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% RESILIENCE & THE IMPORTANCE OF THE URBAN CLIMATE RULES

Mitigation actions + Adaptation actions = Resilience
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Resilience is essential in both mitigation and adaptation to environmental and climate challenges:
* In mitigation, it involves developing systems (like renewable energy sources) that reduce sensitivity to climate change and maintain
functionality.
* Inadaptation, resilience is about enhancing the ability of communities and systems to withstand and recover from the effects of climate
change, such as extreme weather or sea-level rise.
Essentially, resilience ensures robustness and flexibility in facing environmental changes
Dr Julie Futcher RIBA julie@climate22.com



An Urban Climate Walking Tour an instructional technique

@®
for linking together diverse aspects of urban sustainability: 2 < KEY
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% URBAN CLIMATE WALKING TOUR

The urban climate walk serves 3 distinct purposes

1) Disseminate complex interdisciplinary urban
science in a digestible way

2) Data collection

3) Provide a network activity

Julie Futcher | julie@climate22.com @juliefutcher
Understanding the #UrbanClimate RULES
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% BASED ON THE PRINCIPLES OF URBAN CLIMATE
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% NET-ZERO CARBON TARGET (TIMELINE)

How are we going to get there? & what will it look like?

Current rate of warming
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‘achieving a balance between the carbon emitted into the atmosphere, and the carbon rem

Classwork — SEPT 2023
Dr Julie Futcher RIBA julie@climate22.com

SEE - https://www.carbonbrief.org/ccc-uk-must-cut-emissions-
78-by-2035-to-be-on-course-for-net-zero-goal/

oved from it’ (The Energy Saving Trust)




% Challenges

* 50% of the Global Population live in urban environments (3.3 billion 2008)
(Around 85% of total UK, population)

* 80% of the predicted 9.07 billion population by 2050

* Occupies <3% of ice-free land (Around 11% of total UK land mass)

* Producing 70% of global CO, e (in the UK, 49% of annual CO.,e are attributable
to buildings) *1% of Global CO,e

e Consume two thirds of global energy

* 50% of all energy is taken by buildings

» 80% of the UK’s 2050 building stock is already in place :

* 80% net-reduction CO,e by 2050 (increased to 100% net-zero 2019) Reso u rces Eﬁgf;a"y

* UKURBAN AIR TEMPERATURES to rise between 1.1 & 3.3 °C

(UN 2001, State of the World's Cities, www.unhabitat.org)

Change in Global Urban Rural Population 1260 - 2050

P opulaition/Billion

1 fo ="

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

e e= Urban ee——Bural sesees Total
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% where will all these buildings go?
S Land use: Policies for a Net Zero UK
ommittee on
There is now a need to put in place clear, well-designed palicies to ensure
the UK’s use of land contributes to the Net Zero emissions target.

Agriculture, land use and peatlands accounted for 12% (58 MtCO_e) of all UK greenhouse gas emissions in 2017

"

Our use of land must change to meet the UK's Net Zero target
How our land
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Behaviour change is also needed: Other
- [
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% DENSITY

Dr Julie Futcher RIBA julie@climate22.com

The relationship between built form, population density & sustainability is an interesting one Many believe that
increasing urban density results in increased sustainability. whereby higher densities increase efficiencies .... i.e,, more
efficient public transport, walking and cycling, more integrated services and promote urban vitality & Lower densities
and urban sprawl stretch all forms of urban infrastructure, while contributing to pollution and social exclusion.
HOWEVER, if not designed with care higher urban densities impact on our health and wellbeing as inedibility it
steal our sunshine .......

https://urbanage.Isecities.net/data/ambient-density-london



% INCREASING URBAN DENSITY

S

SEmmgy
""Eawmpmmn
Py
nun®
lllll----

Typically, this requires a good understanding of the interdependent relationships between building and urban form and function, energy, climate; and importantly how
these interdependent net-energy relationships impact on health and wellbeing.

These affectsinclude thermal comfort and overheating, respiratory and cardio diseases and the influence of built form on levels of biodiversity.

Dr Julie Futcher RIBA julie@climate22.com



% Current UK BUILDING ENERGY MANAGEMENT Measures

m Energy supply from both on and off-site renewables

m Optimising the building fabric and the efficiency of energy demanding systems
m Change behaviour patterns towards energy efficient measures
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0% of the UK 2050 building stock is already in place!

net-zero reductions CO2 by 2050!! / 8

GENERIC ‘ENERGY ISLAND’ MEASURES ALONE ARE UNLIKELY TO BE SUFFICIENT IN REACHING TARGET REDUCTIONS - SO in an attempt to address these shortfalls,

our work considers an additional but often overlooked measure;
Futcher et al 2017 Creating Sustainable Cities One Building at a Time: Towards an Integrated

Urban Design Framework Cities 66:63-71
Dr Julie Futcher RIBA julie@climate22.com



The Role of Building and Urban Form as an Energy Management Parameter

This is what
we do

This is what we have
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The Role of Building an an Form as an Energy Management Parameter

This is what
we do

This is what we have

Y 1 e+ T e
Dr Julie Futcher RIBA julie@climate22.com
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Terms & information included in
the Glossary

ariteria identified in document
SUSTAINABILITY CRITERIA - @
STAGE 21IC

[ ]

Missing criteria

a) In a standalone setting

Julie Futcher | julie@climate22.com @juliefutcher
Understanding the #UrbanClimate RULES

Here we consider the interdependent net-energy relationships ;
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ariteria ientified in document
SUSTAINABILITY CRITERIA - @ == == === e mccmcncce=-g
STAGE 21C

Terms & information incleded in
the Glossary bd

Here we consider the interdependent net ationships;
* Energy in its natural expression (temperature, wind and sunshine);
* Building energy needs (heating, cooling and ventilation), and

* Anthropogenic cutputs ( de heat and pollution)
a) In a standalone setting Wste
Water The form a building takes, will not only influence its own energy performance
. . I(c.g,mtnyﬁvgﬂnsmdmt“'— o ies), but wall also influence
Diy/Sun light Energy the perf e of its neighbouring buildings and streets (e g,
avershadowing, changes to air flow)

The term 'Function’ describes building
and urban land use e, activities (and
their timings), such as residential,
commercial or service delivery (Le,
healthcare, education and leisure).

atthe building scale, the form a building
takes is shown to influence its own

Fhetecm) factor® referstoa energy needs; i.e, will influence the
dimensionless ratio that describes % .
heat gains and losses at the surface,
the shape and geometry of an object,
alongside daylight and ventilation
typically 3 building, It is commonly  —@
strategles {i.e, maximising access to
Used toanalyse the energy bakonce Ssve resources); and inturn, the
and heat transfer characteristics of y:quueme =i ;;\mgy dema;mdmg
DG I hekswvironment systems (requlated & non-regulated
load)
Natural Ventilation and Airflow
Butlding form Influences natural
ventilation and airflow pa 5
around and wathin the building
The arrangement of openings,
such as windows, doors, and vents,
along with the building’s overall

shape, can faciltate or impede air
maovement. Proper ventilation can
help dissipate hest, improve
indoor air quality, and enhance
thermal comfort. Building forms
that promote natural ventilation
can reduce reliance on mechanical
cooling systems

Both green and/or open space are assoclated with cooler air and
surface temperatures, especially at night-time where radiative heat
loss is greater, often resulting in localsed cool istands. Typically, the
benefits of urban vegetation, include reducing the overheating nisks
assocated with the UHL offsetting negative microclimate outcomes;
improving air quality; reducing stormvater runoff, and increasing
urban biodiversity alongside many other known heaith and wellbeing
benefs.

The value of urban trees is also well known, for example they provide
localised shade, lowers cooling need; improves thermal comfort and
reduces windspeeds.

shading lowers
cooling loads

and increases

heating loads

Julie Futcher | julie@climate22.com @juliefutcher
Understanding the #UrbanClimate RULES
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criteria identified in document

I urban climate =

Terms & information included in
L EE— ]

the Glossary

The term *Built Form' is used to
describe the attributes of the
urban landscape, i.e, its geometry
(the structure of the surface such
as levels of vertical or horizontal
density); the characteristics of its
surface (i.e., land-covervegetated
and impervious cover the fabric
(the characteristics of
manufactured materials

. SUSTAINABILITY CRITERIA -~ @ == === === === === ==—

STAGE 21C

ing criteria

b) In the urban setting

The formation of the 'Urban
Climate’ is dependent on
geographical location (z latitude,
regional and city scale effect)
levels of land-cover i.e., density
(horizontal and vertical),
impermeability, vegetation, and
"land-use’ i.e, activities (and their
timings)

The term 'Function’ describes
land-use i e, activities (and its
timings), such as residential,
commercial or service delivery (i.e.,
healthcare, education and leisure)

*Built Form'’ {the dimensions of
buildings and their placement in

 FUNCTION

relation to each other), is found to
be the dominant factor in
modifying radiation and ventilation
it the urban surface, key

®—=& BUILT FORM &

A

temperatures

Ventilation can help dissipate
heat, improve indoorfoutdoor air

quality, and enhance thermal
comfort. Building forms that
promote ral ventilatio

®—¢ Ventilation &

reduce ce on mec
cooling systems

Crientation and
symmetry of street
scale geometry
influences solar access

Waste
Water
Light

Pollution

T e
1/4_; EMISSIONS

Noise is 3 significant aspect of the urban environment that can

have beth physical and psychelogical impacts on

1) urban residents, in turn can drive behavior which can
impact on energy: i.e., a barrier to opening windows
(ventilation opportunities), increasing reliance on
mechanical methods of cocling

2) Biodiversity

§}, e )
’\\“\:\‘ RESOQURCES 7

A

S5

Optical &
Thermal
Properties of
Materials

and ventilation y

opportunities, and the
optical properties of
building ma Is
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Thermal comfort within urban
street canyons is influenced by
canyon's geometry materials and
the angle of the sun

Orientation

wind (air) flow dynamics governs exchanges
between the surface and the atmosphere.
Airflow dynamics are critical drivers of cleanand
comfortable air

Vegetation (in the right place) and crientation
can play an important role in removing and
reducing pellutants by the process of deposition.
TDAG

Here we consider the interdependent net-energy relationships ;

= Energy in its natural expression {(temperature, wind and sunshine);
= Building energy needs (heating, cooling and ventilation); and

= Anthropogenic outputs (manmade heat and pollution).

The form a building takes, will not only influence its own energy performance
(e.g., access to solar gains and ventilation opportunities), but will also influence
‘the performance of its neighbouring buildings and streets (e.q.,
overshadowing, changes to air flow)

Energy &—@

The term 'background climate’ typically
refers to the long-term climatic conditions
of a region (or city) before any
urbanisation or human-induced
modifications. It represents the natural or
pre-existing climate that would be present
in the absence of urban development.

Levels of solar radiation is a function of

Background latitude; aItit.uce (the angle Df.thF_' Sun
Climate above the horizon); and the ability of the
atmosphere to transmit radiation; where a
propertion is reflected (albedo) from the
Latitude 4 surface as outgoing short-wave radiation.
The findings show the
thermal quality within these
—— canyons is influenced by

canyon's geometry materials
and the angle of the sun

etation (trees) intercept & reflect solar

radiation; lowering UV radiation, reducing Typically, urban vegetation, reduces
adverse health effects jim structure & averheating risks; improves air quality;
dynamics) of ecosystems; #-® reduces stormwater runoff, and increase
RISK increased UV radiation potentially urban biodiversity alongside many other
influencing carbon cycling and climate health and wellbeing benefits

regulation

VEGETATION

SHADING

Increased evapotranspiration, cooling
atrosphere, direct impact on heat related
morbidity and mortality risks (dependent

shading lowers
cooling loads
and increases
heating loads

Vegetation helps to remove pollutants
from the atmosphere

Vegetation and open spaces, changes to
heat absorption and retenticn (dependent
on water availability)
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https://doi.org/10.1016/j.atmosenv.2009.02.062

% THE STAND-ALONE BUILDING....
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% Buenos Aire
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The ancient city of
Sanaa, Yemen,
manages the city's
internal climate
through
ventilation
strategies and
shading as a direct
result of the
narrow street
configurations.
These
configurations
reduce both direct
and diffuse
radiation at street
level, lowering
surface and near
surface air
temperatures. This
cooling effect
along with
thermal storage
results in the so
called ‘cool island
effect’, sheltering
urban occupants
from the extreme
prevailing
conditions.

http://www.theguardian.com/world/2010/jun/03
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air temperatures are more sheltered compared
to the prevailing conditions.
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% NO UNIVERSAL RELATIO
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% the value of openness to sky

Green roof
provides cooling
for top floor

Artificial surfaces
store more heat

Open urban form with more vegetation has
lower night time overheating risk suiting
residential land use

Dense urban form with little vegetation has a
high night time overheating risk. This is of low
importance for daytime offices, but important
in residential settings
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% Canyon Aspect (A,) AKA Building Height (H) to Street Width (W) Ratio N

CanyonAspect (As) is a non-dimensional ratio (As = H/W) of the building hight
(H) to street width (H/W) Ratio

SkyView Factor (sky) the ratio of radiation received (or emitted) by a planar
surface to the radiation emitted (or received) by the entire sky hemisphere

A
L i Outgoing Longwave Radiation
6

K ! Incident Solar Radiation
\ 4

Ha

>

H H HEIGHT TO WIDTH RATIO
1+H2)/2
Average H/W ratio - describes street canyon density,

W which along with orientation (@) gives an
idea of solar access

Dr Julie Futcher RIBA julie@climate22.com
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% THE THERMAL AND OPTICAL PROPERTIES OF MATERIALS

Albedo (a) The ratio of the shortwave radiation reflected by a surface
(reflectance) to the shortwave radiation reaching that surface (irradiance)
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% Air Flow Around Buildings

Effects of Density (H/W ratio) on Flow Regimes. Flow is driven
by above roof winds.

Air Flow

MOT14 HOVOYddY

Airflow around a low building arranged in the front of a tall building. after Li, et. al., (2020);
Effects of height-asymmetric street canyon configurations on outdoor air temperature and air quality
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Turbulence
Windward Side FlowAround an Leeward Side

Isolated Building

Downdraft Isolated Roughness
Flow Regime
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Wake Interference Flow Skimming Flow Area of Leeward
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% THE SKY VIEW FACTOR

©Julie Futcher — #UrbanClimate Rules

NIGHT TIME EFFECT \ /

Wsky — the Sky View factor
is a measure of the
openness of the sky to
radiative transport relative
to a specific location STATIC
K A PARAMETER — dependent
AN on visible sky

I
[

———mmm T - >

https://www.grasshopper3d.com/group/ladybug
/forum/topics/discussion-sky-view-factor W

I

€---—-mem- >

Dr Julie Futcher 2W

DAY TIME EFFECT

H/W ratio — mean building
height (H) to street width
(W) ratio describes street
canyon density, which along
with orientation (@) gives an
idea of solar access -
DYNAMIC PARAMETER
dependent on solar access
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% Drivers
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Summary view of the factors affecting the urban climate. Source: Emmanuel (2005).
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L

m

LCZ Oass

Building

Impervious

Height of

. Pervious surface
Local Climate Zone LCZtype| surface surface . roughness SVF
) ) fraction
fraction (%) fraction elements (m)
. . Dense mix of tall buildings; few or no trees. Concreate,
Compact high-rise & 40-60 40-60 <10 >25 0.2-0.4
steel, stone and glass
. Dense mix of midrise buildings; few or no trees. Stone
Compact midrise ) ) N 40-70 30-50 <20 10-25 0.3-0.6
Brick, Tile, and Concreate
. Dense mix of low-rise buildings; few or no trees. Stone
Compact low-rise ) ) & 40-70 20-50 <30 3-10 0.2-0.6
Brick, Tile, and Concreate
Open arrangement of tall buildings; Abundance of low
Open high-rise plants and scattered trees. Concreate, steel, stone and 2040 30-40 3040 >25 0.5-0.7
glass
Open arrangement of midrise buildings; Abundance of
Open midrise low plants and scattered trees. Concreate, steel, stone 20-40 30-50 20-40 10-25 05-0.8
and glass
Open arrangement of low-rise buildings; Abundance of
Open low-rise | low plants and scattered trees. Wood , Stone, Brick, Tile, 6 20-40 20-50 30-60 3-10 0.6-0.9
and Concreate
Lightweight low- | Dense mix of single storey buildings; Few or no trees.
rise Lightweight materials Wood , corrugated metal 7 60-90 20 <30 24 02-05
. Open arrangement of low-rise buildings; Few or no trees.
Large low-rise | " ¢ 8 8 30-50 40-50 <20 3-10 >07
Concreate, steel, metal and stone
. Sparce arrangement of small or medium sized buildings in|
Sparselybuilt  |* geme! & 10-20 <20 60-80 3-10 >0.8
a natural setting, low plants and scattered trees.
. Low and midrise industrial structures (towers, stacks, and
Heavy industry { 20-30 20-40 40-50 5-15 0.6-0.9
tanks), Few or no trees. Metal, steel and concreate
Natural forest. T Itivation, b k. Heavil
Dense trees atural forest. Tree cu |v§ ion, or urban park. Heavily <10 <10 590 3-30 <04
wooded landscape of deciduous and evergreen trees.
Natural forest. Tree cultivation, or urban park. Lightl
Scattered trees . park. LBntYy <10 <10 >90 3-15 | 05-08
wooded landscape of deciduous and evergreen trees.
Natural grassland or urban park. Open arrangement of
Bush, scrub & park. P ¢ <10 <10 >90 ) 07-09
bushes, shrubs and short woody trees
Natural grassland, agriculture or urban park. Featureless
Low plants landscape of grass or herbaceous plants or crops, few or <10 <10 >90 <1 >0.9
no trees
Natural desert k ban t t. Featurel
Bare rock or paved atural desert (rock) or urban transport. Featureless <10 <90 <10 <0.25 >0.9
landscape of rock or paved cover, few or no trees
. Natural desert or agriculture. Featureless landscape of
Bare soil or sand . " agricLity ! P <10 <10 >90 <0.25 >0.9
soil or sand, few or no trees
L ter bodi h d lakes, I
Water arge open water bodies such as seas and lakes, or sma <10 <10 590 _ 509

water bodies such as rivers, reservoirs and lagoons




Typical diurnal variation of At

* THE URBAN HEAT ISLAN D(S) between an urban & rural (or non-urban site under clear sky conditions
IO R — | L«H“Y}t"w "--. i R _Jﬁxrflfjllﬁ‘xm S L N B
Sub-surface Layer (UHI) Boundary Layer (UHI) Surface Layer (UHI) Canopy Layer (UHI)
Daytime surface warming Climates in the surface layer The best known of the
heats the overlying are characterised by great local urban effects

atmosphere temporal and spatial variations

Top of urban boundary layer (UBL)

London’s Urban Heat Island: |
D, T A Summary for Decision
- 'Lﬁ“%t a4 Makers - October 2008

Shmjuku (Tokyo), early October 1998 durmg late afternoon

It is worth pointing out the well-known UHI phenomenon is frequently misunderstood in terms of type (surface or air), timing (daytime or night-time) and
cause (natural energy exchanges or anthropogenic heating).
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Typical diurnal variation of At

* THE URBAN HEAT ISLAN D(S) between an urban & rural (or non-urban site under clear sky conditions
S — L«H“Y“}‘t""[h%-“lw _Jﬁxrflfjilﬁ‘xm S L N B
Sub-surface Layer (UHI) Boundary Layer (UHI) Surface Layer (UHI) Canopy Layer (UHI)
Daytime surface warming Climates in the surface layer The best known of the
heats the overlying are characterised by great local urban effects

atmosphere temporal and spatial variations

Top of urban boundary layer (UBL)

2 : . | . - ‘ London’s Urban Heat Island: |
- "k - SR ¢ A Summary for Decision
1 - L8 LS Y Makers - October 2008

~

It is worth pointing out the well-known UHI phenomenon is frequently misunderstood in terms of type (surface or air), tim
cause (natural energy exchanges or anthropogenic heating).

%(daytime or night-timeyand
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Typical diurnal variation of At
between an urban & rural (or non-urban site under clear sky conditions

% THE URBAN HEAT ISLAND(S)

_Jﬁlql(J}ﬁh - an 8 DRINY pHREeTe. ..

Surface Layer (UHI) Canopy Layer (UHI)

The best known of the
local urban effects

L..H-w ol e
Boundary Layer (UHI)

- ————— P ——

Sub-surface Layer (UHI)

Climates in the surface layer
are characterised by great
temporal and spatial variations

London’s Urban Heat Island: |
D, T A Summary for Decision
- 'Lﬁ“%t a4 Makers - October 2008

Shmjuku (Tokyo), early October 1998 durmg late afternoon

It is worth pointing out the well-known UHI phenomenon is frequently misunderstood in terms of type (surface or air), timing (daytime or night-time) and
cause (natural energy exchanges or anthropogenic heating).
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% The Canopy Layer UHI (CUHI)

W1

UV 1




% the TIMING of the Urban Climate Effects

Day-time
air temperature

Residential

City of London

Heathrow
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Night-time
air temperature

Residential

Heathrow
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% SCHEMATIC STRUCTURE OF THE LOWER ATMOSPHERE
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8-16 km Top of troposphere (“weather layer”)

Free atmosphere
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% DEPENDENCY ON UNDERLYING CONDITION
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% LCZ’s
http://www.wudapt.org/

B Water

B Low Plants

P Scattered Trees

[ 1 Dense Trees

[ Heavy Industry
[] Sparsely Built
[]Large Low Rise

[ 1 Open Low Rise

[] Open Mid Rise

7] Open High Rise
B Compact Mid Rise
I Compact High Rise
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% DEPENDENCY ON 'ﬂ
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% DEPENDENCY ON UND

http://www.homepages.ucl.ac.uk/~ucft




/ \

1 )
IMPERVIOUS SURFACE [IMP] ..
1)  Fully permeable (e.g., green space)
2)  SemiPermeable (e.g., residential)
3)  Non permeable (e.g., commercial)
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% DEPENDENCY ON UNDERLYING CONDITIONS
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©Julie Futcher — #UrbanClimate




% City of London Case Study

e TS

In the City of London the average height of the building is 25 Meters so what happens when you insert a tall building that protrudes the canopy top?
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% Midday Shadow
a) Summer solstice b) Equinoxc) Winter Solstice
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The overshadowing effect of the tall buildings (Eastern Cluster - City of London) on the roof tops of the lower surrounding buildings. 21°" June/Sept/Dec -midday. Source Futcher 2019
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% llluminance
Professor John Mardaljevic
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Bl Existing :
I %% Under Construction g
[] Proposed :
= City of London
T
300m :
RESIDENTIAL w COMMERCIAL The EASTERN CLUSTER
AREA ® AREA P
200m " K
|
- xer SV u
Neaf NOO“\N\“‘ ¢ f :
|
25m
BOUNDARY ESTATE BISHOPSGATE GOODS YARD  BISHOPSGATE
01] 150 Bishopsgate (149m) The Heron Plaza
02] 110 Bishopsgate (230m) Heron Tower
03] 100 Bishopsgate (172m)
04] 30 St Marys Axe (behind) (180m) aka Gherkin
05] 22 Bishopsgate (278m) former Pinnacle development 08] 52-54 Lime St (behind) (192m) The Scalpel 11] 20 Fenchurch Street (160m) aka Walkie talkie/scorchie
06] No.1 Undershaft (behind) (295m) 09] 1 Lime St (95m) Lloyds Building 12] 32 London Bridge (310m) The Shard
07] 122 Leadenhall Street (224m) aka the Cheesegrater 10] 51 Lime St (behind) (125m) Willis Building 13] 8 Bishopsgate Tower
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% ACCESS TO PASSIVE RESOURCES

Stop S06 City of London #UrbanClimate walk

Colour rendering of the Heron Tower’s south
facade, showing the annual availability of
solar/daylight (in lux-hours) before and after the
completion of 100 Bishopsgate

June/September/December - mid-afternoon without (top) and with (bottom) 100 Bishopsgate
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The Role of Urban Built Form on levels of Air Pollution at a Microscale level

A pilot project - City of London / #UrbanlLabCity

Summer Daytime Air Temperature difference (°C)
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% City of London Case Study

Futcher J. and Mills, G. (2020) ‘Urban Lab City’ Investigating the Role of Built Form on levels of Air Pollution and

Urban Climates at Microscale Level PLEA 2020

Site ref

Bias adjusted (092)

pg/m3
S04-01WORSHIP 5T 40
S04-02WORSHIP 5T (MID) 43
S04-03WORSHIP 5T (W) 44
SO4-DAWORSHIP ST 48
S04-10TCOF OF BISHOPSGATE 6l

504-08adisHOPSGATE
504-05210 BISHOPSGATE
S04-08BISHOPSGATE
S04-07 LIVERPOOLST
SO07a0LUNCTION ()
S07a02IUNCTION (W)
S07a08/UNCTION (W)
S07aMBISHOPSGATE
S07a088ISHOPSGATE (55)
S06-05CAMOMILE 5T
506-01CAMOMILE 5T 100
S06-AWORMWOOD 5T
S06-0263 CAMOMILE 5T
S06-08CAMOMILE 5T

502-11BREWERY BEACH ST 51
S02-06MILTON ST 40
502-07 MOOR LN (M) a8
502-D4ROPEMAKER (M) a1
S02-06ROPEMAKER (W) [N) an
502-12 MOOR LANE 49
502-13MOOR LANE 35
502-14 ROPEMAKER a7
S02-16CITY POINT a3
S02-30FINSBURY ST (W) (M) 43
S02-08ROPEMAKER 55
S02-08ROPEMAKER (E) 36
S02-0SMOORGATE 71
502-13 MOORGATE (N} 74
S02-2050UTH PLACE (N} (E} a6
S02-2150UTH PLACE ISLAND 52
S02-22 NEAR WILSON 5T 53
S02-0250UTH PLACE 50
S02-01ELDON 5T 47
502-10ELDON 5T OPP NO 15 43
510-16 MOORGATE 56
510-15MOORGATE &3
510-14 MOORGATE 69 S 10
$10-13 MOGRGATE 58
S10-D4MOORGATE (5) 71
S10-03 PRINCES 5T (N) &7

510-03aPRINCES 5T 74
S10-02 PRINCES 5T (5) 71
510-01 THREADNEEDLE 5T (W) 71
S$10-10MANSION HOUSE (E) 77
S$10-0SLOMBARD ST &0
S10-080OPP 24 CORNHILL 58
$10-11ROYAL EXCHANGE 56
5$10-07 THREADNEEDLE 5T (E) 64
S10-05LOTHBURY [N) 54
5$10-06 THROGMORTON (W) a3
510-12 THROUGHMORTONS 32

S07a-TaGRACECHURCH
507a-7b3 BISHOPSGATE
S07 a-TcBISHOPSGATE

S07-065T MARY AXE (M)
SO7-08BURY 5T (N)
S07-04BURY 5T (5)
S07-035T MARY AXE (MID)
S07-025T MARY AXE (5)
SO7-01LIME ST (MID)
S07-olIME STREET (20F ()
507-aliME STREET (EC)
S08-03PHILPOT LAME [N]
508-02R000 LAME
S08-04PHILPOT LANE (5]
508-01RO00 LAME
S08-08EASTCHEAR (N

Dr Julie Futcher RIBA julie@climate22.com

S08-07EASTCHEAR (5)
S08-065T MARY-AT-HILL
SO09-06MONUMENT ST

S09-05LOWER THAMES 5T
509-04L0WER THAMES 5T
S09-080L0 WATERMANSWALK (N)
S05-020L0 WATERMANS WALK (MID) 37
S09-010L0 WATERMANS WALK (5) 34




Dr Julie Futcher RIBA julie@climate22.com

19a.3S sawey | Jaddn

¥|BM SUBWISIEM PIO

Fenchurch Street

508.08/3ve 44ug/m

S07-afave 45ug/m

Lime Street

507-0{3ve 32ug/m’|

St Marys Axe

SO7-02(ave d4ug/m

ROV
509.08(sve 45ug/m']

ROL
e

$07-08(3ve 40ug/m')

o
®

A}

- «”31«5:"‘\?"'“ y
\%

—

4
G
O SL RIS\
W v/ 4 '%ﬂ. é

\

1, S22

s .4/,\ 7

XRG )
2K

)

rch Street

Eastern Cluster

Fenchurch Street




% Air Quality

parallel to air flow

Moorgate North
Bishopsgate North

Bishopsgate South

Moorgate South
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% A RESIDENTIAL SITE Bishopsgate Goodsyard, a strategically important 4.7 hectare

brownfield site at the northern edge of the City of London
Photo Property week
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An Urban Climate Walking Tour an instructional technique
for linking together diverse aspects of urban sustainability:
The City of London

Dr Julie Futcher RIBA julie@climate22.com
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110 & 100 Bishopsgate
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Lime Street

20 Fenchurch Street
Thames Path; London Bridge
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Urban Climate Walking
Route
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Measurements PART 3
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