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Introductio

This Internatio

methods and

support of sola

Accurate sola

for developing|
testing, solar 1

hal Standard is one of a series of standards that specify ’
instruments for the measurement of solar radiation in
r energy utilization.

p

1| radiation data are used in meteorology and are needed
solar energy appliances, in particular for performance

adiation simulation and resource assessment.

The measurement of radiation is needed for determination of the con-

version efficie
fication of th
comparison of

The specificat

this Internation
that is similar]

(WMO). Howe

from the WMO

hcies of solar appliances. The specification and classi-
bse instruments are needed in order to enable the
solar radiation data on a worldwide basis.

on and classification of solar radiometers prescribed>n
al Standard are based on a terminology and methodology
to that used by the World Meteorological Organization
er, both the specification and the classificatigh deviate
documents in order to meet the requiremepni§’ specific to

solar energy utilization and appliances.

In particular,
necessary for

this International Standard establishes the regulations
he implementation of the classification.
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Solar energy — Specification and classification of instruments
for measuring hemispherical solar and direct solar radiation

1 Scopp

This Interpational Standard establishes a classifica-
tion and dpecification of instruments for the meas-

urement O©f hemispherical solar and direct solar
radiation jntegrated over the spectral range from
0,3 um to B pm.

Instruments for the measurement of hemispherical
solar radigtion and direct solar radiation are classi-
fied acconding to the results obtained from indoor
or outdoor performance tests. Primary standards,
which ard direct solar radiation instruments, are
classified pn the basis of their design and specifica-
tion of melasuring reproducibility under outdoor test
conditions| verified by periodic pyrheliometric inter-
comparisqgns.

2 Normative reference

The following document contains(provisions which,
through raference in this text, constitute provisions
of this International Standard~At the time of publi-
cation, thq edition indicated-was valid.

World Meteorological /~Organization, Guide to
Meteorolopical Instruments and Methods of Obser-
vation, No| 8, 5th_edition, WMO, Geneva, 1983.

3 Deﬁnr'tions

3.2 global (solar) radiation: Hemispherical solar

radiation received by a _horizontal plar

3.3 direct solar‘radiation: Radiation

e surface.

received from

a small solid .angle centred on the sun’s disc, on a

given plane-

NOTE 2.\ _In general, direct solar radiatig

n is measured

by instruments with field-of-view angles| of up to 15°.

Therefore a part of the scattered radiat
suh’s disc (circumsolar radiation) is alsq
5.4).

on around the
included (see

More than 99 % of the direct solar radiatjon received at

the ground is contained within the waveler
0,3 ym to 3 um.

3.4 pyranometers: Radiometers ¢
measuring the irradiance on a plane
face which results from the radiant f|
from the hemisphere above within th
range 0,3 um to 3 um.

NOTE 3  The spectral range given is on

gth range from

esigned for
receiver sur-
uxes incident
e wavelength

y nominal. De-

pending on the materials used for the domes which pro-

tect the receiving surface of a pyranomets
spectral limits of its responsitivity appr
limits mentioned above.

Radiometers which are of design similar td
but which are equipped with photoelectric
ing spectral responsivity which is not as u
spectral range as required in table1 (ref

er (see 4.1), the
bximate to the

pyranometers,
al sensors hav-
hiform over the

For the purposes of this International Standard, the
following definitions apply.

3.1 hemispherical solar radiation: Solar radiation
received by a plane surface from a solid angle of
2m sr.

NOTE 1 More than 99 % of the hemispherical solar ra-
diation incident at the earth’s surface is contained within
the wavelength range from 0,3 ym to 3 ym. Generally,
hemispherical solar radiation is composed of direct solar
radiation and diffuse solar radiation (solar radiation scat-
tered in the atmosphere) as well as solar radiation re-
flected by the ground.

are often designated by the name of the
stance
pyranometer).

3.5 pyrheliometers: Radiometers

“Silicon-pyranometer” (or, for

erence No. 3d),
sensor, for in-
short, Si-

designed for

measuring the irradiance which results from the so-
lar radiant flux from a well-defined solid angle the
axis of which is perpendicular to the plane receiver

surface.

NOTE 4 It follows from this

definition

that

pyrheliometers are used to measure direct solar radiation

at normal incidence. Typical
pyrheliometers range from 5° to 10

field-of-view angles of

°. Unlike the
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windowless instruments, the spectral responsivity of field
pyrheliometers is limited to the range approximately
0,3 um to 3 um, depending on the spectral transmittance
of the window which protects the receiver surface. How-
ever, windowless instruments operate with a loss of en-
ergy of less than 1 % (see note 2 to 3.3).

3.6 world radiometric reference (WRR): Measure-
ment standard representing the Si unit of irradiance
with an uncertainty of less than + 0,3 % (see the
WMO Guide to Meteorological Instruments and
Methods of Observation, 1983, subclause 9.1.3). The

reference wa

adopted by the World Meteorological

a) the thermal sensor, the receiving surface of
which is painted black or alternatively black and
white,

b) the glass dome(s) (one or two), which cover(s)
concentrically the receiving surface, and

c) the body, which is often shielded by a sun-
screen, and used as a thermal reference.

4.2 Types

Organization
1 July 1980.

In order to en
realized by a
Group) of at |
different desig
World Radiatic

3.7 Linke tur
attenuation of
atmosphere. |

WMO) and has been in effect since

sure its long-term stability the WRR is
group (known as the World Standard
past four pyrheliometers (see 5.2.1) of
n which are maintained by the WMO
bn Centre at Davos.

bidity factor: Relative measure of the
the direct solar radiation by the total
is related to the attenuation by mol-

ecule scattering only.

The Linke tur

clean non-abs

pidity factor can be interpreted as an

rbing molecular atmosphere to fit the

assumed mqulier of the path length through a

measured be
treatment, seq

m attenuation. For the mathematical

[2].

4 Instrumgnts to measure hemispherical

solar radiat

41 Genera

Pyranometers
hemispherica

The spectral
for thermal s
faces, to achi
required for

on — Pyranometers

physical design

are radiometers.\used to measure
solar radiation (gee 3.1 and 3.4).

imits of the’measurement only allow
ensors, €quipped with absorbing sur-
pve thewuniform spectral responsivity
byranometers (see table 1, reference

No. 3d).

The commonest type of pyranometef is the
“thermoelectric” pyranometer whichQis’|equipped
with a thermopile (sometimes calted g4 thermo-
battery) measuring the differencé.in temperature
between the blackened receiving surfage (active
junctions) and the body (passive junctipns). The
position and number of the\active and pagsive junc-
tions are quite differeftyin different pynanometer
models. Generally these sensors are covered by two
concentric glass domes to achieve a strgng atten-
uation of the off-s€t generated by thermal radiation.

Of a spegiak design are the “blackjand-white
pyranometers”. Their passive junctions are
thermally ‘connected to white segments yhich are
regularly distributed over the relatively [large re-
ceiving surface. Generally, only one domg is used
i, black-and-white instruments on the agsumption
that the thermal radiation is also absorbgd equally
by the white paint.

Pyranometers that are self-checking by [means of
electrical substitution of the radiant powel are now
commercially  available. However, “absolute
pyranometers” with cavity receivers (corr¢sponding
to “absolute pyrheliometers”, see 5.2.1) are not yet
on the market.

Radiometers with a 2= field-of-view angle|based on
photoelectric receivers (using silicon photovoltaic
cells) are available as so-called "“Si-pyranpmeters”.
Currently such instruments are not able tq meet the
uniformity of spectral responsivity as required for
classification (see table 1).

Pyranometers of designs other than those [described
above may be used provided that they|meet the

Thermal

sensors transform radiant energy into

thermal energy with a consequent rise in the tem-
perature of the receiving surface. This rise in tem-
perature is balanced by various kinds of heat losses
to thermal sinks (e.g. the body of the pyranometer
and ambient air).

The thermal sensor of a pyranometer is protected
from wind, rain and dust as well as the exchange of
thermal radiation by one or two glass domes whose
spectral transmittance confines the spectral range
of responsivity to approximately 0,3 pm to 3 um.

The main parts of a pyranometer are

specific requirements for solar energy applications.
Detailed descriptions of various types of
pyranometer are given in [1], [2] and [3].

4.3 Classification

The classification of pyranometers is based exclu-
sively on the measuring specifications of the instru-
ments according to their design and quality of
manufacture.

NOTE 5 The accuracy of solar radiation data measured
by pyranometers depends not only on the category of the
instrument but also on
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a) the calibration procedure,
b) the measurement conditions and maintenance, and

c) the environmental conditions.

Therefore statements about the overall measurement un-
certainty can only be made on an individual basis, taking

all relevant factors and the category of the instrument into
account

The classification scheme is based on various
specifications, as given in table 1, and various clas-
sification criteria, as given in 4.3.2.

ISO

1) ageing effects (a measure of
stability),

9060:1990(E)

the long-term

2) the level of irradiance (a measure of the

non-linearity),

3) the direction of the irradiance
the deviations from the ideal “

inur” and itg azimithal ri

iour  andG 1S aZzimuinar va

4) the spectral distribution of
measure of the spectral
responsivity)

Three ca
lows:

gories of pyranometer are defined as fol-

Y)

) seconflary standard pyranometer;

hY firct ol
u’ i ou “

group |of first class pyranomete
test appliances);

c) secondl class pyranometer.

NOTE 6 |A primary standard is not classified because
the most pccurate determination of global irradiance is
believed t¢ be the sum of the direct irradiance as meas-

ured by af absolute pyrheliometer and the diffuse solar
irradiance:Las measured by a secondary standard
pyranometer shaded from the sun by a disc.

4.3.1 Limiting values of pyranometer specifications

Pyranomgter specifications can be grouped as fol-
lows:

a) the regponse time (a measure.of the thermal in-
ertia inherent in the stabilization period for a
final r¢ading);

b) the zefo off-set (a measure of the stability of the
zero-ppint specified\for the effect of thermal ra-
diatior] and for@‘temperature transient);

c) the dependente on responsivity resulting from

{(a measure of
cosine behav-

irradiance (a
selectivity of

5) the temperature of the -pyrapometer body,

and

6) the tilt angle of the-receiving strface.

A specification is fulfilled if the meapn value of the

respective test result does not exce

ed the corre-

sponding limiting, value of the specifitation given in

table 1 for the specific category of ins

The specifieations given in table 1 sh

rument.

all be verified

by tests, Additional information on the specification

items.is'given in annex A .

NOFES

7 Table1 was developed on the basi$ of the corre-
sponding WMO classification (see claus¢ 2) which also

defines three categories of pyranometer
standard, first class pyranometer and
pyranometer. The limiting values given i
some cases more stringent than those g
responding WMO table owing to the requi
energy test applications and to recent in
measurement techniques.

8 The “first class pyranometer for solar
plication” is defined in 4.3.2.

i.e. secondary
second class
n table1 are in
ven in the cor-
ements of solar
pprovements in

energy test ap-

9 An International Standard dealing with methods for

testing pyranometer characteristics is in

A pyranometer belongs to a specific
eight specifications (table 1) of the re
gory are met and if the classification i
with the criteria given in 4.3.2 and 4.3

reparation.

category if all
spective cate-
5 in conformity
3.
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Table 1 — Pyranometer specification list

Reference o Pyranometer category
No Specification secondary first class second class
’ standard
Response time:
1 <156s <30s <60s
time for 95 % response
Zero off-set:
2 a) response to 200 W-m~2 net thermal radiation (ventilated) + 7Wm-2 + 15Wm~2 | + 30 Wm~-2
b) Fesponss o6 K -h--1 nhar\ga ir—armbient Qnr\‘r\pr\ralllrn i 2 MLp=2 i 4N ,f_ 8 W-m-2
Nop-stability:
3a + 0,8 % + 15 % 4+ 3%
pefcentage change in responsivity per year
Nop-linearity:
3b pefcentage deviation from the responsivity at 500 W-m—2 + 0,5 % + 1% 43 %
dug to the change in irradiance within 100 W-m-2 to
10p0 W-m~2
Diectional response (for beam radiation):
thg range of errors caused by assuming that the normal in- 9
3c cidence responsivity is valid for all directions when measur- 8 Wm 20 Wm +3p Wm 2
ing from any direction a beam radiation whose normal
indidence irradiance is 1000 W-m~—2
Spectral selectivity:
3d pefcentage deviation of the product of spectral absorptance +3% +5% + 10 %
anfl spectral transmittance from the corresponding mean
within 0,35 pm and 1,5 pm
Temperature response:
3e pefcentage deviation due to change in ambient temperature 2% 4 % B %
within an interval of 50 K
Tilf response:
3f pefcentage deviation from.the responsivity at 0° tilt (hori- + 0,5 % +2% 45 %
zoptal) due to change_ in1ilt from 0° to 90° at 1000 W-m~2
irrpdiance
4.3.2 Classifigation criteria gory quality control has verified that every
pyranometer complies with the respective specifi-
The classificatjon ofpyranometers may be applied cations.
to individual instruments or to groups (particular Pyranometers may be classified as fifst class

types) of "~|StrLI manis rlnnonr'hng on-the r\aiognr\ll

A classification as secondary standard pyranometer
may only be applied to an individual instrument if it
complies with all the respective specifications given
in table 1.

A classification as first or second class pyranometer
may be obtained either for an individual instrument
or for a particular type of pyranometer (instruments
identical in design) that meets the respective spec-
ifications. A type of pyranometer may be claimed to
be of a particular category if the appropriate cate-

pyranometers for purposes of solar energy test ap-
plications if the specifications for azimuthal and
cosine response, first class instruments, given in
table 1 are met for the individual instrument.

4.3.3 Identification of classification

The classification of a particular pyranometer shall
be indicated by appropriate labelling of the instru-
ment and by a test certificate provided by the issu-
ing laboratory. The issuing test laboratory should be
authorized by 1SO.
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5 Instruments to measure direct solar
radiation — Pyrheliometers

5.1 General physical design
The main parts of a pyrheliometer are as follows:
a) the thermal sensor, the plane receiving surface

of which is painted black or has a cavity to ab-
sorb the incoming radiation;

ISO 9060:1990(E)

called the “characterization” of the instrument and yields
a reduction factor which is used to transform the output
signals to irradiances. The uncertainty in this factor de-
termines the absolute accuracy of the instrument.

Absolute pyrheliometers of modern design use cav-
ities as receivers and electrically calibrated differ-
ential heat-flux meters as sensors. They are
operated in either “active” or “passive” mode. In
the active mode the heat flux is maintained constant
during both the shaded and the irradiated phase; the
difference in electrical power during both phases is
proportional to the radiative power. In the passive

b) the vigw-limiting tube (or diaphragm tube, also
called |a sky-occluding tube), which defines the
field-of-view geometry {the length / of the tube,
the radius r, of the aperture and the radius r, of
the rdceiving surface determine the central
field-ofview angle 2 arctan{r,/}) and the slope

angle arctan[(r, — r,)/1]};

c) the 4djustable mount, which causes the
pyrheliometer to follow the sun or permits it to
be adjlisted to do so. (The adjustable mount can
be an fintegral part by design of the instrument
or a separate device to allow individual combi-
nation with an appropriate sun-following system.)

To restric] the requirements on both the accuracy
of the sun{following device and the length of the tube
to practicgl limits, the slope angles of commercially
available pyrheliometers are of the order of 1°, and
the fieldrof-view angles are about 5° ‘for
pyrheliompters of newer design and up to about:45°
for those ¢f older design.

Because {he sun’s disc has a diameter of 32’ as
seen from|the Earth, a larger amount.ofthe aureole,
depending on the content of atmospheric aerosol, is
included iph the measurements of ‘direct solar radi-
ation (see|3.3).

The receiying surface of. pyrheliometers used for
continuous field measurgments is protected against
dirt, insects, wind andsother weather phenomena by
a quartz window of @ ventilation system.

Detailed [descriptions of the various types of
pyrheliompter are given in [1], [2] and [3].

mode the electrical heating is maintajined only dur-
ing the shaded phase. In practige, when the
pyrheliometer is in the active, mode| the radiation
measurements will be interrupted pefriodically dur-
ing the shaded phases of~the meapuring series,
while in the passive mode-the shaded| phase occurs
before the measuring-series.

5.2.2 Compensation pyrheliometer

Pyrheliometers of older design (i.e. tHose without a
cavity) which also have electrical substitution of the
incident radiative power are still in common use in
mapny national and regional radiation ¢entres. These
instruments have to be calibrated.

The Angstrom-Compensation-Pyrheliometer, for ex-

ample, is equipped with two adjacen

receivers, in

one tube, which function alternately; one receiver is

irradiated by the sun whilst the othen

ously shaded and electrically heated.

that during the shading phase of ong
measured radiation value of the othéd
tained.

is simultane-
This means
receiver, the
r can be ob-

5.2.3 Pyrheliometers without electricgl substitution

These pyrheliometers are “relative
and usually have thermopiles as de

instruments”
tectors. They

permit continuous recording of radiItion and are

used as field instruments; in most c
provided with a weather-proof enclosu

5.2 Types

5.2.1 Absolute pyrheliometer

Principally an absolute pyrheliometer is a realiza-
tion of the scale of irradiance.

NOTE 10 It is necessary to subject such an instrument
to a close examination of its properties by means of lab-
oratory measurements and model calculations to deter-
mine its deviation from ideal behaviour. This procedure is

5.3 Classification

ses they are
re.

Pyrheliometers are classified into two groups as

follows:
a) primary standard pyrheliometer;

b) pyrheliometers of lower category.

Only absolute pyrheliometers, whose

level of inac-

curacy is essentially defined by the determination
of its calibration factor and its long-term stability,
may be classified as primary standards.
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5.3.1 Primary standard pyrheliometer

5.3.1.1 An absolute pyrheliometer in accordance
with the WMO specification for a primary standard
instrument (see clause 2 and annex B) may be
designated as a primary standard for the purposes
of this International Standard.

5.3.1.2 Any absolute pyrheliometer may be desig-
nated as a primary standard for the purposes of this
International Standard if it has been submitted to a
“recognized pyrheliometer comparison” (see below)

NOTE 11 The accuracy of solar radiation data measured
by pyrheliometers depends not only on the class of the
instrument but also on the maintenance and the environ-
mental conditions. Therefore, statements on the overall
measurement uncertainty can only be made on an indi-
vidual basis, taking into account all relevant factors and
the category of the instrument.

Pyrheliometer specifications are given in table2.
The specifications are essentially the same as those
used for pyranometers (see 4.3.1) except that the
“directional response” is excluded and the
“traceability” is included.

every 2 years ¢ver a period of 4 years and has been
determined tolfunction within 0,25 % of the refer-
ence.

For the purpo
recognized py
with the follow

a) The refere
two prima

bes of this International Standard, a
heliometer comparison shall comply
ng criteria.

ce shall be established by at least
standards, one of which shall be

submitted periodically to the WMO International
Pyrheliometer Comparison.

b) The meteofological conditions during the com-
parison shall comply with the following specifi-
cations: sky conditions, cloudless; Linke turbidity
factor, less|than 5; wind speeds at the instrument

site, less t
than 0 °C.

c) The data
5 % 10-5 rg
allow for 4
between m

The classificat
primary stand
recognized py
that its respo
period of 2 yed

The historical
ance and of its
available on re

an 3 m-s—1; air temperature, greater

acquisition system shall have a
solution of 1000 W-m—2 and should
n evaluation of comparison results
Pasuring series.

on of an absolute pyrheliometer as a
ard shall be verified periodically in
rheliometer comparisons by testing
hsivity remains within” 0,2 % over a
rs.

records of the” instrument perform-
use in comparisons should be made
quest.

53.2 Pyrhelic1meters of lower category

A specification is fulfilled if the mean ¥alpe of the
respective test result does not exceed the corre-
sponding limiting value of the specificatior] given in
table 2 for the specific category ef\instrumgnt.

A pyrheliometer belongs to a-specific category if all
eight specifications (table(2)) of the respective cate-
gory are met and if the Classification is in cpnformity
with the criteria giveniin '5.4.

5.4 Classification criteria

The classification of pyrheliometers may be applied
to individual instruments or to groups (particular
types) of instruments, depending on the category.

AZprimary or secondary standard instrument may
only be designated as such on an individual basis.

A classification as first or second class instrument
may be obtained either for individual pyrhejiometers
or for particular types of pyrheliometers (identical in
design) that meet the respective specffications.
Possible degradation and drift in performance shall
be controlled by calibration to verify the ¢lassifica-
tion as first and second class pyrheliometefs. A type
of instrument may be claimed to be of a particular
category if the appropriate quality control [has veri-
fied that every pyrheliometer complies with the re-
spective specifications.

6 Final remarks

In_addition to the classification and specifigation cri-

Secondary standard pyrheliometers as well as first
class and second class pyrheliometers are classi-
fied on the basis of the measuring specifications of
the instruments (according to their design and qual-
ity of manufacture) and by regulation of the
traceability to the scale.

teria specified in this International Standard, atten-
tion should also be paid to the following points to
ensure that instruments achieve adequate accuracy
in solar radiation measurement: proper adjustment,
regular maintenance and the use of recording de-
vices with sufficient sensitivity and stability.
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Tahla 29 __ Dusrhalinmatar ananificnatian lict
1Tavic « rylllcllu nwwei Dychlllball\lll mnman
Reference o Pyrheliometer category

N Specification secondary .

0. standard first class second class
Response time:

1 <15s <20s <30s
for 95 % response
Zero off-set:

2 + 1 Wm—2 +3IWm-2 + 6 Wm~-2
response to 5 K-h~! change in ambient temperature
Non-stability:

3a + 0,5 % +1% +2 %
percentage change in responsivity per year
Non-linearity:

3b percentage deviation from the responsivity at 500 W-m2 + 0,2 % 40,5 % + 29,
Aiin tey tha nhanca in irradianca within 400 W —2 $e - - -
UuUT v uic \;rlaulyc N wirauiaiiue witniiie 1vu vy 11 v
1000 W-m~—2
Spectral selectivity:

3d percentage deviation of the product of spectral absorptance + 0,5 % +1% + 5 %
and spectral transmittance from the corresponding mean
within 0,35 ym and 1,5 pim
Temperature response:

3e percentage deviation due to change in ambient teniperature 1% 2% £ 10 %
within an interval of 50 K
Tilt response:

3f percentage deviation from the responsiyity at 0° tilt (hori- + 0,2 % + 05 % +2%
zontal) due to change in tilt from 0° te"90° at 1000 W-m-2
irradiance
Traceability: with a pri- with a sec- with a first

ondary stan-
4 maintained by periodic comparison mary stan- Y class
dard da'rd pyrheliometer
. pyrheliometer
pyrheliometer or better or better
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NOTE 12

Annex A
(informative)

Comments on the specifications given in table 1

These comments are intended to highlight the

reasoning for the choice of test parameters rather than to

A.4 Non-linearity

describe the de
4.3.1).

AA

Owing to the

tails of the test methods (see note 9 to

Response time

fact that in general the thermal bal-

ancing procesls of pyranometers can only be de-

scribed by s
behaviour sho
ing which the
value. The val
is closer to thg

bveral time constants, the settling
ild be characterized by the time dur-
instrument reaches 95 % of the final
1e given by the WMO is 99 %, which

final value but has a greater uncer-

tainty owing t¢ the off-sets and is more dependent

on wind speed

. However, it should be emphasized

that for accurte measurement of the irradiance of

rapidly changi
taken for 99,5

A.2 Zeroo

The effects (p
only the two m
changes in bo
cold rain show

It is acceptabl
given upper li

g radiation sources, even the time
o Of the value should be considered.

ff-set

roducing zero off-set) mentioned are
ost frequent cases. The case of (apid
dy temperature, possibly effected by
ers, is excluded.

b for blowers to be used to meet the
mit values. For this c¢ase the blower,

including the

Imechanical interfacey must be com-

mercially available and specified* according to the
parts to be ventilated and thé.cooling required.

For instance, the specified net thermal radiant flux
density of 200 W-m—2\is/realized when, at a body

temperature
—10 °C.

f 30°C, the sky temperature is

It is important that the non-linearity is_§pgcified for
the total range of useful irradiances (apprpximately
100 W-m—2 to 1000 W-m—2).

A.5 Directional response (for beam
radiation)

A.5.1 To ensure that the limiting values|are met,
measurement must be made of the respon|sivity rel-
ative to normaldncidence at the following directions:
incidence angles’of 30°, 40°, 50°, 60°, 70° gnd 80° at
12 azimuth ~angles (0°, 30°, 60°, ..., 33D°). (The
azimuth angle = 0° represents the diftection of
the cablé outlet of the pyranometer))

A.5:2 The directionality of a pyranometer is char-
acterized by the responsivity for beam radiation as
a function of the direction of the radiation telative to
the pyranometer. For an ideal pyranometer, the
responsivity, which is the ratio of the sigpal to the
incident irradiance, is independent of direg¢tion. The
variation in responsivity with direction| in real
pyranometers causes measurement errofs. These
occur when either the responsivity variatipn or the
angular distribution of the incident radiatign or both
are either unknown or ignored.

In table1, reference No. 3c, the directipnality is
specified as an absolute error (in watts pe¢r square
metre) that would be caused by igngring the
responsivity variation and using the value [appropri-
ate for normal incidence when measuring [beam ra-
diation whose normal incidence irradiance is
1000 W-m—2.

The specified change in body temperature per hour

may occur dur

ing the morning of a fine day.

A.3 Non-stability

Generally, th

e reproducibility in testing the

responsivity of the pyranometer is already within

+ 0,5 %.

Low

stability of the pyranometer

responsivity can be compensated for by more fre-
quent recalibrations in accordance with the level of

tolerable unce

rtainty.

The mathematical expression for this “1000 W-m—2
directional error” is

R0,
Aqo00(8, ¥) = 1000 cos 0[ ﬁ(o—% - 1}

where

Aio00(0, V) is the 1000 W-m—2 directional error,
in watts per square metre;

0 is the incidence angle {#=0 is normal
incidence), in degrees;
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