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Foreword

Recent evidence has shown that overheating risk needs to be taken seriously in the
residential sector. Many new or refurbished homes have designs that contribute to
overheating risk by, for example, having high proportions of glazing (resulting in excessive
solar heat gains), inadequate natural ventilation strategies or mechanical ventilation
systems that are not delivering intended air change rates.

Overheating risk is also affecting existing homes, especially in buildings that do not have
adequate methods for dissipating heat gains and are less resilient to climate change.

The health and wellbeing impacts of overheating can be significant for residents, resulting
in stress, anxiety, sleep deprivation and even early deaths in heat waves, especially for
vulnerable occupants. The situation is predicted to get worse. The Committee on Climate
Change has estimated that mortality rates arising from overheating could rise from 2000
per year in 2015 to 7000 per year by the 2050s.

Assessing overheating risk in homes is a complex issue and not adequately assessed by
building regulations. Indeed, it would be wrong to assume that a home that complies with
building regulations that were designed to focus on energy conservation also gives sufficient
assurance of avoidance of overheating. Hence the recommendation that comfort conditions
are separately assessed if it is felt that there could be a risk.

Many factors influence overheating in homes, including the intensity of heat gains,
occupancy patterns, orientation, dwelling layout, shading strategy and ventilation method.
Dynamic thermal modelling can be used to simulate the internal temperature conditions
and will therefore help establish whether threshold conditions of discomfort will be
reached. Given the complexity of the factors influencing overheating it is important that a
standardised methodology is used to assess risk and hence the need for this technical
memorandum. It can be applied to dwellings, care homes and student residences. Early
analysis of overheating risk is recommended so that mitigation strategies can be reviewed
in design proposals.

In summary, the application of this technical memorandum, by standardising the assessment
methodology, should play a key role in limiting overheating risk in new and refurbished
homes.

Ashley Bateson, CEng., CEnv., FCIBSE, MEI
Chair, CIBSE Homes for the Future Group
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Design methodology for the assessment of

overheating risk in homes

1 Introduction

Overheating risk has been a growing concern amongst the
domestic design, construction and provider community for
at least a decade. Domestic overheating has not always been
a problem in the UK but climate change, increased urban-
isation, construction of highrise apartment blocks and
winter energy efficiency measures have all contributed in
the amplification of high internal temperatures. Homes
that overheat cause significant discomfort and stress to the
occupants and can ultimately lead to litigation and costly
mitigation measures for the owners/developers.

Yet overheating is subjective — the point at which ‘hot’
becomes ‘too hot’ will vary from person to person and
depend upon a variety of factors. Whilst this means that not
all occupants will be satisfied all the time and that, in a
heatwave, it may still be very warm in a naturally ventilated
dwelling, there should be a reasonable limit set on how
much warmer a dwelling can be inside than outside. There
should also be a standard that precludes the worst levels of
overheating and enables designers to find cost effective
options to limit overheating risk whilst also delivering all
the other aspects occupants look for in their homes (e.g.
daylight, insulation, view etc). The methodology described
here attempts to define that threshold.

An evidence review, Assessing overheating risk (Zero Carbon
Hub, 2015), concluded that there was no existing guidance
that provided this definition, and made a call for a
methodology such as this to be produced.

As a result of the Zero Carbon Hub’s work on domestic
overheating risk, a group of building physicists and
engineers worked with CIBSE to develop this domestic
overheating risk assessment methodology and test it on live
projects.

The methodology needs to be prescriptive so as to be
consistently applied. It uses dynamic thermal modelling
tools, defined internal gain profiles, and specific weather
files with clearly defined thresholds to provide a clear pass/
fail result. This does entail some resource, but the process
of evaluating overheating risk in this clearly defined way is
much more efficient than each assessment needing to define
its own methodology, as has previously been the case.

The methodology includes clear reporting requirements to
enable all stakeholders to review the outcome and under-
stand its basis and implications for the design. It is vital
that the mitigation options selected as a result of the
assessment are fully incorporated into the design or the
assessment will have no value.

The methodology has been through several rounds of
testing on a variety of real and prototype projects. The

majority of the testing has focused on developments of
apartments, but some houses and extra-care units have also
been evaluated. The results of the testing indicate that the
methodology works well, but the real proof will come in
future years when the units tested are built and occupied.
CIBSE is planning further research to provide monitoring
and feedback, which may lead to future refinements of the
methodology.

1.1 About the methodology

This is a standardised approach to predicting overheating
risk for residential building designs (new-build or major
refurbishment) using dynamic thermal analysis. The
testing of the methodology has focused on flats, as they
tend to represent a higher overheating risk than houses.
However, the methodology should also be applicable to
houses.

The aim is to produce a test that encourages good design
that is comfortable within sensible limits, without being so
stringent that it over-promotes the use of mechanical
cooling. The test needs to be simple to ensure it is used.

This document provides a set of profiles that represent
reasonable usage patterns for a home suitable for evaluating
overheating risk. Where possible the magnitude of gains is
taken from CIBSE guidance. Profiles are developed to test
the building design, not to cover all usage modes.

Of necessity, many assumptions have been made to derive
the profiles. Further work is warranted, but this method-
ology was developed due to the importance of defining a
consistent approach for use in the interim.

This methodology is intended for use by designers in order
to influence building design for the better. It could be used
at the planning stage to assess risk, as well as at later stages
of design.

1.2 Clarifications

This methodology will:

— allow different designs to be compared with a
common approach, based on reasonable
assumptions

— support design decisions that improve comfort
without cooling

— provide consistency across the industry as all
consultants will be using the same methodology for
overheating risk prediction.
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This methodology will not:

— guarantee that people will always be comfortable in
compliant spaces, however they act

—_ take into account unusual use.

The methodology provides a baseline for all domestic
overheating risk assessments. Studies for student accommo-
dation, care homes, prisons or unusual accommodation
uses, and heatwave strategy analysis, can employ this
methodology as a starting point, provided that such studies
state clearly where variations have been made and provide
a justification for these changes.

It should be noted that the weather file will have the largest
impact on the overheating results. We cannot control the
weather or the behaviour of people in their own homes. We
can, however, encourage building forms and facade designs
that support better comfort in hot weather.

1.3 Basis of design comfort criteria

CIBSE TM52: Limits of thermal comfort: avoiding overheating
in European buildings (2013) provides the principles of
thermal comfort and should be the main reference for any
additional detail.

CIBSE Guide A: Environmental design (2015a) includes
advice regarding sleep quality (that may be compromised at
temperatures above 24 °C), and recommends that peak

bedroom temperatures should not exceed an absolute
threshold of 26 °C.

1.4 Implications of applying the

methodology

Balancing the tensions between the energy efficiency
requirements (such as the fabric energy efficiency
requirements (FEEs) in Building Regulations Part L1A for
England (NBS, 2013)), daylighting targets and limiting
overheating risk is often a challenge. The intention of this
document is to provide pragmatic solutions for resolving
these tensions.

Based on the testing undertaken during the development of
this methodology, it is anticipated that there will be certain
housing developments, particularly those in south east
England, with a lightweight construction, large amounts of
glazing and single aspect that may not pass the proposed
test.

External, moveable shading may be promoted by the
methodology for high risk properties. Designers could look
to continental northern FEuropean examples and
publications such as CIBSE TM37: Design for improved solar
shading control (2006) and BRE 364: Solar shading of buildings
(Littlefair, 1999) for how to implement this.

Another key area is achieving sufficient ventilation when
there are constraints such as noisy or polluted environments,
health and safety considerations limiting wide openings,
and security concerns (e.g. ground floor or accessible
windows). Considering window design that will allow
versatile openings or use of acoustically attenuated vents
may provide robust solutions within these constraints.

Importance of installation of assumed parameters

This guidance is based on assumptions about installation.
The results will only be valid if the parameters used match
those of the final building. Design assumptions therefore
need to be followed all the way through procurement to
installation (e.g. performance and quality of pipework
insulation, facade performance, aerodynamic areas of
openable windows, blind/external shading performance
etc).

All assumptions and mitigations must form part of the
construction contract, or the model will need to be re-run
to prove compliance of any changes.

2 The methodology

2.1 Identification of risk

This methodology is based on the use of dynamic thermal
modelling for the treatment and assessment of overheating
risk in residential buildings.

This methodology is proposed for all residences and should
especially be considered for:

— large developments

— developments in urban areas, particularly in
southern England

— blocks of flats

— dwellings with high levels of insulation and air-
tightness

— single aspect flats.

Individual houses and developments with a low risk of
overheating may not require the use of dynamic thermal
modelling.

Professional judgement must be used when taking the
decision to omit dynamic thermal modelling to test
overheating. The risk must be considered in the context of
the project and the decision should be taken jointly with
the client, design team and planners. A list of risk factors
for identifying properties at high risk of overheating is
provided in Energy Planning — Greater London Authority
guidance on preparing energy assessments (GLA, 2016) and in
BRE’s Home Quality Mark (BRE, 2015).

2.2 Methodology overview

The assessment should follow the following steps:

1) A suitable sample of units within a development
should be selected, see section 3.1.

) Zoning: all sample units should be zoned into the
separate rooms including kitchens, living rooms,
bedrooms, bathrooms and halls.

3) Building constructions should be modelled as
proposed, accurately reflecting thermal properties
such as thermal mass, insulation and solar
transmittance for glazing.
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“4) Standard profiles should be applied for occupancy,
lighting and equipment gains, see section 5.

(5) Guidance on the treatment of communal corridors
from section 3.8 should be followed.

(6) Pipework and equipment, e.g. heat interface unit
gains from community heating systems, should
follow the guidance given in section 3.9.

(7 Operable windows should be included in the model
and follow the guidance given in section 3.3.

(8) Any internal or external shading provision should
be included in the model and follow the guidance
included in section 3.7.

C) Additional mechanical ventilation including
mechanical ventilation with heat recovery (MVHR)
or extract systems should be included in the model
and follow the guidance given in section 3.5

(10)  Air speed assumptions should be based on the

guidance given in section 3.6.

(11)  The weather file used for the methodology should
be the DSY1 (design summer year) file most
appropriate for the site location for the 2020s, high
emissions, 50% percentile scenario; the guidance

given in section 3.2 should be followed.

(12)  The assessment should be undertaken using hourly
dynamic simulation modelling, which includes all

the relevant features of the building.

2.3 Suggested reporting

requirements

The methodology recommends a full written report that
documents the following details for the assessment:

— dynamic thermal analysis software name and
version used for the assessment, which must comply
with the requirements of CIBSE AMI11: Building
performance modelling (2015b)

— site location and orientation

— images of the model indicating the sample units
selected and the basis for selection

— images showing the internal layouts for the sample
units

— information on the construction type with layers of
construction (used to determine U-values and
g-values) for all external and internal building
elements, plus any additional shading features
(including any blinds, and demonstrating that the
blinds do not clash with opening windows if blinds
are used to contribute to a pass)

— thermal mass, with a written explanation of where
the thermal mass is incorporated in the construction

— the ventilation strategy modelled, including details
of window opening assumptions, free areas
calculated, infiltration rates assumed and any
mechanical supply/extract flow rates

— the weather file(s) used for the assessment

— the thermal comfort category assumed based on
CIBSE TMS52 (2013); this should be Cat. II by
default, but Cat. I for vulnerable residents (see

section 4.4); Cat. III for existing buildings should
not be used for the purposes of this methodology

— the results of the analysis:

. reports should be clearly reported based on
criteria (@) and (b) in section 4.2

. a unit is only shown to comply if all
occupied spaces meet relevant overheating
criteria

. corridors should be included where there is

communal heating pipework

. the report may include the results for
several iterations explored, to demonstrate
the route to compliance

. if blinds were part of the strategy used to
gain a pass, then results without blinds
must also be included for information

— the report should state clearly whether the project
passes or fails the assessment and, where a pass is
indicated, it should make clear on what design
features this depends (e.g. the inclusion of glazing
with g-value below x, reduced window sizes, etc).

The assessor must discuss with the client any need to assess
overheating risk under heatwave or future climate change
conditions using more extreme DSYs (i.e. DSY2 or DSY3)
or future weather years. The same overheating tests
described herein can be used.

3 Guidance

3.1 Sample size

The assessment should try to identify all the dwellings that
are at risk of overheating. These are likely to be those (@)
with large glazing areas, (b) on the topmost floor, (c) having
less shading, (d) having large, sun-facing windows, (e)
having a single aspect, or (¢) having limited opening
windows.

The report should justify the sample of units chosen for the
assessment and explain why this is appropriate. The
number analysed will depend on the scale of the
development, its geographical location and the results of
the modelling as they emerge. In addition, lower risk
dwellings can be included for illustration of performance to
this.

At least one corridor should be included in the assessment
if the corridors contain community heating distribution
pipework.

3.2 Weather files

Developments should refer to the latest CIBSE design
summer year (DSY) weather files and be required to pass
using the DSY1 file most appropriate to the site location,
for the 2020s, high emissions, 50% percentile scenario.

Other files including the more extreme DSY2 and DSY3
files, as well as future files (i.e. 2050s or 2080s), should be
used to further test designs of particular concern, as
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described below, but a pass is not mandatory for the
purposes of the simpler test presented in this document.

Design summer years (DSYs) should always be used for
analysis of overheating, and it is good practice to take into
account future weather files (see CIBSE TM48: Use of
climate change data in building simulation: the CIBSE Future
Weather Years (2009), TM49: Design Summer Years for London
(2014a) and CIBSE’s Probabilistic Climate Profiles (ProCliPs)
(2014b) for further advice).

However, a minimum requirement for passing the test is
proposed here by using a single DSY (DSY1), with the use
of additional weather files recommended to explore
performance where there is particular concern (e.g. the
presence of vulnerable occupants) and/or where required in
the client’s brief or for demonstrating mitigation options
under more extreme events (e.g. heatwaves). The analysis
based on additional weather files can be used to develop a
heatwave plan.

3.3 Window and door openings
Windows in each room should be controlled separately and
modelled as open when both the internal dry bulb
temperature exceeds 22 °C and the room is occupied. If
additional security and rain protection details are included
in the design then the opening hours during the night
could be extended. For example, patio doors should only be
modelled as open in unoccupied rooms or at night if they
can be locked securely open, and the locked percentage of
free area used in the model.

Open areas should be based on the architecturally designed
windows including any restrictors that are required. The
guidance in CIBSE Guide A (2015a) and CIBSE AMI0:
Natural ventilation in non-domestic buildings (2005) should be
followed for calculation of free areas.

Opening areas assumed should take into account any
security, acoustic or air quality issues that limit opening
area (e.g. on ground floors).

If blinds are to be included in the modelling, they must not
interfere with the opening of windows, or the reduction in
free area when they are operating should be taken into
account in the model.

Internal doors can be included and left open in the model
in the daytime, but should be assumed to be closed when
the occupants are sleeping.

The compliance report should explain the basis of all
assumptions.

34 Exposure type

Models should be set up with the appropriate exposure type
for the site location and facade orientation, based on the
software definitions, and justified in the compliance report.

Infiltration and mechanical
ventilation

3.5

The infiltration and the mechanical ventilation rate should
be set for every zone based on what is specifically designed

for normal, acoustically compliant modes of operation.
Refer to CIBSE Guide A (2015a) for more detail on infil-
tration rates and noise design limits.

Mechanical boost mode (included for occasional use with
louder fan noise) should not be assumed in the overheating
risk analysis.

3.6 Air speed assumptions

Operative temperature calculations (used within CIBSE
TM52 (2013)) require assumptions on air speed. The
modelled air speed in a space must be set at 0.1 m/s where
the software provides this option unless there is a ceiling
fan or other means of reliably generating air movement.

Where fixed ceiling fans are installed as part of the new-
build or refurbishment the assumed elevated air speed
assumptions must be reported. Typically this should not
exceed 0.8 m/s.

3.7 Blinds and shading devices
Blinds and shading devices can be used for the analysis
only if specifically included in the design, provided in the
base build and explained within associated home user
guidance.

Blinds cannot be used properly if they clash with the
opening of windows. If blinds are used to pass the
overheating test, the report must either demonstrate that
there are no clashes with the opening of windows, or the
reduction in air flow due to the clashes must also be
calculated and included in the model. These calculations
must be explained in the compliance report.

The assumed solar transmittance/reflectance properties
and usage profiles for blinds will need to be justified and
well described in the compliance report.

Where blinds are used to enable a pass, the analysis results
without blinds must also be provided for reference.

3.8 Pipework, HIU and heat

maintenance tape heat loss

Heat losses from pipework, heat interface units (HIUs) and
heat maintenance tape should be included for community
heating systems, and/or where heat maintenance tape is
used.

When space and water heating is provided by a community
heating system, the HIU and the pipework connecting it to
the central system is permanently charged with hot water
all year around to meet the hot water demand. The
distribution pipework for the community heating system
often runs through the corridors and common spaces. Since
this pipework is constantly emitting heat, even if well-
insulated, it can cause an increase in temperature in these
spaces.

The assessment should take into account heating pipework
distribution gains on the communal side of the HIU
(calculated in accordance with guidance in CIBSE Guide
C: Reference data (2007)), as well as losses from the HIU
itself. The modelling should reflect the design of the
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specific project/property being assessed. However, a default
value for pipework (per metre of pipe run) has been
provided in case these values are not available at time of
analysis; these are based on the simplified method provided
by the Domestic Building Services Compliance Guide (HMG,
2013).

Table 1 Default heat losses from pipework
(HMG,; 2013; Table 5)

Outside diameter =~ Maximum heat loss per

of pipe (mm) metre run of pipe (W/m)
8 7.06

10 7.23

12 7.35

15 7.89

22 9.12

28 10.07

35 11.08

42 12.19

54 14.12

Within the home itself, standing gains should be based on
primary side (domestic hot water) pipework length up to
the HIU in accordance with guidance in CIBSE Guide C
(2007). Standing gains from the HIU should be based on
manufacturers’ recommendations.

Heat maintenance tape to reduce hot water wait times on
the secondary side domestic hot water pipework within the
apartment, if included, shall be modelled as 8 W/m of pipe,
or as calculated according to design.

3.9 Communal corridors

The inclusion of corridors in the overheating analysis is
mandatory where community heating pipework runs
through them. The overheating test for corridors should be
based on the number of annual hours for which an operative
temperature of 28 °C is exceeded.

Communal corridor heat gains should be modelled based
on calculated losses from pipework (see CIBSE Guide C
(2007) and/or the Domestic Heating Design Guide (DBSP,
2015)), or based on the simplified method provided in Table
5 of the Domestic Building Services Compliance Guide (HMG,
2013). Calculated values based on the design temperatures
and specified insulation performance may be lower and can
be used if justified.

Corridor ventilation should be included in the analysis as
designed.

Whilst there is no mandatory target to meet, if an operative
temperature of 28 °C is exceeded for more than 3% of the
total annual hours, then this should be identified as a
significant risk within the report.

4 Compliance criteria

4.1 Definitions

Homes that are predominantly naturally ventilated,
including homes that have mechanical ventilation with
heat recovery (MVHR), with good opportunities for natural
ventilation in the summer should assess overheating using
the adaptive method based on CIBSE TM52 (2013), as
described in section 4.2 below.

In order to allow the occupants to ‘adapt’, each habitable
room needs operable windows with a minimum free area
that satisfies the purge ventilation criteria set in Part F of
the Building Regulations for England (NBS, 2010), and
equivalent regulations in other countries, i.e. the window
opening area should be at least 1/20th of the floor area of the
room (different conditions exist for windows with restricted
openings, and the same requirement applies for external
doors). Control of overheating may require accessible,
secure, quiet ventilation with a significant openable area.

Homes that are predominantly mechanically ventilated
because they have either no opportunity or extremely
limited opportunities for opening windows (e.g. due to
noise levels or air quality) should be assessed for overheating
using the fixed temperature method based on CIBSE Guide
A (2015a), as described in section 4.3 below.

4.2 Criteria for homes

predominantly naturally
ventilated

Compliance is based on passing both of the following two
criteria:

(a) For living rooms, kitchens and bedrooms: the number
of hours during which AT is greater than or equal
to one degree (K) during the period May to
September inclusive shall not be more than 3 per
cent of occupied hours. (CIBSE TM52 Criterion 1:
Hours of exceedance).

) For bedrooms only: to guarantee comfort during the
sleeping hours the operative temperature in the
bedroom from 10 pm to 7 am shall not exceed 26 °C
for more than 1% of annual hours. (Note: 1% of the
annual hours between 22:00 and 07:00 for bedrooms
is 32 hours, so 33 or more hours above 26 °C will be
recorded as a fail).

Criteria 2 and 3 of CIBSE TM52 may fail to be met, but
both (a) and (b) above must be passed for all relevant rooms.

4.3 Criteria for homes

predominantly mechanically
ventilated

For homes with restricted window openings, the CIBSE
fixed temperature test must be followed, i.e. all occupied
rooms should not exceed an operative temperature of 26 °C
for more than 3% of the annual occupied annual hours
(CIBSE Guide A (2015a)).
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4.4 Adjustments for homes with

vulnerable occupants

Care homes and accommodation for vulnerable occupants,
which are predominantly naturally ventilated (see
definition above), should use criteria (@) and (b) from
section 4.2 above but should assume Type I occupancy (see
CIBSE TMS52 (2013) for description).

If they are predominantly mechanically ventilated (see
definition above), the fixed temperature method should be
used, see section 4.3.

Where there is particular concern of high risk of overheating
in accommodation for vulnerable occupants, a heatwave
strategy should also be developed using additional weather
files (see section 3.2) to explore performance and for
demonstrating mitigation options under extreme events
(e.g. heatwaves).

4.5 Corridors: assessment criteria
The overheating test for corridors should be based on the
number of annual hours for which an operative temperature
of 28 °C is exceeded. Whilst there is no mandatory target, if
an operative temperature of 28 °C is exceeded for more than
3% of total annual hours, this should be flagged as a
significant risk within the report.

5 Internal gains profiles

The following occupancy and equipment gains and profiles
have been developed for the purposes of this methodology.
They represent a robust test that ensures the key aspects of
overheating are captured, namely the hours when risk is
highest (i.e. the middle of the day and early afternoon) and
night-time hours when, if rooms do not cool down, sleep
can be disrupted.

Whilst all homes will be occupied differently, this test is
intended to ensure that the units tested will perform
reasonably throughout the day and night.

Itis important that these profiles are used for all assessments
following this methodology.

5.1 Occupancy and equipment
See Table 2.

Based on CIBSE Guide A (2015a), a maximum sensible
heat gain of 75 W/person and a maximum latent heat gain
of 55 W/person are assumed in living spaces. An allowance
for 30% reduced gain during sleeping is based on Addendum
gto ANSI/ASHRAE Standard 55-2010: Thermal environmental
conditions for human occupancy (ASHRAE, 2013), Table 5.2.1.2
‘Metabolic rates for typical tasks’.

5.2 Lighting

For the purposes of the assessment, lighting energy is
assumed to be proportional to floor area, and lighting loads
are measured in W/m2. From 6 pm to 11 pm, 2 W/m? should

be assumed as the default for an efficient new-build home.
This assumes that good daylight levels are available (also
noting that only May to September is assessed within
CIBSE TM52).

For existing buildings, or specialist lighting designs, a
calculated higher value should be used.

For communal corridors, use 2 W/m?2; this may be assumed
as zero if passive infrared (PIR) sensors are present.

5.3 Gain profile tables and charts
Figure 1 (page 8) describes the same data listed in Table 2 in
section 5.1 above.

It is assumed that apartments with the same number of
occupants and bedrooms are usually provided with the
same appliances, therefore the heat loads given by them
should be assumed to be independent of floor area for the
purpose of overheating risk assessment. Therefore, the
equipment loads are defined in watts (not W/m?2).

Figures 2 to 7 (pages 8 and 9) show the occupancy and
equipment profile data for each room type. The factors
included in the table shown as Figure 1 need to be
multiplied by the peak gain for each room to provide the
total gains for each hour.

Notes:

1) Larger or unusual apartments should follow the
same principles — assessors should explain the
basis of any alternative profile developed for other
room types in the compliance report.

) Single bedrooms are those that cannot accommodate
a double bed.

3) Bathrooms and halls do not have to pass the criteria,

but should be included in the assessment.

6 Supplementary
information on profile
development

The occupancy and equipment gain profiles listed in
section 5 are strongly recommended for the purposes of this
methodology. They include the following characteristics:

— Bedrooms are set with a 24-hour occupancy profile,
which means that one person is always considered
in each bedroom during the daytime, and two
people in each double bedroom at night.

— For the 2-bedroom flat, one person is considered
during the daytime in both the bedrooms in order
to assess robustly. This means that one excess
person (a visitor) to the assumed total number of
occupants will be considered in the flat during the
daily hours.

— Kitchens/living rooms are unoccupied during the
sleeping hours and occupied during the rest of the
day. This is the worst-case scenario since the room
will be modelled as occupied only during the hottest
hours of the day.
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Table 2 Occupancy and equipment gain descriptions

Unit/ room type

Occupancy

Equipment load

Studio

2 people at 70% gains from 11 pm to 8 am

2 people at 100% gains from 8 am to 11 pm

Peak load of 450 W from 6 pm to 8 pm*.

200 W from 8 pm to 10 pm

110 W from 9 am to 6 pm and 10 pm to 12 pm
Base load of 85 W for the rest of the day

1-bedroom apartment:
living room/kitchen

1 person from 9 am to 10 pm; room is unoccupied for the
rest of the day

Peak load of 450 W from 6 pm to 8 pm

200 W from 8 pm to 10 pm

110 W from 9 am to 6 pm and from 10 pm to 12 pm
Base load of 85 W for the rest of the day

1-bedroom apartment:
living room

1 person at 75% gains from 9 am to 10 pm; room is
unoccupied for the rest of the day

Peak load of 150 W from 6 pm to 10 pm
60 W from 9 am to 6 pm and from 10 pm to 12 pm
Base load of 35 W for the rest of the day

1-bedroom apartment:
kitchen

1 person at 25% gains from 9 am to 10 pm; room is
unoccupied for the rest of the day

Peak load of 300 W from 6 pm to 8 pm
Base load of 50 W for the rest of the day

2-bedroom apartment:
living room/kitchen

2 people from 9 am to 10 pm; room is unoccupied for the
rest of the day

Peak load of 450 W from 6 pm to 8 pm

200 W from 8 pm to 10 pm

110 W from 9 am to 6 pm and from 10 pm to 12 pm
Base load of 85 W for the rest of the day

2-bedroom apartment:
living room

2 people at 75% gains from 9 am to 10 pm; room is
unoccupied for the rest of the day

Peak load of 150 W from 6 pm to 10 pm
60 W from 9 am to 6 pm and from 10 pm to 12 pm
Base load of 35 W for the rest of the day

2-bedroom apartment:
kitchen

2 people at 25% gains from 9 am to 10 pm; room is
unoccupied for the rest of the day

Peak load of 300 W from 6 pm to 8 pm
Base load of 50 W for the rest of the day

3-bedroom apartment:
living room/kitchen

3 people from 9 am to 10 pm; room is unoccupied for the
rest of the day

Peak load of 450 W from 6 pm to 8 pm

200W from 8 pm to 10 pm

110 W from 9 am to 6 pm and from 10 pm to 12 pm
Base load of 85 W for the rest of the day

3-bedroom apartment:
living room

3 people at 75% gains from 9 am to 10 pm; room is
unoccupied for the rest of the day

Peak load of 150 W from 6 pm to 10 pm
60 W from 9 am to 6 pm and from 10 pm to 12 pm
Base load of 35 W for the rest of the day

3-bedroom apartment:
kitchen

3 people at 25% gains from 9 am to 10 pm; room is
unoccupied for the rest of the day

Peak load of 300 W from 6 pm to 8 pm
base load of 50 W for the rest of the day

Double bedroom

2 people at 70% gains from 11 pm to 8 am

2 people at full gains from 8 am to 9 am and from 10 pm
to 11 pm

1 person at full gains in the bedroom from 9 am to 10 pm

Peak load of 80 W from 8 am to 11 pm
Base load of 10 W during the sleeping hours

Single bedroom (too
small to accommodate
double bed)

1 person at 70% gains from 11 pm to 8 am

1 person at full gains from 8 am to 11 pm

Peak load of 80 W from 8 am to 11 pm
Base load of 10 W during sleeping hours

Communal corridors

Assumed to be zero

Pipework heat loss only; see section 3.1 above

* All times in GMT

— No differences between weekdays and weekend are ~ —
considered. Moreover, the overall apartment will be
modelled as occupied for 24 hours.

— Occupied hours should be totalled, as described in
CIBSE TMS52, as 3672 hours per year for bedrooms
(24/7 for the May-September dates covered) and
1989 hours per year for living rooms (13 hours per
day for 153 days May—September). This provides a
useful check that profiles have been correctly
applied. See section 4 for compliance criteria.

The reasons for using this occupancy pattern include:

— The purpose of the assessment is to test the ability
of the building design to mitigate overheating risk,
and therefore lengthy occupied periods need to be  —

evaluated.

Having found that the CIBSE TMS52 test is very
sensitive to occupied hours (as only occupied hours
are assessed), spaces with daytime-only occupancy
find it more difficult to comply. Night-time-only
occupancy only assesses the cooler, no solar gains
periods which makes it relatively easy to pass and
does not take into account more critical situations
(e.g. bedroom used during the daytime by children
or people who might use the bedroom as a study/
home office).

It helps to address the most critical health concerns
associated with overheating: vulnerable people (i.e.
elderly people, disabled people and babies) who
tend to be at home most of the day.

Most building modelling (e.g. daylighting analysis,
SAP assessments) assumes (directly or indirectly)



Methodology for the assessment of overheating in homes

This publication is supplied by CIBSE for the sole use of the person making the download. The content remains the copyright property of CIBSE

bp = (72 By ~ - .
28 &3 S . 4 3] vz-€T vZ-€C
E=R> QL& o B €22 c €772
-
2.z ns=s 28 £ ze-1e 5 771z
T g ) RN \ 8 1z-02 < 1z-07
< w =l Q 9 =) .n_l.u b= 0z-6L 2 ] 0z-61
< .5 °cgQ s 22 61-81 Q9 61-81
L w T = v s 8l-/1 2 £ gl-/1
o o~ Fela = oo
= op % nn/.a = % W < w- L1-91 W W. L1791
9.8 o= WG » o 9151 [a 9L-SL
<] w LS Wbm _H_ Sl—pL _H_ Sl-vl
2 S98 383 vioeL vl-€l
=R} 308 =% ezl 5 el 5 g
s > sm ¥ 5.2 a-n 2 E -2 8
% O o N 3) I 9 -l = 8
@ . =As 2 LL-0L 2 L1-01 5
[=] m bD - S - 3 ﬁ
S« 8 o> OH c 016 2 c 016 )
w2 T2 L 68 P g 6-8 2
R<IS =] o= T 8 o O Q — o )
0 a:m 8 3 Mc —~ o o 8-L &0 5 8L 2
8838 292585 §g T -9 @ > -9 S
S 8o ©&% g52o 28 9- 3 o5 9 3
L8 ovugid g4 @ o v = 5o =
8o 8588 <7 3 S S3 s 5
T a8 =S Y= £9 v€ a o9 € &
o0 =S wWoOoSs S »n o _ = ao _ g
483 §eoes - g [3x4 = €7 g
S&E0 s@mTs ¢g¥ - & -1 &
== 1) m Q < _ =] B =
< 5 —_ 0 =] 1-0 3 1-0 b
= =] o= v U = T T
“es 523 58 o 10 o 0 =) o n o " o
&5 s 9L . S N 0 N ~ 3 ~ " N o
IR Z IS Lo — o o o ] — o o o @
v 23 o2 3 g
S S & Joo &0 B
EFD S LA Joyoey ) 101084 i
(zw/m) z 3|jo.d 3unysn
LT'0 LTO LT'0  LT0 LT'O LTO LTO LTO LTO LTO LTO LTO LTO LTO LT'0O LTO LTO LTO LTO (LTO 00€ uawdinba uayouy
70 7’0 70 70 70 70 70 70 70 7’0 0 €0 €0 €TO0 €T0 €C0 €CO0 €TO €TO €TO 0ST swdinba SuiAn
vZ0 ¥C0 v¢o ve¢o0 v¢0 vC0 w0 v¢0 v¢0 ¥C0 ¥C0 60 6T0 6T0 6T0 6T0 6T0 6T0 6T0 6T0 oSy uswdinba uayoy|/suiAn
v¢0  ¥T0 oSt juawdinba oipmis
08 juswdinba wooupaq s|gnog
08 juawdinba wooupaq 3|8uis
S9T 144 Aduedna20 uayoy Wooupag-g €
99T [rad Aduednao0o Buinl| wooupag-¢ €
S9T 44 Aouedna20 uayd1y/SulAll woolpag-g €
0Tt 0ST Aduedna20 uayd1y wooipag-7 4
0TI 0ST Aouedn220 SulAl| wooupag-g z
0TI 0ST Aouednaoo uayd1y/8ulAll wooupag-g z
[ SL Aduednad0 uayoy wooupaq-T T
[ S/ Aduedn220 SulAl| wooupag-T 1
[ S/ Aouednaoo uayd1y/8ulAll wWoolpaq-T T
0oTT 0sT Aouednaoo oipnis z
0Tt 0ST Aouedn22d woolpaq a|qnog z
SS SL Aouednaoo wooupaq aj8uls T
00'vZ 00°€C 00°CC 00'€T 00CT 00TT O000T 006 008 00Z 009 O0OS OO 00°€E 00C 00T
Suipua JnoH
YC-€T €7-TT TT-1T 17-0C 07¢-61 61-8T 8T—LT ([I-9T 91-ST ST-¥T ¥I-€T €1-¢T ¢I-TT T1-0T 0T-60 60-80 80—/0 L0—90 90-SO SO-¥0 ¥0—€0 €0-C0 TO-T0 TO-00  3usie] 3|qisuss s|doad jo
poliad (M) peoj yead uondudsaq  Jaquiny

orgoad ures 189 T 2anSy



Supplementary information on profile development

Factor

Factor

1.00

0.75

0.50

0.25

1.00

0.75

0.50

0.25

[ ] Living room/kitchen

[ Living room/kitchen

[ 1 Living room

[ Living room

occupancy equipment occupancy equipment
1.00
0.75
=
o
i}
g 0.50
[
0.25
0
TATILYNPTeEcILL2E22 5082 R S SN M S S S SR RN
O N M ST O O™~ © | R | | At A A A | O N m nwom~©oo | | L A A A |
hborahiablddaing dozadsdbrddooan
Hour Hour
Figure 4 Heat gain profile: combined living room/kitchen Figure 5 Heat gain profile: living room
[] Kitchen occupancy [1 Kitchen equipment [ ] Studio occupancy [ Studio equipment
1.00
0.75
S
e
k9]
S 0.50
[
0.25
0
o~~m<¥mm,\wTTTT‘TTT$TT‘T“T"‘|"‘|“T‘ ‘—~m<}mu!>v\oBT‘TT‘TTZ‘T‘T‘T‘T’T"T"T"T“T‘
OO~ N M < N N0 O O — AN M 0O O — N M N OM~NOWO O — N M
e e e e e e e e - NN NN e e e e - - NN NN
Hour Hour

Figure 6 Heat gain profile: kitchen

Watts

800

Figure 7 Heat gain profile: studio

700

600

500

400

Peak Ioad 6-7 pm

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00

Figure 8 Average 24-hour profile
for 250 homes (source: DECC, 2013)

Heating

Water heating
Showers
Washing/drying
Cooking
Lighting

Cold appliances
ICT

Audiovisual
Other

Unknown

35919 Jo Auadoud 1ybiAdod ayy sulewal Jusjuo0d ay] ‘peojumop ay) bujew uosiad ayj Jo asn 8|0s 8y} 4o} 35910 Aq palddns si uonesiignd siy |



10

Methodology for the assessment of overheating in homes

References

ASHRAE (2013) Thermal Environmental Conditions for Human Occupancy
ANSI/ASHRAE Addendum g to ANSI/ASHRAE Standard 55-2010
(Atlanta GA: ASHRAE) (available at https://www.ashrae.org/File%20
Library/docLib/StdsAddenda/55_2010_g Final.pdf) (accessed April
2017)

BRE (2015) Home Quality Mark [online] (Garston: Building Research
Establishment) (http://www.homequalitymark.com)

CIBSE (2006) Design for improved solar shading control CIBSE TM37
(London: Chartered Institution of Building Services Engineers)

CIBSE (2005) Natural ventilation in non-domestic buildings CIBSE AM10
(London: Chartered Institution of Building Services Engineers)

CIBSE (2007) Reference data CIBSE Guide C (London: Chartered
Institution of Building Services Engineers)

CIBSE (2009) Use of climate change data in building simulation: CIBSE
Future Weather Years CIBSE TM48 (London: Chartered Institution of
Building Services Engineers)

CIBSE (2013) Limits of thermal comfort: avoiding overheating in European
buildings CIBSE TM52 (London: Chartered Institution of Building
Services Engineers)

CIBSE (2014) Design Summer Years for London CIBSE TM49 (London:
Chartered Institution of Building Services Engineers)

CIBSE (2014) Probabilistic Climate Projections: the effective use of climate
projections in building design (ProCliPs) (London: Chartered Institution of
Building Services Engineers)

CIBSE (2015) Environmental design CIBSE Guide A (London: Chartered
Institution of Building Services Engineers)

CIBSE (2015) Building performance modelling CIBSE AM11 (London:
Chartered Institution of Building Services Engineers)

DBSP (2015) Domestic Heating Design Guide (London: Domestic Building
Services Panel)

DECC (2012a) Household Electricity Survey (London: DECC) (available at
https://www.gov.uk/government/publications/household-electricity-
survey--2) (accessed April 2017)

DECC (2013) Electrical appliances at home: tuning in to energy saving
(London: DECC) (available at https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/275484/electricity_survey 2 tuning_
in_to_energy_saving.pdf) (accessed April 2017)

GLA (2016) Energy Planning: Greater London Authority guidance on preparing
energy assessments (London: Greater London Authority) (available at
https://www.london.gov.uk/sites/default/files/gla_guidance on_preparing
energy_assessments - march 2016.pdf) (accessed April 2017)

HMG (2013) Domestic Building Services Compliance Guide (London: HM
Government) (available at http://webarchive.nationalarchives.gov.uk/
20151113141044/http://www.planningportal.gov.uk/uploads/br/domestic_
building_services_compliance_guide.pdf) (accessed April 2017)

Littlefair PJ (1999) Solar shading of buildings BRE Report 364 (Garston:
Building Research Establishment)

NBS (2010) Ventilation Building Regulations Approved Document F
(Newcastle upon Tyne: NBS/RIBA Enterprises) (available at https://www.
planningportal.co.uk/info/200135/approved_documents/68/part_f -
ventilation) (accessed April 2017)

NBS (2013) Conservation of fuel and power in new dwellings Building
Regulations Approved Document L1A (2013 edition incorporating 2016
amendments — for use in England) (Newcastle upon Tyne: NBS/RIBA
Enterprises) (available at https://www.planningportal.co.uk/info/200135/
approved_documents/74/part_1 - conservation_of fuel and_power)
(accessed April 2017)

UK Power (2017) What is the Average Energy Bill? [online] (https://www.
ukpower.co.uk/home_energy/average-energy-bill) (accessed April 2017)

Zero Carbon Hub (2015) Assessing overheating risk — evidence review
(London: Zero Carbon Hub) (available at http://www.zerocarbonhub.org/
sites/default/files/resources/reports/ZCH-OverheatingEvidenceReview-
Methodologies.pdf) (accessed April 2017)



uoneolgnd siy L

SOWIOY Ul Ysi4 Bui3eayano Jo jJuswssasse ay} 1o} Abojopoyiaw ubisaq

354919 Jo Auadoud 1ybiAdod ayy sulewal Jusjuod ay] ‘peojumop ay) bunjew uosiad ay) Jo asn 9|0s ay) Jo) 35910 Aq palddn

ISBN 978-1-912034-17-8

The Chartered Institution of Building Services Engineers
222 Balham High Road, London SW12 9BS
97781912"034178

+44 (0)20 8675 5211
cibse.org

6GINL



g
-
O
Y
—
)
&
&
>
n
-
9
W
)
O

-
O
e
-
O
—
| -
O
(Wl

This publication is

-

1
=
L

7 | T
- __. B —E.
| o §
1 mwm
g |
- o

L7

Wﬂ

—

=~ -.’3-:', e
CE L ...'."""' L 7,
* TM49




Design Summer Years for London

CIBSE TM49: 2014

The Chartered Institution of Building Services Engineers
222 Balham High Road, London, SW12 9BS



The rights of publication or translation are reserved.

No part of this publication may be reproduced, stored in a retrieval system or
transmitted in any form or by any means without the prior permission of the
Institution.

© May 2014 The Chartered Institution of Building Services Engineers London
Registered charity number 278104
ISBN 978-1-906846-27-5

This document is based on the best knowledge available at the time of publication.
However no responsibility of any kind for any injury, death, loss, damage or delay
however caused resulting from the use of these recommendations can be accepted
by the Chartered Institution of Building Services Engineers, the authors or others
involved in its publication. In adopting these recommendations for use each
adopter by doing so agrees to accept full responsibility for any personal injury,
death, loss, damage or delay arising out of or in connection with their use by or on
behalf of such adopter irrespective of the cause or reason therefore and agrees to
defend, indemnify and hold harmless the Chartered Institution of Building Services
Engineers, the authors and others involved in their publication from any and all
liability arising out of or in connection with such use as aforesaid and irrespective
of any negligence on the part of those indemnified.

Design, layout and typesetting by CIBSE Publications

Cover illustration: view of the Shard building in London; © Chris Dorney, sourced through shutterstock.com

Note from the publisher

This publication is primarily intended to provide guidance to those responsible for
the design, installation, commissioning, operation and maintenance of building
services. It is not intended to be exhaustive or definitive and it will be necessary for
users of the guidance given to exercise their own professional judgement when
deciding whether to abide by or depart from it.

Any commercial products depicted or describer within this publication are included
for the purposes of illustration only and their inclusion does not constitute
endorsement or recommendation by the Institution.

33910 Jo Auadoud 1ybuAdoo sy surewal Jusjuo2 8y ‘peojumop ay) bupjew uosiad ay} Jo asn 8j0s ay) Jo} 359]0D Aq paijddns si uoneolgnd siy |



Foreword

Our climate is changing. In the past decade alone, the South East has experienced the
hottest summer (2006), the hottest peak temperature (2003), the wettest summer (2012), the
coldest December (2010), the driest two winter period (2010-12) and is odds-on for being
the wettest winter in a century (2013-14). We clearly cannot and should not be using the
past as a guide to the future — not if we want to reduce our carbon emissions and ensure
that our buildings are comfortable to live in and affordable to run.

Developing in built-up areas provides a further complication: the “‘urban heat island’ effect
that keeps London warmer in winter can also raise local temperatures in summer. This is
well evidenced by the fact that on a hot summer’s evening, parts of London can be four
degrees Celsius warmer than the surrounding rural areas (and up to 10 degrees Celsius
hotter during a heat wave). Where you build at a local level is therefore as important as
‘how’ and ‘what’ you build.

The Greater London Authority commissioned the research that supports this guidance
because it is vital that we do not create buildings that add to the ‘retrofit hangover’ of
correcting mistakes of the past and require intensive mechanical cooling to remain habitable
in the future. This guide therefore aims to provide a risk-based approach to help developers
and their advisers simultaneously address the challenges of developing in an urban heat
island and managing an uncertain future climate. It provides guidance to help ensure that
new development is better designed for the climate it will experience over its design life
— more comfortable to live and work in, commanding a higher rental and sale value and be
less likely to require expensive additional works.
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Executive summary

Design Summer Years for London

Executive summary

Overview

This TM addresses the question of whether the current
CIBSE Design Summer Year (DSY) for London is the most
appropriate year of weather data to assess the summertime
cooling needs of buildings in London.

Three questions are addressed:

@

2

3

Is the DSY a sufficiently warm year, or should a
warmer year be used?

How will future climate change affect the suitability
of the DSY?

What is the effect of the urban heat island (UHI),
and should weather data be supplied for other parts
of London?

The findings for each of these questions are summarised

below:

¢

The current CIBSE DSYs for sites in the UK are
selected based on a near-extreme value of April-
September average temperature (middle of the
upper quartile). A new metric of summer warmth
has been used here to select warm years, called
‘weighted cooling degree hours’ (WCDH), which is
more closely related to the likelihood of thermal
discomfort. WCDH is defined as the cumulative
squared hourly difference between the outdoor dry
bulb temperature, 7, and the adaptive thermal
comfort temperature, 7., whenever 7" > T. This
metric, therefore, relates to both the frequency and
severity of warm weather and its impact on thermal
comfort.

The CIBSE DSY for London is based on weather
data from London Heathrow Airport (LHR) and
the year used is 1989. In order to determine the
degree of summer warmth in this year compared to
other recent years, temperature data from LHR was
analysed for the period 1950-2006. A return period
analysis was made based on the WCDH metric and
the 28-year ‘baseline’ period 1977-2004. The
current DSY was found to represent a moderately
warm summer with an estimated return period of
nine years over this baseline period; that is to say,
over the baseline period, there would have been
around a 1 in 9 chance of a summer as warm or
warmer than the current DSY occurring in each
year.

The calculated return period for the current DSY
of 9 years is close to the return period normally
assigned to the DSY, based on April-September

(2

average temperature, of 8 years. Hence the current
DSY is concluded to fulfil its purpose of
representing a near-extreme warm summer in
London, based on historical observations. However
a number of points are worth noting:

— There is no general correlation between
WCDH (or other metrics representing
extremes of summer warmth) and the sixth
month average April-September tempera-
ture. The fact that the two metrics lead to
similar return period estimates for London
is coincidental and we do not expect this
result to be a general one applicable to other
locations in the UK.

— Five years have had warmer summers than
1989 over the period 1950-2006. These
years were: 1976, 1990, 1995, 2003 and 2006.
The estimated return periods against WCDH
for these years with reference to the 1977-
2004 baseline period were estimated to be
27 years, 16 years, 19 years, 19 years and 20
years, respectively. Therefore these years
are significantly more extreme than the
current DSY and so, where the impacts of
overheating are important for the operation
of a building, warmer summer conditions
than the current DSY are worthy of
consideration. To accompany this TM, two
additional London DSYs have been
produced for the years 1976 and 2003. The
latter has a two-week extreme heat wave
and the former a more persistently warm
summer

— The above quoted return periods relate to
the historical period 1977-2004. There has
been a significant underlying warming
trend in London’s climate over the last few
decades (discussed within this report) and
projections for climate change in the UK
indicate that a warming trend will continue.
Hence, it is more appropriate to use return
period estimates based on future climate
projections than the historical period.
These estimates are discussed with respect
to question 2, below.

An assessment of how the return periods of the
warm summers may change in the future was made
using the latest climate change projections for the
UK (the UKCP09 projections). This analysis
indicated a substantial increase in the likelihood of
warmer summers in the future. For example, for
the 2020s time period (2011-2040) under 50th
percentile (‘best guess’) projections and ‘medium’
greenhouse gas emissions, the estimated return
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2 Design Summer Years for London
period for the current DSY (1989) was found to — New weather data for two warmer years (1976 and
reduce to 3 years, and the return periods of the 2003) have been provided through this project in
more extreme summers 1976, 1990, 1995, 2003 and addition to the current DSY, with estimated return
2006 reduce to 11 years, 6 years, 7 years, 7 years and periods of 11 and 7 years over the next three decades,
8 years, respectively. This analysis indicates that respectively. Together with the earlier DSY, these
these more extreme years have a likelihood similar years can be used in overheating risk assessments to
to that normally associated with the current DSY examine different levels of risk as indicated by the
over the next three decades — the period over return period estimates above. However, because it
which most buildings built today will be in is impossible to prejudge the impact of warm
operation. Hence it is recommended that the weather conditions on a building in a general sense,
warmer years be used in place of the current DSY as it is recommended that all three years be used,
suitable ‘near extreme’ years to use in design. rather than just one, to investigate the sensitivity of
Further, our analysis based on UKCP09 projections the design to difference weather conditions.
indicated that the more extreme historical summers o . . .
would become average summers by the middle of For bull.dlngs with long service lives or where
the century. Hence, the use of climate change- overheating impacts are more critical, more extreme
adjusted weather years is recommended to evaluate wpathfzr data have been genera‘ged by adjusting 'the
overheating risk on these longer timescales. historical weather years for chlmate change using

the method of ‘morphing’ using a recent set of

3) To enable allowance to be made for the urban heat comprehensive climate change projections for the

island of London weather data for other weather
stations in and around London have been examined
in addition to Heathrow Airport (LHR). Generally,
there is a lack of weather observation stations
measuring air temperatures within the capital with
a particular scarcity of hourly observations. Two
additional weather stations with long records of
hourly weather observations were identified,
however: London Weather Centre (LWC) and
Gatwick Airport (GTW). Through comparison
with weather data from other observation stations,
it was found that LWC and GTW provide repre-
sentative sites for inner urban and rural climate in
the London area,respectively. LHRisrepresentative
of intermediate urban and suburban locations.
Complete DSYs were produced for these sites for
the years 1976, 1989 and 2003.

Recommendations

In summary, the recommendations of this TM are that:

The current DSY is not considered to be sufficiently
extreme to provide a basis for overheating
assessments for most buildings in London and
warmer weather data should be used. Over the next
three decades (the ‘2020s’ period) — the time period
over which most buildings built today will need to
operate — the return period of the current DSY
(1989) was estimated to be only 1 in 3 years.

UK (the UKCPO09 climate change projections) for
three greenhouse emissions scenarios, three future
periods and differing levels of probability. Which of
these possible future climate scenarios is used
should be decided upon by the project team, based
on an agreed attitude to future climate risk.

— There are significant climate variations across
London associated with the urban heat island. To
enable the impact of these differences to be
investigated, weather years have been provided for
three locations: London Weather Centre, Heathrow
Airport and Gatwick Airport. The most represent-
ative weather station site for the project location
should be used. It is recommended that London
Weather Centre data be used for development
within the Greater London Authority Central
Activity Zone (CAZ); London Heathrow airport
data be used for development in urban and suburban
areas outside the CAZ; and Gatwick Airport data
can be used for development in rural and peri-
urban areas around the edge of London.

At present, because of the sparsity of high-quality weather
data for London, it is not possible to provide more detailed
guidance on the issues discussed above, but the new weather
data set discussed and presented in this report provides a
step forward in the ability to investigate the impact of
urban macroclimatic factors and climate change when
carrying out overheating risk assessments for buildings in
London.
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Introduction 3

Design Summer Years for London

1 Introd uction 2) What are the implications of future climate change
for the likelihood of warm summers?

Overheating (unacceptably warm thermal conditions for  (3) How representative is Heathrow airport of the

human comfort) is an important issue for buildings in the
UK, and has become increasingly important in recent
years. In part, this change is due to changes in building
design and usage, e.g. improved insulation standards,
greater use of glass in facades and increased internal heat
gains. The climate data that are used at the design stage to
assess overheating are also important, however, as they will
determine the extent to which passive and active cooling
measures are deemed to be required to avoid overheating.
This TM reviews the current summer design climate data
provided by the CIBSE for the London area.

Greater London is situated in the warmest climatic region
of the UK. It also experiences a strong urban heat island
(UHI) and will be particularly vulnerable to the impacts of
future climate change. The Mayor of London’s climate
change adaptation strategy (GLA, 201la) highlights
overheating as one of three key climate change risks facing
London and points to the importance of finding low-energy
and passive measures to control overheating.

Overheating risk assessment is the procedure used at design
stage to determine if a passive cooling strategy will be
successful or if mechanical cooling is required and, if so, if
lower energy methods will be effective. Currently overheat-
ing risk assessments are carried out using dynamic thermal
simulation models running under the CIBSE Design
Summer Year (DSY) weather data. The DSY is a historical
year, selected on the basis of being the year with the third
warmest April-September period from a set of 20 years.
The current DSY for London is 1989 and the weather data
used is from London Heathrow Airport.

Achieving the objective of delivering buildings that are
appropriately designed for summer weather conditions in
London requires high-quality weather data that is reflective
of the geographical location of the building and of current
and future climate conditions. Concerns have been raised
as to whether the CIBSE DSY for London is adequate to
meet these objectives. In response to these concerns, the
GLA and CIBSE commissioned research to produce a set of
bespoke DSYs that can be used to take a more robust
approach to the assessment of overheating risk in buildings
in London. This TM describes the results of this research
and proposes a new set of DSYs for London. The GLA
intends to encourage the use of these DSYs through the
London Plan (GLA, 2011b).

The research addressed three key questions:

(1 Is the current CIBSE Design Summer Year for
London appropriate for the design of buildings
under current climate, or should warmer weather
data be used?

climate of the city as a whole, and should other
locations be used to reflect the variations in the
urban heat island (UHI) across the city?

In order to provide a basis to measure the degree of summer
warmth in a given year, a new metric of summer warmth
has been developed, termed ‘weighted cooling degree
hours’ (WCDH). The reason for introducing this new metric
for summer warmth is that it more closely reflects the
duration and severity of conditions likely to cause thermal
discomfort than the metric currently used to select DSYs.

It was found that, since 1950, five years have had warmer
summer conditions than the current DSY in terms of
annual WCDH. These years are 1976, 1990, 1995, 2003 and
2006. For each year an assessment has been made of the
level of probability of a summer of similar warmth occurring
for historical and projected future climate under the
UKCPO09 climate change projections (Jenkins et al., 2009).
In addition to 1989, two additional years have been selected
(1976 and 2003) to provide a set of three DSYs. To
distinguish these weather years from the current DSY, they
are termed probabilistic DSYs, abbreviated as ‘pDSY’.

In order to enable greater allowance to be made for the
London UHI, two additional weather sites were identified
and pDSYs also produced for these sites. These additional
locations are: London Weather Centre (Holborn),
representing a central London location, and Gatwick
Airport, representing a rural location. These sites were
selected as they are the only other weather stations in the
London area with long continuous records of hourly
weather observations.

The structure of the TM is as follows:

— Section 1 provides a general introduction.

— Section 2 reviews the current DSY and develops a
theoretical basis for the pDSYs, including the
implications of future climate change.

— Section 3 discusses the UHI and the availability of
hourly weather data from other sites.

2 Probabilistic Design
Summer Years
2.1 The CIBSE Design Summer Year

The Design Summer Year was introduced in 2002 (CIBSE,
2002) in recognition of the need to have a sequence of warm
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weather data for use with dynamic thermal simulation
programs for the assessment of overheating risk in naturally
ventilated and passively cooled (‘free running’) buildings.
The DSY represents a ‘near extreme’ warm summer. CIBSE
also provides another year of weather data, called the Test
Reference Year (TRY), which represents a typical climato-
logical year and is intended to be used for average annual
energy prediction. Currently CIBSE provides DSY and
TRY weather years for 14 locations in the UK (CIBSE,
2006).

The measure of summer warmth used to select the DSY is
the average temperature over the six-month period from
April to September. Although in meteorological terms
summer is normally defined as the three-month period
June, July and August, the longer April-September period
was used as overheating problems are also sometimes
experienced in spring and early autumn.

To select the DSY, a reference climate period is first selected,
typically of around 20 years. The current selection period
for the London DSY is 1983-2004. The April-September
average dry bulb temperature is evaluated for each of the
years which are then ranked according to this metric. The
DSY is selected as the year that falls in the upper-middle
quartile of this distribution (i.e. the 3rd warmest year in a
set of 20 years). Assuming a uniform probability distribution
and climate with no underlying trends (a ‘stationary’
climate) the DSY is, in terms of an annual exceedance
probability, a ‘1 in 8 year. That is to say, on average, in any
one year, there is a 1 in 8 chance that the April-September
period will be as warm or warmer than that in the DSY.
Another way of expressing this likelihood is in terms of a
return period, e.g. the return period would be 8 years in the
above example. Note: this should not be taken, however, to
imply that summers such as this will occur with a regular
spacing of 8 years, even in a statistically averaged sense.
For example, years with warmer summers often cluster
together because of natural cycles in the climate system.

A problem with the DSY definition is that overheating in
free-running buildings is not typically associated with
average conditions over the six-month April to September
period, but with shorter periods of extreme weather, e.g.
heat waves. It is possible that the procedure described
above can lead to the selection of a DSY that is on average
warm, but has no particularly warm spells and therefore no
critical periods for overheating. It is possible that another
year, that has a cooler six-month average period, could have
warmer conditions over a shorter period of time that are
more likely to produce overheating. The DSY, in its present
form, does not then provide a basis for overheating risk
assessment since there is not necessarily a correlation
between the likelihood of the DSY occurring and the
likelihood of overheating occurring in the building.

In this TM, an alternative definition of the DSY is
investigated, which is based on three components:

— a conceptual reference ‘free running’ building
— a metric of summer warmth that is more directly
related to likelihood of thermal discomfort than the

April-September six-month average temperature

— a return period analysis to calculate return periods
for each year against the summer warmth metric.

2.2 Reference conceptual building

In order to develop a definition for the pDSYs, some
assumption needs to be made about how the properties of
the external climate relate to the occurrence of overheating
in a building. This is difficult to do in any general sense, as
different buildings respond in different ways to climate
conditions, depending on their form, fabric, usage patterns
and mechanical services. In order to make progress,
however, we will define a conceptual free running building.
This building is one in which the internal operative
temperature is equal to the outside dry bulb temperature at
all times. This conceptual building corresponds physically
to abuilding in which there is always a very high ventilation
rate, so that heat gains are quickly removed and the internal
temperature is close to the outside temperature.

Many naturally ventilated buildings work most effectively
in this mode to control overheating, resulting in a close
coupling between internal and external temperatures in
summer, e.g. as demonstrated by Coley et al. (2010).
Arguably, this simple model is less appropriate for high
thermal mass night-cooled buildings with longer time
constants for thermal response. However, even in such
buildings when heat gains are high and high ventilation
rates are required the above conceptual model will be
appropriate, e.g. as demonstrated by Huggett (2012)
through computer simulation of a night-cooled office
building in London.

Other conceptual reference buildings might be more
appropriate in other contexts. For example, temperatures
in a high thermal mass building with moderate heat gains
and night cooling might be more closely related to average
night-time temperatures over a period of days. A highly
glazed mechanically ventilated building may have
temperatures more closely related to instantaneous solar
gain. The simple model also does not take into account the
effect of mean radiant (surface) temperatures or air
movement in lowering the operative temperature associated
with thermal comfort. However, it is not possible to produce
any one definition of reference building that covers all
building types and further research is required to identify
alternative definitions. For the purpose of this study, the
conceptual model described above is considered to be the
most widely applicable choice for free-running naturally
ventilated buildings. Furthermore the model is convenient
in its simplicity as external temperatures can be taken as a
proxy for internal temperatures and an initial assessment of
overheating risk can be made on the basis of the weather
data alone.

Having established this definition, it is then possible to
select a metric for the selection of a pDSY that relates to the
likelihood of thermal discomfort being experienced in the
reference building. We consider possible metrics in the
following section.

2.3 Metrics of summer warmth

Saying that a building has ‘overheated’ is generally accepted
to mean that an unacceptable level of thermal discomfort
has occurred in the building, either on a particular day or
over some period of time. Although there is no universally
accepted definition of overheating, CIBSE has issued
guidance on this subject (CIBSE, 2013).
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For the research carried out in this study, a review was
carried out of the different measures to calculate overheating
described in BS EN 15251 (BSI, 2007). Three different
approaches are suggested:

(A) Percentage outside range: this is the number of
occupied hours for which the operative temperature
in the building is above a specified threshold
discomfort temperature.

(B) Degree hours criteria: this is the cumulative number
of occupied hours the operative temperature is
above the threshold discomfort temperature
weighted by the magnitude of the exceedance.

© PPD-weighted criteria: this is similar to the degree
hours criterion, but the weighting used is based on
the percentage of persons dissatisfied (PPD)
according to a thermal comfort model, rather than
the simple magnitude of temperature exceedance.

The current overheating criterion for free-running
buildings in CIBSE guidance falls under Criterion A:
specifically, the amount of time the operative temperature
is above 28 °C* should not exceed 1% of occupied hours
(CIBSE, 2006). A problem with this type of criterion is that
it quantifies the frequency of overheating, but not the
severity. Criterion B quantifies both frequency of occurrence
and severity, but assumes a linear relationship between
temperature exceedance and discomfort, whereas in
practice this relationship is more complex. Criterion C is
more difficult to implement, but is the most closely aligned
to thermal discomfort.

To implement Criterion C a thermal comfort model is
required. BS EN 15251 suggests use of the Fanger thermal
comfort model (CIBSE, 2006) with percentage persons
dissatisfied (PPD) as the basis of the weighting. However,
the standard also indicates that an adaptive thermal comfort
model is the appropriate comfort model to use to assess
comfort in free running buildings, provided sufficient
‘adaptive opportunity’ is available

In the adaptive model given in BS EN 15251 the operative
temperature (CIBSE, 2006) for neutral comfort (neither too
cool or too warm), i.e. the comfort temperature, is related to
the running mean of the outside dry-bulb temperature,
according to the following relationship:

Teont = 0.33 Ty + 18.8 1)

where T.,,¢ is the predicted comfort temperature on a
given day (°C), and T, is the running mean daily average
temperature given by:

Tom=0aTiy g+ (1= &) Tpean-1 2)

where « is a constant (0.8), T;;,_; is the running mean
temperature for the proceeding day (°C) and T'jeqp1 i the
average temperature for the proceeding day (°C).

BS EN 15251 (BSI 2007) does not provide a formula to
calculate PPD for the adaptive thermal comfort model.
However, Nicol et al. (2009) have developed a criterion
C-type overheating metric using adaptive thermal comfort
concepts, which they termed the ‘potential daily discomfort’
(PDD), defined by:

* For bedrooms in dwellings the temperature threshold is 26 °C.

1
PDD = — > F(AT) (3)
all hours
AT>0

where F is the predicted fraction of people uncomfortable
(voting either ‘warm’ or ‘hot’), given by:

F=— 1! @
1 + e(261-0.473AT)

and,

AT = Top — Toont (5)
where AT is the difference between the operative tempera-
ture, T, (°C) (CIBSE, 2006), and the comfort temperature
T eonf (°(E)) predicted by equation 1.

In the research described in this publication, a simpler
form of this metric was used, called ‘weighted cooling
degree hours’ (WCDH), in which the function F is
approximated by a quadratic relationship:

WCDH = Y AT?2 (6)
all hours

AT>0

For smaller values of AT, the quadratic relationship
approximates the form of the function F, but places greater
emphasis on larger values of AT, i.e. more extreme
departures from the comfort temperature (Figure 1).

Nicol et al. (2009) also proposed the concept of the ‘potential
discomfort index’ (PDI), in which the external dry bulb
temperature is used as a proxy for the internal operative
temperature. On the basis of the conceptual naturally
ventilated building defined above, any metric of summer
warmth based on dry bulb temperature could be used as the
basis for a PDI.

WCDH is adopted here as the basis for a PDI on the grounds
thatitis both related to the likelihood of thermal discomfort
and gives particular emphasis to more extreme temperatures,
where more serious effects of heat are likely to occur.

2.00
—F
—— (AT/10)?
1.50
1.00
0.50
0.00
0 2 4 6 8 10 12 14

AT=T,-T,

op conf

Figure 1 Relationship between the departure from the comfort
temperature and (a) the function F in equation 4, giving the proportion
of people uncomfortable in the adaptive thermal comfort model, and
(b) a quadratic relationship
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The following section examines how different metrics of
summer warmth vary between years in the London
Heathrow weather data.

24 Analysis of London Heathrow

temperature data

In order to examine the context of the current DSY in
terms of the summer warmth metrics discussed above, in
this section hourly dry bulb temperatures at London
Heathrow are examined. These data are available from 1949
and here we have considered the period 1950-2006.

The following metrics of summer warmth were investigated:

— April-September average temperature (current
basis for the DSY selection)

— June—August average temperature (meteorological
summer average temperature)

— annual maximum temperature
— hours above 28 °C

— cooling degree hours (CDH), with base temperature
equal to the adaptive comfort temperature, 7',

— weighted cooling degree hours (WCDH) as defined
in equation 6.

Figure 2 shows the trend in each of these metrics for the
time period 1950-2006. There were some warm summers in
the 1950s and 1960s, but there is little evidence of a warming
trend until the late 1970s. The summer of 1976 stands out
as a particularly warm and anomalous summer in
comparison to neighbouring years against all the metrics,
with the exception of peak summer temperature. Since
1976 there has been an appreciable warming trend, albeit
accompanied by a considerable amount of inter-annual
(year-to-year) variability. The linear trends in each metric
for the time periods 1950-2006 and 1977-2006 are given in
Table 1. The latter period represents the 30-year period to
2006 and so may be taken to be more reflective of the
current situation. However, there have been a number of
cooler summers since 2006 and the omission of 1976 also
affects the magnitude of this trend.

The current DSY for London, 1989, is highlighted in
Figure 2. Although 1989 is the third warmest summer in
terms of April to September average temperature over the
period 1983-2004, over the complete period of data shown
in Figure 2, there have been four summers that have been
warmer with respect to all the metrics, notably 1976, 1995,
2003 and 2006. In addition, 1983 was warmer against two
metrics (June—August average temperature and hours above
28 °C) and 1990 was warmer against the metrics relating to

extremes of summer warmth (annual maximum tempera-
ture, hours above 28 °C, CDH and WCDH).

Figure 3 shows the correlation between the April to
September average temperature and the other metrics.
Although all the metrics are correlated to some extent, the
correlation is weaker for the metrics relating to extremes of
summer warmth and particularly for the warmest years.
The relative ranking of the warmest years also differs
between the metrics.

In order to better understand the differences between the
warmest years, time-series showing the daily temperature
range over the April to September period for the six
warmest years are presented in Figure 4. Also shown is the
daily adaptive comfort temperature, 7., which forms the
base temperature for CDH and WCDH. The cumulative
annual values of these metrics come from a number of
‘warm spells’ where temperatures are above 7. Each warm
spell has differing characteristics in terms of duration and
intensity. The warm spell of June—July 1976 was character-
ised by a prolonged period of sustained warmth; 1989 had
one major warm spell in July and then a number of more
minor warm spells; 1990 had one particularly intense short
lived warm spell; 1995 was characterised by a succession of
relatively intense warm spells for a two month period from
late June to late August; 2003 had a particularly intense and
relatively prolonged warm spell in August, which is the
most intense heat wave on record in London (Burt, 2004;
Burt et al., 2004); 2006 had a long double-peaked warm
spell in July, and two additional warm spells earlier in the
year.

The characteristics of the 20 warmest warm spells ranked
by cumulative WCDH are given in Table 2. Half of these
warm spells occurred in the six warm years identified
above, but a number of other years also feature, notably
1975 and 1983, in the top ten ranked warm spells. All of
these warm spells occurred in June, July or August, with
the majority beginning in July.

The variation in the number, timing, intensity and duration
of warm spells between years highlights the difficulty in
using a single year to assess the response of buildings to
warm weather under all circumstances. In the future it may
become possible to carry out multi-year dynamic thermal
simulations to predict the statistics of building thermal
response over a longer period of time. However, at the
present time it is likely designers will continue to use a
single, or small number, of weather years to assess designs.
To facilitate the selection of particular years we look in
more detail in the next section at the question of how to
assign a probability of occurrence to each of the years.

Table 1 Changes per decade at Heathrow Airport in the six metrics of summer warmth; all the trends are significant

(positive) to within at least 98% confidence

Period April-Sept. June-Aug. Annual max. Annual amounts
temp. (Tpean) temp. (Tpean)  temp. (Tpay)
°C) °C) °C) Hours at Cooling Weighted cooling
>28°C degree hours degree hours
(hour) (K-hour) (K2-hour)
1950-2006  0.27 0.32 0.47 10 42 166
1977-2006  0.68 0.73 1.58 28 117 514
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Figure 2 Trends in different metrics of summer warmth from 1950 to 2006; (a) April-September average temperature, (b) June-August average
temperature, (c) annual maximum temperature, (d) hours above 28 °C, (e) cooling degree hours (base temperature = 7) and (f) weighted cooling degree

hours (WCDH).

2.5 Estimate of return periods for
warm summers

It is possible to make a simple assessment of return periods
against the empirical distribution of the warm years, e.g. as
was done earlier to assign the current DSY with a ‘1 in 8
year’ probability of occurrence (section 2.1). However, this
simple approach neglects the fact that the finite nature of
the sample leads to an imperfect description of the

underlying probability distribution.

In order to provide a better estimate, we fitted a particular
class of theoretical probability distribution to the empirical
frequency distributions called the Generalised extreme
value (GEV) distribution (Coles, 2001). The GEV distribution
is typically used as a model of the distribution of extremes
taken from designated ‘blocks’ of data (typically a time
period say of one year). Here we apply this technique to the
WCHD data.

The results of the return period analysis for two periods,
1977-2004 and 1950-2004, are shown in Figures 5 and 6
respectively, and in Table 3. The period 1977-2004 was

35919 Jo Auadoud 1ybuAdoo ay) sulewal JUSIUOD 8y “peojumop ay) Bunjew uosiad ayj Jo asn 8j0s ay) 1o} 35910 Ag palddns si uoneoignd siy |



Design Summer Years for London

20

1976 @

June-August average temperature (°C)

14
125 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0

April-September average temperature (°C)

(a)

40
9
< 35
3
©
i}
Q.
£
2 30
€
3
£
x
©
€
= 25 +* +*
=1
c
C
<
20

12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0

April-September average temperature (°C)

(b)

250
e
S
200 4
1965 2006
b ¥
X 150
[
>
o
e}
©
5 100
[=}
ey
* .
50
.
+ .,
e EA
°
0 4o Ll 338 o

125 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0

April-September average temperature (°C)

()

chosen as this was the period for which data were available
to carry out the climate change assessment reported in
section 2.7. The return periods estimated for the two
periods are similar, but somewhat larger for the longer time
series, as is expected due to the underlying trend.

For the more recent time period, the analysis indicates a
return period for the current DSY of 9 years against the
WCHD metric. This value is similar to the return period of
8 years normally assigned to the current DSY based on
April-September mean temperatures (section 2.1). The
three years 1995, 2003 and 2006, which have similar values
of WCHD, are estimated to have similar return periods, of
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Figure 3 Relationship between April and September average
temperature and (a) June to August average temperature, (b) annual
maximum temperature, (c) hours above 28 °C, (d) cooling degree hours
(base temperature = T,,¢) and (e) weighted cooling degree hours
(WCDH) for the period 1950 to 2006.

between 19 and 20 years. For the other two warm years,
1990 is estimated to have a return period of 16 years and
1976 a return period of 27 years.

Formally, the type of return period analysis presented
above only applies to a ‘stationary time series’, i.e. one that
has no underlying trends. The return periods above should
be interpreted, therefore, as only applying to the particular
period in question, and would only be repeated in the future
should a similar sequence of years occur. This is unlikely,
given the presence of the underlying trend. Because of this,
the return periods are ‘retrospective’.
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Figure 4 Characteristics of the six warmest years at LHR over the period 1950-2006: daily max-min temperature range (solid filled area) and adaptive
comfort temperature 7 (red line); periods where temperatures are above T, are filled in orange and areas where temperatures are below T are filled in

blue; (a) 1976, (b) 1989, () 1990, (d) 1995, () 2003, (£) 2006

One way to remove the influence of the underlying trend is
to ‘de-trend’ the data based on a regression analysis (cf.
Figure 2). However, this simple approach can lead to
unreliable or misleading results and was not felt to be
appropriate for the analysis of the WCDH data. In section
2.7 we will look at how the return periods may be expected
to change in the future using climate change projections
from models rather than the observed trends.

An additional problem in the analysis of extremes is that,
by definition, extreme events occur infrequently, and hence
the assessment of return periods for the most extreme
events are inherently inaccurate. One approach that can be
used to refine the assessment of the underlying distributions
is to make use of a statistical weather generator to generate
a larger number of years. This approach was tried using a
weather generator that has been produced for the UK
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Table 2 Characteristics of the twenty warmest warm spells ranked against WCDH for the period 1975-2006. A warm spell is classified as any continuous
period when there is at least one hour of each day with temperature above the adaptive comfort temperature 7'.; warm spells separated by less than

3 days have been counted as a single warm spell

Rank Year Start date  End date Duration Warmth metrics Mean values (°C) Max values (°C)
days

(days) WCDH h>28 Tc Tmean Tmin Tmax Tmin Tmax
1 1976  22/06/1976 08/07/1976 17 3168 136 26.3 24.8 17.9 31.6 20.9 34.0
2 2003  02/08/2003 13/08/2003 12 2471 79 26.0 24.4 18.2 31.3 21.7 37.3
3 2006  15/07/2006 28/07/2006 14 1846 82 26.1 23.7 17.8 30.2 20.3 35.0
4 1990  31/07/1990  04/08/1990 5 1656 42 25.8 254 17.6 32.4 19.9 35.6
S 1975  26/07/1975 08/08/1975 14 1260 60 25.5 22.7 16.9 29.1 22.0 335
6 1983  02/07/1983 18/07/1983 17 1106 50 25.5 22.5 16.9 28.5 19.4 325
7 1995 29/07/1995 06/08/1995 9 1055 48 26.3 23.6 17.4 30.2 21.4 34.0
8 1989  15/07/1989 26/07/1989 12 961 44 25.6 22.5 16.6 28.7 20.2 33.6
9 2006  29/06/2006 04/07/2006 6 740 34 25.1 23.1 17.5 29.6 19.3 31.9
10 2005 17/06/2005  23/06/2005 7 694 25 24.9 23.0 17.3 28.4 20.0 31.8
11 1995  26/06/1995  30/06/1995 5 575 16 244 20.4 13.6 28.7 14.9 32.0
12 1996  05/06/1996 07/06/1996 3 550 14 24.0 229 16.3 29.6 19.4 31.1
13 1997  06/08/1997  20/08/1997 15 544 35 25.9 229 18.1 28.2 21.7 31.4
14 1999  29/07/1999  06/08/1999 9 538 28 25.6 22.0 16.9 28.1 18.9 32.7
15 1994  10/07/1994 14/07/1994 S 496 16 25.1 21.7 15.8 27.5 17.7 32.6
16 1994 19/07/1994 30/07/1994 12 465 26 25.7 21.6 16.9 27.1 20.4 31.6
17 2001  23/07/2001 31/07/2001 9 454 23 25.1 21.9 16.3 27.3 19.4 31.4
18 1990  18/07/1990 21/07/1990 4 437 20 25.5 22.9 15.8 30.0 17.9 31.8
19 2005  10/07/2005 18/07/2005 9 435 20 25.2 21.7 15.7 27.8 18.5 30.7
20 2003 09/07/2003 15/07/2003 7 425 17 25.2 22.0 15.7 28.0 19.0 327

climate for the UKCP09 Climate Change Projections
(Jenkins, et al., 2009). It was found, however, that the
weather generator did not produce years that were as warm
in terms of WCDH as in the observed data. This is thought
to be due to two reasons. First, although the weather
generator reproduced the means of the observed temperature
distribution well, the variance and extremes were not well
replicated*. Secondly, the weather generator also does not
contain a model for inter-annual variability (each year has
no memory of the proceeding year), and so the extremes of
the temperature distribution are not clustered together into
particular warm years to the same extent as they are in the
observed data. Hence, it was concluded that this approach
did not constitute a reliable method. Further development
of weather generator models may make this approach more
viable in the future.

2.6 Selection of the probabilistic
Design Summer Years

On the basis of the analysis above, the following three years
were selected to form the set of probabilistic design summer
years:

— pDSY-1: 1989
— pDSY-2: 2003
— pDSY-3: 1976

The first of these years, 1989, is the current DSY and
represents a moderately warm summer, as is interpreted in
current CIBSE guidance. The years 1976 and 2003 were
chosen as more extreme years with different types of
summer: the former is a year with a long period of persistent
warmth, whereas the latter has a more intense single warm
spell.

* A newer version of the weather generator has been produced to rectify
this problem; this version of the weather generator was not used in the
work described here.

Hourly weather data files containing the full set of weather
variables required for building dynamic thermal simulation
were produced for these years. The task of doing this
involved checking the data and interpolating missing data
values. The procedure used to do this is described Appendix
Al.

2.7 Climate change projections for
London and implications for
the pDSYs

In order to estimate how the likelihood of the pDSYs will
change in the future, the return period analysis above has
been repeated using the UKCP09 Climate Change
Projections (Jenkins, et al., 2009). The method used was to
adjust the sequence of historical years, 1977-2004, under
the climate change projections using the method of
‘morphing’ (Belcher et al., 2005; Hacker et al., 2009). This
method involves ‘shifting’ and ‘stretching’ the observed
weather data so that it has the mean monthly statistics
given in the climate change projections but retains the
observed hourly and day-to-day weather variability.

Morphing has been used previously to adjust simulation
weather years under the UKCIP02 climate change
projections. The essential difference between the UKCIP02
and UCKPO09 projections is that the former scenarios were
‘deterministic’, in that a single set of changes was given for
a given time period and greenhouse gas emissions scenario,
whereas the UKCP09 scenarios are ‘probabilistic’, in that a
range of changes are given according to different likelihoods
of change. In UKCP09, likelihood is expressed in terms of
percentile change; e.g. a 10% percentile change gives the
change encompassing the lowest 10% of the projected
changes; a 50% percentile change encompasses 50% of the
projected changes (i.e. represents the middle of the range,
or the ‘best guess’), and so on. To use the morphing method
with the UKCP09 projections, a set of monthly change
factors was generated in which the percentile probability

35910 Jo Auadoud 1ybiAdoo ayj sulewal Jusjuod ay] ‘peojumop sy} bunjew uosiad sy} Jo asn 9|0s ay} 4o} 359D Aq palddns si uoneolignd siy |



The Probabilistic Design Summer Years for London 11
1977-2004 1977-2004
1.0 T T T T T T T : 35 T T T T T T T T
4'-']-9—-——'9__- Fitted GEV
0.9 | E O 1989
301 o 1990 1
0.8 | E 1995
2003
. o7} . 21 o 2006 ]
= 5 O 1976
T o6} . g
s > 20 o E
I ° 7
o
g osp 13
"'“‘ o
S Fitted GEV c 151 7
g 04} iy 2
3 Empirical k2
o3k O 1989 1 ol ]
O 199
02k 1995 1
2003 sl |
o1 b O 2006 1
’ O 1976
0 1 1 1 1 1 1 T T 0 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500
Weighted cooling degree hours Weighted cooling degree hours
Figure 5 Return period analysis against WCDH for London Heathrow weather data for 1977-2004 using the generalised extreme value (GEV)
distribution. The location of historical warm summers on the GEV distributions obtained is also shown (coloured circles).
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Figure 6 Return period analysis against WCDH for London Heathrow weather data for 1950-2004 using the generalised extreme value (GEV)
distribution. The location of historical warm summers on the GEV distributions obtained is also shown (coloured circles).

Table 3 Return period analysis against

WCDH for the six warmest years

Year Period
1977-2004 1950-2004

1989 9.0 10.4
1990 15.8 18.6
1995 18.5 21.8
2003 19.3 22.7
2006 19.9 234
1976 27.0 32.1

relates to the change in mean monthly dry bulb temperature
and the other variables are correlated to the dry bulb
temperature change. This procedure is described further
in (Hacker and Shilston, —)

To calculate the return periods under the UCKP09 pro-
jections the set of years 1977-2004 was morphed ‘en block’
for a number of greenhouse gas emission scenarios, time
periods and percentile changes. This method ensures

consistency with the calculation of the historical return
periods. The greenhouse gas emissions scenarios considered
were the Medium and High scenarios; the time periods
were the 2020s, 2050s and 2080s (each a 30-year period
centred on the stated decade); and the percentile changes
considered were the 10%, 50% and 90% percentiles.

Once the GEV distributions for each climate change
scenario had been calculated, it was possible to assess where
the historical warm years sit within these distributions to
give a revised estimate of return periods. These future
return periods are given for the Medium and High emission
scenarios in Table 4. The projected return periods of the
historical years decrease markedly under the 50% and 90%
percentile changes, and to a lesser extent for the 10%
percentile changes.

The 2020s period is of particular interest as this relates to
the period 2011-2040, which is the period we have now
entered. For the 50% percentile changes, which may be
viewed as the ‘best guess’ level of change, the estimated
return periods for 1976, 1989 and 2003 drop to 11 years,
3 years and 7 years, respectively. Given the underlying

35910 Jo Auadoud 1ybiAdoo ayj sulewal Jusjuod ay] ‘peojumop sy} bunjew uosiad sy} Jo asn 9|0s ay} 4o} 359D Aq palddns si uoneolignd siy |



12

Design Summer Years for London

Table 4 Return periods against WCDH for the historical years for the climate change scenarios under (a)

‘Medium’ emissions and (b) ‘High’ emissions

Historical Baseline Time period and percentile change
year 2020s 2050s 2080s

10%  50%  90% 10%  50%  90% 10%  50%  90%
(@) Medium emissions
1976 27.0 25.3 10.6 33 17.0 5.0 1.2 13.0 2.3 1.0
1989 9.0 9.1 33 1.3 5.9 1.6 1.0 4.5 1.1 1.0
2003 19.3 18.5 7.3 23 12.3 3.4 1.0 9.4 1.7 1.0
(b) High emissions
1976 27.0 237 111 3.8 16.5 3.8 1.0 10.1 1.3 1
1989 9.0 8.2 34 1.4 6.0 1.4 1.0 35 1.0 1
2003 19.3 17.2 7.7 2.6 12.2 2.7 1.0 7.3 1.1 1

warming trend seen in the observed data, it is felt that these
return periods provide a more appropriate measure of the
likelihood of similar summers to those in the historical
pDSYs occurring over the next 30 years.

For the 2080s period, under the 50% and 90% percentile
changes, the return periods of the pDSYs have reduced
towards around 2 years or less, i.e. every other summer or
nearly all summers will be as warm or warmer. For longer
range climate change assessments, ‘extreme’ years are
needed for these time periods also. For these time periods,
the morphed counterparts of the pDSYs can be used.
Within the context of the block of baseline data, each year
has a similar return period to that for the historical block
(because a uniform set of changes are applied across the
complete block) and so the extreme years can be selected in
a similar way as done for the historical period.

3 London’s urban heat
island: additional
weather sites

The urban heat island (UHI) effect is the propensity of the
city to stay warmer on average than the surrounding rural
areas. In most cities, the UHI primarily manifests at night,
and the ‘urban heat island intensity’ is typically taken to be
the difference in the night minimum temperature between
the city and a rural reference location. The UHI is primarily
associated with the different rate at which solar heat is
stored in and released from the land surfaces, due to the
differing land surface characteristics of rural and urban
areas. The direct input of heat from buildings and transport
also contributes to the UHI to some extent, but is thought to
be less important in London than the climatological
drivers.

The UHI of London was first studied by Luke Howard
(Howard, 1833) in the 19th century and further by Chandler
in the 1960s (Chandler, 1965). More recent information has
been obtained from monitoring carried out in the late 1990s
(Watkins et al., 2002; Graves, et al., 2001), from research
commissioned by the Greater London Authority (GLA,
2006) and through the LUCID research project
(Bohnenstengel et al., 2011; Kolokotroni et al., 2008;
Giridharan et al., 2009). These studies have indicated the
spatial pattern of London’s modern UHI and investigated
causative factors. Research has also been carried out to

examine longer term trends in the London UHI from Met
Office observation stations within and around London
(Jones et al., 2009; Wilby et al., 2011). The urban heat island
tends to be most intense under conditions of light winds
and clear skies and is on average centred on the centre of
the city being somewhat elongated to the east over the City
of London and Docklands according to the pattern of land
use and the prevailing wind direction. Local reductions of
the UHI are associated with major parks. There have been
some trends detected in the strength of the UHI but recent
research has suggested that these are more likely due to
decadal climate variability rather than climate change or
changes in land use (Wilby et al., 2011). It is thought,
therefore, that the UHI of central London probably has not
changed significantly over the last few decades, despite the
changing nature of energy usage in the city and the changes
in land use.

In the research reported here, weather records from a
number of Met Office weather stations were examined in
order to identify data sources that could be used to provide
counterparts to the London Heathrow pDSYs for other
locations in London. Ten weather station sites within and
surrounding London were examined. Each is a recognised
weather station for which quality assured data is
disseminated by the British Atmospheric Data Centre
(BADC). Figure 7 shows the locations of the ten sites. The
details of the sites and the station name abbreviations used
in this report are given in Table 5. The sites were classified
as either rural (outside the M25 and away from major
conurbations), peri-urban (on the suburban fringes of
London) or urban (within central London). Aerial views of
the immediate surroundings of the sites are shown in
Figure 8 (overleaf).

These sites were identified as the complete set of BADC
weather stations for London for which temperature data
was available*. It is noticeable that there are few stations
within the city itself, and none to the east and south east.
Generally there is a lack of a network of weather stations
recording temperature and other synoptic weather variables
within London.

All of the stations have daily observations (e.g. maximum
and minimum temperatures) but only some have hourly
observations. Of these, only three have sufficient scope and

* Subsequently it has been noted that there are some other BADC weather
stations in London for which daily observations are available, notably
Camden Square in central London and Greenwich Observatory in south-
east London. Private and amateur data sets also have not been consulted.
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Table 5 Station details for each of the BADC sites
Site Abbreviation ~ Geography Station identifier Lat.(°N) Long. (°E)  Elev. (m)
type WMO  DCNN
1 Rothamstead RTH Rural — 3537 51.807 -0.360 128
2 High Beach Essex HBE Rural — 3604 51.664 0.041 110
3 Northolt NTH Peri-urban 3672 5127 51.549 -0.417 40
4 London Weather Centre LWC Urban 3778 5047 51.522 -0.112 43
5 St. James’ Park SJP Urban 3770 5034 51.505 -0.131 5
6 Heathrow LHR Peri-urban 3772 5113 51.479 -0.451 25
7 Kew KEW Peri-urban 3775 5259 51.468 -0.316 5
8 Beaufort Park BBP Rural 3764 5592 51.390 -0.786 74
9 Wisley WSY Rural — 5237 51.311 -0.476 38
10 Gatwick GTW Rural 3776 5271 51.152 -0.193 59

length of data to make hourly simulation files for peri-
urban, urban and rural locations. These are LHR, LWC
and GTW, respectively. The availability of data for these
stations is reviewed in more detail in Appendix A2.2.

In the following section we examine how the daily average
temperature data from LWC, LHR and GTW compare
with the other sites in order to gauge their suitability to
represent the three geographical areas.

3.1 Daily minimum and maximum

temperatures

The average summer night minimum (7,;;,) and daytime
maximum temperatures (7,,,) at the weather sites are
plotted in Figures 9 and 10 and tabulated in Table 6. The
temperature statistics of the weather stations differ because
of UHI effects, but also because of other factors such as the
elevation of the site, latitude, distance from the coast and so
on. However, the data are presented here in their ‘raw’
form, and no corrections have been made for station
elevation.

Broadly speaking, night-time temperatures increase moving
into the centre of the city, indicating the presence of the
UHI. However, the data also indicates variations that are
not associated with distance from the centre of the city.
LWC is relatively warm compared to its nearest neighbour,
SJP. This may be due to the fact that the SJP weather station
is situated in the park itself. LHR is relatively warm
compared to its nearest neighbours, which may be a
consequence of the airport being an area of extensive hard-
standing and intensive energy consumption. Although
cooler at night than the central urban sites, LHR should
perhaps be considered then to not be a true peri-urban site,
but an ‘intermediate UHI’ urban site. Although GTW is
also an airport site, T,;, values are similar to those at the
nearest rural site, WSY. This suggests that the presence of
the airport may not be unduly affecting temperatures and
this station can still be considered to be a true rural site.

The T, temperatures differ to a much smaller extent,
with the largest difference between the urban and peri-
urban sites being around 0.5 °C. The T, values also show
no systematic geographical variation, which is consistent
with the UHI being primarily a night-time effect. LWC has
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(7) Kew Gardens

(8) Beaufort Park (9) Wisley

(10) Gatwick Airport

Figure 8 Aerial views of the ten BADC weather stations (©2011 Google)

a lower daytime average temperatures than SJP and the
peri-urban sites. A feature of the LWC weather station is
that it is a rooftop site. However, the fact that the night-
time temperatures are still consistently higher than the

other stations suggests this may not be the reason for the
lower day-time temperatures and that these are due to the
‘urban cool island’ effect which is sometimes observed in
cities during the day.
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Figure 9 London (BADC) sites T';, data: (a) probability distribution
functions and (b) mean and variances (bars are coloured according to
geographical classification)

Table 6 Mean and variance values of the (daily) T, and T'a
probability distribution functions; data are listed in order of
increasing T ;, mean

Site T in CO) Tmax °C
Mean Variance Mean Variance

BBP 11.5 9.6 21.7 14.3
RTH 11.6 8.4 21.4 14.4
HBE 11.8 8.4 222 14.3
GTW 11.9 9.0 22.0 14.8
WSY 12.0 9.8 225 14.5
KEW 12.6 8.7 23.0 15.2
NHT 12.8 8.5 22.8 15.0
LHR 13.6 7.6 23.0 14.7
SJP 14.2 7.1 22.8 14.0
LWC 14.9 6.8 222 14.7
3.2 Selection of rural and urban

sites

On the basis of the above analysis it was concluded that
GTW and LWC provided usable data to represent rural and
urban sites and pDSY's were produced for these sites for the
three years identified for LHR*. Separate return periods
have not been assigned to the additional sites, and those for
LHR can be taken to be indicative.

* For 2003, a different meteorological station (Charlwood), close to GTW,
was used as data from GTW are not available for that year.

LWC  WSY  NHT SIP KEW LHR

(b)

Figure 10 London (BADC) sites T',,, data: (a) probability distribution
functions and (b) mean and variances (bars are coloured according to
geographical classification)

3.3 Relationship between UHI

intensity and warm weather

As discussed above, the UHI intensity tends to be largest at
night under conditions of low wind speed and clear skies.
With respect to thermal comfort and overheating risk,
however, a key question is whether larger UHI intensities
occur under conditions of warm weather.

Figure 11 shows a scatter plot of daily values of UHI
intensity at LWC against both T';, and T',,, temperature.
There is very little correlation (although there is some
indication of a weak correlation with T,,) indicating that
neither warm night or warm daytime temperatures are
necessary for the formation of strong urban heat islands.
High values of UHI intensity can occur at any time of the
year, and likewise low and even negative values of UHI
intensity can occur at any time during the year. However,
the conditions for strong UHI development — light winds
and clear skies — often occur during heat waves, and so it
is to be expected that strong heat islands may often occur
during heat wave periods. This question is returned to in
the next section

3.4 Differences in hourly data

values between rural,
peri-urban and urban sites

In order to demonstrate the differences in the pDSY files
for the different locations, Figure 12 shows hourly time
series of temperatures at the three locations for the 10
warmest spells ranked against WCDH at LHR. Also shown
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is the temporal variation of the UHI at LHR and LWC
relative to GTW.

A number of features of the UHI can be seen in Figure 12.
First, peak temperatures are very similar at all three sites.
Secondly, the night-time UHI is consistent and coherent
across these sites: on a given night GTW is nearly always
the coolest site, LWC the warmest, and LHR somewhere in
between.

Figure 12 also provides some insight into the development
of strong UHI events. A feature of many of the warm spells
is that during periods when daily maximum temperatures
are increasing, night minimum temperatures in the city
increase at a similar rate but at the rural site increase at
slower rate and in some cases are actually decreasing. This

|y =0.0048 x + 2.5326
R2 = 0.0001

y = 0.0347 x + 2.0641
R2 = 0.0108

Figure 11 Correlation between
daily values of UHI intensity at
LWC relative to GTW with T';,
and T, at LWC; data from
1975-2006 (all seasons)

behaviour leads to a strong UHI intensity, and several of the
warm spells have nights with particularly strong heat
islands (e.g. >10 °C). These observations suggest that
strong UHIs often occur during warm spells. Figure 13
shows that there is a suggestion in the data that high peak
UHI intensities during warm spells are correlated to some
extent with the warmth of the warm spell as expressed by
WCDH. There does not appear, however, to be a similar
correlation between average UHI intensity during the warm
spells and WCDH, although the average UHI intensity
during warm spells is around 1 °C higher than the seasonal
mean.

These observations point to some fascinating aspects of
temporal development of the UHI of London that are
worthy of further research.
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This publication is supplied by CIBSE for the sole use of the person making the download.
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Figure 12 Temperature time series for the 10 warmest heatwaves (ranked against WCDH) (figure continues overleaf)
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Figure 12 Temperature time series for the 10 warmest heatwaves (ranked against WCDH) (continued)
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Figure 13 Correlation between UHI intensity at LWC relative to GTW
and WCDH in the 100 warmest ranked heatwaves

4 Conclusions

This TM has presented and discussed new weather data
sets created for the London area to be used with building
simulation models to inform summertime design decisions.

It has been shown that there are significant variations in
the characteristics of warm summers in London, both from
year to year and between different locations due to
microclimatic variations across the city.

It has been shown that while the current CIBSE Design
Summer Year for London represents a ‘near extreme’ warm
summer, as originally intended, several summers in the
past few decades have been warmer, and there is a significant
probability that summers as warm or warmer will occur in
the future. Furthermore, the implications of climate change
are that the likelihood of such warm summers will increase
markedly in the next few decades.

It is recommended, therefore, that for building design
projects where the implications of the building overheating
are critical for the usability of the building, and where
critical design or investment decisions will be based on the
results of a simulation-based overheating analysis, that the
warmer summers presented here should be used to inform
those decisions. The weather data should be selected based
on an appropriate level of risk and probability for the
building which can be established through informed
discussion between the design team, the client and the
other stakeholders involved in the project.
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A conceptual model was suggested through which a level of
risk can be established for the weather data prior to building
simulation modelling being carried out. However, it was
noted that this conceptual model is a simple one and that
different types of building will respond in different ways to
climatic conditions. It is therefore recommended that
several years of weather data be used in the overheating risk
assessment. The set of three warm years accompanying this
TM will enable designers to explore a broader range of
climate variability that would be possible by considering
only a single DSY.

An examination of weather data from different weather
observation stations across London has shown that at any
one time there can be significant variations in temperatures
in different parts of the city. Whereas peak daytime tem-
peratures are similar everywhere (and can even be lower in
the city centre), temperatures during other parts of the day,
and particularly at night, are significantly lower in rural
areas and less densely developed urban areas because of the
urban heat island effect. These climate differences will
affect the results of overheating risk assessment modelling
and weather data from the most appropriate meteorological
station for the site of the building under examination
should be used.

Weather data for three locations in and around London
have been provided to accompany this TM: London
Weather Centre (LWC), London Heathrow airport (LHR)
and Gatwick airport (GTW). LWC provides the best
currently available weather station to represent central
London, e.g. as defined by the Mayor’s Central Activity
Zone (CAZ); LHR can be considered representative of
urban areas outside the CAZ; GTW can be considered
representative of rural areas around London. The relative
sparsity of temperature observations stations in the London
area makes precise definitions of these boundaries difficult
and where there is any doubt conservative choices should
be made, i.e. to use the next warmest more central weather
station. There also remain uncertainties regarding the
weather data provided, because of microclimatic factors at
LW(C (a rooftop observation location) and at the two airport
locations. However, the weather data currently available
suggests that these microclimatic factors are of secondary
importance to the macroclimatic factors associated with the
London urban heat island and that these macroclimatic
variations are captured by the weather data provided.

At present it is not possible to provide more detailed
guidance on these issues but it is hoped that the weather
data sets discussed here provide a substantial step forward
with respect to the level of detail in which macroclimatic
and climate change factors can be taken into account for
the summertime design of buildings in London.
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Appendix A1: Methodology of weather file generation

This appendix describes how the weather data used for the
generation of the weather years was sourced, checked and
treated for missing data.

A1.1

All of the original raw data used in the weather files was
supplied by the UK Meteorological Office (UKMO). It was
checked for spurious values and quality assured by UKMO.

Data format

The meteorological variables contained in the weather year
files are:

— present weather code

— cloud cover

— dry bulb temperature

— wet bulb temperature

— atmospheric pressure

— wind speed and direction

— global horizontal solar irradiation
— diffuse horizontal solar irradiation

As described in the main body of this TM, data were
required for three sites: London Weather Centre (LWC),
London Heathrow Airport (LHR) and Gatwick Airport
(GTW) for three years: 1976, 1989 and 2003.

A1.1.1 Synoptic data

For LWC and LHR, synoptic data (all variables excepting
solar irradiation) were provided for all three years. For
GTW, synoptic data were provided for 1976 and 1989 but
were not available for 2003; for this year, data from the
nearby weather station at Charlwood (CHW) were used to
represent GTW.

Note that the data for the LHR 1989 weather year are
equivalent to the synoptic data in the former (2005 issue)
London DSY. This is not true of the solar data, which are
discussed below.

A1.2.2 Solar data

In the 2005 issue of the CIBSE DSY for London, solar
irradiation values were calculated from cloud cover
observations using empirical correlations. This was done in
order to ensure consistency with the weather year data
provided by CIBSE for 14 sites, which in the main had no
solar observation sites nearby. However, in the 2002 issue of
the CIBSE DSY (see also CIBSE Guide J (CIBSE, 2002))
direct observations of global and diffuse irradiation were
used. It has been found that the empirical correlations have
limited accuracy in reproducing the observations and, in
particular, peak values are lower in the calculated versus the
observed data. Hence, for the TM49 weather years, a
decision was made to use observed solar irradiation values
as far as possible.

Global and diffuse solar irradiation is only measured at a
few sites in the UK but, until 2002, measurements of both
global and diffuse irradiation were made at the UKMO
weather station at Beaufort Park in Bracknell, approximately
50 km to the west of London. This data set is the most
comprehensive solar observation data set available for
London and was used for the 2002 issue of the London
DSY and is described in CIBSE Guide ] (CIBSE, 2002).
Although not coincident with the location of the synoptic
observations, this data set was used for the weather years
for all three sites for 1976 and 1989, due to lack of alternative
observations. The reason for doing this rather than using
data synthesised from the synoptic observations was that it
was felt that the error produced by the geographical
separation of the synoptic and solar observation sites was
likely to be smaller than the error produced in using
empirical correlation models (Muneer, 2004).

For 2003, measurements of global irradiation were available
for LWC and for Charlwood (CHW) from April onwards.
The observations from LWC were used for the weather
years for LWC and LHR, and for GTW until April. For
GTW, the observations from CHW were used from April
onwards. No measurements of diffuse irradiation were
available for the London area for 2003. Instead, values of
diffuse irradiation were calculated by Professor Tariq

35910 Jo Auadoud 1ybiAdoo ayj sulewal Jusjuod ay] ‘peojumop sy} bunjew uosiad sy} Jo asn 9|0s ay} 4o} 359D Aq palddns si uoneolignd siy |



Appendix A1: Methodology of weather file generation 21

Table 7 Missing data amounts in hours (zero unless otherwise specified)

Site Year Present Dry bulb Wet bulb Cloud cover Pressure Wind Wind speed
weather code  temperature temperature direction

LWC 1976 — — 5 — 3-hourly 129 —
1989 — — — — — 6 2
2003 — — 11 3 — 2 3

LHR 1976 — — 84 — 3-hourly 0 —
1989 — — — — — 2 —
2003 — — — — — 199 197

GTW 1976 — — 285 — — 401 —
1989 — — — — — 181 —

CHW* 2003 206 77 77 313 — 341 359

* Charlwood data. Excludes points prior to 24th March; all data missing up to that point.

Table 8 Dates of long runs of missing data (more than 12 contiguous hours)

Site Year Nature, numbers of hours and dates of long gaps
LWC 1976 None
1989 None
2003 None
LHR 1976 None
1989 None
2003 Wind speed and direction:
— 137 hours, starting 01-Jan-2003, ending 06-Jan-2003 16:00:00
— 52 hours, starting 07-Jan-2003 08:00:00, ending 09-Jan-2003 11:00:00
GTW 1976 Wind direction: 15 hours, starting 05-Dec-1976 21:00:00, ending 06-Dec-1976 11:00:00
1989 Wind direction: 13 hours, starting 19-Jan-1989 22:00:00, ending 20-Jan-1989 10:00:00
CHW 2003 All variables 1980 hours, starting 01-Jan-2003, ending 24-Mar-2003 11:00:00

Present weather code:

— 23 hours, starting 4-Mar-2003 12:00:00, ending 25-Mar-2003 10:00:00
— 18 hours, starting 10-Jul-2003 07:00:00, ending 11-Jul-2003

— 37 hours, starting 11-Jul-2003 12:00:00, ending 13-Jul-2003

— 18 hours, starting 13-Jul-2003 07:00:00, ending 14-Jul-2003

— 20 hours, starting 14-Jul-2003 07:00:00, ending 15-Jul-2003 02:00:00
— 23 hours, starting 15-Jul-2003 05:00:00, ending 16-Jul-2003 03:00:00
— 16 hours, starting 30-Sep-2003 18:00:00, ending 01-Oct-2003 09:00:00
— 29 hours, starting 07-Oct-2003 07:00:00, ending 08-Oct-2003 11:00:00
Wet and dry bulb temperature and pressure:

— 179 hours, starting 10-Jul-2003, ending 17-Jul-2003 10:00:00

— 16 hours, starting 30-Sep-2003 18:00:00, ending 01-Oct-2003 09:00:00
— 28 hours, starting 07-Oct-2003 07:00:00, ending 08-Oct-2003 10:00:00
Cloud cover:

— 1980 hours, starting 01-Jan-2003, ending 24-Mar-2003 11:00:00

— 179 hours, starting 10-Jul-2003, ending 17-Jul-2003 10:00:00

— 16 hours, starting 30-Sep-2003 18:00:00, ending 01-Oct-2003 09:00:00
— 28 hours, starting 07-Oct-2003 07:00:00, ending 08-Oct-2003 10:00:00
Wind speed and direction:

— 240 hours, starting 01-Aug-2003, ending 10-Aug-2003 23:00:00

— 18 hours, starting 30-Sep-2003 18:00:00, ending 01-Oct-2003 11:00:00
— 51 hours, starting 07-Oct-2003 07:00:00, ending 09-Oct-2003 09:00:00

station closures, or data failing to meet quality assurance

Muneer and co-workers at Napier University, using a S
criteria.

method based on sky clearness index (Muneer, 1987).

For runs of missing data of up to 12 contiguous hours in
length, missing data points were filled with values
interpolated from measurements at either end of the run of
missing data. For dry bulb temperature, wet bulb tempera-
ture and atmospheric pressure, a cubic spline interpolation
method was used. For cloud cover, wind speed and wind
direction linear interpolation was used. For wind direction,
the convention used was to interpolate in the direction of
smallest wind angle difference; e.g. a missing data point
with wind direction values either side of 350° and 30° would

A1.1.3 A note on leap years

1976 was a leap year. In order to provide consistent 8760
entry files, for this year the data for 31 December was
omitted and date entries kept as for a non-leap year (e.g. 29
February becomes 1 March, etc.).

A1.2 Treatment of missing data

The source data set provided by UKMO contained some
missing data points (Table 7). Some missing data is typical
in meteorological data sets due to instrument malfunction,

be interpolated as 10° rather than 190°. Wind direction at
hours with wind speed measured zero was also interpolated
using neighbouring data. Although it is not normally
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possible to measure wind direction reliably at zero or very
oW win eeds, this interpolation was done in order to
1 d speeds, this int lat s d der t
provide a continuous time series of wind directions.

For runs of missing data longer than 12 hours (Table 8),
data were not interpolated but substituted from one of the
other sites:

— LWC: there were no long runs of missing data.
— LHR: data were substituted from LWC.

— GTW: data were substituted from LHR, if available,
otherwise from LWC.

For each method for filling missing data points, a ‘data
code’ was noted in the final data file to indicate where there
were missing data and the filling method used.

A1.3 Climate change data

Climate change-adjusted versions of the weather years for
each site were produced using a form of ‘morphing’ (Hacker
et al., —) for three time periods: the 2020s, the 2050s and
2080s (2071-2090) using the UKCP09 Climate Change
Projections for the United Kingdom (Jenkins et al., 2009).

As noted in the main body of this TM, the UKCP09
projections provide climate changes for three different
emissions scenarios (Low, Medium and High) and different
levels of probability.

For each site and historical weather year, morphed years
were provided for 10th, 50th and 90th percentile
probabilities and the following emissions scenarios and
time periods:

— 2020s (2011-2040): High emissions
— 2050s (2041-2060): Medium and High emissions

— 2080s  (2071-2090):
emissions

Low, Medium and High

The reason for not considering all emission scenarios in
each time period was to reduce the number of analysis files
to manageable numbers. The rationale for the choice was
that: in the 2020s there is little difference between the
projections for each emissions scenario; for the 2050s, the
Medium and High emissions scenarios are currently viewed
to be more likely; for the 2080s all three emissions scenarios
were included for completeness.

Appendix A2: London weather data sites — data availability

In section 3, an analysis of data from a number of weather
stations within and outside London was presented. The
sites differ in the scope of data available and the time
periods for which observations were made, see Figure 14.
All the sites have some records for daily maximum and
minimum temperatures. Some have hourly observations of
temperature and observations of other climate variables as
well. The analysis in this report considered available data
to the end of 2006.

All of the sites have reasonably long periods of daily
observations, although only four have records spanning the
whole period (LHR, RTH, SJP and WSY) and three stop
short of 2006 (BBE, GTW, KEW) due to station closures.

Several of the sites have periods of hourly weather data, but
only three have records of the length of the order of two
decades or more (GTW, LHR and LWC). The lack of
commonality in the time periods of weather records at Met
Office weather stations in and around London combined
with station moves and closures makes interpretation of
climate trends and UHI effects in the capital problematic.

To create weather years requires hourly data for a number
of variables, but most critically dry bulb temperature, wet
bulb temperature, and cloud cover or sunshine hours. In
addition, it is necessary that there are not large amounts or
runs of missing data. It has been determined that only four
of the sites meet these criteria: GTW, NTH, LHR and
LWC, making these the only candidate sites for the pDSYs
(Figure 15).

LHR has available data from 1949 until the present day.
LWC has hourly data available from 1975 until 2005,
although it was found there is a noticeable dip in quality at
the end of period and sunshine hours data are no longer
available. GTW has a period of data from 1971-1997, but
not thereafter. This was due to the closure of the Met Office
station at that time and replacement with an automatic
weather station which does not report a full set of variables.
However hourly temperature data recorded to integer
resolution is available from 1997. NTH does have reasonable
hourly data since 1998 and so provides a potential substitute
for GTW but as noted above represent a different
climatological classification, being peri-urban versus rural,
as well as being on the opposite side of London.
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Figure 15 Sites deemed suitable for the generation of hourly weather years and the corresponding data availability of the critical variables
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