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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft Interational Stand
the technical committees are circulated to the member bodies for voting- “Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

Kb was prepared by the European Committee for Standardization (CEN) Technical Comm
ISO/TC 163, Thermal performance and energy use in the built environment, Subcommittee S
methods, in accordance with the Agreement on technical cooperation between ISO and (

eement).

consists of the following parts, under the geneéral title Hygrothermal performance of building
and presentation of climatic data:

Monthly means of single meteorologicalelements

Hourly data for design cooling load

Calculation of a driving rain_index for vertical surfaces from hourly wind and rain data
Hourly data for assessing the annual energy use for heating and cooling

Data for design-heat load for space heating

Accumulated-temperature differences (degree days)
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Thermal performance of buildings and building componénts, in collaboration with Technical

C 2,
CEN
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Introduction

Accumulated temperature differences are a relatively simple form of climatic data, useful as an index of
climate severity as it affects energy use for space heating.

Calculation or estimation of accumulated temperature differences in this part of ISO 15927 is based on the
hin to need
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ing plant is assumed to come into operation. For some purposes, such as development.of en
heed is for a single base temperature that can be taken to represent an average value for the
k and overall climate. For other purposes, it is better to determine a base temperature appro
idual building and time of year.

part of ISO 15927 meets these needs by including both exact and approximate methods of
imulated temperature differences to both standard and variable base temperatures. So

which the
ergy policy,
whole built
priate to an

determining
e methods

incllide the possibility of a threshold temperature (e.g. a daily mean ait"temperature lower thgn the base

tem
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perature, above which accumulated temperature differences are net.counted). This approac

sidered to be less flexible than the methods given, in which_accumulated temperature diff
bssed for a base temperature appropriate to the thermal .pefformance of the building (taking
r climatic conditions such as solar irradiation).

umulated temperature differences computed and presented in accordance with this part of 1S(
hble for various purposes including the following:

providing an index of climatic severity as it affects energy use for space heating (the comparis

monitoring the amount of energy used by a heating plant, and thus its efficiency (the energy m
use);

comparing the actual energy‘consumption for heating in a specific period with the consu
standardized period in order{o determine the measured rating (the energy modelling use);

predicting the economic consequences of different levels of energy efficiency (e.g. throd
insulation) for the building stock as a whole or for different classes of building (the energy polid

rgy management/[list item b)] requires new accumulated temperature difference data at regul
N as meteorglogical station data or data representative of a climatic region, calculated to sta
peratures, published for each month of the heating season as soon as these can be con
ied meteorological observations.

nparison, energy modelling and energy policy [list items a), c) and d)] require meteorological

is found in

nin national methods of computation. It is, however, not covered in this part of ISO 15927 because it is

rences are
account of

D 15927 are

bn use);
anagement
mption in a
gh thermal
y use).
ar intervals,

ndard base
puted from

gtation data,

dataTepresentative of a climatic region or mapped data, collected over many years (possibly givi

g extremes

as well as mean values), to typify the severity of the climate of a locality, area or region. For list item b),
accumulated temperature differences are best suited to modelling the energy performance of relatively small
buildings with simple heating systems and controls, using “steady-state” thermal analysis. Modelling the
performance of larger or more complex buildings can require more extensive climatological data sets, such as
full or short “test reference years” which are outside the scope of this part of ISO 15927.

In principle the equations in this part of ISO 15927 can be reversed to deal with accumulated temperature
differences for assessing energy use in cooling or air-conditioning buildings (“cooling degree-hours” or
“cooling degree-days”). However, as the air conditioning demand depends as much on solar gain and external
humidity as temperature, the results are not a reliable index of energy demand.
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and presentation of climatic data —
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“heating degree-hours” or “heating degree-days”.
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WMO Guide to Metebrological Instruments and Methods of Observation, No. 8., 6th Edition, 1996

3

3.1

Scope

imulated temperature differences, used for assessing the energy used for space heating i
se are normally expressed in degree-hours or degree-days, and such data are often referred

part of ISO 15927 includes approximate methods for calculating accumulated temperature
bd on hourly or daily mean temperatures and for estimating monthly values to any base temy
when data computed directly from meteorological air temperature records are not available.

ome countries, a threshold temperature different:>from the base temperature is used. T
15927 does not cover this.
Normative references

following referenced documents-are indispensable for the application of this document,
rences, only the edition cited\ applies. For undated references, the latest edition of the
iment (including any amendments) applies.

6243, Climatic data faorbuilding design — Proposed system of symbols

Terms, definitions, symbols and units

Terms and definitions

part of ISO 15927 specifies the definition, method of computation and method of presentation of data on

n buildings.
o simply as

differences
erature, for

his part of

For dated
referenced

For

the purposes of this document, the following terms and definitions apply.

3.141

hou

rly temperature difference

difference between a specified base temperature and the external air temperature during a given hour when
the difference is positive, otherwise zero

1) World Meterorological Organization: http://www.wmo.ch/pages/catalogue/New%20HTML/frame/endfil/8.html
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3.1.2

daily temperature difference

difference between a specified base temperature and the mean external air temperature during a given day
when the difference is positive, otherwise zero

313
accumulated hourly temperature difference
sum of all hourly temperature differences over a given period, e.g. day, month, season, year

314
accumulated daily temperature difference
sum of all dgily temperature differences over a given period, e.g. day, month, season, year

315

base temperature
any converftional temperature, for instance the internal design temperature less decrements\ due to intgrnal
and solar gains

3.1.6
daily maxirum and daily minimum temperatures
maximum and minimum external dry-bulb temperatures during a day, which. may be taken either as|the
highest and lowest of the 24 hourly mean temperatures, recorded from 01:00yto 24:00, or as the recorded
extremes oh a maximum/minimum thermometer

31.7
hourly mean temperature
average off instantaneous external air temperatures during an, hour or, in the absence of continjous
measuremaents, the air temperature measured at a particular moment (e.g. on the hour)

3.1.8
daily mean| temperature
average of [the hourly mean temperatures over a day-or, if that is not available, the arithmetic mean of| the
daily maximum and minimum temperatures

NOTE $ee 4.6.
3.1.9

monthly mpan temperature
long-term aperage of daily mean temperatures for a particular month (e.g. over a period of at least 10 yearg

~

3.1.10
standard dfviation of hourly mean temperature
standard de¢viation of heurly mean temperatures about the monthly mean temperature, based on long-ferm
data

3.1.11
standard deviation of daily mean temperature
standard deviation of daily mean temperatures about the monthly mean femperaiure, based on long-term data

3.1.12
reference altitude
altitude above mean sea level to which accumulated hourly or daily temperature difference data refer

3.1.13

lapse rate of temperature
rate at which monthly mean temperature falls with increasing altitude

2 © 1SO 2007 — All rights reserved
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3.2 Symbols and units

Symbol Quantity Unit
bsh accumulated hourly temperature difference K-h
92h(d) accumulated hourly temperature difference expressed in degree-days K-d
Osq accumulated daily temperature difference K-d
L lapse of temperature with altitude K/im
Ny number of days in a month —
Sy standard deviation of daily mean temperature about the monthly mean K
Sh standard deviation of hourly mean temperature about the monthly mean K
z altitude above reference level m
Ad, hourly temperature difference K
Ab, daily temperature difference K
Ny number of days in any period —
Ny, number of hours in any period —
&, base temperature °C
Oux daily maximum temperature °C
Oin daily minimum temperature °C
Odm daily mean temperature °C
Gm hourly mean temperature °C
Mm monthly mean temperature °C

4 |Direct calculation of accumulated temperature differences

4.1 General

Thel methods of calculatiop-in;4.4 and 4.5 shall be used when accumulated temperature difference values can
be derived directly from-hourly or daily temperature data for a specified base temperature. They japply when
the [values are calculated’to standard base temperatures and may be used in some cases for npn-standard
basg temperatures:

Accumulated -hourly temperature differences shall be calculated according to 4.4 when hourly data are
aval|lable. When hourly data are not available, the approximate method given in 4.5, based on the maximum

and|minimum temperatures each day, may be used.

Accpumulated daily temperature differences shall be calculated according to 4.6.

4.2 Sources of data

The temperatures used to calculate accumulated temperature difference values shall have been measured by
the methods specified in WMO Guide No.8.

4.3 Standard base temperatures

The recommended standard base temperature is 12 °C.

Data may also be provided at other integer base temperatures.

NOTE Multiples of 2 °C, e.g. 10 °C, 12 °C, 14 °C, 16 °C, 18 °C, 20 °C are preferred.

© 1SO 2007 — All rights reserved
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4.4 Calc

ulation of hourly temperature differences and accumulated hourly temperature

differences

4.4.1 Calculation of hourly temperature differences

Hourly temperature differences, 6,,, are calculated for each hour in the accumulation period using

Equation (1

) when 6, < &, or Equation (2) when 6., > &,

Ab(&) = (6 = bhm)

(1)

A6 (T=0
4.4.2 Calgulation of accumulated hourly temperature differences

The accumtilated hourly temperature difference, &, for a period of n hours is computed as tHe,sum of the
values for ipdividual hours within the period under consideration as given in Equation (3):

Osh (6

The accum

Equation (4)):

Osh(d)

NOTE I‘

4.5 Estirn

minimum temperatures

451 Calc
The daily tg

a) when 6

AbGy(6,

)= Abh(6p)

h=1

ulated hourly temperature difference, th(d)(eb), may be expressed in degree-days as give
9b)=92h (eb)/24

lonthly, seasonal and annual values are commonly computed.

hation of accumulated hourly temperature differences from daily maximum and

tulation of daily temperature differences
mperature differences, A6y(4,);*for each day in the accumulation period are calculated as folloy

iy IS less than 4, as given-in Equation (5) and shown in Figure 1:

= 6, — [0,5 (Ggy+G4n)l

()

A6,

@)

(4)

VS:

®)

Figure 1 — G5, < 6,

© 1SO 2007 — All rights reserved
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b) when 6, is greater than 6, but (64, — &) < (6, — 4,), as given in Equation (6) and shown in Figure 2:

AG4(6,) =[0,5 (6, — G4,) — 0,25 (G4 — &)1 (6)
edx
b pd SN
N
edn
‘l‘

Figure 2 — (64— &) < (&, — Gyn)
c) |when gy, is less than §,, but (64, — &,) > (6, — 64,), @s given in Egquation (7) and shown in Figure 3:

AO4(6) = [0,25 (6 ~ Ogp)] (7)

N

Gb\
\/

Figure 3 — (04— 6) > (& — Oyn)

d) |when'‘dy,, is equal to or greater than 4,, as given in Equation (8):

Aby(6) =0 (8)

4.5.2 Calculation of estimated degree-days

The estimated accumulated degree-days, 92h(d)' for a period of n days is computed as the sum of Agy values
for individual days within the period under consideration as given in Equation (9):

n
Osh(d) (Bp) = D D04 (6) 9)
d=1
NOTE Monthly, seasonal and annual totals are commonly computed.

© 1SO 2007 — All rights reserved 5
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4.6 Calculation of accumulated daily temperature differences

4.6.1

Calculation of daily temperature differences

The value, Agy(4,) for each day in the accumulation period is calculated according to Equation (10) when

Ogm < &, or to Equation (11) when 6, > 6,
Aby(6h) = (& — Oym)
Aby(6) =0

(10)
(11)

The daily ean temperature, 6y, shall be calculated as given by Equation (12) where hourly data

available, o

datam

from in

herwise by approved and acknowledged methods, for example from

basured at intervals of 3 h or 6 h,

from daily maximum and minimum data as given by Equation (13),

stantaneous data at 07:30, 14:30 and 21:30 or at other similar times.

ISO 1592741:2003['], 52.1 to 5.2.4, gives standardized methods for thé& calculation of daily m
temperaturgs as given by Equations (12) and (13):
D4
Ogm = Onm /24
=1
Hdm = ng +9dn)/2
4.6.2 Cal¢ulation of accumulated daily temperature differences
The accumplated daily temperature difference,. &, for a period of n days is computed as the sum of

values for inpdividual days within the period underconsideration as given by Equation (14):

Osq (0

NOTE I‘

5 Estim

5.1 Estin

)=iA6’d(5’b)

d=1

lonthly, seasonal and\annual totals are commonly computed.

ation of-totals

nation of accumulated temperature differences to various base temperatures

are

ean

12)

13)

Ay

14)

It is often necessary o determine accumulated hourly or daily temperature diference totals 1o non-standard
base temperatures, when full source data (hourly or daily time series of air temperature) are not available for
direct calculation. Depending on the data available, there are two possible methods:

— interpolation between directly calculated &, or & values, when these have been calculated to two base
temperatures for the same period;

— when &, or &4 values have been computed to only one base temperature, or when directly computed
b5y, or &4 values are not available, monthly &, or &, values can be estimated from climatological
statistics on air temperature and its variability.

© 1SO 2007 — All rights reserved
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5.2 Interpolation

When &, or 654 values have been computed, in accordance with Clause 4, to standard base temperatures
separated by no more than 4 °C, linear interpolation may be used to estimate &, or &4 values to any
intermediate whole-number or fractional base temperature. For example, 64 values for a base temperature of
13,5 °C may be interpolated from computed values for base temperatures of 12 °C and 14 °C.

5.3 Estimation from climatological statistics

If neither hourly mean nor daily mean temperatures are available, estimated 92h and sz values for monthly
accy
Equation (16) for degree- days

24N\ (6’b - HMm)

- 15

zn (%) 1—exp(_x/ﬂ(9b—9|v|m)/5h) ;
& — Om

(o) Nyt (6o — ) (16)

1-exp( V27 (6~ Oum) /4 )

Equations (15) and (16) are valid only for monthly accumulation periods. Annual totals shall be pbtained as
the pum of 12 monthly totals.

NOTE 1 If 8, = 6ym, Equations (15) and (16) become 24 N, S}, /+2r and N, S4/+/2n, respectively.

NOTE2  Monthly temperature data tabulated in accordansewith ISO 15927-1 [l include 6, and S,. Anjex A gives a
metIod for estimating S, and S, from monthly degree-days,or-degree-hours, which can be used when the basic data are
not available.

6 |[Reference altitude
All gccumulated temperature difference-data relate to a reference altitude. This may be either

a) |the altitude of the location{"e.g. a meteorological station, at which the original air temperatur¢ data were
recorded,

b) |a generalized altitude for accumulated temperature difference data applying to an area or rggion, which
may be mean sealevel, or

c) |the actual altitudes over an area of land, in the case of accumulated temperature difference isopleths on
maps.

A correction is needed to estimate accumulated temperature difference values at altitudes other than that at
whi¢h-the original air temperature data were recorded. This factor (the “lapse rate” for &, and &%) shall be
determimmed from monthly means of local meteorological records. For each month of the year, the lapse rate, L,
shall be determined from records of stations at different altitudes, z, above some reference altitude, z, which
is usually sea level, using Equation (17).

L = [0pm(z0) = Oum@)/(z —zg) (17)

This lapse rate is then used to correct the temperatures used to calculate the parameters described in
Clauses 4 and 5.

© 1SO 2007 — All rights reserved 7
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7 Accuracy and presentation of data

7.1 Infor

mation to be given with all accumulated temperature difference data

The following information shall be given:

unit of measurement (K-h or K-d);

base temperature;

except

7.2 Corr

Where an &
“Values corj

Where datg
e.g.asach

7.3 Other information to be given as appropriate

7.31

This shall b
period con
available).

7.3.2 Statflistical data for long periods

Statistical d
based on nj
be stated. (

annual
— season
— monthl

The data m

Totals reprg

Data for the period immediately preceding

Tor Isopleths on maps, the reference altitude In metres above mean sea level.

pction for altitude

Ititude correction has been applied in preparing data, the presentation shall include ‘the staten
rected to mean sea level” or “Values corrected to a reference altitude of x m”, asyappropriate.

need to be converted by the user from a reference altitude, the correction factor shall be stg
ange in monthly or annual &, and &, values for each 100 m change irraltitude.

e presented in tabular form, stating for each locality, area or region the &y, and ¢4 values for
terned, together with a stated long-term mean value for the same period of the year (w!

pta, such as means, extremes and measures of variability of 6, and &4, shall, where possiblg
easurements recorded over a continuous period of at least 20 years; in all cases the period §
ne or more of the following totals shall be given:
totals;

al totals (the assumed-heating season being stated);
y totals.

By be presented either as tables or on maps.

sented-as isopleths (“contours”) on maps shall be rounded to the following increments:

hent

ted,

the
nere

, be
hall

a) Map sc

ales1-500-000-orsmaller

b)

Annual or seasonal totals:

Monthly totals:

Annual or seasonal totals:

Monthly totals:

multiples of 2 000 K-h or 200 K-d;

multiples of 500 K-h or 50 K-d.

Map scales larger than 1:500 000

multiples of 2 000 K-h or 200 K-d;

multiples of 200 K-h or 20 K-d.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=9bdaa43717525917bb8fbd68c6b68c0d

ISO 15927-6:2007(E)

7.3.3 Data representing a geographical area or region
Data intended to apply to an area or region can be either

— the &y, and 654 values for a single meteorological station, deemed to typify the climate of the area or
region;

— the average of the &, and 6s4 values for several representative meteorological stations, stated together
with an appropriate altitude.

© 1SO 2007 — All rights reserved
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Annex A
(informative)

Estimation of monthly accumulated temperature differences
from climatological statistics

The method for estimating daily accumulated temperature differences given in 5.3 is based on that proposed
by Hitchin [4

—]

A graphicallrepresentation is shown in Figure A.1. 64(4,) is obtained by multiplying the value on the-ordipate
by the number of days in the period.

In most cases the value of S is unknown, although the values of 6, and & for a standard-base temperature,
% stg- @re readily available from weather bureau publications. An estimate of S can belobtained by plojting

pairs of G4|(&, stq) and &, siq — Gum in Figure A1.

An examplg of the procedure is shown in Table A.2 for New York, USA. &, values’computed directly frgm a
TRY weather tape using ¢, = 18,3 °C are compared with those calculated cusing the method in 5.3 with
average da|ly temperatures from the TRY weather tape and the standard deviation estimated to be 3 °C (see
Table A.2).

Similar resilts were obtained for other American and British cities;'It appears that the Hitchin [2] method
provides a good estimate of &4 at other base temperatures on aimonthly basis. This result is probably dye to
the fact tha{ 6, is a good estimate of the monthly temperatureand S is relatively small on a monthly basig.

Thble A.1 — Values of &,(4,)/N as a function-of 4, — 6, and the standard deviation

Values in degrees Celsius

Standard deviation
% 1 Om S

0 2 4 6 8 10

—10 0 0 0,02 0,16 0,46 0,89
18 0 0 0,05 0,29 0,71 1,24
16 0 0 0,14 0,53 1,08 1,71
14 0 0,03 0,36 0,93 1,6 2,32
12 0 0,18 0,8 1,53 2,3 3,07
0 0 0,8 1,6 2,39 3,19 3,99
2 2 2,18 2,8 3,53 4,3 5,07
4 4 4,03 4,36 4,93 5,6 6,32
6 6 6 6,14 6,53 7,08 7,71
8 8 8 8,05 8,29 8,71 9,24
10 10 10 10,02 10,16 10,46 10,89

10 © IS0 2007 — All rights reserved
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