete sf

ition of measurement uncertainty

ral
inty of a value derived from primary measurements can be due to:

oise which affects the value being measured“(variation by the precipitation intensity);

factors (wetting, splashing, evaporation, wind induced under-catch, volume-
ions, time interval, etc.).

['ype B are two methods of measurement uncertainty estimation for relating the dispe
the probability of “closeéness” to the mean value (see Reference [7]).

his document.

[here dre'many possible sources of uncertainty in a measurement, including:

eteydefinition of the measurement;

ble, a

b and

[ can
jould

nass

rsion

tside

b)
‘)

imperfe

defined
d)

ct realization of the definition of the measurement;

measurement;

measurement of environmental conditions;

e)
f)
g)

finite in

personal bias in reading analogue instruments;

strument resolution or discrimination threshold;

inexact values of measurement standards and reference materials;
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h) inexact values of constants and other parameters obtained from external sources and used in the
data-reduction algorithm;

i) approximations and assumptions incorporated in the measurement method and procedure;
j) variations in repeated observations of the measurand under apparently identical conditions.

Table 1 is adapted from Reference [1], Annex 1.A. Operational Measurement Uncertainty Requirements
and Instrument Performance Requirements and provides an example of operational measurement
uncertainty requirements and instrument performance requirements.

© IS0 2021 - All rights reserved 5
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8.3 Type-A estimation

Type-A estimation is a method of evaluation of uncertainty by the statistical analysis of series of
observations. It stems from manual reading and evaporation and wetting of the instrument.

8.4 Type-B estimation

Type-B estimation is a method of evaluation of uncertainty by means other than the statistical analysis
of a series of observations. It stems from resolution, aging and random error of the instrument.

8.5 Combined nnrnri‘ainfy

To d¢termine the uncertainty of the derived value, U, it is necessary to combine the uncerthinties of all
primjary measurements, u, thus:

1
UC = [ui + uﬁ ]E (1)

where
U. is combined uncertainty;

12 is the uncertainty of type-A;
/2 is the uncertainty of type-B.
Formula (1) illustrates the method when combining the uncertainty of a reference precipitption datum

valug. Other components of measurement unceffainty are added by inclusion of their squared value
withfn the brackets.

© IS0 2021 - All rights reserved 7


https://standardsiso.com/api/?name=117f4f0916cf13f39232e18d79fa3c8b

ISO 23350

:2021(E)

Annex A
(Informative)

Catching-type liquid precipitation measuring gauges

A.1 Non-

recording gauges

A.1.1 Ord

A.1.1.1 Explanation

The ordinat
(Figure A.1)
in some cou
receiver carn
the observa

Key
1 funnel

2 measuring gauge

inary gauge

The size of the opening of the collector is important. A receiving aréaof 1 000 cm? is
htries, but an area of 200 cm? to 500 cm?2 will probably be most convenient. The area

fion hours, the graduated cylinder shall be used to measure the'accumulated precipita

N
M

T

|

y gauge is composed of the collector orifice, a storage with a funnel(shape and a bificket

used
f the

be made to equal 0,1 of the area of the collector. Storing rain orsolid precipitation dyiring

tion.

Figure A.1 — Ordinary gauge

A.1.1.2 Materials

An ordinary gauge is made of various types of metal or plastic materials with proper thermal expansion
coefficient. They should be manufactured to minimize errors due to wetting loss and evaporation.

A.1.1.3 Advantages

An ordinary gauge is easy to install. It can measure precipitation accurately at a low cost.

© IS0 2021 - All rights res

erved


https://standardsiso.com/api/?name=117f4f0916cf13f39232e18d79fa3c8b

ISO 23350:2021(E)

A.1.1.4 Disadvantages

Ordinary gauges must be read manually and cannot determine the exact start and end of the
precipitation occurrence. The timing cannot be determined between individual events within the
recording period. Uncertainty factors exist due to measurement time and scale indication. Evaporation
can result in under-reading, particularly if measurements are taken less frequently than daily.

A.1.1.5 Uncertainties

The uncertainties of ordinary gauges are detailed in Annex B.

A.1.2 Storage gauge

A.1.2.1 Explanation

Ano
aften
aren

The

prec
puti
This

Whe
of off
infor

collecting rainwater in the bucket for a certain period, such as measuring-the total pre|
hote area.

pauge is composed of a collecting part with a funnel and a storage part that can |
pitation between scheduled readings (Figure A.2). Typically, proper oil of around 5
h a measuring bottle and a removable inner can for overspill.to prevent the evaporat

eration and management. For example, the installation of a video camera can prov
mation about the conditions at a gauging site. The extent of ice cover, periods of backy

oil shall have a property to pass through collected waterfreely to prevent evaporatiorl.

bserver of a storage gauge can either measure the weight or read the graduated cylindejr of a bucket

cipitation in

nold enough
mm shall be
on of water.

h a storage gauge is located far from the observerothe gauge requires special care in terms

de valuable
wvater due to

ice, gtc., can be documented by a camera.

R

NS S

— 1
~—_
2

M
Key
1 funnel
2 bucket

Figure A.2 — Storage gauge

A.1.2.2 Materials

Storage gauges are made of various types of metal or plastic materials with proper thermal expansion
coefficient. They should be manufactured to minimize the loss of water by the wet error and evaporation.

©ISO
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A.1.2.3 Advantages

This type of gauge is easy to install and measure, and is available to accurately measure precipitation
at a low cost.

A.1.2.4 Disadvantages

As it is not possible to measure in real-time and there exist many cases of poor accessibility, the gauge
requires monitoring to check if the the funnel is plugged. In addition, this type of gauge requires oil or
antifreeze to prevent evaporation, but such substances can cause environmental pollution.

Storage gaugesmustbeTead mranuatty amd canmot determine the exactstartamdend of the precipitption
occurrence.[The timing cannot be determined between individual events within the recording pqriod.
Uncertainty| factors exist due to measurement time and scale indication. Evaporation can result in
under-readipg, particularly if measurements are taken less frequently than daily.

A.1.2.5 Uncertainties

The uncertdinties of storage gauges are detailed in Annex B.

A.2 Recording gauges

A.2.1 General

As the catchling-type liquid precipitation measuring gauge with,automatic recording has a higher|time
resolution than manual measurements, it is possible to reduce‘evaporation and wetting loses.

Recording gauges generally used are the weighing typé; tipping-bucket type and floating type. ome
weighing gauges can measure all types of precipitation without the need for additional heaters. (ther
recording-type liquid precipitation measuring gauges will require heaters fitted to the rim or funnel, or
both, if they|are required to measure frozen precipitation.

Alternative technologies for measuring precipitation without moving parts are emerging. These in¢lude
condenser gauges, atmospheric pressure.converters and optic or small radar gauges. They provide
electronic signals in response to the précipitation amount or intensity, or both.

NOTE These technologies are notysufficiently developed for inclusion in this edition of this document.

Another important component of recording rain gauges is accurate time recording of the precipitption
amount over a set interval, This will be carried out by a data logging device either within the gauge or
through an pxternal datalogger. This is essential for providing accurate information on the timeljness
of rainfall a¢gcumulation and calculation of rainfall intensity.

A.2.2 Weighing gauge

A.2.2.1 Explanation

A weighing gauge measures the weight continuously by a weight sensor or a load cell when rain or solid
precipitation enters through the upper part of the receiver and fills the collection bucket that is placed
inside the casing (Figure A.3). The gauge consists of a collection bucket to receive water and a gauge to
measure weight. The weighing gauge can measure precipitation in the form of solid precipitation. Its
operation has an advantage in that no special preparation processes are required except emptying the
water in the collection bucket. A weighing gauge should be designed to prevent excessive evaporation
losses, which can be reduced further by the addition of sufficient oil or other evaporation suppressing
materials to form a film over the water surface. Evaporation does not necessarily need to be prevented
if the gauge software takes into account the weight of the gauge when making calculations.
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Figure A.3 — Weighing gauge

A.2.2.2 Materials

The pxterior of the gauge should be manufactured with a durable and corrosion-free material like
stainless steel, which is commonly used(ltis important to review the reliability of power supply since
the gauge records measurements autonatically.

A.2.2.3 Advantages

It is fiseful to measure both liquid and solid type precipitation such as snow, sleet and hail. This gauge
provjdes precise measurements with fine resolution. In addition, the recording-type weighing gauge
will require less maintenance since it is has no funnel or moving mechanical parts and| mechanical
degrpdation can be(significantly reduced.

A.2.2.4 Disadvantages

If the precipitation accumulated in the bucket exceeds the capacity of bucket, it shall bg discharged
automatically or manually. The automatic discharge type does not use antifreeze for its operation,
but the manual discharge type needs antiireeze to avoid the water inside the bucket from freezing. In
addition, in case of manual discharge type, the capacity of the bucket should be large and it needs an
evaporation suppressor or gauge software.

The weighing gauge is not suitable to discern the types of precipitation. Errors can occur as the load
cell can be affected by pressure from high winds. Another common fault with weighing gauges is wind
pumping. This usually occurs during high winds when turbulent air currents passing over and around
the catchment container cause oscillations in the weighing mechanism. Errors associated with such
anomalous recordings can be minimized by averaging readings over short time intervals, usually
ranging from 1 to 5 min.

A.2.2.5 Uncertainties

The uncertainties of weighing gauges are detailed in Annex B.
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A.2.3 Tipping bucket gauge

A.2.3.1 Explanation

Tipping bucket gauges measure the rate and total accumulated precipitation. Water collected in the
receiver fills one of the two calibrated buckets with a predetermined amount of water (Figure A.4).
Once the predetermined amount of water is collected in the bucket, it tips over on one side due to the
weight of the water and the rainwater is drained. Tipping bucket gauges employ a contact closure (reed
switch or relay contact), such that each tip produces an electrical impulse as a signal output. This output
is typically recorded by a data logger or an ADC (data acquisition system equipped with reed switch
reading ports). This mechanism provides a continuous measurement without manual interaction

NOTE Faqr futher details on tipping bucket gauges, including the measurement of rainfall (intensity,
calibration, efc., see Reference [1].
/\
v
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3 drain cylinder

4  reed-reldy switch

5 calibratipn adjuster

Figure A.4 — Tipping bucket gauge

A.2.3.2 Mleterials

The gauge should be manufactured with a durable and corrosion-free material like stainless steel.

A.2.3.3 Advantages
The gauge is relatively simple. As it is available for remote measurements and easy to produce digitized

observation signals, the gauge has been widely used for automatic weather stations. It is suitable to
measure the accumulated sum and rate of precipitation.

A.2.3.4 Disadvantages
The gauge has some limitations in catching high-intensity precipitation and, if the precipitation

intensity increases, the accuracy of observed values declines. Although negligible, there is a possibility
of evaporation loss in hot regions. It is impossible for the gauge to measure if counting elements fail
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such as a reed switch, etc. If it is a heated type gauge, errors are possible due to the evaporation of
water collected.

Although the time is short when the water is poured out from the bucket and returns to its original
position, a small amount of precipitation can be missed during that time. Since a nonlinear error can
occur during high rainfall intensities, the precision of the gauge cannot be guaranteed.

A.2.3.5 Uncertainties

The uncertainties of tipping bucket gauges are detailed in Annex B.

A.2.4 Float gauge

A.2.4.1 Explanation

Float-type gauges include a funnel for collecting precipitation, cylinder for- storing pfecipitation,
float|in the cylinder and a recording device that measures and records the-water level in the cylinder
(Figyre A.5). The recording mechanism can be a pen trace on a rotating druntor shaft encogler and data
loggér. When the cylinder nears capacity, the contents are emptied autamatically by a syphpn in a short
time|frame to prevent the disconnection of recording for the precipitation measurement even when
continuous heavy precipitation occurs.

NOTH With advances in technology, some float gauges are fully digitalized and automated. This document
does hot focus on non-recording float gauges since they are not commonly used.

Key

1 nnel

2 Jlijnhon

3 float

4  recording paper
5 pen

Figure A.5 — Float gauge

A.2.4.2 Material

The gauge should be manufactured with a durable and corrosion-free material like stainless steel.
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A.2.4.3 Advantages

A float gauge can measure in real time, meaning that data are available for recording or transmittal

through telemetry, or both, as soon as the measurement is obtained.

A.2.4.4 Disadvantages

With a float gauge it is impossible to measure the precipitation during the siphon motion that drains
the water. In cold temperatures, the possibility of frozen floats exists. It is necessary to have a steady
power supply for recording and time meter motions.

A.2.4.5 Ui

The uncertd

jcertainties

inties of floating gauges are detailed in Annex B.
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