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Climate Vulnerability Modelling

in collaboration with Resilient Analytics.

Vulnerabilities:

% Indoor Environmental Quality
% Thermal Comfort
*» Moisture

¢ Building Fabric

Datasets:
**UKCP18 Local (2.2km) projections

*Emissions Scenario;: RCP8.5

s Time Periods:
+1981-2000 (Baseline)
%2021-2040 (2030)
+2061-2080 (2070)

12 HadGEM3-GC3.05 models
*+6 locations presented
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https://resilient-analytics.com/

IEQ -
Thermal

Comfort

General methodology

Input: Daily average outdoor
temperature

Output: Daily average indoor, daily
maximum indoor, and hourly indoor
temperatures

Relationship derived [°C adjustment]
from a UK-based monitoring study of
193 dwellings [Beizaee et al. 2013]

6-week period [22 July-31 August]

Welsh Housing Building Classifications

Adjustment (°C)
Add to calculated internal temp
Building Classes

Mean Max
Pre 1919 -1.0 -1.8
Age 1919-1990 0.1 0.2
Post 1990 0.8 0.8
Timber Frame 0.0 -0.3
Solid - Stone -1.6 -2.1

Wall Construction Solid - Brick
+ 0.0 0.2

Cavity - Brick

End Terrace

+
Mid Terrace 0.1 0.2
Dwelling Type +
Semi Detached
Detached -0.4 -0.4
Flat 0.7 0.8
Insulation Internal Wal 0.4 0.6
Insulation
. Double Glazin
Window Lo R -0.4 (-1.4) -0.6 (-2.4)




Average Outdoor Temp

Change from Baseline

22-July thru 31-Aug

Average Temperature
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Percent of Hours over 26°C

July 22nd - August 31st
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Percent of Hours over 26°C

July 22nd - August 31st

Wrexham

Cardiff
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Summary of results for Thermal Comfort
l;)

Increased incidences of summertime \
overheating in a majority of dwellings N |

“*Best performing dwellings were pre 1919 dwellings and ‘
dwellings with solid stone walls.

“*Poorest performing dwellings were post 1990 dwellings,
flats and properties with internal wall insulation. \

*»Cooling strategies to reduce indoor air temperature will
increasingly be required.




IEQ - Relative Humidity

Vulnerability Calculations

Maximum and average relative humidity used as an indicator for multiple

iIndoor air quality metrics

Optimum relative humidity range for human comfort and health
(a decrease in bar height indicates a decrease in effect for each of the items)

General methodology

**Input: daily average outdoor specific Bacteria
humldlty Viruses
Fungi

“+Output: daily maximum indoor relative
humidity

Mites

Respiratory Infections

**Relationship derived from a global Alloraic Rt & Asthma
monitoring study of 6 locations

Chemical Interactions

SHl- = SHO x (0.752 + 2.186 Ozone Productions

PERCENT RELATIVE HUMIDITY ' 10 30 40 50 60



Relative Humidity
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Cardiff

Average Indoor Relative Humidity

Average Daily Relative Humidity
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Daily Average Relative Humidity

Wrexham

Average for July 22" - August 31t
Cardiff
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Percent of Days Percent of Days
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Pre-1919 Post-1990

Pre-1919 Post-1990

Pre-1919 Post-1990

Timber
Frame

Timber
Frame

Timber
Frame

% of Days with Average Relative Humidity

Solid Brick Attached
/
Cavity

Solid Brick Attached
/
Cavity

Solid Brick Attached
/
Cavity

Greater than 60%

Average for July 22" - August 31t

Flat

Flat

Flat
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Percent of Days

100%

80%

60%

40%
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0%

% of Days with Average Relative Humidity
Greater than 60%
Average for July 22" - August 31t

Cardiff

Average
Pre-1919
1919 - 1990
Post-1990
Solid Stone
Solid Brick /
Cavity
Attached
Detached
Flat
Internal Wall
Insulation

Timber Frame

Double Glazed
Pre-1919



Summary of results for Indoor environmental quality

Potential for poorer indoor environmental quality [in the summer] due to an
Increase relative humidity.

% All dwellings will experience increases in relative Optimum relative humidity range for human comfort and health
. g . (a decrease in bar height indicates a decrease in effect for each of the items)
humidity regardless of dwelling typology.

* Relative humidity will be highest in pre 1919
dwellings and dwellings with solid stone walls
regardless of location.

** Ventilation strategies to improve the extraction of
moisture-laden air [and indoor-generated pollutants]
are required if these dwellings are to avoid
increased incidences of condensation, damp, and
mould growth, and adverse impacts from other
allergens, particles and pollutants.

Bacteria

Viruses

Fungi

Mites

Respiratory Infections

Allergic Rhinitis & Asthma

Chemical Interactions

Ozone Productions



Building Fabric

Building fabric vulnerabilities were calculated using service life data
adjusted service lives [and associated costs] are presented for individual
climate variables as a measurable and quantifiable output.
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N N
[ NG

Temperature (°C)
o

10
0
Cardiff ~ Narberth Wrexham Llangefni Brynmawr Shotton
m Baseline =2030 =2070
Average Daily Solar Flux
January 1st - December 31st
140

—

120

Cardiff Narberth  Wrexham Llangefni Brynmawr  Shotton

Solar Flux (w/m2
A O ©
o O o

N
o o

HBaseline m2030 =2070

(°C)

ge
@
o

Temperature Chan

% Change from Baseline

w >
o o

-~
oo w

1.0
0.5
0.0

20%
15%
10%
5%
0%

January 1st - December 31st

Average Outdoor Temp
Change from Baseline

Cardiff

Cardiff

Narberth

Average Daily Solar Flux
Change from Baseline

Wrexham Llangefni Brynmawr  Shotton

m2030 =2070

January 1st - December 31st

Narberth

Wrexham Llangefni

m2030 =2070

Brynmawr

Shotton



Average Daily Relative Humidity Average Daily Relative Humidity
January 1st - December 31st Change from Baseline
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Because warm air can carry more moisture than cold air, the relative humidity level will
be higher in cold air and lower in warm air at the same absolute humidity level.
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Methodology

Adjusted service life factors were calculated based on exposure to each climate variable,
guantified as the change from baseline, for each building fabric component [As outlined in the

ISO 15686 Factor Method procedure].

Factors were applied to baseline service life values to find the adjusted service life under
projected climate conditions [as published in the British Standard 7543].

Three separate adjusted service lives were calculated, one for each climate variable, which
were then used to calculate the percent change in maintenance and/or replacement costs for
each building component.

The building fabric analysis is broken into three separate evaluations of vulnerability from solar
exposure, from relative humidity and from precipitation.

Climate factors could not be combined since degradation data was only available for each
climate variable acting independently.



Cardiff

Building Fabric Degradation Results for: Cardiff

Adjusted Service Life

Change from Baseline Cost

Material / Component Solar Flux Relative Precipitation Forecast Level of |Baseline Service ] ]
Humidity Deterioration Life Solar Flux Rela.t ve Precipitation ~ Average Solar Flux Rela't ve Precipitation  Average
Humidity Humidity
2030
Roof Tiles (clay/slate/concrete) High Low High Moderate 30 28.1 31.1 29.7 29.6 6.7% -3.6% 1.1% 1.4%
Walls (brick/stone) Low High Moderate 70 72.6 69.3 70.9 -3.6% 1.1% -1.2%
Render & Mortar (Iime/cement) ngh Low ngh Moderate 50 46.9 51.8 49.5 49.4 6.7% -3.6% 1.1% 1.4%
Masonry Paint High Low High Moderate 20 18.8 20.7 19.8 19.8 6.7% -3.6% 1.1% 1.4%
Window & Door Frames ngh ngh Severe 20 18.8 19.8 19.3 6.7% 1.1% 3.9%
2070
Roof Tiles (clay/slate/concrete) High Low High Moderate 30 28.1 313 29.4 29.6 6.7% -4.3% 2.1% 1.5%
Walls (brick/stone) Low High Moderate 70 73.1 68.5 70.8 -4.3% 2.1% -1.1%
Render & Mortar (Iime/cement) ngh Low ngh Moderate 50 46.9 52.2 49.0 49.4 6.7% -4.3% 2.1% 1.5%
Masonry Paint High Low High Moderate 20 18.8 20.9 19.6 19.7 6.7% ~4.3% 2.1% 1.5%
Window & Door Frames High High Severe 20 18.8 19.6 19.2 6.7% 2.1% 4.4%




Summary of results for building fabric

**Not every building material/component is impacted by every climate variable.

*»Other climate variables may have detrimental affects, including extreme
winds, concentrated downpours and associated events such as flooding.

*»*Building orientation will impact on adjusted service life, frequency of repair
and maintenance, and thus change from baseline cost.

**These results can be used in combination with our knowledge and
understanding of building fabric performance [and deterioration mechanisms]
to better inform frequency of repair and maintenance to mitigate further

damage.



Monthly Precipitation
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Application- how we apply this information to what we already know?
Cardiff Climate trends, predicted vulnerabilities and known deterioration mechanisms
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Applying the building fabric vulnerabilities results

Combining known deterioration mechanisms with predicted climate stressors / vulnerabilities to drive
adaptation priorities

Material/component
Solid stone or brick

Painted render

Painted/treated timber
(window frames and
doors)

uPVC replacement
window frames and
doors

Lime/cement mortar
repointing

Deterioration mechanisms
Masonry deterioration is associated with excessive moisture
content.
Water ingress, wet-dry cycles, freeze-thaw cycles, rain splatter
at base of walls.
Discoloration (staining) micro-cracking, biological/organic
growth.

Relative humidity < 75% can escalate crystallisation—hydration
cycles, so drier, hotter summers could be a potential threat,
especially for carbonate and sandstone but no estimate is yet
available related to their correlation .

Water ingress, wet-dry cycles, freeze-thaw cycles, rain splatter
at base of walls.

Discoloration (staining), cracking, biological/organic growth.
Loss of strength may also occur.

A reflective/pale coating can prevent walls exposed to sunlight
reaching a critically high temperature.

Solar radiation and moisture lead to erosion or stains and
blistering of varnish/paint, that allow timber saturation

With high Solar flux, increased blistering will occur on painted

timber on south facing elevations increased frequency of repair.

If level of moisture is raised >20%, rot can damage frames.
Moisture, atmospheric gases, and solar radiation acts on edge
seal.

Mortar should be sacrificial; a level of deterioration is expected

1*r .

/7 /7
0’0 0’0

Severe event safety measures
WDR and heavier downpours will require
more regular maintenance of
stone/brickwork
Address micro-cracking to reduce moisture
ingress
Increased impact likely on northerly
elevations.

Address cracking to reduce moisture ingress.
Increased impact likely on northerly
elevations.

Frequency of repaint/retreating will increase
on southern elevations.

Frequency of brittle failure of uPVC may
increase on southern elevations.

Repointing the mortar more regularly will

rn o 8

Adaptation
requirements



Adaptation

Co-creating prioritisation indices for Indoor Environmental Quality and Building Fabric including
consideration of overheating, indoor air quality, mould, damp, rain, flooding and solar flux.

%+ Behavioural adjustments [making small changes to the way we live in the home]
% Internal fit-out alterations [owner/occupier focused]
% Building fabric modifications [owner/occupier as well as where contractor/trades required]



Building fabric Climate Vulnerabilities
e.g. Pre-1919 Dwellings

L e




Drying strategies for a
more comfort:
indoor environment

__ Manage air circulation

Air circulation
[ventiation] strategies
reduce relative
humidity which ideally
should be 60% or less.

Mechanical air
— dirculation [ventiation]
Strategies

[venlation]

Invest in smart heating
—  [and ventilation]
controls

Manageheat ~ ——{  Tiy and maintain a
minimum indoor
temperature. Itis
_— recommended that you
never let the
temperature of your
home fall below 14°C

Fit a temperature and

relative humi

— monitor in rooms likely

to experience higher
moisture levels

Fit an audible CO
alarm that m
European Standards.

[EN 50291]

Fit a CO2 monitor to
regulate alrflow

Manage air qualty ——

Fit a Volatile organic
— compounds (VOCs)
monitor that will

Avoid high-moisture
___ activities indoors where
possible e.g. drying

| Stop water from getting clothes
into your home
See BUILDING
— FABRIC adaptation

Make sure windows
(— can be readily opened
and closed

Try and cross ventilate
[have windows open
{— on opposite sides of a
room/house] to

Maintain chimneys,

| flues andair vents,
unblocking any that
‘have been sealed

Ensure roof and under
— Tloor spaces are well
ventilated

Always use an
e e
— moisture rooms.
especially washrooms
and kitchens.

Invest in smart
f—  ventlation [and
heating] controls

{_ Ceiling fans can help
‘with air movement

Where air tightness
has been increased in
your home [e.g
through internal wall
insulation for improved
L~ energy efiiciency]
ensure your builders
have installed

ventilation to stop
moisture build up

Are your dishwashers,
washing machines,
and tumble driers in

Do you have effective
{— clothes drying in well
ventilated spaces?

Review your bath,
“drainage

Use mould-resistant

paint in high moisture

{— ‘rooms, particularly in
kitchens and
bathrooms

Think about the
location of furniture [to
L avoid mould in e.g.
corners [iwhere there is
low air movement]

Ideal bathroom
temperature is 23°C

| Ideal baby/infant room
temperature is 23°C

Ideal living room
temperature is 20°C

Ideal bedroom and
L kitchen temperature is
16°C

When we bumn any

| | atmeets "o iidfuel COs

produced.

As CO2 levels rise, the
quantity of volatile
organic compounds,
odours and
micro-organisms in the
air rise too.

VOCs are awide
range of carbon based
(organic) chemicals
(compounds) found in
various man-made and
naturally occurring
solids and liquids.

Some VOCs are
hamful to human
health and can cause
environmental
damage. Exposure to
high concentrations of
VOCs can lead to
throat rrtation,
headaches and
damage to internal
organs. Continuous.
Tow level exposure
often causes long-term
health effects. The
severlty of the health
effect depends largely
on the type of organic
compound present as
well as the exposure
time

maximise air circulation

appropriate mechanical

well-venilated spaces?

High humidity at night
puts more stress on
the human body

Reopen any closed
ventilation routes, such

as blocked chimney

flues, air bricks, etc.

Extractor fans renew
the ambient air in a
room, which limits the
emergence of any
e A e
appearance of mould
all the while reducing
the humidity level

Ensure appropriae air

e
-extractor fal

Choose constant
extraction rather than

purge extract triggered
by RH settings
Ensure appropriate air

fitering in mechanical
ventilation systems.

Replace vapour closed
insulation wi
vapour open system

Check the moisture
oulput requirements of
your white goods

Avoid drying clothes
indoors. f this s
unaveidable, make
sure you can the
additional moisture
from your chosen
diying space.

This is not normally a
problem as all the.
smoke and gasses
should pass harmlessly
out the top of the.
chimney. If however
the chimney is blocked
arlealy, the appliance
is faulty or if
ventilation to the ﬁre is
inadequate, CO gas
ay enter your
property.

Typical indoor VOC
sources include paint,
cleaning supplies,
furnishings. glues,
permanent markers
and printing
e et
be particularly high
when there is limited
ventilation.

Choose furnishing. DIY.
construction, an
consumer products
with low VOC
emissions

___Manage air circulation

Drying strategies for a
healthier and

more comfortable indoor goied
environment

Air circulation
[ventilation] strategies

Mechanical air
+— circulation [ventilation]
strategies

[ventilation]

Design and layout
glssuesay

Invest l_p smgpglea‘ﬁng

should be 60% or less.

Make sure windows
and closed

Try and cross ventilate
[have windows open
— on opposite sides of a
room/house] to
maximise air circulation

Maintain chimneys,
flues and air vents,
unblocking any that
have been sealed.

Ensure roof and under
— floor spaces are well
ventilated

Always use an
extractor fan in high
—  moisture rooms
espedally washrooms
and kitchens

Invest in smart
—  ventilation [and
heating] controls

|__ Ceiling fans can help
with air movement

Where air tightness
has been increased in
your home [e.g.
_through Imemal wiall

— can be readily opened ———

High humidity at night

puts more stress on
mebumanbody

Choose constant
extraction rather than

—  energy eﬂidency]
ensure your builders
have installed
appropriate mechanical
ventilation to stop
moisture build up

Are your dishwashers,
washing machines,
and tumble driers in

well-ventilated spaces?

Do you have effective
+— clothes drying in well
ventilated spaces?

Review your bath,
| shower and sink
design for effective
drainage

Use mould-resistant

paint in high moisture

+— rooms, particularly in
kitchens and
bathrooms

Think about the
location of furniture [to

low air movement]

Check the

moisture
—— output requirements of

your white goods

Avoid drying clothes
indoors. If this is
unavoidable, make
sure you can the
additional moisture
from your chosen
drying space.



Cooling Strategies for
a more comfortable
indoor environment

Manage Heat

Manage Ventilation

Minimise external heat
gains

gains

Is there any flexibility in
your internal layout?

Passive ventilation
strategies

Active ventilation
sirategies

How do you use your

— curtains/blinds in the

summer?

Make sure windows
can be readily opened
and closed [see other
ventilation strategies]

options

Insulation

Look at external
opportunities

Reduce lighting and
other electrical gains

Temporarily remove

+— [used to retain heat

during the winter
months]

Replace carpets with
wooden floors or tiles

Can children/elderly
parents sleep

™ downstairs during the

If you are working at

|_ home all day, can you

move your home
‘office™?

Make sure windows
— can be readily opened
and closed

Try and cross ventilate
- have windows open

——— on opposite sides of

the room/house to

reopen closed

__ventilation routes, such

as blocked chimney
flues etc.

Portable personal fans
— for desks/bedtime
[renewable batteries]

Ceiling fans can help

| air movement [but only

slightly reduce room
temperatures ]

Air conditioning units.
should only be

—  ronsiderad when all

Look at other shading

maximise air circulation

Draw curtains/blinds
r—  during the day to
reduce solar gains.

Remove heavy

| curtains/drapes during

the summer months as
these retain heat

Keep windows closed
— when the sun is at its
hottest

Open window either
side of the peak
daytime heat

External shutters

External awnings on
— south and west facing
windows

Projecting eaves
[where appropriate]

Reflective film

You can find more
information on this

Note: If investing in
new glazing [and
‘where

screens on windows

Insulating windows

roofiloft insulation
| when correctly installed
can lower internal
temperatures

Planting deciduous
trees that absorb heat

Use of the water to
achieve cooling by
evaporation
Install cool paving
using additives to
reflect solar radiation

Painting external
walls/renders in light

Open your windews at

night to release internal
heat gains
Re-open windows that

have been painted shut

you can install low

e-triple glazing or
specialist low SHGC
(or g-value) glazing

Note: wall and floor
insulation is an energy
efficiency intervention
and intended to retain
heat. Therefore it
tends to further
contribute to
overheating

Ask your local council
about community
planning for CC and
tree planting in your
area

Installing windows that
enable secure day and
night-time ventilation,

Cooling strategies for
a healthier and

more comfortable
indoor environment

— Manage Heat

___ Minimise external heat

gains

. Minimise internal heat

How do you use your
— curtains/blinds in the
summer?

Make sure windows

and closed [see other
ventilation strategies]

options

— Insulation

Look at external
opportunities

Reduce lighting and
other electrical gains

Temporarily remove
heavy fabric curtains

———+— [used ta retain heat

| can be readily opened |

. Look at other shading

Draw curtains/blinds
during the day to
reduce solar gains

Remove heavy
curtains/drapes during
the summer months as

these retain heat

Keep windows closed
— when the sun is at its
hottest

Open window either
——  side of the peak
daytime heat

—  External shutters

External awnings on
— south and west facing
windows

| Projecting eaves
[where appropriate]

Reflective film
screens on windows

Insulating windows

rooffloft insulation

when correctly installed

can lower internal
temperatures

___ Planting deciduous
trees that absorb heat

Use of the water to
— achieve cooling by
evaporation

Install cool paving
—  using additives to
reflect solar radiation

Painting external
— walls/renders in light
reflecting colours

You can find more
information on this
| S

Note: If investing in
new glazing [and
where
permissible/affordable]
!g)_"m&ﬂ" install low

triple or
spedallstﬁhég‘lec
(or g-value) glazing

Note: wall and floor
insulation is an energy
efficiency intervention
and intended to retain

heat. Therefore it
tends to further
contribute to
overheating

Ask your local council
about community

——— planning for CC and

tree planting in your

area



Dissemination

Proposed public facing dissemination

* Interactive climate vulnerability map using 7ableau
% Climate adaptation factsheets
s What else would be useful?



Input

2030
Time period
2070 ;

By
county Location
[n=23]

Age

Construction Dwelling

type

Vulnerability

CLIMATE
VULNERABILITIES
based on precipitation,

temperature, solar flux
and relative humidity
climate data

Adaptation

Behavioural

Overheating Internal fit-out

Fabric modifications

Behavioural

Moisture/ Damp Internal fit-out

Fabric modifications

Behavioural

Internal fAit-out

Building fabric

Fabric modifications

* May need to add in a forth dwelling category to direct dwelling owners/managers to a set of adaptations where IWI, EWI CWI has been retrofitted.



Boulder County Localized Climate Mapping & Equity Initiative

Change in Days Over 90 Graphic View Map View  Satellite View Back Home
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