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VIABILITY OF NATURALLY VENTILATED BUILDINGS IN THE UK UNDER 
PREDICTED FUTURE SUMMER CLIMATES

by Mark Frederick Jentsch

According to current climate change predictions for the UK, summers are expected to become 

dryer and hotter in the future. This has potentially serious implications for overheating of 

naturally ventilated office buildings, many of which already fail to perform under current 

heatwave conditions. This thesis addresses the summer performance of such buildings under 

current and future climates by means of building performance simulation. Current industry 

standard weather datasets for building performance simulation are not however, suited to the 

assessment of the potential impacts of a changing climate. This work describes the integration of 

future climate scenarios into widely used weather file formats and critically assesses the resulting 

weather datasets. Simulations of a case study building at the University of Southampton 

highlight the potential impact of climate change on future summer overheating inside naturally 

ventilated buildings. The results of these simulations are compared to monitored data from the 

case study building during an extended heatwave period in the summer of 2006. It is shown 

that the present day performance of a naturally ventilated building under an extended heatwave 

period can give an indication of its likely performance during a projected typical hot summer 

in the 2050’s under a medium-high emissions scenario. A second case study building serves to 

highlight that building designs and building services solutions which are suitable for retaining 

acceptable indoor comfort levels during current heatwave periods, are likely to be suitable to 

alleviate summer overheating under the predicted warmer future climates. Further simulations, 

encompassing various locations throughout the UK emphasize the need for timely refurbishment 

of naturally ventilated office buildings within the next few decades to avoid increasing numbers 

of existing buildings failing to perform under the predicted future summer conditions.
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1. Introduction

Man-made emissions be it from buildings, business, agriculture or transport are now 

commonly accepted to be the main cause of the global warming trend which is currently being 

experienced [1]. Predictions published by the Intergovernmental Panel on Climate Change 

(IPCC) indicate an increase in global average surface temperature in different scenario ranges 

of 1.1 - 2.9 °C to 2.4 - 6.4 °C from a 1990’s baseline towards the end of the 21st century [2]. 

Across the UK, which is the focus of this study, climate change predictions suggest an average 

warming per decade varying between 0.1 °C to 0.3 °C for a low emissions scenario and 0.3 °C 

to 0.5 °C for a high emissions scenario [3]. The summers are expected to become dryer and 

the winters wetter [3]. In recognition of the strong evidence that climate change is happening, 

the UK government has declared that climate change is the “greatest long-term challenge” 

facing the world today [4]. In line with this recognition it has set ambitious targets for the 

UK’s CO2 emissions, most notably, an 80 % reduction from a 1990 baseline by 2050 [5]. 

In order to achieve this target, the built environment, which currently accounts for about 

45 % of the UK’s carbon emissions [6], will need to play a significant role. Whilst heating 

loads can be reduced relatively easily by improving thermal insulation, avoiding mechanical 

cooling facilities to address summer overheating inside buildings may prove difficult under 

the predicted warmer climate conditions for the UK. Therefore, the summer performance of 

buildings can be expected to become critical for meeting the government’s future CO2 targets.

1.1. Scope and aims

This thesis investigates the summer performance of existing naturally ventilated buildings 

in the UK under predicted future climate conditions in order to assess the future viability 

of such designs to provide comfortable indoor conditions. Non-domestic buildings, notably 

office buildings have been chosen as focus for this work, the reasons for this being that office 

buildings tend to have a common profile of use with corresponding requirements for their 

indoor comfort conditions in temperature, relative humidity and air quality. Furthermore, 

purpose built office buildings tend to have large amounts of glazing which implies high solar 

gains. Their typically high density of both occupants and data processing equipment adds 

further substantial thermal gains to the building. Therefore, these buildings have a high risk 

of overheating under increased outdoor temperature levels as projected for the future. This is 

likely to result in installation of mechanical air handling facilities if comfort conditions are 

not met for extended periods during summer months.

1.1. Scope and aims
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The scope of this work is centred on two case study buildings inside which the environmental 

performance conditions have been monitored over an extended heatwave period since this 

provides a benchmark for building performance simulation and climate change assessment. 

Whilst a range of theoretical investigations have been previously undertaken into the future 

performance of various building types [7, 8, 9, 10], these studies have not provided evidence 

in form of monitored performance data from built case study examples. Therefore, this 

study seeks to provide credibility in summer performance predictions of naturally ventilated 

buildings through benchmarking with measured present-day data gathered inside selected 

office buildings. Based on this, the specific aims of this work are:

(a) to study whether naturally ventilated office buildings are viable for the predicted future  

 climates in the UK.

(b) to evaluate climate change model results in their suitability for building performance 

 simulation.

(c) to identify summer overheating risks of naturally ventilated UK office buildings in  

 relation to their building design.

(d) to understand the potential risks of future summer overheating in buildings for different 

 regions of the UK.

1.2. Objectives

Derived from the aims given above the specific objectives for this work are as follows:

(a)  To determine the characteristics of contemporary naturally ventilated office buildings in 

view of architectural history, human comfort requirements, user perception and energy 

consumption.

(b) To examine the risks of summer overheating in naturally ventilated buildings under 

a changing climate and to assess the legal, societal and technical drivers for naturally 

ventilating buildings in the future. 

(c) To develop climate change adapted weather data sets that can be used with standard 

building performance simulation programs.

(d) To assess the potential impacts of climate change on summer overheating performance 

of a case study building. To evaluate the results of this analysis with performance data 

measured in the case study building during a present-day heatwave period.

(e)  To establish which design measures are suited to alleviate summer overheating 

occurrence inside naturally ventilated office buildings. This is important to understand 

1.2. Objectives

Introduction
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whether mechanical cooling can be avoided in the future.

(f)  To determine and map the areas of the UK with an increased risk of future summer 

overheating inside naturally ventilated buildings. This can potentially support decision 

making for both building refurbishment and new building construction.

In order to achieve the objectives given above the methodology shown in Figure 1.1 has been 

adopted for this work.

Introduction

1.2. Objectives

Figure 1.1 Schematic flow diagram of the methodology adopted to assess the future performance of 
naturally ventilated buildings in the UK.
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2. Naturally ventilated buildings

Naturally ventilated buildings are usually perceived as the ‘ideal’ in terms of 

sustainability [7]. They do not possess complex air treatment systems and so avoid the 

energy and maintenance costs associated with air-conditioned or mechanically ventilated 

buildings [11]. Air flow control in naturally ventilated offices is usually achieved via 

manually operated windows or dedicated vents. Modern offices may have mechanically 

operated blinds and window openers linked to a building management system. However, 

in the UK this is generally still the exception to the norm. Whilst naturally ventilated 

buildings with user operated windows and blinds should provide a reliable and relatively 

‘maintenance free’ system, the carbon footprint of such a building is crucially dependant on 

occupant behaviour. 

2.1. Evolution from vernacular buildings to contemporary architecture

The primary function of a building is to provide a secure shelter from the elements, 

regardless of the climatic zone within which it is located [7, 12]. Therefore, traditionally the 

external climatic conditions of the area were the main design factor for vernacular buildings. 

In particular, the prevailing ambient temperature levels and the availability of sunlight 

played key roles for the architectural appearance of traditional building forms. Today, 

this design approach is often termed as ‘bioclimatic’. However, topography, vegetation, 

technical resources and material availability as well as social and religious beliefs were 

also influencing factors for vernacular architecture [13]. As a result of this, vernacular 

architecture has been refined and optimised over many centuries towards specific regions and 

climates [13, 14]. 

The most architecturally consistent and bioclimatic efficient solutions can be found in 

near extreme climates [7, 13]. For example, the traditional Malay and Thai houses in 

the tropics are designed to provide a constant air-flow through the building for comfort 

cooling (Figure 2.1a). In arid climates such as Yemen, a common traditional strategy is 

to build houses with high thermal mass clay walls and windows with shutters to prevent 

overheating within the daytime and to provide a certain warming effect to the inside at night 

(Figure 2.1b). 

2.1. Evolution from vernacular buildings to contemporary architecture
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The less predictable the climate is, such as in the temperate zones of Europe, the more 

complex are traditional vernacular built forms as the buildings need to adapt to varying 

climate conditions [13]. Therefore, it is not surprising that technical building service 

solutions such as modern heating or air-conditioning systems were developed by cultures 

in this specific climatic zone in order to be more independent of the surrounding climate as 

well as to provide a fast response to changing exterior conditions. In consequence, this led, 

besides aesthetical and social factors, to a technology driven understanding of architectural 

Naturally ventilated buildings

2.1. Evolution from vernacular buildings to contemporary architecture

Figure 2.1 Examples of vernacular buildings as reaction to the local climatic conditions: (a) the Thai house 
in the tropics and (b) the traditional house in the arid climate of Yemen.

(a)

(b)
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design, shaping the basic architectural philosophy dominating the 20th century [15, 16]. 

However, this philosophy which is mainly based on aesthetical considerations rather than 

bioclimatic thoughts did not remain restricted to temperate climates but was transferred 

to the entire world, creating what is now called the International Style [17]. Consequently 

International Style buildings are often reduced to a functionalist design with almost total 

disregard for local conditions [18]. Guiding principles for this architectural approach which 

deliberately breaks up with previous building traditions were outlined in 1926 by the French 

architect Le Corbusier with his ‘cinq points d’une architecture nouvelle’ (five points of a new 

architecture) [19, 20]. According to these points buildings of a ‘new architecture’ consist of:

(1) les pilotis (the reinforced concrete pillars lifting the building of the ground)

(2)  le toit terrasse (the roof garden)

(3)  le plan libre (the free plan where constructive elements and internal walls are separated)

(4)  la fenêtre-bandeau (the horizontal bond window)

(5)  la façade libre (the free curtain wall façade that has no load bearing function)

The Villa Savoye by Le Corbusier, shown as a sketch in Figure 2.2, is generally considered 

as one of the most recognisable buildings following these principles [19, 20]. However, 

buildings like the Villa Savoye are highly exposed to the elements which has significant 

implications for the indoor environmental conditions.

Naturally ventilated buildings

2.1. Evolution from vernacular buildings to contemporary architecture

Figure 2.2 Sketch of the Villa Savoye in Poissy close to Paris, built between 1929 and 1931 by the French 
architect Le Corbusier as key example of an International Style building.
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An important conceptual aspect of the modern architecture movement was to provide ‘light’ 

and ‘air’ to the building occupants by having large window openings. This was facilitated 

by the availability of glass as a mass product at a considerably lowered price alongside 

new construction possibilities in steel and concrete which allowed larger glazed areas to 

be realised. However, highly glazed buildings constructed in Europe and America at the 

beginning of the 20th century soon revealed negative effects for indoor comfort. Buildings 

were difficult to heat in winter and tended to overheat in summer. This was compensated by 

advances in central heating systems, glazing technology (double glazing) and the invention 

of compressor-driven air-conditioning systems in the beginning of the 20th century [21]. 

Furthermore, these technologies enabled the construction of fully glazed high-rise buildings, 

as first conceived by Mies van der Rohe in the 1920’s [22].

Today, glazing is often associated with positive values such as openness, transparency, 

inside-outside connection, freshness, modernity and brightness. However, extensive 

utilisation of heating and cooling facilities in order to compensate for the negative effects 

caused by large glazed areas implicitly leads to high energy consumption and, increasingly, 

high costs. Nevertheless, highly glazed buildings have become a world-wide standard in 

particular for non-domestic constructions such as office buildings which are the focus of this 

thesis. In addition, the risk of summer overheating has increased inside office buildings in 

the last two decades due to the widespread introduction of IT equipment which in general 

adds significant thermal gains to the building. In a study looking at 30 air-conditioned 

office buildings throughout the UK these gains have been found to amount between about 

5 and 35 W/m² floor space depending on the occupant density and the nature of the office 

work [23]. Internal loads of such a magnitude in conjunction with an increased number 

of occupants can lead to failure of existing highly glazed office buildings that were not 

conceived for such a use and previously performed satisfactory. Therefore, mechanical 

systems for indoor air control are becoming increasingly considered as the norm for office 

buildings. However, highly glazed office buildings do not automatically imply a need 

for using air-conditioning systems to create comfortable indoor conditions during the 

summer months. Depending on the plan and façade design, the number of floors and the 

site conditions a range of ventilation concepts are used for retaining a comfortable indoor 

environment. These are collated in Table 2.1, including an indication of their associated 

energy consumption as well as summer overheating risks. In general, it can be concluded 

that the risk of summer overheating reduces with the degree of mechanisation, provided that 

Naturally ventilated buildings

2.1. Evolution from vernacular buildings to contemporary architecture
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the system has been appropriately designed to meet the building’s demands. However, the 

amount of energy required for operation rises with the degree of mechanisation.

Naturally ventilated buildings

Vernacular buildings were required to be bioclimatic designs as well as sustainable in 

material and energy use in order to function well. Due to building services technology, 

modern buildings are independent of this requirement. Many highly glazed contemporary 

buildings fail to achieve a comfortable indoor climate without supporting active systems 

such as air-conditioning [24, 25, 26]. Moreover, the application of so-called ‘intelligent’ 

climate control technologies often makes buildings environmentally unsound instead of more 

‘intelligent’, since the building is not able to react to the outside climate conditions without 

energy-intensive technical support [12]. On the basis that technology helps to provide 

‘simple’ solutions it can be assumed, that today there are probably only very few sustainable 

buildings outside the ‘developing’ world [27].

2.1. Evolution from vernacular buildings to contemporary architecture

Table 2.1 Ventilation and comfort cooling concepts - energy consumption and summer overheating implications. 

Ventilation 
concept 

Function Energy 
consumption a

Risk of summer 
overheating 

Natural
ventilation 

Ventilation and comfort cooling are achieved 
via manually operated windows. 

None High 

Advanced natural 
ventilation 

Ventilation and comfort cooling are achieved 
via manually operated windows and additional 
passive systems using stack effects and 
natural airflow patterns (atria, automatic night 
purge with windows on actuators, solar 
chimneys etc. – sometimes using a limited 
number of fans). 

None to low Moderate to high (Stack 
systems may not always 
work as predicted.) 

Mechanically 
supported 
ventilation 

Ventilation and comfort cooling are 
predominantly achieved by mechanically 
supplied outside air, however in conjunction 
with openable windows. Systems can be 
coupled to earth ducts, heat exchangers, heat 
pumps or ceiling integrated chilled beams. 

Low to moderate Moderate 

Mechanical 
ventilation 

Ventilation and comfort cooling are achieved 
by mechanically supplied outside air. Systems 
can be coupled to earth ducts, heat 
exchangers, heat pumps or ceiling integrated 
chilled beams. 

Moderate Low to moderate 

Mixed-mode
systems 

Ventilation and comfort cooling are 
predominantly achieved via manually operated 
windows, possibly with some support by 
mechanical ventilation. Under summer peak 
conditions the building is mechanically cooled. 

Moderate to high Low to moderate (User 
behaviour and poor 
management may 
compromise the system’s 
function.)

Air-conditioning Fully mechanically controlled handling of 
supplied and extracted air. 

High Low  

a Energy consumption refers to the energy used by the system and does not include energy consumption induced by 
uninformed user behaviour. 

Table 2.1
Summertime ventilation and comfort cooling concepts - energy consumption and overheating implications.
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2.2. Indoor comfort and energy performance

The basic measure for operational quality of a building is the human feeling of comfort 

which is determined by perceptual conditions (thermal, visual, smell and noise factors) as 

well as exterior climatic conditions and social factors [28] (Figure 2.3). The human feeling 

of comfort is the result of a complex interaction of its components where interference with 

one single constituent can cause discomfort. A comfortable room, the ‘ideal environment’, 

is achieved when the environmental conditions, namely air temperature, mean radiant 

temperature, air velocity and partial water vapour pressure (absolute humidity) are at a 

level as desired by the majority of occupants [29]. If one or more of the environmental 

parameters exceed threshold limits the proportion of users dissatisfied in the building rises. In 

addition, user satisfaction depends largely on the occupants’ physical activity and the thermal 

resistance of their clothing. However, the design of a perfect environment that pleases all 

occupants is not possible as there will always be a small proportion of users who are not 

satisfied [30]. This makes it impossible to define absolute values for an ‘ideal’ environment 

since the human feeling of comfort is more than merely the sum of its individual components. 

The feeling of comfort always depends on the situation and the individual person.

Naturally ventilated buildings

2.2. Indoor comfort and energy performance

Figure 2.3 Aspects influencing the human feeling of comfort (Figure adapted according to information 
available in [28]).
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Occupant surveys such as post occupancy evaluations which gather feedback of building users 

through questionnaires are commonly accepted as an appropriate method for assessing comfort 

and satisfaction levels inside a building [31, 32, 33]. Moreover, occupant satisfaction can 

also be predicted from the measured or simulated environmental conditions inside a building. 

Calculations are undertaken using the Predicted Mean Vote (PMV) / Predicted Percentage 

Dissatisfied (PPD) method developed by Fanger [29, 34]. However, such predictions can only 

be indicative as the prediction method cannot account for all factors potentially influencing 

human comfort such as, for example, the previous experiences of an individual.

Extensive post occupancy evaluation studies in UK offices have identified key parameters for 

determining how successful a workspace is in realising the target of ‘happy and productive’ 

office users. Studies by Leaman and Bordass [35, 36] have detected ventilation type as an 

important driver for the occupants’ productivity, comfort and satisfaction. They conclude that 

an ideal UK office space is naturally ventilated and shallow plan with manual components 

for the users to operate (windows, artificial lighting, thermostats for heating systems, 

mechanical ventilation outlets, etc.). This conclusion is based on the finding that the human 

feeling of comfort appears to be closely related to personal control of a space. However, in 

order to achieve high satisfaction levels inside a naturally ventilated building and prevent 

failure in comfort performance, users need to be able to easily comprehend the operation of 

the building services systems and actively interact with the building [37]. In addition, the 

window openings are required to be easily accessible and functional in operation as failure 

can lead to malfunction of the building and consequently ‘end of pipe solution’ retrofitting. 

Furthermore, it is also important that the facilities manager understands the design intent 

of a building and its services to take appropriate measures for comfort control. In the 

event of comfort related problems being noted by users of a building, a quick reaction by 

the facilities management is vital to prevent dissatisfaction. Studies at the University of 

Southampton [38, 39] have shown that a failure to respond quickly to users’ needs can result 

in a reinforcement of negative perceptions over time, even if performance improvements in 

the environmental room conditions are ultimately achieved. 

The work by Leaman and Bordass suggests that air conditioned spaces are less likely to be 

favoured by office users if a naturally ventilated or mixed mode operation of a building is 

possible [35, 36]. This coincides with findings from the healthcare sector that users inside air 

conditioned office spaces are more likely to experience health problems, the so called ‘sick 

Naturally ventilated buildings

2.2. Indoor comfort and energy performance
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building syndrome’ or ‘building related ill-health’ [40, 41]. Generally, it can be stated that a 

controlled environment such as an air-conditioned space requires higher levels of facilities 

management and committed staff to compensate for the lack of personal control. 

Studies on building life cycle energy performance of commercial buildings [42, 43] have 

shown that, related to the expected building life (50 to 100 years) and the occupant profile, 

approximately 80 to 95% of the total primary energy consumption is attributable to building 

operation. In the UK, building operation currently accounts for approximately 45% of the 

country’s total primary energy demand encompassing energy required for space heating, 

water heating, cooling, ventilation, lighting and electrical appliances [6]. In addition, 

building related delivered energy consumption has been found to rise at an annual rate of 

0.5 % in the UK [44]. The commercial sector shows the fastest growing energy consumption 

profile of all sectors in the UK apart from aviation, and this principally relates to building 

operation and hence produces a particularly high carbon footprint due to a high proportion 

of electricity usage [45]. However, in view of fossil fuel depletion, rising energy prices, 

climate change and its obligations relating to the Kyoto Protocol [46] the UK government is 

trying to reverse energy consumption trends. Its aim is to create a low carbon economy and 

society by cutting the country’s carbon dioxide emissions by 80% from the 1990 base value 

by 2050 [5]. According to the government’s 2007 Energy White Paper [47], the UK’s carbon 

reduction targets shall be achieved through energy efficiency, low carbon generation and low 

carbon transport. Energy efficiency is seen as the main driver in the building sector.

As indicated in Table 2.1 the ventilation type has an influence on the overall energy demand of 

an office building. However, by far the largest single contributor is space heating. This is shown 

for three office building types in Figure 2.4a which is based on data collected within the research 

framework of the ‘Non Domestic Building Stock Project’ for England and Wales [48, 49]. This 

project, led by the Bartlett School of Graduate Studies at the University College London, was 

carried out in the 1990’s, classifying non-domestic buildings according to built form, type of 

use, floor space, glazed area, building height, energy consumption etc [48, 50, 51]. Furthermore, 

a database of non-domestic properties spanning four towns in England and Wales was generated 

within this project. Investigations regarding the energy consumption of various building types 

within this database revealed that naturally ventilated office buildings with cellular offices 

typically used less energy per m² than mechanically supported or air conditioned open plan 

offices (Figure 2.4a) [49]. However, as can be seen by the energy use for IT equipment this can 

Naturally ventilated buildings

2.2. Indoor comfort and energy performance



12

be expected to be partially due to a lower occupant density in naturally ventilated buildings 

which, in general, will also be smaller in total floor space. As can be seen in Figure 2.4a, 

the energy demand for computing was identified to be half that of open plan offices with 

mechanically supported ventilation which would roughly indicate half the occupant density. 

Therefore, it can be concluded that the overall difference in energy demand per m² between 

naturally ventilated cellular office buildings and open plan offices with mechanical ventilation 

support will be smaller if scaled by the number of occupants. Nevertheless, even if scaled 

to a similar occupancy, a naturally ventilated cellular office building still outperforms a 

mechanically supported open plan office building in terms of delivered energy per m². This is 

due to better occupant control of the heating system, less lighting requirements and the missing 

mechanical ventilation system. However, this analysis also highlights the problems of using 

floor space as a measure for energy calculations without considering energy use per capita 

since this may distort the true environmental impact of a building.

Air-conditioned office buildings tend to be large scale purpose built offices with high 

occupancy levels and a high density of computing equipment. In conjunction with the air-

handling system which, in general, recirculates parts of the used air, this results in a reduced 

heating demand relative to other ventilation types (Figure 2.4a). However, due to the 

required cooling energy, the overall energy demand per m² is higher. The difference between 

the office building types discussed in Figure 2.4a is more readily apparent when comparing 

the associated annual carbon dioxide emissions per m² as illustrated in Figure 2.4b. For 

this study it has been assumed that space and water heating are typically achieved with 

80% efficient gas boilers. Based on a typical carbon intensity factor of 0.19 kg CO2 / kWh 

for burning natural gas [52], the carbon dioxide emissions associated with such boilers 

are 0.24 kg CO2 / kWh delivered heating energy. The remaining parameters are assumed 

to be electrical demands which, according to 2005-2007 UK average data published by 

the Department for Business, Enterprise & Regulatory Reform [53], account for carbon 

dioxide emissions of 0.5 kg CO2 / kWh supplied electricity. Due to the high proportion of 

electricity use relative to thermal energy use (heating), air conditioned open plan offices have 

been found to have twice the carbon impact of naturally ventilated cellular office spaces 

(Figure 2.4b). From this it becomes clear that, even if one accounts for different occupant 

densities, air conditioned buildings have a far higher environmental impact than alternative 

solutions. This needs to be considered if the government’s carbon emission reduction 

targets [5] are to be achieved in the building sector.

Naturally ventilated buildings

2.2. Indoor comfort and energy performance
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Naturally ventilated buildings

2.2. Indoor comfort and energy performance

Figure 2.4 (a) Annual delivered energy consumption and (b) annual carbon dioxide emissions per m² floor 
space by office building type (Data source: Non Domestic Building Stock Project [49]).

(a)

(b)
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From the above analysis it can be concluded that natural ventilation regimes coupled with 

the ability for personal control generally serve to achieve higher satisfaction levels and 

reduce building related ill-health. Furthermore, naturally ventilated office buildings generally 

consume less energy per m² floor space than mechanically ventilated or air conditioned office 

buildings of a corresponding occupant density. Therefore, natural ventilation regimes with no 

or as small as possible mechanical backup facilities can be considered as the preferred option 

for constructing and refurbishing office buildings under UK climates in particular in view 

of the need to reduce building related carbon emissions. This can be either achieved through 

buildings with passive systems that host well trained users or, where this is not guaranteed, 

buildings that can be intuitively operated by the users. However, it should be noted that 

naturally ventilated buildings carry higher performance risk compared with mechanically 

supported buildings.

2.3. Role of the building envelope for naturally ventilated buildings

Buildings are often referred to as our third skin, clothes being the second skin [7, 54]. Similar 

to our body’s skin a building has a protective function: it is supposed to provide shelter 

and a comfortable environment, diminishing negative outside climatic conditions like heat 

or cold [54] (see also chapter 2.1). Accordingly, buildings can be thought of as organisms: 

they have a skin as an outer surface to protect an internal volume from a potentially hostile 

environment [12, 55] (Figure 2.5). Similar to an organism, a building’s envelope, its skin, 

has moderating and mediating functions which ideally should help to sustain a comfortable 

environment inside the building at any time [56]. It is essentially an energy mediator and 

filter between the inside and outside environments [57]. In a naturally ventilated building 

the occupants can be considered as the building’s collective ‘brain’ taking decisions on how 

to react to the internal conditions as well as the information received from the skin, i.e. the 

external conditions. The more mechanised a building is, the less the occupants have the 

opportunity to take decisions as the mechanical control equipment takes over the function 

of the building’s ‘brain’. This may help to explain why naturally ventilated buildings have 

been identified as the building type favoured by building occupants [35, 36]. As discussed 

in chapter 2.2 there is no ‘ideal’ indoor environment that would equally please all building 

occupants. Therefore, mechanical control facilities that attempt to produce a set of standard 

environmental conditions are likely to fail meeting the occupants’ expectations; in particular 

if no manual control or override is possible. 

Naturally ventilated buildings
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Façade design has a vital influence on a building’s energy and comfort performance, in 

particular for naturally ventilated buildings. The façade essentially determines thermal gains 

and losses to the building, provides a visual link to the outside, permits air exchange with the 

external air and forms an effective barrier to the outside. Therefore, the aspects of the human 

feeling of comfort which can be influenced most directly by the construction and design of 

the building envelope are the perceptual aspects, i.e. thermal comfort, visual comfort, acoustic 

comfort and olfactory comfort. This is illustrated in Figure 2.6 which shows the relation 

between the human feeling of comfort and the building envelope, detailing the requirements for 

the façade as well as aspects of building design and operation that influence human perception. 

However, one has to bear in mind that environmental issues only represent one out of a range 

of factors relevant for building envelope design, including technological, economical, socio-

cultural, functional or aesthetic factors [58]. Nevertheless, the four perceptual parameters can be 

used for evaluating the success of a façade design. In order to achieve an appropriate occupant 

comfort inside a building as well as a good energy performance, the façade has to:

(a)  provide an appropriate visual link to the exterior in accordance with the building’s function.

(b)  provide appropriate daylighting for the visual tasks to be carried out inside the building.

(c)  regulate solar gains.

Naturally ventilated buildings

2.3. Role of the building envelope for naturally ventilated buildings

Figure 2.5 Schematic representation of the basic functions of an organism’s skin illustrating the similarity 
to the functions required of a building envelope.
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(d) minimise heat losses under cold weather conditions.

(e)  provide a barrier against external noise pollution.

(f)  prevent air pollutants from entering the building.

(g)  provide appropriate window or ventilation openings to achieve the desired air exchange.

These requirements are essentially the same for all climatic zones, but the required 

attention to individual components may be very different depending on the local conditions. 

However, building services facilities such as mechanical cooling, heating and artificial 

lighting can also partially fulfil these functions. Interestingly, ventilation is the only 

parameter where mechanical control solutions can fully replace the façade’s role as a 

mediator. This can be seen as a reason for the common classification of buildings according 

to their ventilation type. 

Naturally ventilated buildings

2.3. Role of the building envelope for naturally ventilated buildings

As indicated previously, perceived control of the indoor environmental conditions is 

important for the overall level of satisfaction of building users. Post occupancy evaluations 

of numerous buildings carried out by Leaman and Bordass have highlighted that 86 % of 

office users are at least somewhat unhappy with one of the aspects of heating, cooling, 

lighting, ventilation or noise inside their office space [35]. This was identified to be closely 

linked to the ability of personal control. However, it can be assumed that a lack of control in 

some aspects may not be seen as important as in others. User satisfaction surveys carried out 

by the author and Dr. Patrick James in 2005 and 2006 inside three buildings at the University 

of Southampton (Buildings 7, 21 and 37) revealed that a ranking of environmental control 

Figure 2.6 Relation between the human feeling of comfort and the building envelope.
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aspects according to their importance might be possible. In the surveys, building users 

were asked to rank the possibility for temperature control, ventilation control, vision to the 

exterior, sunlight control and noise control in their importance to them with ‘1’ being the 

most important issue and ‘5’ the least important. Each rank could be only given once. As can 

be seen in Figure 2.7 which is based on the reponses of 217 individuals, temperature control 

was generally ranked as the most important issue, followed by ventilation control. However, 

these two parameters are closely linked and cannot be easily separated. Vision to the exterior 

was commonly ranked as the least important issue, whilst sunlight and noise control were 

given rankings across the whole spectrum. This probably indicates that these two aspects 

are more strongly dependent on individual preferences than the others. Whilst such a 

ranking has to be seen in the particular circumstances of the current office environment of 

the respondents and, therefore, treated with care, it can be said with some confidence that 

appropriate temperature and ventilation control conditions probably are the most important 

issues to achieve satisfied users.

Naturally ventilated buildings

2.3. Role of the building envelope for naturally ventilated buildings

Whilst the possibility of individual control is very important for the office users’ satisfaction 

levels [35, 36, 38], user operation of façade components, namely windows and solar 

shading devices also creates risks for a building’s comfort and energy performance. Studies 

Figure 2.7 Possibility for controlling the comfort conditions inside office buildings, ranked by the level 
of importance to the occupants inside three office buildings at the University of Southampton (217 people 
surveyed in 2005 and 2006).
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at the University of Southampton [59, 60] have found that user behaviour regarding these 

two components can have a significant influence on the summer comfort performance 

of offices in terms of overheating as well as strong implications for a building’s winter 

energy performance. For the University’s Highfield Campus it was discovered that building 

occupants cause about 10% of the University’s annual heating demand by leaving windows 

open over night during the heating season [60]. This equates to 23 kWh / m² annum and 

about 5.5 kg CO2 / m² annum for a gas based heating system [60]. From this it can be 

concluded that, whilst individual occupant control of the façade elements and the building 

services is desirable from a user satisfaction point of view, good management is required to 

alleviate the potential risks in this strategy. This may include mechanical means such as, for 

example, window actuators to open and close windows for night purge ventilation in summer 

and close them automatically after a certain period of time in winter. However, individual 

operation by the occupants needs to be possible to retain high satisfaction levels. Mixed-

mode and mechanically supported ventilation systems can be seen as increasingly interesting 

options in this respect.

Naturally ventilated buildings

2.3. Role of the building envelope for naturally ventilated buildings
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3. Impacts of climate change on naturally ventilated buildings

At present, the majority of buildings in Europe are naturally ventilated and do not use 

heating or cooling equipment throughout the summer months [61]. However, this is slowly 

changing. Heating, ventilation and air conditioning (HVAC) related energy consumption has 

been rising in recent years throughout Europe, in particular in Southern Europe but also in 

the UK [44, 62]. According to the UK’s Carbon Trust, 10% of the UK’s commercial floor 

space was mechanically cooled in 1994 [63]. This proportion is expected to rise to 40% 

by 2020 [63]. This trend can be seen as related to global surface temperature trends with 

eleven of the twelve years from 1995 to 2006 ranking amongst the twelve hottest years on 

record since 1850 [2]. In addition, as pointed out in chapter 2, architectural trends as well as 

changes in electrical equipment and building use can be regarded as further driving forces 

to building overheating risks. This leads to the question whether natural ventilation regimes 

will be viable for commercial buildings in the future.

3.1. Observed climate trends

The IPCC has identified human activity as a significant cause for the observed changes 

to the global climate since 1750 [2, 64]. Due to various man-made or man-induced 

emissions such as for example carbon dioxide, methane, nitrous oxide and halocarbons 

the balance of incoming and outgoing energy to the Earth’s atmosphere has changed 

with a net increase of radiation meeting the Earth’s surface. Whilst there are also 

anthropogenic effects reducing the effective solar radiation such as aerosols emitted into 

the atmosphere, it is estimated that the net radiation has increased by 1.6 W/m² since 

1750. However, this increase is estimated within an uncertainty range of 0.6 W/m² to 

2.4 W/m² (90 % probability), yet with a “very high confidence” of a net increase [2]. This 

so called ‘positive global radiative forcing’ has resulted in rising global temperature levels 

and has been proven by long-term measured global and regional climate data. However, 

long-term observations do not only indicate rising average dry bulb temperatures 

throughout the world but also changing rainfall and storm patterns. Furthermore, sea 

levels have been observed to rise, with current figures indicating a rise of about 3 mm 

per year [2, 65]. Long-term information on other climate parameters such as cloud cover, 

relative humidity, atmospheric pressure or solar radiation is often either less detailed, 

scarcer or does not permit the establishment of clear trends. However, for the case of 

naturally ventilated buildings, temperature trends on their own can already be considered 

3.1. Observed climate trends
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as sufficient to serve as indication for the changing design conditions facing architects 

and engineers.

In the IPCC’s Fourth Assessment Report [2] the 100-year linear trend for the rise in global 

surface temperature from 1906 to 2005 is given as 0.74 °C with an uncertainty range of 

+/- 0.18 °C (90 % probability). Furthermore, this global warming trend has been observed 

to have accelerated over the past 50 years with an average warming of 0.13 °C per decade 

( +/- 0.03 °C) [2]. Observed dry bulb temperature trends are similar for the UK, where 

central England has shown the most extreme warming trend [65]. Based on data collected 

from weather stations in Rothamsted (Hertfordshire), Pershore (Worcestershire) and 

Stonyhurst (Lancashire) the central England annual mean temperature has been observed 

to have increased by 1 °C from 1980 to 2006 [65]. As can be seen in Table 3.1, which is 

based on monthly mean temperature data publically available from the Met Office [66], 

the annual mean dry bulb temperature averaged over all regions in England has risen by 

0.94 °C from 1914 to 2007. This is a 0.2 °C higher rise than the figure stated above for 

the global average warming over a similar period (1906 to 2005) [2]. Whilst the data for 

Wales corresponds to the IPCC’s global average observations with a 0.78 °C annual mean 

dry bulb temperature rise from 1914 to 2007, Scotland appears to show a slower warming 

trend of 0.66 °C over the same time period. Interestingly the linear warming trend is 

not evenly spread over the four seasons with autumn showing the highest and winter 

the lowest annual mean dry bulb temperature increase since 1914 for all three regions. 

However, when comparing the 1961 to 1990 mean dry bulb temperature with the 1971 to 

2000 mean it can be seen that in the most recent years winter has seen the highest rise in 

average temperatures followed by spring, whilst the autumn average dry bulb temperature 

has remained almost unchanged (Table 3.1). This concurs with recent observations of 

changes in the thermal growing season with the most recent lengthening arising from 

shorter winters and an earlier onset of spring [3]. Whilst the summers have become 

hotter, there is also a shift in seasons with summers extending into spring and autumn. 

Cold-waves in March and November have been observed to become increasingly scarce, 

particularly in the central England regions [3]. The implications of this for naturally 

ventilated buildings are longer periods with higher temperatures which is likely to result in 

increased overheating occurrence inside such buildings.

3.1. Observed climate trends

Impacts of climate change on naturally ventilated buildings
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In addition to the long term trends, the accelerated warming trend observed globally over 

the past two decades has also been experienced in the UK. This is highlighted in Figures 

3.1a to 3.1c which show the 1914 to 2007 combined mean temperatures for the summer 

months June, July and August for England (Figure 1a), Wales (Figure 1b) and Scotland 

(Figure 1c). Whilst the red line represents individual years, the dark red dashed line gives 

the same data smoothed according to the loess model [67] which locally weights the data by 

using a polynomial regression. Furthermore, the 1961-1990 mean is shown since this time 

period typically represents the baseline climate for current climate analysis [2, 3, 65, 66] 

(see also chapter 4.2). A clear trend of rising summer temperatures can be seen for all three 

regions over last two decades, however with different magnitudes. Compared to the 1961-

3.1. Observed climate trends
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Table 3.1
UK long term seasonal mean temperatures and mean temperature development over the last century (Data 
source: Met Office [66]).
Table 3.1 UK long term seasonal mean temperatures and mean temperature development over the last century (Data 
source: Met Office [66]) 

 England Wales Scotland UK  

(a) Winter dry bulb temperature, DJF a (°C)

1961-1990 mean (baseline-period) 3.69 3.77 2.32 3.27  
1971-2000 mean 4.15 4.19 2.66 3.68  
Rise between 30 year periods 0.46 0.42 0.34 0.41  

1914-2007 period rise 0.75 0.50 0.39 0.59  

(b) Spring dry bulb temperature, MAM b (°C)    

1961-1990 mean (baseline-period) 7.77 7.29 5.79 7.06  
1971-2000 mean 8.11 7.62 6.05 7.37  
Rise between 30 year periods 0.34 0.33 0.26 0.31  

1914-2007 period rise 0.86 0.78 0.76 0.83  

(c) Summer dry bulb temperature, JJA c (°C)    

1961-1990 mean (baseline period) 14.85 13.91 12.06 13.79  
1971-2000 mean 15.16 14.17 12.30 14.07  
Rise between 30 year periods 0.31 0.26 0.24 0.28  

1914-2007 period rise 0.94 0.81 0.63 0.82  

(d) Autumn dry bulb temperature, SON d (°C)

1961-1990 mean (baseline period) 9.88 9.46 7.61 9.07 
1971-2000 mean 9.96 9.54 7.70 9.15  
Rise between 30 year periods 0.08 0.08 0.09 0.08  

1914-2007 period rise 1.27 1.06 0.85 1.09  

(e) Annual dry bulb temperature (°C)      

1961-1990 mean (baseline-period) 9.07 8.63 6.92 8.32  
1971-2000 mean 9.37 8.90 7.20 8.59  
Rise between 30 year periods 0.30 0.27 0.28 0.27  

1914-2007 period rise 0.94 0.78 0.66 0.83  

a DJF – December, January, February  
b MAM – March, April, May 
c JJA – June, July, August 
d SON – September, October, December 
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1990 baseline England has shown the highest increase followed by Scotland and Wales. 

This is further demonstrated in Figure 3.2 which gives the deviation of the mean summer 

temperatures from the 1961-1990 mean since 1914 for England and Scotland. Since 1988, 

only one summer in England and two summers in Scotland have had an average temperature 

below the long term mean. Whilst there have been repeated summers with summer 

temperatures well above the 1961-1990 average in the past, the last 20 years have shown an 

unprecedented concentration of hot summers at a significant magnitude in terms of absolute 

temperatures. Given the fact that England is the warmest of the three regions with a 1961-

1990 summer average temperature just below 15 °C, this is an alarming trend since average 

summer temperatures can now be expected to be around 16 °C (Figure 3.1a). This potentially 

can lead to failure of naturally ventilated buildings that previously performed satisfactory 

during the summer months.

3.1. Observed climate trends

Impacts of climate change on naturally ventilated buildings

Figure 3.1 (a) England, (b) Wales and (c) Scotland 1914 to 2007 combined mean temperatures for the summer 
months (June, July, August) in relation to the 1961-1990 mean (Data source: Met Office [66]).

(a) (b)

(c)
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The recent warming trend is also apparent when plotting the annual mean dry bulb 

temperatures from 1914 to 2007 for the three regions. This is shown in Figures 3.3a to 3.3c 

with respect to the 1961-1990 baseline. The trends again highlight a slightly stronger 

Figure 3.2 England and Scotland deviation of combined mean summer month (June, July, August) temperature 
from the 1961-1990 mean (Data source: Met Office [66]).

Figure 3.3 (a) England, (b) Wales and (c) Scotland 1914 to 2007 annual mean temperatures in relation to 
the 1961-1990 annual mean (Data source: Met Office [66]).

(a) (b)

(c)
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temperature rise over the past two decades for England compared to the other two regions. 

However, for all regions the rise in annual mean temperature since the late 1980’s was stronger 

than the summer temperature rise on its own. Yet, attributing the overall trends to a single 

season does not appear possible. This is highlighted in Figure 3.4 which gives the seasonal 

average temperatures for England since 1975. Whilst all seasons show a linear warming trend, 

contributions of individual seasons to the annual trend appear to level out to a certain extent 

over longer periods of time. For example, in 2006 summer and autumn showed strong peaks 

compared to the preceding years, whilst winter and spring had lower temperatures. 

3.1. Observed climate trends
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Summarising the above, it can be concluded that more extended periods of warmer 

temperatures, shorter spells of cold weather as well as higher summer mean temperatures 

can be expected in the future. Furthermore, in years with peak temperature conditions, 

a higher deviation from the 1961-1990 mean has been observed for the maximum daily 

summer temperatures than for the mean temperatures. This is shown in Figure 3.5 for the 

South-East of England using 1998 to 2008 Met Office data. In years like 2003 and 2006, 

where summer temperatures in the South-East of England were on average more than 2 °C 

higher than the long-term mean, this has had strong effects on the building stock in terms of 

Figure 3.4 England, 1975 to 2007 seasonal mean temperatures with trend lines (Data source: Met Office [66]). 
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indoor temperature performance [7]. This also emphasises the need to address the potential 

future summer performance inside naturally ventilated buildings when planning new or 

refurbishing existing buildings. 

3.1. Observed climate trends
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The outside dry bulb temperature is of key importance to a building’s performance. In 

addition, incident solar radiation also plays an important role for its performance, in 

particular in terms of summer overheating. However, the Met Office does not provide 

long-term solar radiation data. Furthermore, solar radiation is only measured at a very 

limited number of locations throughout the UK [68]. Long term data is, however, 

available for the number of sunshine hours [66]. To a certain extent this data can function 

as an indication of the global horizontal radiation incident on the Earth’s surface as well 

as for the amount of cloud cover. Figures 3.6a to 3.6c show the total number of sunshine 

hours per year from 1929 to 2008 for England, Wales and Scotland. Whilst there appears 

to be a trend indicating an increasing number of annual sunshine hours in England, for 

Wales and Scotland no trends are evident. When plotting the seasonal number of sunshine 

hours since 1929 for England a positive linear trend can be determined for all seasons 

apart from spring which shows no trend (Figure 3.7). This implies that over time the 

amount of cloud cover has reduced over England with the global horizontal radiation 

Figure 3.5 South-East of England 1998 to 2008 deviation of combined summer month (June, July, August) 
mean, daily maximum and minimum temperatures from the respective 1961-1990 mean (Data source: Met 
Office [66]).
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having increased correspondingly. This also corresponds to the temperature trends 

discussed above which show a stronger rise for England than for Wales and Scotland. 

Therefore, in terms of absolute numbers and current trends, particular emphasis has to 

be given to assessing the future summer performance of naturally ventilated buildings in 

England as these are more vulnerable than buildings in Wales and Scotland to meeting 

thermal comfort criteria in the future. In addition, building solutions that help to avoid 

excessive summer overheating in this region can be expected to also work in Wales and 

Scotland. By contrast, it can be expected that, without taking appropriate measures, 

increased levels of summer overheating will become established inside naturally 

ventilated buildings in the future, whereas additional cooling energy will be required in 

the case of air conditioned buildings [8, 69].

3.1. Observed climate trends
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Figure 3.6 (a) England, (b) Wales and (c) Scotland 1929 to 2008 annual total sunshine hours in relation to 
the 1961-1990 annual mean (Data source: Met Office [66]).

(a) (b)

(c)
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3.2. Climate change implications for a mature built environment

Given the climate trends discussed in chapter 3.1 it is clear that the effects of a changing 

climate need to be addressed specifically in the urban built environment [70]. This is 

reinforced by the fact that in the more developed regions of the world about 75% of the 

population live in urban areas [71]. For example, the planning policy overview outlined by 

the ‘Communities and Local Government’ unit of the UK government states that “England is 

one of the most crowded countries in the world with over 90 per cent of its population living 

in urban areas covering just eight per cent of the land area” [72]. It is therefore essential to 

start incorporating the potential impacts of climate change into building design strategies and 

urban planning regimes now, since consideration at an early stage will help prevent or at least 

diminish the occurrence of negative impacts such as flooding or excessive overheating [7]. 

Furthermore, as a result of climate change, urban heat island effects; urban areas with 

higher mean temperatures than surrounding rural areas [73]; are likely to represent an 

increased hazard for urban populations [74]. As the overall summer temperatures increase, 

the magnitude of urban heat island temperature differences relative to the surrounding rural 

3.2. Climate change implications for a mature built environment
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Figure 3.7 England, 1929 to 2008 seasonal total sunshine hours with trend lines (Data source: Met Office [66]).
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landscape may even be exacerbated by measures such as comfort cooling which release 

heat to the environment. As with many other industrialised countries, the structural layout 

and the building stock of the majority of UK cities changes relatively slowly. This means 

that the timescale of urban renewal is somewhat at odds with the need to address the 

potential impacts of climate change on the built environment. Figure 3.8 shows a schematic 

representation of the mean as well as the daytime mean (7.00 h – 19.00 h) and nighttime 

mean (19.00 h – 7.00 h) summer temperature differences for the London area with respect 

to Bracknell, Berkshire. It is based on data provided in CIBSE Guide A [75] which was 

gathered by Watkins et al in 1999 and 2000 [69]. This data is available for three annular 

regions (0-3 km, 3-10 km and 10-23 km) with the British Museum at the centre, the reference 

point Bracknell having a distance of about 45 km from this location. Summer average values 

for climate parameters other than temperature shown in Figure 3.8 have been taken from the 

2002 UK Climate Impacts Programme (UKCIP02) 1961-1990 baseline climate [3] for the 

London-Heathrow area and are indicative only. As can be seen in Figure 3.8 central London 

(10 km around the British Museum) was observed to be on average about 2.4 – 2.5 °C 

warmer during the summer months than the surrounding landscape (Bracknell). 

3.2. Climate change implications for a mature built environment
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Figure 3.8 Schematic representation of the present-day London urban heat island relative to Bracknell, 
Berkshire in daily mean, day and night temperature differences for the summer months (Data sources: 
CIBSE Guide A [75] and UKCIP02 model output [3]).
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The risks of exacerbated urban heat island effects in the future are highlighted for the 

London Heathrow area in Tables 3.2 and 3.3 and demonstrated schematically in Figure 3.9 

for the greater London area. The tables which are based on the UKCIP02 climate change 

scenario data [3] show the predicted average change of selected climate variables for the 

summer months (June, July, August) in the 2020’s and 2050’s with respect to a 1961-1990 

baseline. Depending on the carbon emissions scenario (low, medium-low, medium-high, 

high) the summer mean temperatures for the London Heathrow area are expected to rise 

about 1.1 to 1.4 °C in the 2020’s and about 2.0 to 3.2 °C in the 2050’s respectively with 

the daily temperature peaks showing a stronger rise than the daily mean temperatures 

(Tables 3.2 & 3.3). At the same time precipitation and relative humidity are expected to 

reduce, therefore reducing the potential for evaporative cooling in the urban environment. 

In the 2020’s, even for a low emissions scenario, the average summer precipitation is 

expected to be at least 10 % less compared with the 1961-1990 baseline. Furthermore, the 

average relative humidity in summer is expected to drop from its current level of 76 % 

by about 3 percentage points under a low emissions scenario in the 2020’s and more than 

8 percentage points in the 2050’s under a high emissions scenario, bringing the average 

relative humidity down to 68 %. Cloud cover is expected to reduce and incident global 

horizontal radiation correspondingly to increase for all four emissions scenarios. The 

seasonal average continuous downward surface shortwave flux (global horizontal radiation) 

of the 1961-1990 baseline climate for London Heathrow is given as 212 W/m². It can be 

expected to increase by 3.5 % (7.4 W/m²) under a low emissions scenario in the 2020’s and 

almost 10 % (23.8 W/m²) under a high emissions scenario in the 2050’s (Tables 3.2 & 3.3). 

The combined effect of these predictions: higher temperatures, more incident solar 

radiation, less rain and reduced relative humidity indicate a high risk of reinforced urban 

heat island effects in the greater London area. This is highlighted in Figure 3.9 relative to 

Figure 3.8. The predicted increase in wind speed over the summer months may potentially 

reduce some of these adverse impacts as higher wind speeds are known to mitigate urban 

heat island development [74]. However, the increase in wind speed is predicted to be at best 

0.5 % for the investigated timeframes and emissions scenarios which can be regarded as 

insignificant (Tables 3.2 & 3.3). It can be concluded that climate change can be expected to 

have strong implications for the design and maintenance of naturally ventilated buildings in 

urban areas such as London, in particular if the non climate related driving forces for urban 

heat islands, i.e. anthropogenic heat emissions, surface materials and vegetation levels are 

assumed to remain unchanged in the future. 

3.2. Climate change implications for a mature built environment
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It is evident from the above analysis that a changing climate and its implications will need 

to be reflected in future building design and refurbishment in form, material choice, thermal 

mass and building services [8, 9]. However, in keeping with the tradition of the 20th century 

modern architecture movement, building design is still most commonly driven by aesthetic 

and functional considerations rather than environmental performance [7, 13]. This ultimately 

can lead to a ‘make it work’ strategy when the building services are to be integrated into 

an environmentally unsound design approach. In addition, this also increases the risk of 

buildings failing to perform if the mechanical and electrical (M&E) design is not undertaken 

carefully from the onset of planning right through to the commissioning of the M&E 

3.2. Climate change implications for a mature built environment
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Table 3.2 Predicted average change of selected climate variables in the 2020’s with respect to a 1961-1990 baseline 
for UKCIP02 grid point 415 (London-Heathrow) for the summer months (June, July, August) under four different 
emissions scenarios (Data source: UKCIP02 model output [3]) 

Emissions scenario Low Medium-low a Medium-high a High  

Mean temperature (°C) 1.13 1.26 1.26 1.35  
Maximum temperature (°C) 1.31 1.46 1.46 1.56  
Minimum temperature (°C) 0.98 1.09 1.09 1.16  

Global horizontal radiation (W/m²) 7.39 8.23 8.23 8.79  
Cloud cover (% points) -3.14 -3.50 -3.50 -3.74  

Precipitation (%) -10.07 -11.22 -11.22 -11.98  

Wind speed (%) 0.18 0.20 0.20 0.21  

Relative humidity (% points) -2.84 -3.16 -3.16 -3.38  

a The UKCIP02 model output is identical for the 2020’s under the medium-low and the medium-high emissions 
scenarios

Table 3.2
Predicted average change of selected climate variables in the 2020’s with respect to a 1961-1990 baseline 
for UKCIP02 grid point 415 (London-Heathrow) for the summer months (June, July, August) under four 
different emissions scenarios (Data source: UKCIP02 model output [3]).

Table 3.3
Predicted average change of selected climate variables in the 2050’s with respect to a 1961-1990 baseline 
for UKCIP02 grid point 415 (London-Heathrow) for the summer months (June, July, August) under four 
different emissions scenarios (Data source: UKCIP02 model output [3]).
Table 3.3 Predicted average change of selected climate variables in the 2050’s with respect to a 1961-1990 baseline 
for UKCIP02 grid point 415 (London-Heathrow) for the summer months (June, July, August) under four different 
emissions scenarios (Data source: UKCIP02 model output [3]) 

Emissions scenario Low Medium-low Medium-high High

Mean temperature (°C) 2.02 2.39 2.67 3.20
Maximum temperature (°C) 2.33 2.76 3.09 3.71
Minimum temperature (°C) 1.75 2.07 2.31 2.77

Global horizontal radiation (W/m²) 13.19 15.63 17.50 20.96
Cloud cover (% points) -5.61 -6.64 -7.44 -8.91

Precipitation (%) -17.97 -21.29 -23.84 -28.55

Wind speed (%) 0.32 0.38 0.42 0.50

Relative humidity (% points) -5.07 -6.00 -6.72 -8.05
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plant [76]. Furthermore, this type of design approach adds to the running costs of a building 

as architectural failures are compensated by energy consuming mechanical equipment. 

Climate change can be expected to reinforce such cost implications and ultimately may 

render elements of the building stock economically unviable. Therefore, climate change 

assessment addressing the future performance of new building designs as well as existing 

buildings can be expected to become increasingly important within the next few years.

3.3. Drivers for natural ventilation

Impacts of climate change on naturally ventilated buildings

3.3. Drivers for natural ventilation 

The European Union (EU) has identified the building sector as one key area for achieving its 

obligations for greenhouse gas emission reductions specified in the Kyoto Protocol [46]. This 

is addressed in the EU directive on the energy performance of buildings (EPBD) [62] which 

forms the basis for national regulations to be implemented in the member states. In view 

of the rise in the number of air-conditioning systems one incentive of the EPBD is to give 

priority to “strategies which enhance the thermal performance of buildings during the summer 

Figure 3.9 Schematic representation of the potential summer London urban heat island in the 2050’s under 
a medium-high emissions scenario including potential climatic drivers further intensifying the effect (Data 
sources: CIBSE Guide A [75] and UKCIP02 model output [3]).
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period” and to encourage “further development of passive cooling techniques, primarily 

those that improve indoor climatic conditions and the microclimate around buildings” [62]. 

For example, Article 9 of the EPBD – Inspection of air-conditioning systems – states that 

“appropriate advice shall be provided to the users on possible improvement or replacement of 

the air-conditioning system and on alternative solutions” [62].

In England and Wales, the building compliance requirements of the EPBD, which address both 

new buildings and existing buildings undergoing refurbishment, are implemented through Part L 

of the Building Regulations [77]. Building compliance is calculated on the basis of a target 

carbon dioxide emission rate (TER) in kg/m²/year for the proposed building design [77]. For non-

domestic buildings compliance can either be calculated by using the UK government’s ‘Simplified 

Building Energy Model’ (SBEM) [78] or through approved dynamic modelling software.

In conjunction with a raised awareness for sustainable building solutions and the long-term 

outlook of rising energy prices [79], the EPBD has lead to incentives to avoid energy intensive 

building services equipment and to promote energy efficient building designs throughout 

Europe. For non-domestic buildings, natural ventilation regimes, advanced natural ventilation 

concepts (i.e. buildings using stack effects for ventilation), mechanically supported ventilation 

systems or mixed mode systems where mechanical cooling is only used on summer peak days 

are increasingly attractive options in this respect [9, 80, 81, 82]. In addition, recent research 

has shown that passive cooling using night-time ventilation regimes has a high potential for 

retaining indoor summer temperatures at acceptable levels in current Northern European and 

UK climates [83]. However, natural ventilation as well as mechanically assisted ventilation 

systems have certain limitations as a building’s thermal performance in summer is clearly 

dependent on the prevailing outside ambient temperatures [83]. This is in particular relevant 

in urban areas such as London, with observed strong urban heat island effects [69] (see 

also Figure 3.8). However, despite these potential drawbacks, there is a strong market drive 

to achieve low carbon dioxide emission rates by adopting passive or low energy building 

services solutions. The reasons for this are twofold; reducing cost for running and maintaining 

building services [63] and a positive ‘green’ building image for the occupant / owner.

A further requirement of the EPBD for the EU member states is to introduce energy 

performance certificates with a maximum validity of 10 years to be “made available when 

buildings are constructed, sold or rented out” (Article 7 EPBD) [62]. In addition, buildings 

3.3. Drivers for natural ventilation
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of more than 1000 m² useful floor space that are occupied by public sector bodies need to 

have an energy performance certificate on display [62]. Energy performance certificates are 

likely to become important in determining a building’s rentable value and could potentially 

influence public perception of the ‘greenness’ of a building’s occupant.

In England and Wales, certification has been introduced in phases from April 2008 onwards in 

the form of ‘energy performance certificates’ for newly constructed, sold or rented buildings 

and ‘display energy certificates’ for buildings requiring certificates on public display [85]. 

Both certificate types are based carbon dioxide emission calculations and provide a rated 

energy efficiency on a sliding scale from A to G, with A being the most and G the least energy 

efficient [85]. Display energy certificates give an operational rating which is based on the 

actual energy consumption of a building, thus exposing its true environmental performance 

and failures in building design to the public. This can potentially result in a negative 

public relations image. For example, on the introduction of display energy certificates 

many government buildings in London have received poor ratings, amongst the worst 

performing buildings some of the most recently constructed [86]. Similarly, at the University 

of Southampton the introduction of display energy certificates has revealed poor energy 

performance of some of the newest building designs. For example, Building 32 which was 

completed in 2007, has received a poor G rating whilst Building 7 which was constructed in 

1959 and is poorly insulated only just failed to receive an F rating (Figures 3.10 & 3.11) [87]. 

3.3. Drivers for natural ventilation
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Figure 3.10 Photograph and display energy certificate of Building 32 at the University of Southampton 
indicating a poor energy performance of the 2007 mechanically serviced building (Image source certificate: 
Estates and Facilities, University of Southampton [87]).
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Building 32 is highly glazed on the East and West elevations, mechanically cooled with 

chilled beams and mostly mechanically ventilated. These factors negatively affect its 

energy consumption as high solar gains through the windows result in increased cooling 

and ventilation demands. However, it is somewhat astonishing that a poor building in terms 

of thermal insulation such as Building 7 should still outperform Building 32 in its annual 

energy performance. The data period considered for the certificates was 2007/2008 which 

had summers that showed a marginally lower number of sunshine hours for the South-East 

of England than the Met Office’s long term average (1961-1990) [66]. However, compared 

to the long-term mean for the South-East of England the mean temperature levels for the 

three summer months from June to August were 0.3 °C higher for 2007 and 0.4 °C higher 

for 2008 respectively [66]. The question is how a building like Building 32 would perform 

under conditions such as those experienced in 2006 where, in the South-East of England, 

the summer mean temperature was 2.2 °C higher than the 1961-1990 summer mean and the 

number of sunshine hours was observed to be 28 % above the long-term observations [66] 

(see also Figure 3.5). This is very relevant, as such summer conditions in essence represent a 

scenario that can be expected as typical for the South-East of England in the 2050’s under a 

low or medium-low emissions scenario and as typical probably even a decade earlier under 

a medium-high or high emissions scenario [3] (see also Table 3.3). As this timeframe is in 

the lifetime of Building 32, its summer energy performance can be expected to deteriorate 

over time if no appropriate measures are taken. Cases of poor energy performance like the 

3.3. Drivers for natural ventilation
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Figure 3.11 Photograph and display energy certificate of Building 7 at the University of Southampton 
indicating an energy performance superior to Building 32 of the poorly insulated 1959 naturally ventilated 
building (Image source certificate: Estates and Facilities, University of Southampton [87]).
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above, revealed by a ‘display energy certificate’, may not only help to improve buildings 

that use an excessive amount of energy but also prevent unsound design approaches being 

applied in the future.

Apart from highlighting failures, display energy certificates also help to reinforce successful 

design approaches. Building 37 at the University of Southampton which was extended in 

2004/05 with an atrium linking it to an adjacent, new building has shown a good energy 

performance for the new building parts consisting of the atrium and the new office space 

(Figure 3.12). Whilst Building 32 has been identified as the worst performing building of the 

University’s entire academic building stock, Building 37’s new part is the best performing 

building with a C rating [87]. (The old part has received a D rating.) In addition, summer 

temperature performance has been identified as comparably good during periods of high 

external dry bulb temperatures [38] (see also chapter 7.6). This good performance is 

partly achieved because of the mechanically supported ventilation system which is shown 

schematically in Figure 3.13. Fresh air is provided to the building through under-floor 

ventilation outlets which are mechanically supplied through an earth channel, whilst exhaust 

air leaves the building through manually operated window openings in the office areas 

and mechanically operated vents at the top of the atrium. These vents open automatically 

according to the measured weather conditions as well as the dry bulb temperature inside the 

atrium. Furthermore, in the atrium, air flow can be expected to be enhanced by the radiant 

pane effect of the glazing integrated photovoltaics array at the top of the atrium [88].  

By these measures energy intensive mechanical cooling of the deep office space can be 

avoided. The earth channel also positively influences the energy consumption during the 

heating season as pre-warmed air is drawn into the building. Further reasons for the good 

overall energy performance of the building can be seen in its compact building shape, 

the comparably low amount of glazing which reduces solar gains, the daylight dependent 

artificial lighting system and the carbon offsetting of the photovoltaic array which 

contributes about 6% of the building’s electricity demand [87]. Furthermore, it has one floor 

less than Buildings 7 and 32 which facilitates shading through trees and adjacent buildings. 

The good overall performance of the building design is reinforced by the fact that the office 

space is open plan with a high occupancy density with around 5 to 6 m² of space per desk 

place which indicates high thermal gains. Building 37 highlights the possibility of achieving 

a good operational energy performance rating without mechanical cooling if the building 

design addresses energy efficiency measures right from the onset of planning. 

3.3. Drivers for natural ventilation

Impacts of climate change on naturally ventilated buildings
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In view of the legal, societal and financial drivers for reducing energy consumption, 

performance assessment and prediction using appropriate tools such as energy performance 

simulation are becoming increasingly important. For example, at the planning stage 

building performance assessment can deliver valuable information on the viability of 

a design approach [89]. This may also help to avoid failures in energy performance of 

3.3. Drivers for natural ventilation
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Figure 3.12 Photograph and display energy certificate of the new part of Building 37 at the University of 
Southampton indicating an energy performance superior to Buildings 7 and 32 (Image source certificate: 
Estates and Facilities, University of Southampton [87]).

Figure 3.13 Schematic representation of the ventilation scheme inside Building 37 at the University of 
Southampton.
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buildings such as Building 32 at the University of Southampton. However, the weather 

data files used by energy performance simulation programs are derived from historic 

weather data and therefore at best can be used to predict performance under ‘present-

day’ climate conditions. They are clearly not appropriate for future building performance 

assessment [90].

3.4. Outlook for naturally ventilated office buildings in the UK

In the UK, the need for appropriate climate change weather files for building performance 

assessment is reinforced by the fact that large proportions of the building stock, in 

particular naturally ventilated office buildings, already often perform poorly during 

current periods of hot weather [61]. Based on the data provided by the Carbon Trust [63], 

approximately 25 % of the UK’s commercial floor space (offices and retail) can be 

expected to have cooling facilities installed at present. The larger part of this floor space 

is likely to be inside more recent buildings. However, as can be seen in Figure 3.14 more 

than 70 % of the UK’s office building floor space has been constructed before 1990 [91] 

and can be expected to be largely naturally ventilated. Determining the future performance 

of naturally ventilated office buildings under hot summer conditions is, therefore of key 

importance. Furthermore, the floor space of office buildings built between 1940 and 

1990 represents more than 45% of the entire office stock floor space [91] (Figure 3.14). 

Based on a typical time frame of 20 to 40 years between major refurbishments [43] 

many buildings in this age-group can be expected to face refurbishment within the next 

few years, which may result in first time installation of mechanical cooling systems 

to avoid summer overheating. This would be clearly adverse to both the government’s 

CO2 reduction targets [5] and the energy conservation incentives of the EPBD [62].  Pre 

1940’s buildings which represent around 28% of the total office floor space may also face 

refurbishment. However, the majority of such buildings were not explicitly conceived 

for administration and generally have small footprints. Therefore, generic conclusions on 

possible refurbishment pathways are more difficult to make than for post-war, purpose 

built office buildings.

3.4. Outlook for naturally ventilated office buildings in the UK

Impacts of climate change on naturally ventilated buildings
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The basic structural design of post-war office buildings often consists of large scale concrete 

pillar–beam or pillar–plate constructions with non supporting highly glazed curtain wall 

façades [17, 92] (see also chapter 2.1). This type of construction which offers maximum 

floor plan flexibility generally results in low thermal mass buildings. In conjunction with 

high occupancy levels and high internal loads through computing equipment this design 

strategy exacerbates summer overheating risks in particular in areas with observed urban 

heat island effects [61] (see also chapter 3.2). Therefore, it is important to determine whether 

it is possible to retain a natural ventilation strategy inside such buildings when they are 

refurbished. Whilst this is also an important question for new buildings, the significance is 

far greater for refurbishments as the UK’s building stock turnover is rather slow with new 

buildings only accounting for about 1 to 5 % of the total stock [93]. 

Tower blocks can be considered as the most vulnerable building type to extreme weather 

conditions such as extended heatwave periods due to their exposure to the elements and 

their unfavourable surface to volume ratio [94]. This is shown schematically in Figure 3.15 

for a high rise building in relation to a similar size low rise building. Tower blocks are 

particularly exposed to high levels of solar radiation since surrounding landscape elements 

cannot provide any solar shading as it will normally be the case for the majority of low rise 

buildings in the UK (Figure 3.15). The risks for naturally ventilated tower blocks failing to 

perform during hotter summers are apparent in areas like London where higher temperatures 

3.4. Outlook for naturally ventilated office buildings in the UK
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Figure 3.14 UK office floor space by age and potential floor space facing major refurbishment within the 
next two decades (Data source: Commercial and Industrial Floorspace and Rateable Value Statistics for 
England and Wales [91]).
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are predicted for future summers in conjunction with less cloud cover, higher global 

horizontal radiation, less rainfall and unchanged wind speed conditions (see also Figure 3.9). 

It is within this building type that a climate change driven ‘tipping point’ will occur first. 

Therefore, refurbishment solutions that help to retain tower blocks comfortable during the 

summer months in the future can be expected to also function for low rise buildings. In 

view of this, it has been decided to use a high-rise building as case study example within 

this study, as further detailed in chapter 7. However, before being able to assess any case 

study buildings regarding their future summer overheating performance, an appropriate 

methodology needed to be established for this. This is discussed in chapters 4 and 5.

3.4. Outlook for naturally ventilated office buildings in the UK

Impacts of climate change on naturally ventilated buildings

Figure 3.15 Schematic representation of the exposure of a tower block and a low rise building with identical 
volume to extreme climate conditions.
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4. Performance assessment of naturally ventilated buildings

Whilst it is possible to assess the energy demand for heating and cooling systems by using 

accumulated temperature differences, i.e. degree-days or degree-hours [75], the summer 

overheating performance of naturally ventilated buildings cannot be easily predicted using 

such methods. Dynamic building energy performance simulation is required in order to 

determine potential indoor temperature changes for different climate change scenarios. 

However, to conduct such studies an appropriate simulation package as well as a viable 

format for the required climate change weather data needed to be identified. 

4.1. Building energy performance assessment with simulation packages

The growing complexity of buildings in function and design has made whole building energy 

performance simulation an integral part of the planning process for building services engineers. 

Commonly used programs by engineering consultants in the UK are DesignBuilder [95], 

Hevacomp [96], IES Virtual Environment [97] and Tas Building Designer [98]. Two of 

these programs, DesignBuilder and Hevacomp, in effect represent user interfaces using the 

simulation engine EnergyPlus [99] which is open-source code software without an extensive 

graphical interface published by the U.S. Department of Energy. By contrast, both, IES Virtual 

Environment and Tas Building Designer use individual calculation cores which consist of 

a suite of underlying software products [100]. All four programs are approved for use in 

compliance checking according to the 2006 Part L2 of the Building Regulations for England 

and Wales [77]. They all incorporate the government’s ‘Simplified Building Energy Model’ 

(SBEM) [78] for compliance calculations. However, Hevacomp, IES Virtual Environment and 

Tas Building Designer also include approved dynamic modelling routines.

In addition to the above mentioned software packages there are a range of different 

programs available for assessing building energy performance, some of which are 

described in their capabilities by Crawley, Hand, Kummert and Griffith [100]. Programs 

such as ESP-r, developed by the Energy Systems Research Unit (ESRU) at the University 

of Strathclyde, Glasgow [101] or TRNSYS, developed by the Solar Energy Laboratory 

(SEL) at the University of Wisconsin, Madison [102] have a strong research background. 

However, they are also applied by consultants for specialised tasks. Other programs, such 

as ECOTECT [103], have a stronger focus on the conceptual design stage and in particular 

address the needs of architects and designers.

4.1. Building energy performance assessment with simulation packages
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For this work, the TRNSYS thermal simulation package was chosen in conjunction with the 

TRNFLOW air flow modelling software [102, 104], the reasons for this being the flexible 

modular structure offered by TRNSYS and the easy coupling to an air flow model generated 

with the TRNFLOW software. This is important since air flow modelling is vital for 

simulation of naturally ventilated buildings to account for the effects of external wind pressure 

and internal and external temperature gradients on a building’s thermal performance [104]. 

Further explanations and details on the chosen software packages are given in chapter 6.

Whilst all the above programs are suited for assessment of building energy performance 

under current climate conditions they do not permit direct analysis of potential climate 

change impacts. Guidance documents such as CIBSE’s TM 34 [105] and TM 36 [8] are 

available but nevertheless uptake of climate change assessment into the planning process 

has been limited. One reason for this has traditionally been the lack in availability of climate 

change weather files for simulation programs in a standard weather data format. In order 

to develop such weather files it is therefore necessary to identify the most widely used file 

format that is compatible with the TRNSYS simulation software.

4.2. Weather files used in simulation packages

A common feature of the majority of simulation packages is that the weather files which 

are used for simulation of building performance at a specific location are text input files. 

Traditionally weather files for building simulation have been provided as hourly datasets 

in a variety of formats depending on country of origin and / or simulation package. One 

of the most widely available hourly data format file types is the Typical Meteorological 

Year 2 (TMY2) format, which was developed by the U.S. National Renewable Energy 

Laboratory (NREL) in the early 1990’s [106]. TMY2 represents a further advancement 

of the original TMY files published by the U.S. National Climatic Data Centre in the 

1980’s [107] and is considered as a weather file format for general use. A detailed review 

of the background and history of the TMY2 format is provided by Chow, Chan, Fong and 

Lin [108]. TMY2 files represent a key output of weather databases such as Meteonorm [109] 

which at present encompasses more than 7700 weather stations throughout the world.

TMY2 files are generally derived from measured 1961-1990 weather data and represent a 

data set of hourly values of solar radiation and meteorological parameters for a ‘typical’ one 

year period. ‘Typical’ months which constitute the TMY2 weather year are identified from 

4.2. Weather files used in simulation packages
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the measured long term data using a Finkelstein-Schafer statistic [110] which is described in 

conjunction with the full TMY2 development procedures in the TMY2 manual by Marion 

and Urban [106]. However, it should be noted that for a large proportion of TMY2 weather 

sites the values for solar radiation are modelled from measured meteorological parameters. 

For example, more than 90% of the solar radiation data in the U.S. National Solar Radiation 

Data Base (NSRDB) used by NREL for generating the initial TMY2 file set of 239 sites is 

modelled data [106].

Weather files which are generated from long term measured data using statistical functions 

such as TMY2 files are primarily suited for predicting a building’s average energy 

requirements for heating, cooling and ventilation in order to dimension the required building 

services accordingly. However, since these files represent ‘typical’ years and deliberately 

exclude peak year conditions, they are ill suited for overheating assessment of naturally 

ventilated buildings. Therefore, in the UK, CIBSE has taken an approach of producing two 

different simulation weather file sets, Test Reference Year (TRY) files for HVAC planning 

and Design Summer Year (DSY) files for overheating analysis [111]. These files were 

initially set up for three UK sites: London, Manchester and Edinburgh. However, since 2006, 

files are available for 14 sites throughout the UK utilising improved selection algorithms as 

discussed in detail by Levermore and Parkinson [68].

The current CIBSE TRY and DSY files are derived from measured UK Met Office site data 

from 1983-2004. However, the solar radiation data has been modelled, as all the 14 sites 

had little or no solar radiation data available [68]. TRY files have been compiled in a similar 

way to TMY2 files using Finkelstein-Schaffer statistics [110], whilst DSY files represent a 

hot summer, which is defined as the third hottest summer of the 20 year data set in terms of 

daily mean dry bulb temperature from April to September inclusive [68]. CIBSE weather 

data is considered as the industry standard in the UK and is linked to building regulation 

compliance testing since TRY data has been used to determine monthly average values for 

the SBEM tool [68]. Alternative compliance calculations such as those made by IES Virtual 

Environment for example, require full CIBSE weather files for compliance assessment [97]. 

TRY and DSY weather files are available from CIBSE in various file formats to facilitate 

integration into different simulation packages.

Hourly weather data sets can pose limitations if diurnal cycles are to be assessed in 

4.2. Weather files used in simulation packages
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more detail as interpolation between hourly values may not always reflect the weather 

particularities of a location. Therefore, in view of increasing availability of more detailed 

data sets from for example building monitoring, a weather file format that allows integration 

of sub hourly data has been created by the developers of ESP-r and EnergyPlus [112,113]. 

This weather file format, which is either termed ‘EnergyPlus/ESP-r’ (E/E) or, more 

commonly, ‘EnergyPlus/ESP-r Weather’ (EPW), is based on the file generation methodology 

and the data available within the TMY2 format. However, whilst TMY2 files have a rigid 

position specific format with missing and zero values filled with nines and zeros respectively, 

EPW files use comma separators which reduces the file size [112].

Most of the simulation packages introduced above are now able to use the EPW weather 

file format (DesignBuilder, ESP-r, EnergyPlus, Hevacomp, IES Virtual Environment), 

whilst TRNSYS uses TMY2 as well as EPW files and ECOTECT has an individual hourly 

weather file type termed WEA. Tas Building Designer includes a database of weather files 

of different formats such as the older CIBSE Example Weather Year (EWY) or the European 

Test Reference Year (TRY) formats. However, it permits importing of weather files in the 

TMY2 format. EnergyPlus provides a weather file converter which can be used to transform 

TMY2 files into EPW files [113].

In view of the above analysis it was decided that the most sensible approach was to develop 

TMY2 files for future climate predictions as well as EPW files which in essence represent 

a modification of the original TMY2 file type structure. It was also decided that these 

files should be generated as both ‘typical’ and ‘hot summer’ years as issued by CIBSE for 

present-day data. The emphasis within this study however lies with the ‘hot summer’ year 

data for assessment of summer performance of naturally ventilated buildings.

4.2. Weather files used in simulation packages
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5. Climate change weather data sets for building performance simulation

In order to generate the TMY2 / EPW climate change weather files as required for building 

simulation an appropriate methodology needed to be identified. Essentially the scope was 

to use and transform the results of existing climate change datasets so that they could be 

incorporated into these standard weather file types. Therefore, existing climate change 

weather datasets and methodologies for generating simulation weather data were reviewed in 

their suitability for this task. 

5.1. Global and regional climate change models

In its Third and Fourth Assessment Reports [2, 64] the IPCC uses six basic global 

emissions scenarios which depend on different assumptions for future economic growth, 

resource consumption, technology implementation, social equity and global population 

development [114]. These scenarios, which do not include targeted strategies for climate 

change mitigation, essentially represent possible development pathways of human activities 

and function as a baseline for climate change modelling. Several global climate models for 

simulating the effects of climate change have been developed and results integrated into the 

IPCC’s Assessment Reports with selected outputs of some of these model runs also being 

available on the IPCC’s Data Distribution Centre website for public download [115]. At the 

time of the Third Assessment Report [64] these so-called atmosphere-ocean general circulation 

models had a coarse grid spacing of between 250 km and 500 km [3]. This resolution is not 

well suited for regional climate assessments, let alone for detailed building performance 

simulation. The grid resolution has significantly improved for the Fourth Assessment 

Report [2]. However, this thesis focuses on data generated before publication of the Fourth 

Assessment Report since regional climate model results based on downscaling [116] of 

general circulation models from this older data set are more readily available. 

For Europe, a regional climate model based on a ~50 km grid spacing (HadRM3) has been 

developed by the Hadley Centre [117]. This model, which has a time step of 5 minutes, has been 

derived by dynamic downscaling in a ‘double-nesting’ approach [3]. It is based on boundary 

conditions delivered by an atmospheric global model (HadAM3H) on a ~120 km grid interval, 

which in turn was derived of the coarse atmosphere-ocean HadCM3 model on a ~300 km grid [3]. 

Figures 5.1a and 5.1b show the grid spacing over the UK of the HadCM3 general circulation 

model and the HadRM3 regional climate model respectively. It can be clearly seen that in the 

5.1. Global and regional climate change models
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global model Northern Ireland, large parts of Yorkshire and almost the whole of the Southwest 

of England (Cornwall, Devon, Somerset, Dorset and Wiltshire) are modelled as ‘sea’, whilst 

there are only five grid points that are modelled as ‘land’ over the UK. In addition, many places 

with diverse climates share the same grid point as highlighted in Figure 5.1a for the 14 CIBSE 

weather data sites. For example, London Heathrow, Birmingham, Nottingham and Norwich are 

all in the same grid space. This highlights the poor suitability of using general circulation model 

data for climate change weather file generation in building performance simulation. By contrast, 

as can be seen in Figure 5.1b, downscaled regional climate model data such as the HadRM3 data 

delivers a grid spacing that can be considered as sufficient for this purpose.

5.1. Global and regional climate change models

Climate change weather data sets for building performance simulation

The results of the 50 km grid HadRM3 modelling approach are used within the 2002 

UK Climate Impacts Programme (UKCIP02) climate change scenarios to quantify the 

potential impacts of climate change on the UK [3]. The UKCIP02 scenarios consist of 

a set of climate change data for the 2020’s, 2050’s and 2080’s for four different global 

carbon emission scenarios: low, medium-low, medium-high and high emissions which are 

Figure 5.1 Grid spacing over the UK of (a) the HadCM3 general circulation model and (b) the HadRM3 
regional climate model (Data source grid points: HadCM3 – IPCC Data Distribution Centre [115], 
HadRM3 – UKCIP02 Scenarios Gateway [118]).

(a) (b)
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related to the original IPCC scenarios B1, B2, A2 and A1Fl [3, 114]. The baseline period 

to which the climate change data of the UKCIP02 studies relates is a simulated timeframe 

representing the years 1961-1990. This timeframe also represents the current meteorological 

‘climate baseline’ used for generation of many building performance simulation weather 

files [106, 109]. However, only four regional climate model simulations using the ‘double-

nesting’ approach were conducted to generate the UKCIP02 data, three for the A2 emissions 

scenario and one for the B2 scenario [3]. Furthermore, only the 1970’s (1961-1990) 

control period and the 2080’s (2071-2100) period were simulated. Data for the remaining 

time periods and emissions scenarios was derived in a pattern scaling technique [3]. The 

uncertainties associated with the pattern scaling method as well as uncertainties in global and 

regional climate modelling, future emissions and natural climate variability are discussed 

in the UKCIP02 Scientific Report [3] and in more detail in a dedicated uncertainties 

report by Jenkins and Lowe [119]. Comparisons of the HadCM3 model with other global 

circulation models reveal that for the UK, in general, so-called ‘science uncertainties’ in 

climate modelling appear to dominate for temperature and precipitation [3, 119]. These are 

uncertainties that are due to “our limited understanding of the climate system and ability 

to model it” [119] which are hard to evaluate. Nevertheless, this also gives confidence 

that the HadCM3 model results underlying the UKCIP02 scenarios are within the limits 

of the current understanding of climate modelling. To address uncertainties, the UKCIP02 

Scientific Report includes uncertainty margins for temperature and precipitation predictions 

depending on the emissions scenario [3]. This highlights the constraints of using climate 

model results for generating building simulation weather data. However, ‘present-day’ 

weather files used for building simulation also have uncertainties attached to them due to 

their reference timeframe, their underlying data collection or calculation methods and natural 

climate variations (see also chapter 4.2). In view of additional uncertainties in the quality of 

building models used for building performance simulation it can be argued that engineers 

and designers should be aware of uncertainties within computed data when using climate 

change scenario predictions for building simulations.

The UKCIP02 climate change data is only provided as monthly values, which makes it 

unsuitable for direct use in building performance simulation where hourly data is required. 

This difficulty of matching simulation weather data requirements and the parameters 

available in climate change datasets is highlighted in Table 5.1 which details the data 

format as well as selected radiation and meteorological parameters of standard weather files 

5.1. Global and regional climate change models

Climate change weather data sets for building performance simulation



47

(TMY2 / EPW & TRY / DSY) and two climate change weather datasets (UKCIP & CRU). 

However, as pointed out by Belcher, Hacker and Powell [120], there are several possible 

methods to construct climate change weather data for building simulation from results of 

global circulation or regional climate models. Two of these methods, stochastically generated 

weather data and adjustment of present-day weather data with regional climate change model 

predictions, generally termed ‘morphing’, were considered for this thesis work.

5.1. Global and regional climate change models

Climate change weather data sets for building performance simulation

The scientifically most stringent method would be to generate a dedicated regional climate 

model from general circulation model data and derive weather files from this. This could, for 

example, be undertaken by using the Hadley Centre’s PRECIS Regional Climate Modelling 

System which uses general circulation model output as boundary conditions and is available 

for general public use [121]. After inputting detailed topographic and vegetation information 

Table 5.1
Data format, key radiation and meteorological parameters of: TMY2 / EPW files, CIBSE TRY / DSY 
files, the UKCIP02 climate change weather dataset and the Climatic Research Unit (CRU) climate change 
weather dataset.

Table 5.1 Data format, key radiation and meteorological parameters of: TMY2 / EPW files, CIBSE TRY / DSY 
files, the UKCIP02 climate change weather dataset and the Climatic Research Unit (CRU) climate change weather 
dataset. 

Basic parameter a Detailed parameter b TMY2 / EPW TRY / DSY UKCIP CRU 

Data format  hourly hourly monthly hourly 

Radiation Global Horizontal Radiation � � � --
Direct Normal Radiation � -- -- -- 
Diffuse Horizontal Radiation � � -- -- 
Sunshine Duration -- -- -- �
Horizontal Sky Infrared Rad. � c -- -- -- 

Daylight Global Horizontal Illuminance � -- -- -- 
Direct Normal Illuminance � -- -- -- 
Diffuse Horizontal Illuminance � -- -- -- 
Zenith Luminance � -- -- -- 

Sky Cover Total Sky Cover � � � --
Opaque Sky Cover � -- -- -- 

Temperature Dry Bulb Temperature � � � �
Wet Bulb Temperature -- � -- -- 
Dew Point Temperature � -- -- -- 

Humidity Relative Humidity � -- � �
Specific Humidity -- -- � --
Water Vapour Pressure -- -- -- �

Pressure Atmospheric Pressure � � � --

Wind Wind Direction � � -- -- 
Wind Speed � � � �

Precipitation Precipitable Water � -- � �

a The list of parameters only includes selected dataset parameters directly relevant to building performance simulation 
b The exact parameter name may vary for the different datasets 
c Parameter only required for EPW file type 
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regional scale models of any area in the world can be generated with the PRECIS tool [122]. 

As such model experiments require several months to run for each scenario [122] this 

method was not deemed appropriate within the scope of this thesis. Another possible method 

of obtaining climate change weather data for the UK would be to compare temperature 

and precipitation data of Southern European weather sites with the UKCIP02 predictions 

and then use the most appropriate files for selected sites in the UK. However, this method 

bears a high risk of overestimating solar gains in building performance simulations as the 

solar geometry is not identical due to the different latitudes. Simulation programs would 

effectively use the solar radiation data of a Southern European site with a UK solar geometry 

which could produce unrealistic amounts of solar radiation reaching the building’s internal 

surfaces as a higher direct normal radiation would be coupled with a lower solar altitude. 

Therefore, this method was not considered.

5.2. Stochastically generated future weather

A set of stochastically generated climate change weather data in an hourly data format has 

been produced by the Climatic Research Unit (CRU) at the University of East Anglia for 

six UK weather sites [123]. These data sets which are available for public download [124] 

are based on the HadRM3 model as the main data source and span 30 years of data for 

the 2020’s, 2050’s and 2080’s for each of the four UKCIP02 carbon emission scenarios. 

These 30 years per time frame in essence represent 30 computed years, standing for typical 

years within this time frame and are not to be confused with thirty subsequent calendar 

years. A further control 30 year data set has been produced for the 1970’s, permitting 

comparison to measured weather data of the six sites. The CRU files include only 6 

parameters (precipitation, dry bulb temperature, partial vapour pressure, relative humidity, 

wind speed and sunshine duration), which would necessitate calculation of the remaining 

parameters required for TMY2 / EPW file generation, in particular solar radiation parameters 

and atmospheric pressure (Table 5.1). Whilst it would be theoretically feasible to derive 

a ‘hot summer’ year from 30 computed years and to construct a ‘typical’ year using the 

methodology outlined in the TMY2 manual by Marion and Urban [106], a major drawback 

is the need for complex calculation of solar radiation data [125, 126]. Given the fact that 

this would potentially increase the uncertainty in data accuracy, the decision was taken to 

investigate the ‘morphing’ methodology outlined in chapter 5.3 as the preferred option.

5.2. Stochastically generated future weather

Climate change weather data sets for building performance simulation



49

5.3. Morphing of present-day weather

Based on the UKCIP02 data output Belcher, Hacker and Powell [120] have developed a 

methodology for transforming CIBSE TRY and DSY weather files into climate change 

weather years. Hourly CIBSE weather data for the present-day climate is adjusted with 

the monthly climate change prediction values of the UKCIP02 scenario datasets. This 

methodology is termed ‘morphing’ due to the fact that data of existing weather sites 

is transformed i.e. ‘morphed’ into climate change weather data. The basic underlying 

methodology for weather file ‘morphing’ consists of three different algorithms depending on 

the parameter to be changed: 

(1)  an offset ‘shift’ of a current hourly weather data parameter by adding the UKCIP02 

predicted absolute monthly mean change:

 x = x0 + ∆xm [120]

 where x is the future climate variable, x0 the original present day variable and ∆xm the 

absolute monthly change according to UKCIP02. This method is, for example, used for 

adjusting atmospheric pressure.

(2) a linear ‘stretch’ of a current hourly weather data parameter by scaling it with the 

UKCIP02 predicted relative monthly mean change:

 x = am ⋅ x0 [120]

 where am is the fractional monthly change according to UKCIP02. This method is, for 

example, applied for ‘morphing’ the present-day wind speed.

(3)  a combination of a ‘shift’ and a ‘stretch’ for current hourly weather data. In this method 

a current hourly weather data parameter is ‘shifted’ by adding the UKCIP02 predicted 

absolute monthly mean change and ‘stretched’ by the monthly diurnal variation of this 

parameter:

 x = x0 + ∆xm + am ⋅ (x0 - ‹x0›m) [120]

 where ‹x0›m is the monthly mean related to the variable x0, and am is the ratio of the 

monthly variations of ∆xm and x0. This method is applied for adjusting the present-

day dry bulb temperature. It uses the UKCIP02 predictions for the monthly change of 

the diurnal mean, minimum and maximum dry bulb temperatures in order to integrate 

predicted variations of the diurnal cycle.

As previously highlighted in chapter 4.2, the CIBSE TRY and DSY weather files, which 

were formed from measured data provided by the UK Met Office [66], are considered 

5.3. Morphing of present-day weather
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as the industry standard in the UK. This makes the ‘morphing’ approach particularly 

attractive for climate change weather file generation as the resulting files can be directly 

related to the standard weather data used for building regulation compliance testing. 

Furthermore, the basic CIBSE data is already available in ‘typical’ (TRY) and as ‘hot 

summer’ (DSY) year format. Therefore, it was decided to follow this methodology for 

generating climate change TRY and DSY weather years from the original present-day 

files and then to transform these into TMY2 and EPW format years for application in 

standard building simulation programs. It should be noted however, that the approach 

of ‘morphing’ present day weather data with monthly climate change predictions 

misses details of potential future changes in diurnal weather patterns or the extent of 

future extreme weather events such as heatwaves. In essence, a future weather pattern 

is produced that is largely analogous to the present day weather in terms of diurnal 

cycles and extremes. On the other hand, the advantage of this approach is that spatial 

downscaling of the climate change data is achieved due to the use of baseline weather 

data from a physical location [120]. Furthermore, the generated data is likely to be 

meteorologically consistent [120].

5.4. Generation of climate change adapted weather files

As can be seen in Table 5.1, a range of parameters that are required for a TMY2 / EPW 

file are not provided by the original TRY / DSY data. For example, daylight, humidity 

and precipitation parameters are missing completely. Nevertheless, with the exception 

of precipitation all relevant missing parameters can be calculated from other parameters 

available in the TRY / DSY data. Table 5.2, which structurally follows the EPW file data 

convention [112], gives an overview of all the parameters contained in a TMY2 / EPW 

file. Furthermore, it details the equivalent parameters in the UKCIP02 data and the basic 

methodology applied for creating climate change TMY2 / EPW files from TRY / DSY and 

UKCIP02 data using the ‘morphing’ methodology described above [120]. Figure 5.2 shows 

the pathway for generating climate change adapted TMY2 / EPW files as a schematic 

diagram. Detailed equations for climate change adaptation of all the TMY2 / EPW 

parameters listed in Table 5.2 are given in Appendix B. 

5.4. Generation of climate change adapted weather files
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Table 5.2
TMY2 / EPW file parameters, their equivalents in the UKCIP02 climate change predictions and basic 
methodology used for climate change TMY2 / EPW data generation.

(tenths of sky) longwave radiation (%) (following [120]), change to deka (1/10) 

N23 Opaque Sky Cover              
(tenths of sky) 

-- No TRY / DSY data available, assumed as 
half the value of Total Sky Cover c

N24 Visibility (km) -- Not required, field classified as missing data 

N25 Ceiling Height -- Not required, field classified as missing data 

N26 Present Weather Observation n/a Not required, field classified as missing data 

N27 Present Weather Codes n/a Not required, field classified as missing data 

N28 Precipitable Water (mm) PREC: Precipitation rate 
(mm/month)

No TRY / DSY data available for 
precipitation, field classified as missing data 

N29 Aerosol Optical Depth -- Not required, field classified as missing data 

N30 Snow Depth -- Not required, field classified as missing data 

N31 Days Since Last Snowfall -- Not required, field classified as missing data 
a EPW files only 
b Data source and uncertainty flags are collated in one node for EPW files whilst they are indicated behind individual 
parameters in TMY2 files  
c In absence of a method for deriving Opaque Sky Cover from other data this approach appears to have been used for 
a number of TMY2 / EPW files. 

Table 5.2 TMY2 / EPW file parameters, their equivalents in the UKCIP02 climate change predictions and basic 
methodology used for climate change TMY2 / EPW data generation. 

EPW
node 

Relevant TMY2 / EPW 
parameter (unit) 

UKCIP parameter (unit) Methodology of climate change TMY2 / 
EPW data generation 

N1-N5 Year, Month, Day, Hour  
Minute a

n/a
n/a

Unchanged from TRY / DSY data 
Not required 

A1 Data Source and Uncertainty 
Flags b

n/a Not required, field classified as missing 
information

N6 Dry Bulb Temperature (°C) TEMP: Mean temperature 
TMAX: Maximum temperature 
TMIN: Minimum temperature 
(all °C) 

Shift and stretch of TRY / DSY data with 
UKCIP data (following [120]): shift using 
TEMP and stretch using diurnal range 
TMAX-TMIN 

N7 Dew Point Temperature (°C) -- Calculation of present specific humidity 
from TRY / DSY data using psychrometric 
formulae [128, 129], stretch with UKCIP 
SPHU data (specific humidity in %) 
(following [120]), calculation of dew point 
temperature from morphed specific humidity 
using ASHRAE psychrometric formulae 
[129]

N8 Relative Humidity (%) RHUM: Relative humidity     
(% points) 

Calculation of present relative humidity from 
TRY / DSY data using ASHRAE 
psychrometric formulae [129], shift of 
present relative humidity with UKCIP data  

N9 Atmospheric Pressure    
(mbar for TMY2, Pa for EPW) 

MSLP: Mean sea level 
pressure (mbar) 

Shift of TRY / DSY data with UKCIP data 
(following [120]) 

N10 Extraterrestrial Horizontal 
Radiation (Wh/m²) 

n/a Calculation using solar geometry equations
(following [111]) 

N11 Extraterrestrial Direct Normal 
Radiation (Wh/m²) 

n/a Calculation using solar geometry equations
(following [111]) 

N12 Horizontal Infrared Radiation 
form the Sky (Wh/m²) a

-- Calculation from morphed values for cloud 
cover, dry bulb temperature and vapour 
pressure (following [130]) 

N13 Global Horizontal Radiation 
(Wh/m²)

DSWF: Total downward 
surface shortwave flux (W/m²) 

Stretch of TRY / DSY data with scaling 
factor derived from UKCIP data and long 
term observed monthly mean (following 
[120], long term mean from [109]) 

N14 Direct Normal Radiation 
(Wh/m²)

-- Calculation from values of N13 and N15 
using solar geometry equations (following 
[111])

N15 Diffuse Horizontal Radiation 
(Wh/m²)

-- Stretch of TRY / DSY data with scaling 
factor of N13 (following [120]) 

N16 Global Horizontal Illuminance 
(lux) 

-- Calculation from radiation parameters 
(following [131]) 

N17 Direct Normal Illuminance 
(lux) 

-- Calculation from radiation parameters 
(following [131]) 

N18 Diffuse Horizontal Illuminance 
(lux) 

-- Calculation from radiation parameters 
(following [131]) 

N19 Zenith Luminance                
(Cd/m²)

-- Calculation from radiation parameters 
(following [131]) 

N20 Wind Direction (degrees) -- Unchanged from TRY / DSY data 

N21 Wind Speed (m/s) WIND: Wind speed (%) Stretch of TRY / DSY data with UKCIP data 
(following [120]) 

N22 Total Sky Cover                   TCLW: Total cloud in Shift of TRY / DSY data with UKCIP data 

table continued on page 52
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Climate change TMY2 and EPW files were produced in a step by step procedure following 

the file conventions outlined in the manuals by Marion and Urban [106] for TMY2 files and 

Crawley et al. [112] for EPW files. Figures 5.3a and 5.3b show sample TMY2 / EPW file 

headers and data for the 1st of January for a ‘morphed’ CIBSE DSY file for Southampton in 

the 2050’s under a medium-high emissions scenario. The EPW file header consists of eight 

lines containing basic information on location, design conditions etc. (Figure 5.3b) whilst the 

TMY2 file header comprises of only one line detailing the location (Figure 5.3a). Most of the 

EPW header parameters are not required by standard building simulation programs. Therefore, 

5.4. Generation of climate change adapted weather files
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table continued from page 51
(tenths of sky) longwave radiation (%) (following [120]), change to deka (1/10) 

N23 Opaque Sky Cover              
(tenths of sky) 

-- No TRY / DSY data available, assumed as 
half the value of Total Sky Cover c

N24 Visibility (km) -- Not required, field classified as missing data 

N25 Ceiling Height -- Not required, field classified as missing data 

N26 Present Weather Observation n/a Not required, field classified as missing data 

N27 Present Weather Codes n/a Not required, field classified as missing data 

N28 Precipitable Water (mm) PREC: Precipitation rate 
(mm/month)

No TRY / DSY data available for 
precipitation, field classified as missing data 

N29 Aerosol Optical Depth -- Not required, field classified as missing data 

N30 Snow Depth -- Not required, field classified as missing data 

N31 Days Since Last Snowfall -- Not required, field classified as missing data 
a EPW files only 
b Data source and uncertainty flags are collated in one node for EPW files whilst they are indicated behind individual 
parameters in TMY2 files  
c In absence of a method for deriving Opaque Sky Cover from other data this approach appears to have been used for 
a number of TMY2 / EPW files. 

Figure 5.2 Schematic flow diagram of the climate change weather file generation process.
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in accordance with weather files generated by commercial packages such as Meteonorm [109] 

only a limited number of header parameters were addressed. Apart from integrating location 

parameters, such as longitude, latitude and altitude, the monthly average ground temperatures 

at 0.5 m, 2 m and 4 m in the ground were calculated using the temperature correlation method 

developed by Kusuda and Achenbach [127] which is provided in Appendix B. 

5.4. Generation of climate change adapted weather files
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For calculation of humidity parameters psychrometric formulae detailed in Jones [128] as 

well as in the ASHRAE Handbook - Fundamentals [129] were utilised, whilst solar geometry 

equations required for calculating some of the radiation parameters were taken from CIBSE 

Guide J [111]. Downwelling longwave radiation which is required for EPW files was 

derived from an equation suitable for all sky conditions which was developed by Crawford 

and Duchon [130]. This equation is based on the values for dry bulb temperature, vapour 

pressure and cloud cover. All daylight components required for the files were generated from 

the available radiation parameters in the CIBSE data according to the method described by 

Perez et al. [131] which is based on experimental observations made in the United States 

and Europe. However, the calculation of the global horizontal illuminance also requires the 

relative optical air mass which was obtained from tabulated values provided by Kasten and 

Young [132]. Further details are given in Appendix B.

Figure 5.3 (a) TMY2 and (b) EPW sample file header and data for the 1st of January for a ‘morphed’ 
CIBSE DSY file for Southampton in the 2050’s under a medium–high emissions scenario.

(a)

(b)
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Table 5.3 details the geographical location of the 14 CIBSE / Met Office weather stations and 

gives the corresponding grid point numbers on the 50 km UK grid used for the UKCIP02 

predictions (see also Figure 5.1b). The climate change data from these grid points is used to 

‘morph’ the original CIBSE TRY / DSY files [120]. Table 5.3 also includes the geographical 

location of the closest corresponding Meteonorm [109] weather stations with long term solar 

radiation data. This data is required for ‘morphing’ the original TRY / DSY global horizontal 

radiation data. It is used in conjunction with the UKCIP02 values for the predicted absolute 

change in radiation in order to obtain the scaling factor for a ‘stretch’ equation [120]. 

Meteonorm [109] has been used for generating the long term monthly mean values for 

global horizontal radiation since the CIBSE files do not include long term averages. The time 

periods indicated in Table 5.3 for this long term data set match closely to the data period that 

was used for compiling the CIBSE weather files, i.e. 1983-2004.

5.5. Assessment of the generated weather data

Climate change weather data sets for building performance simulation

5.5. Assessment of the generated weather data

It should be noted that Belcher, Hacker and Powell used the previous release of the CIBSE 

TRY and DSY files for their ‘morphing’ calculations [120]. These files were derived from 

weather data from 1976 to 1995 [111] so that the ‘morphing’ results can be expected to 

somewhat overestimate climate change since the baseline timeframe to which the relative 

changes of the UKCIP02 climate change scenarios compare is the time period from 1961 

to 1990 [3]. The current CIBSE/Met Office TRY/DSY weather data set, which dates from 

2006, was compiled from weather data of the years 1983 to 2004 [68]. This implies that 

1

Table 5.3 Location of CIBSE DSY / TRY weather stations, corresponding UKCIP02 grid points and the closest corresponding Meteonorm weather stations with long term 
solar radiation data.

City CIBSE/Met Office 
weather station 

Latitude 
[°]

Longitude 
[°]

Elevation 
[m]

UKCIP02 
grid point 

Meteonorm weather 
station 

Latitude 
[°]

Longitude 
[°]

Elevation 
[m]

Years with 
radiation data 

Belfast Aldergrove 54.66 N 6.22 W 63 232 Belfast-Aldergrove 54.66 N 6.22 W 63 1981-2000 

Birmingham Elmdon 52.45 N 1.74 W 96 353 Sutton Bonington 52.83 N 1.25 W 48 1981-1990 

Cardiff Rhoose 51.40 N 3.34 W 65 390 Cardiff-Wales 51.40 N 3.34 W 65 1981-1990 

Edinburgh Turnhouse 55.95 N 3.35 W 35 198 Dundee/Mylnefi 56.45 N 3.07 W 30 1981-1990 

Glasgow Abbotsinch 55.87 N 4.43 W 5 197 Dunstaffnage 56.47 N 5.43 W 3 1981-2000 

Leeds Leeds w.c. 53.80 N 1.56 W 64 296 Cawood 53.83 N 1.13 W 6 1981-1990 

London Heathrow 51.48 N 0.45 W 25 415 Kew 51.47 N 0.32 W 5 1981-1990 

Manchester Ringway 53.36 N 2.28 W 69 314 a Aughton 53.55 N 2.92 W 55 1984-1996 

Newcastle Newcastle w.c. 54.98 N 1.60 W 52 257 Cawood 53.83 N 1.13 W 6 1981-1990 

Norwich Coltishall 52.76 N 1.36 E 17 357 Hemsby 52.68 N 1.68 E 13 1984-2000 

Nottingham Nottingham w.c. 53.01 N 1.25 W 117 334 Sutton Bonington 52.83 N 1.25 W 48 1981-1990 

Plymouth Plymouth w.c. 50.35 N 4.12 W 50 431 b Cardiff-Wales 51.40 N 3.34 W 65 1981-1990 

Southampton Southampton w.c. 50.90 N 1.41 W 3 435 Efford 50.73 N 1.57 W 16 1981- 1990 

Swindon Boscombe Down 51.16 N 1.75 W 126 392 c Efford 50.73 N 1.57 W 16 1981- 1990 

a Grid point 314 was chosen over grid point 313 as this represents a land locked grid square deemed more representative of Manchester. 
b Grid point 431 was chosen over grid point 430 as the Plymouth climate would otherwise not account for the land mass of Cornwall. 
c Grid point 392 was chosen over grid point 413 as this represents Swindon better than Boscombe Down. 

Table 5.3
Location of CIBSE DSY / TRY weather stations, corresponding UKCIP02 grid points and the closest 
corresponding Meteonorm weather stations with long term solar radiation data.
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weather files produced from ‘morphing’ of this data will show an even stronger overestimate 

of climate change impacts since the changes of the UKCIP02 scenarios relative to the 1970’s 

are used on weather data from the 1990’s. However, it was decided to use the current CIBSE 

weather data release for this study due to its wider application and the larger amount of 

available weather stations (14 compared 3).

Two current CIBSE / Met Office weather sites, London Heathrow and Norwich, were 

selected in order to assess the potential climate change overestimates pointed out above. 

These two sites represent two areas with high and very low levels of urban development 

within the CIBSE dataset. Figures 5.4a and 5.4b compare the monthly mean dry bulb 

temperatures of the original TRY files for these two sites with the baseline climate data for 

the corresponding UKCIP02 grid points. In order to give an additional reference, the data of 

the closest Meteonorm [109] weather sites was added to the figures. These two sites, which 

are Kew for London Heathrow and Hemsby for Norwich, have the advantage that their 

data stems from 1973-1993 and 1972-1991 respectively which corresponds closely to the 

UKCIP02 baseline timeframe.

5.5. Assessment of the generated weather data
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It was found that for Norwich all three datasets typically agree within a range of 1°C. 

However, the UKCIP02 baseline data shows a level of smoothing with slightly warmer 

winter months and cooler summer months. For London, the Kew data shows averages 

Figure 5.4 (a) ‘Present-day’ monthly average dry bulb temperatures for London Heathrow according to 
three different weather data sets: Meteonorm EPW weather data for Kew weather station [109], CIBSE 
TRY weather data for London Heathrow and UKCIP02 baseline climate data for grid point 415. (b) 
‘Present-day’ monthly average dry bulb temperatures for Norwich according to three different weather 
data sets: Meteonorm EPW weather data for Hemsby weather station [109], CIBSE TRY weather data for 
Norwich and UKCIP02 baseline climate data for grid point 357.

(a) (b)
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typically about 0.5 °C lower than the CIBSE London Heathrow TRY data. This is most 

likely due to the 10 year difference between the sampling timeframes as well as the 

rapid expansion of air travel at Heathrow Airport within the last decade which can be 

expected to have had some influence on the local microclimate in the area. The average 

monthly dry bulb temperatures of the corresponding UKCIP02 grid point baseline 

climate are however, about 1 to 2 °C lower than the CIBSE TRY data. This difference 

appears reasonable as the models used for computing the UKCIP02 data exclude climate 

impacts of human settlements or local topographic particularities [3]. This means that the 

UKCIP02 baseline data does not capture effects of Greater London on the local climate 

which will be reflected in the meteorological CIBSE data. Therefore, an average deviation 

of the monthly mean of 1 to 2 °C as seen in the data appears realistic, in particular if 

one considers that the observed temperature difference between central London and the 

surrounding landscape can amount to as much as 7 °C [133]. Furthermore, this deviation 

agrees with findings showing that London is on average 2 °C warmer over the year than 

the surrounding landscape [69] (see also Figure 3.8). In essence, the UKCIP02 baseline 

data can be regarded as representing this surrounding landscape rather than London. This 

also explains why the difference between the datasets is lower for Norwich, as urban 

settlement effects are far less relevant for the local temperature levels in this more rural 

area. 

Figures 5.5a to 5.5c show the predicted average daily mean, maximum and minimum dry 

bulb temperatures by calendar month of London Heathrow and Norwich for the medium 

high emissions scenario for the 2050’s, comparing the ‘morphed’ CIBSE TRY weather 

files with the original monthly UKCIP02 climate change prediction results. As would be 

expected, for the future monthly average daily mean temperature the deviation between 

the ‘morphed’ weather file and the original UKCIP02 data is similar to the present day 

differences shown in Figures 5.4a and 5.4b. Yet, compared to the present day the absolute 

temperatures are about 1.5 to 2.5 °C higher for Norwich and about 1.5 to 3.0 °C higher 

for London Heathrow. The greater warming effect for London in the climate change 

modelling is probably due to the more inland location which results in a greater retention 

of heat than at coastal sites such as Norwich. In general, all the plots show smoother 

curves for the computed UKCIP02 data than for the ‘morphed’ real site data. This is 

probably due to nature of the computed data which is less likely to include irregular 

weather patterns.

5.5. Assessment of the generated weather data
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For London Heathrow, Figures 5.5b and 5.5c generally show a similar deviation of the 

average daily maximum and minimum temperatures between the original UKCIP02 and the 

‘morphed’ CIBSE data as the average daily mean shown in Figure 5.5a. However, for the 

winter months the average daily minimum temperature of the ‘morphed’ CIBSE weather file 

is about 2 °C higher than the original UKCIP02 model output whilst the difference in the 

daily maximum temperatures is only in the range of about 0.5 °C. Again, this is probably 

due to the London urban heat island effect captured in the underlying meteorological data of 

the ‘morphed’ CIBSE TRY file. The urban area reradiates energy during the night which is 

noticeable in the minimum temperatures throughout the year but has a particular impact on 

the night time temperatures in winter, which, in the majority of cases, will include the daily 

minimum temperatures [134]. By contrast, the UKCIP02 baseline modelling considers the 

area as an undeveloped landmass, which, in particular in cold clear winter nights, would cool 

down significantly.

5.5. Assessment of the generated weather data
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Figure 5.5 (a) Average daily mean, (b) average daily maximum and (c) average daily minimum temperature 
by calendar month, UKCIP02 medium high emissions scenario for the 2050’s: comparison of ‘morphed’ 
CIBSE TRY weather files for London Heathrow and Norwich with monthly UKCIP02 climate change 
model results for the grid points 415 (London Heathrow) and 357 (Norwich).

(a) (b)

(c)
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For Norwich, Figures 5.5a and 5.5c show a comparable deviation between the two 

datasets for the average daily mean and minimum temperatures. Both datasets agree 

closely within an expected range between measured and modelled weather data. 

Interestingly, during the summer months, Figure 5.5b shows a stronger deviation between 

the two datasets for the Norwich average daily maximum temperatures. The August 

value of the ‘morphed’ CIBSE TRY weather file is about 2 °C higher than the original 

UKCIP02 model results. The reasons for this are not readily apparent. It is perhaps an 

artefact of the particularities of the CIBSE weather station and the timeframe that was 

used for generating the TRY file. A further possible explanation is the existence of a 

climate smoothing effect in the modelled UKCIP02 data, caused by the adjacent North 

Sea. Due to the slow warming and cooling of the seawater this would in particular 

result in lower daily maximum temperatures in summer and higher daily maximum 

temperatures in winter as seen in Figure 5.5b. 

Further evidence of the impact of London’s urban heat island on the ‘morphed’ CIBSE 

TRY weather data is given in Figures 5.6a and 5.6b which show the relative difference 

of this data to the UKCIP02 climate change model results for London Heathrow and 

Norwich in terms of average daily mean, maximum and minimum temperatures by 

calendar month for the 2080’s under a high emissions scenario. A high emissions scenario 

in the 2080’s has been selected for this comparison as this delivers the lowest relative 

differences between the two datasets because it has the highest predicted absolute 

temperature changes. This is due to the emissions scenario and the large distance in 

time from the baseline data used for the ‘morphing’. This ‘smoothing’ can be seen as 

most clearly revealing any fundamental differences between the two datasets beyond 

natural variation in the CIBSE TRY data and uncertainties in the UKCIP02 baseline data. 

Whilst Figure 5.6b shows low relative differences between the two datasets for Norwich 

with a small positive tendency for the average daily mean and maximum temperatures, 

Figure 5.6a shows a clear positive tendency for all three temperature parameters for 

London Heathrow. The strongest relative difference in the London Heathrow data is for 

the daily minimum temperature which further demonstrates that the London urban heat 

island is captured in the CIBSE TRY data.

5.5. Assessment of the generated weather data
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In conclusion, it has been shown that the methodology of ‘morphing’ present-day CIBSE weather 

data with the UKCIP02 scenario data appears to reflect the overall UKCIP02 climate change 

modelling predictions reasonably well. No significant overestimation of climate change due 

to the different baseline timeframes could be determined. If one considers that the present day 

site data includes the impacts of local climatic parameters such as human settlements which are 

excluded from the UKCIP02 models, it can be stated that there is a close match of the monthly 

average temperature values of the ‘present day’ CIBSE TRY weather files and the UKCIP02 

baseline data. The difference between the datasets appears to match with observed climatic 

effects such as the London urban heat island [69]. Inclusion of such impacts is considered as very 

important for climate change assessment in the built environment as the weather files capture the 

localised weather conditions which will influence a building’s performance. What is not covered 

by such ‘morphed’ weather files, however, is the impact of localised future environmental 

changes or potentially self-reinforcing effects of anthropogenic activities.

5.6. Climate change weather file generator tool

As part of this thesis work a climate change weather file generator tool that allows individual 

end user generation of climate change adapted TMY2/EPW weather files has been developed 

using Microsoft® Excel (CCWeatherGen). The decision to do this was taken for two reasons, 

firstly in order to share the results of this work with the wider research community and secondly 

to obtain some feedback on the generated weather files and their viability. To facilitate this, 

the tool which is shown as a screenshot in Figure 5.7 has been made available for public 

5.6. Climate change weather file generator tool
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Figure 5.6 Relative difference of ‘morphed’ CIBSE TRY weather data to UKCIP02 climate change model 
results for (a) London Heathrow and (b) Norwich in terms of average daily mean, maximum and minimum 
temperatures by calendar month for the 2080’s under the UKCIP02 high emissions scenario.

(a) (b)
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download [135] (Figure 5.8). Known users include several UK engineering consultancies as 

well as university staff and students in the UK and Germany. Furthermore, the tool is listed as 

‘UKCIP02 extra’ on the official UKCIP ‘scenarios gateway’ website [118] (Appendix C) and 

has been publicised in the ‘EPBD Buildings Platform’ newsletter of the European Commission’s 

Directorate-General for Energy and Transport (Appendix D). It was first released in December 

2007 and most recently updated in August 2009 [135]. In December 2008 CIBSE has published 

its own series of ‘morphed’ DSY/TRY weather files for purchase [136]. However, these files only 

contain a limited number of parameters and are not readily available in the TMY2/EPW format. 

5.6. Climate change weather file generator tool
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Figure 5.7 Screenshot of the climate change weather file generator tool (CCWeatherGen) for creating 
future weather files in TMY2/EPW format [135].
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With the CCWeatherGen tool, ‘morphed’ climate change weather data can be generated for any 

of the 14 CIBSE UK weather sites and saved in TMY2/EPW format, provided that the user has 

obtained the appropriate free license from UKCIP in order to download the required UKCIP02 

climate change data and possesses a licensed copy of a CIBSE TRY/DSY file. The user can 

generate climate change weather files for all four UKCIP02 emissions scenarios for the 2020’s, 

2050’s and 2080’s timeframes. Further details on the tool’s function are given in the associated 

manual which is provided in Appendix E. An installation CD is available in Appendix F.

A common user feedback regarding the tool was criticism that it only permitted generating 

‘morphed’ weather data from the original TRY/DSY files as provided directly by CIBSE [136]. 

This significantly reduced the flexibility of the tool as users often possess the data in a different 

structure or file format. Furthermore, no individual ‘present day’ weather data, data from 

databases such as Meteonorm [109] or data available on the web such as for example from the US 

Department of Energy [137] could be read by the tool. Therefore, an additional tool was produced 

that permits users to generate CIBSE style base-files for further processing with CCWeatherGen. 

5.6. Climate change weather file generator tool

Climate change weather data sets for building performance simulation

Figure 5.8 Screenshot of the CCWeatherGen tool download website [135].
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In order to do this hourly weather data for a whole year is required for the following parameters: 

dry bulb temperature [°C], wet bulb temperature [°C], global horizontal radiation [W/m²], 

diffuse horizontal radiation [W/m²], atmospheric pressure [hPa], cloud cover [okta 1/8], wind 

direction [degrees] and wind speed [m/s]. This corresponds to the parameters available in a 

standard CIBSE TRY/DSY weather file (see also Table 5.1). Further details on the base-file 

generation tool are given in the associated help document which is provided in Appendix G.

5.7. Climate change weather data for worldwide locations

A further user feedback arising from the release of the CCWeatherGen tool regarded its 

geographical limitation as some user groups were interested in producing future weather 

data series for locations outside the UK. With respect to these comments it was decided 

to investigate possibilities of using the ‘morphing’ methodology described in chapter 5.3 

for worldwide locations. Regarding the UK specific scope of this thesis the advantage 

of generating such a second climate change weather dataset is that it permits better 

understanding of the uncertainties attached to climate change models since the ‘morphed’ 

UK weather data of two separate datasets can be directly compared.  

Generation of ‘morphed’ weather data for worldwide locations ideally would require 

accurate climate change prediction data from regional climate models at a small grid scale 

similar to the HadRM3 model which was used for the UKCIP02 data series in the UK [3]. 

However, the availability of such data is limited. Furthermore, regional climate models 

generally only include selected regions of the world and often do not cover all the parameters 

required for building performance simulation. Therefore, general circulation model (GCM) 

data that can be freely accessed via the IPCC Data Distribution Centre [115] was reviewed 

for this purpose as this data covers worldwide locations, yet at coarse data grids of typically 

between 1 to 5 degrees in latitude and longitude. Data generated for the IPCC’s Third as 

well as its Fourth Assessment Report [2, 64] was considered. Furthermore, it was decided to 

focus on data available for the A2 emissions scenario [114] as this emissions ‘storyline’ was 

predominantly used for generating the UKCIP02 model data [3] (see also chapter 5.1). As 

can be seen in Table 5.4, there is a considerable variation in the number of available climate 

change parameters from individual general circulation models. A significant drawback of 

the more recent data from the Fourth Assessment Report [2] model runs is that no data is 

available for global horizontal radiation (surface downwelling shortwave flux). However, 

this parameter is vital for weather files used for building performance simulation. It could, 

5.7. Climate change weather data for worldwide locations

Climate change weather data sets for building performance simulation
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within limitations, be estimated from the provided net upward shortwave flux in air. 

However, considering the potential error levels attached to such an approach, it was decided 

to focus on the models generated for the Third Assessment Report [64]. Table 5.4 shows 

that of the available models only the output of the UK Met Office Hadley Centre coupled 

model version 3 (HadCM3) provides all the parameters necessary to perform the ‘morphing’ 

calculations described in chapter 5.3. In addition, results of three model experiments are 

available for the HadCM3 model, whilst for the other five models of this series only one 

simulation run is provided. Therefore, for the following reasons, the HadCM3 A2 model 

output was deemed the most suitable dataset for the purpose of this work:

(a) The A2 emissions scenario represents a ‘business as usual’ case for the global 

development of human emissions [114] and, therefore, in the opinion of the author, can 

be considered as ‘likely’ future development.

(b) 3 independent HadCM3 A2 experiments are available which permits deriving average 

values from the climate change weather predictions for individual model grid points.

(c) All the key parameters required for simulation weather files are contained in at least one 

of the 3 HadCM3 A2 experiments.

(d) The 3 HadCM3 A2 experiments were the basis for the HadRM3 model that has been used 

for generating the regional UKCIP02 climate change predictions (see also chapter 5.1).

5.7. Climate change weather data for worldwide locations
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Table 5.4 Monthly climate change prediction data of various general circulation models available from the IPCC Data Distribution Centre [115], IPCC Third (TAR) and Fourth 
(AR4) Assessment Reports. 

AR Model Country A2 Runs DSWFa TCLWa PRECa TEMPa TMINa TMAXa RHUM/ 
SPHUa

MSLPa WINDa

TAR CCSR/NIES Japan � 1 � -- � � � � � � �
CGCM2 Canada � 1 � -- � � � � � � �
CSIROMkII Australia � 1 � -- � � � � � � �
ECHAM4 Germany � 1 � -- � � -- -- � � �
GFDLR30  USA � 1 � -- � � -- -- -- -- �
HadCM3 UK � 3 � � � � � � � � �

AR4 BCC:CM1 China --           
BCCR:BCM2 Norway � 1 (�) b -- -- � -- -- � � (�) c

CCCMA:CGCM3_1-T47 Canada --           
CCCMA:CGCM3_1-T63 Canada --           
CNRM:CM3 France � 1 (�) b -- � � -- -- � � (�) c

CONS:ECHO-G Germany/Korea � 3 (�) b -- � � -- -- -- � (�) c

CSIRO:MK3 Australia � 1? -- -- � � -- � -- -- -- 
GFDL:CM2 USA � 1? (�) b -- � � -- -- -- � (�) c

GFDL:CM2_1 USA � 1? (�) b -- � � -- -- -- � (�) c

INM:CM3 Russia � 1? (�) b -- � � � � � � (�) c

IPSL:CM4 France � 1? (�) b -- � � -- -- � � (�) c

LASG:FGOALS-G1_0 China --           
MPIM:ECHAM5 Germany � 3 (�) b -- � � -- -- -- � (�) c

MRI:CGCM2_3_2 Japan � 5 (�) b -- � � -- -- � � (�) c

NASA:GISS-AOM USA --           
NASA:GISS-EH USA --           
NASA:GISS-ER USA � 1 (�) b -- � � -- -- � � (�) c

NCAR:CCSM3 USA � 1? (�) b -- � � -- -- � � --
NCAR:PCM USA � 1? (�) b -- � � -- -- -- � --
NIES:MIROC3_2-HI Japan --           
NIES:MIROC3_2-MED Japan � 1? (�) b -- � � � � � � (�) c

UKMO:HADCM3 UK � 1? (�) b -- � � -- -- -- � (�) c

UKMO:HADGEM1 UK � 1? (�) b -- � � -- -- -- � (�) c

a DSWF – total downward surface shortwave flux, TCLW – total cloud in longwave radiation, PREC - precipitation, TEMP – mean temperature, TMIN – daily minimum   
   temperature, TMAX – daily maximum temperature, RHUM/SPHU – relative humidity / specific humidity (one of the two required), MSLP – mean sea level pressure,   
   WIND – wind speed 
b Data provided as ‘shortwave radiation’ (net upward shortwave flux in air), would require estimation of ‘global radiation’ (surface downwelling shortwave flux) 
c Data provided in eastward wind and northward wind in m/s. would require calculation of mean wind speed

Table 5.4 
Monthly climate change prediction data of various general circulation models available from the IPCC Data 
Distribution Centre [115], IPCC Third (TAR) and Fourth (AR4) Assessment Reports.
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In addition to the above, using the HadCM3 dataset permits investigating differences 

of ‘morphed’ data generated using the more detailed UKCIP02 regional model and 

such generated using the underlying coarser general circulation model. This can give an 

indication of how well suited general circulation model data is for predicting building 

performance under climate change scenarios. The findings of this are, in particular, relevant 

for areas of the world that, unlike the UK, do not have regional climate model results 

readily available.

Like the UKCIP02 data [3, 118] the HadCM3 A2 summary data is provided as monthly 

values for each grid point of the HadCM3 data grid for a simulated 1961-1990 baseline 

climate and for three future time slices, the 2020’s, 2050’s and 2080’s. Table 5.5 

details the available outputs from the three HadCM3 model runs for the IPCC A2 

emissions scenario [114]. The average values of these outputs were used for generating 

‘morphed’ weather files in a methodology which follows the same principles as described in 

chapters 5.3 and 5.4. However, rather than taking into account data from just one grid point, 

as in the case of the previous ‘morphing’ with the UKCIP02 data, the results of the four 

grid points closest to the chosen weather station were combined as illustrated in Figure 5.9 

for the weather stations of Bangkok, Kuala Lumpur and Kuching in Southeast Asia. This 

method follows recommendations by the IPCC for using general circulation model output in 

climate impact assessments [138]. 

5.7. Climate change weather data for worldwide locations
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Table 5.5
Monthly data available from the IPCC Data Distribution Centre [115] for the three HadCM3 A2 experiment runs.Table 5.5 Monthly data available from the IPCC Data Distribution Centre [115] for the three HadCM3 A2 
experiment runs. 

Climate parameter HadCM3 experiment run 

A2a A2b A2c 

DSWF total downward shortwave flux � � �

TCLW  total cloud in longwave radiation -- � �

PREC precipitation rate � � �

TEMP  mean temperature � � �

TMIN  daily minimum temperature � (�) a �

TMAX  daily maximum temperature � (�) a �

RHUM relative humidity � � �

MSLP mean sea level pressure � -- --
WIND wind speed � � �

a No data available for the 2050’s 
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The EPW weather file format was selected as the basic input weather file type for ’morphing’ 

with the HadCM3 climate change predictions as it is the most widely available weather 

data format with a large range of freely available files for weather stations throughout the 

world [137]. The ‘morphing’ procedures largely follow the methods given in Table 5.2 and 

further detailed in Appendix B. However, for generating the climate change adapted dew point 

temperature (node N7 in Table 5.2) and opaque cloud cover (node N23 in Table 5.2) amended 

methods were used due to differences in the available data inputs between the underlying 

CIBSE TRY / DSY and EPW files. Details on the methods adopted for these two parameters 

are given in Appendix H. In addition, in the previous ‘morphing’ procedures, tabulated values 

were given for the CIBSE / Met Office weather stations, detailing long term monthly totals for 

global horizontal radiation which are required to calculate the climate change adapted global 

horizontal radiation (node N13 in Table 5.2, see also Table B.1 in Appendix B). Given the 

large amount of weather stations throughout the world, such an approach was not considered 

viable for worldwide weather data series. Therefore, the monthly totals for the global 

horizontal radiation of the respective EPW file were used instead.

5.7. Climate change weather data for worldwide locations
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Figure 5.9 HadCM3 general circulation model data grid over parts of Southeast Asia with selected weather 
stations in Brunei, Malaysia, Singapore and Thailand: location of the four closest grid points of the weather 
stations Bangkok, Kuala Lumpur and Kuching (Data source grid points: HadCM3 – IPCC Data Distribution 
Centre [115], data source weather data: U.S. Department of Energy [137].)
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In order to make the results of this work available to the building industry a Microsoft® 

Excel based software tool has been developed which permits individual end user 

generation of climate change adapted EPW and TMY2 weather files for any location 

on the world for the A2 emissions scenario and the 3 future time slices of the 2020’s, 

2050’s and 2080’s [139]. This tool, which is shown as a screenshot in Figure 5.10, is 

similar in structure to the tool presented in chapter 5.6 and has been made available as 

public download free of charge (Figure 5.11). However, users need to obtain the required 

HadCM3 A2 scenario data and a ‘present-day’ EPW file, both of which are readily 

available in the public domain [115, 137]. The tool was first released in April 2009 and 

most recently updated in August 2009 [139]. Further details on the tool’s function are 

given in the associated manual which is available in Appendix I. An installation CD is 

provided in Appendix J.

5.7. Climate change weather data for worldwide locations
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Figure 5.10 Screenshot of the climate change weather file generator tool (CCWorldWeatherGen) for 
creating future weather files in EPW/TMY2 format from HadCM3 GCM A2 scenario ensemble data [139].
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5.8. Assessment of weather data generated from coarse climate models

The two CIBSE / Met Office weather stations London Heathrow and Norwich discussed in 

chapter 5.5 were selected to investigate differences between climate change adapted weather 

files generated with regional climate model data (UKCIP02) and coarse general circulation 

model data (HadCM3). As both of these climate change datasets stem from the same model 

family (UK Met Office Hadley Centre coupled model 3), this analysis can be expected to 

highlight the implications of different grid scales on the resulting climate change adapted 

weather data. This can give an indication of the viability of using general circulation model 

data for ‘morphing’ existing weather files.

Figures 5.12a to 5.14b show average daily mean, maximum and minimum temperatures by 

calendar month for London Heathrow and Norwich, comparing the results of UKCIP02 and 

HadCM3 ‘morphed’ CIBSE TRY weather files with the corresponding absolute values of 

the two climate change models for the 2050’s under a medium-high emissions scenario. For 

London Heathrow the disagreement between the ‘morphed’ CIBSE TRY data and the absolute 

5.8. Assessment of weather data generated from coarse climate models

Figure 5.11 Screenshot of the CCWorldWeatherGen tool download website [139].



68

results of the climate change models is readily apparent in Figures 5.12a, 5.13a and 5.14a. The 

main reason for this can be seen in the London urban heat island captured in the underlying 

CIBSE TRY weather data as previously discussed in chapter 5.5. However, in particular for the 

daily mean and maximum temperatures, the relative difference between the HadCM3 ‘morphed’ 

CIBSE TRY file and the absolute results from the HadCM3 model is significantly greater than 

that of the UKCIP02 data series. In addition, the HadCM3 raw data for the 2050’s under the 

medium-high emissions scenario frequently has lower values than the ‘present day’ CIBSE 

TRY data for all three plots (daily mean, maximum and minimum temperature). This cannot be 

explained with the London urban heat island alone. The reasons for this are to be found in the 

coarse grid scale of the HadCM3 data. In accordance with the methods described in chapter 5.7 

the baseline HadCM3 weather data for London Heathrow has been derived from the HadCM3 

outputs of the four closest grid points [138], spanning Wales, East Anglia, Yorkshire, the North 

of France and the English Channel, one of these grid points (Yorkshire) effectively representing 

‘sea’ (see also Figure 5.1). Considering that this area combines a wide variety of different local 

climates it appears reasonable that the HadCM3 raw data for London Heathrow has lower than 

expected temperature levels. This serves to highlight that the absolute weather data of general 

circulation models is ill suited for accurate climate change assessment at a sub-regional level. 

However, this also reveals the advantages of the ‘morphing’ approach as spatial downscaling is 

achieved through the measured weather data of a specific site. For example, when comparing 

the UKCIP02 ‘morphed’ CIBSE TRY file with the HadCM3 ‘morphed’ version of the same 

file it can be seen that the resulting monthly temperature profiles typically match within 0.5 °C 

for London Heathrow in the 2050’s under a medium-high emissions scenario. The difference 

between the datasets was found to be at most 1.1°C for the daily maximum temperature in June.

5.8. Assessment of weather data generated from coarse climate models
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Figure 5.12 Average daily mean temperature by calendar month, medium high emissions scenario for the 
2050’s: comparison of CIBSE TRY weather files ‘morphed’ with UKCIP02 and HadCM3 climate change 
predictions for (a) London Heathrow and (b) Norwich.

(a) (b)



69

For Norwich the differences between the four climate change data sets are less pronounced 

than for London Heathrow (Figures 5.12b, 5.13b and 5.14b). However, the daily maximum 

temperatures do not agree for the HadCM3 and the UKCIP02 raw data plots and show 

a considerable difference to the ‘morphed’ CIBSE TRY data. This appears reasonable 

because the climate over the adjacent North Sea can be expected to have an impact on the 

computed climate data, in particular the maximum temperatures as the sea surface heats up 

slower than land. This is clearly visible for the HadCM3 raw data which consists of two 

grid points modelled as sea and two modelled as land (see also Figure 5.1). Furthermore, 

both, the HadCM3 and the UKCIP02 raw data also show some impact of the North Sea on 

the minimum temperatures in the autumn months. In this case the temperatures over the 

5.8. Assessment of weather data generated from coarse climate models
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Figure 5.13 Average daily maximum temperature by calendar month, medium high emissions scenario 
for the 2050’s: comparison of CIBSE TRY weather files ‘morphed’ with UKCIP02 and HadCM3 climate 
change predictions for (a) London Heathrow and (b) Norwich.

(a) (b)

Figure 5.14 Average daily minimum temperature by calendar month, medium high emissions scenario 
for the 2050’s: comparison of CIBSE TRY weather files ‘morphed’ with UKCIP02 and HadCM3 climate 
change predictions for (a) London Heathrow and (b) Norwich.

(a) (b)
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sea are higher than for the ‘morphed’ data due to the better retention of heat by the water. 

The two ‘morphed’ datasets show a good match with a temperature deviation of less than 

0.5 °C. However, for both weather stations, London Heathrow and Norwich, it can be seen 

that the HadCM3 ‘morphed’ temperature data typically has lower absolute values than 

the UKCIP02 ‘morphed’ dataset, with January and February being the exceptions to this 

tendency. The coarser grid scale of the HadCM3 data is likely to be the reason for this as it 

may cause some climate smoothing with respect to the more detailed UKCIP02 data.

Averaged over the year the relative temperature difference between the two ‘morphed’ 

weather files is less than 5% for both investigated sites. This implies that using files 

‘morphed’ with the coarse general circulation model data in building performance 

simulation programs should deliver results similar to those obtained with the more 

detailed UKCIP02 dataset. However, the solar radiation incident on a building also plays 

an important role for a building’s performance, in particular for summer overheating. 

Furthermore, in the case of naturally ventilated buildings, differences in wind speed 

potentially have large implications for the indoor climate conditions. Figures 5.15a to 

5.16b compare the HadCM3 and UKCIP02 ‘morphed’ weather files for London Heathrow 

and Norwich with respect to these two parameters, also relating them to the original 

CIBSE TRY data. As can be seen in Figures 5.15a and 5.15b, the daily global horizontal 

radiation is relatively consistent for the two ‘morphed’ datasets at both locations. However, 

some deviation can be seen for the summer months, the largest difference being in July 

for London Heathrow which has a 7 % lower value for the HadCM3 ‘morphed’ data than 

for the UKCIP02 ‘morphed’ data. Given the fact that the difference between the original 

CIBSE TRY data and the UKCIP02 ‘morphed’ data is 9 % this is rather significant. 

However, whilst for London Heathrow the HadCM3 ‘morphed’ data shows a generally 

lower change relative to the original CIBSE TRY data, the Norwich data exhibits both, 

months where the HadCM3 data has a greater change and months where it has a lower 

change. For the average monthly wind speed data shown in Figures 5.16a and 5.16b it 

is hard to establish any trends as there appears to be no clear relationship between the 

individual plots. In addition, the absolute differences between the three datasets are within 

0.2 m/s which indicates more or less stable conditions. 
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From the above analysis it can be concluded that the two investigated sites show some 

deviation under the medium-high emissions scenario for the 2050’s which can be expected 

to have implications for building performance simulations. The temperature and global 

horizontal radiation data shown in Figures 5.12a to 5.15b suggests that, as a general 

tendency, during the summer months HadCM3 ‘morphed’ data will deliver lower values 

for the indoor temperature of a building than UKCIP02 ‘morphed’ files. This also appears 

reasonable considering the nature of the two underlying climate change datasets and the 

way the ‘morphing’ data is derived from them (see also chapter 5.7). However, whilst there 

is some confidence for the case of London Heathrow, the case of Norwich is less clear. 

As a general tendency it can be stated however, that using HadCM3 data for ‘morphing’ 

Figure 5.15 Daily average global horizontal radiation by calendar month, medium high emissions scenario 
for the 2050’s: comparison of CIBSE TRY weather files ‘morphed’ with UKCIP02 and HadCM3 climate 
change predictions for (a) London Heathrow and (b) Norwich.

(a) (b)

Figure 5.16 Average wind speed by calendar month, medium high emissions scenario for the 2050’s: 
comparison of CIBSE TRY weather files ‘morphed’ with UKCIP02 and HadCM3 climate change 
predictions for (a) London Heathrow and (b) Norwich.

(a) (b)
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of ‘present day’ weather files appears to be viable in comparison to the more detailed 

UKCIP02 data. Yet, it is not possible to predict the differences of the two modelling 

approaches for the absolute summer overheating performance of a building at a defendable 

level of confidence.
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6. Underlying simulation methodology

As discussed in chapter 4.1, a range of simulation programs are available for predicting 

the energy and comfort performance of buildings. For this study the TRNSYS thermal 

simulation tool was selected because of its flexible modular structure which permits input 

of complex buildings [102]. In addition, TRNSYS can be easily coupled to a dedicated air 

flow model by using the TRNFLOW air flow modelling component [104]. Furthermore 

the TRNSYS package has been validated with a range of validation tools and standard test 

procedures which gives confidence in the validity of its simulation engine [100, 140].

6.1. Simulation methodology of the TRNSYS simulation package

TRNSYS (TRaNsient SYstem Simulation program) is a transient simulation system that has its 

origins in a joint project between the Solar Energy Laboratory at the University of Wisconsin 

and the Solar Energy Applications Lab at the University of Colorado [140]. This project, which 

took place in the early 1970’s, focussed on a test building built in Colorado for investigating 

solar energy systems. Within this project, the University of Wisconsin produced a computer 

program for predicting the energy yields of solar thermal systems [141]. This program, written 

in Fortran programming language, has subsequently evolved into the TRNSYS simulation 

package which has been made commercially available in 1975 [140, 141]. The current version, 

TRNSYS 16, was first released in October 2004 [102, 142].

Today, TRNSYS consists of a Fortran simulation engine with a large number of additional 

Fortran subroutines for individual energy systems (e.g. solar systems, multi-zone buildings, 

HVAC systems, renewable energy systems etc.) [142]. Both, the simulation engine and the 

individual components are provided as open source software permitting users to fix errors as 

well as to alter existing components according to their individual needs [142]. Furthermore, 

users can generate additional energy components if required for specific simulation 

tasks [100]. The key feature of the TRNSYS software is its modular structure with each 

Fortran subroutine having individual inputs and outputs which can be linked together to a 

simulation model [141, 142]. Each of these components, the so-called ‘Types’, is described by 

a mathematical model and possesses an input window detailing the fixed parameters required 

for the component as well as the inputs and outputs with their corresponding units. A graphical 

user interface (TRNSYS Simulation Studio) permits linking the outputs of one ‘Type’ to 

the inputs of another ‘Type’. The linked ‘Types’ then form the simulation model which is 

6.1. Simulation methodology of the TRNSYS simulation package
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compiled into a text file that can be read by the TRNSYS simulation engine. The simulation 

engine then uses a suite of equations to solve the system for each time step [100]. Typical time 

steps used in simulations are 15 minute or one hour intervals [100]. However, other time steps 

can be specified. Any output of the components integrated into the simulation model can be 

plotted into a file or displayed visually as an online plot. This provides maximum flexibility 

and permits easy validation of the simulation results in all their intermediate steps. Figure 6.1 

schematically shows the principle function of a TRNSYS simulation with a fictive three 

component energy system that is dependent on weather conditions as an input.

An add-on software tool termed TRNBuild has been developed by the TRNSYS software 

engineers for inputting buildings to be simulated with TRNSYS [142]. The reason for this 

is that buildings with multiple rooms, i.e. a large number of thermal zones, would be too 

complex to define in a standard TRNSYS Fortran subroutine with its simple parametric 

input window structure. TRNBuild, which has been used for all simulations in this thesis, 

effectively represents a graphical user interface that produces a ‘Type’ file that can be read 

by TRNSYS. For such building simulations, the building zones’ thermal balance is solved 

simultaneously with the building services components as well as its air flow network (when 

TRNFLOW is used) [100]. TRNBuild permits the user to define inputs and outputs for the 

building model that will form part of the general TRNSYS simulation model. Inputs can, 

for example, be routines that trigger window opening or blind usage in a naturally ventilated 

building. Typical outputs would be, for example, the air temperature or the sensible energy 

demand, i.e. the heating demand, of a specific thermal zone.

6.1. Simulation methodology of the TRNSYS simulation package

Underlying simulation methodology

Figure 6.1 Schematic diagram of the structure of a TRNSYS simulation.
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6.2. Modelling air flows with the TRNFLOW module

The TRNSYS multi-zone building component generated with TRNBuild is a thermal module 

and, by default, does not consider dynamic air flows. Within this module air exchange 

between different thermal zones within a building is simulated by thermal coupling with 

defined air mass flows [142]. Furthermore, air exchange with the outside air is defined via 

absolute air change rates for infiltration and ventilation which may, however, be a TRNSYS 

input to account for changes in window opening patterns. However, there is no linkage to 

the external wind conditions or the airflow around the multi-zone building, i.e. pressure 

differences. Such a simulation strategy is suited for simulating air-conditioned buildings with 

defined HVAC systems that have an airtight building envelope. However, modelling exact air 

flows is vital for determining the impact of window opening events on a naturally ventilated 

building’s thermal performance in relation to the outdoor wind conditions. Therefore, for 

simulating such buildings a combined thermal / air flow model is required in order to account 

for the mutual dependency between air flow and temperature levels [104].

TRNFLOW integrates a multi-zone air flow model into the multi-zone thermal building 

module of TRNSYS and uses an amended version of the TRNBuild front end for data 

input. In essence, an additional model has to be generated besides the multi-zone thermal 

zone model. The TRNFLOW model consists of a set of air links between external nodes, 

i.e. different façade orientations, and the thermal zones as well as links between individual 

thermal zones. The two models are in essence linked as ‘black boxes’ with an iterative solver 

algorithm to identify the corresponding temperature and airflow levels [104]. There are four 

types of nodes used to define the air flow network in TRNFLOW [104]:

(a) ‘external nodes’ which correspond to the effective wind pressure on the building envelope,

(b) ‘thermal zones’ which represent the thermal zones in the thermal model,

(c) ‘constant pressure nodes’ which permit defining a fixed pressure in relation to the 

external barometric pressure,

(d)  ‘auxiliary nodes’ which correspond to the ductwork of a ventilation system.

For external nodes information on the wind pressure coefficients for different façade 

orientations is required as an input in relation to the wind direction [104]. These can, for 

example, be obtained from the ASHRAE Handbook [143] for different building geometries 

and heights above ground level. Furthermore, buoyancy effects on external façades are taken 

6.2. Modelling air flows with the TRNFLOW module

Underlying simulation methodology
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into account for the air flow model [104]. A number of air link types can be defined with 

TRNFLOW [104]:

(a) ‘cracks’ which represent leakages in the building fabric,

(b) ‘large vertical openings’ which are used for doors and windows,

(c) ‘ducts’, ‘fans’ and ‘flow controllers’ to account for mechanical ventilation systems,

(d) ‘test data’ which can be used to input measured data series.

Figure 6.2 shows the principle design of a combined thermal / air flow simulation model 

of a naturally ventilated office building with its thermal and air flow linkages. This model 

corresponds to the models used for the building performance simulations within this thesis.

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology

6.3. Validation of TRNSYS under UK climates

As indicated before, TRNSYS has been validated with a range of validation tools for 

simulation software, most notably the ‘IEA BESTEST’ validation procedures developed 

within the International Energy Agency’s (IEA) Solar Heating & Cooling Programme, 

namely Task 12: ‘Building Energy Analysis and Design Tools For Solar Applications’ 

(1989-1994), Task 22: ‘Building Energy Analysis Tools: Analyzing Solar and Low-Energy 

Buildings’ (1996-2002) and more recently Task 34: ‘Testing and Validation of Building 

Energy Simulation Tools’ (2003-2007) [100, 140, 144, 145, 146]. These test procedures 

Figure 6.2 Principle of a combined thermal / air flow simulation model of a naturally ventilated building.
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focus on heating and cooling loads inside buildings without airflow modelling [140, 144, 

145, 146]. For the previous version of TRNSYS (version 15) it was found that, whilst the 

results for the heating loads were typically close to the meridian of all investigated programs, 

the simulated cooling loads tended to be lower than the average [140]. The findings of the 

IEA BESTEST validation tests were considered by the TRNSYS developers for version 16 

of the program which has been used for this thesis [140]. The more recent IEA Task 34 

report by Neymark and Judkoff [146] shows a close agreement of TRNSYS 16 with other 

simulation tools which gives confidence in the validity of its results for heating and cooling 

load simulations. However, the report also highlights uncertainties related to setting up 

simulation models, as the BESTEST procedures included several iterations for improving the 

simulation models of the investigated simulation tools [146].

Whilst the BESTEST results give confidence in the general validity of the TRNSYS 16 

simulation engine, they do not necessarily imply correct simulation of buildings under UK 

climates. Furthermore, the IEA procedures do not cover tests on the overheating performance 

of buildings which are particularly relevant for naturally ventilated buildings, the key focus 

of this thesis. Therefore, it was decided to submit TRNSYS to the UK specific CIBSE TM33 

test procedures for software accreditation and verification which include both, simulation 

under UK climate conditions and building overheating analysis [147]. To the knowledge of 

the author, TRNSYS has not been previously submitted to these tests. However, it has to be 

noted that, unlike the IEA BESTEST software validation, the CIMSE TM33 test procedures 

do not represent a full software validation system. The developers of CIBSE TM33 state 

that “the primary reason for the tests is to instil confidence in program users, rather than 

providing a comprehensive validation of a program” [147].

Of the tests given in the CIBSE TM33 document the most relevant to the scope of this work 

is test G8: ‘Overheating risk’ which assesses a simple two-zone building model in terms 

of the number of hours above certain temperature thresholds. As this test uses the same 

simulation model like the test G7: ’Annual cooling and heating demand’ it was decided to 

examine TRNSYS with both of these tests. However, it needs to be noted that the CIBSE test 

procedures do not include detailed air flow modelling and use fixed air change rates instead. 

Therefore, TRNFLOW was not used in the assessments described here. In a first step the two-

zone building which is shown schematically in Figure 6.3 was modelled with the TRNBuild 

component of TRNSYS. This required input of building fabric elements and glazing properties 

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology
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according to the CIBSE TM33 specifications. Whilst building materials can be inputted 

directly in TRNBuild, glazing properties are taken from a library. As the available TRNSYS 

libraries do not contain the two glazing types required for the CIBSE TM33 G7 and G8 tests, 

these had to be modelled with the Window 5.2 software developed by the Lawrence Berkeley 

National Laboratory, California [148]. This software permits generating detailed glazing system 

specifications according to the shortwave and longwave properties of its individual components. 

The results of these calculations can be saved as a text file that can be directly integrated into 

the TRNSYS window libraries. Table 6.1 shows the U-values of selected building elements as 

well as the U and g-values of the two glazing systems used within the CIBSE TM33 G7 and G8 

tests, comparing the reference values with the values obtained from the TRNSYS model. These 

results form part of the CIBSE TM33 tests G3: ‘Basic thermal calculations’ and G5: ‘Glazing 

properties’. As can be seen in Table 6.1 the U-values of the three building fabric elements are 

within the permissible tolerance of 0.01. For glazing systems with air filled cavity the acceptable 

tolerances are 0.02 for both the U and the g-value which are met for both glazing systems [147].

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology

Figure 6.3 Room geometry and key simulation parameters of the two-zone building model of CIBSE TM33 
tests G7 and G8, adapted from the original drawing in CIBSE TM33 [147].

Table 6.1
Properties of selected building elements used within the two-zone building model of CIBSE TM33 tests G7 
and G8 [147].Table 6.1 Properties of selected building elements used within the two-zone building model of CIBSE TM33 tests 
G7 and G8 [a5].

Element Material layers a U-value (W/m²K) g-value 

  Reference TRNSYS Reference TRNSYS 

External wall Brick, insulation 1, masonry, plaster 1 0.49 0.49 -- -- 
Internal wall 1 Plaster 2, insulation 1, plaster 2 0.35 0.36 -- -- 
Roof 1 Tiles, insulation 2, concrete 0.44 0.44 -- -- 
Glazing A Clear glass, air, low emissivity glass 1.92 1.93 0.68 0.68 
Glazing B High performance reflecting glass, air, clear glass 1.58 1.58 0.37 0.39 

a Building material properties as given in tables 2.1 and 2.2 of CIBSE TM33, glazing properties as given in table 2.16 
of CIBSE TM33 
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Both, the CIBSE TM33 G7 and the G8 test consist of four independent simulation runs, 

two each for a heavyweight and a lightweight construction, using the two glazing systems 

given in Table 6.1 in separate simulations. Whilst setting up the respective building models 

it was discovered that TRNBuild does not accept U-values below 0.075. As both, the 

heavyweight and the lightweight construction, include a 1 metre layer of insulation to the 

ground, this threshold was exceeded for both construction types with a U-value of 0.039. 

Therefore, an alternative method had to be introduced to retain the correct relationship 

in terms of thermal conduction between the ground and the building. According to the 

CIBSE TM33 specifications, the ground is to be modelled at a constant temperature of 

10 °C. Therefore, in order to compensate for the higher U-values of the floor construction, 

the ground temperature was modelled as variable based on the power the system would 

have at a temperature gradient corresponding to the temperature difference between the 

indoor air temperature and the original ground temperature (10 °C). Furthermore, the 

simulations require the CIBSE TM33 TRY weather data series for the heating and cooling 

load assessment (test G7) and the CIBSE TM33 DSY weather file for the overheating 

analysis (test G8). As these two files are not provided in the standard CIBSE TRY / DSY 

file formats, the CCWeatherGen Basefile Creator tool and subsequently the CCWeatherGen 

tool described in chapter 5.6 were used to generate TMY2 weather files that can be read 

with TRNSYS [135].

Simulation programs such as TRNSYS typically use the global horizontal radiation 

provided by the weather data input file, whilst the diffuse horizontal radiation and the 

direct normal radiation are generally computed with a radiation processor. To account for 

the potential implications of such models on the simulation results, two sky models for 

diffuse horizontal radiation, the Perez model [149] and the Reindl model [150] were used 

in separate simulation runs for the CIBSE TM33 G7 test. Table 6.2 shows the TRNSYS 

results for heating and cooling load under both of these diffuse radiation models for the 

CIBSE TM33 G7 test in relation to the target values given by CIBSE. These target values 

have been derived from the simulation results of several detailed thermal models and are 

allowed to deviate within +/- 8% for the heating loads and +/- 12% for the cooling loads. 

The absolute values corresponding to these thresholds are given in Table 6.2. For both sky 

models the four building configurations show a heating demand higher than the CIBSE target 

values, however well within the permissible limits. By contrast, there is a tendency that the 

cooling loads are underestimated, in particular with the Perez model which in case G7.2 

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology
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delivers results below the acceptable threshold (Table 6.2). However, overall it can be stated 

that the TRNSYS simulations with both sky models show a reasonable fit with the CIBSE 

TM33 requirements, yet with clearly ‘better’ results for the Reindl model. Nevertheless, 

since the thresholds for the CIBSE reference values have been derived from the results of 

other simulation programs, both models have to be considered as equally valid as it is by no 

means certain that the average of several simulation tools represents the truth. However, the 

simulations highlight the influence of solar radiation processing methods on the final results, 

reinforcing the fact that interpretation of thermal simulation results requires informed users.

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology

It needs to be noted that initial simulation runs conducted with TRNSYS delivered cooling 

loads of 30 to 45 % below the CIBSE target values for all four simulation cases, whilst the 

heating demand was generally within the permissible limits. The reasons for this were not 

readily apparent as no errors could be identified in the building model, the largest source 

of potential errors. Finally, the two glazing systems were identified as the source of the 

deviations discovered for the cooling load. Whilst the CIBSE TM33 document gives the 

g-values of the glazing systems according to standard glazing specifications, the TRNSYS 

text input files generated with the Window 5.2 tool [148] provide them as a function of 

the solar altitude angle. This results in lower g-values for higher solar altitudes which is in 

particular relevant for the summer season, henceforth the poor agreement of the cooling 

loads with the CIBSE targets as compared to the heating loads. It appears that the tools 

used for generating the CIBSE TM33 targets integrated glazing g-values as constant values 

Table 6.2
CIBSE TM33 test G7 [147], predicted heating and cooling demands.Table 6.2 CIBSE TM33 test G7 [a5], predicted heating and cooling demands. 

Test  Heating demand (kWh) Cooling demand (kWh) 

  Reference TRNSYS a Reference TRNSYS a

Case G7.1 – heavyweight 
construction, glazing A 

upper limit 
average 
lower limit 

2799        
2592       
2385 

A – 2740 [+6%] 
B – 2718 [+5%] 

1148        
1025         
902

A – 938 [-8%] 
B – 1044 [+2%] 

Case G7.2 – heavyweight 
construction, glazing B 

upper limit 
average 
lower limit 

3518       
3257       
2996 

A – 3448 [+6%] 
B – 3412 [+5%] 

503           
449          
395

A – 387 [-14%] 
B – 441 [-2%] 

Case G7.3 – lightweight 
construction, glazing A 

upper limit 
average
lower limit 

2865       
2658       
2441 

A – 2736 [+3%] 
B – 2699 [+2%] 

1384       
1236       
1088 

A – 1101 [-11%] 
B – 1214 [-2%] 

Case G7.4 – lightweight 
construction, glazing B 

upper limit 
average
lower limit 

3407       
3155       
2903 

A – 3299 [+5%] 
B – 3252 [+3%] 

531           
474           
417

A – 420 [-11%] 
B – 478 [+1%] 

a TRNSYS simulation conducted with (A) Perez and (B) Reindl sky model for diffuse radiation 
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as per the standard glazing specifications which specify the solar gain (g-value) as the 

transmitted fraction of radiation incident perpendicular to the window pane, i.e. at a solar 

altitude of 0 degrees for a vertical window. Therefore, the two-zone model of the CIBSE 

TM33 G7 test experienced higher solar gains for these tools resulting in greater cooling 

loads than those calculated with TRNSYS. To address this issue the Window 5.2 text input 

files were manually edited to represent constant glazing properties at all solar altitude 

angles. The simulation results given in Table 6.2 and discussed above were obtained with 

these files. Kummert, Bradley and McDowell [140] have previously pointed out that users 

of advanced window modelling tools are effectively penalised if the benchmarks they 

need to adhere to have been obtained with simplified models. This is supported by the 

observations made here.

CIBSE TM33 test G8 for overheating analysis is essentially identical to the G7 test. 

However, rather than using the CIBSE TM33 TRY weather data, the DSY data is used. 

Furthermore, the air change rate is set to a higher rate and no cooling or heating facilities 

are simulated. The same four building cases like in the previous test are simulated with 

the hourly average temperature of the two-zone model being the key output. Predictions 

for the number of hours throughout the year above certain temperature thresholds have 

to fall within a defined temperature band in order for a simulation tool to pass the test. 

Figures 6.4a to 6.4d show the TRNSYS results for the four simulation cases with respect to 

these temperature bands when using the Reindl diffuse sky model. It can be seen that the 

TRNSYS results are within the permissible bands for four all four building configurations. 

Yet, for the lightweight construction (cases G8.3 and G8.4 / Figures 6.4c and 6.4d) the 

results are more or less identical to the lower limit of the permissible band. However, 

as indicated above for CIBSE TM33 test G7 this does not imply that the model is less 

accurate since the CIBSE temperature bands have been derived from the outputs of various 

other software tools [147].

In conclusion it can be stated that TRNSYS 16 passes the CIBSE TM33 tests G7 and G8. 

However, in order to pass these tests, the TRNSYS simulation models need to be 

simplified in terms of the applied glazing properties. Furthermore, it has been found that 

the chosen solar radiation model has a noticeable impact on the overall results. Overall, the 

results from the tests give confidence in the validity of using TRNSYS 16 for overheating 

analysis of naturally ventilated buildings under UK climates. In addition, the findings 

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology
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regarding the way how TRNSYS treats window properties support this conclusion as 

TRNSYS can be expected to deliver more accurate results for summer overheating 

performance than many other simulation suites due to its more accurate modelling of 

window g-values.

6.3. Validation of TRNSYS under UK climates

Underlying simulation methodology

Figure 6.4 CIBSE TM33 test G8 [147], predicted number of hours above temperature thresholds for (a) 
a heavyweight construction with glazing type A - case G8.1, (b) a heavyweight construction with glazing 
type B - case G8.2, (c) a lightweight construction with glazing type A - case G8.3 and (d) a lightweight 
construction with glazing type B - case G8.4.

(a) (b)

(c) (d)
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7.  Office building case study – Faraday Tower, University of Southampton

As discussed in chapter 3.3 there are strong incentives in the EU to continue to build 

naturally ventilated buildings and to avoid mechanical cooling [62]. However, as pointed out 

in chapters 3.1 and 3.2, naturally ventilated buildings have a high risk of failing to perform 

under changed environmental conditions, in particular during the summer months [8, 9]. 

Therefore, it was decided to focus on the summer performance of a case study high-rise 

office building relying on natural ventilation and to link building performance simulations of 

this building to measured performance data as benchmark. A high-rise building was selected 

on the grounds that this building form can be considered as the most vulnerable office 

building type to changing climate conditions (see chapter 3.4).

The Faraday Tower at the University of Southampton (Figure 7.1), which was constructed 

in 1963, was chosen as the case study building. The tower is unshaded by other buildings 

and located on an exposed high point of the university’s Highfield Campus. It is oriented 

26° offset to the West of South which increases the solar gain on the East façade relative to 

the West side of the building. Estimations using the Meteonorm database [109] show that 

during the summer months (June, July, August) the East side receives a solar gain of about 

300 kWh/m² whereas the West receives only about 245 KWh/m² and the South 275 kWh/m². 

The building has single glazed, steel framed windows. Solar shading is achieved by manually 

operated internal blinds, functioning mainly as glare protection devices. The Faraday Tower 

is well suited as case study building in this respect for various reasons:

(a) It has a square floor plan of 21.6 m x 21.6 m covering 10 storeys.

(b) It is naturally ventilated. 

(c) Its façade design is uniform to all four orientations with a proportion of 50 % glazed 

surface on the building’s elevations. 

(d) It comprises a mixture of cellular and semi open plan offices, teaching rooms and laboratories.

(e) It has high occupancy and computing equipment density on the majority of floors.

The building is scheduled for refurbishment with a clear policy not to install air conditioning. 

As per the design brief, an acceptable thermal performance in summertime has to be 

achieved by passive means in combination with mechanically supported night time 

ventilation. Therefore, careful planning in terms of space layout, window design, solar 

control and internal gains is required. 

7.  Office building case study – Faraday Tower, University of Southampton
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7.1. Measured summer performance

Extensive monitoring of dry bulb temperature and relative humidity was undertaken in 

order to be able assess refurbishment solutions based on the building’s present performance. 

24 data loggers with identical temperature and humidity sensors were available for this 

purpose (MadgeTech, models RHTemp101 & RHSergeantTemp). The accuracy levels given 

by the manufacturer are +/- 0.5 °C for dry bulb temperature and +/- 3 % points for relative 

humidity. Cross calibration of 19 data loggers in August 2005 showed agreement within a 

temperature band of 0.4 °C and a relative humidity band of 4 % points. Measurements inside 

the Faraday Tower were taken as single snapshot readings at five minute intervals in several 

phases between September 2005 and August 2007 (Figure 7.2). A total of six test series 

were carried out looking at the dry bulb temperature and relative humidity distribution of 

individual floors, differences of central and corner offices over three floors as well as floor by 

floor differences. Furthermore, different seasons were investigated. 

The most relevant measuring period for the scope of this thesis is the July to August 2006 

level 9 measurement series since the summer of 2006 was the hottest summer within the last 

10 years in the South-East of England (see also Figure 3.5). Therefore, the results of this 

time period are particularly interesting for investigating summer overheating performance of 

the Faraday Tower. 24 data-loggers were placed on level 9 (8th floor from the ground) from 

the end of June to the beginning of August 2006 (Figure 7.3). This timeframe represented 

an extended heat-wave period with ambient temperatures on the Southampton University 

campus reaching as high as 35.3 °C in July. Compared to the long term (1971 to 2000) mean 

monthly temperature range for July of 16.8 to 18.8 °C for the Southampton area [66], the 

July 2006 average temperature was considerably higher at 21.6 °C [151].

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Figure 7.1 Photographs of the Faraday Tower at the University of Southampton: (a) View from an adjacent 
residential street, (b) Façade close-up of the tower and the adjacent Building 7, (c) Window opening mechanism.
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A further summer measurement series was conducted from June to August 2007 on level 6 

of the building (Figure 7.2). This investigation was carried out after the building occupants 

had been moved out of the building for the upcoming refurbishment, the intention being to 

compare the building under full occupation as in 2006 to an unoccupied building without 

internal loads. However, as can be seen in Figure 3.5 in chapter 3.1, the conditions of the 

summer of 2007 were fundamentally different to the ones of the summer of 2006. This is 

further demonstrated in Table 7.1 which gives the mean dry bulb temperatures, sunshine 

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Figure 7.2 Timeframes and data-logger positioning for various stages of long-term monitoring of dry bulb 
temperature and relative humidity inside the Faraday Tower from 2005 to 2007.

Figure 7.3 Photograph of the Southwest corner of the Faraday Tower indicating the position of level 9 (left), 
floor plan of level 9 detailing data-logger positions for monitoring of temperature and relative humidity 
(right). A, data-loggers in offices; B, data-loggers in corridors; C, data-loggers in the building core.
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hours and precipitation for the summer months (June, July, August) in 2006 and 2007 for 

the South-East of England. The summer of 2006 was significantly warmer than 2007, had 

almost 30% more sunshine and less than half the rainfall. Therefore, the two years cannot 

be compared in order to determine the impacts of internal loads or user behaviour on the 

building’s overheating performance.

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

In the hot weather period of the 2006 summer, the office room temperatures inside the 

Faraday Tower frequently exceeded the CIBSE guideline thresholds [75] for feeling 

warm (25 °C) and building overheating (28 °C). This is highlighted in Figure 7.4 which 

shows the indoor temperatures for a three day period at the end of June 2006 for the four 

corner offices on level 9. As the ambient temperature rose over three consecutive days, 

the offices increasingly exceeded the recommended limits. Averaged for July 2006 the 

offices on level 9 exceeded the feel warm threshold of 25 °C for 87 % of the working 

time (weekdays 08:00 to 18:00 h) and the overheating threshold of 28 °C for 49 % of the 

working time (Table 7.2). Considering that an entire year has about 250 working days 

this means that in 2006, July alone accounted for an annual working time excess of the 

thresholds for feeling warm of 7 % and for building overheating of 4 %. This implies that 

the Faraday Tower would need to be classified as a failing building in view of the CIBSE 

recommended annual maximum excess of 5% of the working time for temperatures 

higher than 25 °C and 1 % for temperatures in excess of 28 °C [8]. However, Table 7.2 

also highlights that in July 2006 the ambient air temperature in Southampton exceeded 

these thresholds for 56 % and 34 % of the working time respectively [151]. This 

reinforces the potential threat of climate change to building performance of naturally 

ventilated UK buildings such as the Faraday Tower, which will rarely be able to retain 

temperatures below ambient.

Table 7.1
Summer (June, July, August) climate conditions in the South-East of England (Data source: Met Office [66]).Table 7.1 Summer (June, July, August) climate conditions in the South-East of England in 2006 and 2007 (Data 
source: Met Office [66]) 

Climate parameter 2006 2007  

Mean dry bulb temperature (°C) [Anomaly to 1961-1990 mean (°C)] 17.8 [+2.2] 15.9 [+0.3]  

Number of sunshine hours (h) [Anomaly to 1961-1990 mean (%)] 767 [+29] 594 [+/- 0]  

Precipitation (mm) [Anomaly to 1961-1990 mean (%)]  122 [-25] 276 [+69]  
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Table 7.2 also shows that the cellular office structure within the Faraday Building 

with limited airflow between the individual offices is problematic in terms of summer 

overheating. Whilst the overheating threshold of 28 °C was exceeded for typically about 

40 % of the working time inside the North and South facing offices, i.e. showed excess levels 

roughly similar to the ambient temperature, the East facing offices showed excess levels 

of around 70 %. Furthermore, the mean temperature during working hours was about 2 °C 

higher on the East than on the North and South elevations at an average approaching 30 °C. 

Figure 7.5 which includes the entire July 2006 data (all hours) shows a binned distribution of 

the combined average office room temperatures by orientation. It is clear that the North and 

South facing offices performed similarly whilst the East and West elevations showed higher 

average temperature levels, with the East elevation being warmer than the West. However, 

as can be seen in Figure 7.4, the highest absolute values for temperature were frequently 

observed on the West side of the building. The difference between the East and the West 

elevations is that on the West side peak temperature levels occurred largely at the end of the 

working day or outside the working hours, whereas East side occupants faced high indoor 

air temperatures from the onset of the working day. Interestingly the South elevation had the 

highest number of hours with temperatures below 25 °C (Figure 7.5 & Table 7.2).

Figure 7.4 dry bulb temperatures inside four corner offices on level 9 of the Faraday Tower for a 3-day 
period at the end of June2006 (28/06/06 = Wednesday). Data-loggers A1 (NW), A6 (NE), A10 (SE) and 
A15 (SW) in Figure 7.3.



887.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Table 7.2
Data monitoring, level 9, Faraday Tower, July 2006: Percentage of hours with indoor air temperatures 
exceeding temperature thresholds for ‘feeling warm’ (25°C) and building overheating (28°C). Mean, daily 
average maximum and minimum temperatures are also shown.

1

Table 7.2 Data monitoring, level 9, Faraday Tower, July 2006: Percentage of hours with indoor air temperatures 
exceeding temperature thresholds for ‘feeling warm’ (25°C) and building overheating (28°C). Mean, daily average 
maximum and minimum temperatures are also shown. 

Orientation ID 
T(all)

a

>25°C (%) 
T(all) 
>28°C (%) 

T(wh)
b

>25°C (%) 
T(wh) 
>28°C (%) 

Tmean(all) 
(°C)

Tmean(wh) 
(°C)

Tmax
c

(°C)
Tmin

d

(°C)

Offices          
NW A1 80 35 87 44 27.1 27.7 29.8 24.5 
          

N A2 e 98 70 100 78 29.0 29.6 30.0 27.6 
 A3 73 14 80 30 26.2 26.8 27.1 24.9 
 A4 85 24 95 47 26.8 27.7 28.3 24.9 
 A5 74 19 88 37 26.3 27.2 27.8 24.3 
          

NE A6 68 31 81 54 26.4 27.9 28.9 23.5 
          

E A7 91 56 96 74 28.3 29.9 31.0 26.4 
 A8 89 60 95 72 28.5 29.8 31.4 26.4 
 A9 87 55 95 68 28.2 29.5 31.0 26.2 
          

SE A10 58 26 83 54 25.9 28.1 29.1 22.6 
          

S A11 63 22 80 41 26.0 27.2 28.4 23.9 
 A12 68 26 81 44 26.4 27.5 28.7 24.4 
 A13 72 22 82 39 26.3 27.3 28.7 24.5 
 A14 70 26 81 38 26.5 27.5 29.3 24.4 
          

SW A15 63 28 75 39 26.3 27.4 30.6 23.0 
          

W A16 79 34 82 40 27.1 27.4 30.2 24.8 
A17 93 52 95 57 28.3 28.7 31.6 26.7 
A18 95 48 95 52 28.0 28.0 31.1 26.4 

Corridors          
B1 92 33 91 35 27.1 27.3 28.2 26.2 
B2 84 31 87 42 26.9 27.3 27.7 26.2 
B3 80 26 87 40 26.6 27.1 27.6 25.8 
B4 86 30 83 35 26.9 27.1 27.9 26.1 

Building Core         
C1 39 0 53 0 24.4 25.0 25.3 23.4 
C2 44 0 53 0 24.6 24.8 25.2 23.9 

Averages by Type        
Offices f  77 34 87 49 27.0 28.0 29.6 24.8 
Corridors  85 30 87 38 26.9 27.2 27.9 26.1 
Building Core 41 0 53 0 24.5 24.9 25.3 23.7 

Outside Ambient Conditions        
SotonMet data 25 11 56 34 21.6 25.4 27.1 14.9 

a (all) – entire monitoring period  
b (wh) – working hours weekdays from 8:00 to 18:00 hours 
c average daily maximum office temperature (derived from hourly average values) 
d average daily minimum office temperature (derived from hourly average values) 
e server room with 7 computers running continuously, no occupancy 
f excludes the server room, sensor ID A2 
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The effect of the solar path on internal room conditions can be seen in the measured 

relative humidity values for July 2006. During working hours the East elevation showed 

the lowest match with the ideal range of 35 to 65 % relative humidity [28]. Whilst the 

East facing offices were within this range for about 40 to 50 % of the working time, the 

South facing ones were within the range for ~70 to 80% of the working time, the West 

facing ones for ~70 to 90 % and the North facing ones for ~90 to 100 % (Figure 7.6). 

When outside the ideal range, the relative humidity was generally below 35 %. As a 

general tendency the climate inside all offices was towards the dry end of the spectrum 

with average values typically around 35 to 45 % relative humidity over the measurement 

period. 60 % relative humidity was rarely exceeded in any of the offices. Research 

has shown that humidity levels are not clearly linked to user perception of dryness 

but reduced relative humidity has, however, been found to be related to the concept 

of freshness [75]. A user survey of 108 people on all floors of the Faraday Tower at 

the end of May / beginning of June 2006 revealed that about 70 % of the building 

occupants thought their office to be neither too dry nor too humid with the remaining 

users having a tendency to evaluate the building as being dry (Figure 7.7). As can be 

seen in Figure 7.7, the occupants’ retrospective views of the winter 2005/2006 conditions 

showed no fundamental differences in humidity perception between the seasons. The 

findings were fairly consistent over the four elevations. However, building occupants 

on the East elevation showed a slightly lower satisfaction with the overall indoor air 

quality conditions than on the other elevations, which might be an indication of lower 

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Figure 7.5 Faraday Tower, binned distribution of combined average office room temperatures in July 2006 
by orientation (Data-logger A2, server room not included).
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relative humidity levels on this side of the building. Yet, care needs to be taken with such 

conclusions as this perception may also be the result of the less favourable indoor air 

temperatures on the East elevation.

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

The link between indoor environmental conditions and the elevation is clearly visible when 

plotting the percentage of working hours with office temperatures higher than 28 °C (T(wh)>28°C in 

Table 7.2) against the mean temperature during working hours (Tmean(wh) in Table 7.2) (Figure 7.8). 

As would be expected, the elevation appears to determine the basic room climate available to the 

users with a linear dependency between mean working hour temperature and number of overheating 

Figure 7.6 Level 9 Faraday Tower, July 2006, percentage of working hours with relative humidity inside 
the range of 35 – 65 % RH.

Figure 7.7 Faraday Tower user satisfaction survey May / June 2006, user perception of the humidity levels 
inside the building for the survey period and retrospectively for the preceding winter.
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hours. However, during working hours, occupancy levels and user behaviour are also factors with a 

potentially strong impact on environmental building performance [59]. As can be seen in Figure 7.9, 

which comprises the entire July data, the dependency between elevation and indoor condition is 

also clearly visible if outside working hours and weekends are included. In fact, this smoothing of 

the data even reveals more clearly that the North and South elevations had a similar performance 

whilst the West was noticeably hotter and the East the hottest part of the building. Interestingly, 

the corner offices, which are the only offices with cross-ventilation potential, commonly showed a 

performance in-between the offices of the two adjacent elevations (Figures 7.8 & 7.9).

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Figure 7.8 Measured temperature data for the individual offices on level 9 of the Faraday Tower in July 
2006: Percentage of working hours with office temperature above 28 °C against office mean temperature 
during working hours. (Data-logger A2 – server room not included).

Figure 7.9 Measured temperature data for the individual offices on level 9 of the Faraday Tower in July 
2006:  Percentage of all hours with office temperature above 28 °C against office mean temperature. (Data-
logger A2 – server room not included).
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The Faraday Tower findings are not consistent with common observations of summer 

temperature conditions inside buildings under the moderate climates of the Northern 

hemisphere. A building with a uniform façade appearance such as the Faraday Tower would 

be expected to show the highest mean summer temperatures inside offices on the West 

elevation, followed by the South, East and North elevations. The reasons for the observed 

deviation of office temperature profiles are to be found in the building’s offset, 26° West of 

South, the Southampton wind climate for July 2006 and particularities of the building plan. 

As can be seen in Table 7.3 the highest total in-plane irradiance in July 2006 was incident 

on the East elevation, followed by the South, West and North elevations. Furthermore, wind 

data obtained from a clean air site in Southampton docks [151] revealed that in July 2006 

the prevailing winds were from South-West direction, accounting for about 42 % of the 

total time at an average wind speed of 3.6 m/s. For the rest of the time the wind direction 

was equally distributed between the remaining orientations (Table 7.3). In conjunction with 

the corridor and fire door layout of level 9 this wind distribution is likely to have resulted 

in a prevailing airflow pattern through the building which, due to the building’s height and 

exposed location, is likely to have had a cooling effect in the South facing offices and a 

warming effect in the North facing offices. This is shown in conjunction with a 22.5° arc 

sector wind rose in Figure 7.10 which also details the July 2006 average room temperatures 

(all hours) in different zones of level 9.

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Table 7.3 Faraday Tower elevations: In-plane irradiance, wind direction frequency and average wind speed for July 
according to three different weather data sets.  

Faraday Tower Elevation North Side East Side South Side West Side 
    

Total In-plane Irradiance 2006 weather a 55 93 89 74 
(KWh/m²) DSY today b 60 89 81 82 

DSY 2050’s c 65 95 87 88 
    

Wind Direction Frequency d,e 2006 weather 20 20 42 18 
(% of time) DSY today 37 21 19 23 

DSY 2050’s 37 21 19 23 
    

Average Wind Speed d, f 2006 weather 3.2 3.7 3.6 2.4 
(m/s) DSY today 3.2 3.0 2.4 2.3 

DSY 2050’s 3.2 3.1 2.4 2.3 
    

a Measured July 2006 weather data in Southampton 
b July CIBSE DSY data for Southampton 
c Morphed July CIBSE DSY data for Southampton for the 2050’s under the UKCIP02 medium-high emissions scenario  
d Wind parameters are averaged over the four orientations NE, SE, SW and NW. As the building is 26° offset to the 

West of South, winds from North-Eastern directions roughly correspond to the North elevation, South-Eastern winds 
to the East elevation, South-Western winds to the South elevation and North-Western winds to the West elevation.  

e The wind direction was modelled to remain unchanged under climate change scenarios. 
f  The 2006 Southampton docks wind speed data which was measured about 50 m above ground level has been 

corrected to the Met Office standard pylon height of 10 m.

Table 7.3 
Faraday Tower elevations: In-plane irradiance, wind direction frequency and average wind speed for July 
according to three different weather data sets.
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It is often assumed that the indoor temperatures of a naturally ventilated high rise building depend to 

a large extent on the vertical position inside the building, with spaces on higher floors having higher 

temperature levels due to stack effects and rising heat on the outside of the façade. This could not be 

determined in the case of the Faraday Tower. From September to October 2006, 23 data-loggers were 

placed inside central offices on the East and West elevations as well as inside the building core to 

compare temperatures (Figure 7.2). As can be seen in Figures 7.11a and 7.11b for a 24 hour period on 

the 6th of September 2006, no clear temperature stacks could be established according to floor height 

above the ground. However, the room temperatures were observed to be typically within a band of 

3 to 4 °C. Yet, the position of an individual floor within this band appeared to be purely related to 

occupancy levels, interior loads and user behaviour with regard to blind, door and window usage.

7.1. Measured summer performance

Office building case study – Faraday Tower, University of Southampton

Figure 7.10 Faraday Tower, July 2006, prevailing airflow pattern through the building, proportional 
distribution of wind directions (wind rose) and mean temperatures of different zones within the building.

Figure 7.11 Faraday Tower, room temperatures by elevation for levels 4 to 11 on Wednesday 06/09/2006 
for central offices on (a) the East elevation and (b) the West elevation of the building.

(a) (b)
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7.2. Faraday Tower refurbishment prospects

Despite the observed poor performance during the 2006 heatwave period there is potential 

to continue to naturally ventilate the Faraday Tower after a refurbishment, since the high-

rise building is free standing and shallow plan with some thermal mass which would 

enable the introduction of a night purge ventilation strategy. The potential benefits of 

improved cross-ventilation can be demonstrated by the case of the four corner offices 

which, apart from the North-West corner, showed the lowest daily average minimum 

temperatures in the July 2006 monitoring (Table 7.2). These four offices also had the 

lowest absolute temperatures over the measurement period with the North-East corner 

reaching as low as 17.7 °C. Such temperature levels were inevitably achieved during the 

night by users leaving open windows on adjacent façades, creating a cross-flow night 

cooling effect. 

In addition, the building core, which houses the building’s two staircases, one of which, for 

fire safety reasons, is pressurised with air drawn in from the outside, never exceeded the 

28 °C overheating threshold during the entire July 2006 monitoring period. Furthermore, 

during working hours, the building core had a mean temperature more than 2°C lower 

than the coolest office (Table 7.2). Such temperature differences between building core 

and offices are illustrated in Figure 7.12 for a one week period in September 2006 which, 

averaged over the South-East of England, had a mean dry bulb temperature of 17.3 °C and 

was 3.4 °C warmer than the 1961-1990 mean [66]. During the September to October 2006 

measuring period the temperatures inside the building core were typically within a band of 

1 to 2 °C for all the investigated building floors (levels 4 to 11). In addition, similar to the 

offices on the East and West elevations (Figure 7.11), no temperature stacking according 

to floor position inside the building could be identified for the building core. However, 

when comparing the building core night time temperatures to two central West facing 

offices on levels 4 and 11, it can be seen that the building core was typically 0.5 to 2 °C 

cooler (Figure 7.12). Furthermore, during periods of peak daytime temperatures the core 

was even 2 to 5 °C cooler. This highlights the possibility of, within limitations, using the 

thermal mass of the core for comfort cooling as shown schematically in Figure 7.13.

7.2. Faraday Tower refurbishment prospects

Office building case study – Faraday Tower, University of Southampton
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Further to the above findings, the May / June 2006 user satisfaction survey highlighted 

very high levels of dissatisfaction with the current window opening system. Figure 7.14 

shows that three quarters of the users were either ‘unsatisfied’ or ‘a bit unsatisfied’ 

with the windows’ functionality in terms of providing appropriate ventilation, their 

opening mechanism or the amount of openable window panes. As can be seen in the 

7.2. Faraday Tower refurbishment prospects

Office building case study – Faraday Tower, University of Southampton

Figure 7.12 Faraday Tower, 2nd week in September 2006 (04/09/06 = Monday), temperatures inside the 
building core (staircase) for levels 4 to 11 in comparison to two central offices on levels 4 and 11 of the 
West elevation.

Figure 7.13 Schematic representation of the use of the Faraday Tower’s building core for forced ventilation 
and comfort cooling during the summer months.
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photographs of Figure 7.1, only every second window bay of the Faraday Tower has an 

openable window pane. In addition, airflow is limited due to breaks preventing users 

from opening the windows too far as well as the bottom opening mechanism of the low 

lying windows (Figure 7.1). The implications of such a system relative to other window 

opening mechanisms found on the university campus are shown in Figure 7.15 which 

illustrates that the current window design does not facilitate displacement of used, hot 

air at higher levels inside the room. In addition, more than half of the building occupants 

were ‘unsatisfied’ or ‘a bit unsatisfied’ with the internal shading solution provided to 

them (Figure 7.16). In particular, the need for solar shading was often considered to 

conflict with the need to open windows for comfort ventilation. The failure of the current 

window opening mechanism and the internal shading system stresses the potential for 

improving the building’s summer temperature performance by improved window design 

and possibly external shading solutions that do not impact on comfort ventilation. A 

possible solution could be to combine a fixed external shading system with internal 

blinds as shown as a concept study in Figures 7.17a and 7.17b. In this concept, the 

blinds are partially moved down for high solar altitudes in order to cover the transom 

to prevent direct sunlight from entering between the ceiling and the external shading 

system. This helps to prevent glare effects whilst fresh air can still enter the building. 

For low solar altitudes the blinds are moved down completely. The solid fabric part of 

the blind prevents direct glare at eye level whilst working at a desk, whereas the upper 

perforated fabric allows light to enter the building for daylighting. In addition, fresh air 

can still enter through the perforated blind.

7.2. Faraday Tower refurbishment prospects

Office building case study – Faraday Tower, University of Southampton

Figure 7.14 Faraday Tower user satisfaction survey May / June 2006, user contentment with the 
functionality of the window openings.
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7.2. Faraday Tower refurbishment prospects

Figure 7.17 Concept study for a combined external / internal shading solution with natural ventilation: 
blind position for (a) high solar altitudes and (b) low solar altitudes. (Idea developed on the basis of 
building design proposals by the Faraday Tower project architects.)

Figure 7.16 Faraday Tower user satisfaction survey May / June 2006, user contentment with the 
functionality of the shading solutions / blinds inside the offices.

(a) (b)

Figure 7.15 Schematic representations of window opening types and their provision of ventilation: (a) 
horizontal top pivot, (b) vertical, centre pivot, (c) vertical, side pivot.
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7.3. Faraday Tower simulation model

In order to further assess both, the current and the potential future summer overheating 

risks of the Faraday Tower, thermal simulations have been undertaken using the TRNSYS 

software package [102]. The thermal simulation model of the tower has been coupled to a 

TRNFLOW [104] air flow model to account for the dependence between air flow and room 

temperature. The following four TMY2 format weather files were generated for the simulations:

(a) A ‘present day’ CIBSE DSY weather year for Southampton,

(b) A ‘climate change’ CIBSE DSY weather year for Southampton generated from regional 

climate model data using the UKCIP02 medium-high emissions scenario for the 2050’s,

(c) A ‘climate change’ CIBSE DSY weather year for Southampton generated from general 

circulation model data using the HadCM3 A2 emissions scenario for the 2050’s,

(d) A weather file using measured 2006 weather data for Southampton.

The ‘present-day’ as well as the ‘climate change’ TMY2 files were generated from the 

original CIBSE DSY data for Southampton using the tools discussed in chapters 5.6 and 5.7. 

The fourth weather file integrating meteorological July 2006 data for Southampton was 

generated for benchmarking reasons in order to be able to compare the simulation model to 

the monitored building performance. For this file, ambient temperature, wind speed, wind 

direction and atmospheric pressure data was obtained from the Southampton docks weather 

station [151]. However, relative humidity and global horizontal radiation were missing in 

this dataset and filled with values measured on the University campus. Diffuse horizontal 

radiation was calculated from the measured global horizontal radiation according to 

Appendix A2 of CIBSE Guide J [111]. The detailed equations for this calculation are given 

in Appendix K of this thesis report. All additional parameters required for a TMY2 file were 

generated according to the methods highlighted Table 5.2 and Appendix B.

 

The 2050’s timeslice under the medium-high emissions scenario was chosen for compiling 

the UKCIP02 climate change adapted weather file since, in the author’s opinion, this 

scenario, which corresponds to the IPCC’s A2 scenario, can be considered as a likely 

future climate projection. The reason for this hypothesis is that the medium-high emissions 

scenario in essence represents a projection of current global development trends [114]. 

Furthermore, the 2050’s have been selected as this timeframe can be expected to represent 

the end of the building’s design life after refurbishment. However, it needs to be noted that 

7.3. Faraday Tower simulation model

Office building case study – Faraday Tower, University of Southampton
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a full climate change risk assessment would require a detailed discussion of uncertainty 

margins and a comparative analysis using weather files of all four UKCIP02 emissions 

scenarios. These have been omitted here as the main focus is to investigate a ‘likely’ worst 

case scenario and to relate the simulation results to the measured data. A further advantage 

of choosing the A2 scenario storyline is that a second climate change adapted weather file 

can be generated from the coarser HadCM3 data which is only available at sufficient detail 

for this scenario. This permits comparison of simulation results from two distinct climate 

change weather datasets.

For the simulations, level 9 of the Faraday Tower was modelled in keeping with the plan 

shown in Figure 7.3, each room essentially representing a separate thermal zone in the 

simulation model. Occupancy and internal loads were modelled according to on site 

surveys of electrical equipment and typical daily occupancy patterns. In some offices 

this revealed strong differences between potential and actual occupancy density during 

working hours. This is due to the fact that the occupants were postgraduate students with 

some of them working predominantly on laboratory based projects. However, this also 

shows the complexity and risk of conducting thermal simulations of naturally ventilated, 

cellular office spaces at the building planning stage as simulation assumptions and real 

occupancy patterns may not always match. In addition, human behaviour patterns such 

as window opening and internal blind use may vary significantly from prior assumptions 

depending on the individual users [59]. In conjunction with uncertainties within thermal 

simulation programs [152] this may result in significant variance between thermal comfort 

predictions and reality. However, in the case study described here, the on site surveys 

helped to reduce such discrepancies.

Ventilation through the building’s top pivot windows (window type (a) in Figure 7.15) 

was modelled in a whole building approach as a function of occupancy with additional 

comfort ventilation driven by the combined average temperature of all offices. A whole 

building approach, i.e. a uniform window opening pattern over all openable windows, 

was chosen as this was found to better represent the building than an individual office 

approach. Windows were modelled to open 20 % of their full opening extent in relation to 

occupancy in order to allow for the required baseline ventilation. For example, for office 

A12 in Figure 7.3 which has one openable window and a volume of 46 m³ this would 

result in a surface area of about 0.18 m² being exposed to the outside air. Assuming a 

7.3. Faraday Tower simulation model

Office building case study – Faraday Tower, University of Southampton
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minimum ventilation rate of 10 l/s per person, as given in the 2006 Part F of the Building 

Regulations for England and Wales [153], a minimum wind speed of 0.11 m/s on would 

be required to deliver an appropriate amount of fresh air for the two people continuously 

present in the office during working hours (see Table 7.4). Given the wind climate of 

Southampton and the fact that level 9 of the Faraday Tower is 24 m above ground level, 

this wind speed will be almost always met on the building’s facades. Therefore, the 

assumed window opening size can be considered as sufficient for baseline ventilation. At 

the required minimum wind speed of 0.11 m/s the resulting total air displacement would be 

72 m³/h. This corresponds to a minimum air change requirement of about 1.6 air changes 

per hour for office A12. This can be easily achieved as demonstrated by experimental 

studies on an office of the same orientation on level 4 of Building 7 adjacent to the 

Faraday Tower (see also Figure 3.11) [60]. This study found that a 5 cm wide opening 

of the office’s vertical centre pivot window (window type (b) in Figure 7.15) which 

corresponds to a surface area of about 0.19 m² resulted in an air change rate in the range 

of 2 air changes per hour for the office of a volume of 52 m³ [60]. In the Faraday Tower 

simulations, additional temperature dependent comfort ventilation was modelled in four 

increments, regardless of occupancy, in order to capture effects of windows being left 

open during unoccupied hours. In a first increment the building’s windows were modelled 

to remain open 20 % of their full opening extent outside occupied hours for combined 

average office room temperatures above 23 °C. Further increments were set at 26, 28 and 

30 °C irrespective of occupancy, resulting in the windows being open 40, 80 and 100 % of 

their maximum possible opening extent.

Four offices of similar size and occupancy, one at the middle of each orientation, were 

selected for detailed analysis (data-loggers A4, A8, A12 and A17 in Figure 7.3). The 

simulation parameters for these offices are given in Table 7.4. They have been derived 

from the on site surveys and selected literature values [29, 104, 143, 154]. These 

parameters were used for all simulation runs, irrespective of potential future changes to 

occupancy profiles and thermal loads of office equipment and building services (lighting). 

The floor slabs were modelled as adjacent to thermal zones of equal temperature. However, 

the concrete ceiling construction was accounted for to include the effects of its thermal 

capacity for the indoor temperature.
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Table 7.4 
Level 9, Faraday Tower: thermal simulation parameters for 4 selected offices.Table 7.4 Level 9, Faraday Tower: thermal simulation parameters for 4 selected offices.

Office A4 – North A8 – East A12 – South A17 – West

(a) Baseline parameters 

Floor area / room height 15.8 m² / 3 m 13.4 m² / 3 m 15.3 m² / 3 m 15.3 m² / 3 m 

Occupancy (desk spaces) 4 people 3 people 4 people 4 people

Occupancy (continuous
during working hours)a

2 people 1 person 2 people 2 people

(b) Construction parameters

External walls 1.3 cm plaster, 10.2 cm light weight concrete blocks, 1.3 cm mineral wool, 11.4 cm 
concrete panel, U-value = 1.50 W/m²K

Glazing Glazing: 4mm single glazing: U-value = 5.70 W/m²K, g-value = 0.85,
Frame: Steel, 10% of window area, U-value = 5.00 W/m²K

Internal walls Office separation walls: 2.5 cm plasterboard, 4 cm mineral wool, 2.5 cm 
plasterboard
Corridor walls: 1.3 cm plaster, 10.2 cm light weight concrete blocks, 1.3 cm plaster

Internal thermal mass 1 m³ at 250 kg per desk space accounting for furniture, equipment, books etc.

(c) Thermal gains

Humans Activity level: Occupants seated, light work, typing (following EN ISO 7730 [29]) 
Weekdays: 8.00 h to 21.00 h continuous occupancy with variations during the day,
core occupancy hours 9.00 h to 18.00 h 
Weekends: 11.00 h to 20.00 h reduced occupancy of 20%

Equipment (recorded)b 3 PC 
1 laptop
1 CRT + 2 TFT
screens

3 PC 
3 CRT screens 
3 inkjet printers

3 PC 
1 laptop
3 TFT screens 
1 fridge 

4 PC 
2 CRT + 2 TFT
screens

Equipment (simulated)c 2 PC according to 
occupancy, 1 PC
continuously

1 PC according to 
occupancy, 1 PC
continuously

2 PC according to 
occupancy, 1 PC
continuously, small 
fridge 100 Watt

2 PC according to 
occupancy, 1 PC
continuously

Artificial Lighting 13 W/m² fluorescent tubes with electronic ballast, direct lighting, modelled to be 
switched on within the working time on weekdays if the irradiance is below 50 W/m²

Heating Set temperature 20°C, unlimited heating power, no humidification, off during the 
summer months 

(d) Solar shading and ventilation

Solar shading Internal blinds, 50% of radiation transmitted to the zone (following [154]), modelled to 
be closed within the occupied time if the irradiance is above 150 W/m²

Infiltration Façade cracks modelled in relation to the amount of glazed area and the façade build
quality, mass flow coefficients and air flow exponents modelled according to [104], 
wind pressure coefficients modelled according to [143] 

Ventilation Temperature dependent comfort ventilation through window opening, modelled
independently of occupancy to capture effects of windows left open on weekends and
over night, additional scaling factor introduced to account for office occupancy

Air coupling between
zones

Air exchange between offices and the corridor / core according to the number of door 
opening events and doors left open during working hours (estimated for individual
offices by walk through surveys), mass flow coefficients and air flow exponents of 
cracks and joints between zones modelled according to [104]

a Occupancy was surveyed by asking staff on typical occupancy patterns during working hours / out of working hours.
b Equipment was recorded through visual inspection by the authors.
c 1 PC includes a monitor and accounts for 140 W. Switching time was modelled according to occupancy patterns. 

1
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7.4. Comparison of the simulation weather data sets

Figure 7.18 shows a binned distribution of the measured outdoor dry bulb temperature for 

Southampton in July 2006. It also includes binned temperature distributions of the ‘present day’ 

July CIBSE DSY weather data for Southampton as well as the ‘climate change’ weather data 

derived from it. It can be seen that July 2006 was considerably warmer than the corresponding 

CIBSE DSY July with peak temperatures in the range of 30 °C. However, one has to bear in 

mind that DSY data represents a typical hot summer (3rd hottest in a 20 year set) and not an 

exceptionally hot summer like the year 2006 (see also chapter 4.2 and Figure 3.5). For the 

2050’s, under the UKCIP02 medium-high emissions scenario as well as under the HadCM3 A2 

emissions scenario a clear shift of the ambient temperatures is predicted compared to the 

original DSY data. For both datasets the July ambient temperature of a hot summer in the 

2050’s is predicted to be similar to the observations of 2006. However, the HadCM3 ‘morphed’ 

data is generally about 0.5 to 1 °C ‘out of phase’ with the UKCIP02 ‘morphed’ weather. 

This concurs with the findings for Norwich and London Heathrow as detailed in chapter 5.8. 

Nevertheless, for both datasets extended periods of temperatures around 20 to 25 °C are 

predicted, but without the peaks in the range of 30 °C that were observed in 2006.

7.4. Comparison of the simulation weather data sets

Office building case study – Faraday Tower, University of Southampton

As can be seen in Table 7.3 in chapter 7.1, the 2006 weather data, the ‘present day’ and the 

UKCIP02 ‘climate change’ DSY files concur that the highest total in-plane irradiance for 

July is incident on the East façade of the Faraday Tower. However, the in-plane irradiance 

on the South and West elevations is roughly equal in the DSY data sets whereas the 2006 

Figure 7.18 Binned distribution of outdoor dry bulb temperature in July, comparing measured data for 2006 
in Southampton available from sotonmet.co.uk [151] (vertical bars) with ‘present-day’ CIBSE DSY data for 
Southampton and UKCIP02 / HadCM3 ‘morphed’ CIBSE DSY data under the medium-high / A2 emissions 
scenario in the 2050’s (lines). (Data adapted by TRNSYS for the height above sea level of the Faraday Tower.)
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weather shows a considerably higher irradiance on the South façade than on the West. Under 

climate change, the summer irradiance is predicted to be higher than under the current 

climate, which is due to predicted reductions in cloud cover over the UK (see also Tables 3.2 

and 3.3). This increase in irradiance can be seen in comparison to both, the measured 2006 

data and the original DSY file.

A stark difference between the 2006 Southampton weather and the corresponding DSY 

file can be found in the distribution of the prevailing winds (Table 7.3). Whilst the 2006 

measurements show predominant winds from the South-West directions (42 % of the time), 

which coincides with the CIBSE TRY file for Southampton, the DSY data shows the North-

East as the main wind direction (37 % of the time). This is unusual for the Southampton 

area and can be seen as a peculiarity of the year chosen for the Southampton DSY. It also 

highlights the limitations of the underlying DSY selection concept (view chapter 4.2). Due 

to the fact that wind direction is modelled as unchanged in future (Table 5.2) this peculiarity 

is also transferred to the ‘climate change’ DSY data. In addition, average wind speed levels 

from the South-West orientation differ significantly between the DSY and the real data. 

Whilst the 2006 observations show an average wind speed of 3.6 m/s for this orientation, 

the corresponding DSY value is only 2.4 m/s. No significant changes in wind speed are 

predicted for the month of July in the 2050’s under the UKCIP02 medium-high emissions 

scenario. However, as pointed out in chapter 7.1, the prevailing South-Westerly winds have 

been identified as a major factor in the observed temperature distribution inside the Faraday 

Tower in July 2006. Therefore, strong differences can be expected between simulations using 

meteorological 2006 weather data and CIBSE DSY data, in particular for the room climate 

available inside the South facing offices.

7.5. Simulated summer performance of the Faraday Tower

The availability of measured temperature data is a key advantage for assessing the future 

overheating performance of the Faraday Tower as this data can be used for benchmarking of 

the simulation results. The weather file generated from measured 2006 Southampton weather 

data is particularly valuable in this respect as it permits direct comparison between measured 

and simulated data. Figure 7.19 highlights the number of hours above defined temperature 

levels averaged over all offices of level 9 of the Faraday Tower, comparing the July 2006 

measurements with the TRNSYS simulation results using Southampton July 2006 weather 

data. As can be seen in Figure 7.19, there is a very good match between the two datasets 

7.5. Simulated summer performance of the Faraday Tower

Office building case study – Faraday Tower, University of Southampton
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up to the number of hours above 29 °C. However, the simulation predicts more extended 

periods with average office temperatures above 30, 31 and 32 °C than actually measured. 

The reason for this deviation is most probably related to the methodologies adopted for the 

simulation model. For example, for the simulation window opening for comfort ventilation 

was modelled in increments for office average temperatures above 23 °C, taking into account 

the on site surveys for occupancy of individual offices. Whilst this method delivers relatively 

accurate results, it cannot represent the factual window opening events which will have 

been following more complex patterns. However, it was found that such a method delivers 

more accurate results than modelling window opening events separately according to the 

temperature levels inside individual offices. Furthermore, temperatures above 28 °C may 

have resulted in lower occupancy levels and therefore lower thermal gains than assumed in 

the simulation. Similarly, office door opening patterns and hence cross follow ventilation 

may have been different than simulated during periods of extreme temperatures. As a 

consequence simulated peak temperatures exceed the values measured on site. This is 

shown in Figure 7.20 which displays the measured and simulated average temperatures of 

all offices over a two weeks period in July 2006. The values for the simulations with 2006 

Southampton weather data generally match reasonably well, yet average peak conditions 

on hot days are overestimated by up to 2 °C. From this it can be concluded that Faraday 

Tower simulation runs with different weather data should predict the hours above the 

CIBSE guideline thresholds for feeling warm (25 °C) and building overheating (28 °C) [75] 

reasonably well, whilst extreme temperatures need to be handled with care.

Figure 7.19  Level 9, Faraday Tower, number of hours above a defined temperature averaged over all 
offices as measured in July 2006 and simulated with July 2006 Southampton weather data (Data-logger A2, 
server room not included).
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Four simulation runs have been carried out in total using the weather files and the simulation 

model specified in chapter 7.3. The simulation results for the four selected offices A4, 

A8, A12 and A17 on level 9 are given in Table 7.5 which shows the mean, daily average 

maximum and minimum office temperatures, comparing the measured July 2006 values 

with the simulated July data. As can be seen in Table 7.5, there is a close match between the 

daily mean values for the measured 2006 office temperatures and the simulation run using 

2006 weather data. However, the match of the average daily extremes is not as good, but is 

generally within 1°C, the strongest deviation being the average daily maxima for the East 

and the West elevation offices at 0.9 and 1.3 °C respectively. This is consistent with the 

complete data set of level 9 where the average deviation between measured and simulated 

temperature was found to be 0.3 °C for the mean temperature, 0.7 °C for the daily average 

maximum and 0.5 °C for the daily average minimum temperature respectively. However, 

whilst the simulation underestimated the average daily peak temperatures in central offices 

on the East and the West elevations as shown in Table 7.5, it tended to overestimate them 

in the majority of offices. The highest absolute difference between measured and simulated 

mean values was a 1.7 °C higher temperature for the simulated average daily maximum 

inside the office next to the server room on the North elevation (A3 in Figure 7.3). 

Furthermore, averaged over all offices, the simulation showed stronger overheating of the 

building on hot days with high levels of solar radiation. This is supported by Figure 7.20 

which, during peak periods, indicates a generally higher temperature level throughout the 

offices for the simulation than for the measured data. 

Figure 7.20  Level 9, Faraday Tower, average office temperature of all offices over a two weeks period in 
July as measured in July 2006 and simulated with July 2006 Southampton weather data (Data-logger A2, 
server room not included).
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The generally good agreement of simulation results and on site measurements is reinforced 

by Figures 7.21a to 7.21d which show binned temperature distributions of the measured 

office data and the results of three simulation runs for the offices A4, A8, A12 and A17. The 

measured July 2006 and the simulated office temperatures using July 2006 weather data 

show a close match in both distribution and magnitude. However, the North facing office A4 

shows a slight difference in temperature distribution between the two data sets with a higher 

proportion of temperatures in the range of 30 °C for the simulated data and fewer peaks 

around 27 °C than observed in reality (Figure 7.21a). In addition, the West facing office A17 

Office building case study – Faraday Tower, University of Southampton

7.5. Simulated summer performance of the Faraday Tower

1

Table 7.5 Level 9, Faraday Tower: July mean, average daily maximum and minimum temperatures inside selected 
offices, comparing measured 2006 data (measured) with simulated values for the 2006 weather conditions in 
Southampton (simulated, 2006 weather), a CIBSE hot summer year (simulated, DSY today), a CIBSE hot summer 
year under the UKCIP02 medium-high emissions scenario in the 2050’s (simulated, UKCIP02 DSY 2050’s) and a 
CIBSE hot summer year under the HadCM3 A2 emissions scenario in the 2050’s (simulated, HadCM3 DSY 2050’s). 

Office Orientation & Data Source ID Tmean (°C) Tmax (°C) a Tmin (°C) b

    

N measured A4 26.8 28.3 24.9 
simulated, 2006 weather c  26.9 28.8 25.0 
simulated, DSY today d  23.9 25.6 21.9 
simulated, UKCIP02 DSY 2050’s e  25.9 27.7 23.8 
simulated, HadCM3 DSY 2050’s f  25.1 26.9 23.1 

    

E measured A8 28.5 31.4 26.4 
simulated, 2006 weather  28.1 30.5 26.4 
simulated, DSY today  25.3 27.1 23.7 
simulated, UKCIP02 DSY 2050’s  27.4 29.2 25.6 
simulated, HadCM3 DSY 2050’s  26.6 28.4 25.0 

    

S measured A12 26.4 28.7 24.4 
simulated, 2006 weather  26.5 28.8 24.1 
simulated, DSY today  24.9 26.1 23.3 
simulated, UKCIP02 DSY 2050’s  26.6 28.0 25.0 
simulated, HadCM3 DSY 2050’s  26.0 27.2 24.4 

    

W measured A17 28.3 31.6 26.7
simulated, 2006 weather  27.9 30.3 25.9
simulated, DSY today  25.6 27.9 24.1
simulated, UKCIP02 DSY 2050’s  27.6 30.2 25.9 

 simulated, HadCM3 DSY 2050’s  26.9 29.3 25.2 

Outside Ambient Conditions    
SotonMet weather data for July 2006 21.6 27.1 14.9 
CIBSE DSY file for Southampton, July 17.9 21.8 14.0 
UKCIP02morphed CIBSE DSY file for Southampton, July 2050’s 20.7 25.0 16.4 
HadCM3 morphed CIBSE DSY file for Southampton, July 2050’s 19.8 23.9 15.8 

a average daily maximum office temperature (derived from hourly average values for the measured data) 
b average daily minimum office temperature (derived from hourly average values for the measured data) 
c TMY2 file generated from measured 2006 weather data in Southampton 
d TMY2 file generated from CIBSE DSY data for Southampton 
e TMY2 file for the 2050’s under the UKCIP02 medium-high emissions scenario, generated from CIBSE DSY data for 

Southampton and the UKCIP02 predictions 
f  TMY2 file for the 2050’s under the HadCM3 A2 emissions scenario, generated from CIBSE DSY data for 

Southampton and the HadCM3 predictions 

Table 7.5
Level 9, Faraday Tower: July mean, average daily maximum and minimum temperatures inside selected 
offices, comparing measured 2006 data (measured) with simulated values for the 2006 weather conditions 
in Southampton (simulated, 2006 weather), a CIBSE hot summer year (simulated, DSY today), a CIBSE hot 
summer year under the UKCIP02 medium-high emissions scenario in the 2050’s (simulated, UKCIP02 DSY 
2050’s) and a CIBSE hot summer year under the HadCM3 A2 emissions scenario in the 2050’s (simulated, 
HadCM3 DSY 2050’s).
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shows a number of temperature occurrences below 24.5 °C in the simulated data that do not 

exist in the real data (Figure 7.21d). These small differences indicate some discrepancies 

between the simulation model and the building in operation in terms of occupancy 

assumptions, thermal gains and window opening events, however, at a limited magnitude. 

As a general conclusion however, it can be stated that the simulations using meteorological 

2006 weather data reflect well the 2006 observations inside the Faraday Tower which gives 

confidence in the validity of the simulation model.

7.5. Simulated summer performance of the Faraday Tower

Figures 7.21a & 7.21b Level 9, Faraday Tower, binned distribution of room temperatures inside (a) a North 
and (b) an East facing office (data-loggers A4 and A8 in Figure 7.3) comparing data measured on site in July 
2006 with simulation results using 2006 weather data for Southampton (vertical bars). The lines represent 
the simulated dry bulb temperature distribution inside each office using a ‘present-day’ CIBSE DSY and a 
‘morphed’ CIBSE DSY file under the UKCIP02 medium-high emissions scenario in the 2050’s.

(a)

(b)
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The importance of using a dedicated air flow model for the simulations is illustrated by 

Figures 7.22a and 7.22b which show the same vertical bar plots as Figures 7.21b and 7.21c for 

the East and South facing offices A8 and A12, yet also include a line plot of the simulation results 

obtained without integrating a TRNFLOW model into the TRNSYS simulation with the 2006 

Southampton weather data. Whilst the differences between the simulation results are only in a 

magnitude of 1 °C in the case of the East facing office, the South facing office temperatures are 
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7.5. Simulated summer performance of the Faraday Tower

Figures 7.21c & 7.21d Level 9, Faraday Tower, binned distribution of room temperatures inside (c) a South 
and (d) a West facing office (data-loggers A12 and A17 in Figure 7.3) comparing data measured on site 
in July 2006 with simulation results using 2006 weather data for Southampton (vertical bars). The lines 
represent the simulated dry bulb temperature distribution inside each office using a ‘present-day’ CIBSE DSY 
and a ‘morphed’ CIBSE DSY file under the UKCIP02 medium-high emissions scenario in the 2050’s.

(c)

(d)
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shifted by about 5 °C. As wind impacts are not accounted for when TRNFLOW is not used, the 

in-plane irradiance on the façade results in a significant overestimation of the room temperatures 

on the South elevation. Unlike the detailed airflow model which considers the implications of 

window and door opening events on the air flow through the building, the air exchange rates used 

in the thermal model are absolute values in relation to occupancy and temperature, irrespective of 

the wind pressure on the façade. Therefore, solar gains and internal gains have a stronger impact 

on the indoor temperature resulting in higher levels of overheating. This highlights the necessity 

of integrating an air flow model into simulations for assessing naturally ventilated buildings.

Office building case study – Faraday Tower, University of Southampton

7.5. Simulated summer performance of the Faraday Tower

Figure 7.22 Level 9, Faraday Tower, binned distribution of room temperatures inside (a) an East and (b) a 
South facing office (data-loggers A8 and A12 in Figure 7.3) comparing data measured on site in July 2006 
with simulation results using 2006 weather data for Southampton including an air flow model (vertical bars) 
and excluding an air flow model (line plot).

(a)

(b)
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When comparing the office temperature results of the simulation run using the ‘present 

day’ CIBSE DSY weather data to the measured and simulated 2006 office temperatures 

it can be seen that the mean temperatures are typically 2 to 3 °C lower (Table 7.5). 

However the difference in magnitude is less than the difference between the ambient 

temperature values might suggest (Table 7.5). The reasons for this are most probably 

related to the two data sets’ similar in-plane irradiances on the building’s four elevations 

and the lower average wind speeds of the DSY file (Table 7.3) which result in higher 

indoor temperatures than might be expected by looking at the ambient temperature in 

isolation. In addition, a proportion of window opening events were modelled according 

to the ambient temperature, which results in a more closed façade for lower ambient 

temperatures. Interestingly, Figures 7.21b and 7.21c indicate a narrower temperature band 

for the DSY simulations inside the offices A8 and A12 (9.5 °C for A8 and 8 °C for A12) 

than measured in reality (13.5 °C for A8 and 11.5 °C for A12). This is most probably 

related to the nature of the DSY data as such a difference was not seen for the simulations 

using meteorological 2006 weather data which, therefore excludes fundamental errors in 

the simulation model as a possible explanation. Furthermore, offices A4 and A17 do not 

show any significant differences in the temperature bands between the DSY simulation 

and the measured data.

There are stark differences in the binned distribution of indoor temperatures between 

individual offices, as displayed in Figures 7.21a to 7.21d. Whilst the North and the East 

facing offices, A4 and A8, show a binned distribution of temperatures for the measured 

2006 and simulated DSY data broadly similar relative to the corresponding outdoor 

distributions, the South and West facing offices, A12 and A17, reveal differences 

between the 2006 measurements and the simulation using DSY weather data. This is 

in particular the case for the South facing office where the DSY results show indoor 

temperatures within a narrow temperature band of 23.5 to 26.5 °C for about 85 % of the 

time, whilst both, the measured and simulated 2006 values show a broader and more 

even distribution of temperatures (Fig. 7.21c). This effect was identified to be related to 

the strong differences of the two underlying weather data sets in their prevailing wind 

direction and their differences in average wind speed for winds incident on the South 

elevation (Table 7.3). This explanation is also supported by Table 7.5 which highlights 

considerably lower differences for the mean, average daily maximum and minimum 

temperatures between the 2006 weather and the ‘present day’ CIBSE DSY simulations 

Office building case study – Faraday Tower, University of Southampton

7.5. Simulated summer performance of the Faraday Tower
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than for the other three elevations. With no strong winds from the South-West, 

temperatures inside the offices on the Southern elevation are more strongly influenced by 

the irradiation incident on the façade which results in a stronger warming effect inside the 

offices. In addition, in the case of the DSY simulations, the air-flow pattern through the 

building as described in Figure 7.10 would not have been established in the simulations to 

the same level of significance as observed in 2006. Even though the DSY data indicates 

strong winds on the North elevation (Table 7.3), an inverted air flow is not likely since 

the North facing offices are generally cooler than the South facing ones which will inhibit 

constant air flows. However, the effects of the difference in wind direction are also 

visible, to a lesser extent, for the West facing office, A17 (Figure 7.21d).

Compared to the ‘present day’ DSY results, the simulation run using the ‘climate change’ 

DSY weather file for the 2050’s under the UKCIP02 medium-high emissions scenario 

shows a relatively even temperature rise in the range of about 2 °C for the mean, average 

daily maximum and minimum temperatures inside the four investigated offices (Table 7.5). 

However, compared to the predicted changes in the outside ambient temperature, some 

smoothing of the temperature profile is exhibited in Figures 7.21a to 7.21d which all 

show a clear shift of the binned temperature distribution for the ‘climate change’ DSY 

simulation results in relation to the ‘present day’ DSY data. Again, the impact of the 

different baseline weather parameters of the 2006 July weather and the DSY weather file 

can be seen. Whilst the offices A4 and A8 on the North and East elevations are predicted to 

be on average cooler in July in the 2050’s than observed in 2006, the offices A12 and A17 

on the South and West elevations are predicted to perform similarly for the two datasets 

in terms of their average temperature conditions (Table 7.5). However, in the case of the 

South facing office, A12, the temperature most commonly sits around 27.5 °C with fewer 

extremes to both ends of the spectrum (Figure 7.21c). Consequently, the CIBSE feel 

warm threshold is exceeded for 84% and the overheating threshold for 15% of the time 

in the 2050’s which does not compare well to the values of 68% and 26% observed in 

July 2006 (see also Table 7.2). The East facing office is predicted to be above 28 °C for 

about 40 % of the time in July in the 2050’s. This is less than in the 2006 observations 

where temperatures were higher than 28 °C for 60 % of the time, which means that the 

office was observed to perform worse in 2006 than it would be expected to perform 

in 45 years time under a medium-high emissions scenario. However, deterministic 

overheating thresholds have to be handled with care as humans are known to be able to 
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adapt to different temperature ranges. According to the adaptive comfort theory which 

is supported by case study examples, comfort temperatures change with the prevailing 

conditions [7, 61, 155]. Therefore, higher temperatures inside buildings may become 

more acceptable as climate change progresses.

Similar to the previous graphs, Figures 7.23a and 7.23b show a binned distribution of 

temperatures for the East and South facing offices A8 and A12 of the Faraday Tower, yet 

comparing the simulation results obtained with ‘present day’ and UKCIP02 ‘morphed’ 

DSY data to simulation results obtained with HadCM3 ‘morphed’ DSY data. It can be 

clearly seen that, whilst the temperature distribution of the HadCM3 ‘morphed’ DSY data 

has a similar outline like the two other plots, it is shifted by -0.5 to -1°C compared to the 

UKCIP02 ‘morphed’ DSY data. This correlation was found to be the same for the West and 

North facing offices A17 and A4. Furthermore, these findings agree with the data presented 

in Table 7.5 which shows that for all four offices the mean, daily average maximum and 

minimum temperatures are 0.6 to 0.9 °C lower for the HadCM3 ‘morphed’ DSY data than 

for the UKCIP02 ‘morphed’ DSY data. By contrast, for these four offices the simulation 

with the HadCM3 ‘morphed’ DSY data delivers 1.1 to 1.3° C higher mean, daily average 

maximum and minimum temperatures than the ‘present day’ DSY data (Table 7.5). 

However, the differences between the three datasets are less than the differences between 

the mean, daily average maximum and minimum ambient temperatures might suggest. The 

main reason for this can be seen in the comparably smaller relative differences between 

the three files in terms of solar radiation incident on the building’s façades that will result 

in relatively small changes to the solar gains which is more significant for the overheating 

performance than external temperature levels. For example, simulations with the ‘present 

day’ CIBSE DSY weather data give the total solar radiation incident on the South façade 

in July as 81 KWh/m², whilst the ‘morphed’ CIBSE DSY files specify 87 and 84 KWh/m² 

for the UKCIP02 ‘morphed’ and the HadCM3 ‘morphed’ DSY files respectively (see also 

Table 7.3). Whilst the solar radiation increase on the South façade is about 7.5 %, the 

difference in ambient temperature is more than 15 % between the ‘present day’ and the 

UKCIP02 ‘morphed’ CIBSE DSY data. This relation between the solar radiation incident 

on the façade and the ambient temperature is similar for the other three elevations which 

supports the finding of a consistent difference in binned temperature distribution between 

the two climate change simulation runs for all four offices. 
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Figure 7.24 which shows a binned distribution of the average temperatures of all offices on 

level 9 of the Faraday Tower for both ‘morphed’ weather datasets confirms the correlation 

identified above for the two simulation runs. Whilst the two plots appear very similar, they 

are shifted by about 0.5 to 1 °C. This also agrees with the conclusions of chapter 5.8 that 

during the summer months HadCM3 ‘morphed’ weather data can be expected to generally 

deliver lower indoor temperatures in building performance simulations than UKCIP02 

‘morphed’ data. Therefore, in conjunction with the Faraday simulations it can be concluded 

Figure 7.23 Level 9, Faraday Tower, binned distribution of room temperatures inside (a) an East and (b) a 
South facing office (data-loggers A8 and A12 in Figure 7.3) comparing simulation results of a ‘present day’ 
CIBSE DSY file with a UKCIP02 ‘morphed’ and a HadCM3 ‘morphed’ CIBSE DSY file for July under the 
medium-high / A2 emissions scenario for the 2050’s.

(a)

(b)
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that using HadCM3 ‘morphed’ weather data for building performance simulations at UK 

locations is likely to underestimate future overheating relative to more detailed regional 

climate change model data of the same emissions scenario family. This needs to be 

considered when using such datasets.

Considering that the UKCIP02 baseline data and the ‘present day’ CIBSE files show 

a reasonable match in their values for the outside dry bulb temperature as discussed 

in chapter 5.5, it can be concluded that the ‘morphing’ methodology is an appropriate 

approach for predicting the potential future overheating performance of buildings such 

as the Faraday Tower. However, where available, climate change data derived from 

regional climate models should be used for the ‘morphing’ of ‘present day’ weather files. 

Furthermore, as shown by the case of the Southampton DSY data, one needs to be aware 

of potential particularities in the CIBSE data that may influence the ‘morphing’ results. 

Nevertheless, the comparison of the climate change simulation results with monitored data 

gathered in an extended heatwave period has shown that present day building performance 

under extreme summer conditions can, to a certain extent, serve as an indication of future 

summer performance. This suggests that a refurbishment of the Faraday Tower according 

to current best practice standards in terms of solar shading and natural ventilation concepts 

should be sufficient to address future climate conditions likely to be experienced towards 

the end of the building’s design life.

7.5. Simulated summer performance of the Faraday Tower

Figure 7.24 Level 9, Faraday Tower, binned distribution of average office temperatures simulated with 
a UKCIP02 ‘morphed’ and a HadCM3 ‘morphed’ CIBSE DSY file for July under the medium-high / A2 
emissions scenario for the 2050’s (lines). The corresponding outdoor dry bulb temperatures of the two 
weather files are shown as vertical bars. (Room A2 in Figure 7.3, server room not included.)
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Implications for the Faraday Tower

As discussed in chapter 3.3, the newly constructed part of Building 37, also known as the 

George Thomas Building (Figure 7.25), received the best operational energy performance 

rating of all academic buildings on the University of Southampton’s Highfield Campus 

for the data period of 2007/2008. This raises the question whether this good energy 

performance corresponds to a good comfort performance for the building’s occupants 

in terms of summer overheating. Initial monitoring conducted from mid August to mid 

September 2005 using the same data logging equipment as in the Faraday Tower revealed 

a good indoor temperature performance inside the open plan offices of the new part of 

the George Thomas Building (Figures 7.25a & 7.25c) [38]. Over this measuring period 

the dry bulb temperature exceeded 28 °C for less than 1 % of the working time on the 

top floor which was observed to be the warmest of the three floors. This implies a good 

overall summer temperature performance of the building, given the fact that the external 

mid-day temperatures frequently exceeded 25 °C during the monitoring period [38]. 

However, the 2005 summer is not well suited to be compared to the summer of 2006 used 

for the Faraday overheating analysis. This is particularly true for the month of July, since 

in 2005 the South-East of England average July ambient temperature was 1.0 °C above  

the long-term 1961-1990 average whilst in 2006 this value was 3.9°C higher [66] (see 

also Figure 3.5).
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Figure 7.25 Photographs of the George Thomas Building (Building 37) at the University of Southampton: 
(a) Outside view of the new open plan office area from the South-West, (b) View inside the atrium towards 
the East showing the façade of the old building part, (c) View inside the atrium towards the West showing 
the façade of the new building part.
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Building 37 has been fitted with a building management system that constantly monitors the 

environmental indoor conditions as well as the installed building services. This system became 

operational in several stages during 2006. Each open plan office floor in the new building part 

received one data acquisition point located inside the centre of the room. Unfortunately these 

data acquisition points were not yet operational in July 2006. However, two atrium facing 

cellular offices on levels 3 and 4 inside the old building part had data acquisition points already 

in operation at this time (Figure 7.26). Due to the cellular structure of these offices as well as 

their missing connection to the earth duct ventilation system (see also chapter 3.3) it can be 

expected that they will have shown a less favourable overheating performance than the new 

open plan areas (Figure 7.26). Therefore, these offices appear suitable for comparison with the 

Faraday Tower, since the open plan area is likely to have performed better. Figure 7.27 shows the 

office room temperatures of these two offices in comparison to three offices inside the Faraday 

Tower for a three day period in mid July 2006. Whilst the office on level 3 of Building 37 was 

occupied by a single person, the office on level 4 of Building 37 was shared by 4 people. Offices 

A3, A9 and A12 inside the Faraday Tower were chosen for the comparison (see also Figure 

7.3). These offices represent two small offices on the East (A9) and North (A3) elevations with 

2 desk spaces each and one office with 4 desk spaces on the South elevation (A12). In terms 

of summer overheating these offices were one of the best performing (A3), one of the worst 

performing (A9) and an office with average performance (A12) respectively (see also Table 7.2).

As can be seen in Figure 7.27 the two atrium facing offices showed a temperature performance 

similar to the North facing office inside the Faraday Tower. Whilst the East and South facing 

offices in the Faraday Tower had a diurnal temperature span of 6 to 7 °C, the North facing 

office as well as the offices in Building 37 remained within a diurnal temperature band of 

typically 3 to 4 °C. In addition, dip to peak temperature changes were over long time spans 
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7.6. Measured performance George Thomas Building, University of Southampton - Implications for the Faraday Tower

Figure 7.26 Section of Building 37 schematically showing the position of the building management system 
controlled data acquisition points, including their date of first operation.
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of 8 to 10 hours. By contrast, temperatures inside the East facing office in the Faraday Tower 

rose by 7 °C in only three hours, essentially giving an indication of the solar radiation incident 

on the façade. From about 9 o’clock onwards, when the occupants came to work and opened 

the windows, the temperatures started to drop inside this office. However, due to the rising 

ambient temperatures towards midday this was too late to push the temperature below 30 °C 

during the working day. As can be seen in Figure 7.28, which shows the global horizontal 

radiation over the corresponding week, the three days shown in Figure 7.27 represented very 

sunny days. This directly determined the temperature profiles inside the East and South facing 

offices of the tower block. Given the fact that the peak ambient temperature on all three days 

was around 34 °C, the investigated offices inside Building 37 can be considered as having 

performed remarkably well since their peak temperatures remained 3 to 6 °C below this 

value. However, over the three consecutive days with high external temperatures the offices in 

Building 37 increasingly exceeded the overheating threshold of 28 °C, yet to a far lesser extent 

than the offices A9 and A12 in the Faraday Tower. The benefits of the atrium: less exposure 

to solar radiation and some air exchange due to the earth channel system are clearly visible 

for the two offices of the George Thomas Building as they essentially performed like a North 

facing office with high ventilation potential such as office A3 in the Faraday Tower. This good 

performance is reinforced by the fact that, unlike offices A9 and A12 in the Faraday Tower, 

the relative humidity levels did not drop below the ideal range of 35 % to 65% for most of the 

time during the investigated three hot days (Figure 7.29).

Figure 7.27 Dry bulb temperatures inside three offices on level 9 of the Faraday Tower compared to 
two offices in the old building part of the George Thomas Building for a 3-day period in mid July 2006 
(17/07/06 = Monday).
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The first monitoring data available in the new part of the George Thomas Building is 

from mid September 2006. Figure 7.30 shows the first 5-day period with data for the open 

plan areas of levels 2 and 4 in comparison to two West facing offices on levels 4 and 11 

inside the Faraday Tower (see also Figure 7.2). Similar to Figure 7.27 it is clearly visible 

that the temperature conditions available to the occupants were far more stable inside 

the George Thomas Building than in the Faraday Tower. This is even more apparent 

for the winter case which showed a large diurnal temperature range inside most offices 

in the Faraday Tower. This is illustrated in Figure 7.31 which compares one week of 

February 2007 indoor temperature data of the level 2 and level 4 open plan areas of the 

George Thomas Building to the monitoring results from the same offices on level 9 of the 

Faraday Tower as used in Figure 7.27 (data loggers A3, A9, A12 in Figure 7.3). Similar 

to the summer case, the temperature profiles of the East and South facing offices A9 and 

Figure 7.29 Relative humidity inside three offices on level 9 of the Faraday Tower compared to two offices in the 
old building part of the George Thomas Building for a one week period in mid July 2006 (17/07/06 = Monday).

Figure 7.28 Southampton, global horizontal radiation and ambient temperature for a one week period in 
mid July 2006 (17/07/06 = Monday).
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A12 can be put in direct relation to the ambient temperature and the recorded global 

horizontal radiation shown in Figure 7.32. However, the North facing office showed a 

similar performance to the two spaces in the George Thomas Building. Interestingly, 

during the entire month of February 2007, the offices shown in Figure 7.31 had room 

temperatures of typically above 22 °C. This suggests that the heating systems may 

have been set to relatively high temperature levels in both buildings. This is a sensible 

approach for the Faraday Tower which has poor U-values for glazing and walls (see also 

Table 7.4), which will result in cold external surfaces. These generally require higher 

indoor air temperatures to achieve comfortable working conditions [28]. However, in the 

case of the well insulated new part of Building 37 the room temperature appears to be 

about 1 to 2 °C above the expected temperature.

Figure 7.30 Dry bulb temperatures inside two West facing offices of the Faraday Tower compared to two 
open plan offices in the new building part of the George Thomas Building for a 5-day period in September 
2006 (21/09/06 = Thursday).

Figure 7.31 Dry bulb temperatures inside three offices on level 9 of the Faraday Tower compared to two 
open plan offices in the new building part of the George Thomas Building for a one week period in mid 
February 2007 (12/02/07 = Monday).
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It can be concluded from the monitoring results of the George Thomas Building that there 

are possibilities to achieve a better summer temperature performance for offices inside the 

Faraday Tower, provided that solar shading and ventilation are appropriately addressed to 

limit solar gains and to facilitate cooling of the building. However, it cannot be expected that 

office temperatures remain below overheating thresholds during extended heatwave periods. 

Nevertheless, retaining temperature levels below mid-day ambient temperature peaks is 

achievable as demonstrated by the case of the George Thomas Building. However, due to 

building geometry, this will be more difficult to achieve for the Faraday Tower (see also 

Figure 3.15). In view of the strong exposure of tower blocks to the elements, as discussed in 

chapter 3.4, important measures for refurbishing the building are:

(a) to provide external solar shading.

(b) to use night purge ventilation to cool the building.

(c) to integrate the thermal mass of the building core into the ventilation concept.

(d) to develop floor plans that permit cross-flow ventilation.

(e) to reduce the amount of glazed area.

Overall the analysis of the George Thomas Building reinforces the conclusion of chapter 7.5 

that the Faraday Tower could perform reasonably well in a typical summer in the 2050’s if 

it was refurbished to a best practice standard addressing the points given above. Therefore, 

retaining a natural ventilation scheme is possible, in particular if it is backed up with 

additional mechanical support like in the George Thomas Building.

Office building case study – Faraday Tower, University of Southampton

7.6. Measured performance George Thomas Building, University of Southampton - Implications for the Faraday Tower

Figure 7.32 Southampton, global horizontal radiation and ambient temperature for a one week period in 
mid February 2006 (12/02/07 = Monday).
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7.7. Predicted Faraday Tower summer performance at various UK locations

As building designs like the Faraday Tower can be found all over the UK, the question arises 

how such buildings will perform during the summer months in the future in different regions 

of the country. Although the conclusions drawn in chapter 7.6 for refurbishment of the Faraday 

Tower in Southampton are in principle universally valid, they may not be equally important 

for places in the Midlands, let alone Scotland or Northern Ireland due to issues of climate and 

latitude. Therefore, a set of further simulations was undertaken, placing the Faraday Tower at 

different locations throughout the UK. The simulation model described in chapter 7.3 was used 

for this purpose, which means that the building was considered to be operated exactly in the same 

way as observed in Southampton, regardless of its location. However, due to the setup of the 

simulation model, parameters such as the use of artificial lighting or solar shading dynamically 

varied according to the location specific solar radiation conditions (see also Table 7.4). Both, 

‘present-day’ and climate change adapted CIBSE DSY weather files under the UKCIP02 

medium-high emissions scenario for all three timeframes, the 2020’s, 2050’s and 2080’s, were 

used to investigate the ‘current’ and the ‘future’ summer overheating performance of tower 

blocks such as the Faraday Tower in relation to the local climate. Simulations were undertaken 

for all 14 CIBSE / Met Office weather stations looking at the three summer months of June, July 

and August. Furthermore, the simulated building was assumed to be at the exact location of the 

weather stations (see Table 5.3 for the coordinates and the height above sea level of the weather 

stations). Simulation outputs for indoor temperature were averaged over all offices of level 9, 

but excluded the server room shown as A2 in Figure 7.3. This method was chosen rather than 

selecting individual offices since it better reflects the overall performance of the building. For 

example, particularities of individual offices captured in the simulation model could potentially 

lead to false interpretation if single rooms were analysed in isolation. Therefore, the results of 

an entire building can be expected to be more representative. Furthermore, the simulation model 

has been validated against real data measured in Southampton which gives confidence in its 

validity (see also chapter 7.5). However, some uncertainties remain as this validation is for a 

specific location. Nevertheless, the outputs of the UK wide simulations can be considered as 

representative in terms of the relative building overheating performance at different locations.

Table 7.6 details the simulated percentage of summer month working hours (8.00 to 18.00 

hours) with average office temperatures above the CIBSE overheating threshold of 28 °C [75] 

inside the Faraday Tower for all 14 CIBSE / Met Office locations for the ‘present’ day CIBSE 

DSY data and UKCIP02 ‘morphed’ versions of this data. Overheating hours of more than 



122

5 % of the summer working time, i.e. more than about 25 to 30 working hours in the three 

summer months, are highlighted in red as more hours than this can be considered as starting 

to have a noticeable impact on user satisfaction levels. This roughly corresponds to the CIBSE 

recommendations that no more than 1 % of the total annual working hours should exceed 

28 °C [75]. Considering that a year has about 250 working days this would correspond to 22.5 

hours if the 9 hours from 8.00 to 18.00 hours are considered as core working hours. However, 

this threshold may not prove realistic for naturally ventilated buildings, in particular as climate 

change progresses. Therefore, in the author’s opinion, an annual threshold of 3 % is perhaps 

more viable for the future. This would correspond to 67.5 hours under the conditions given 

above. If these overheating hours were all to occur during the three summer months this would 

correspond to 12.5 % of overheating hours from June to August inclusive. Therefore, this 

value has been used as threshold for Figures 7.33a to 7.33d which show contour plots over 

the UK for the percentage of summer overheating hours of the Faraday Tower simulated with 

CIBSE DSY data under all four timeframes. Percentages below 12.5 % are shown in gradients 

of purple and blue, whilst percentages above this threshold are given in shades of green to red.

Office building case study – Faraday Tower, University of Southampton
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Table 7.6 Level 9, Faraday Tower: percentage of working hours (8:00 to 18:00 hours) with average office 
temperature (all offices) exceeding the building overheating threshold (28°C) in the summer months (June, July, 
August), simulated for all CIBSE / Met Office weather stations using CIBSE hot summer year (DSY) data for the 
present-day and three time slices under the UKCIP02 medium-high emissions scenario (red numbers indicate values 
above 5 %). 

City Office temperature during working hours > 28°C (%) a,bCIBSE/Met Office 
weather station 

DSY 1990’s DSY 2020’s DSY 2050’s DSY 2080’s  

Belfast Aldergrove 1 2 4 8

Birmingham Elmdon 9 16 26 46  

Cardiff St Athan 5 9 17 30  

Edinburgh Turnhouse 0 1 3 8

Glasgow Abbotsinch 0 2 5 12

Leeds Leeds w.c. 19 27 37 50  

London Heathrow 22 35 51 71  

Manchester Ringway 9 13 16 25  

Newcastle Newcastle w.c. 1 2 7 15  

Norwich Coltishall 3 7 15 33  

Nottingham Nottingham w.c. 2 6 14 28  

Plymouth Plymouth w.c. 6 10 14 27  

Southampton Southampton w.c. 9 19 32 52  

Swindon Boscombe Down 7 12 22 37  

a summer month (June, July, August) working hours from 8:00 to 18:00 hours, British Summer Time (BST) considered 
b excludes server room, sensor ID A2

Table 7.6 
Level 9, Faraday Tower: percentage of working hours (8:00 to 18:00 hours) with average office tempera-
ture (all offices) exceeding the building overheating threshold (28°C) in the summer months (June, July, 
August), simulated for all CIBSE / Met Office weather stations using CIBSE hot summer year (DSY) data 
for the present-day and three time slices under the UKCIP02 medium-high emissions scenario (red numbers 
indicate values above 5 %).
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(a) (b)

(c) (d)

Figure 7.33 Contour plots over the UK indicating the simulated percentage of summer month (June, July, 
August) working hours (8:00 to 18:00 hours) exceeding 28 °C inside the Faraday Tower for (a) ‘present 
day’ DSY data and UKCIP02 ‘morphed’ DSY data under the medium-high emissions scenario for (b) the 
2020’s, (c) the 2050’s and (d) the 2080’s.
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As would be expected, as a general tendency Table 7.6 shows that the overheating 

performance of the building is closely linked to the location of individual weather sites 

with the South-East of England showing the highest number of summer overheating hours. 

Furthermore, the simulated tower building clearly fails to perform satisfactorily for a number 

of sites, even under current hot summer year conditions. Under the UKCIP02 medium-

high emissions scenario only sites in Northern Ireland (Belfast) and Scotland (Edinburgh, 

Glasgow) are expected to deliver 5 % or less summer working time overheating hours up 

to the 2050’s. If 12.5 % summer overheating hours were considered as the acceptable limit, 

only one more site, Newcastle, would be expected to perform satisfactorily in the 2050’s. 

Of all sites London Heathrow shows the largest number of overheating hours as would 

be expected from the analyses of chapters 3.2, 5.5 and 5.8. However, there are some 

inconsistencies in the data that do not appear reasonable since one would expect a reduction 

of the total number of overheating hours from the South-East towards the North-West of 

the UK for all the given time periods. For example, for Leeds the simulation results show 

exceptionally high numbers of overheating hours with some values similar to the London 

Heathrow and Southampton simulation results. However, the next weather station to the 

South, Manchester, delivers results that are only half of those for Leeds. Furthermore, 

Nottingham appears to have too cold a climate relative to Birmingham. These deviations 

from the expected results are clearly visible in Figures 7.33a to 7.33d. There are two possible 

explanations for this observation, either that the data of the CIBSE / Met Office weather 

stations includes local micro-climatic conditions that differ from the expectations or that the 

results are caused by unrepresentative weather datasets that were chosen due to deficiencies 

inherent in the DSY weather data selection methodology. As discussed in chapter 4.2, 

the third hottest summer from the years 1983-2004 in terms of the daily mean dry bulb 

temperature from April to September inclusive was selected as DSY file for the CIBSE 

weather dataset [68]. Such a method can potentially lead to the selection of a year that is not 

very representative for the given location as previously highlighted in chapter 7.5 for the July 

wind speed data in the Southampton DSY dataset. Consequentially, particularities inherent 

in some of the CIBSE DSY weather files may have had an impact on the simulation results 

discussed here. Therefore, control simulations were conducted using ‘present-day’ as well as 

‘morphed’ CIBSE TRY files.

The results of the TRY simulation runs are given in Table 7.7 and Figures 7.34a to 7.34d. 

As can be seen in both, the table and the figures, the simulations with TRY data do not 

Office building case study – Faraday Tower, University of Southampton
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contain the inconsistencies discovered in the simulations with DSY data. As previously 

assumed, the percentage of overheating hours decreases from the South-East towards 

the North-West of the UK for all four time periods (Figures 7.34a - 7.34d). The only 

exception to this is Norwich which has a lower percentage of overheating hours. However, 

this appears sensible given the maritime influence of the North Sea on the East Anglian 

climate. In addition, the distribution of the predicted percentage of overheating hours over 

the UK shown in Figures 7.34a to 7.34d generally agrees with the distributions of the 

UKCIP02 medium-high emissions scenario predictions for mean summer temperature, 

cloud cover and relative humidity change [3]. It also agrees with the recent UK trends 

for summer mean temperature change from 1961 to 2006 [65]. Furthermore, for the 

simulations with TRY data, Leeds and Manchester show similar results for the percentage 

of overheating hours for all four time periods, as do Nottingham and Birmingham. Given 

the proximity of those locations this relation is as it would be expected. Interestingly, 

the simulations with Nottingham DSY data consistently deliver a better overheating 

performance of the Faraday Tower than those with a TRY file (Tables 7.6 & 7.7). The 

reason for this is most probably that, besides the dry bulb temperature, solar radiation, 

cloud cover and wind speed play a significant role for the performance of naturally 

ventilated buildings. This highlights the more advanced methods used for TRY data 

selection compared to the DSY selection methodology. CIBSE TRY files have been 

derived on a month by month basis using Finkelstein-Schaffer statistics which include 

various climatic parameters for determining the ‘most typical’ months within a given 

dataset [68, 110]. Therefore, such files are more representative for a given location and 

hence more viable for use in building performance simulations. However, due to the 

combined influence of these climatic factors on the results of building performance 

simulations, the differences in the percentage of overheating hours between the time 

periods given in Table 7.7 are not linear. For example, in the 2050’s the percentage of 

summer working hours above 28 °C is predicted to be 11 % for Norwich, whilst for Leeds 

this number is 15 %. By contrast, in the 2080’s Norwich is predicted to have 27 % and 

Leeds 24 % of working hours above the overheating threshold respectively.

Table 7.7 also shows that, for the majority of the 14 CIBSE / Met Office weather sites, 

the Faraday Tower can be expected to have 5 % or less summer overheating hours during 

working time under ‘present day’ typical weather conditions. Furthermore, the Faraday 

Tower can be expected to perform satisfactory up to the 2020’s for most of the sites 

Office building case study – Faraday Tower, University of Southampton
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when assuming a 12.5 % overheating hours limit. According to the data of Table 7.7 

Southampton and London are the first locations to face serious overheating occurrences 

inside naturally ventilated buildings, closely followed by sites in the Midlands (see also 

Figures 7.34a – 7.34d). This highlights the importance of investigating refurbishment 

options for naturally ventilated buildings like the Faraday Tower because solutions 

that deliver a good summer performance in Southampton can be expected to generally 

perform well in the rest of the UK. The relevance of this is immanent as existing naturally 

ventilated buildings in the most densely populated parts of the UK can be expected to 

face overheating problems within the next few decades (Table 7.7) Only sites in Northern 

Ireland, Scotland, Cumbria and the North-East of England and perhaps Cornwall and 

the western parts of Wales can be expected to have no significant summer overheating 

problems inside buildings like the Faraday Tower beyond the 2050’s. However, even in 

such locations care needs to be taken when refurbishing buildings, as present day thermal 

insulation standards may significantly change the thermal performance of these buildings. 

This can ultimately lead to their failure during the summer months.

Table 7.7 Level 9, Faraday Tower: percentage of working hours (8:00 to 18:00 hours) with average office 
temperature (all offices) exceeding the building overheating threshold (28°C) in the summer months (June, July, 
August), simulated for all CIBSE / Met Office weather stations using CIBSE typical meteorological year (TRY) data 
for the present-day and three time slices under the UKCIP02 medium-high emissions scenario (red numbers indicate 
values above 5 %). 

City Office temperature during working hours > 28°C (%) a,bCIBSE/Met Office 
weather station(s) 

TRY 1990’s TRY 2020’s TRY 2050’s TRY 2080’s  

Belfast Aldergrove 0 0 0 3 

Birmingham Elmdon + Coleshill 6 11 18 32  

Cardiff Rhoose + St Athan 2 5 10 20  

Edinburgh Turnhouse 0 1 2 5 

Glasgow Abbotsinch 0 1 2 7

Leeds Leeds w.c. 4 9 15 24  

London Heathrow 8 16 30 54  

Manchester Ringway 5 8 13 21  

Newcastle Newcastle w.c. 1 3 5 8

Norwich Coltishall 4 7 11 27  

Nottingham Nottingham w.c. 6 11 19 32  

Plymouth Plymouth w.c. 0 1 5 20

Southampton Southampton w.c. 7 13 25 48  

Swindon Boscombe Down 5 11 20 36  

a summer month (June, July, August) working hours from 8:00 to 18:00 hours, British Summer Time (BST) considered 
b excludes server room, sensor ID A2

Table 7.7 
Level 9, Faraday Tower: percentage of working hours (8:00 to 18:00 hours) with average office tempera-
ture (all offices) exceeding the building overheating threshold (28°C) in the summer months (June, July, 
August), simulated for all CIBSE / Met Office weather stations using CIBSE typical meteorological year 
(TRY) data for the present-day and three time slices under the UKCIP02 medium-high emissions scenario 
(red numbers indicate values above 5 %).



127

Office building case study – Faraday Tower, University of Southampton

7.7. Predicted Faraday Tower summer performance at various UK locations

Office building case study – Faraday Tower, University of Southampton

(a) (b)

(c) (d)

Figure 7.34 Contour plots over the UK indicating the simulated percentage of summer month (June, July, 
August) working hours (8:00 to 18:00 hours) exceeding 28 °C inside the Faraday Tower for (a) ‘present 
day’ TRY data and UKCIP02 ‘morphed’ TRY data under the medium-high emissions scenario for (b) the 
2020’s, (c) the 2050’s and (d) the 2080’s.
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Form the above analysis it can be concluded that the current practice of using CIBSE 

DSY files for assessing summer performance of naturally ventilated buildings in the UK 

requires review. The results shown in Tables 7.6 and 7.7 highlight major deficiencies in the 

DSY selection process which lets the entire DSY concept appear rather questionable. At 

present the particularities of certain DSY files appear to have a disproportional impact on 

climate change analysis which may ultimately lead to unviable conclusions for the future 

environmental building conditions at certain UK locations. For example, users are effectively 

penalised when using the CIBSE DSY file set for simulating the overheating performance of 

a naturally ventilated building in Leeds, whilst in Nottingham the overheating hours might 

be severely underestimated. This is reinforced by Figure 7.35 which shows the results of 

CIBSE TM33 test G8 when using the ‘present day’ Nottingham and Leeds DSY and TRY 

weather files for a lightweight construction with glazing type A [147]. It can be clearly seen 

that the relation in the number of overheating hours of the individual weather datasets is not 

as it would be expected. This highlights that an improved method is required for the selection 

of hot summer years from a long term dataset. Given the fact that particularities inherent in 

DSY files can potentially intensify when ‘morphing’ such files with climate change data, 

this is even more important for the case of climate change adapted weather files. Therefore, 

until an updated weather dataset is presented, it appears advisable to use both the DSY and 

the TRY data for summer overheating analysis of naturally ventilated buildings under the 

predicted future climates. This permits users to take an informed decision on the grounds of 

results from two simulation datasets.

Figure 7.35 CIBSE TM33 test G8 [147], predicted number of hours above temperature thresholds for 
a lightweight construction with glazing type A - case G8.3, comparing CIBSE TRY and DSY data for 
Nottingham and Leeds.
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8. Conclusions

This work has demonstrated the adaptation of the weather data ‘morphing’ approach [120] 

to produce standard building simulation weather files for various climate change scenarios. 

Two climate models at different spatial resolution have been exploited for this purpose, 

namely the UKCIP02 regional climate change predictions and the HadCM3 general 

circulation model. Looking at the monthly dry bulb temperatures for two selected sites 

it has been shown that there is a close match between ‘morphed’ weather files generated 

from UKCIP02 climate change data and the original UKCIP02 climate change predictions 

for sites with low urbanisation. However, for sites with high urbanisation the two datasets 

differ as the underlying ‘present-day’ weather data used in the ‘morphing’ procedures 

captures urbanisation effects such as urban heat islands which are missing in the UKCIP02 

model output. From these findings it can be concluded that climate change transformation 

of measured weather data sets with UKCIP02 data is well suited for building performance 

simulation as it (a) reflects the UKCIP02 predictions and (b) includes site specific conditions 

such as urbanisation of the area. However, ‘morphed’ weather files generated with the 

HadCM3 predictions have been found to generally underestimate changes to the future 

climate relative to the more detailed UKCIP02 predictions due to the coarser grid scale of the 

HadCM3 data.

A case study example of a naturally ventilated office tower has been used to demonstrate the 

significant difference of applying present day and future climate weather files in building 

performance simulation. This study has been combined with measured office temperature 

data from the summer of 2006, when the UK experienced record high temperatures that, 

averaged over the UK, were 2 °C above the long term mean [66]. It has been shown that 

in July 2006 the observed summer temperature performance of this building was generally 

worse than that predicted for a hot summer year in the 2050’s under the UKCIP02 medium-

high emissions scenario. However, this analysis has also shown that for UK climates the 

observed performance of a naturally ventilated building under current heatwave conditions 

can function as benchmark for its performance in a typical hot summer in the 2050’s. 

This means that solutions that are viable to reduce summer overheating under present day 

extremes can be expected to be viable for the future. However, free running buildings may be 

hard to keep comfortable without taking appropriate measures such as external solar shading, 

use of thermal mass and a well designed ventilation strategy such as night cooling. This is 

supported by the findings of a newly constructed second case study building which, over the 

8. Conclusions
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same monitoring period as the office tower, showed a reasonable overheating performance 

that would justify retaining natural ventilation principles in office buildings in the mid-term 

future. However, this case study building also highlights that advanced natural ventilation or 

mechanically supported ventilation concepts will be required to achieve maximum benefits. 

Furthermore, it can be expected that naturally ventilated buildings will increasingly rely on 

appropriate management strategies with feedback to the users, making sure that occupants 

understand their own impact on the internal building conditions [31, 36]. The more extreme 

the weather conditions get, the more this will be required to enable naturally ventilated 

buildings to be built in countries such as the UK.

This study has also highlighted the limitations of using artificial weather data sets for 

determining the potential performance of a naturally ventilated building since such weather 

data sets may not always reflect the most typical weather conditions across all their data 

parameters. Whilst climate change weather files are an essential tool for designing and 

refurbishing buildings in view of the potential future climate, it is important that the 

constraints of the selected baseline weather data are understood. Particularities of such 

baseline weather files will also be reflected in the generated climate change weather data and 

may potentially outweigh wider uncertainties of the climate change modelling. 

8. Conclusions

Conclusions
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Appendix B 
Detailed equations for climate change adaptation of existing weather data with 

UKCIP02 predictions  

 
A range of different sources have been used for transforming hourly ’present day’ CIBSE 

TRY / DSY weather data into climate change adapted weather data addressing the majority 

of parameters given in a standard TMY2 / EPW file. The list below provides all equations 

applied for generating climate change TMY2 / EPW files from the UKCIP02 climate change 

data. Structurally it follows the EPW file data convention [112] and relates to Table 5.2 in 

the main text. The basic equation types used for the ‘morphing’ of weather data are 

described in section 5.3 of the main text. The reference numbers given in this appendix relate 

to the reference numbers given in the main text in order to facilitate comparison between 

Table 5.2 and the appendix. Furthermore, a nomenclature is given at the end of this text. 

 
 
EPW header node: Ground Temperature 
 
The EPW file header usually contains information on the monthly mean ground temperature 

at one or more levels of depth. The mean ground temperature for a given day of the year is 

derived from the predicted annual mean dry bulb temperature and the amplitude of the 

warmest and coldest average monthly dry bulb temperatures following the method developed 

by Kusuda and Achenbach [127]. The calculations presented here are based on routines 

developed by Lawrie [156] for the EnergyPlus Weather Converter. They require prior 

calculation of the future hourly dry bulb temperatures using equations (2) and (3). The future 

mean ground temperature for a given day of the year can then be calculated by: 
 

(1) ( ) ( ) yzdddbtdbtgt shiftampad ⋅⎥
⎦

⎤
⎢
⎣

⎡
−+⋅−⋅⎟

⎠
⎞

⎜
⎝
⎛⋅⋅−= arctan341787.0017214.0

365
2cos π  

 
                    (source: [127, 156]) 
Where: 
 

( ) ( ) ( )[ ]
( ) ( ) ( )[ ]xxx

xxxz
sincosexp1
sincosexp1

−⋅−−
+⋅−−

=    

 
And: 
 

( ) ( ) ( )
2

2

2
1cosexp2exp

x
xxxy

⋅
+⋅−⋅−−

=  
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With: 
 

depth
D

x
s

⋅
⋅

=
365
π

 

 
Where: 
 

dgt  = Future mean ground temperature for the given day d of the year (°C). 

adbt  = Future annual mean dry bulb temperature (°C). 

ampdbt  = Amplitude of the warmest and coldest future average monthly dry bulb 
temperatures (°C). 

depth  = Depth below surface (m). 

sD  = Thermal diffusivity of the ground / soil (m²/day) 

d  = Day of the year. 

shiftd  = Median day of the month containing the minimum surface temperature 
(values: 15, 46, 74, 95, 135, 166, 196, 227, 258, 288, 319, 349). 

 

Depths of 0.5, 2 and 4 m below surface have been chosen for the future weather files. As no 

site specific information is available for the thermal diffusivity of the ground, the default 

value of 0.055741824 m²/day given by Lawrie [156] has been selected for the calculations. 

After performing equation (1) for each day of the year, the monthly mean ground 

temperatures can be easily calculated. 

 

EPW node N6: Dry bulb temperature (°C) 
 
The UKCIP02 data provides mean, average daily maximum and minimum temperature 

change predictions, thus giving information on monthly changes of the mean temperature as 

well as changes in the diurnal temperature range in that month. In order to account for this 

the CIBSE TRY / DSY data is shifted by the UKCIP02 mean temperature value and 

stretched by the predicted change in the diurnal range following Belcher et al [120]. The 

scaling factor for the stretch function is calculated as follows: 

 

(2) 
mm

mm
m dbtdbt

TMINTMAXdbt
min0max0 −

∆−∆
=α             (source: [120]) 
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Where: 
 

mdbtα  = Scaling factor for monthly dry bulb temperature variance change. 

mTMAX∆  = UKCIP02 predicted absolute change of the average daily maximum dry 
bulb temperature for the given month m (°C). 

mTMIN∆  = UKCIP02 predicted absolute change of the average daily minimum dry 
bulb temperature for the given month m (°C). 

m
dbt max0  = Average daily maximum dry bulb temperature of the CIBSE TRY / 

DSY data for the given month m (°C). 

m
dbt min0  = Average daily minimum dry bulb temperature of the CIBSE TRY / 

DSY data for the given month m (°C). 
 

The future dry bulb temperature for a given hour is then calculated in a combined stretch and 

shift function: 

 
(3) ( )

mmm dbtdbtdbtTEMPdbtdbt 000 −⋅+∆+= α           (source: [120]) 
 
Where: 
 
dbt  = Future dry bulb temperature (°C). 

0dbt  = Present day CIBSE TRY / DSY dry bulb temperature (°C). 

mTEMP∆  = UKCIP02 predicted absolute change of the mean dry bulb temperature 
for the given month m (°C). 

m
dbt0  = Mean dry bulb temperature of the CIBSE TRY / DSY data for the given 

month m (°C). 
 
 
EPW node N7: Dew point temperature (°C) 
 
Neither the CIBSE TRY / DSY data nor the UKCIP02 data contains information on dew 

point temperature. To determine the future dew point temperature it is at first required to 

calculate the ‘present day’ specific humidity from the CIBSE TRY / DSY data using 

psychrometric formulae given in Jones [128] and the ASHRAE handbook [129]. This is 

undertaken in a three step approach. In a first step the ‘present day’ partial pressure of water 

vapour is determined from the available data for atmospheric pressure, dry bulb and wet bulb 

temperature: 

 
(4)             (source: [128]) ( )000

'
0 wbtdbtAppp atwsw −⋅⋅−=
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Where: 
 

0wp  = Present day partial pressure of water vapour (kPa). 

'
wsp  = Saturation pressure of water vapour in the absence of air at a given 

temperature numerically equal to the wet bulb temperature of the air 
being considered (kPa). Values are taken from Table 3 provided in 
Chapter 6 of the ASHRAE handbook [129]. 

0atp  = Present day CIBSE TRY / DSY atmospheric pressure (kPa) 

A  = Constant: If  then . If  then 

. 

00 ≥wbt 41066.6 −⋅=A 1−°C 00 <wbt
41094.5 −⋅=A 1−°C

0wbt  = Present day CIBSE TRY / DSY wet bulb temperature (°C). 

 
The calculated ‘preset day’ partial pressure of water vapour is then used to determine the 

humidity ratio: 

 

(5) 
00

0
0 62198.0

Wat

W

pp
pW
−

⋅=              (source: [129]) 

 
Where: 
 

0W  = Present day humidity ratio (kg/kg). 

 
This can then be used to calculate the ‘present day’ specific humidity: 
 

(6) ( )0

0
0 1 W

W
+

=γ               (source: [129]) 

 
Where: 
 

0γ  = Present day specific humidity (kg/kg). 

 
In order to obtain the future specific humidity the value for the ‘present day’ specific 

humidity is stretched according to Belcher et al [120] by using the relative change for 

specific humidity given in the UKCIP02 data. The scaling factor for the stretch function is 

calculated as follows: 

 
(7) 100/1 mm SPHU+=αγ              (source: [120]) 
 
Where: 
 

mαγ  = Scaling factor for monthly specific humidity change. 

mSPHU  = UKCIP02 predicted relative change of the specific humidity for the 
given month m (%). 
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The future specific humidity for a given hour is then calculated in a stretch function: 
 
(8) 0γαγγ ⋅= m               (source: [120]) 
 
Where: 
 
γ  = Future specific humidity (kg/kg). 
 

The future dew point temperature can then be calculated from the morphed specific humidity 

by converting equations (6) and (5). Equation (6) then becomes: 

 

(9) ( )γ
γ
−

=
1

W  

 
Where: 
 
W  = Future humidity ratio (kg/kg). 
 
Equation (5) then becomes: 
 

(10) ( )W
pWp at

W +
⋅

=
62198.0

 

 
Where: 
 

Wp  = Future partial pressure of water vapour (kPa). 

atp  = Future atmospheric pressure calculated according to equation (15) (kPa). 

 
Finally the dew point temperature can be calculated according to equations given by 

ASHRAE [129]. For dew points between 0 and 93 °C the following equation is used: 

 
(11) ( ) 1984.0

18
3

17
2

161514 wpCCCCCdpt ⋅+⋅+⋅+⋅+= ααα                      (source: [129]) 
 
Where: 
 
dpt  = Future dew point temperature (°C). 

α  = 
wpln  

14C  = Constant: 6.54 

15C  = Constant: 14.526 

16C  = Constant: 0.7389 

17C  = Constant: 0.09486 

18C  = Constant: 0.4569 
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For dew points below 0 °C the following equation is used: 
 
(12)                            (source: [129]) 24959.0608.1209.6 αα ⋅+⋅+=dpt
 
As dew point temperature is yet to be calculated, equations (11) and (12) are selected on 

grounds of the value calculated for the future partial pressure of water vapour in equation 

(10), i.e. for a partial pressure of water vapour above 0.61115 kPa equation (11) is selected 

and for a partial pressure of water vapour below 0.61115 kPa equation (12). 

 

EPW node N8: Relative humidity (%) 
 
The ‘present day’ CIBSE TRY / DSY data does not contain relative humidity information. 

Therefore, the ‘present day’ relative humidity has to be determined prior to performing any 

morphing calculations. Following the ASHRAE handbook [129] it can be derived from the 

present day partial pressure of water vapour calculated in equation (4) and the saturation 

pressure of water vapour in the absence of air at the ‘present day’ dry bulb temperature by 

applying the following equation: 

 

(13) 
00 ,

'
0

0
atpdbtws

w

p
p

=Φ              (source: [129]) 

 
Where: 
 

0Φ  = Present day relative humidity (%). 

00 , atpdbt

 
= At a given CIBSE TRY / DSY dry bulb temperature and atmospheric 

pressure. 

 

Belcher et al [120] do not provide a method for morphing ‘present day’ relative humidity 

into future relative humidity. However, as the UKCIP02 data gives the predicted change for 

relative humidity as absolute values in percentage points, a shift function is used: 

 
(14) mRHUM∆+Φ=Φ 0  
 
Where: 
 
Φ  = Future relative humidity (%). 

mRHUM∆  = UKCIP02 predicted absolute change of the mean relative humidity for 
the given month m (%). 
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EPW node N9: Atmospheric pressure (Pa) 
 
The UKCIP02 data gives predictions for the absolute change in the mean sea level pressure 

in Millibar (mbar), which, converted to Pascal (Pa), is used in a shift function according to 

Belcher et al [120] to determine the future atmospheric pressure: 

 
(15)              (source: [120]) matat MSLPpp ∆+= 0

 
Where: 
 

mMSLP∆  = UKCIP02 predicted absolute change of the mean sea level pressure for 
the given month m (Pa), [converted to (Pa) from (mbar)]. 

 
 
EPW node N10: Extraterrestrial horizontal radiation (Wh/m²) 
 
The extraterrestrial horizontal radiation for a given location and time of the day is calculated 

based on solar geometry equations given in CIBSE Guide J [111]. It requires prior 

calculation of the solar altitude angle and the extraterrestrial direct normal radiation using 

equation (24). As the time nodes given in TMY2 / EPW files are in ‘local standard time’ and 

not in ‘solar time’, the solar altitude angle calculation needs to consider differences between 

the two time systems for a given location in order to receive the true solar altitude angle at 

the given ‘local standard time’. This conversion also needs to take into account the 

perturbations in the Earth’s rotation as the distance between the Earth and the Sun is not 

constant which affects the speed of the Earth’s rotation around its polar axis. Mathematically 

this is accounted for by the equation of time which, in a first step, requires calculation of the 

day angle to express the given day of the year in an angular form: 

 

(16) 
25.365

360' ⋅= dd               (source: [111]) 

 
Where: 
 

'd  = Day angle (degrees). 
 
In order to account for leap years 365.25 days per year are used instead of 365. The day 

angle is then used in the equation of time as follows: 

 
(17)          (source: [111]) )7.192sin(165.0)8.2sin(128.0 '' +⋅⋅−−⋅−= ddEOT
 
Where: 
 
EOT  = Equation of time (h). 
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The ‘solar time’ can then be calculated using the following equation: 
 
(18) EOTLSTSOT R +−+= 15/)( λλ            (source: [111]) 
 
Where: 
 
SOT  = Solar time (h). 
LST  = Local standard time (h), [midpoint of a given weather file hour node]. 
λ  = Longitude of the weather site (degrees), [positive values denote east]. 

Rλ  = Longitude of the time zone in which the weather site is situated 
(degrees), [positive values denote east]. 

 
For a given CIBSE TRY / DSY weather file the midpoint of the current hour node is selected 

as ‘local standard time’ for calculating the solar altitude angle. The ‘local solar time’ is then 

used to determine the hour angle which is the angle the Earth’s rotation has passed through 

since solar noon: 
 

(19) ( )12
24

360
−⋅= SOTω              (source: [111]) 

 
Where: 
 
ω  = Hour angle (degrees). 
 
In a last step before being able to determine the solar altitude angle it is necessary to 

calculate the Earth’s declination which is the angle between the Sun’s direction and the 

equatorial plane: 

 
(20) ( )[ ]{ }0489.0sin0355.04.1sin3978.0sin ''1 −⋅+−⋅⋅= − ddδ         (source: [111]) 
 
Where: 
 
δ  = Declination (degrees). 
 
The solar altitude angle is then given by: 
 
(21) ωδφδφγ coscoscossinsinsin ⋅⋅+⋅=s            (source: [111]) 
 
Where: 
 

sγ  = Solar altitude angle (degrees). 

φ  = Latitude of the weather site (degrees). 
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Finally, the extraterrestrial horizontal radiation can be calculated from the solar altitude 

angle and the extraterrestrial direct normal radiation determined in equation (24) by using the 

sine rule: 
 

(22) exnorsexhor II ⋅= γsin  
 
Where: 
 

exhorI  = Extraterrestrial horizontal radiation (W/m²). 

exnorI  = Extraterrestrial direct normal radiation (W/m²). 

 
The extraterrestrial horizontal radiation is then given in Wh/m² for each hourly time step in 

the climate change adapted weather file for all hours with incident solar radiation. 

 
 
EPW node N11: Extraterrestrial direct normal radiation (Wh/m²) 
 
The extraterrestrial direct normal radiation is related to the solar constant, i.e. the 

extraterrestrial irradiance normal to the beam at mean solar distance [111]. In order to allow 

for the fact that the orbit of the Earth is elliptical with a varying distance to the Sun, a 

correction factor is introduced for the extraterrestrial direct normal radiation following 

CIBSE Guide J [111]. This correction factor requires the day angle determined in equation 

(16) and is calculated as follows: 

 
(23)             (source: [111]) )8.2cos(03344.01 ' −⋅+= ddε
 
Where: 
 

dε  = Correction factor for the varying solar distance to the Earth 
(dimensionless). 

 
The extraterrestrial direct normal radiation can then be calculated as follows: 
 
(24) dexnor II ε⋅= 0               (source: [111]) 
 
Where: 
 

0I  = Solar constant: 1367 (W/m²). 

 
The extraterrestrial direct normal radiation is then given in Wh/m² for each hourly time step 

in the climate change adapted weather file for all hours with incident solar radiation. 

 
 

 
 

Appendix B_subm.doc                                                                                                          144 



EPW node N12: Horizontal infrared radiation from the sky (Wh/m²) 
 
The horizontal infrared radiation from the sky (downwelling long-wave radiation) can be 

calculated from the values for the future dry bulb temperature, partial pressure of water 

vapour and cloud cover as determined by equations (3), (10) and (43) following the 

methodology given by Crawford and Duchon [130]. For these calculations the dry bulb 

temperature needs to be transformed from °C to Kelvin. In a first step it is necessary to 

determine the clear sky atmospheric emissivity: 

 

(25) 
7/1

24.1 ⎟
⎠
⎞

⎜
⎝
⎛⋅=
dbt
pw

cε              (source: [130]) 

 
Where: 
 

cε  = Clear sky atmospheric emissivity (dimensionless). 

 
The value for clear sky atmospheric emissivity is then used with the fraction of the future 

cloud cover calculated in equation (43) to calculate the actual atmospheric emissivity: 

 

(26) cat
cccc εε ⋅−+= )
10

1(
10

             (source: [130]) 

 
Where: 
 

atε  = Actual atmospheric emissivity (dimensionless). 

cc  = Future cloud cover (deca). 
 
The actual atmospheric emissivity is then used to determine the downwelling long-wave 

radiation: 

 
(27)              (source: [130]) 4dbtI atdwlw ⋅⋅= σε
 
Where: 
 

dwlwI  = Downwelling long-wave radiation (W/m²). 

σ  = Stefan-Boltzmann constant: 5.67 x 10-8 (W K-4 m-2). 
 
The horizontal infrared radiation from the sky (downwelling long-wave radiation) is then 

given in Wh/m² for each hourly time step in the climate change adapted weather file. 

 
 

 
 

Appendix B_subm.doc                                                                                                          145 



EPW node N13: Global horizontal radiation (Wh/m²) 
 
The future global horizontal radiation is calculated from the UKCIP02 predictions for the 

change in absolute monthly mean downward surface shortwave flux and the ‘present day’ 

CIBSE TRY / DSY data for global horizontal radiation according to the method described by 

Belcher et al [120]. As a shift function would not be appropriate for this calculation, since 

the sun would then radiate at night, a scaling factor is determined from the UKCIP02 

absolute change and the monthly mean from the observed baseline climate. Because no long 

term global horizontal radiation data is available for the 14 CIBSE weather stations, the 

closest weather stations in the Meteonorm [109] dataset are selected for the baseline climate. 

This data is given in Table B.1 for the 14 CIBSE weather stations as shown below. As the 

data is provided in monthly totals it is necessary to transform it into monthly mean values by 

using the following equation: 

 

(28) 
m

mx
glhor

mglhor h

I
I

10000

0

⋅
=
∑
∈  

 
Where: 
 

mglhorI 0  = Mean global horizontal radiation of the baseline data for the given 
month m (W/m²). 

∑
∈mx

glhorI 0  = Total global horizontal radiation of the baseline data for the given 
month m (kWh/m²). 

mh  = Number of hours in the given month m (h). 

 
The required scaling factor can then be calculated as follows: 
 

(29) ⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ ∆
+=

mglhor

m
m I

DSWFI
0

1α              (source: [120]) 

 
Where: 
 

mIα  = Scaling factor for monthly downward surface shortwave flux change. 

mDSWF∆  = UKCIP02 predicted absolute change of the mean downward surface 
shortwave flux for the given month m (W/m²). 

 
The future global horizontal radiation for a given hour is then calculated in a stretch 
function: 
 
(30)              (source: [120]) 0glhormglhor III ⋅= α
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Where: 
 

glhorI  = Future global horizontal radiation (Wh/m²). 

0glhorI  = Present day CIBSE TRY / DSY global horizontal radiation (Wh/m²) 

 
Table B.1 Meteonorm [109] long term average monthly totals for global horizontal radiation 
in (kWh/m²) as selected for the 14 CIBSE weather stations (see equation (28)). 
 
CIBSE 
Station 

Belfast Birmingham Cardiff Edinburgh Glasgow Leeds London 

Meteonorm 
Station 

Belfast-
Aldergrove 

Sutton 
Bonington 

Cardiff 
Wales 

Dundee/ 
Mylnefi 

Dunstaffnage Cawood Kew 

Data period 1981-2000 1981-1990 1981-1990 1981-1990 1981-2000 1981-1990 1981-1990 

Jan 16 19 22 16 12 18 21 

Feb 31 32 35 31 26 28 34 

Mar 64 58 72 62 60 63 70 

Apr 106 102 103 103 104 94 103 
May 143 131 146 144 138 138 140 

Jun 144 130 150 140 146 146 147 

Jul 135 132 144 144 132 144 143 

Aug 114 118 124 115 106 115 124 

Sep 77 78 89 78 71 76 87 

Oct 45 44 54 42 39 46 53 
Nov 21 24 27 20 17 24 26 
Dec 12 13 17 10 9 15 16 

 

CIBSE 
Station 

Manchester Newcastle Norwich Nottingham Plymouth Southampton Swindon 

Meteonorm 
Station 

Aughton Cawood Hemsby Sutton 
Bonington 

Cardiff 
Wales 

Efford Efford 

Data period 1984-1996 1981-1990 1984-2000 1981-1990 1981-1990 1981-1990 1981-1990 

Jan 18 18 21 19 22 25 25 
Feb 34 28 38 32 35 46 46 
Mar 67 63 74 58 72 77 77 
Apr 108 94 115 102 103 127 127 
May 150 138 157 131 146 158 158 
Jun 150 146 156 130 150 159 159 
Jul 147 144 156 132 144 162 162 
Aug 121 115 136 118 124 140 140 
Sep 82 76 86 78 89 95 95 
Oct 47 46 54 44 54 59 59 
Nov 22 24 26 24 27 32 32 
Dec 13 15 16 13 17 20 20 
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EPW node N14: Direct normal radiation (Wh/m²) 
 
The direct normal radiation can be calculated from the solar altitude angle, the global 

horizontal radiation and the diffuse horizontal radiation determined in equations (21), (30) 

and (32) by using the sine rule: 

 

(31) 
( )

s

difhorglhor
dnor

II
I

γsin
−

=  

 
Where: 
 

dnorI  = Future direct normal radiation (Wh/m²). 

difhorI  = Future diffuse horizontal radiation (Wh/m²). 

 
 
EPW node N15: Diffuse horizontal radiation (Wh/m²) 
 
The UKCIP02 data does not provide any information on future changes in diffuse horizontal 

radiation. Therefore, the method proposed by Belcher et al [120] is used where changes in 

diffuse horizontal radiation are assumed to be proportional to changes in global horizontal 

radiation. This permits applying the scaling factor calculated in equation (29) to stretch the 

‘present day’ CIBSE TRY / DSY value for diffuse horizontal radiation as given below: 

 
(32) 0difhormdifhor III ⋅= α              (source: [120]) 
 
Where: 
 

0difhorI  = Present day CIBSE TRY / DSY diffuse horizontal radiation (Wh/m²). 

 
 
EPW node N16: Global horizontal illuminance (lux) 
 
Global horizontal illuminance is calculated from the future global horizontal radiation 

determined in equation (30) based on equations derived from empirical data by Perez et al 

[131]. However, before being able to calculate the global horizontal illuminance, the solar 

zenith angle, atmospheric precipitable water and atmospheric brightness need to be 

determined. The solar zenith angle is determined from the solar altitude angle calculated in 

equation (21): 

 
(33) ss γθ −= 90  
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Where: 
 

sθ  = Solar zenith angle (degrees). 

 
The atmospheric precipitable water is calculated as follows: 
 
(34)             (source: [131]) ( )075.007.0exp −⋅= dptPWC
 
Where: 
 
PWC  = Precipitable water content (cm). 
 
The atmospheric or sky’s brightness is given by: 
 
(35)              (source: [131]) exnordifhor ImI /⋅=∆
 
Where: 
 
∆  = Atmospheric brightness (dimensionless). 
m  = Relative optical air mass (dimensionless), values for m obtained from 

Table 2 of the paper by Kasten and Young [132] in relation to the given 
solar altitude angle. 

 
Furthermore, the atmospheric clearness, also termed sky clearness needs to be calculated. 

The results of this calculation are sorted into 8 discrete sky clearness categories. The data 

range of each of these 8 categories is given in Table 1 in the paper by Perez et al [131]. The 

equation for calculating the atmospheric clearness is as follows: 

 

(36) 
( ) ( )3

3 041.11
041.1 s

sdifhor

dnordifhor
sc I

II
θ

θ
ε ⋅+

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

⋅+
+

=           (source: [131]) 

 
Where: 
 

scε  = Atmospheric clearness (dimensionless) 

sθ  = Solar zenith angle (radians). 

 
It has to be noted that the solar zenith angle needs to be in radians for equation (36) and all 

following equations related to lighting parameters. The discrete sky clearness categories 

determined with the help of equation (36) are required for selecting the appropriate 

coefficients needed for the calculation of the global horizontal illuminance. These 

coefficients are given in Table 4 of the paper by Perez et al [131]. The global horizontal 

illuminance can then be determined by: 
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(37)          (source: [131]) ( )∆⋅+⋅+⋅+⋅= lncos isiiiglhorglhor dcPWCbaIi θ
 
Where: 
 

glhori  = Global horizontal illuminance (lux). 

ia  = Coefficient given in Table 4 of the paper by Perez et al [131]. 

ib  = Coefficient given in Table 4 of the paper by Perez et al [131]. 

ic  = Coefficient given in Table 4 of the paper by Perez et al [131]. 

id  = Coefficient given in Table 4 of the paper by Perez et al [131]. 

 
 
EPW node N17: Direct normal illuminance (lux) 
 
Direct normal illuminance is calculated from the future direct normal radiation determined in 

equation (31) based on equations derived from empirical data by Perez et al [131]. The 

values for the solar zenith angle, atmospheric precipitable water content and atmospheric 

brightness, i.e. the sky condition parameters calculated in equations (33), (34) and (35) are 

required for this purpose. Furthermore the appropriate coefficients given in Table 4 of the 

paper by Perez et al [131] need to be selected for the calculation. These coefficients which 

are dependent on the sky clearness category determined with equation (36) are specific to the 

direct normal illuminance calculation and not related to the coefficients of equation (37). 

Direct normal illuminance is calculated as follows: 

 
(38) ( )[ ]{ }∆⋅+−⋅⋅+⋅+⋅= isiiidnordnor dcPWCbaIi 573.5exp,0max θ      (source: [131]) 
 
Where: 
 

dnori  = Direct normal illuminance (lux). 

 
 
EPW node N18: Diffuse horizontal illuminance (lux) 
 
Diffuse horizontal illuminance is calculated from the future diffuse horizontal radiation 

determined in equation (32) according to equations derived from empirical data by Perez et 

al [131]. The values for the sky condition parameters calculated in equations (33), (34) and 

(35) are required as well as the appropriate coefficients given in Table 4 of the paper by 

Perez et al [131]. Again, these coefficients which are dependent on the sky clearness 

category determined with equation (36) are specific to the diffuse horizontal illuminance 

calculation and not related to the coefficients of equations (37) or (38). Diffuse horizontal 

illuminance is calculated as follows: 
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(39)          (source: [131]) ( )∆⋅+⋅+⋅+⋅= LndcPWCbaIi isiiidifhordifhor θcos
Where: 
 

difhori  = Diffuse horizontal illuminance (lux). 

 
 
EPW node N19: Zenith luminance (Cd/m²) 
 
The zenith luminance is calculated from the future diffuse horizontal radiation determined in 

equation (32) and the sky condition parameters calculated in equations (33) and (35) using a 

method developed by Perez et al [131]. Again, a set of coefficients specific to this equation 

is required. These are given in Table 4 of the paper by Perez et al and are related to the sky 

clearness categories calculated in equation (36). 

 
(40) ( )[ ]∆⋅+⋅−⋅+⋅+⋅= isisiidifhorvz dccaIL θθ 3expcos '          (source: [131]) 
 
Where: 
 

vzL  = Zenith luminance (Cd/m²). 

'
ic  = Coefficient given in Table 4 of the paper by Perez et al [131]. 

 
 
EPW node N20: Wind direction (degrees) 
 
The UKCIP02 climate predictions do not contain any information on possible changes in 

terms of frequency or distribution of the future wind direction for a given location. 

Therefore, in accordance with Belcher et al [120], the wind direction of the ‘present day’ 

CIBSE TRY / DSY data is assumed to remain unchanged and transferred to the climate 

change adapted weather file.  

 
 
EPW node N21: Wind speed (m/s) 
 
The UKCIP02 data provides wind speed as a relative change to the baseline climate. 

Therefore, as proposed by Belcher et al [120] a stretch function is used to generate future 

wind data. The scaling factor for this stretch is calculated as follows: 

 
(41) 100/1 mm WINDws +=α              (source: [120]) 
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Where: 
 

mwsα  = Scaling factor for monthly wind speed change. 

mWIND  = UKCIP02 predicted relative change of the wind speed for the given 
month m (%). 

 
The future wind speed for a given hour is then calculated in a stretch function. Furthermore, 

the result of this stretch is transformed from knots to m/s by multiplying it with 0.514444 as 

the ‘present day’ CIBSE TRY / DSY data is given in knots and the TMY2 / EPW file 

convention requires m/s. 

 
(42) ( ) 0.5144440 ⋅⋅= wswsws mα             (source: [120]) 
 
Where: 
 
ws  = Future wind speed (m/s). 

0ws  = Present day CIBSE TRY / DSY wind speed (knots). 

 
 
EPW node N22: Total sky cover (deca) 
 
Total sky cover denotes tenths of the sky dome covered (deca) and is given as integer values 

from 0 to 10. The UKCIP02 data gives the predicted future change of total sky cover as 

absolute values in percentage points. Therefore, a shift function is used for generating future 

time series as suggested by Belcher et al [120]. However, in order to suit the TMY2 / EPW 

file convention the UKCIP02 data needs to be converted into tenths of sky covered. 

Furthermore, the ‘present day’ CIBSE TRY / DSY data is give as eighth of the sky covered 

(octa), i.e. requires multiplication with 1.25 to obtain tenths of sky covered. The equation for 

generating the future cloud cover is as follows: 

 

(43) ( )
⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ ∆

+⋅=
10

25.1,10min,0max 0
mTCLWcccc  

 
Where: 
 

0cc  = Present day CIBSE TRY / DSY cloud cover (octa). 

mTCLW∆  = UKCIP02 predicted absolute change of the mean total cloud in long 
wave radiation for the given month m (% points). 

 
The result of equation (43) is then rounded to the nearest integer. In case the value is lower 

than 0 or exceeds 10 it is set to equal to 0 or 10 respectively. 
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EPW node N23: Opaque sky cover (deca) 
 
Opaque sky cover denotes the amount of sky dome covered by clouds that do not permit 

observing the sky at higher levels and is again given in tenths of the sky dome covered 

(deca). Therefore, the value for opaque sky cover is either smaller or equal to total sky cover. 

As the CIBSE TRY / DSY data does not provide any information on opaque sky cover the 

approach has been taken to assume opaque sky cover as being half the value of total sky 

cover. This approach is crude, yet appears to have been used for a number of TMY2 / EPW 

files. 

 
 
EPW nodes N24 to N31 
 
All EPW nodes from N24 to N31 have been classified as missing data, the reasons being as 

follows:  

 The nodes N24 ‘Visibility’ and N25 ‘Ceiling height’ are not relevant to building 

performance simulation and have therefore not been considered. In addition, no 

appropriate calculation routines could be identified for deriving these parameters from 

known data. 

 The nodes N26 ‘Present weather observation’ and N27 ‘Present weather code’ denote 

physical observation particularities such as snow, fog or type of rain. As the climate 

change adapted TMY2 / EPW weather data is calculated data, such information cannot 

be provided. Therefore, the fields must be classified as missing data. 

 As the ‘present day’ CIBSE TRY / DSY data does not give any information on rainfall, 

node N28 ‘Precipitable water’ has to be classified as missing data. In addition, rainfall 

information will not be relevant for most building performance simulation applications. 

 The node N29 ‘Aerosol optical depth’ relates to the transparency of the atmosphere in 

view of aerosols present in the air. Whilst there are a range of different calculation 

approaches for determining aerosol optical depth [157, 158], these are complex, often 

require information not readily available in the CIBSE TMY2 / EPW data or relate to 

specific sky conditions. Therefore, in accordance with the commercial weather file 

generation package Meteonorm [109], it was decided to classify node N29 as missing 

data. 

 As no precipitation information is available in the ‘present day’ CIBSE DSY / TRY data, 

the nodes N30 ‘Snow depth´ and N31 ‘Days since last snowfall’ cannot be specified and 

are classified as missing data. In addition, this information will not be relevant for most 

building performance simulation applications. 
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Nomenclature: 
 
α  = 

wpln  

mdbtα  = Scaling factor for monthly dry bulb temperature variance change. 

mαγ  = Scaling factor for monthly specific humidity change. 

mIα  = Scaling factor for monthly downward surface shortwave flux change. 

mwsα  = Scaling factor for monthly wind speed change. 

cc  = Future cloud cover (deca). 

0cc  = Present day CIBSE TRY / DSY cloud cover (octa). 

d  = Day of the year. 
'd  = Day angle (degrees). 

shiftd  = Median day of the month containing the minimum surface temperature 
(values: 15, 46, 74, 95, 135, 166, 196, 227, 258, 288, 319, 349). 

sD  = Thermal diffusivity of the ground / soil (m²/day) 

dbt  = Future dry bulb temperature (°C). 

0dbt  = Present day CIBSE TRY / DSY dry bulb temperature (°C). 

adbt  = Future annual mean dry bulb temperature (°C). 

ampdbt  = Amplitude of the warmest and coldest future average monthly dry bulb 
temperatures (°C). 

m
dbt0  = Mean dry bulb temperature of the CIBSE TRY / DSY data for the given 

month m (°C). 

m
dbt max0  = Average daily maximum dry bulb temperature of the CIBSE TRY / 

DSY data for the given month m (°C). 

m
dbt min0  = Average daily minimum dry bulb temperature of the CIBSE TRY / DSY 

data for the given month m (°C). 
depth  = Depth below surface (m). 

dpt  = Future dew point temperature (°C). 

δ  = Declination (degrees). 

∆  = Atmospheric brightness (dimensionless). 

mDSWF∆  = UKCIP02 predicted absolute change of the mean downward surface 
shortwave flux for the given month m (W/m²). 

mMSLP∆  = UKCIP02 predicted absolute change of the mean sea level pressure for 
the given month m (Pa), [converted to (Pa) from (mbar)]. 

mRHUM∆  = UKCIP02 predicted absolute change of the mean relative humidity for 
the given month m (%). 

mTCLW∆  = UKCIP02 predicted absolute change of the mean total cloud in long 
wave radiation for the given month m (% points). 

mTEMP∆  = UKCIP02 predicted absolute change of the mean dry bulb temperature 
for the given month m (°C). 
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mTMAX∆  = UKCIP02 predicted absolute change of the average daily maximum dry 
bulb temperature for the given month m (°C). 

mTMIN∆  = UKCIP02 predicted absolute change of the average daily minimum dry 
bulb temperature for the given month m (°C). 

EOT  = Equation of time (h). 

atε  = Actual atmospheric emissivity (dimensionless). 

cε  = Clear sky atmospheric emissivity (dimensionless). 

dε  = Correction factor for the varying solar distance to the Earth 
(dimensionless). 

scε  = Atmospheric clearness (dimensionless) 

φ  = Latitude of the weather site (degrees). 

Φ  = Future relative humidity (%). 

0Φ  = Present day relative humidity (%). 

dgt  = Future mean ground temperature for the given day d of the year (°C). 

mh  = Number of hours in the given month m (h). 

γ  = Future specific humidity (kg/kg). 

0γ  = Present day specific humidity (kg/kg). 

sγ  = Solar altitude angle (degrees). 

difhori  = Diffuse horizontal illuminance (lux). 

dnori  = Direct normal illuminance (lux). 

glhori  = Global horizontal illuminance (lux). 

0I  = Solar constant: 1367 (W/m²). 

difhorI  = Future diffuse horizontal radiation (Wh/m²). 

0difhorI  = Present day CIBSE TRY / DSY diffuse horizontal radiation (Wh/m²). 

dnorI  = Future direct normal radiation (Wh/m²). 

dwlwI  = Downwelling long-wave radiation (W/m²). 

exhorI  = Extraterrestrial horizontal radiation (W/m²). 

exnorI  = Extraterrestrial direct normal radiation (W/m²). 

glhorI  = Future global horizontal radiation (Wh/m²). 

0glhorI  = Present day CIBSE TRY / DSY global horizontal radiation (Wh/m²) 

mglhorI 0  = Mean global horizontal radiation of the baseline data for the given 
month m (W/m²). 

∑
∈mx

glhorI 0  = Total global horizontal radiation of the baseline data for the given month 
m (kWh/m²). 
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vzL  = Zenith luminance (Cd/m²). 

LST  = Local standard time (h), [midpoint of a given weather file hour node]. 
λ  = Longitude of the weather site (degrees), [positive values denote east]. 

Rλ  = Longitude of the time zone in which the weather site is situated 
(degrees), [positive values denote east]. 

m  = Relative optical air mass (dimensionless), values for m obtained from 
Table 2 of the paper by Kasten and Young [132] in relation to the given 
solar altitude angle. 

atp  = Future atmospheric pressure calculated according to equation (15) (kPa). 

0atp  = Present day CIBSE TRY / DSY atmospheric pressure (kPa) 

wp  = Future partial pressure of water vapour (kPa). 

0wp  = Present day partial pressure of water vapour (kPa). 

'
wsp  = Saturation pressure of water vapour in the absence of air at a given 

temperature numerically equal to the wet bulb temperature of the air 
being considered (kPa). Values are taken from a table provided in the 
ASHRAE handbook [129]. 

PWC  = Precipitable water content (cm). 

sθ  = Solar zenith angle (degrees). 

SOT  = Solar time (h). 

mSPHU  = UKCIP02 predicted relative change of the specific humidity for the 
given month m (%). 

σ  = Stefan-Boltzmann constant: 5.67 x 10-8 (W K-4 m-2). 
W  = Future humidity ratio (kg/kg). 

0W  = Present day humidity ratio (kg/kg). 

0wbt  = Present day CIBSE TRY / DSY wet bulb temperature (°C). 

mWIND  = UKCIP02 predicted relative change of the wind speed for the given 
month m (%). 

ws  = Future wind speed (m/s). 

0ws  = Present day CIBSE TRY / DSY wind speed (knots). 

ω  = Hour angle (degrees). 
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UK Climate Impacts Programme, UKCIP02 extras: Climate change weather file 

generator, Screenshot UKCIP ‘scenarios gateway’ website 22/03/2008

Appendix C

© 2008 UK Climate Impacts Programme
Joomla! is Free Software released under the GNU/GPL License.

Scenarios Gateway template

Introduction Overview Guidance UKCIP02 UKCIP02 extras UKCIP08 Feedback UKCIP search this site...

UKCIP02 extras: Climate change weather file generator

Climate change weather file generator

A Climate Change Weather File Generator (called CCWeatherGen) 
has been developed by the Built Environment programme of the 
Sustainable Energy Research Group (SERG) at the School of Civil 
Engineering and the Environment, University of Southampton.  

Weather files are commonly used  to allow the likely energy 
consumption of buildings to be simulated under typical weather 
conditions.  

This free tool is Microsoft® Excel-based and uses the UKCIP02 
climate change scenarios to transform CIBSE / Met Office present day 
TRY/DSY UK weather files into projected future weather files. The 
future weather files it generates are consistent with the UKCIP02 
projections of climate change and compatible with the majority of 
building performance simulation programs.

The CCWeatherGen tool and accompanying documentation are 
available here.

It is highly recommended to read the user manual before using the 
tool.  

   LEGAL

Page 1 of 1UK Climate Impacts Programme - UKCIP02 extras: Climate change weather file gene...

22.03.2008http://www.ukcip.org.uk/index.php?option=com_content&task=view&id=485&Itemi...

http://www.ukcip.org.uk/index.php?option=com_content&task=view&id=485&Itemid=481
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Appendix D
European Commission, Directorate-General for Energy and Transport, EPBD 

Buildings Platform: Climate change weather file generator, Screenshot EPBD Buildings 

Platform Newsletter #024 website 14/04/2009

Appendix D

Cestina - Deutsch - English - Español - Français - Italiano - Nederlands - Polski - Português - Svenska

:: Editorial

This edition of the newsletter introduces a wide range of new Information Papers available
from the Buildings Platform. These include an overview of new SAVE projects in place, an
evaluation  and  discussion  of  how minimum energy performance requirements  are set  in
most countries, a new conference paper and two new country reports providing an update on
the status of implementation in Hungary and Malta.

:: Summary

> The Platform services

New IP: Additional SAVE projects support the EPBD: Kick-off Winter 07 /Spring 08

New IP:  Setting  minimum energy performance requirements  through reference buildings
with reference technologies

Conference Paper: 2nd Common Symposium of FP6 Ecobuildings Projects

> Recent information from the countries

New IP: Status of implementation of the EPBD in Hungary

New IP: Status of implementation of the EPBD in Malta

Free climate change weather file generator now available in the UK

> Europe and European funded projects

Presentations from the Eco-innovation European Info Day

The Commission proposes to replace the Construction Products Directive

> European associated organisations/partners

BING comments on the Commission consultation on financing energy efficiency

Eurima’s position on the recast of the EPBD

European Developers launch Sustainability Charter

>Events

International Workshop Meeting Energy Efficiency Goals: summary report

Presentations from the conference "Build Green CEE: Energy Efficient and Ecological Design
for the Region"

23rd European Photovoltaic Solar Energy Conference and Exhibition

World SB08 Melbourne

The 4th Emerging Europe Energy Summit

Workshop: Monitoring by use of Energy Performance Certificates

:: New  IP:  Additional  SAVE  projects  support  the  EPBD:  Kick-off  Winter  07
/Spring 08

Information Paper P062 gives an overview of five new SAVE projects started
late 2007 and early 2008. The five new projects, arising from the final Call for
Proposals  from  the  Intelligent  Energy  Europe  Programme (2003-2006),  can
help  to  support  the  efficient  implementation  of  the  EPBD  in  practice.  An
overview of all the EPBD focused SAVE projects funded under the Programme

since its launch is also given.

:: New  IP:  Setting  minimum  energy  performance  requirements  through
reference buildings with reference technologies

Information  Paper  P071  discusses  how  the  minimum  energy  performance
requirements as requested by Article 4 of the EPBD are in most countries set by
limiting  the net, final  or primary energy demand or the CO2 emissions of a
building depending on the building type and/or building geometry.

:: Conference Paper: 2nd Common Symposium of FP6 Ecobuildings Projects

The programme and  the highlights  of  the presentations,  posters  and  round
table  discussions  at  the  2nd  Common  Ecobuildings  Symposium  held  in
Stuttgart at the beginning of April  2008, are summarised in this Information
Paper P080

:: New IP: Status of implementation of the EPBD in Hungary

A new Information Paper P070 is  now available providing  an update on the
status and planning of the EPBD in Hungary.

[June 2008]

#024

:: The Platform services

:: Recent information from the countries

EPBD Buildings Platform: e-Newsletter #024 - June 2008 http://www.buildingsplatform.org/cms/index.php?id=225
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:: New IP: Status of implementation of the EPBD in Malta

A new Information Paper P075 is  now available providing  an update on the
status and planning of the EPBD in Malta.

:: Free climate change weather file generator now available

A Climate  Change  Weather  File  Generator  has  been  developed  by  the
Sustainable Energy Research Group (SERG) at the School of Civil Engineering
and  the Environment, University  of  Southampton. This  free tool  is  Microsoft

Excel-based and uses the UKCIP02 climate change scenarios to transform CIBSE/Met Office
present day UK weather files into projected future weather files. The future weather files it
generates are consistent with the UKCIP02 projections of climate change and compatible
with the majority of building performance simulation programs.

:: Presentations from the Eco-innovation European Info Day

The Eco-innovation European Info Day took place in Brussels on 8 May with
about  300  participants.  Some  €  28  million  will  be  available  to  co-finance
projects for the promotion of innovative, environmental-friendly projects in the
area  of  materials  recycling,  sustainable  buildings,  food  &  drink  industrial

processes, green business & smart  purchasing  to name a few. Successful  applicants can
expect  to  receive  financial  support  covering  up  to  60%  of  the  project  eligible  costs.
Applications from SMEs are particularly encouraged.The presentations are now online

:: The Commission proposes to replace the Construction Products Directive

To enhance the internal market for construction products, the Commission has
proposed to replace the “Construction Products Directive” (89/106/EEC) with a
new  regulation  aiming  to  remove  all  remaining  regulatory  and  technical
obstacles  to  the  free  circulation  of  construction  products  in  the  European

Economic Area. Further information is available here

:: BING  comments  on  the  Commission  consultation  on  financing  energy
efficiency

BING  presents  comments  for  improving  the  financing  of  energy  efficiency
measures in buildings including to which degree will financing be the key issue
for  energy  efficiency  in  the  short  and  long  term,  investment  trends  in  the

sector, suitable financial instruments and risks to take into account when planning a new
investment. The document is available here

:: Eurima’s position on the recast of the EPBD

Eurima declares that  in order to realise the full  potential  of the Directive, a
number of  changes  will  need  to be made. Eurima’s  position  paper states  a

number of proposals to the Commission for the recasting of the EPBD.

:: European Developers launch Sustainability Charter

On the occasion of the 2008 Green Week, the European Union of Developers and
House Builders (UEPC) representing the private sector of developers and house
builders  in  Europe,  has  launched  its  Sustainability  Charter.  An  Executive
Summary is also available, as well as versions in French and German.

:: International Workshop Meeting Energy Efficiency Goals: summary report

At a workshop held in Paris during February 2008, more than 140 public and
private  sector  stakeholders  representing  29  countries  and  numerous
intergovernmental  and  other  organizations  examined  the  scope  to  maximize
energy  efficiency  by  improving  the  effectiveness  of  existing  policy  measures.
Sponsored by the International Energy Agency (IEA) and the International Task

Force for Sustainable Products (ITFSP), workshop participants discussed  the potential  for
increasing  energy  and  greenhouse  savings  through  investment  in  the  compliance,
monitoring and evaluation of policies for appliances and buildings. The report is available
here

:: Presentations  from the  "Build  Green  CEE:  Energy  Efficient  and  Ecological
Design for the Region" conference

Video  presentations  from  the  Build  Green  CEE  2008:  Energy  Efficient  and
Ecological  Design  for  the  Region  event  that  took  place  in  April  2008  in

Bucharest are available online here

:: 23rd European Photovoltaic Solar Energy Conference and Exhibition

Taking place from 1st to 5th September 2008 at the Feria Valencia in Spain,
the  23rd  European  Photovoltaic  Solar  Energy  Conference  will  be  the  most
important international Conference in the field of Photovoltaics.

:: World SB08 Melbourne

The World Sustainable Building (SB) Conference series is the peak gathering of
the  world’s  leading  technical  experts  and  researchers  on  sustainable  built

:: Europe and European funded projects

:: European associated organisations / partners

:: Events

EPBD Buildings Platform: e-Newsletter #024 - June 2008 http://www.buildingsplatform.org/cms/index.php?id=225
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Climate change weather file generator

Version 1.1.2

August 2009
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Sustainable Energy Research Group
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COVER PICTURE:

The picture on the front cover 
of this manual was created 
with the Educational Version of  
Graphisoft® ArchiCAD. 
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Climate change weather file generator - CCWeatherGen

1. Introduction

The climate change weather file generator (CCWeatherGen) uses the 2002 climate 
change scenario predictions provided by UKCIP (1). It enables you to generate 
climate change weather files ready for use in building performance simulation 
programs. The tool is Microsoft® Excel based and transforms CIBSE/Met Office 
TRY/DSY weather files into climate change TMY2 or EPW weather files which are 
compatible with the majority of building performance simulation programs.

The underlying weather file transformation routines of this tool are based on the so-
called ‘morphing’ methodology for climate change transformation of TRY/DSY weather 
files, which was developed by Belcher, Hacker and Powell (2,3). The CCWeatherGen 
tool includes further calculation routines for parameters that are not originally supplied 
by DSY/TRY files (such as for example: horizontal infrared sky radiation, daylighting 
parameters, dew point temperature, humidity parameters, soil temperature). These 
parameters are required for generating simulation ready TMY2 and EPW files.

The CCWeatherGen tool allows you to generate TMY2 or EPW climate change 
weather files with a few mouse clicks. You can produce ‘morphed’ climate change as 
well as ‘unmorphed’ present day TMY2 and EPW files from the original CIBSE/Met 
Office DSY/TRY format files. The tool is made available free of charge. However, 
it is solely distributed WITHOUT the required baseline weather files and/or climate 
change scenario data! (Please view sections 2.1 and 2.2 for information on where 
to obtain the required baseline data.) The functionality of this tool is restricted to 
sites in the UK only.

Basic requirements for running the CCWeatherGen tool

(a) A valid installation of Microsoft® Excel on your local hard drive. CCWeatherGen 
has been tested with the 2003 and 2007 versions. (However, the authors do not 
take responsibility for any compatibility issues on these or other platforms.)

(b) A licensed copy of a CIBSE/Met Office TRY and/or DSY file. (see section 2.1)
(c) A licensed copy of the UKCIP02 climate change scenario data files, which can 

be downloaded free of charge. (see section 2.2)

2. Preparing the CCWeatherGen tool for use

After downloading the file ‘CCWeatherGen.exe’ please run it for installation of the 
CCWeatherGen tool. The file is self-extracting. It is NOT RECOMMENDED to 
change the default installation path (‘C:\CCWeatherGen’). A program folder called 
CCWeatherGen is added to the Windows Start Menu during installation.

The CCWeatherGen tool can be launched right after installation. However, before 
being able to use it, you need to make sure that you are in possession of a licensed 
TRY or DSY file and have obtained the required UKCIP02 data.

2.1. Obtaining CIBSE/Met Office TRY/DSY weather files

‘Present day’ hourly weather data files in TRY and DSY format can be purchased 
from CIBSE, either as a bundle or as individual weather sites. For more details on 
prices and licensing issues please consult the CIBSE Bookshop website. 

The direct link to the CIBSE bookshop, TRY/DSY hourly weather data set is:
http://www.cibse.org/index.cfm?go=publications.view&item=332

Abbreviations used in this 
document

CIBSE Chartered Institution of 
      Building Services  
 Engineers
DSY Design Summer Year
EPW Energy Plus / EPSr 
 Weather
TMY2 Typical Meteorological 
 Year 2
TRY Test Reference Year
UKCIP UK Climate Impacts 
      Programme
UKCIP02 UKCIP 2002 climate 
      change scenarios

PLEASE NOTE:

The CCWeatherGen tool has 
been tested on computers 
running Microsoft® Windows XP 
and Microsoft® Windows Vista 
operating systems. However, the 
authors do not take responsibility 
for any compatibility issues on 
these or other platforms.

IMPORTANT - PLEASE NOTE:

The CCWeatherGen tool does 
not work without a present day 
CIBSE/Met Office TRY/DSY 
weather file!

Climate change weather file generator 2
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Please only use the current CIBSE/Met Office TRY/DSY weather files for the 
CCWeatherGen tool. These files were released in 2005. Please do not use older 
file versions as these have not been tested for their compatibility with this tool.

Before you start using the CCWeatherGen tool please make sure that you possess 
the CIBSE weather files in the correct file format. The files are sometimes provided 
in a different format to the original CIBSE files in order to suit a particular simulation 
program. Such files cannot be read by the CCWeatherGen tool. Please check the file 
structure by opening a file with a text editor such as Notepad. The first lines of a DSY / 
TRY file as they are provided directly by CIBSE look like the screens shown below:

IMPORTANT - PLEASE NOTE:

Your DSY / TRY files have to look 
like the adjacent screenshots. 
If they do not please contact 
your weather file provider for 
further details. Alternatively you 
may use the CCWeatherGen 
Basefile Creator to transform 
your data into the correct 
format. This tool is provided as 
a separate application with the 
CCWeatherGen package.

Climate change weather file generator 3
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QUICK GUIDE:

Step 1
(a) Go to http://www.ukcip.org.uk/
scenarios/
(b) Select ‘UKCIP02’ from the 
main menu
(c) Click ‘Underlying model output’ 
on the left
(d) Click ‘License application 
form’ on the left
(e) Follow the instructions

Step 2
(a) Wait for UKCIP confirmation 
email
(b) Go to http://www.ukcip.org.uk/
scenarios/
(c) Select ‘UKCIP02’ from the 
main menu
(d) Select ‘Underlying model 
output’ on the left
(e) Select ‘Data archive’ on the left
(f) Enter your username and  
password and click ‘Login’
(g) Select ‘Click here to enter the 
UKCIP02 Data Archive’

Step 3
(a) Download the two pdf files 
from the root to the ‘UKCIPdata’ 
folder
(b) Download the pdf file from the  
‘50km_resolution/’ folder to the 
‘UKCIPdata’ folder
(c) Download all files ending 
with ‘txt’ from the subdirectories 
‘DSWF, MSLP, PREC, RHUM, 
SPHU, TCLW, TEMP, TMAX, 
TMIN, WIND’ to the ‘UKCIPdata’ 
folder
(d) Verify that the ‘UKCIPdata’ 
folder contains 133 files

If the files you own do not look like the screenshots shown on page 3 you may 
need to purchase the files in their original format. Alternatively you may use the 
CCWeatherGen Basefile Creator tool to transform your data into the correct format.

2.2. Obtaining the UKCIP02 climate change scenario data

Please follow the steps below in order to download and install the required UKCIP02 
data on your local hard drive.

Step 1 – Applying for a license

Open your web browser and go to http://www.ukcip.org.uk/scenarios/ to open the 
UKCIP Scenarios Gateway website. Click on ‘UKCIP02’ on the main menu and then 
select ‘Underlying model output’ on the left hand side of the webpage. On the following 
screen please click ‘License application form’ in on the left hand side. Please follow the 
instructions on the screen. It may take up to 24 hours to receive your license details. If 
you do not receive a license confirmation you can call UKCIP on 01865 285717.

Step 2 – Accessing the UKCIP02 Scenarios Gateway

Once your application has been successful and you have received a confirmation 
email from UKCIP please reopen http://www.ukcip.org.uk/scenarios/. Select ‘UKCIP02 
underlying model output’ from the ‘UKCIP02’ menu. Then select ‘Data archive’ on the 
left hand side of the screen. Enter your username and password as quoted in the email 
sent to you by UKCIP and click ‘Login’. Click the button ‘Click here to enter the UKCIP02 
Data Archive’ at the bottom of the next page. You should see the following screen:

PLEASE NOTE:

The UKCIP02 license application 
is compulsory if you want to 
use the UKCIP02 data! Please 
view the terms and conditions 
document before applying. The 
license agreement is available 
from the UKCIP website.

Step 3 – Downloading the files required for the CCWeatherGen tool

Download the two pdf files from the root directory by moving the cursor over the 
files and pressing the right mouse button. Then select ‘Save Target As …’ and save 
the files in the folder ‘UKCIPdata’ inside the directory ‘CCWeatherGen’ on your 
local hard drive. (The installation default path is ‘C:\CCWeatherGen\UKCIPdata’.) 
The files to download from the root directory are:
- UKCIP02_data_available.pdf
- UKCIP02_readme_1st.pdf

After saving the two files specified above open the ‘50km_resolution/’ folder on the 
UKCIP scenarios gateway webpage. Save the following file from this directory to 
the ‘UKCIPdata’ folder on your hard drive by using the method described above:
- UKCIP02_50km_grid.pdf
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Stay inside the ‘50km_resolution/’ folder on the UKCIP scenarios gateway webpage. 
Download all the data files with the extension ‘txt’ inside the following subdirectories 
to the ‘UKCIPdata’ folder on your hard drive by using the method described above: 
(Do not create subdirectories inside your ‘UKCIPdata’ folder).
- DSWF/ -     MSLP/ -     PREC/ -      RHUM/ -     SPHU/
- TCLW/ -     TEMP/ -     TMAX/ -      TMIN/ -     WIND/

The files are provided in a format like this: ’DSWF_HI_2020s_50km_monthly.txt’. 
Please do not change the file names as the CCWeatgherGen tool will not be able to 
read changed file names. You do not need to download the files with the extension ’zip’ 
as these are not used by the CCWeatherGen tool. After completing your downloads 
you should have 133 files inside the ‘UKCIPdata’ folder on your local hard drive.

3. Creating climate change weather files from present day weather data

3.1. Permitting macros in Microsoft® Excel

Macros need to be permitted for CCWeatherGen to work. In Microsoft® Excel 2003 
this needs to be done prior to opening CCWeatherGen. Please select ‘Macro’ from the 
‘Tools’ menu. Select ‘Security…’ and choose ‘Low’ from the ‘Security Level’ tab inside 
the message box. (You may wish to change the security level back after you have 
finished using the CCWeatherGen tool in order to prevent potentially unsafe macros 
from being executed on your system.) Now open CCWeatherGen. If you are using 
Microsoft® Excel 2007 please open CCWeatherGen and select ‘Options...’ at the end 
of the ‘Security Warning’ message in the task bar. Inside the following message box 
select ‘Enable this content’ and click ‘OK’.

3.2. Getting started

After closing the entry splash-screen your screen should look as shown below. 
Please make sure that the UKCIP data file path (A) corresponds to the location to 
which you have downloaded the UKCIP02 data in section 2. (The default path is 
‘C:\CCWeatherGen\UKCIPdata’.)

IMPORTANT - PLEASE NOTE:

The required UKCIP02 files cannot 
be downloaded in a bundle. You 
have to manually download them 
file by file as described in step 3. 
All UKCIP02 files specified in this 
document MUST be downloaded, 
otherwise the CCWeatherGen 
tool may not work! All files NEED 
to be inside the ‘UKCIPdata’ 
directory on your local hard drive. 
Do not create subdirectories!

QUICK GUIDE:

(A)
Check whether the UKCIP data 
path is correct

Climate change weather file generator 5
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3.3. Selecting a UKCIP02 climate change scenario

Select a UKCIP02 scenario and a timeframe in the ‘Scenario selection’ box and 
choose the UKCIP grid point that corresponds to the CIBSE/Met Office weather 
station you want to use for transforming present day data into climate change data 
(B). Table 1 gives a list of the available CIBSE/Met Office weather stations and their 
corresponding UKCIP02 grid points. Click ‘Load Scenario’ (C). The CCWeatherGen 
tool loads the required UKCIP02 data and returns the monthly climate change 
predictions for the selected grid point to the ‘Summary’ box above the ‘Scenario 
selection’ box (D). The example below shows the return values for Southampton for 
the medium-high emissions scenario in the 2050’s.

For more information on the UKCIP02 data please open the pdf links specified 
inside the ‘UKCIP02 data background information’ box to the right of the ‘Scenario 
selection’ box (E).

PLEASE NOTE:

Instead of selecting a UKCIP02 
grid point that corresponds to 
a CIBSE/Met Office weather 
station you may also select 
the UKCIP02 grid point that 
corresponds to your true location. 
However, this method is NOT 
RECOMMENDED.

Table 1 - CIBSE/Met Office weather stations and corresponding UKCIP02 grid points

City Met Office
weather station

Latitude 
[°]

Longitude 
[°]

Corresponding
UKCIP02 grid point

Belfast Aldergrove 54.66 N 6.22 W 232
Birmingham Elmdon 52.45 N 1.74 W 353
Cardiff Rhoose 51.40 N 3.34 W 390
Edinburgh Turnhouse 55.95 N 3.35 W 198
Glasgow Abbotsinch 55.87 N 4.43 W 197
Leeds Leeds w.c. 53.80 N 1.56 W 296
London Heathrow 51.48 N 0.45 W 415
Manchester Ringway 53.36 N 2.28 W 314
Newcastle Newcastle w.c. 54.98 N 1.60 W 257
Norwich Coltishall 52.76 N 1.36 E 357
Nottingham Nottingham w.c. 53.01 N 1.25 W 334
Plymouth Plymouth w.c. 50.35 N 4.12 W 431
Southampton Southampton w.c. 50.90 N 1.41 W 435
Swindon Boscombe Down 51.16 N 1.75 W 392

QUICK GUIDE:

(B)
Select UKCIP02 scenario, time-
frame and UKCIP02 grid point

(C)
Click ‘Load Scenario’ to load 
scenario data

(D)
Monthly predictions for climate 
change are returned to the 
‘Summary’ box

(E)
Optional: Open help files for 
background information on 
UKCIP02 data
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3.4. Selecting a CIBSE/Met Office weather file

Click the button ‘Select CIBSE/Met Office Weather File for Morphing’ in the ‘CIBSE/Met 
Office weather file selection’ box (F). The standard ‘Open’ window appears. Choose 
the type of weather file you want to load in the ‘Files of Type’ dropdown list at the bottom 
of the ‘Open’ window. Possible file types are ‘Design Summer Year (*.dsy)’ and ‘Test 
Reference Year (*.try)’ (G). Select a weather file from your hard drive that corresponds 
to your selected UKCIP02 grid point and click the ‘Open’ button (H). Loading the file 
may take a few minutes as some calculations are conducted while loading.

Basic information on the loaded file such as weather station name and file type is 
displayed in the ‘CIBSE/Met Office weather file selection’ box (I). The exact location 
details of the weather station (latitude, longitude, altitude) are displayed in the 
‘TMY2/EPW weather file generation’ box (J). The loaded weather file data may be 
viewed by clicking the ‘CIBSE’ worksheet tab (K).

PLEASE NOTE:

If, in section 3.3, you have not 
selected the UKCIP02 grid point 
that corresponds to the loaded 
CIBSE/Met Office weather 
station but have chosen to use 
an individual UKCIP grid point, 
then you NEED to enter your 
location specific site name, 
latitude, longitude and altitude 
in the ‘TMY2/EPW weather 
file generation’ box. Otherwise 
the calculations performed for 
TMY2 and/or EPW weather file 
generation will not be correct!

QUICK GUIDE:

(F)
Click ‘Select CIBSE/Met Office 
Weather File for Morphing’ to load 
a weather file

(G)
Choose which file type you want 
to load: DSY or TRY

(H)
Click ‘Open’ to load the selected 
weather file

(I)
Basic weather file information is 
returned to the  ‘CIBSE/Met Office 
weather file selection’ box

(J)
Exact weather station location 
details are returned to ‘TMY2/
EPW weather file generation’ box

(K)
Optional: Click the ‘CIBSE’ 
worksheet tab to view the loaded 
weather data
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3.5. Morphing a CIBSE/Met Office weather file

Before you are able to create a TMY2 or an EPW file, the original CIBSE/Met Office 
weather file needs to be ‘morphed’ using the loaded UKCIP02 scenario data. In 
order to start this procedure click the button ‘Start Morphing Procedure’ in the 
‘CIBSE/Met Office weather file morphing’ box (L). The morphing calculations may 
take several minutes.

Basic information on the morphed weather file such as weather station name, file 
type and climate change scenario information is displayed in the ‘CIBSE/Met Office 
weather file morphing’ box (M). The morphed weather data may be viewed by 
clicking the ‘Morphed Weather’ worksheet tab (N).

3.6. Generating a TMY2 or an EPW weather file

Please click ‘Generate TMY2 Weather File’ or ‘Generate EPW Weather File’ in the 
‘TMY2/EPW weather file generation’ box (O). The weather file generation may take 
several minutes. On completion you will be prompted whether you want to save 
the weather file. It is recommended to save the file as suggested and to accept 
the proposed filename. Your TMY2 or EPW file is now ready for use with standard 
building performance simulation software packages.

3.7. Generating an ‘unmorphed’ TMY2 or EPW file

The CCWeatherGen tool allows you to transform CIBSE/Met Office TRY/DSY 
weather files into TMY2 and EPW files without ‘morphing’ them according to climate 
change predictions. To do this please make sure that no climate change scenario 
is loaded! (The ‘Summary’ box needs to contain 0 values.) To unload a climate 
change scenario click ‘Clear Scenario’ in the ‘Scenario selection’ box (P). Then 
follow the instructions of sections 3.4 to 3.6 to generate your ‘unmorphed’ weather 
file. (This includes the instructions of section 3.5 as some essential calculations are 
conducted when clicking the button ‘Start Morphing Procedure’.)

TIP - PLEASE NOTE:

The Department of Architecture 
and Urban Design at the 
University of California, Los 
Angeles provides a free tool that 
can be used to graphically display 
EPW weather file information. This 
tool termed Climate Consultant 3 
can be downloaded from: http://
www2.aud.ucla.edu/energy-
design-tools/

QUICK GUIDE:

(L)
Click ‘Start Morphing Procedure’ 
to start morphing

(M)
Basic information about the 
morphed weather file is returned 
to the  ‘CIBSE/Met Office weather 
file morphing’ box

(N)
Optional: Click the ‘Morphed 
Weather’ worksheet tab to view 
the morphed weather data

(O)
Click ‘Generate TMY2 Weather 
File’ or ‘Generate EPW Weather 
File’ to create a TMY2 or an EPW 
file ready for use in simulation 
programs
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4. Underlying methodology of the CCWeatherGen tool 

The intention of this manual is to describe the use of the CCWeatherGen tool. The 
core calculation methodology used for this tool is based on previous work published 
by CIBSE (2,3). Some basic information on key literature used for creating the 
CCWeatherGen tool can be found in the acknowledgements and references at the end 
of this document. A journal paper detailing the underlying methodology of the weather 
file generation tool was published in December 2008 in ‘Energy and Buildings’:

Jentsch MF, Bahaj AS, James PAB. Climate change future proofing of buildings – 
Generation and assessment of building simulation weather files. Energy and Buildings 
2008; 40 (12): 2148-2168.

Please contact the authors if you require more information or check the publications 
section on the website of the Sustainable Energy Research Group at the University 
of Southampton (http://www.energy.soton.ac.uk). 

5. Troubleshooting

(a) I cannot click any button or field in the ‘Scenario Selection’ worksheet!
Macros are not permitted. Please follow the descriptions in section 3.1 to permit 
macros. If you are using  Microsoft® Excel 2003 you need to close the CCWeatherGen 
tool and reopen it after permitting macros.

(b) I receive an error message whilst loading the UKCIP02 weather data!
Close the error message. Check whether you have downloaded all the required 
UKCIP02 data and whether the path indicated at the top of the ‘Scenario Selection’ 
worksheet is correct. If you answer ‘yes’ to both of these points then click through 
the worksheets ‘TEMP’ to ‘MSLP’. The first worksheet containing 0 values only is the 
parameter that causes the failure. Check inside the ‘UKCIPdata’ directory on your hard 
drive whether the required UKCIP02 file has been downloaded and whether it has got 
the correct filename. (To download the file, follow the descriptions in section 2.2.)

IMPORTANT - PLEASE NOTE: 

The baseline timeframe to which 
the relative changes of the 
UKCIP climate change scenarios 
compare is the time period from 
1961 to 1990 (1). However, the 
current CIBSE/Met Office TRY/
DSY weather data set, which 
dates from 2005, was compiled 
from weather data of the years 
1983 to 2004 (13). This means 
that the weather files resulting 
of the CCWeatherGen tool will 
OVERESTIMATE climate change 
impacts since the changes of the 
UKCIP02 scenarios relative to the 
1970’s are used on weather data 
from the 1990’s. Therefore, the 
resulting files can be expected to 
represent time-slices later than the 
UKCIP climate change timeframes. 
However, it was decided to keep 
the UKCIP timeframe labels to 
avoid confusion. The user of this 
tool should be aware of this fact 
when using it.

QUICK GUIDE:

(P)
Click ‘Clear Scenario’ to unload 
previous climate change data 
(applies if you want to create an 
‘unmorphed’ weather file)
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(c) I clicked ‘Cancel’ after generating my TMY2/EPW file. How can I save the 
file now?
The file cannot be saved directly from the main workbook. Please click ‘Generate 
TMY2 Weather File’ or ‘Generate EPW Weather File’ a second time and save the 
file when prompted.

6. Known issues with the tool in simulation programs

(a) My simulation program shows different values for the direct normal 
radiation and the global radiation if I compare an ‘unmorphed’ CIBSE file 
generated with the CCWeatherGen tool to the CIBSE / Met Office file I normally 
use!
This issue is believed to be caused by small differences in the calculation routines 
that have been used to generate direct normal radiation by the CCWeatherGen tool 
as compared to your simulation program. This causes different values in particular for 
a low standing sun in the early and late hours of the day. Solar radiation calculations 
within this tool are based on CIBSE Guide J (13). A comparison of the differences in 
radiation data as shown by some simulation programs revealed a difference in the 
annual average of typically around 1%. This is considered to be acceptable.

(b) In my simulation program some parameters of the CCWeatherGen data (e.g. 
dry bulb temperature) appear to be one hour out of phase with the CIBSE / Met 
Office file I normally use!
The CCWeatherGen tool retains the data lines as provided in the original CIBSE / 
Met Office file. This means that, for example the dry bulb temperature and the global 
horizontal radiation given for a particular hour form the same pair as in the original 
CIBSE file. (Please note that the file convention of a CIBSE file is 0 to 23 hours and 
for a TMY2 / EPW file 1 to 24 hours. This means that a data point listed under 8.00 h 
in the original CIBSE / Met Office file will be listed under 9.00 h in the file generated 
by the CCWeatherGen tool.)

7. Copyright and licensing notes

The original TRY/DSY weather files used for generating climate change weather 
files with the CCWeathergen tool are copyrighted material from CIBSE/Met Office 
(http://www.cibse.org & http://www.metoffice.gov.uk). Therefore, generated weather 
files can only be used by persons or entities who possess the corresponding licensed 
CIBSE/Met Office weather files. The user of the CCWeatherGen tool takes the sole 
responsibility of complying with the terms and conditions of the ‘CIBSE/Met Office 
Weather Data Licence Agreement’. TRY/DSY data/licenses can be purchased 
from the CIBSE bookshop via the CIBSE website. Furthermore, the user of the 
CCWeatherGen tool takes the sole responsibility of complying with the terms and 
conditions of the ‘License Agreement of the UKCIP02 Climate Scenarios Dataset’ 
which is available on UK Climate Impacts Programme (UKCIP) data archive website 
(http://www.ukcip.org.uk/scenarios).

8. Disclaimer of warranties

The entire risk as to the quality, accuracy and performance of the climate change 
weather data calculated with the CCWeatherGen tool is with you. In no event will 
the authors of the weather file generation tool be liable to you for any damages, 
including without limitation any lost profits, lost savings, or other incidental or 
consequential damages arising out of the use or inability to use the tool and/or its 
generated data.
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APPENDIX F

Installation CD CCWeatherGen climate change weather file generator, Version 1.1.2
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Appendix F
Installation CD CCWeatherGen climate change weather file generator, Version 1.1.2

Please note that the CD has been attached to the book cover.
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COVER PICTURE:

The picture on the front cover 
of this help file was created 
with the Educational Version of  
Graphisoft® ArchiCAD. 
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CCWeatherGen Basefile Creator

1. Introduction

The CCWeatherGen Basefile Creator enables you to generate CIBSE/Met Office 
style TRY/DSY files from inputted columns of weather data. The tool is Microsoft® 
Excel based and is aimed at CCWeatherGen users who possess the CIBSE/Met 
Office weather data in formats other than that provided directly by CIBSE. Files 
generated with this tool can be read by CCWeatherGen for further processing into 
climate change weather data. This tool is made available free of charge. However, 
it is solely distributed WITHOUT the required weather data.

Basic requirements for running the CCWeatherGen Basefile Creator tool

(a) A valid installation of Microsoft® Excel on your local hard drive. CCWeatherGen 
Basefile Creator has been tested with the 2003 and 2007 versions. (However, 
the authors do not take responsibility for any compatibility issues on these or 
other platforms.)

(b) A licensed copy of weather data from a CIBSE/Met Office weather station or 
any other weather data.

2. Preparing the CCWeatherGen Basefile Creator tool for use

In order to use this tool you need to have hourly weather data for a whole year 
(8760 hours) as well as information on the weather station’s latitude, longitude and 
its elevation above sea level. The location of the original CIBSE/Met Office weather 
stations is given below in Table 1. Furthermore, you need to know whether your 
data represents a ‘typical year’ (TRY) or a ‘hot summer year’ (DSY). The following 
data parameters are required for the CCWeatherGen Basefile Creator tool:

- cloud cover [okta 1/8]   - wind direction [degrees]   
- dry bulb temperature [°C]   - wind speed [m/s]
- wet bulb temperature [°C]  - global horizontal radiation [W/m²]
- atmospheric pressure [hPa]  - diffuse horizontal radiation [W/m²]
 
Please note that the tool will not work if one of the data columns is missing.

Abbreviations used in this 
document

CIBSE Chartered Institution of 
      Building Services  
 Engineers
DSY Design Summer Year
TRY Test Reference Year

WARNING:

There is a very high risk of 
producing meaningless data 
with this tool. Therefore, users 
are advised to use this tool with 
extreme care and to cross-check 
any inputted data before clicking 
the ‘Start CIBSE/Met Office Style 
Basefile Generation’.

Table 1 - CIBSE/Met Office weather stations: location and elevation

City Met Office
weather station

Latitude [°] Longitude [°] Elevation [m]

Belfast Aldergrove 54.66 N 6.22 W 63
Birmingham Elmdon 52.45 N 1.74 W 96
Cardiff Rhoose 51.40 N 3.34 W 65
Edinburgh Turnhouse 55.95 N 3.35 W 35
Glasgow Abbotsinch 55.87 N 4.43 W 5
Leeds Leeds w.c. 53.80 N 1.56 W 64
London Heathrow 51.48 N 0.45 W 25
Manchester Ringway 53.36 N 2.28 W 69
Newcastle Newcastle w.c. 54.98 N 1.60 W 52
Norwich Coltishall 52.76 N 1.36 E 17
Nottingham Nottingham w.c. 53.01 N 1.25 W 117
Plymouth Plymouth w.c. 50.35 N 4.12 W 50
Southampton Southampton w.c. 50.90 N 1.41 W 3
Swindon Boscombe Down 51.16 N 1.75 W 126
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3. Creating CIBSE/Met Office style weather files for use in CCWeatherGen

3.1. Permitting macros in Microsoft® Excel

Macros need to be permitted for CCWeatherGen Basefile Creator to work. In Microsoft® 
Excel 2003 this needs to be done prior to opening CCWeatherGen Basefile Creator. 
Please select ‘Macro’ from the ‘Tools’ menu. Select ‘Security…’ and choose ‘Low’ from 
the ‘Security Level’ tab inside the message box. (You may wish to change the security 
level back after you have finished using the CCWeatherGen Basefile Creator tool in 
order to prevent potentially unsafe macros from being executed on your system.) Now 
open CCWeatherGen Basefile Creator. If you are using Microsoft® Excel 2007 please 
open CCWeatherGen Basefile Creator and select ‘Options...’ at the end of the ‘Security 
Warning’ message in the task bar. Inside the following message box select ‘Enable this 
content’ and click ‘OK’.

3.2. Inserting weather station information

After closing the entry splash-screen your screen should look as shown below. Please 
insert your weather station’s location parameters into the ‘Weather station information’ 
box (A). All the shown weather station related parameters are required for the tool 
to work. Please note that latitude and longitude have to be inserted as fractional 
degrees, i.e. not in degrees and minutes. If you do not know your weather station’s 
ID number (B) you may leave the Station ID field at its default value ‘0000’. (Normally 
the station ID will be the value in the first data column of your original data.)

Select the type of data you are inserting in the ‘Weather data type’ box (C). A ‘Test 
Reference Year’ (TRY) represents a ‘typical year’ and is used for evaluation of 
building services systems. A ‘Design Summer Year’ (DSY) is a ‘hot summer year’ 
for assessing naturally ventilated buildings. If you are uncertain which type of data 
you have, please consult your original data’s manual. It is important to select the 
correct data type to avoid data misinterpretation at later stages.

QUICK GUIDE:

(A)
Insert your weather station’s 
location data

(B)
Insert your station’s ID number if 
known to you, otherwise leave it 
at its default value ‘0000’

(C)
Select the data type of your 
weather data

CCWeatherGen Basefile Creator 3
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3.3. Generating a CIBSE/Met Office style data file

Copy-paste your weather data output columns into the blank columns of the ‘Weather 
data input’ box (D). You may also insert the year information if available to you 
(E). Please be aware that the time-step convention is not identical for all weather 
datasets. For example, the original CIBSE/Met Office weather data has hourly time-
steps from 0 to 23 hours, 0 hours being the hour from midnight until 1 o’clock. Your 
data may be organised in time steps of 1 to 24 hours or 0.30 to 23.30 hours. If your 
CIBSE/Met Office radiation data follows the convention of 0.30 to 23.30 hours and 
all the remaining data the convention of 1 to 24 hours as shown in Table 2, you need 
to insert the data into the ‘Weather data input’ box as shown on the right hand side 
of Table 2. Whilst the radiation data is simply copy-pasted, for all other parameters 
hours ‘0’ and ‘100’ on day 1 need to contain the value of your data’s hour 1. This is 
required to make the data rows consistent with the original CIBSE/Met Office files.

Click ‘Start CIBSE/Met Office Style Basefile Generation’ (F). Prior to the weather file 
generation an extensive data integrity check is being performed. During this check 
any data inconsistencies will be highlighted to you for your attention. The weather 
file generation may take several minutes. On completion you will be prompted 
whether you want to save the weather file. It is recommended to save the file as 
suggested and to accept the proposed filename. Your CIBSE/Met Office TRY/DSY 
file is now ready for use with the main CCWeatherGen tool.

 Your data  CIBSE/Met Office TRY/DSY file
Time Radiation Time Others Time Radiation Others

0:30 A 1:00 a 0:00 A a
1:30 B 2:00 b 1:00 B a
2:30 C 3:00 c 2:00 C b
3:30 D 4:00 d 3:00 D c
4:30 E 5:00 e 4:00 E d
5:30 F 6:00 f 5:00 F e

... .. ... .. ... .. ..
23:30 X 24:00 x 23:00 X w

0:30 Y 1:00 y 0:00 Y x

Table 2 - Differences in time-step convention

QUICK GUIDE:

(D)
Insert your columns of weather 
data into the ‘Weather data input’ 
box

(E)
Insert the year information if 
available to you

(F)
Click ‘Start CIBSE/Met Office 
Style Basefile Generation’ to 
generate a TRY/DSY style file

IMPORTANT - PLEASE NOTE: 

Please insert your data into 
the ‘Weather data input’ box as 
shown in Table 2 if your radiation 
data follows the convention of 
0.30 to 23.30 hours and all the 
remaining data the convention of 
1 to 24 hours.

CCWeatherGen Basefile Creator 4
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4. Copyright and licensing notes

The weather data inserted into the CCWeatherGen Basefile Creation tool for 
generating CIBSE/Met Office DSY/TRY style baseline weather files may be 
copyrighted material depending on its origin. Therefore, files generated using this 
tool can only be used by persons or entities that possess the corresponding licensed 
weather data. The user of the CCWeatherGen Basefile Creator tool takes the sole 
responsibility of complying with the terms and conditions of the original weather data 
supplier’s license agreement when inserting it into the tool. Files generated with the 
CCWeatherGen Basefile Creator tool may not be distributed to a third party.

5. Disclaimer of warranties

The entire risk as to the quality, accuracy and performance of the weather data 
calculated with the CCWeatherGen Basefile Creator tool is with you. In no event 
will the authors of the basefile generation tool be liable to you for any damages, 
including without limitation any lost profits, lost savings, or other incidental or 
consequential damages arising out of the use or inability to use the tool and/or its 
generated data.

CONTACT DETAILS:

University of Southampton
School of Civil Engineering and  
the Environment
Sustainable Energy Research Group

Highfield
Southampton, SO17 1BJ, UK

Email: serg@soton.ac.uk
Web: www.energy.soton.ac.uk

AUTHORS:

Mark F. Jentsch
AbuBakr S. Bahaj
Patrick A.B. James

CCWeatherGen Basefile Creator 5
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Appendix H 
Additional equations for climate change adaptation of existing weather data with 

HadCM3 predictions 

The procedures for transforming hourly ‘present day’ EPW weather data into climate change 

weather data with the HadCM3 climate change predictions largely follow the methods 

described in Appendix B. The list below provides the equations for parameters where 

alternative methods to the ones given in Appendix B were used for ‘morphing’ EPW weather 

files with HadCM3 data. The reference numbers given in this appendix relate to the 

reference numbers given in the main text. 

 
 
EPW node N7: Dew point temperature (°C) 
 
Unlike CIBSE TRY / DSY files which contain information on the wet bulb temperature, 

EPW files contain relative humidity and dew point temperature data. Therefore, equations 

(4) to (10) of Appendix B are not needed. The required future partial pressure of water 

vapour can be derived directly from the calculated future relative humidity and the saturation 

pressure of water vapour at the future dry bulb temperature using a transposed version of 

equation (13) of Appendix B: 

 

(1) 
atpdbt

wsw pp
,

'⋅Φ=                                (source: [129]) 

 
Where: 
 

wp  = Future partial pressure of water vapour (kPa). 

Φ  = Future relative humidity (%). 
'
wsp  = Saturation pressure of water vapour in the absence of air at a given temperature 

numerically equal to the dry bulb temperature of the air being considered (kPa). 
Values are taken from Table 3 provided in Chapter 6 of the ASHRAE 
handbook [129]. 

atpdbt ,
 = At a given dry bulb temperature and atmospheric pressure. 

 
Once the future partial pressure of water vapour has been calculated using equation (1) 
above, equations (11) and (12) of Appendix B can be used to determine the future dew point 
temperature. 
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EPW node N23: Opaque sky cover (deca) 
 
Opaque sky cover denotes the amount of sky dome covered by clouds that do not permit 

observing the sky at higher levels and is given in tenths of the sky dome covered (deca). 

Whilst the CIBSE TRY / DSY data does not give any information on opaque sky cover, it is 

provided in EPW files. Therefore, the crude approach to assume opaque sky cover as being 

half the value of total sky cover which was previously used for ‘morphing’ CIBSE TRY / 

DSY data was not followed. Instead, it was assumed that the relation between total sky cover 

and opaque sky cover remains the same under a changed climate. Therefore, the equation for 

generating future opaque sky cover is as follows:  

 

(2) 
0

0

cc
occccocc ⋅

=  

 
Where: 
 
occ  = Future opaque sky cover (deca). 

cc  = Future cloud cover (deca). 

0occ  = Present day EPW opaque sky cover (deca). 

0cc  = Present day EPW cloud cover (deca). 
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Climate change world weather file generator
CCWorldWeatherGen

1. Introduction

The climate change world weather file generator (CCWorldWeatherGen) uses 
IPCC TAR model summary data of the HadCM3 A2 experiment ensemble which 
is available from the IPCC DDC (1,2). The tool enables you to generate climate 
change weather files ready for use in building performance simulation programs. 
It is Microsoft® Excel based and transforms ‘present-day’ EPW weather files into 
climate change EPW or TMY2 weather files which are compatible with the majority 
of building performance simulation programs.

The underlying weather file generation routines of this tool are based on the so-
called ‘morphing’ methodology for climate change transformation of weather 
data, which was developed by Belcher, Hacker and Powell (3). In addition, the 
CCWorldWeatherGen tool includes further calculation routines for generating 
simulation ready EPW and TMY2 files.

The CCWorldWeatherGen tool allows you to generate climate change weather files 
with a few mouse clicks. You can produce ‘morphed’ EPW and TMY2 files as well 
as present-day TMY2 files from the original EPW format files. The tool is made 
available free of charge. However, it is solely distributed WITHOUT the required 
baseline weather files and/or climate change scenario data! (Please view sections 
2.1 and 2.2 for information on where to obtain the required baseline data.)

Basic requirements for running the CCWorldWeatherGen tool

(a) A valid installation of Microsoft® Excel on your local hard drive. 
CCWorldWeatherGen has been tested with the 2003 and 2007 versions. 
(However, the authors do not take responsibility for any compatibility issues on 
these or other platforms.)

(b) A ‘present-day’ EPW file. (see section 2.1)
(c) Summary data of the HadCM3 A2 climate change model predictions, which can 

be downloaded free of charge from the IPCC DDC. (see section 2.2)

2. Preparing the CCWorldWeatherGen tool for use

After downloading the file ‘CCWorldWeatherGen.exe’ please run it for installation of 
the CCWorldWeatherGen tool. The file is self-extracting. It is NOT RECOMMENDED 
to change the default installation path (‘C:\CCWorldWeatherGen’). A program 
folder called CCWorldWeatherGen is added to the Windows Start Menu during 
installation.

The CCWorldWeatherGen tool can be launched right after installation. However, 
before being able to use it, you need to make sure that you are in possession of a  
‘present-day’ EPW file and have obtained the required HadCM3 data.

2.1. Obtaining EPW weather files

Many building performance simulation packages include ‘present-day’ weather data 
in EPW format. In addition, the U.S. Department of Energy, Energy Efficiency and 
Renewable Energy provides weather data for more than 2100 locations throughout 
the world. This data is free of charge and can be accessed via the following web 
link: http://apps1.eere.energy.gov/buildings/energyplus/cfm/weather_data.cfm

Abbreviations used in this 
document

CIBSE Chartered Institution of 
      Building Services  
 Engineers
DDC Data Distribution 
 Centre of the IPCC
EPW Energy Plus / EPSr 
 Weather
HadCM3 Hadley Centre 
 Coupled Model, 
 version 3
IPCC Intergovernmental  
 Panel on Climate  
 Change
TAR Third Assessment  
 Report of the IPCC
TMY2 Typical Meteorological 
 Year 2

PLEASE NOTE:

The CCWorldWeatherGen tool 
has been tested on computers 
running Microsoft® Windows XP 
and Microsoft® Windows Vista 
operating systems. However, the 
authors do not take responsibility 
for any compatibility issues on 
these or other platforms.

IMPORTANT - PLEASE NOTE:

The CCWorldWeatherGen tool 
does not support any other 
weather data formats than EPW 
as data input.

Climate change world weather file generator 2
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QUICK GUIDE:

(A) 
Go to  http://www.ipcc-data.org/
sres/hadcm3_download.html

(B)
Download and unzip the files 
given on the left hand side to the 
‘HadCm3data’ folder

(C)
Verify that the ‘HadCm3data’ 
folder contains 76 files

(D)
Rename the three TMP files for 
the A2a experiment as detailed 
on the bottom left hand side

2.2. Downloading the HadCM3 climate change scenario data

Open your browser and go to http://www.ipcc-data.org/sres/hadcm3_download.html 
to open the IPCC DDC HadCM3 climate scenario data download website.

Download the files listed below. Unzip the files with your file compression utility 
and save the uncompressed files in the folder ‘HadCM3data’ inside the directory 
‘CCWorldWeatherGen’ on your local hard drive. (The installation default path is 
‘C:\CCWorldWeatherGen\HadCM3data’.) The files thant need to be downloaded 
from the table on the IPCC DDC website are:

A2a Experiment, column 1        A2a Experiment, column 2
  HADCM3_A2a_DSWF_DIF.tar.gz
  HADCM3_A2a_MSLP_DIF.tar.gz
HADCM3_A2a_PREC_1980.tar.gz HADCM3_A2a_PREC_DIF.tar.gz
  HADCM3_A2a_RHUM_DIF.tar.gz
  HADCM3_A2a_TMAX_DIF.tar.gz
  HADCM3_A2a_TMIN_DIF.tar.gz
  HADCM3_A2a_TMP_DIF.tar.gz
HADCM3_A2a_WIND_1980.tar.gz HADCM3_A2a_WIND_DIF.tar.gz

A2b Experiment, column 1        A2b Experiment, column 2
  HADCM3_A2b_DSWF_DIF.tar.gz
HADCM3_A2b_PREC_1980.tar.gz HADCM3_A2b_PREC_DIF.tar.gz
  HADCM3_A2b_RHUM_DIF.tar.gz
  HADCM3_A2b_TCLW_DIF.tar.gz
  HADCM3_A2b_TEMP_DIF.tar.gz
  HADCM3_A2b_TMAX_DIF.tar.gz
  HADCM3_A2b_TMIN_DIF.tar.gz
HADCM3_A2b_WIND_1980.tar.gz HADCM3_A2b_WIND_DIF.tar.gz

A2c Experiment, column 1        A2c Experiment, column 2
  HADCM3_A2c_DSWF_DIF.tar.gz
HADCM3_A2c_PREC_1980.tar.gz HADCM3_A2c_PREC_DIF.tar.gz
  HADCM3_A2c_RHUM_DIF.tar.gz
  HADCM3_A2c_TCLW_DIF.tar.gz
  HADCM3_A2c_TEMP_DIF.tar.gz
  HADCM3_A2c_TMAX_DIF.tar.gz
  HADCM3_A2c_TMIN_DIF.tar.gz
HADCM3_A2c_WIND_1980.tar.gz HADCM3_A2c_WIND_DIF.tar.gz

After unzipping your downloads you should have 76 files inside the ‘HadCM3data’ 
folder on your local hard drive. (This number excludes the original compressed 
files.) Please rename the following three files in the ‘HadCM3data’ folder:

HADCM3_A2a_TMP_2020.dif   => HADCM3_A2a_TEMP_2020.dif
HADCM3_A2a_TMP_2050.dif   => HADCM3_A2a_TEMP_2050.dif 
HADCM3_A2a_TMP_2080.dif   => HADCM3_A2a_TEMP_2080.dif  

IMPORTANT - PLEASE NOTE:

The required HadCM3 files cannot 
be downloaded in a bundle. You 
have to manually download and 
unzip them file by file as described 
on the left hand side. All HadCM3 
files specified in this document 
MUST be downloaded, otherwise 
the CCWorldWeatherGen tool 
will not work! All files NEED to be 
inside the ‘HadCM3data’ directory 
on your local hard drive. Do not 
create subdirectories!

Climate change world weather file generator 3
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3. Creating climate change weather files from ‘present-day’ weather data

3.1. Decimal and digit grouping symbols in Microsoft® Windows

The standard decimal symbol needs to be set to dots (.) and the digit grouping symbol 
to commas (,). To change these settings, open the Microsoft® Windows ‘Control Panel’. 
Click ‘Regional and Language Options’ and in the following window ‘Customize...’. 
Change the decimal symbol and the digit grouping symbol if required. (To avoid issues 
with other software you should change them back after finishing using this tool.)

3.2. Permitting macros and setting the auto-recover time in Microsoft® Excel

Macros need to be permitted for CCWorldWeatherGen to work. In Microsoft® Excel 
2003 this needs to be done prior to opening CCWorldWeatherGen. Please select 
‘Macro’ from the ‘Tools’ menu. Select ‘Security…’ and choose ‘Low’ from the ‘Security 
Level’ tab inside the message box. (You may wish to change the security level back after 
you have finished using the CCWorldWeatherGen tool in order to prevent potentially 
unsafe macros from being executed on your system.) Now open CCWorldWeatherGen. 
If you are using Microsoft® Excel 2007 please open CCWorldWeatherGen and select 
‘Options...’ at the end of the ‘Security Warning’ message in the task bar. Inside the 
following message box select ‘Enable this content’ and click ‘OK’.

The auto-recover time needs to be set to at least 20 minutes. In Microsoft® Excel  
2003 select ‘Options’ from the ‘Tools’ menu. Then select the ‘Save’ tab and 
change ‘Save AutoRecover info’ to 20 minutes. In Microsoft® Excel  2007 click the 
‘Office Button’ and then ‘Excel Options’. Select the ‘Save’ tab and change ‘Save 
AutoRecover info’ to 20 minutes.

3.3. Getting started

After closing the entry splash-screen your screen should look as shown below. Make 
sure that the HadCM3 data file path (A) corresponds to the download location of the 
HadCM3 data. (The default path is ‘C:\CCWorldWeatherGen\HadCM3data’.)

QUICK GUIDE:

(A)
Check whether the HadCM3 data 
path is correct

IMPORTANT - PLEASE NOTE:

CCWorldWeatherGen will not 
work if steps 3.1 and 3.2 have not 
been addressed appropriately.

Climate change world weather file generator 4
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QUICK GUIDE:

(B)
Click ‘Select EPW File for 
Morphing’ to load a weather file

(C)
Click ‘Open’ to load the selected 
weather file

(D)
Basic weather file information is 
returned to the  ‘EPW weather file 
selection’ box

(E)
The closest four HadCM3 grid 
coordinates are returned to the 
‘HadCM3 scenario timeframe 
selection’ box

(F)
Optional: Click the ‘EPW ’ work-
sheet tab to view the loaded 
weather data

3.4. Selecting an EPW weather file

Click the button ‘Select EPW File for Morphing’ in the ‘EPW weather file selection’ 
box (B). The standard ‘Open’ window appears. Select a weather file from your hard 
drive and click the ‘Open’ button (C). Loading the file may take a few seconds as 
some calculations are conducted while loading.

Basic information on the loaded file such as weather station name and location details 
(latitude, longitude, elevation) are displayed in the ‘EPW weather file selection’ box 
(D). The coordinates of the four HadCM3 grid points closest to the chosen weather 
station are displayed in the ‘HadCM3 scenario timeframe selection’ box (E). The 
loaded weather file data can be viewed by clicking the ‘EPW’ worksheet tab (F).

Climate change world weather file generator 5

(D)

(E)

(C)

(B)

(F)



Appendix I 195

3.5. Selecting a HadCM3 A2 scenario ensemble timeframe

Select the HadCM3 A2 scenario ensemble timeframe you want to use in the 
‘HadCM3 scenario timeframe selection’ box  (G). Click ‘Load Scenario’ (H). The 
CCWorldWeatherGen tool then loads the results of the HadCM3 A2a, A2b and A2c 
experiments for the four grid points closest to the chosen weather station (E). The 
results can be viewed by selecting the ‘HadCM3’ worksheet tab (I). The averaged 
results of the four grid points are then averaged for the three experiments and 
returned to the ‘Summary’ box above the ‘HadCM3 scenario timeframe selection’ 
box (J). The example below shows the return values for London Gatwick under the 
A2 emissions scenario in the 2050’s.

PLEASE NOTE:

Loading the HadCM3 data may 
take up to 15 minutes.

3.6. Morphing an EPW weather file

Before you are able to create a climate change EPW or TMY2 file, the original EPW 
weather file needs to be ‘morphed’ using the loaded HadCM3 A2 scenario data. 
In order to start this procedure click the button ‘Start Morphing Procedure’ in the 
‘EPW weather file morphing’ box (K). The morphing calculations may take several 
minutes.

Basic information on the morphed weather file such as weather station name 
and chosen climate change scenario timeframe is displayed in the ‘EPW weather 
file morphing’ box (L). The morphed weather data can be viewed by clicking the 
‘Morphed Weather’ worksheet tab (M).

3.7. Generating a climate change EPW or TMY2 weather file

Please click ‘Generate Climate Change EPW Weather File’ or ‘Generate Climate 
Change TMY2 Weather File’ in the ‘EPW / TMY2 weather file generation’ box (N). The 
weather file generation may take few seconds. On completion you will be prompted 
whether you want to save the weather file. It is recommended to save the file as 
suggested and to accept the proposed filename. Your EPW or TMY2 file is now 
ready for use with standard building performance simulation software packages.

QUICK GUIDE:

(G)
Select HadCM3 A2 scenario 
ensemble timeframe

(H)
Click ‘Load Scenario’ to load 
scenario data

(I)
Averaged monthly HadCM3 A2 
climate change predictions are 
returned to the ‘Summary’ box

(J)
Optional: Click the ‘HadCM3’ 
worksheet tab to view the loaded 
climate change data

TIP - PLEASE NOTE:

The Department of Architecture 
and Urban Design at the 
University of California, Los 
Angeles provides a free tool that 
can be used to graphically display 
EPW weather file information. This 
tool termed Climate Consultant 4 
can be downloaded from: http://
www2.aud.ucla.edu/energy-
design-tools/

Climate change world weather file generator 6

(G)

(I)

(H)

(J)



Appendix I 196

3.8. Generating a ‘present-day’ TMY2 file

In addition to climate change calculations the CCWorldWeatherGen tool also allows 
you to transform ‘present-day’ EPW weather files into ‘present-day’ TMY2 files. 
Click ‘Generate Present-Day TMY2 Weather File from EPW Data’ in the ‘EPW / 
TMY2 weather file generation’ box in order to produce such a file (O).

4. Underlying methodology of the CCWorldWeatherGen tool 

The core calculation methodology used for this tool is based on work published by 
CIBSE (3) as well as previous work by the authors of this tool (4). Some basic information 
on key literature used for creating the CCWorldWeatherGen tool can be found in the 
acknowledgements and references sections at the end of this document. 

The intention of this manual is to describe the functionality of the CCWorldWeatherGen 
tool. However, a journal paper detailing the underlying methodology of this weather 
file generation tool is in preparation. CCWorldWeatherGen users are requested to 
familiarise themselves with the IPCC assessment reports to appreciate limitations 
and handle uncertainties of the climate change weather data generated with this tool. 
Further information on the assessment reports can be found on the IPCC’s website 
(http://www.ipcc.ch)

Please contact the authors if you require more information or check the publications 
section on the website of the Sustainable Energy Research Group at the University 
of Southampton (http://www.energy.soton.ac.uk). 

5. Troubleshooting

(a) I cannot click any button or field in the ‘Convert File’ worksheet!
Macros are not permitted. Please follow the descriptions in section 3.2 to 
permit macros. If you are using  Microsoft® Excel 2003 you need to close the 
CCWorldWeatherGen tool and reopen it after permitting macros.

QUICK GUIDE:

(K)
Click ‘Start Morphing Procedure’ 
to start morphing

(L)
Basic information about the 
morphed weather file is returned to 
the  ‘EPW weather file morphing’ 
box

(M)
Optional: Click the ‘Morphed 
Weather’ worksheet tab to view 
the morphed weather data

(N)
Click ‘Generate Climate Change 
EPW Weather File’ or ‘Generate 
Climate Change TMY2 Weather 
File’ to create an EPW or TMY2 
file ready for use in simulation 
programs

(O)
Click ‘Generate Present-Day 
TMY2 Weather File from EPW 
data’ to transform a ‘present-day’ 
EPW file into a TMY2 format file

IMPORTANT - PLEASE NOTE: 

The baseline timeframe to 
which the relative changes of 
the HadCM3 climate change 
experiments compare is the 
time period from 1961 to 1990 
(2). Some EPW weather files 
may represent later timeframes. 
This means that climate change 
weather files generated with 
such data will OVERESTIMATE 
climate change impacts since the 
changes of the HadCM3 scenarios 
relative to the 1970’s are used on 
weather data from a later period. 
Users of this tool should be aware 
of this fact when using it.

Climate change world weather file generator 7
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(b) I receive an error message whilst loading the HadCM3 weather data!
This can have several reasons. Close the error message and check the following:
(b1) Check whether the system standard decimal symbol is set to dots (.) and the digit 
grouping symbol to commas (,) as described in section 3.1.
(b2) Check whether you have downloaded all the required HadCM3 data and whether 
the data path indicated at the top of the ‘Convert File’ worksheet is correct. To download 
any missing HadCM3 data files, follow the instructions in section 2.2.
(b3) Check whether you have renamed the mean temperature files of the A2a 
experiment as detailed in section 2.2.

(c) Microsoft® Excel appears to ‘hang’ while loading the HadCM3 data!
Check whether the auto-recover time in Microsoft® Excel has been increased to 20 
minutes. To change the auto-recover time, follow the instructions in section 3.2.

(d) I clicked ‘Cancel’ after generating my EPW / TMY2 file. How can I save the 
file now?
The file cannot be saved directly from the main workbook. Please regenerate the 
EPW or TMY2 file by clicking the appropriate button a second time and save the 
file when prompted.

6. Copyright and licensing notes

The original weather files used for generating climate change adapted weather data 
may be copyrighted material. Therefore, generated weather files can only be used by 
persons or entities who possess the corresponding licensed weather files. The user 
of this tool takes the sole responsibility of complying with the terms and conditions 
of the original weather data as well as the climate change scenario data  used within 
this tool. Files generated with this tool may not be distributed to a third party.

7. Disclaimer of warranties

The entire risk as to the quality, accuracy and performance of the climate change 
weather data calculated with this tool is with you. In no event will the authors of 
the weather file generation tool be liable to you for any damages, including without 
limitation any lost profits, lost savings, or other incidental or consequential damages 
arising out of the use or inability to use this tool and/or its generated data.
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Please note that the CD has been attached to the book cover.
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Appendix K 
Detailed equations for calculating diffuse horizontal radiation from  

global horizontal radiation 

For generating a usable simulation weather file from measured weather data it was necessary 

to calculate the diffuse horizontal radiation from the measured global horizontal radiation as 

no measured data was available. This was undertaken by using equations A2.9 and A2.10 of 

Appendix A2 of CIBSE Guide J [111]. In a first step these equations require calculation of 

the hourly clearness index which is derived from the hourly global horizontal radiation and 

extraterrestrial horizontal radiation as follows: 

 

(1) 
exhor

glhor
h I

I
KT =               (source: [111]) 

 
Where: 
 

hKT  = Hourly clearness index (dimensionless). 

glhorI  = Measured global horizontal radiation (Wh/m²). 

exhorI  = Extraterrestrial horizontal radiation (Wh/m²), determined according to 
the method detailed in Appendix B. 

 
For KTh > 0.2 the diffuse horizontal radiation can then be determined by: 
 
(2) ( ) glhorhhdifhor IKTaKTaKTaaI ⋅⋅+⋅+⋅+= 3

3
2

2010           (source: [111]) 
 
Where: 
 

difhorI  = Diffuse horizontal radiation (Wh/m²). 

3210 ,,, aaaa  = Site dependent, seasonally adjusted polynomial coefficients given in 
Table A2.2 of CIBSE Guide J. For this study Easthampstead, i.e. 
Bracknell (51.38°N, 0.78°W) has been selected as this is the weather 
station closest to Southampton (50.54°N, 1.25°W). 

 
For all other KTh the following equation applies: 
 
(3)               (source: [111]) glhordifhor II ⋅= 98.0
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