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Compact spatial planning and transit-oriented
development are policies to manage urban growth and
shape urban densities (population and jobs) in an efficient
way for delivering economic growth and social
inclusiveness while mitigating climate change.

They rest on an integration of spatial and transportation

planning and on concentrating densities along transit lines
and around major transit nodes.



1. Which spatial development patterns best contribute to
GHG emissions reductions, climate change mitigation, and
economic growth?



Tokyo tweets map reveals that density of human activity and interaction
is structured by transit lines and nodes



Hong Kong jobs and population densities are aligned with transit lines. Source: LSE Cities



Pedestrian accessibility to rail and metro stations in Hong Kong. Source: LSE Cities



As a result of Hong Kong’s approach to integrating transport and
land-use planning, 43% of the population (3 million people) live
within 500m of an MTR station and 75% live within 1 km of a
station . Public transport is used for 90% of all motorized journeys
and the car ownership rate (56 per 1000 people) is lower than any
other city of similar wealth (as a comparison, the average rate in
OECD countries is 404 per 1000 people).

The city’s exceptionally high levels of residential density — averaging
21,900 people per km?2 within the built-up area, 6,300 people per
km?2 across the entire territory and peaking at 123,300 people per
km2 at North Point — has also created one of the most walkable
cities in the world. 45% of trips are undertaken by foot.

These transport patterns have resulted in very low transport-related
energy use and carbon emissions. It is estimated that annual carbon
emissions from passenger transport are 378 kg per person,
compared with around 1000 kg in European cities and over 5,000 kg
in Houston, USA.



Green growth in Hong Kong. Source LSE Cities



Hong Kong’s efficient transport network creates various economic benefits for the
city, including agglomeration, competitiveness, and cost-saving benefits. Thanks to
its well-used and efficient public transport network, Hong Kong spends around 5%
of GDP on motorized travel, compared with 12-14% in motorized cities such as
Melbourne and Houston.

The city’s dense urban form and efficient transport system supports agglomeration
economies, including access for firms to a large pool of skilled labor within easy
commuting distance, and a high density of firms in the inner-city which improves
networking opportunities and face-to-face interaction. The latter is known to be
particularly important for service-sector industries, and assists Hong Kong in the
goal of securing its position as a global financial hub.

Hong Kong’s integrated ‘Rail plus Property’ model allows the MTRC to operate as a
profitable enterprise, resulting in cost savings for taxpayers from an unsubsidized
public transport system. Despite receiving no subsidies, passenger fares are low by
international standards and fare increases have been below inflation during the
past five years. The MTRC calculates that direct financial benefits to the Hong Kong
government resulting from the ‘Rail plus Property’ have totaled HK$S210bn (US
$27bn) since the establishment of the company in the 1970s. While the
government provided initial investment funds for the first MTR lines, the value of
the company (publicly listed in 2000) has since grown considerably and payments
from developers for the land value premium resulting from the building of rail
infrastructure have totaled almost HK$100bn (US$12.9bn).



Copenhagen jobs and population densities are aligned with transit lines. Source: LSE Cities



Pedestrian accessibility to rail and metro stations in Copenhagen. Source: LSE Cities



Green growth in Copenhagen. Source LSE Cities



2. What is the impact of compact spatial planning and TOD
on transportation energy?



Consommation annuelle de carburant par personne (gallons, 1980)
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Average densities are not sufficient to explain energy intensities
Density distribution patterns matter

Private transport
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Source: Urban Morphology Institute



Intra urban emissions and densities are unevenly distributed within urban space

GHG Emissions and density in Paris (by IRIS) in NYC (by county) and in London (by borough)
Source: Loeiz Bourdic, Urban Morphology Institute



Entropy versus hierarchy
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Stuttgart is an example of high entropy urban spatial structure: density is scattered homogeneously
over the entire urban area.

Barcelona is an example of an urban area with a high hierarchy of density distribution.

Entropy and hierarchy are calculated using a grid of N 200x200m cells, each with a density Pi.

Resting upon this grid, entropy and hierarchy (alpha parameter) are calculated using the following
formulas:

Entropy Hierarchy Pr = Pok™“
Source: Urban Morphology Institute



What is the impact of density distribution of transport energy
consumptions?

Energie = Cy PIB°3° dens™%* hier %>2entrop®2¢

Multivariate analysis resting upon 34 European cities
(Data partially extracted from Le Néchet 2011)

4 factors impact on per capita transportation energy consumption:

GDP per capita (elasticity 0,35)
- Average density (elasticity -0,14)

- The entropy of the density distribution (elasticity 0.86): The
more homogenous the density distribution, the higher the
energy consumption for transportation per capita.

- The hierarchy of the density distribution elasticity -0.52): The
higher the hierarchy of the density distribution, the more P = Pk
efficient the urban structure, and the lower the energy
consumption for transportation per capita.

Source: Urban Morphology Institute



Impact of urban morphology on heating energy
Compactness and shape factor

In Haussmannian Paris
SH=9,32

_ Paris, 1968-1975
SH=13,8

Shape factor
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Source: Urban Morphology Institute
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COURTYARDS/SLABS/DETACHED HOUSES
The transportation energy /heating energy impact

Source: JP Traisnel



Traditional urban forms

Toledo,
Spain



Traditional urban forms

- A high urban built density,
- A good shape factor,

- A high cyclomatic number and low distance between intersections.
- Heating needs around 100 kWh/m?2/yr

Barcelona
(Barrio
Gotico)

Toledo 2,98 8,44 121 40

Turin 4,63 8,8 75 70
(quadrilatero
Romano)

4,94

Source: Urban Morphology Institute
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XIXth century urban forms

Density, compacity and connectivity are high. These urban forms are the
natural evolution of the previous forms. The heating needs slightly increase
(from approx. 100 to 125 Kwh/m?/yr).

New York 4,77 8,76

(Manhattan)

Paris 4,49 9,32 77 150
(Haussmann)

Turin (collective 2,95 9,87 77 80

medium size
buildings)

Source: Urban Morphology Institute



The upheaval of Modernism

Brasilia,
Brazil



The upheaval of modernism

In the last 60 years, modernist urbanism has produced two different types of urban
forms:

- High rise, out of scale developments

- Low rise suburban neighborhood

Both of them are not sustainable: they have poor connectivity, poor compactness and
poor density. Heating needs increase tremendously: from approx. 125 to 200/300 kWh/
m?/yr

Brasilia 0,34 15,49

New York 0,4 11,35 19 200
(sprawl)
Le Corbusier 3,57 19,66 4 400
Washington 0,41 11,98 4 300
(sprawl)

Source: Urban Morphology Institute



SUPERBLOCKS: ENERGY INTENSIVE URBAN FORMS

Traditional settlement
Urban grid

Enclave of low rise slabs Superblocks with towers in park
4 urban forms in Jinan  source:mir



Source: MIT



Source: MIT (top)
and Energy Foundation (below)



3.What impact of compact development on urban costs?



GDP/km? decreases with spatial expansion
Infrastructure costs/km? and emissions increase with spatial expansion
The city costs more than it produces value at a threshold of about 500 km?

(600 km?2size of Tokyo 23 wards and Seoul Special City with populations
between 9 and 10 million)



1,000
900 -
800
700 -

GVA per km?

600
500
400
300
200

Costs per km?

Urban productivity per km?

100 -

- | | | | |

0 5 10 R* 15 20 25

Distance from the city center (km)

Source: Bourdic 2015, Urban Morphology Institute.



Low density increases infrastructure costs, resource intensity of
infrastructures per capita, energy consumption and carbon emissions
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Capacity and Infrastructure costs of different transport systems

Transport Infrastructure [(;aepr:/g,% E,asps";'r:fs i gzghs}::apadty
Dual-lane highway 2,000 10m - 20m 5,000 - 10,000
Urban street (car use only) 800 2m - 5m 2,500 - 7,000
Bike path (2m) 3,500 100,000 30

:’zerg;astrian walkway / pavement 4,500 100,000 20

Commuter Rail 20,000 — 40,000 40m — 80m 2,000

Metro Rail 20,000 - 70,000 40m - 350m 2,000 - 5,000
Light Rail 10,000 - 30,000 10m — 25m 800 - 1,000
Bus Rapid Transit 5,000 - 40,000 im - 10m 200 - 250

Bus Lane 10,000 im-—5m 300 - 500

Source: Rode and Gipp 2001, Litman 2009, Wright 2002, Brilon 1994



4.How to articulate densities (FAR, residents and jobs) and
how to shape transit networks in order to achieve compact
development through scales?



4.1. Networks and Spikes

The urban world is Paretian both for network structures
and for intra urban densities



Traditional network street patterns were multi connected at all

scales. This increased their structural resilience.










Complex networks are scale-free
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Subway networks converge towards a characteristic structure with a
dense and interconnected core and with spokes

Source: QuantUrb, CASA



The core (R=5.6 km in Paris) contains a constant density of
stations while the density of stations outside the core decays
rapidly with a decay exponent of minus 1.5 in Paris case
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This structural change in the density of stations and thus in
transit accessibility levels characterizes most subway networks.

Source: QuantUrb, CASA



Transit network centralities and differences in accessibility + agglomeration economies
concentrate densities in spikes at intra urban scale
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LONDON NEW YORK HONG KONG

Peak 27,100 pp/km’ Peak 59,150 pp/km* Peak 111,100 pp/km’

Residential densities in London, New York, Hong Kong

Source: LSE Cities, LSE London



Jobs densities in London, New York, Hong Kong. Source: LSE Cities



Rents in London. Source: Robin Morphet, CASA, UCL London.
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The urban world is not Gaussian (top). It is Paretian (bottom) and follows inverse power laws



4.2. Case Studies: Tokyo, Seoul, London, New York



Tokyo economic engine is concentrated along the high spikes of
connectivity and economic density of Yamanote line
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URBAN CHINA ISSUE: FLAT NETWORK HIERARCHY LEADS TO LOW NODE VALUE

Beijing subway map Shanghai subway map



URBAN CHINA ISSUE: FLAT NETWORK HIERARCHY LEADS TO LOW NODE VALUE
Beijing network hierarchy is flat and lacks hubs

Lohdsn Shanghai is in an intermediary situation with a
: steeper hierarchy than Beijing but flatter than
y=-0248x+ 1438 London and a very thick right tail of low degree

N "\___~ “— R "_“. ale (9598 W5hangha

Shanghs er=an | Centrality stations

" wos Due to this network lack of hierarchical structure

s there is much less opportunity to capture high land

0 . ; 3 P : . values in Shanghai and Beijing than in London and to
articulate density accordingly

Source: Urban Morphology
Institute



, Log of Cumulated number of stations

d&‘” y =0,1902x + 5,0585

0% R2=0,97111
o © °c” Shanghai subway network structure impacts
J= 12918+ 1.9375 on accessibility with a key difference between
R* = 0,98625 2 regimes with a change at R= 20 km (density
of connectivity decays with exponents
1 2 3 4 5 -0.7/-1.8)

Log of the distance from the city center

Source: Urban Morphology Institute



Seoul transformation in accessibility with the subway extension
has reshaped the urban form

1st phase 2" phase



Increase in accessibility between first and second phase
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Spatial Patterns of Nodal Accessibility (a) in the First Phase and (b) in the Second Phase

The second phase has intensified the core accessibility and created a second potential core



Closeness centrality from one station to all the others

Spatial Pattern of the .\CC?SSibi'if)’ Grid Surfaces in the First Phase Spatial Pattern of the Accessibility Grid Surfaces in the Second Phase



FAR policies matches closeness centrality with high FAR variations



Land use policies match closeness centrality
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London subway network radiates from Circle line

&\ Epping

‘f\/__/\\v\-}
o |
}

Chalfon
& Latime; -«‘*Lr'
~ Watford H“Jh . Cockfosters
j/ Barnet \ Loughton
e , |

ickmanswo! /v ‘”'\\ y "\'/Z

Mill Hill ¢ \ Southgate / \ oV \
\ N\ 5;5[ chhley( . i L) / \
( \ V& / Hainault
- | N ./ )
\ - : Wal(hamstov { 4
J [
\j‘ 4 : 7
Newbury d
L Finsbury — ___ [" B Park 7 J N7
/ Sl S _ Y X 7

ng{JCmss l/""-y Stratfmd l -
/ / :Barkmg

£~ ook / A

) o //gtanmore\ )/ / Nv/\

5 Park \ / N \ \
Edgware / 4 - \ .

'f \/ ﬁ’// :

Uxbridge < S N J
g & A \ . 4 S dncrw_A Dagenhjm
Sy \ '~ | West /
? 1 / : N A Ham
—— A ' J : .Aldgate 7
L—’f = o NS ‘r
’ == caris & Greenwich
/ Heathrow / Hounslow Vg Hammdrsmith E‘?,L’r’g : ennington r L
| Airport Q il m({ ‘j‘
/ - oy - X\ l N
hﬁ\‘\—\ ' "‘_\ l‘/ : oz n) i_;
\’_\/J / A Richkmond (§ Clapham | Brixt , \|
L‘I T' \\ I) 4 - {[
)." \? - /—") e 4 ‘L/‘ { j\\\
H /) ” }// ‘{- "] \\ _// [ x
\r"\_ { <”'-_r\ /," (‘ i\ t \ 1‘ /_,\} .57
\’j\ \‘ | xv p o N 7/ \y P "\| R4 v
Rt Wimbledon ./ k( S/
\\ M"‘ { Morden ) b ‘\,
l) r\_ o ‘\//\\\_,,4-,{ ¥
P, .\/ L
f / IL \ \
‘ L \ |




Hubbing in London
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Number of links per station

Compact polycentricity in London

Circle Line encompasses 33km? and links the economic cores of London
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Residential density in Greater London

Source: Urban Morphology Institute



Residential density in Inner and Central London

Source: Urban Morphology Institute



London population distribution is Paretian with a
hierarchy coefficient of - 0.5
Half of the population lives in Outer London
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Jobs density in Greater London is articulated by
transit lines and nodes
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Source: Urban Morphology Institute



Jobs density is highly concentrated in central London

Source: Urban Morphology Institute



London jobs distribution is Paretian with a hierarchy coefficient
of - 1, which reflects a very strong concentration of economic
densities fostering agglomeration economies that are an engine
of growth, productivity, and urban competitiveness
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Allometric relationship for residential (blue) and job (red) spatial distribution in Greater London. Output areas are
ranked by density (residential or jobs). The cumulated population of the N most populated output areas is plotted
versus the cumulated area of the N output areas.

The allometric behavior of the residential population is infralinear with an exponent of 0.66.

The allometric behavior of the job distribution is infralinear with an exponent of 0.8 within the 12 most populated
km? in terms of jobs, and then with an exponent of 0.24 in the rest of the city.



London economic spatial hierarchy is spiky

8.5 % of UK GDP on 1 square mile (2.9 km)

29 % of Inner London office space is in the square mile of the
City of London (in less than 1% of Inner London area) with
jobs densities of 155,000 per km?

40% of London jobs are centrally located in 32 km? (2% of
Greater London area)

75% of Greater London jobs are in Inner London (20% of
Greater London)



The 30min transit area from high job concentrations
defines the high intensity development area in NYC

478,




Source: Working paper UMCSII, Urban Morphology Institute ©



NY

Source: Working paper UMCSII, Urban Morphology Institute ©



Source: Working paper UMCSII, Urban Morphology Institute ©
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FAR in NYC

Source: Working paper UMCSII, Urban Morphology Institute ©



FAR in NYC

Source: Working paper UMCSII, Urban Morphology Institute ©
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Manhattan

* 40 %

of NY REGION OFFICE SPACE IS IN MIDTOWN

* 60 %
of NY REGION OFFICE SPACE IS IN MIDTOWN
+LOWER MANHATTAN
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Rank size distribution of floor area ratios (office and residential) for Manhattan. Residential:
R?=0.88, scaling exponent 0.53. Office: R?*=0.66, scaling exponent 1.7.




Manhattan

A highly
heterogeneous urban
landscape within an
apparently
homogeneous
Euclidean grid

M underdeveloped

less than 20% max allowed FAR

W developed
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Highly adaptive platting Wall Street’s plot area

follows a mathematical scaling coefficient is
regularity characteristic of similar to Paris

scale free complex systems: reflecting the European
Frequency of sizes follows origin of this part of the
an inverse power law city (New Amsterdam)

and its longer evolution
The largest plot is 2000

m2.
New York City
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Source: Working paper UMCSII, Urban Morphology Institute



Fine grain diversity
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Fine grain diversity refers to mixed use at the
neighborhood and block scale:

— At the neighborhood scale, it refers to a “smart” mix of
residential buildings, offices, shops, and urban amenities.

»
!

— At the block and building scale, mixed use consists of
developing small-scale business spaces for offices,
workshops, and studios on the ground floor of residential
blocks and home-working premises.

A number of studies of single-use zoning show strong
tendencies for residents to travel longer overall
distances and to carry out a higher proportion of their
travel in private vehicles than residents who live in
mixed land use areas in cities. Single-use zoning is a low
resilience urban development, because it is highly
dependent to individual cars and fossil fuel energy

s s
1 «TJ1EREI IR

Fine grain mixed-use development shortens journeys
and promotes transit/walking/cycling and adaptive re-
use of buildings. As such it widely contributes to urban
resilience.






Manhattan energy density map shows a high diversity at all scales
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In a city shaped by market forces like New York, energy density at tax lot level (in kWh/m? of land), which is a good proxy
of the intensity of land development, varies more than 100-fold and follows an inverse power law
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Data Source:
Spatial distribution of urban building energy consumption by end use. B. Howard, L. Parshall, J. Thompson, S. Hammer, J. Dickinson, V. Modi




5. How to address simultaneously challenges to urban
quality of life, housing affordability, and urban
competitiveness?

Case Studies from London and New York



320209, AFESHNBEREETFES
X% EVERMTIE

King'’s Cross in the core of London is a major inferchange station, at the scale of the cty, of UK, and of Enrope. King's
Cross is a 6 subway lines bub. King’s Cross Central combines 2 major train stations (International high speea
Furostar and domestic). Passengers can veach the center of Paris in 2hrs 15, Brussels in Thr 51 and Lille in 1hr 20.
These destinations will be joined by Amsterdam, Cologne and Frankfurt via Deutsche Babn's high speed 1CE. This
transport bub is expected to support 63 million passengers a year from 2020,



KING’S CROSS
CENTRAL
EXAMPLE

HE+FFuhu
i

CREATING
HIGH PLACE
VALUE IN A
NODE OF
UNIVERSAL
CONNECIVITY

HIGH DENSITY
(173,000 JOBS
+ PEOPLE/KM?
IN A SERIES OF
OPEN PARKS)
WITH A FAR OF
4.6

Source: Argent



King’s Cross Central Public realm2A 3L [X 3,

250 mllllon £ investment in 2 Billion £ ( 21 Billion RMB) already spent in local transport

20 new streets and 10 new public infrastructure and public realm) ‘
201295585 (210 AR TR FF 43S m BLat s il A A SE X I a i
spaces have Ieveraged A third of the site (10 ha) dedicated to new public streets and open
A . . spaces
2.2 billion f;f private Investment =0 s cuonu mF g AS A S IFRCE
ZE W 20 major streets created Z£i%20%% = EHiE
T —I—i 'Lllj 10 new public spaces 10/MAFL4%[H]

X‘_‘I‘Z.S%ﬁiﬁ*ﬂ 10&%?%%&;\ Including 5 major squares totaling 3.2 ha $E3.2 AW KIS KT
KGpr, ®’K2010328

Source:
Argent



London King’s Cross Centralf& 3 [E T -7 ZE 0k

Mixed use Y& & Fi&

5000 students (Granary Complex) 50004 %4
(B IR

650 student’s housing rooms 650/ 2% /F 5 <&

50 new buildings 5044 #T & 3

Residential buildings (2000 homes including

affordable homes)

EE#EH (20007, BFHAETFEHTHE)

Office buildings (One Pancras Square) /A
(— A& hi ) )

A concentration of high tech economy

BHEAREFH L

Google new UK headquarters is a low-rise building

longer (330 m) than the Shard skyscraper is tall.

A e R BB 2 — PrICE R, s
(330°K) KFShardER K%,

Google has spent about 650 million £ ( RMB 6.8
Billion) to buy and develop a 1 ha site. The finished
development will be worth up to 1 billion £ (RMB
10.5 billion) . Google presence is expected to draw
other technology companies to King's Cross -
especially small start-ups - and help bump up
rents.

HHFERZ)6.510 958 (68 NIRRT MEIFIF
R—H1AW . 58 T ENEE FHE 2101235
B (105 AT o AR 51 FHAEOAR
AT AL - RN A F
— IR IR T T

Value creationfl|i&#HE

50 new and restored buildings and

structures 50T & R ME E B BN ik
GOOGLE UK headquarter 1 Billion £ per

ha K3 E E 5 R A 1012

Source:
Argent



New York region by 2025: 440,000 new jobs
requiring 12 million m? of new space

Hudson Yards Project:
— 22 ha
— 2.5 million m? of new office space

— 13,500 new housing units, inc 4,000 affordable
units

— 110,000 m? of new retail space
— 220,000 m? of new hotels



Market value is created by a high spike of economic
density (20% of NY jobs growth by 2050)

Source: Hudson Yards website



Source: Hudson Yards website

Market value is fostered by
place value high quality public
space and small Manhattan
blocks
at pedestrian level
with the High Line
with an investment of 600
million S in public realm and
landscaping



Market value is fostered by high place value (mixed
use)

Source: Hudson Yards website



HUDSON YARDS

== W 42n4 St

Adopted Zoning-
Base/ Maximum FARs

Ulal

o I U] &

Land Use

predominantly
residential

-

201U

() mixed use

| S B 5

predominantly
commercial

(™) open space

Eighth Ave

() institutional

Source: NYC Department of Planning






Midtown rezoning

Source: NYC Department of Planning



Source: KPF



Source: KPF



Source: KPF



Source: KPF



Source: KPF



6. The 3V Framework

Guiding local authorities and planners to prioritize TOD
investment with a set of indicators addressing connectivity
and accessibility, urban design and planning at local scale
(street patterns, high quality urban fabric, mix use) as well
as economic levers to create market value through the
integration of urban form and transportation.



The alignment of high node value and high place value creates the

highest peaks of market value and the highest spikes of value
capture potential

Source: Serge Salat and Gerald Ollivier
Urban Morphology Institute and World Bank



The “3V Framework”
{4 3V*E§l@ 9

e Node Value based on its
location in the network

o HEPME—IET ML)
(DA

e Place Value based on its
urban qualities

o FTUME—Z T AT

Jii

e Market Value, based on its
economic potential

o HIHME—ZT LT

The 3V Framework



Node Value (London Tube)
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Source: Urban Morphology Institute
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Hub, Interchange, Single station
XA, Heafe. HL—ufpd
Diversity of connectivity

Z PR IERE

Node Accessibility/Centrality
R A A /S

Intensity of node activity
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Place Value

Y ET T E

e Mix of land uses

o THUESHH

e Density of social
infrastructure

R e Y 1 N 4 e

* Compactness

o XM

e Physical form and
street patterns

o FHJEINMETEILS

 Walkability and
bikability

o AT KBEATERYF

Source: Urban Morphology Institute



Market Value
NIEZKAXIE]

e Economic attractiveness for
developers (job densities/
accessibility; People density)

o MTFRRIIZTRE Gl
FE/mlktE, NH%ED

 Land and real estate opportunities
(FAR/unbuilt land)

o MRS CRRER/E
b )

Market prices and activity
T A k& MG 3]
Land shortage at city level
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Urban morphology, spatial planning, and spatial
economics have significant implications for climate
change mitigation, infrastructure costs, social
inclusiveness and economic competitiveness of
cities.

The articulation of density in a “spiky” geography of
growth connected by dense networks reduces
developments costs, creates more wealth,
inclusiveness and competitiveness, and contributes
to climate change mitigation and to a significant
increase of structural resilience.



Thank you
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Serge SALAT

www.urbanmorphologyinstitute.org

URBAN MORPHOLOGY &

COMPLEX SYSTEMS INSTITUTE



