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Warming of the climate system is unequivocal, as is now evident from observations of 

increases in global average air and ocean temperatures, widespread melting of snow 

and ice and rising global average sea level.

Fourth Assessment Report from the UN Intergovernmental  

Panel on Climate Change (IPCC), 2007

There is an overwhelming scientific consensus that:

•	 the	climate	is	changing

•	 these	changes	are	very	likely	due	to	increased	global	greenhouse-gas	concentrations	

resulting	from	human	activity,	particularly	from	the	use	of	fossil	fuels	

•	 these	changes	will	continue	if	we	remain	on	our	current	path,	with	increasingly	severe	

consequences for all life on the planet 

•	 there	 is	 considerable	 momentum	 in	 the	 climate	 system;	 even	 if	 greenhouse-gas	

concentrations	were	to	be	stabilised,	warming	and	sea-level	rise	would	continue	for	

decades.

Given	the	scale	of	observed	change,	considerable	scientific	effort	has	been	made	to	understand	

the	global	climate	system	and	the	reasons	behind	the	warming,	and	to	predict	how	the	climate	

might	change	in	future.	In	1979,	the	first	World	Climate	Conference,	organised	by	the	World	

Meteorological	Organisation	 (WMO),	 expressed	 concern	 that	 “continued	 expansion	of	man’s	
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activities	on	earth	may	cause	significant	extended	regional	and	even	global	changes	of	climate”,	

and	 called	 for	 global	 cooperation	 to	 explore	 future	 changes	 and	 their	 impact	 on	 human	

development.		

As	a	result,	in	1988	the	Intergovernmental	Panel	on	Climate	Change	(IPCC)	was	established	

by	 the	 United	 Nations	 Environment	 Programme	 and	 the	 WMO	 to	 assess	 the	 risk	 of	 human-

induced	climate	change,	its	potential	impacts	and	the	options	for	adaptation	and	mitigation.	

From	1990,	the	IPCC	has	issued	a	series	of	reports	based	on	peer-reviewed	and	published	

research,	which	have	tended	to	grow	in	detail,	evidence	and	confidence.	The	latest	is	the	2007	

Fourth	Assessment	Report,	quoted	above,	which	reported	findings	based	on	23	sophisticated	

climate	models	 from	11	countries	around	the	globe,	 including	two	from	the	UK’s	Met	Office	

Hadley	 Centre,	 one	 of	 the	 world’s	 leading	 centres	 for	 climate-science	 research.	 The	 report	

included	the	graph	below,	which	indicates	the	potential	extent	of	global	warming.	

The	graph	plots	temperatures	through	the	21st	century	for	three	greenhouse-gas-emission	

scenarios,	as	well	as	a	plot	showing	what	would	happen	if	greenhouse-gas	concentrations	were	

held	at	year-2000	values.	The	 three	 future	scenarios	were	selected	 from	six	marker	 scenarios	

used	in	the	Fourth	Assessment	Report,	to	which	the	bars	on	the	right-hand	side	of	the	graph	

refer.	The	bars	show	the	“likely”	spread	of	values	in	2100	for	each	marker	scenario,	indicating	

the	range	of	uncertainty	associated	with	the	modelling	results.	The	scenarios	and	the	issue	of	

uncertainty	are	described	in	more	detail	in	Chapter	2.
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1.1 The graph above is taken from the IPCC’s Fourth Assessment Report on Climate 
Change (2007). It shows the global averages of surface warming (relative to 1980-99) 
for three different greenhouse-gas emissions scenarios, as well as a theoretical scenario 
where emissions are held at year-2000 values. To the side of the graph, the bars indicate 
the best estimate (solid line) and likely range of temperature change by 2090-99 for six 
emissions scenarios. Emissions scenarios are described in more detail in the next chapter.
Source:	Climate	Change	2007:	Synthesis	Report.	Contribution	of	Working	Groups	I,	II	and	III	to	the	Fourth	Assessment	

Report	of	the	Intergovernmental	Panel	on	Climate	Change,	figure	3.2	(left	panel).	IPCC,	Geneva,	Switzerland	
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The graph highlights two points:

•	 the	climate	has	already	changed	measurably	since	the	baseline	of	1990.	We	are	not	

starting	from	zero

•	 up	 to	 2050,	 there	 is	 little	 real	 difference	 between	 the	 scenarios;	 however,	 beyond	

the	 2050s,	 they	 diverge,	 demonstrating	 the	 paramount	 importance	 of	 reducing	

emissions.	

It	is	worth	noting	that	while	climate	models	vary	in	their	predictions	of	the	speed	and	magnitude	

of	warming,	there	are	no	credible	models	that	show	global	temperatures	remaining	steady	or	

decreasing.

The	 report	 also	 sets	 out	 the	 potential	 impact	 of	 rising	 temperatures	 on	 the	 planet’s	

ecosystems,	human	settlements	and	way	of	life,	summarised	in	the	table	overleaf	from	the	UK	

Treasury’s	2006	Stern	Review.	There	is	a	high	level	of	confidence	that	a	rise	of	more	than	2°C	

would	 result	 in	very	 significant	 impacts	 for	all	aspects	of	 life,	particularly	coastal	flooding	and	

species	extinction.	Coastal	flooding	on	this	scale	is	not	about	the	loss	of	a	few	distant	islands	or	

remote	wetlands	–	their	trading	origins	mean	that	most	of	the	world’s	great	commercial	centres	

are	in	coastal	locations.	By	2050,	the	UN	estimates	that	70%	of	the	world’s	population	will	live	in	

cities,	which	means	that	it	will	be	heavily	concentrated	in	delta	areas.	

The	potential	impacts	of	climate	change	have	set	the	agenda	for	successive	United	Nations	

Climate	Change	conferences,	which	have	 led	 to	a	general	 acceptance	 that	warming	must	be	

limited	to	a	2°C	rise	if	we	are	to	avoid	catastrophic	impacts.	This	is	the	stark	criterion	on	which	

ongoing	attempts	to	reach	international	agreement	to	limit	global	emissions	are	based.

The	issues	are	thus	clear,	urgent	and	interlinked.	We	need	both	to	reduce	the	emissions	

that	drive	climate	change	(mitigation)	and	to	deal	with	the	physical	effects	of	inevitable	changes	

that	are	already	under	way	(adaptation).	The	more	successful	we	are	at	the	former,	the	less	will	

be	the	need	for	the	latter.

For	the	construction	industry,	this	means	pursuing	the	now-familiar	low-energy	low-carbon	

design	agenda	that	is	increasingly	embedded	in	legislation,	but	also	recognising	that	we	need	to	

design	differently	in	order	to	adapt	to	changes	such	as	higher	summer	temperatures	and	to	cope	

with	more	extreme	events.

The	UK	government	has	 led	 the	way	 internationally	 in	developing	policies	 to	 tackle	 the	

dangers	of	climate	change.	 In	2008,	the	Climate	Change	Act	was	passed,	setting	the	world’s	

first	long-term	legally	binding	targets	for	emissions	reduction	(80%	by	2050)	and	establishing	

the	independent	Committee	on	Climate	Change.	Its	remit	is	to	advise	the	government	on	setting	

and	meeting	carbon	budgets	and	monitoring	its	progress,	and	also	informing	and	monitoring	

progress	on	adaptation	through	the	Adaptation	Sub-Committee.	
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1.2 This table is taken from the Stern Review, produced for the UK Treasury (2006).  
It shows a range of disastrous impacts if global temperatures rise by more than 2ºC.
Source:	The	Stern	Review	Report	©	Crown	copyright	2006,	The	Economics	of	Climate	Change:	The	Stern	Review	 

©	Cambridge	University	Press	2007
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The	 government’s	 National	 Adaptation	 Programme	 is	 led	 by	 the	 Department	 for	

Environment,	Food	and	Rural	Affairs	(DEFRA).	Its	first	step	was	to	produce	a	UK	Climate	Change	

Risk	Assessment	(CCRA)	in	January	2012,	to	be	updated	every	five	years.	The	key	risks	identified	

for	buildings	were:

•	 damage	due	to	flooding	and	coastal	erosion

•	 overheating

•	 increasing	impact	from	the	urban	heat	island	effect	(see	Chapter	2)

•	 subsidence.

Other	risks	directly	relevant	to	the	built	environment	included:

•	 water	supply	shortage

•	 increased	water	demand	for	energy	generation

•	 higher	energy	demand	for	cooling

•	 flood	risk	to	energy	infrastructure

•	 heat	damage/disruption	to	energy	infrastructure.

Government	departments	have	also	been	required	to	draw	up	Departmental	Adaptation	

Plans,	setting	out	key	climate-change	risks	and	priorities.	These	were	published	in	March	2010,	

and	updated	in	May	2011.	

It	is	interesting	to	note	an	apparent	disconnection	between	our	mitigation	policies	and	our	

approach	to	adaptation.	The	Committee	on	Climate	Change	has	explored	a	number	of	ways	of	

achieving	our	mitigation	goal,	set,	as	described	above,	in	order	to	limit	warming	to	below	2°C.	To	

give	an	indication	of	the	magnitude	of	the	action	required,	a	typical	reduction	pathway	would	be	

to	cut	emissions	by	4%	year-on-year,	starting	in	2016.	This	scenario	is	plotted	overleaf,	against	

the	Low	(B1),	Medium	(A1B)	and	High	(A1FI)	emissions	scenarios	used	by	the	Met	Office	Hadley	

Centre	for	UK	climate	projections.

The	graph	shows	all	too	clearly	that	the	three	scenarios	used	as	the	basis	for	adaptation	

take	a	more	pessimistic,	or	perhaps	realistic,	view	of	future	emissions	reduction.	Even	the	Low	

emissions	scenario	represents	a	failure	of	our	global	mitigation	goal	and,	by	implication,	of	our	

attempt	to	avert	catastrophic	change.	

It	is	all	too	easy	for	the	challenge	of	adaptation	to	become	an	intriguing	academic	puzzle	–	

for	designers	to	become	mesmerised	by	the	interaction	between	projection	data	and	theoretical	

building	models	without	stepping	back	to	consider	the	implications	for	the	social	and	economic	

context	within	which	their	buildings	will	exist.	The	teams	involved	in	the	Design	for	Future	Climate	

programme	can	be	forgiven	for	not	attempting	to	address	this	wider	context,	but	policy	makers	

must	think	more	broadly.	The	construction	industry	may	be	able	to	deliver	buildings	that	would	

in	theory	perform	beautifully	in	temperatures	even	4°C	above	current	levels	–	but	what	will	the	
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world	around	them	be	like?	What	will	be	the	human	and	economic	consequences	of	this	level	

of	change	in	locations	that	are	not	blessed	with	our	benign	climate?	And	how	will	this	affect	

“normal”	life	in	the	UK?

CLIMATE CHANGE IN THE UK

Trends	observed	in	the	UK	reflect	global	patterns.	The	Central	England	Temperature	(CET)	record	

–	the	oldest-established	instrumental	record	of	temperature	in	the	world	–	shows	that	after	a	

period	of	relative	stability	for	most	of	the	20th	century,	our	annual	average	temperature	has	risen	

by	about	1°C	since	the	1970s.2

Observed	trends	are	projected	to	continue	and	can	be	summarised	as	follows:	

•	 warmer,	wetter	winters

•	 hotter,	drier	summers

•	 rising	sea	levels

•	 increased	extreme	weather	events.	

Weather	events	that	are	currently	regarded	as	extreme	are	useful	illustrations	of	what	is	projected	

to	be	normal	in	future.	For	example,	the	exceptionally	hot	summer	of	2003	is	likely	to	become	

the	norm	by	the	second	half	of	this	century.	
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1.3 One possible scenario for avoiding catastrophic climate change is for global 
emissions to peak in 2016 and continue to decline by 4% each year after that. This 
graph shows how this compares to the high, medium and low emissions scenarios used 
to inform climate change adaptation strategies.  
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DESIGN AGENDA

The	impact	of	climate	change	is	particularly	pertinent	to	the	construction	industry,	simply	because	

buildings	last	a	long	time.	Our	existing	built	environment,	and	every	aspect	of	how	we	live	our	

lives,	has	evolved	in	response	to	a	particular	climate.	Now	that	climate	is	changing,	and	may	soon	

be	significantly	different.	We	face	a	real	challenge	in	converting	and	upgrading	our	urban	fabric	

to	function	in	a	climate	for	which	it	was	not	designed.	

This	book	follows	the	same	structure	as	the	Design	for	Future	Climate	report,	published	in	

2010	to	provide	the	background	to	inform	teams	embarking	on	their	projects,	in	which	climate-

change	impacts	for	the	built	environment	were	split	into	three	broad	categories:	

•	 comfort	and	energy	performance	–	warmer	winters	may	reduce	the	need	for	heating,	

but	it	will	be	difficult	to	keep	cool	in	summer	without	increasing	energy	use	and	carbon	

emissions

•	 construction	 –	 resistance	 to	 extreme	 conditions,	 detailing	 and	 the	 behaviour	 of	

materials

•	 managing	 water	 –	 both	 too	 much	 (flooding)	 and	 too	 little	 (shortages	 and	 soil	

movement).

Over	recent	years,	the	construction	industry	has	responded	to	the	mitigation	agenda	but	it	has	

not	yet	got	to	grips	with	adaptation.	There	must	now	be	a	recognition	that	some	changes	to	our	

climate	cannot	be	avoided,	and	that	these	changes	will	have	a	significant	impact	on	how	our	

buildings	perform,	where	they	should	be	built	and	how	they	are	constructed.	It	should	also	be	

remembered	that	change	is	likely	to	be	ongoing	–	the	rate	and	extent	being	dependent	on	the	

success	of	global	mitigation	strategies	–	resulting	in	more	significant	change	in	the	second	half	

of	the	century.	

We	 need	 to	 rethink	 the	 way	 we	 design,	 construct,	 upgrade	 and	 occupy	 buildings	 to	

accommodate	 this,	 developing	 approaches	 that	 are	 based	 not	 on	 past	 experience	 but	 on	

calculated	projections	of	future	climate.	

CONTEXT

Climate	change	is	a	“moving	target”,	and	the	challenges	will	differ	according	to	location	and	

building	 type.	 There	 are	 no	 universal	 solutions.	 Adaptation	 strategies	 must	 be	 thoroughly	

grounded	in	a	building’s	context,	which	means	not	only	projected	changes	in	the	climate	but	

changes	to	geography,	urban	fabric,	energy,	construction	and	society	too.
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Location
The	 regional	 variations	 in	 climate	 that	already	exist	across	 the	UK	 (and	which	are	 sometimes	

ignored	 by	 building	 legislation	 and	 policy)	 are	 projected	 to	 increase	 somewhat.	 This	 could	

potentially	exaggerate	the	differences	between	appropriate	climatic	design	responses	across	the	

country,	so	evident	in	our	vernacular	tradition.	

Achieving	 comfortable	 internal	 temperatures	 in	 the	 future	 climate	 in	 the	 north	 of	 the	

country	will	 be	 easier	 than	 in	 the	warmer	urban	 south-east,	 for	 example.	 The	 same	may	be	

true	of	water	resources.	In	more	exposed	areas,	however,	the	challenge	of	building	sufficiently	

robustly	to	deal	with	extreme	weather	events	may	be	paramount,	with	materials	that	may	have	

performed	satisfactorily	in	the	past	being	pushed	beyond	their	capabilities.

Flooding	from	rivers	or	the	sea	will	be	an	absolute	focus	in	some	locations	and	irrelevant	

in	others,	although	all	regions	will	need	to	consider	the	impact	of	extreme	rainfall	on	roof	and	

surface-water	drainage.	

Low-carbon imperative
As	discussed	above,	the	mitigation	agenda	is	paramount,	while	the	age	of	cheap	fossil	fuels	is	

also	drawing	to	a	close.	There	is	no	guarantee	that	we	will	be	able	to	replace	these	with		similarly	

cheap,	sufficiently	large	and	reliable	sources	of	low-carbon	or	renewable	energy.	Warmer	winters	

may	 reduce	 the	need	 for	and	cost	of	heating,	but,	 in	 summer,	 the	cost	of	 running	buildings	

that	 rely	on	energy-intensive	mechanical	cooling	rather	 than	 intelligent	passive	design,	which	

minimises	or	avoids	cooling-energy	consumption,	is	likely	to	be	an	unwelcome	burden	for	their	

occupants	in	a	future	low-carbon	world.	

Adaptation	 and	 mitigation	 measures	 can	 complement	 each	 other,	 but	 there	 can	 also	

be	direct	conflicts.	For	example,	 incorporating	 large	areas	of	glazing	 in	an	attempt	to	reduce	

lighting-energy	use	can	lead	to	overheating	in	summer,	and	even	mid-season	in	highly	insulated	

buildings,	unless	solar	gain	is	carefully	controlled.	

The existing building stock
As	with	the	mitigation	agenda,	the	existing	stock	is	the	real	challenge:	adaptation	is	a	conversion,	

not	a	new-build,	challenge.	

Many	 older	 buildings,	 traditionally	 constructed	 in	 heavy	 materials,	 with	 small	 windows	

and	 good	 ventilation	 (both	 controlled	 and	 uncontrolled),	 have	 performed	 well	 during	 recent	

heatwaves.	But	many	late-20th-century	examples	–	characterised	by	lightweight,	poorly	insulated	

construction,	large	expanses	of	unshaded	glazing	and	poor	ventilation	–	already	perform	badly	

in	summer	and	will	become	either	unbearable	or,	if	they	rely	on	air	conditioning,	prohibitively	

expensive	to	run.	
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When	upgrading	existing	buildings	to	improve	their	winter	thermal	performance	by	increasing	

airtightness	and	insulation,	we	need	to	take	care	that	they	do	not	then	overheat	in	summer.	

Adapting	 external	 spaces	 presents	 a	 parallel	 challenge	 to	 building	 design.	 Generally	

speaking,	our	wider	urban	fabric	has	also	evolved	to	take	advantage	of	limited	sunshine,	rather	

than	to	provide	shade	and	protection	from	it.	

Robustness
We	expect	our	buildings	to	perform	reliably	with	little	if	any	maintenance.	But	familiar	materials	

may	behave	differently	under	future	conditions,	and	they	may	need	to	be	substituted	or	fixed	

differently.	 Adaptation	 strategies	 that	 rely	 on	 new	 materials,	 components	 or	 approaches	 to	

construction	will	also	need	 to	demonstrate	 their	 long-term	capabilities,	and	 that	 they	can	be	

easily	maintained.

Given	that	climate	change	is	a	moving	target,	even	new	buildings	may	need	to	be	further	

adapted	over	time.	There	must	be	both	an	ongoing	strategy	for	incorporating	additional	measures,	

and	the	physical	provision	to	enable	those	adaptations	to	be	carried	out	to	the	standard	of	the	

original	build.	

TACTICS

A	changing	climate	poses	intriguing	challenges	for	design	and	construction,	and	it	is	tempting	to	

assume	that	every	aspect	must	be	addressed	by	ingenious	or	innovative	design,	comprehensively	

and	 immediately.	Designers	are	often	 involved	at	the	 inception	of	a	building	project,	advising	

their	client	on	feasibility,	helping	to	set	the	brief	and,	with	an	emerging	agenda	like	adaptation,	

making	their	client	aware	of	wider	issues	that	they	may	not	have	taken	into	account.	Designers	

should	keep	an	open	mind	on	alternative	ways	of	approaching	the	challenge,	which	may	offer	

better	value	for	money	than	tackling	them	head-on	in	the	confines	of	a	building’s	design.	

Behaviour
Some	problems	can	be	circumvented	simply	by	altering	our	behaviour	rather	than	incorporating	

new	design	features	or	devices.	Some	of	these	are	in	the	control	of	an	individual	client,	such	as	not	

building	in	a	potential	flood	zone	or	relaxing	dress	codes	to	compensate	for	higher	temperatures.	

It	might	even	be	possible	for	an	individual	business	to	alter	working	hours	to	avoid	those	times	

of	 the	day	when	 internal	 conditions	 are	most	 stressed,	 but,	 realistically,	 a	wider	 coordinated	

response	would	be	required	for	such	measures	to	be	effective.

Given	that	the	existing	stock	presents	the	overwhelming	adaptation	challenge,	much	of	

which	 will	 be	 least	 able	 to	 cope	 with	 climate	 change,	 it	 seems	 likely	 that	 these	 approaches	



10

1 :  a g e n d a  f o r  a  c h a n g i n g  c l i m a t e

will	be	explored,	particularly	under	extreme	conditions	–	a	comfort	equivalent	of	the	hosepipe	

ban,	perhaps?	Perhaps	the	best	example	of	this	“soft”	approach	 is	 the	“Cool	Biz”	campaign	

introduced	 by	 the	 Japanese	 government	 in	 summer	 2005	 to	 reduce	 electricity	 consumption	

by	air	conditioning.	The	set-point	temperature	for	government	offices	was	raised	to	28ºC	and	

staff	were	encouraged	to	forgo	jackets	and	ties	and	to	wear	short-sleeved	shirts.	The	campaign	

was	relaunched	as	“Super	Cool	Biz”	in	2011	after	the	Tohoku	earthquake	and	tsunami	forced	

the	closure	of	many	of	 the	country’s	nuclear	power	plants,	 resulting	 in	extreme	shortages	of	

electricity.	Clearly,	a	designer	will	not	be	able	to	rely	on	such	radical	communal	measures	under	

most	circumstances,	but	they	should	certainly	be	considered	by	policy	makers.			

Timing
Climate	change	is	a	gradual	and	ongoing	process,	subject	to	multiple	layers	of	uncertainty.	Some	

aspects	of	a	building	must	be	designed	for	its	whole	life,	such	as	the	foundations	or	principal	

structure.	But	others,	such	as	glazing	systems	and	services,	have	shorter	life	expectancies	and	

will	 require	 replacement	or	maintenance	at	 regular	 intervals.	While	 it	 is	 sensible	 to	develop	a	

comprehensive	long-term	adaptation	strategy	for	the	changing	climate,	it	also	makes	sense	to	

hedge	 one’s	 bets	 as	 far	 as	 possible,	with	 a	 set	 of	 interventions	 that	 can	be	 implemented	 as	

part	of	a	refurbishment	cycle	when	the	evidence	for	their	need	becomes	clearer.	However,	care	

needs	to	be	taken	not	to	design-in	blind	alleys,	whereby	a	strategy	will	require	very	disruptive	

interventions,	or	even	demolition,	to	make	further	adaptation	possible.

Scale
Not	all	of	the	impacts	of	climate	change	must	be	resolved	at	the	level	of	a	single	building.	As	a	

society,	we	need	to	be	careful	that	the	responsibility	and	costs	of	adaptation	are	sensibly	allocated.	

For	 example,	 small-scale	 water-treatment	 plants	 or	 rainwater-harvesting	 systems	 may	 not	 be	

the	most	economic	or	 carbon-efficient	way	of	dealing	with	water	 shortage.	 Individual	flood-

defence	measures	are	similarly	likely	to	be	less	reliable	and	more	expensive	than	a	comprehensive	

approach.

Competition, consensus and regulation
The	market	drivers	for	the	adaptation	of	buildings	are	not	yet	clear.	The	key	issues	are	the	layers	

of	uncertainty	associated	with	climate	change,	and	the	fact	that	the	benefits	of	a	successful	

strategy	may	be	reaped	only	 in	a	time-frame	considerably	 longer	than	conventional	financial	

planning.	Benefits	may	also	not	be	easily	valued	in	financial	terms,	with	dependent	costs	that	

are	 highly	 uncertain	 given	 the	 time-frame.	 Neither	 may	 benefits	 accrue	 to	 those	 financing	

the	capital	cost	of	the	project,	or	indeed	to	any	individual	or	organisation,	but	only	to	wider	

society.	
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For	designers,	the	lack	of	an	obvious	financial	case	for	adaptation	measures	may	limit	the	

marketing	potential	for	adaptation	design	services.	Given	the	current	lack	of	consensus	on	which	

data	to	use	for	analysis,	and	the	range	of	options	that	may	therefore	need	to	be	explored,	the	

additional	design	time	and	cost	may	be	significant	–	and	unattractive	to	clients	who	are,	after	

all,	under	no	obligation	to	consider	the	longer	term.	As	a	result,	designers	themselves	may	be	

reluctant	to	invest	in	research	and	training	to	develop	these	services.

More	 research	 is	 needed	 on	 a	 range	 of	 costs	 –	 of	 adaptation	 measures	 themselves,	 of	

the	associated	design	time,	and	of	the	financial	and	other	benefits	–	in	order	to	strengthen	the	

commercial	case.	The	government	also	has	a	clear	role	in	developing	consensus	on	the	range	of	

“reasonable”	parameters	that	should	be	considered,	to	enable	adaptation	to	be	embraced	as	a	

mainstream	design	issue.	There	may	also	be	a	role	for	regulation	to	address	any	shortcomings	in	

the	market	in	the	interest	of	the	common	good.

Consideration	of	 the	 impacts	of	 future	climate	 is	new	territory	 for	both	clients	and	 the	

construction	industry.	It	has	the	potential	to	radically	alter	the	way	we	design,	construct,	use	and	

adapt	our	buildings.	As	such,	it	could	be	a	rich	source	of	design	inspiration	as	we	develop	elegant	

approaches	to	produce	buildings	that	will	be	resilient	in	a	future	that	is	both	certain	(change	is	

inevitable)	and	uncertain	(the	rate	and	magnitude	of	change	is	unclear),	as	well	as	meeting	the	

challenging	mitigation	targets	necessary	to	avoid	catastrophic	change.



http://taylorandfrancis.com
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Climate is what you expect, weather is what you get 

Robert A Heinlein, Time Enough for Love, 1974  

– often quoted by meteorologists 

 

CLIMATE PROJECTIONS FOR THE UK 

There is a difference between climate and weather. Weather is what we experience from day 

to day, described using metrics such as temperature, precipitation, humidity, wind speed and 

direction, sunshine and cloud cover. Climate is the average weather experienced over a long 

period, typically 30 years. The averaging process means that climate data is less chaotic than 

weather data, and it is possible to identify trends that are difficult to discern amid the natural 

variability of weather patterns. However, buildings do need to be able to deal with that natural 

variability and, within reasonable limits of cost and likelihood, to withstand extreme conditions. 

In a changing climate, we cannot just rely on historical records to make design decisions 

but must also take account of the likely pattern, timescale and magnitude of potential change.

Climate projections for the UK have been produced since the 1990s by the Met Office 

Hadley Centre. The latest set was released in 2009, and is known as UKCP09 (UK Climate 

Projections 2009), replacing the previous set published in 2002 (UKCIP02). This is the key source 

of climate information on which government departments, research organisations, insurers, and 

regulation and standards-setting bodies are basing their responses to climate change. 

2 UNDERSTANDING  
FUTURE  
CLIMATE 
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The UK Climate Impacts Programme (UKCIP) was set up by the government in 1997 to 

support organisations in the public, private, research and voluntary sectors to adapt to the 

unavoidable consequences of climate change. In 2011, the Environment Agency took over this 

role, but the range of tools and guidance developed by UKCIP for assessing the risks of climate 

change and developing adaptation strategies, some of which are described below, is still available 

on its website. 

Emissions scenarios explained
Projections for future climate are made using increasingly sophisticated computer models, based 

on the interaction between greenhouse-gas emissions and the climate system. The IPCC’s Special 

Report on Emissions Scenarios (SRES 2000) presented 40 emissions scenarios reflecting a range 

of demographic, social, economic and technological factors, of which three were selected for 

UKCP09. These differ slightly from the four that were used for the previous UKCIP02 projections, 

as shown on the table opposite.

The UKCP09 briefing report stresses that because emissions will be governed by human 

choices, relative likelihoods cannot be assigned to different scenarios. However, it is salutary to 

note that global emissions have continued to rise in line with the upper range of the selected 

scenarios, checked only slightly by the effects of recession.

Introduction to UKCP09 
The headline trends identified by earlier projections are unchanged – warmer, wetter winters; 

hotter, drier summers; rising sea levels; more extreme events. However, the approach taken by 

UKCP09 better reflects inherent uncertainties. Whereas the previous projections were based on 

the outputs of the Hadley Centre’s climate model alone, UKCP09 takes a broader view, using 

the outputs from a range of plausible climate models. These are weighted according to how 

closely they correspond with measured data when used to backcast past climate, and the resulting 

projections are presented as a probabilistic range rather than as single values. This new approach 

is statistically more robust but adds complexity. It also has the disadvantage that where there 

is insufficient agreement between the outputs of the models, a statistically robust, correlated 

projection cannot be made, resulting in a gap in the data. For example, wind data was not 

initially included in the probabilistic projections. Projections for wind have now been produced as 

a separate batch and so cannot be used in Weather Generator projections (see page 17). 

UKCP09 provides projections up to 2099 for 26 atmospheric variables (listed in Appendix 2) 

using a 25km² grid. Customisable data is also available for any location in the UK via the UKCP09 

User Interface. It includes both changes relative to the baseline period 1961–90 and absolute 

values, which designers need for definitive analysis.

The projections do not include any explicit representation of urban areas other than that 

reflected by the underlying base climate data at the resolution of a 25km² grid.
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uk 
Scenario  
name  
    ukcP09 
    ukciP02

iPcc  
deSig- 
nation

key featureS demograPhic Social economic technological atmoSPheric 
co2/PPm

High A1FI Economic growth
Increasing equity 
between regions
Fossil fuel energy

Global population 
peaks at 8.7bn by 
2050 and declines 
towards 7bn by 
2100, reflecting 
both low fertility 
and low mortality

The world becomes 
equally globalised. 
Regional disparities 
in per capita 
income gradually 
even out

Very rapid 
economic growth

Rapid introduction 
of new and 
more efficient 
technologies, fossil-
intensive energy 
sources

970

Medium 
-high

A2 Economic growth
Social, economic 
and technological 
development remains 
very fragmented

Fertility patterns 
across world 
converge only 
slowly, leading 
to continuous 
increase in global 
population to 15bn 
by 2100

World remains 
fragmented and 
regionally oriented, 
emphasis on 
self-reliance and 
preservation of 
local identities

Economic growth 
slower than in A1 
and B1 storylines, 
fragmented 
development

Technological 
change fragmented 
and slower than in 
other storylines

856

Medium A1B Strong economic 
growth
Increasing equity 
between regions
Mixed energy sources

Global population 
peaks at 8.7bn by 
2050 and declines 
towards 7bn by 
2100, reflecting 
both low fertility 
and low mortality

The world becomes 
equally globalised. 
Regional disparities 
in per capita 
income gradually 
even out

Very rapid 
economic growth

Rapid introduction 
of new and 
more efficient 
technologies, a 
balance between 
fossil and non-fossil 
energy sources

717

Medium 
-low

B2 Sustainability 
Heterogeneous world
Emphasis on 
local solutions to 
economic, social 
and environmental 
sustainability

Global population 
increases 
continuously, 
reaching 10.4bn 
by 2100

World remains 
fragmented and 
regionally oriented

Intermediate 
economic 
development

Technological 
change less rapid 
and more diverse 
than in A1 and B1 
storylines

621

Low B1 Emphasis on 
global solutions to 
economic, social 
and environmental 
sustainability, 
including improved 
equity, without 
additional climate 
initiatives

Global population 
peaks at 8.7bn by 
2050 and declines 
towards 7bn by 
2100, reflecting 
both low fertility 
and low mortality

The world becomes 
equally globalised. 
Regional disparities 
in per capita 
income gradually 
even out

Rapid change 
to a service and 
information 
economy, with 
reductions in 
material-use 
intensity

Introduction 
of clean and 
resource-efficient 
technologies

549

UKCP09 also includes information on sea-level change for the same three emissions 

scenarios, and for an additional extreme scenario, H++. This has been developed specifically 

to investigate sea-level rise and storm surges, and is regarded as high risk and low probability. 

It aims to reflect the effect of melting ice, which presents a major source of uncertainty in 

projecting sea-level rise but is not well represented in current global climate models.

2.1 This table shows the assumptions underpinning the Low, Medium and High scenarios 
used in the UKCP09 climate projections, as well as those for the Medium-low and 
Medium-high scenarios used in the earlier 2002 projections.
Source: IPCC SRES, CIBSE TM48
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 URBAn HEAT ISLAndS 

Temperatures in cities are typically higher than in their rural surroundings, 

particularly at night. This phenomenon is called the urban heat island (UHI) 

effect. On the positive side, this means that buildings in cities require less 

winter heating than their rural counterparts, but it also exacerbates the 

impact of heatwaves, affecting thermal comfort and reducing opportunities to 

passively night-cool buildings.

The effect is typically strongest during warm weather, on clear, still 

nights. By the middle of the 1960s, there was an average difference of 4–6°C 

between the centre of London and its surroundings. More recently, extreme UHI 

intensities in excess of 7°C have been recorded, rising to 9°C in the August 

2003 heatwave.

Urban heat islands are caused both by the concentration of heat sources 

such as buildings and traffic, and by the storage of solar energy in the urban 

fabric during the day and its subsequent release into the atmosphere at 

night. Urban areas also tend to be drier than the countryside, because of the 

lack of green space and because surface water is quickly removed by urban 

drainage systems. Therefore, less of the sun’s energy is used in evaporation and 

evapotranspiration (water uptake and loss by plants), and more is available 

to heat the atmosphere. Conversely, daytime temperatures in urban areas may 

actually be lower than in their rural surroundings due to the shading effect of 

buildings and the absorption of solar energy. 

Climate change may affect both the frequency and magnitude of extreme 

UHI events. AECOM are attempting to address this by developing UHI modelling 

tools to inform design decisions for their work on the North West Cambridge 

urban extension. 

The effects are inherently difficult to predict, due to the complex 

interaction between variables such as solar radiance, cloud cover and wind, 

both speed and direction. It is important that theoretical models are validated 

against measured data, but this rarely happens. Arup, leading research for the 

Greater London Authority (GLA) and CIBSE into sources of future weather data 

for building modelling in London, examined the available data in and around 

the city. They found that sufficiently comprehensive data was only available for 

three locations (Heathrow and Gatwick airports and the London Weather Centre 

in Holborn). Although these examples did fairly represent rural, suburban and 

central urban situations, this level of data was not typically available for other 

cities.
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Further information on the methodology and the projections themselves is available from 

the UKCP09 website, and a full description can be found in the UK Climate Projections: Briefing 

Report, sections 3 and 4.

A wide range of standard data tables, maps and graphs is available for climate variables 

for overlapping 30-year periods in a number of different forms. However, for those who simply 

need a broad understanding of the changes that we might need to deal with, UKCIP developed 

a series of maps specifically for the original design for Future Climate report, which is available 

at www.innovateuk.org/adaptation. A sample of these is included as Appendix 3. 

Understanding and using probabilistic projections
UKCP09 uses the same set of terms as the IPCC reports to describe the probability of different 

outcomes for each climate variable. These terms have a precision, directly linked to statistical 

percentages, that is in marked contrast to the hyperbole of political and media coverage of 

climate change:

Virtually certain > 99% probability

Extremely likely > 95% 

Very likely > 90% 

Likely > 66% 

More likely than not > 50% 

As likely as not 50% (a central estimate)

About as likely as not  33–66% 

Unlikely < 33% 

Very unlikely < 10% 

Extremely unlikely < 5% 

Exceptionally unlikely < 1% 

The three most widely used probability levels are 50% (the central estimate), and 10% 

and 90% (the lower and upper limits of the “likely” band of outcomes – ie it is “likely” that a 

variable will change by more than the 10% projection and “unlikely” that it will change by more 

than the 90% value). 

UKCP09 also features additional tools aimed at specialist users, which allow the generation 

and analysis of tailored data-sets: the Weather Generator and the Threshold detector. The 

Weather Generator can be used to produce synthetic, random but statistically plausible daily 

or hourly data at the resolution of a 5km2 grid. Though the spatial resolution is increased, the 

Weather Generator does not include any additional information on climate change. Instead, 

data from the baseline period is used to calculate the statistical relationship between weather 

variables, and the UKCP09 change factors are applied to produce future probabilistic outputs. 

The Weather Generator should be run at least 100 times for the 30-year period in question, 
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producing 3,000 years of data for statistical analysis. This requires specialist statistical skills and 

presents a heavy computational and data-handling burden, making it unsuitable as a tool for 

day-to-day project work. However, as discussed below, it has been used to make future weather 

files available in a form that can be readily used with standard building-simulation models. The 

Threshold detector tool (used on the Edge Lane TIME project, see below) allows further analysis 

of daily data produced by the Weather Generator to show how often a user-defined parameter 

is exceeded.. The UKCP09 user interface provides three predefined outputs: 

•	 Heating	Degree	Days	(HDD)	–	the	number	of	days	when	the	mean	daily	temperature	is	

below 15.5°C, and heating would be required (it should be noted that this is different 

to the standard definition of Heating degree days normally used by engineers)

•	 Cooling	 Degree	 Days	 (CDD)	 –	 the	 number	 of	 days	 when	 mean	 daily	 temperature	

exceeds 22°C

•	 Heatwaves	–	when	maximum	daily	temperature	 is	greater	than	30°C	and	minimum	

daily temperature is greater than 15°C for a minimum of three consecutive days. 

It is also possible to define custom events. 

At the Edge Lane project, Oxford Brookes University used the Threshold detector tool to 

show the changing demand for heating and cooling, and the incidence of heatwaves. The results 

are shown in the tables opposite.

2.2 Edge Lane TIME project, a new mental health facility in Liverpool, 
designed by Medical Architecture.
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hdd Jan feb mar aPr may Jun Jul aug SeP oct nov dec

Baseline 31 29 31 30 29 22 13 14 24 30 30 31

2030 31 29 31 30 27 12 5 4 14 26 30 31

2050 31 28 31 29 24 9 3 3 10 24 29 31

2080 31 28 30 27 17 5 1 1 4 17 27 30

Cooling Degree Days, as projected for Liverpool by the UKCP09 Threshold Detector 

cdd Jan feb mar aPr may Jun Jul aug SeP oct nov dec

Baseline 0 0 0 0 0 0 0 0 0 0 0 0

2030 0 0 0 0 0 1 2 2 0 0 0 0

2050 0 0 0 0 0 1 4 4 1 0 0 0

2080 0 0 0 0 0.3 3.5 10.4 9.9 3 0.6 0 0

heat 
wave

 
Jan

 
feb

 
mar

 
aPr

 
may

 
Jun

 
Jul

 
aug

 
SeP

 
oct

 
nov

 
dec

Baseline 0 0 0 0 0 0 0 0 0 0 0 0

2030 0 0 0 0 0 0 0.1 0.1 0 0 0 0

2050 0 0 0 0 0 0.1 2 2 0 0 0 0

2080 0 0 0 0 0 0.2 0.7 0.7 0.1 0 0 0

The growing incidence of heatwaves in Liverpool, projected by the UKCP09 Threshold Detector

Heating Degree Days, as projected for Liverpool by the UKCP09 Threshold Detector 

2.3 The tables above were produced by Oxford Brookes University for the  
Edge Lane project in Liverpool, using the UKCP09 Threshold Detector.
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UKCIP also developed a number of tools to help organisations get to grips with their own 

vulnerabilities to climate change, including the Adaptation Wizard, a Risk Framework and Local 

Climate Impact Profiles.

Adaptation Wizard
This is a five-step process for assessing vulnerability and developing adaptation strategies (see 

below). A number of teams used the Wizard to prompt initial discussion with their clients, 

including those working on Edge Lane, the Harris Academy in Purley, south London, and the 

London School of Hygiene and Tropical Medicine.

Increased awareness following
exposure to a recent weather event

(2006 heatwave; 2007 floods)

Leadership

A desire to seek new opportunities

Need to ensure sustainability
of new development, product

or practice

A desire to maintain reputation
as a company that takes

environmental issues seriously

Need to comply with new
legislation or statutory guidance

DR
IV

IN
G A preoccupation with short

term (next 2–5 years) survival,
not the next 50 years

Scepticism amongst colleagues

The focus is currently on
mitigation; the adaptation
imperative is not recognised

Time pressures

Competing values and priorities

Getting people to take climate
change seriously in the context
of business paybacks and
current economic climate

CON
STRAIN

IN
G

Progress

2.5 A checklist from UKCIP’s Adaptation Wizard.

1. Getting started 

2. Assess vulnerability
 to the current
 climate

3. Assess vulnerability
 to future climate
 change

4. Identify, assess
 and implement
 adaptation options

5. Monitor and review

2.4 The Adaptation Wizard from UKCIP outlines a five-step process.
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LCLIP: Local Climate Impact Profile
This tool was developed to help local authorities understand their current vulnerability to weather 

and climate, as a starting point for preparing appropriate adaptation strategies. Organisations 

are prompted to gather information on the details and magnitude of the consequences of recent 

weather events for a given locality (initially using press reports as a source of information on 

past extreme events in the absence of more formal observed data), the agencies responsible 

for managing those consequences and their level of preparedness. Oxford Brookes University, 

advising both the Edge Lane and nW Bicester Eco Town projects, combined this technique with 

its own Local Environmental Factors (LEF) methodology to highlight local features that could 

either ameliorate or exacerbate the impact of climate change.

lefs edge lane hazard relevance

Latitude 53° 25’ n Temperature change and solar intensity change

Proximity to coast 3 miles to coast Temperature increase and precipitation increase

Urban cover* Average urban cover with sparse green cover 
surrounding the site. The site specifically has a 
couple of existing buildings, no green cover or 
trees

Temperature increase, solar intensity increase and 
precipitation increase 

Elevation (Edina, 2011) 60m above sea level: the site is located on a hill Temperature change and precipitation increase

Fluvial flood risk (EA, 
2011)

no flood risk Precipitation increase 

Groundwater level 
(BGS, 2005)

Height of water table above sea level – 0–50m Precipitation change

Landslide potential 
(BGS, 2005)

Low-nil Precipitation increase 

Geology (clay soil 
— swell or shrink 
potential) (BGS, 2005)

Moderate Precipitation decrease/ground moisture content 
fluctuation

Water stress (EA, 2007) Low Precipitation decrease and temperature increase

Wind-driven rain 
potential (Graves and 
Phillipson, 2000)

Moderate: 33 to less than 56.5 litres/m2/spell Precipitation increase/wind speed change

* Urban cover refers to built-up areas, e.g. asphalt, concrete and buildings,  
and has many implications for proximity to green space and urban heat island potential.

2.6 Oxford Brookes University produced this table to assess the vulnerability of the 
Edge Lane project in Liverpool, combining the LCLIP tool from UKCIP with its own 
methodology for analysing Local Environmental Features




