Urban form, function and climate.
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Urban areas create distinctive
climates due to:

*Physical form and composition. The
former alters the surface with which
the atmosphere interacts.

eUrban activities that alter the nature
of the atmosphere by emitting waste
heat and materials.

Changing these aspects of urban
areas requires consideration of

sInnovations in technology
*Design changes
*Behaviour modification

These are strongly linked to one
another.

Fixed Activity
Building Dimensions | Comfort
Building Building Mixed land-
Group Density use
Settlement | Urban size Mass transit

Examples of decisions at different urban scales designed
to change either the urban form or urban activity.
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Plot Garden  Street Plot

Urban design based on access to the solar beam between
9am and 3pm throughout the year (Matus, 1988)



Applied urban climatology must interact with urban planners & designers
(each with distinctive perspectives and scales of action)

Urban Design

Urban Climatology

Daytime Night-time
Indoor Outdoor
Comfort Urban effect
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Urban Planning

Urban Climatology
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The climates of urban areas can e
be broadly classified into the -

*Urban Boundary Layer (UBL)
*Urban Canopy Layer (UCL)

UBL: This layer of air forms above Exchanges of energy, UBL
the city ‘surface’ and grows in mase arﬁ_r:omemum , ,

depth downwind from the city S S A B
edge. The diverse contributions of 4 b o 4 || e
the underlying city are mixed in ! o
this layer.

UCL.: This refers to the layer below roof-level and comprises enclosed
and open volumes that experience varying degrees of management. A
myriad of climates are to be found in this layer, each formed by
immediate circumstances. This is the layer of human occupation.



Relationships between the urban physical structure and the urban effect.

The magnitude of the urban heat island can be
related to the physical structure of the settlement.
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Minimum temperature over Mexico City, maximum heat island intensity (Oke, 1987)
November 1981 (Juaregui, 1984)



At the scale of the settlement transport is a critical determinant of urban
form. Planners manage the functioning of the city through decisions on
the transport infrastructure.
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Range of acceptable walking
distances (US cities). Most people
are not willing to walk distances
greater than about 220m (Dines
and Brown 2001: Landscape
Architect’s Portable Handbook.)




The Sustainable City

The rhetoric of sustainability is now a
routine part of national and local planning.

Global and local climate issues (directly and
indirectly) are inseparable from
sustainability.

Urban areas are key areas for sustainable
planning.

Energy use is a key measure of
performance and the ideal city is described
as

Compact
*High-density

Emphasizes sustainable transport

Density per hectare (Dph) based on a 30°
obstruction to the south-facing facade of a

building in the UK (H/W =0.6). This ensures

‘useful’ access to the direct and indirect

daylight.

Place Dph Pph
UK average 25 <100
Garden City 45 125
Urban Task Force 75 125

Barcelona Centre

400

800

Hong Kong

1000

5000

Dwelling and population densities

(Steemers, 2003)



The elements of a sustainable city design consider both the physical and
functioning aspects of developments: mixed, high-density, land-use is presented
as a means of curtailing travel demands.
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The Urban Task Force (1999) Towards an Urban Renaissance



The geometry of the UCL will influence the nature of the momentum flux
between the UCL and the UBL. For regular arrays of buildings and near-
perpendicular airflow, the flow patterns can be categorised into distinct

regimes according array spacing

(a) Isolated roughness flow

—_—

IR~
/' e \ / ,%
B OOy
! =D Y] )
—_—e
0.1 -+
(b) Wake interference flow (e) Skimming flow
zy/h ¢
—— ——— = TR
- ,/'_"\“_'_/'_ “\\-._1 -‘_-—_:—:__-"_—_-—‘r
001 1 Y O NN
. 777 Z
MaXImum I’OUghneSS Figure 8.2 Flow regimes associated with different urban geometries.
Oke, 1987
0.001 ‘ . /
0.01 0.1 1

Fraction built-up area

For a regular grid array of cube structures,
the ‘surface roughness’ (z,)is a function of
the cube spacing. Bottema, 1999.
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Urban energy use is related to another aspect of urban form. A clear
relationship has been established between population density and
automobile fuel consumption.
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Urban climate knowledge could be linked with urban planning
knowledge if there were an established relationship between measures
of the physical structure (e.g. building density) and the use/activity (e.g.
populations density) of the settlement.

In the remaining part of the talk | want to examine the consequences of
decision-making that is based on just one aspect of urban evaluation.
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Total annual car VKT as a function of urbanised area, 1990,

From an examination of data
for a number of cities, Lyons et
al. (2003) find that total car
travel cost (measured in
vehicle kilometers) is strongly
correlated to the size of the
urban area only.

As travel distance can be
related to vehicle emissions,
this finding can be used to
estimate emissions from the
city surface.

A simple UBL box model is
constructed for urban areas
that estimates average
concentration (C) based on
vehicle miles (VKT), average
windspeed and mixing depth.
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Emission (Q,) is a function of total
vehicle distance travelled (VKT)
and a conversion factor (P,).

Concentration (C) is a function of
emissions, distance from city edge
(x), windspeed (u) and depth of
mixing layer (z))
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Values in ug/m3

CO Observed Predicted
London (1990) 1259 183+-57
Melbourne 1375 467 +-181
(1980)

Los Angeles 2100 376+-138
(1990)

New York (1990) | 1400 635+-133
NO x

Sydney (1990) 98 63+-22
New York (1990) | 87 80+-17
Melbourne 66 47+-18
(1990)

Los Angeles 88 55+-20
(1990)

London (1989) 82 30+-9

These results support the idea that

smaller settlements will consume less

energy and generate less wastes.




BUT, UCL concentrations are based on

emissions from top of the open UCL
the link between surface P P

emissions and air quality in
the urban boundary layer is

moderated by the transfer of

emissions across the UCL-

UBL boundary. — T —>
What happens as the P A A A P A

buildings move closer to

each other, diminishing the

open canopy space — the

volume into which vehicle Open UCL is the source of vehicle
emissions are mixed? emissions. This is the layer of human

occupation and exposure.



The exchange between the UCL and UBL
can be assessed as a function of canopy
layer structure. Bentham and Britter (2003)

provide a simple means of linking air flow in logerithnic profle
the canopy with that above. ~2H 1
) /
Average airflow __————— |
profiles above and 7
within the urban .
canopy. '

Uy U (z)

Fig. 1. Typical form of the spatially and temporally averaged
velocity profile within and above the urban canopy (H denotes
the mean building height).
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The structure of the UCL is expressed in terms of the frontal area density A;. The urban
structure is expressed as the sum of the areas facing the airflow divided by the area
occupied by the building group.
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Fig. 2. Simplified velocity profile within and above the urban
canonv.
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Flg 5. Further-simplified velocity profile within and above the
urban canopy.

The average flow within the canopy (U.)
IS expressed as function of the friction
velocity (u*), the roughness length (z,),
the vertical plane displacement (d) and
the frontal area density ().

The vertical exchange (Ug) connects
above- and within-canyon flow.

-05
—} for A, >0.2

UC ZO -0.5
= 2H fOI‘ 7\’f<0'2




An experiment was carried out
using this model.

These results refer to flow
over cube structures using a
reference size of 5m and a
wind speed of 5m/s. NOx
emissions (Q,) are constant.

As A increases:

The roughness length initially
increases, then decreases.

The exchange velocity (Ug)
decreases.

The open volume of the UCL
and the UBL-UCL exchange
surface decreases.

A z, Us | Ue Ue NO
0.1 1.21 2.52 1.77 01053 | 11
0.2 134 2.40 1.09 0.0919 14
0.3 1.09 2.48 0.89 0.0743 20
0.4 0.79 2.70 0.77 0.0613 28
0.5 0.52 3.01 0.69 0.0510 40
0.6 0.31 3.43 0.63 0.0424 61
0.7 0.16 3.99 0.58 0.0348 99
0.8 0.06 4.83 0.54 0.0276 186
0.9 0.01 6.43 0.51 0.0200 514
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In this example, increasing building density, increases the residence time
of vehicle pollutants within the UCL and decreases the volume of air into
which they are mixed. The result is increased concentrations within the

UCL.

This suggests that compact, high density urban developments must
consciously incorporate roughness into their design.




Conclusions

Establishing relationships between
measures of measure of urban form
and activity will be necessary to link
urban planning decisions to urban
climate effects.

This example illustrates the potential
problem in implementing measures
based on a single perspective.

In particular, it illustrates the
importance of good design at the
building group scale to ensure that
decisions at the settlement scale do
not have unintended micro-scale
consequences.

| hope to develop these ideas and
establish firm relationships between
measures of urban form and those of
density.

The Urban Task Force (1999)

Towards an Urban Renaissance



