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Th' •~ooe.~eful do9ign of a ~uilding ~ncludes the provision of 
1•ti1factory environmental conditigns at a reason~le first cost and 
'"nning cost, To ~o this it i, neoessary to determine the optimum size 
qi envi~orunental control pl~pt for the building and demon•~•t~ the 
efficiency of th~t plant over a typical period of buildLnt u•e· This 
'11,Jn• ttiq.t design and Ofer•tin9 conditions must be ce~i:-ectJ.f specif;..d, 
~no~udin~ both intende~ ~~•9• and the envirol'llll8nt into which the building 
will be ,iao1d, that ii ~o~•l c11~ti~ condition, . To assist the 
build~n9 tervi~ll en9~nte~ in the litter taek the CIBI~ put>lish • ~ide 
book, port of wh~oh i~ concerned with we•~h•r, related to bott de•iqn aJ)d 
peJ'~OP\a.nce. The •cope of the Guide in thil rHpect may not N f1.1,1ly 
¥t•lised by m•ny mambe;• ao thi• paper attempte to describe what .itl 
•va~lf.t>le and what can ba done with it. 

IlmtODUC'flON 

T~ ~ign of a aucce11ful building i• the result of 9ood team work between architect, 

st&'Uctural and ••rvic•• •n9ineere (and a few others). Each baa to specify what 1- ~quired to 

~· th•t tiia particular contrib\ltion 111eeta the cU.ent'• and te.91 1 s requireaents. 7o do 

tlli.s it i• neeeHary to make UH of 'design data', OM particular item .i• the ~ifu.t:ice of 

th• environment in which the building is located. At tint •ight it aiJbt appear t!aa .the 

needs of each diacipline are different, this ia not entirely true, e.iailar dat.a can orten be 

Ufled for different purposes. For example, wind apeeda and direction would be u--5 by the 

ffrvi~s engineer to predict infiltration ratea, the architect might aake w;e of the same 

info:naation to study the effect of building form on the local lllicro-cliJaate, end so prevent 

the induction of high wind speeds at atreet level due to the interaction betMeen the 1!191' 
building, wind and existing structures. The etructural engineer wculd need tbe do.ta to ensure 

that the building did not fall down. Similar aolar data aight be employed, in the C89e of the 

stzuctural engineer to avoid unacceptable differential expansion, tbe architect lli9ht ...at to 

study daylighting and shade to meet the services engineer's requirement to prevent 

overheating. 

Xu &cme cases identical data will satisfy the needs of all, in others such as structural 

perfoz:mance the engineer will require his wind data on quite a different basis to that 11-.d 

for ventilation analysis. The reason for this is obvious, in the caa. of the fOZ9er t:ba 

de•ign objective is to reduce the possi~ility of a catastrophic ~ailure to a very low 

probability. Ventilation calculation• are more concerned with what might happen under typical 

operating conditiona. Thia is not to say that the services engineer does not design to a 

specified failure rate, it would not be cost effective to •i•e plant for •ll possible weather 

conditions, the point ia that whilst the s .... data llliqht •ppear auitable for a number of 

1 



WEATHER DATA SEMINAR 

applications it will not always be so. The latter is true across and inside professions. 

Design weather data is not suitable for use in predicting energy consumption because by it's 

nature it is not typical, nor incidently is average ~ata necessarily suitable. Within each 

section of building engineering there is a need for guidance on the most appropriate weather 

data for a particular application. The CIBSE GUIDE meets this requirement for the building 

services engineer. 

Those familiar with the Guide will know that the majority of weather data is contained in 

section A2, there are however relevant data in other sections, notably Cl. Section Cl is 

concerned with the properties of humid air, and whilst not obviously weather data, a good 

understanding of psychrometics is essential if proper use is to be made of meteorological 

measurements. Psychrometrics is discussed in another paper(l) at this seminar and therefore 

no more will be said here. 

As well as presenting the data in the Guide the CIBSE includes the data in some other 

publications, covering both design and energy consumption. These are: 

CIBSE Energy Code Part 2. 

Design Notes for the Middle East (in process of revision) 

In the case of the former the requirement is, at present, limited to average temperatures over 

the heating season, this will however be expanded to include most weather parameters when part 

2c (air conditioned buildings) is published. The Design Note is of great value to anyone 

designing for that part of the world. Further discussion of these is beyond the scope of this 

paper, they are mentioned here for completeness. This paper is solely concerned with data 

contained in Section A2 of the 1987 CIBSE GUIDE, that is related to the design Df buildings. 

The ~ontent of A2 is vast so it is not possible to cover every section in a single paper. In 

addition some information is related to the prediction of energy usage. The CIBSE Example 

Weather Year(l, 2) is such a case and can be ignored here because it again is the subject of 

another paper at this symposium, as are most energy related data. It is also anticipated that 

most engineers will be fairly familiar with section A2 prior to the 1976 version (when the 

banded weather data was introduced) this paper is therefore more concerned with changes than a · j 

detailed discussion of content. In addition, there appear to be some anomalies in the data, 

these are highlighted with the hope that future editions will put everything right. 

The paper follows the general layout of the Guide and after general discussion of the meaning 

of design data presents cold weather followed by hot weather data. It is by no means a full 

description rather a commentary, a more detailed description is given by Petherbridge and 

Oughton(3). 
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1. THE CONCEPT OF DESIGN DATA 

Successful design is the result of careful appreciation of what is required and selection of 

the best way to ensure that the product meets this specification. In the present context this 

means that conditions within a building will be acceptable to the 'majority' of the occupants. 

The emphasis on the majority is very important because it has to be recognised that no design 

can be 100\ successful, people differ and it is probable that only BO\ of a large population 

will vote a particular condition to be comfortable(4), whatever the condition. This fact 

should not cause fits of depression amongst the perfectionists but an appreciation of realism 

in that there would be complaints even if the plant had infinite capacity. The provision of 

infinite capacity would of course be d disaster in terms of both capital and running costs so 

it is necessary to select some condition that, whilst not too extreme, will ensure that 

.environmental o0nditions within the building are acceptable to most occupa11ts for most the 

time. The best way to do this is to first determine what internal conditions will meet the 

demands of thermal comfort and then size the plant to provide these - accepting that 

occusionally there will be f<Jilures due to Jll unusu.:il external environment. Thermal comfo1·t 

is not the subject of this p<11.Jel:, those who wish for a discussion of this topic arc referred 

to Fanger(4) and St,ction Al of the CillSJ:: Guide. The only concer11 here is whetht~r the choice 

of external design condition call be influenced by the requireme11ts for thcrmJl comfort. This 

is most unlikely because once pl.mt has bec11 selected to meet an extreme, then provided 

sensible components have been selected illld the controls function, all other conditions I less 

extreme) will be satisfied. Is therefore, the seh•ction of appropriall' l'Xternal design 

conditions limited to simple stillistical an.llysis ot Wl!Jthcr, or can the building h<1ve an 

influence on wtwt is requirccl '/ 'l'o answer this it is cw1vc11ie11t. to look at hC';iting and cooling 

desigu separately. 

1.1 Design Wcut:hcr tor tlcating 

Co11ve11lially heati11g is divided into continuously and i11tcrmittcntly he...ated buildings, so lhu 

first quc:.;tion mu1>l Loe; is diffcrc,11l d..il..i requjrcd to i;i;:., Lhc plU11L for the two modes of 

op1:1· u t ion? 

ll is not too much ot a si1111Jlificalio11 lo :.o..iy t.h...al ,, huildi11g c.m be rcpro1>l•11tcd by a line.ir 

clectricaJ illlulo<J comprj :Jing rcui f;lors ..i11d t:Jl>ild tors. Such <I sylltcm c::.i11 be · charact •?riz.ed by 

J lltc..idy-i;t.atc rcspo11:.;c Jlld J dy11amic ouc thJt ill di.tucl.ly proporU011Jl lo the iill'ildy-ut.atc 

re!lpo111;e. 'l'tie response of J i;im1,1c circuit. to ii 1·;tup fu11ction demon1;f t·Jtc:.; lld1:1: 

v (1) 

f\lly output (V) c.:.11 be obtJj 11ccl at a spei:lticd lime ( t) by VJryin9 I he lnput V
0

• Thi o meanR 

U1..it if V
0 

is equal to lhl~ Tl.•4uircd t1Lc ... 1ly- state V<1luc (t nQO), 1.11·ovidc-d the v;alu1• of Rl.' .i1; 

known, a sim,1,Jlc over!d?.c factor ca11 be uued t.o crtt:ure thn ut.u..idy-t1l;1t1~ (o<'fli<111 v01lue) of V is 

re.ichcd ul " 1;pccific•d tuture (pre-hcati t)mc. 
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It is therefore, reasonable to assume that the same design weather data can be used for both 

continuous and intermittently operated plant. In the latter case it will be necessary to have 

some knowledge of the dynamic characteristic of the building so that an appropriate oversize 

factor can be selected. This aspect of design is cover~d in Sections AS and A9 of the Guide. 

The steady-state loss of heat from a building can be calculated from an equation of the form: 

where 

Q 

Q is steady state heat loss 

~UA is the product of conductance x area 

for all external surf aces 

C is the ventilation conductance 
v 

Qg represents internal and external gains 

tei is the internal environmental temperature 

t is the external environmental temperature 
eo 

t ai is the internal air temperature 

t is the external air temperature 
ao 

(2) 

(W) 

(W/K) 

(W/K) 

(W) 

(OC) 

(OC) 

(OC) 

(°C) 

Three weather parameters are included in Equation 2, t , t , and part of Q • The difference eo ao g 
between teo and tao is that the former is a sol-air temperature and therefore for horizontal 

surfaces at night could be about 4K lower than the air temperature. During the day teo will 

rise above the air temperature because of solar gains. It may therefore be necessary to use 

different design temperature for different surfaces. The daily average value of teo is 

probably not too different from t and because of the complexities invol ve'd to do otherwise, ao 
it is usual to assume the two temperatures are identical. (The selection of a design dry bulb 

woulc not be influenced by a distinction between the two because the clear night sky is at a 

constant temperature, so the effective temperature reduction due to long wave loss will be 

constant). 

This effective lower outside temperature may be significant in the selection of overall plant 

size for low rise buildings and for the system in the top floor of any building. It might, 

therefore be possible for building form to influence the selection of design data. Increase 

in insulation levels over the years make this unlikely now, but perhaps this possibility 

should be borne in mind when looking at old or unusual buildings (atria for example). 

4 



WEATHER DATA SEMINAR 

conventionally, heat gains (Q ) are ignored in the design of a heating system because: 
g 

With intermittent heating they will not usually be present during the pre-heat period. 

With continuous heating again there will be times when the plant will be run with no 

assistance from gains. 

In both cases the building must be at a suitable temperature for occupanc~. The selection of 

design data for heating might therefore be done by examining temperature distributions such as 

that in Figure 1 (which is for the CIBSE Example Year for Kew), deciding upon a failure rate 

(say 2t\ of the heating season 5000 hours), the temperature that is exceeded for more than 

125 hours is then the design dry bulb temperature. This simplistic approach ignores the 

hidden weather parameter in Equation 2, wind speed. Both U and C are a function of wind 
v 

speed. It could therefore, be seen as necessary to consider correlations between dry bulb and 

wind speed in the selection of the most appropriate weather data for the site. The heat loss 

equation might thus be written: 

Q A (t . - t ) + c (1 + DV n) (tai - tao) el. eo VO w (3) 

B + CV w 
where 

v is the wind speed w (m/s) 

C a reference ventilation rate. 
VO 

n, is an exponent (arbitrary here) to correct and Cvo (a basic ventilation rate) 

for wind speed 

A, B, c, D are constants 

The most appropriate correlation might then be the frequency of occurrence of dry bulb 

multiplied by wind speed (raised to some power). This means building form and detailed site 

layout becoming involved in the selection of design data. The comp.lexities are obvi~us, and 

probably unnecessary. Ventilation will be provided by either mechanical means or passively 

through windows (which are unlikely to be open more than necessary on a desi9n day), In both 

cases the design ventilation rate can be taken as independent of the weather. Infiltration is 

another matter, however if it was to exceed the usual ventilation allowance there should be 

serious questions as to the quality of construction. The effect of wind speed on 'U' value 

can be accounted for by considering general site exposure ~ in any case with the exception of 

glazing the effect will be small. This might mean that greater care should be taken with in 

the selection of design conditions for highly glazed buildings such as atria and greenhouses. 

To select suitable design conditions, coincident wind speed and temperature data are 

necessary, such information is available from the Meteorological Office. Unfortunately to 

obtain statistically significant results it is necessary to analyse about 20 years data. 

Suitable data are not contained within Section A2 ." 
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The following example shows what might be done for a flat single-glazed roof using the CIBSE 

Example Weather Year as the data source (Note this is an example and should not be used for 

actual design purposes). 

The rate of loss of heat through a flat single glazed roof can be written as: 

(t . - t ) 
l 0 

(R . + R ) 
Sl SO 

where for design purposes: 

Rsi the internal resistance is 0.1 

Rso the external resistance is l/(Ehr + h
0

) 

(2) 

Section A3 of the 1970 CIBSE Guide gives the value of the convection coefficient he as: 

where 

h c 5.8 + 4.1 Vw (W/m"K) 

Vw is the wind speed 

The emissivity factor E can be taken as 0.9 and the radiant coefficient hr: 

h 
r 

= -4 o' ( t + 2 73) .) 
g 

where t is the surface temperature of the glass 
g 

So the roof heat loss becomes: 

Qr (0.9h + h ) (t. - t ) 
r c i o 

(0.09h + O.lh + 1) r c 

(5) 

(m/s) 

(6) 

("C) (7) 

(W/m") (B) 

Equation 8 can be solved iterativily with (7) and (6) to give the design heat loss for various 

wind speeds and temperatures. This has been done using the wind analysis prese11ted by 

liddament(S) Figure 2 gives the percentage of the heating season (210 days) for which 

specified values of heat loss are not 'exceeded'. 

A design temperature cannot be derived directly from Figure 2, it is necessary to first set 

the failure rate and, then using a standard wind speed (3 m/s) calculate the temperature that 

corresponds to the heat loss at the failure rate. 

Taking a failure rate of 2~% the heat loss is 139 W/m", which corresponds to an external 

temperature of zero when the wind speed is 3 m/s. This can be compared with the corresp0uding 
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figure selected from dry bulb alone in Figure l of -0.8°C. In some cases it may therefore be 

necessary to analyse the performance of a building of a range of conditions if a realistic 

design temperature is to be obtained. 

1.2 Design Weather for Cooling 

The concept of correlations introduced in Section 1.1 is far more important when cooling is 

the objective. In the case of heating it was stated that after calculation of the steady 

state load, factors can be used to determine the requisite plant size to ensure that the 

building is heated to comfort levels by the start of occupancy. This results in the 

possibility to trade off plant capacity against pre-heat times. With cooling, maximum loads 

occur during occupancy, and unless special means are taken in the design of the building and 

system it is unlikely that pre-cooling will have very much effect on plant_,capacity. The 

result of lowering the air temperature prior to an expected peak load might not be appreciated 

by many occupants. 

The load on an air conditioning plant comprises a room and outside air component. The former 

depending on solar radiation and air temperature (dry bulb), together with the sensible and 

latent internal gains. If wind speed can be ignored it would then appear necessary to examine 

correlations between solar radiation, dry bulb and wet bulb. For mechanically and naturally 

ventilated buildings where prediction of peak temperatures instead of peak loads is the 

objective, correlations between solar radiation and dry bulb are necessary. How might design 

values be selected? 

In the case of air conditioning plant it is usual to treat the room and outside air loads 

separately. Thus the selection of a design outside air load might make use of a failure rate 

based on enthalpy or dry bulb. One way to do this is is to divide the psychrometric chart 

into regions on the basis of the fraction of the sUinmer months conditions which lie within set 

limits (this method is taken further in another paper to be presented at this seminar (6)). 

The selection of suitable design conditions for the calculation of room loads or peak 

temperatures can be more complicated. 

The room cooling load will (unless there are high internal gains) usually be closely related 

to the level of solar radiation. A simple method to select suitable design data might 

therefore be based on the frequency of occurrence of high solar radiation. 

At first sight this is all that is necessary, because unless the infiltration rate is very 

high the effect of the outside air dry bulb will often be of second order: but should the 

selections be based on direct or diffuse radiation? 

The obvious answer is that if the building has shading then direct solar radiation will be 

great importance. The converse applies to well shaded buildings, but what about buildings 

that fall between these extremes? The best way to approach this difficulty is to carry out 

design calculations for a number of different climatic conditions - which is trivial if a 

computer is employed. The likely results of such an analysis are that high solar radiation 

7 



WEATHER DATA SEMINAR 

will be important where the building is air conditioned, using conventional plant, with high 

dry bulb an important consideration for non-air conditioned buildings. High internal 9ains 

will, of course, mask the significance of the design weather data in the calculation of peak 

cooling loads but the correct selection of design conditions for the plant will become more 

important. 

The only way to understand the effect of interactions is by examples - unfortunately examples 

are specific and cannot be extrapolated - however one is given here to bring a little realism 

to the discussion. 

The example is a simple office module Sm x 4m x Sm high, with a single external Sm long wall, 

facing South. This wall u-value is 0.6 W/m 2 K and has a single double glazed window occupying 

40\ of the area. Using the banded weather data in Tables A2.7 and A2.8 air conditioning loads 

(dry bulb set point 23°C) are given in Figure 3a for a range of internal gains in excess of 

these created by 3 occupants. Corresponding calculations are given in Figure 3b for a 

mechanically ventilated office (6 air-changes from 0900 to 1800 hours, and a 1/4 of an 

air-change at night) with and without external shade (0 . 4m over hang). The content of 

Tables A2.7 and A2.8 is discussed in Section 2.2. The design weather data used here were for 

July and based on the assumption that values would not be exceeded for more than 2i\ of that 

month. 

The simple conclusions are that the peak room air-conditioning load is not very sensitive to 

the basis of the selection, whereas the peak summertime temperature is. In addition, as might 

be expected the well shaded example shows greater sensitivity to the basis of the data (banded 

on solar radiation or dry bulb) used in the calculation. 

Whilst it cannot be disputed that the differences shown here are small, this may not always be 

so. It is therefore necessary to approach the selection of design solar data carefully. In 

addition it should be remembered that design often involves proving that specified conditions 

will not be exceeded, in this case small differences can be important. 

2. DESIGN WEATHER DATA IN A2 

In the present case this is taken to mean heating and cooling data suitable for use with 

standard CIBSE calculation techniques. Wind, precipitation, daylight availability and 

atmospheric pollution data are therefore excluded. However, it would be unfair to the A2 Task 

Group to avoid all mention of these topics. The best way to show the scope of A2 is to look 

at the index which is repeated here as Table 1 only the underlined headings are considered in 

this paper. Much of the remaining content will be addressed by other papers presented at the 

sympo~ium. (See Table 1) 

One important section that will not be discussed in detail here - mainly because it is 

self-explanatory - is World Weather Data. This comprises a set of Tables (A2.22) giving 

swraner and winter design temperatures, precipitation and annual hours of sunshine for most of 

the world. The data are based on information available from the Meteorological Office and the 
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ASHRAE Guide. It is important to note that there are some changes from previously published 

values, probably due to the selection method which is discussed in Section 2.2.4 of this 

paper. 

2.1 Cold Weather Data 

"An analysis of cold weather data is required to establish the external design temperatures to 

be used in sizing a heating plant and it's associated distribution system". (A2.4). The 

previous section has indicated the need for a statistical approach to the selection of 

suitable design temperatures, and this is what is done in this section of the Guide. The 

design risk assessment is not solely based on the weather but includes the thermal inertia of 

the building. The reason for this is that a building with low thermal inertia will follow 

weather patterns more closely than a very heavy building. The low mass bu~lding is assumed to 

respond to single day average temperatures whilst one of high mass will follow temperatures 

averaged over pairs of days. Examples of high and low mass buildings are given multi-storey 

and single storey respectively, but a reference to Section AS would not go amiss. · so a design 

temperature for a low mass building will be such that "on average only one day in each heating 

season has a lower mean temperature", for high mass replace 'one day' with 'two day spell'. 

To make such an assessment a statistical analysis of weather data is required, suitable 

information is included in A2. 
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TABLE l content List for A2 

Introduction page 

Notation 

UK Cold Weather Data 

External Design Dry-bulb Temperatures 

Energy Consumption Calculations 

Typical Winter Weather Situations 

Coincidence of Wind Speed and Low Temperature 

Occurrence of Condensation 

Degree Days 

Town Climate 

UK Warm Weather Data 

General 

Some Warm Weather Records 

Dry-bulb and Wet-bulb Temperatures 

Design Temperatures - Approximate Method 

UK Annual Weather Data 

Banded Weather Data 

Example Weather Year 

Wind 

Precipitation 

Daylight Availability 

Atmospheric Pollution 

Measurements of Atmospheric Pollution 

Pollution from Motor Vehicle Exhausts 

World Weather Data 

Solar Data 

General 

Sun Position 

Sunpath Diagram 

Intensity of Solar Radiation 

General 

Basic Radiation Data 

Design Radiation Data 

overheating Design 

. Simulation of Solar Irradiances 

Design Total Irradiances 

Sol-Air Temperature and Long-Wave Loss 

Availability of Solar Energy 

Basic Radiation Data - World Values 

References 
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A2 - 12 

A2 - 12 

A2 - 18 

A2 - 21 

A2 - 21 

A2 - 29 

A2 - 30 

A2 - 35 

A2 - 36 

A2 - 38 

A2 - 38 

A2 - 39 

A2 - 39 

A2 - 53 

A2 - 53 

A2 - 53 

A2 57 

A2 - 58 

A2 58 

A2 - 59 

A2 - 60 

A2 - 65 

A2 - 65 

A2 - 66 

A2 - 69 

A2 - 74 

A2 - 79 

A2 - 93 
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A further complication is now introduced (in A2), the system overload capacity. It is assumed 

that in the UK unles1;; tbe building is occupied continuom;ly the plant should not be run 

continuously. This means 1;;cme excebs capacity to enable pre-heating to be done in a 

reasonable time. Sectici, A2 states "The temperature given in the table (design values) 

normally can be safely used with system having ~0% overload". Whether this implies some 

guarantee of performance under intermittent operation is questionable, what may be of concern 

is the suggebtion that the design temperature should be adjusted to meet the needs of 

diifcrent overload capacities. This is putting the cart before the horse. What should be 

done is to use the design data to select the plant for zero or small overload and then 

determine the appropriate overload capacity for the intended method of plant operation. This 

can be done using theories described in Section AS. The building is a climate modifier and 

theri::f ore it is reasunable to take its' effect into consideration when sizing the plant. The 

plant responds tu control functions and cannot moderate the weather, the way it is used should 

therefore nut be included in the selection of design data. The Guide has however taken the 

opposite view, giving advice on the I"ost appropriate design temperature for systems with and 

wi thuut ove:rload capacity. 'l'he basic advice is to reduce the design temperature by 2! °C -

equivale1it to an approximate overload of 10% which may be seen as rather strange. 

2.2 Warm Weather Design Data 

This part of the Guide appears to have suffered most revisions. The intention of the 

revisioLs appears to be to bring the design condition data closer to reality, in particular to 

recognise th<:it solar radiation levels and dry bulb temperature are somewhat correlated. This 

is not to say that previous Guides ignored this, Table A 8.3 in the 1971 Guide gives 

temperatures for days with high solar radiation, but now also included is the fact that the 

split between diffuse and direct radiatioL varies with dry bulb. 

So w~at is contained and how is it used? 

Table 1 shows the range of content, it can be seen that considerable emphasis is placed on the 

c~lculation of the Sun's position relative to the Earth (A.53 to A.57). Once again t~is is 

r«.1t weather data but information that is necessary to make use of the data in the same way as 

the psychrometric information contained in Guide Book C. Further the Section only goes half 

way in being useful, in that the way to calculate the solar position is missing, although only 

tables (A2.23) of solar altitude and azimuth are contained - not so useful in the world of the 

micro-compu~er. Additionally, mention is made of how to calculate the angle of incidence 

between a building surface and the sun for very simple situations again a case for further 

development in a separate Guide Section. The remainder of the Section concentrates on 

modelli11g solar radiation. 

2.2.l The A.2 Solar Radiation Model The most important thing to remember here is that the 

objective is design o.nd not the simulation of building performance uuder typical operating 

conditions - although some of the data might be just about suitable for that purpose. The 

first thing thing a reader will be aware of is the ' introduction of cloudy day diffuse 

radiatior1. This is because two models of solar radiation are now offered: 
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A clear sky model - as previous Guides. 

A cloudy sky model which will be new to 111any. 

The former is stated to only give good agreement with measured data when there is no 

significant cloud, the second model is more generally applicable. In both cases two sky 

clarity factors are necessary: . 

k0 applicable to direct radiation 

kd applicable to diffuse radiation 

In the case of the clear sky model kd is unity. The two factors are defined as: 

For clear skies 

(Measured total radiation - Basic diffuse (clear sky) radiation) 
Basic di rect radiation 

For cloudy skies replace (clear sky) with (cloudy sky) and again kd is unity. 

Real skies are said to fall between the two so in this case: 

measured direct radiation 

basic direct radiation 

kd = measured sky diffuse radiation 

basic cloudy sky diffuse radiation 

In both cases the measurements are 24 hour averages and exclude any ground reflected 

components. 

The basic value taken for direct radiation is as in previous Guides (3) from Moon with the 

clear sky radiation as given by Loudon(3). The 'new' cloudy . sky diffuse is · also based on work 

by LOudon (apparently not yet published) which gives an enhanced level of diffuse radiation on 

cloudy days. The two values of sky diffuse radiation are compared in Figure 4 There is 

clearly need for guidance as to which to use and when. 

The 'new' A2 has adopted the clear and cloudy sky model as the basis for the selection of 

design solar irradiance. The successful use of this model requires long term measurements of 

radiation for the site. Suitable data exist for only a few UK sites and it would appear that 

only South-East England is considered in detail in the Guide. The design irradiances are 

calculated for this region on the basis that they are likely to be exceeded on no more than 

2t% of occasions. The full data are not reproduced here, only the values of k0 and kd are 

given (see Table 2) 
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Table 2 

WEATHER DATA SEMINAR 

Solar correction tactors for desigu weather in South-East England. 

(Guide Table A2.27) 

Month Direct factor Diffuse factor 

kD kd 

June 0.82 0.66 
July/May o. 72 0.89 
Aug/April 0.13 0.93 
Sept/March 0.00 0.97 
Oct/Feb 0.83 1.18 
Nov/Jan 0 . 88 1.29 
December 0.97 1.18 

The factors given in Table 2 would appear to be obtained from the banded weather data for Kew 

given in Tables A2.7 and A2.8, and averaged where pairs of months are con~idered. The precise 

way in which the values were obtained is not at all clear from the Guide or reference 3. 

2.2.1.l Banded Weather Data An example of these data is given in Table 3, for the month of 

July (taken from Table A2.7 and A28) (The same values as used in the example given in 

Section 1.2). So how were the numbers obtained and what do they mean, and more important, 

what can be done with them? (See Table 3) 

Basically using a sample 10 years long, each month was divided into pairs of consecutive days. 

Mean values of all the parameters given in the heading of Table 3 were calculated. These 

values were then put into 'bins' selected either on the basis of daily mean solar irradiance 

or daily mean dry bulb. Ten bins were used for each. In the example given, the bin widths, 

and range are: 

Solar radiation bins: maximum mean level 

minimum mean level 

Dry bulb bins: 

bin width 

maximum mean level 

minimum mean level 

bin width 

27.06 MJ/ma 

3.96 MJ/m 3 

2.31 MJ/m3 

23.4°C 

12.1°C 

1.13°C 

These bius are given as the second column in the tables, the third gives the proportion of the 

month for which the range of values within the bin can be expected to be found. The following 

columns are fairly self- explanatory but it should be noted that: 

(a) Long wave radiation loss is given for vertical surfaces 

(b) A new model of the variation in dry bulb through the day is used. 

Both are discussed later in this paper. 
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Table 3 Banded Weather Data for July (q:per Based oo Solar Radiation) 

Daily Mean Daily 
Barrl Prqxlrti.a1 Daily Solar Sun- l.a¥J-11i0.ve Dzy-bllh/"C Wet-bll.t/°C nean 

~th Lilllits of Irradiati.on factors shire loss wind 
/(MJ/m") m:llth /(MJ/m") dura- /(\o\/m2) spee:l 

tioo /(Dv's) 
G:bal Diffuse !), Kd /(h) roof wall \ ~ s ~ t2 s 

JUL 27 .06-24. 75 0.036 25.60 7.05 0.76 0.72 13.4 00 18 25.8 13.8 20.1 17.4 12.5 15.4 2.6 
24.75-22.44 0.055 23.45 8.56 0.61 0.87 11.9 73 17 22.7 12.2 17.8 15.6 11.1 13.6 2.9 
22.44-20.13 0.087 20.98 9.54 0.47 0.97 10.1 64 15 23.5 14.3 19.1 17.1 13.0 15.3 3.1 
20.13-17.82 0.116 18.89 9.91 0.37 1.01 8.3 55 13 21.3 13.6 17.6 15.5 12.2 14.0 3.4 

9 = 17.82-15.51 0.200 16.56 10.22 0.26 1.04 6.3 45 11 20.0 13.4 16.8 14.9 12.0 13.6 3.3 
nax 15.51-13.20 0.203 14.45 10.18 0.18 1.04 4.5 36 9 19.2 13.4 16.4 14.7 12.1 13.6 3.6 

15 Qfl' 
13.20-10.89 0.171 12.11 9.24 0.12 0.94 3.1 29 7 18.4 13.7 16.1 14.6 12.5 13.6 3.8 

9 . = 10.89- 8.58 0.090 9.85 8.23 0.07 0.84 1.8 23 6 18.0 13.4 15.7 14.7 12.3 13.6 3.7 
llllll 8.58- 6.27 0.032 7.82 6.88 0.04 0.70 1.2 20 5 17.3 13.8 15.4 14.5 12.8 13.5 3.3 

04 Qfl' 
6.27- 3.96 0.010 4.69 4.37 0.01_ 0.45 0.1 14 4 17.4 14.8 16.0 15.8 13.8 14.8 4.9 
Average 1.000 15.67 9.37 0.26 0.96 5.8 43 10 20.0 13.5 16.9 15.1 12.3 13.8 3.4 

Poss.ilile = 16.0 

Daily Mean Daily 
Barrl Prqxlrti.a1 Daily Solar Sun- l.a¥J-11i0.ve Dzy-bllh/"C Wet-bll.t/°C nean 

~th Lilllits of lrnldiati.on factors shire loss wind 
/"C · m:llth /(MJ/m") cilra- /(W/m2) spee:l 

ti.on /(Dv's) 
G:bal Diffuse!), Kd /(h) roof wall \ t2 s ~ t2 t3 

JUL 23.4-22.3 0.016 24.53 7.53 0.70 0.77 12.8 77 18 29.0 16.2 22.7 19.8 14.8 17.9 2.7 
22.3-21.1 0.023 22.06 7.73 0.59 0.79 10.9 68 16 26.4 15.9 21.5 18.8 14.3 16.9 3.0 

j 
21.1-20.0 0.048 19.03 9.50 0.39 0.97 8.9 58 13 25.0 15.9 20.5 18.7 14.7 16.9 3.0 • 20.0-18.9 0.084 19.27 9.15 0.42 0.93 . 9.0 58 14 23.7 15.1 19.4 17.2 13.6 15.5 3.1 '.}. 

9 = 18.9-17.8 0.129 16.50 9.68 0.28 0.99 6.2 45 11 21.8 14.7 18.2 16.5 13.4 15.0 3.4 ' nax ~ 
17.8-16.6 0.197 15.48 9.66 0.24 0.98 5.5 41 10 20.3 13.8 17.1 15.5 12.5 14.2 3.5 ~ 

15 Qfl' 
16.6-15.5 0.267 14.92 9.63 0.22 0.98 5.2 40 10 18.8 13.0 15.9 14.1 11.7 13.0 3.6 ~ 

9. = 15.5-14.4 0.184 13.32 9.13 0.17 0.93 4.1 34 8 17.5 12.2 15.0 13.6 11.1 12.5 3.3 * llllll '-" 

04 Qfl' 
14.4-13.2 0.042 13.00 9.11 0.16 0.93 4.0 34 8 15.9 11.4 13.9 12.1 10.0 11.2 4.0 
13.2-12.1 0.010 13.20 9.42 0.16 0.96 3.0 29 7 15.1 9.5 12.6 10.8 8.2 9.6 2.9 
Aver<qa 1.000 15.67 9.37 0.26 0.96 5.8 43 10 20.0 13.5 16.9 15.1 12.3 13.8 3.4 

Poss:ible = 16.0 

t = 1 Max 

t = 2 
Min 

t = 
3 

Mean 
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values of K0 and Kd appropriate to the ~H criterion used in the example (1.2) and the design 

irradiance and all other relevent paranaeters are found by interpolation with in Tables 3. 

Thus the banded weather data is useful in selecting design data for a specific failure rate. 

It is a great pity that only Kew data are given in the Guide. One reason for this may be the 

costs involved in obtaining data and the subsequent analysis. 

A further use of these data is in modelling the performance of a building over a range of 

average conditions. Summertime temperatures (for example) can be calculated for each of the 

bins used to band the data and performance spectrum obtained. This might take the form of a 

plot of how many hours specified peak temperatures are exceeded. 

2.2.1.2 Long Wave Radiation Loss Just as radiation interchanges occur b~tween the internal 

surfaces of a room so do the external surfaces radiate to their surroundings. To avoid 

complexities in calculating this loss it has been assumed that the radiation between the 

surface and a black body at air temperature is a good model. Previous versions of the Guide 

have made a further approximation in assuming that the loss only occurs on roofs, that from 

the walls being compensated by a gain from the surroundings. The new A2 makes use of research 

by Cole (6) and gives the following models of long wave radiation loss: 

Loss on the horizontal • 93 - 79C 

Loss on the vertical 21 - l7C 

where C is the cloud cover factor in tenths. 

(~/m2) 

(W/m2 ) 

This, obviously more realistic: model, along with the revised short wave model means that there 

are significant changes to the previously published sol-air temperatures in the Guide (Tables 

A2.33). This is further discussed in Section 2...2.3. 

2.2.2 The Dry Bulb Model Examination of the smiple banded weather data in Table 3, shows 

four parameters that can be used in the prediction of hourly dry bulbs: 

Time of occ:urenc:e and level of 111aximum temperature 

Time of occurence and level of minimum temperature. 

For the July data given in Table 3, the times are (GMT) 

Maximum 1500 hours 

Minimum 0400 hours 

so a simple sine wave c:an no longer be used. The model presented in the Guide uses two sine 

wave curve fits. One with a period equal to twice the time between maximum and minimum 

temperature (26 hours in the present example) and a second between minimum and maximum 

(22 hours). The maximum and minimum values of temperature used for the fit are of course 

those displayed in Tables A2.7 and A2.8. 
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~.2.3 Sol Air Temperature Tables It is not necessary to go into too much detail here, but to 

note that whilbt the concept of sol-air temperature has not been changed, the values used in 

the calculation have. These changes have already been discussed (long wave loss 2.2.l.2, 

dry bulb curve fit 2.2.2 and for ~outh-East England at least, the radiation data). The 

sol-air temperatures for South-East England are given in Tables A2.33 for 2~% days of highest 

radiation. The values in these tables are calculated from the equation: 

t (aITHd Ell} R + t 
eo so ao 

(oC) 

where t eo 
sol-air temperature {"C) 

t 
ao 

dry bulb ("Cl 

a solar absorptance 

E long wave emissivity factor 

ITHd Total radiation incident on surface (W/m 2 ) 

Il Long wave loss {W/m2 ) 

R Surface resistance 
so 

Assuming that the values given in Tables A2.33 are based on information contained in the 

current A2 the sol-air temperature will be calculated for a vertical, south facing surface at 

1500 hrs in July. 

The non weather data related parameters of emissivity and absorptance are stated to be 0.9 for 

dark surfaces, whilst no value of Rso is stated, 0.07 m2 K/W would, from an example, appear to 

be implied. 

The solar radiation data are said to be taken from Table A2.27 with the corresponding dry 

bulbs in Table A2.28. Since these are based on the Kew measurements it should at first sight 

be possible to derive then from the banded weather data. Examination of Table 3 would suggest 

for a 2h limit: 

> 0.76 

< o. 72 

max dry bulb > 25.8 

min dry bulb > 13.8 

whereas A~.27 gives K
0 

as 0.72 and Kd as 0.89, with maximum and minimum dry bulbs (A2.26) of 

24.6"C and 12.9°C respectively. There would appear to be an inconsistency here. 
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If we proceed on the assumption that the banded weather data cannot be used for this purpose 

then, the dry bulb at 1500 hrs in July would be 24.4°C (A2.28) with the corresponding total 

radiation on a south facing surface 340 W/m 2 (A2.27). The sol-air temperature is therefore 

(assuming a non-substantiated long wave loss of 18 W/m 2 (A.2.33)) 

t = (0.9 x 340 - 0.9 x 18) x 0.07 + 24.4°C 44.7°C 
eo 

This has to be compared with the Guide value of 40.5°C. 

To obtain a value of 40.5 it is necessary to use a surface heat transfer coefficient of 

18 W/m2 K, or Rso = 0.055 m2 K/W, which is not obvious from A2. 

2.2.4 Design Temperatures Previous sections have been concerned with the .selection of 

coincident design solar radiation and temperatures for the calculation of the heat load on a 

room. As previously discussed the design of air conditioning systems requires that the 

maximum outside air load be determined. An approximate method for doing this is given in A2. 

This was used to obtain the world values given in A2.22. 

The design dry bulb 

The design wet bulb 

Conclusions 

is the highest average monthly maximum dry bulb. 

corresponds to vapour pressure derived from the average daily maximum 

dry bulb and average daily minimum relative humidity combined with the 

design dry bulb temperature. 

Section A2 contains most of the information required for design in South-East England, it is 

unfortunate that similar data are not available for the rest of the U.K. The solar radiation 

model now proposed is probably an improvement on the previous one, however it is not of great 

use if suitable data for its implementation are not available. Are we to believe that 

different models must be used for different location, or perhaps that only S.E. England merits 

the best model, I hope not. 

Cross-referencing between various sections and within sections appears to be poor, in 

particular the data used for cooling load calculations in A9 is not explained in either 

Section. 

~he sources of data used in Tables are not clear in particular the relationship between banded 

weather data, design irradiances and design temperature. It is not enough to present data and 

expect an intelligent user to accept it without question, if the basis not clear then there 

can be little confidence in the information. 

The title of this paper begs an answer, I think it is 'Quite Good' and the outlook is 

excellent, provided a little work is done. The most effective way to get this work done is to 

pay for it. The CIBSE should therefore look into ways to obtain the necessary finance to 

re-write some of Section A2. In this the membership could help by giving encouragement and 

suggestions for sources of funding. 

17 



WEATHER DATA SEMINAR 

References 

l. Irving S.J. The CIBSE Example Weather Year. CIBSE Weather Data Symposium. Balham 

9 March 1988. 

2. Hitchin, Holmes, Hutt, Irving, Nerrala. The CIBSE Example Weather Year, BSER&T, 4(3), 

119-124(1983). 

3 . Petherbridge P and Oughton D.R. Weather and Solar data. A review of information in the 

CIBS Guide Section A2 (1982) BSER&T, 4(4), 147-158 (1983). 

4. Fanger PO. Thermal Comfort, Danish Technical Press. Copenhagen 1970. 

5. Liddament M.W. The applications of CIBSE Example Weather Year Data to Air Infiltration 

and Ventilation Calculations. CIBSE Weather Data Symposium. Balharn 9 March 1988. 

6. Legg. R. The Use of reduced weather data for energy calculation. CIBSE Weather Data 

Symposim. Balham 9 March 1988. 

7 . Cole R.J. The Longwave radiation incident upon the external surfaces of buildings. 

Build Serv. Eng. (CIBS), 44, 195-206, (1976). 

18 



WEATHER DATA SEMINAR 
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FIG 1. SIMPLE SELECTION OF DESIGN TEMPERATURE 

i:: 
0 
Ill 
111--.... -------+-------+---...;;::lllr-li-----2 
Q) 

Ill 

~ 24-~~~~t-~~~+-~~-1~~-.:::llllE---lf--~~~+-~~~~~~~~1--~~~~-

= o,..j 

.j.) 

111 
Q) 

= * l..-~~~~r-~~~-+-~~-t-+~~~--1r--~~~-P1--~~-+~~~--1~~~~~~ 

130 140 150 160 

Heat loss (W/m2
) 

FIG 2. ROOF HEAT LOSS 
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