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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
establlshed has the rlght to be represented on that comm|ttee Internat|onal organlzatlons governmental and

Standards
ication as an

jgct of patent

bration with
nvironment,
Subcommittee SC 2, Calculation methods, in accordance ‘With the Agreement on technical fooperation
between ISO and CEN (Vienna Agreement).

Throughout the text of this document, read “...this European Standard...” to mean “...this International
Stapdard...”.

ISO| 15927 consists of the following parts, under the general title Hygrothermal performance of puildings —
Calgulation and presentation of climatic data:

— | Part 1: Monthly means of single meteorological elements
— | Part 4: Data for assessing the:annual energy demand for cooling and heating systems
— | Part 5: Winter external-design air temperatures and related data

Furiher parts are in preparation.
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Foreword

1:2003(E)

This document (EN ISO 15927-1:2003) has been prepared by Technical Committee CEN/TC 89, “Thermal
performance of buildings and building components”, the secretariat of which is held by SIS, in collaboration with
| Committee ISO/TC 163, “Thermal performance and energy use in the built environment”,
Subcommittee SC 2 "Calculation methods".

Technica

This Eurppean Standard shall be given the status of a national standard, either by publication of an\id
or by endlorsement, at the latest by April 2004, and conflicting national standards shall be withdrawn a

by April 2

This star
and moid

Part 1: Monthly means of single meteorological elements;

Part 2: |Data for design cooling loads and risk of overheating;,

Part 3: [Calculation of a driving rain index for vertical surfaces from hourly wind and rain data;
Part 4: [Data for assessing the annual energy for heating and cooling,

Part 5:

Part 6: Accumulated temperature differences for assessing energy~use in space heating.

Annexes
This doc

Accordin
countries
France,

Slovakia

004.

Winter external design air temperatures and related wind data,;

A and B are informative.
iment includes a Bibliography.
j to the CEN/CENELEC Internal Regulations, the national standards organizations of the

Sermany, Greece, Hungary, Iceland, drefand, Italy, Luxembourg, Malta, Netherlands, Norway
Spain, Sweden, Switzerland and the-United Kingdom.

©IS

O 2003 — All rights reserved

entical text

the latest

dard is one of a series of standards on calculation methods for the design and-évaluation of the thermal
ture performance of buildings. EN ISO 15927, Hygrothermal performance of{buildings — Calctlation and
presentation of climatic data, consists of six parts:

following

are bound to implement this European, Standard: Austria, Belgium, Czech Republic, Denmark, Finland,

Portugal,
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1 Scope

-1:2003(E)

This European Standard specifies procedures for calculating and presenting the monthly means of those
parameters of climatic data needed to assess some aspects of the thermal and moisture performance of
buildings. Numerical values should be obtained from the meteorological service in the relevant country.

This European Standard covers the following single climate variables:

— air temperature;

— atmospheric humidity;
— wind speed;

— precipitation;

— S

lar radiation:

— Id

Meted
Meteo

2 N

This H
normg
dated
Stand
public

World
WMO

3 T

3.1
For th

3.1.1
mixing
ratio g

3.1.2
water
part o

3.1.3
saturg

ngwave radiation.

rological instrumentation and methods of observation are not covered; these are specified
rological Organisation (WMO).

ormative references

uropean Standard incorporates by dated or undated reference, provisions from other public
tive references are cited at the appropriate places in the text, and the publications are listed

references, subsequent amendments to or revisions of any of/these publications apply to t
ard only when incorporated in it by amendment or revision. For'undated references the latest
htion referred to applies (including amendments).

Meteorological Organisation: Guide to meteorological_ instruments and methods of observatio
- No.8 1996.

erms, definitions, symbols and units

Terms and definitions

e purposes of this European Standard, the following terms and definitions apply.

ratio
f the mass of water yapour to the mass of dry air with which the water vapour is associated

vapour pressure
the total atmospheric pressure exerted by water vapour

ted.vapour pressure over water

by the World

ations. These
nereafter. For
nis European
edition of the

n. 6th Edition

vapo

3.14

nroessure of maist air in eauilibrivm with a2 nlane liauid water surface.
L ! L |

relative humidity
ratio of the vapour pressure of moist air to the vapour pressure it would have if it were saturated

3.15

reference wind speed
wind speed measured at a height of 10 m above ground level in open country without nearby obstacles

3.1.6

gust speed
greatest instantaneous wind speed observed during the period over which the mean is calculated

© ISO 2003 — All rights reserved
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3.1.7
solar irradiance
radiation power per area generated by the reception of solar radiation on a plane of any tilt and orientation

The following special quantities can be distinguished according to the conditions of reception:
3.1.7.1
global solar irradiance

irradiance generated by reception of solar radiation from the full hemisphere

NOTE According to the following definitions it is equal to the reception of direct solar and diffuse solar radiation on a
horizontal plgne. In the case of tilted planes a portion of the ground reflected global solar radiation is also received,

3.1.7.2
direct solar jrradiance
irradiance dgenerated by the reception of solar radiation from a conical angle which surrounds <concentrigally the
apparent sdlar disk

NOTE 1  Also referred to as "beam solar radiation".

NOTE 2  The horizontal component of the direct solar irradiance is a part of the global selarirradiance.
NOTE 3  Any component of the direct solar irradiance is generated nearly exclusively from unscattered solar radiatipn.
NOTE 4  The diameter of the apparent solar disk corresponds to about Q,5<{degrees; for technical reasons the pvailable
radiometers feceive the direct solar irradiance from solid angles around the solar disk which correspond mostly to fielgl-of-view
angles betwgen 3° and 6°.
3.1.7.3
diffuse solaf irradiance

irradiance denerated by the reception of scattered solar radiation from the full sky hemisphere , with the exception
of that solidjangle which is used to measure the direct@olar irradiance

NOTE 1  Rractical measurement requires a sun following disk, which permanently shades the receiver of the ragdiometer
with a ‘field ¢f shade’ angle which equals the field of view angle used for measuring direct solar irradiance. This allows the
global irradiaince to be calculated as the sum of diffuse solar and the horizontal component of the direct solar irradiance.

NOTE 2 he use of a ring to shade the. sun along its daily path instead of a disk requires an equation to corregt for the
corresponding losses of diffuse solar irradiance.

3.1.7.4
reflected sojar irradiance
irradiance denerated by réception of the rising reflected global radiation on a downward looking plane

NOTE 1 he ratio efreflected solar and global solar irradiance is called albedo.
NOTE 2 art/of the reflected global solar radiation is received on any tilted plane.
3.1.8

solar irradiation
radiant energy per area received from the sun on a plane of defined inclination and orientation during a given
period of time

NOTE The same components as indicated in 3.1.7 for irradiance can be distinguished.
3.1.9
longwave (terrestrial) radiation

radiation with wavelength greater than 3 um from surfaces at the ground and from the atmosphere

NOTE The exchange of longwave radiation occurs permanently between buildings, the ground and the atmosphere at
temperatures between 240 K and 340 K.

2 © 1SO 2003 - All rights reserved
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3.1.10
thermometer screen
white painted, wooden, plastic, or aluminium louvered enclosure, which allows a free flow of air over
thermometers while shielding them from solar radiation, longwave radiation and precipitation

3.2 Symbols and units

Symbol Quantity Unit
Cr roughness coefficient -
Cr topography coefficient -

D wind-direction-from-Norh =
dn number of days in a month -
d, number of days in a year -
G, longwave irradiancefrom the atmosphere on a horizontal plane oWim?
Gd solar irradiance w/m?
Gsp direct (beam) solar irradiance w/m?
Gs} | diffuse solar irradiance w/m?
Gsh global solar irradiance W/m?
G} reflected global solar irradiance W-m?
H effective height of topographic feature m
Hq solar irradiation MJ/m?
hif number of hours in a month -
KR terrain factor -
Lg actual length of downwind slope m
Le effective lengthZof upwind slope m
Ly actual lemngth of upwind slope m
R rainfall total (or equivalent amount of melted solid precipitation) mm
P total atmospheric pressure hPa
p water vapour pressure hPa
Psat () | saturated vapour pressure over water at temperature 0 hPa
S scale factor for topography coefficient -
T temperature K
\Y wind speed m/s
v gust wind speed m/s

© ISO 2003 — All rights reserved 3
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Symbol Quantity Unit
A reference mean wind speed m/s
A mean wind speed at a site m/s
X mixing ratio g/kg

Xsat(6) | saturated mixing ratio with respect to liquid water at temperature 4 o/kg
y herizental-gistance-of stte-from-crestotopoegraphicfeatdure 1
z height above ground m
Znmin minimum height m
Z roughness height m
e ratio of gas constant of dry air to gas constant of water vapour -
(¢=0,62198)
o air temperature °C
@ upwind slope of topographic feature -
1) relative humidity -
3.2.1  Sybscripts
Subscript Meaning
a atmosphere
dm mean over a day
dx maximum over a day
dn minimum over a day
h values representative/of an hour (either instantaneous measurements or the
mean of many readings in the hour)
ic inclination of,.a.surface
mm mean overa.month
N values representative of a number of hours N (e.g. 3 h, 6 h or 12 h but less
than 24 h) (either instantaneous measurements or the mean of many
readings in the period)
I Jongwave
pq value exceeded for q % of the time
S solar
sd standard deviation

4 Periods over which parameters are calculated

The methods specified in clauses 5 to 9 can be used to calculate monthly means or totals from either individual
months (e.g. a January from a specified year) or from all the corresponding months from many years (e.g. all the
Januarys from a 30 year data set).

Calculations of the standard deviation of daily means or totals about the monthly or annual means or totals
(see 5.3 and 5.4) shall refer to a specified month or year.

4 © 1SO 2003 - All rights reserved
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The specified year or the multi-year period over which all parameters are calculated shall be quoted with the
values of the parameters.

5 Air temperature

5.1 Sources of data

The dry-bulb air temperature data used to calculate monthly means shall come from observations from a
thermometer screen fitted with louvers to allow a free flow of air.

5.2 Cal
521 H

The hourly
measuren

The month

5.2.2 H
If dry-bulb

of continu
monthly m

where

culation of the monthly mean
rom hourly data

temperature may be either: a) the mean of continuous measurements recorded 'during that K
ents recorded at a particular moment within the hour (e.g. on the hour).

ly means shall be calculated as:

hm
.0
[ h=1

hm

is the hourly temperature, in °C;
L, is the number of hours in the month unéér consideration.
rom data measured at intervals of 3'\or 6 h
outdoor air temperature data dre available at intervals of 3 h or 6 h (each value may be either

pus measurements duringthe interval or an instantaneous measurement taken on the inte
ean is calculated from:

nm
20N
| N=1

Nm

Nm

our or b)

1)

he mean
rval), the

2

8d,, for data at three-hour intervals;

4 d,, for data at six-hour intervals;

dn is the number of days in the month under consideration.

5.2.3 From daily maximum and minimum data

If the only dry-bulb outdoor air temperatures available are the daily maximum and minimum for each day of the
month, the daily mean for each day is calculated as:

Odm =

Hdn + de
2

© ISO 2003 — All rights reserved
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and the monthly means obtained as:

dm
2. fam
=1

d
Opom = ——— 4
mm a (4)
where
dm is the number of days in the month under consideration.
NOTE Daily means calculated from the daily maximum and minimum temperature will, in general, be different frgm those
calculated frgm hourly values. Most (95 %) of the differences lie between + 1,0 °C but they can range up to + 2(0\°C. |Monthly
means calculpted from daily maximum and minimum values will also differ from those calculated from hourly values, byt in this
case 95 % of|the differences lie between + 0,2 °C and the maximum difference lies between + 0,25 °C.
5.2.4 Frgm instantaneous data at 07:30, 14:30 and 21:30 or at other similar times
If dry-bulb outdoor air temperature data are available only at 07:30, 14:30 and 21:30;70or at other similar times, the
daily mean for each day is calculated using Equation (5), or the equivalent equation-for the appropriate timgs.
o730 + 014-30 + 2051
Ogm = 07:30 T %14:30 21:30 (5)
4
and the monthly mean obtained from Equation (4).
5.3 Calcylation of the standard deviation of daily means<about the monthly mean
If not defingd in 5.2.2, 5.2.3 or 5.2.4, the daily mean tempgratures for each day in the month are calculatgd from
data measufed at one, three or six hourly intervals using:
Ny
DO
Ogm = == (6)
Ng
where
ng = 44 for data at one-haour intervals;
= { for data at three-hour intervals;
= 4 for data-at six-hour intervals;
or from daily maximum and minimum data using Equation (3) or at 07:30, 14:30 and 21:30 or similar timgs using
Equation (5}

Then the standard deviation of the daily means from the monthly mean is given by:

Hsdm =

dny dmy 2
2
dngdm - Z'gdm
d=1 d-1

dm(dm -1

(7)

© 1SO 2003 - All rights reserved
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5.4 Calculation of the annual mean and standard deviation

The annual mean temperature shall be calculated from the daily means using:

dy
ngm
9.  —d=1 (8)
ym
dy
The standard deviation of the daily means from the annual mean shall be calculated by:
dy dy 2
dy > Ogm —| D 0dm
p d=1 d=1 ©)
d —
say dy(dy -1)

5.5 Expression of results

Monthly mean values of the dry-bulb outdoor temperature shall be expressed te‘the nearest 0,1 °C and the type of
data (i.e. Hourly, daily, etc.) used for the monthly mean calculation shall bedspecified.

The followjng parameters shall be reported for each month:

a) the mpasurement dates from which the parameters are calculated;

b) the mpnthly means of the dry-bulb outdoor temperature,

c) the stpndard deviation of the daily mean dry-bulb temperature about the monthly mean;
and, whenl available:

d) the mpximum value of the hourly dry-bulb“outdoor temperatures;

e) the mjnimum value of the hourly dry bulb outdoor temperatures;

f) the vplues of the hourly.dry-bulb outdoor temperature at the 1%, 5%, 10 %, 90 %, 95% gnd 99 %
perceptiles.

NOTE If four or more“values of the dry-bulb outdoor temperature per day are available, provided that these yalues are
reasonably|spread throughthe day, it is possible to estimate hourly values by linear or other interpolation of the raw data and
then calculgte the stafistical values specified in f).

These pafameéters summarised in b) to f) shall be presented in tabular form similar to the example shown in
Table 1.

© ISO 2003 — All rights reserved 7


https://standardsiso.com/api/?name=8b7ecf49a5d002ab77a6e8eb7a9b2af1

ISO 15927-1:2003(E)

Table 1 — Sample table of monthly and annual mean temperatures

JAN | FEB | MAR [APR |MAY JUN [JUL |AUG |[SEP [OCT |[NOV [DEC |YEAR

G 5,7 5,4 6,2 8,1 10,4 | 13,1 | 14,2 | 14,7 | 13,0 | 10,9 8,1 6,2 9,7
Osdam 3,0 3,0 2,7 2,8 2,6 2,3 2,0 2,3 1,7 2,3 2,2 2,9 4,2
Onin -4,0 -1,7 -3,5 1,7 5,5 7,8 9,0 9,3 6,6 4,2 1,1 -0,8 -4,0
&1 -2,4 -11 -1,4 2,0 6,0 8,8 9,5 | 10,2 7,9 5,8 2,2 -0,6 -0,1
Gs 0,6 -0,1 2,0 3,5 7,0 98| 10,6 | 11,6 | 10,5 7,2 3,9 0,4 4,5
Gh10 1.4 0,5 3,4 4,2 76| 10,2 | 115| 12,3 11,0 8,2 5,0 1,9 4.3
Gpso 9,4 9,0 9,2 | 113 13,7 16,2 ( 16,7 ( 17,2 | 153 | 13,9 | 40,6 9,5 15,0
Gpos 10,1 94| 110 | 124 159 172 | 17,3 | 19,3 | 159 | 14/9| 11,1 10,2 14,0
Gpoo 10,9 9,9 | 158 | 15,0 18,7 20,3 | 18,7 ( 23,4 | 164, 16,3 | 12,2 11,5 18,4
Bnax 11,1 | 10,3 | 189 | 16,5 23,0 21,6 | 19,7 | 256, <175 | 16,8 | 13,9 11,8 28,6

6 Atmogpheric humidity

6.1 Sourges of data

All humidity|data used to calculate monthly means shall come from either

a) observations with mechanically ventilated wet and dry bulb thermometers; or

b) a chilled mirror dewpoint meter;or

c) a capatitance hygrometéer;or

d) hair hygrometer.

Data derived fromswet and dry bulb temperatures measured in a thermometer screen without meghanical

ventilation, ps is the practice in many climatological stations, or from hair or similar hygrometers, are too inpprecise

to be usabl¢ when calculating monthly means. rrr

6.2 Relationships between temperature and humidity parameters

6.2.1 Saturated vapour pressure and temperature

The saturated vapour pressure is given as a function of temperature in Table 2.

© 1SO 2003 - All rights reserved
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Table 2 — Saturated vapour pressure in hPa as a function of temperature O+ AT

AT

e}
0 C
oC +0 +1 +2 +3 +4 +5 +6 +7 +8 +9
-20 1,03 1,13 1,24 1,37 1,50 1,65 1,81 1,98 2,17 2,37
-10 2,59 2,83 3,09 3,38 3,68 4,01 4,37 4,75 5,17 5,62
0 6,11 6,56 7,05 7,57 8,13 8,72 9,35 10,01 10,72 11,47
10 12,27 13,12 14,02 14,97 15,98 17,04 18,17 19,37 20,63 21,96
20 23,37 24,86 26,42 28,08 29,82 31,66 33,59 35,63 37,78 40,03
30 42,41 44,90 47,52 50,27 53,16 56,19 59,37 62,71, 66,21 69,87

Intermedigte values may be found by linear interpolation.

NOTE Saturated vapour pressure can also be calculated using the empiriCalequations:
17,269 6
D) = 6,105 exp| ———— for =0 10
psat( ) p( 2373+ 9] (10)
218754
4)=6105exp| — for <0 11
psat( ) p(265,5 n HJ (11)

6.2.2 Mixing ratio and vapour pressure

Vapour pressure is calculated from mixing ratio using

= e
where P if the total atmospheric pressure measured at the site, in hPa.
6.2.3 Helative humidity
Relative hphmiditytis*calculated from dry-bulb temperature and vapour pressure using

™ ol )

where the saturated vapour pressure is derived from temperature as specified in 6.2.1.
NOTE 1  Relative humidity is commonly expressed as a percentage.

NOTE 2  Relative humidity can also be measured directly.

© ISO 2003 — All rights reserved 9
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6.3 Calculation of monthly mean

6.3.1

From hourly data

If hourly values (either as hourly means or values measured at a set time during the hour) of temperature and
vapour pressure (or mixing ratio) are available, the monthly mean temperature shall be calculated as specified in
5.2.1, and the monthly mean vapour pressure shall be calculated from:

Ph

Mz

=y
Il

1

Pmm

and the me

Xmm =

where h, is

The hourly
using Equa

The month
saturated v
mixing ratio

If hourly va
from

Ph=P4
and then us

Due to the
mean vapo
warm clim3
pressure da

(e

6.3.2 D

If temperat

>

m

hn mixing ratio from:

the number of hours in the month under consideration.

Saturated vapour pressure shall be obtained from Table 2. 0r calculated from the hourly temp
ion (10) or (11) as appropriate.

y mean relative humidity shall then be calculated“from the monthly mean vapour press
bpour pressure using Equation (13). Equation (12) may be used to convert from the month

to the monthly mean vapour pressure, if necessary.

ues of temperature and relative humidity*are available, the hourly vapour pressure shall be ca

ot (0) on

ed to calculate the monthly\means as specified above.

non-linear relationship. between saturated vapour pressure and temperature, calculating the
Ir pressure from the.mean relative humidity and temperature will lead to significant errors, espg
tes. Monthly ,/meéan vapour pressures should be calculated from the highest frequency
ta available.

ta measured at intervals of three, four or six hours

ire”and vapour pressure data are available at intervals of three, four or six hours, these

(14)

(15)

pratures

ire and
y mean

culated

(16)

monthly
cially in
vapour

shall be

averaged o

er-the month and the mean relative humidity calculated as in 6.3.1.

6.3.3

From instantaneous data measured at 7:30, 14:30 and 21:30 or at other similar times

If the relative humidity is available only at 7:30, 14:30 and 21:30, or at other similar times, the daily mean for each

day is calcu

Pdm

lated using Equation (17) or the equivalent equation for the appropriate times.

_ 907:30 +#14:30 +2 $21:30
4

and the monthly means are obtained using Equation (18):

10

17)

© 1SO 2003 - All rights reserved


https://standardsiso.com/api/?name=8b7ecf49a5d002ab77a6e8eb7a9b2af1

dm
Z(ﬂdm
N=1
dm

Pmm =

6.3.4 Calculation of the annual means
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(18)

The annual mean temperature shall be calculated using Equation (7) and the annual mean water vapour pressure

calculated from:

dy
Z Pdm
=1

Pym F
dy

o

and the mean mixing ratio from:

dy
Zxdm
d=1

Xym = d

y

and the m

pan relative humidity calculated using Equation (13).

6.4 Expression of results

Mean values shall be expressed to the precision shown in Table 3.

Table 3 — Precision to which monthl\and annual means shall be expressed

Parameter Precision Unit
Temperature 0,1 °C
Water'vapour pressure 0,1 hPa
Mixing ratio 0,1 a/kg
Relative humidity 0,01 -

The followjng’parameters shall be reported for each month and the year:

19)

(20)

a) the measurement dates from which the parameters are calculated,;

b) the mean temperature, water vapour pressure (or mixing ratio) and relative humidity;

¢) when hourly data are available, the 1%, 5%, 10 %, 90 %, 95 % and 99 % percentiles and the absolute

maximum and minimum of the water vapour pressure, mixing ratio or relative humidity.

These parameters shall be presented in tabular form similar to the examples shown in Tables 4 and 5.

© ISO 2003 — All rights reserved
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Table 4 — Sample table of monthly and annual means (with distribution of water vapour pressure)

JAN |FEB |MAR |APR [MAY |JUN |JUL [AUG |[SEP [OCT |NOV |DEC |YEAR

Grm 57 54 6,2 81| 104 | 131 | 141 | 14,7| 13,0| 10,9 8,1 6,2 9,7

Prm 8,2 7,7 7,9 89| 100| 126 | 133 | 139 | 13,0| 112 9,4 8,5 10,4

@rm 08| 08| 083 083 0,79 0,84 083| 083| 087| 086 | 087 | 0,89 0,86

Pmin 3.7 35 40 4.7 56 8.6 94 104 8.9 71 53 4.0 35

Pp1 4,0 4,1 4,4 49 6,3 9,2 99| 111 9,4 7,6 57 4,5 45

Pps 4,6 4,4 55 5,6 7,5 98| 105 116 | 104 8,0 6,5 5,0 5|5

Pp1o 53 4,7 59 6,3 82| 10,3 | 10,8 | 12,1 | 10,7 8,3 7% 53 6}5

Ppgo 11,3 | 10,7 94| 11,2 | 123 | 14,7 158 | 16,8 | 157 | 146 () 120 | 11,3 1443

Ppos 119 11,4| 103 | 116 | 129 | 154 163 | 17,2 | 16,3 |~155| 125 121 15{4

Ppoo 125 120 | 115 124 | 136 | 17,7 176 181 | 5| 17,2 | 135 13,2 1712

Prmax 12,7 12,1 | 119 13,0 | 144 | 201 19,8 | 192y 18,4 | 176 | 142 | 13,6 2011

Table 5 — Sample table of monthly and annual méans (with distribution of relative humidity)

JAN |FEB |MAR |APR ([MAY |JUN™ [JUL [AUG |[|SEP [OCT |NOV |DEC |YEAR

Gm 5,7 54 6,2 81| 104)( 13,1 | 141 | 14,7 | 13,0| 109 8,1 6,2

m
-

Prm 8,2 7,7 7,9 8,9\"10,0 | 12,6 | 13,3 | 13,9 | 13,0 | 11,2 9,4 8,5 19,4

@rm 089 08| 083 (~083| 0,79 0,84| 083 083| 087 | 086 | 087 | 0,89 0,86

Gmin 034| 034 | 0636 | 016 | 0,16 0,29 | 0,28| 028 0,36 | 0,46 | 043 | 0,52 0,16

Pp1 063 054 049 )| 040 038 043 | 045| 046 | 052| 058 | 062 | 0,67 0,46

Pps 0,72.[~» 0,64 | 059 | 050 047 052| 055| 055| 061| 067 | 0,71 | 0,74 0,p7

@10 0761 070 0651 0561 053] 057 o601 061 0661 0721 0751 078 0.p4

(%) 097 | 09 | 095 094 | 093 094 | 094 095| 09 | 09 | 097 | 0,98 0,96

Ppos 1,00| 098 097 | 09 | 095| 09 | 09 | 097 | 098 098 | 0,99 | 1,00 0,98

Bpog 100| 1,00 100| 099 | 098 | 099 098 | 100| 1,00 1,00 | 1,00 | 1,00 1,00

Pmax 100| 1,00 1,00 100} 100| 1,00 2,00| 100| 1,00 1,00 | 1,00 | 1,00 1,00
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7 Wind speed and direction

7.1 Me

thods of measurement

Wind speed is measured with an anemometer and wind direction with a vane. The reference mean wind speed

V, is calc

NOTE 1
measuring

NOTE 2
of 1 hour

NOTE 3
Mean wir

sectors 0
noted 27

7.2 En
7.2.1

The med

obstacles).

significan
v, from o
wind, the

obstacles):

7.2.2
The roug
— theh

— ther

v cs cr

ulated over a time period ranging from 10 minto 1 h.

The instantaneous speed is in fact a mean speed over approximately 2 s depending on the nature of the

instrument used.

In reference conditions with a mean time period of 10 min the gust speed V=~ 154V, and for a mean time period

~ 1657
Wind speed data are sometimes expressed in knots (1 knot = 0,514 m/s).
d direction D, calculated over the same period as wind speed, is the up wind direction generall

f 10 degrees from north. For example, sector 90 means east wind and is noted|09, west wir]
and north wind 36. Calm is denoted 00 and, if the wind direction is variable, 99-iS’reported.

vVironmental influence on mean wind speed
Seneral
Mean wind speeds, observed at two different sites of similar altitude within about 10 km, dd

tly if both sites have a similar local environment. Conversely, to obtain the reference reg
bservations over a site Vg, or to have an estimation @f wind conditions over a site from the

mean wind speed shall be corrected following thé relationship (assuming that there are

= is the roughness coefficient;

+ Is the topography coeffigient.

Roughness coefficieht

hness coefficient.accounts for the variability of mean wind speed at the site due to:
eight above the ground;

pughness of the terrain depending on the direction from which the wind is coming.

V given by
d (270) is

n wind speed is a function of the local environment (tgpography, ground roughness amd nearby

not differ
onal wind
reference

no nearby

(21)

The roughness coefficient at height z is given by:

Cr(2
Cr(2

where

= KrIn(z/z) for z> znin

= Kr IN(Znin/20) for z < Zyin

Kgr is the terrain factor;

Z, is the roughness height;

Zmin 1S the minimum height

© ISO 2003 — All rights reserved
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These parameters depend on the terrain category as given in Table 6.

Table 6 — Terrain categories and related parameters

Terrain category Kr 7 Zonin
I Rough open sea; lake shore with at least 0,17 0,01 2
5 km fetch up wind and smooth flat
country without obstacles
I Farm land with boundary hedges, 0,19 0,05 4
occasional small farm structures, houses
or treces
[l Suburban or industrial areas and 0,22 0,3 8
permanent forests
IV Urban areas in which at least 15 % of the 0,24 1 16
surface is covered with buildings of
average height exceeding 15 m

If there is a
direction sh

7.2.3 Td

The topography coefficient accounts for the increase in mean wind speed over isolated hills and escarpms
nor mountainous regions) and is related to the wind\velocity upwind to the hill. It shall be considered

undulating
for location

m
Wi
It is defined

Cr=1

where

slo

change of roughness upwind of a site within a kilometre, the smaoothest terrain category in the
all be used.

pography coefficient
bre than half way up the slope of a hill

hin 1,5 times the height of the cliff from,the base of a cliff.

by:

for @<.0,05
+ 2s@ for 0,05 <@ <0,3
+ 0,6s for @ >0,3

pbes as'shown in the figures;

upwind

ents (not

(23)

is afactor to be obtained from Figures 2 and 3 scaled to the length of the upwind, L, or downwind L4

Ly
Lg

Le

14

is the upwind slope H/L. in the wind direction;

is the actual length of the upwind slope in the wind direction;
is the actual length of the downwind slope;

is the effective length of the upwind slope defined in Table 7;
is the effective height of the feature;

is the horizontal distance of the site from the top of the crest;

is the vertical distance from the ground level of the site.
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See Figure 1 for clarification of these quantities.

= e s s A R A e S A B i e
z Ly=<005
Womme— ¥
&
b 4 1 I
e L
————
F-vedt b FHYE
C

Ly=0,05

e | ). +yE

Hey

o

crest of hill
wind direction

=

Figure 1 — Definition of factors<determining topography coefficient

Table 7 — Values of L,

Slope (@ =HA)

Shallow({(0;05 < @< 0,3) Steep (@ >0,3)

Le =Ly Le = H/0,3
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7.3 Statistical elements
7.3.1 General

The monthly or annual mean wind speed may be calculated from data measured either continuously or at
intervals not exceeding 3 h.

7.3.2  Monthly mean wind speed

The monthly mean wind speed shall be calculated by:

nm
2N
_ N=1

v, 24
= (24)
where
Ny is the number of wind speed readings in the month in question.
7.3.3 |Annual mean wind speed
The annpal mean wind speed shall be calculated by
My
DN
Vyn == (25)
Ny
where

Py is the number of wind speed readings in the year.

7.3.4 |Cumulative frequency distribtition of wind speeds

The cumulative frequency distribution of winds not exceeding a given speed is the proportion of a month or a year
when th¢ mean wind speed imeasured has not exceeded this speed. It can be deduced in terms of a[cumulative
distributipn function, a prebability of exceeding a value of wind speed V denoted 1-P, where P is the| probability
that the wind is below any given value. The “parent” wind speed distribution, Py, irrespective of direction, is well

represernted by the W.eibull distribution:

R, +1-eTWO" (26)

where
c is ascale parameter;
k is a shape parameter.

NOTE 1  The scale parameter, c, and the shape parameter, k, are determined from the wind data.

NOTE 2 It is also possible to define a Weibull distribution for each direction.
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7.3.5 Wind direction

The statistical distribution of frequencies of mean wind by ranges of direction and speed shall be given as tables,
by month and for the whole year, as shown in Table 8. The presence of any local obstructions likely to distort the
distribution of wind direction should be recorded.

Table 8 — Sample table of monthly or annual frequency of wind by speed and direction

Direction

Speed All
345 15 45 78 105 135 165 105 228 200 290 315
directions

ny/s to 15 | to 45 | to 75 |to 105 |to 135 [to 165 |to 195 [to 225 |to 255 [to 285 |to 315 [to 345

>4 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 0,02

124 14 | 0,01 | 0,00 | 0,00 | 0,02 | 0,00 | 0,00 [ 0,01 | 0,08 | 0,02 | 0,01 | 0,00 | 0,00 0,14

10¢ 12 | 0,03 | 0,07 | 0,07 | 0,10 | 0,00 | 0,01 | 0,21 | 0,34 | 0,15 | 0,06 | 0,08 "])0,01 0,97

8tp10 | 0,14 (| 0,26 | 0,39 | 0,31 | 0,02 | 0,05 | 0,46 | 1,53 | 0,75 | 0,24(}-0716 | 0,10 4,43

6p8 | 066 | 1,13 (1,01 0,82 | 0,08 |0,27 | 0,9 | 3,20 | 2,17 { 0,94 | 0,52 | 0,49 12,25

416 | 182|326 (184|213 (068|086 |202] 537 |508]| 225|146 | 1,63 28,41

2ip4 197 (281 | 1,41 | 224|127 | 1,09 | 243 | 464~ 455 | 2,31 | 1,99 | 2,05 28,79

Ofp2 310|163 (138|197 (147|112 | 232|355 (268 | 237|183 | 1,58 24,99

All speeds| 7,74 | 9,16 | 6,10 | 7,60 | 3,52 | 3,40 48,31 |18,75|15,41| 8,17 | 5,99 | 5,86 100,00

N E S w

These statistics may also be represented by a graph called a “wind rose”: the length of symbols in any firection
are proportional to the cumulative frequencies of wind speed in that direction lower than several speed thrgsholds.

7.4 Expression of results

The following parameters shall be reported for each month or year :

a)

b)

c)
d)

e)

f)

18

the mepsurement‘dates from which the parameters are calculated,;

the location*of the anemometer from which the measurements are taken, including any local features that

o 1 [l FH t3 0
sheltei~HapartietHar-eirectons:

the frequency of the original data used to calculate means and distributions.
the monthly or annual mean speed;

a cumulative frequency distribution of wind speed for each month or year, or the parameters of the
corresponding Weibull distribution;

if required, a table of the frequency distribution of speed by direction over the month or year.
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8 Precipitation

8.1 Sources of data

Rainfall shall be measured by a rain gauge with design and siting complying with WMO Guidelines No. 8 1996.
The depth of newly fallen snow and other solid precipitation on level ground adjacent to the rain gauge shall be
measured to the nearest centimetre. The solid precipitation in the rain gauge shall be melted, by a method which
minimises evaporation, and the liquid volume measured. The days when the ground is covered with snow shall
be noted.

8.2 Calculation of monthly total

8.2.1 From hourly data

The hqurly values of precipitation and melted solid precipitation shall be totalled to give the monthly precipitation.

pzd
3

Rn = Rp (27)
1

-0
1

8.2.2 From daily data

The ddily totals of precipitation and melted solid precipitation shall be totalled to give the monthly predipitation:

pe)

dm
h= > Rg (28)
d=1

8.3 [Expression of results
The following data shall be reported:

a) the measurement dates from which the parameters are calculated,;

=

b) frequency with which the original precipitation data were recorded and, if the data originated from daily
measurements, the time of day at which they were recorded;

c) mpnthly total precipitation to-the nearest 1 mm;
d) ngmber of days in the month when the precipitation is 0,1 mm or more;
e) mpaximum fall in oheday during the month to the nearest 1 mm,;

f) if [he data are derived from hourly measurements, the maximum fall in one hour during the month to the
ngarest Ozlxmm;

Q) ithe data are derived from hourly measurements, the number of hours in the month in which the|precipitation
e

condad 01
ACTTTCOCO~ O i,

h) total depth of newly fallen snow or other solid precipitation;

i)  number of days on which the ground is covered with snow.

9 Solar radiation

9.1 Sources of data

Solar irradiance and solar irradiation are measured in accordance with the WMO Guidelines No. 8 1996. Of
particular interest are the irradiances on a horizontal plane and those on the four vertical planes of orientation
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South, East, North, and West. Frequently only global horizontal irradiance is measured, the other components can
be estimated from auxiliary data. Useful parametres are hourly, daily, monthly and annual total solar irradiation.

9.2 Calculation of monthly total solar irradiation
9.2.1 General

Usually daily, monthly and annual data are expressed in energy rather than in mean power.

9.2.2 From irradiance or hourly irradiation measurements on any plane

From the mean solar irradiances, Gg i ; , measured on a surface of any inclination, ic, during a timg, interval
At (ustially 1 h or 3 h) at time i, the monthly total global, direct and diffuse irradiation are given hy:

Nm_

Hs,g,i = Gs,g,ic,iAt (29)
i=1
Nm_

Hsdit = 2 Gs.dic,iAt (30)
i=1
Nm_

Hs it = 2 Gs piciAt (31)
i=1

where
N, is|the number of measurements in the month;

and the supscripts denote
g global radiation;
d diffuse radiation;
b direct radiation;
ic alsurface of any inclinatien.

This assumes that the plaiéson which the measurement and for which the calculation of the mean take place are
identical inf orientation, Furthermore, it is essential that the intervals At are constant and cover all the hoyrs of the
month without overlapping.

In the casq that already hourly irradiation data are available for all days of the month, the monthly solar ifradiation
can be calgulated simply by additions according to the type of formulae [32] to [34].

9.2.3 From daily total irradiation

From the daily total irradiation Hs; of the day d, on a surface of inclination ic, the monthly total global, direct and
diffuse irradiation are given in turn by:

dm

Hs,g,ic = z Hs,g,ic,d (32)
d=1

dm
Hsdic = Z Hs.d,ic,d (33)
d=1
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dm
Hsbjic = Z Hs b,ic,d

d=1

The same remarks on the inclination of the plane apply as in 9.2.2.

9.3 Expression of results

The following parameters shall be reported for each component of the radiation for each month:

a) the measurement period from which the parameters were recorded;

-1:2003(E)

(34)

b) thei
c) the

When th
minimum

9.4 Es

The met
available
required.

Establish
measure
constant,
global an
be prefer

NOTE

hterval at which the radiation is recorded;
nonthly total solar irradiation.

e monthly totals are based on hourly values, the following additional statistics|shall be ref
, 10 percentile, the median, the 90 percentile and the maximum irradiance.

timating irradiances that are not measured
This will hardly ever be the case when irradiation on a verticalplane, or diffuse or direct irra
ed methods to compute the required data exist. Thus.for practical cases, knowledge of g

ments of global irradiance on a horizontal plane, t@gether with air temperature and hum

d direct irradiance of any inclination and orientation. However measured data, if available, are
red to computed data.

Annex A gives recommended methods farithe computation of non measured radiation parameters.

10 Lon

gwave radiation

orted: the

nods of 9.2.2 and 9.2.3 can only be applied if a series of measurements of the quantity fequired is

Hiation are

series of
dity, solar

albedo and solar time, or cloud amount and cloud type, are the only data needed to reconstryict diffuse,

always to

340 K by
e sky can

Either the

NOTE Measured data are obtainable from climate archives of national weather services cooperating with WMO,
or from the World Radiation Data Center (WRCD) of WMO in St. Petersburg.

10.3 Calculation of monthly total longwave irradiation from the atmosphere (sky)

10.3.1

From irradiance measurements

From the mean longwave irradiance G’a,i measured during a time interval At (usually 1 h or 3 h) at time i, the

monthly total longwave irradiation is given by:
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