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Abstract

High-density built environment has been one primary policy to promote sustainability in terms of
smaller per capita land consumption, travel energy consumption, and tailpipe emission. However,
downgraded livability in high-density communities possibly lowers residents’ standard of living and
willingness to live in dense neighborhoods. Nonetheless, little research provides knowledge about
the extent to which the tools of urban planning ordinances can raise physical livability in high-density
built environment. This paper aims to first compile an inventory of urban planning/design tools for
arranging buildings or space, as well as the aspects and indexes of “physical” livability. The second
purpose is to examine the impacts of planning/design tools on physical livability. To assess the
efficiency of planning/design tools towards more livable city, a simulation analysis is conducted in a
hypothetical high-density city. Two analysis techniques are adopted: elasticity to compare relative
efficiency of planning/design tools, and slope to identify recommended scenario. Research results
show that planning/design elements include such element as building coverage percentage (BCR),
various ways of building setback, and building types. Physical livability are composed of spatial
openness at the ground level, room for fresh air to float, natural light exposure, sky view openness, and
residential privacy, which are evaluated for from within the buildings as well as on street level. The
simulation analysis suggests that BCR is relatively effective in affecting three sub-livability
indexes—breezeway, residential privacy and pedestrian-friendly environment. Building setback
contributes rather effectively in improving pedestrian environment. And increasing height distance
ratio is relatively effective in providing more breezeway and residential privacy.

Keywords: High density, built environment, livability, urban planning, urban design
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In the wake of pursuing sustainability, high-density built environment policy has gained
momentum in a great many countries and cities, such as Melbourne, Australia, and as a significant
element in such policy as compact city, transit-oriented development (TOD), and encouraged by a
great many of academics (Costello, 2005) However, the social benefit of sustainability from denser
living settings is likely to conflict individual or residents’ interest due to concern on relatively low
level of residential built environment quality (livability) in denser communities such as perceived
density, low visibility, insufficient breezeway between buildings, Radiation, blocked sky view, and less
residential privacy. As a result, the success of high density policy may depend largely on urban
planning or design tools to reduce physical negative impacts of high-density settings at the least, or
even to improve the physical environment at the best, and in turn, to hope for better perception,

acceptance, or even demand for high-density living in the market.

Among numerous urban planning and design tools (planning/design tools in short hereafter),
including most probed floor area ratio (FAR), distance height ratio (DHR), building coverage rate
(BCR), building setback from the street, or from neighboring buildings, the degree to which they affect
residential environment quality is barely examined, including perceivable density, visibility, daylight
exposure. For practical purposes, planners need guidelines for selecting best planning/design tools or
building shape to improve environmental quality, in particular, in high-density neighborhood.
However, little knowledge has been revealed from past research in this regard. Hence, this paper
aims to first compile an inventory of urban planning/design tools for arranging buildings or space in a
community, as well as the aspects and indexes of “physical” livability of built environment, as opposed
to social, cultural, and economic side of livability. The second purpose is to examine the impacts of
planning/design tools on physical livability. The following sections are literature review on
planning/design tools, aspects and indexes of physical livability, and current knowledge on the
efficiency of planning/design tool in affecting livability, research methods describing the simulation
analysis and analysis methods, the results of simulation analysis, and conclusions and policy

implications.

1. Literature Review (Still in process)

In urban areas wind speed and direction can be affected by buildings in terms of mass, layout,
height, and alignment. Most of past research has been addressing environment comfort issue affected
by gust and strong wind in urban environment (ASCE, 1999; Ng, 2009). However, recently a great
bulk of research, on the contrary, address weak wind in densely populated cities with public health
issue such as air-borne contagious disease and urban heat island (UHI) effect (Oke, 1982; Ng, 2009;
Wong et al., 2010). Improved urban wind environment can improve physical livability of
high-density built environment in the regards of mitigating UHI effect, washing away air pollutants

(Wong and Yu, 2005) and providing a more natural wind environment less blocked by dense buildings.
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Four principle measures have been applied to gauge wind speed in urban settings: field survey,
wind tunnel modeling (Mfula, 2005), numerical models including computational fluid dynamics (CFD)
modeling (Blocken, 2007), and morphometric method or urban-form-based indexes. Field survey
labor intensive, and requires instruments to measure wind speed and may suffer from sufficient
variations of scenarios, and lack of controlled environment. The wind tunnel is the most accurate
(Ng, 2009) but complex, technology-demanding and costly (Wong et al., 2010). CFD is appropriate
for simulations for various scenarios but also engineering-expertise demanding. For these three
methods, wind velocity ratio, the ratio of wind velocity at certain height above roof tops to that on the
ground level is applied (Ng, 2009). Several indexes measuring the degree of surface roughness in
urban setting (Lettau, 1969; Counihan, 1975; Grimmond and Oke, 1999; Wong et al., 2010), which
affects ground wind velocity.

Frontal area index, defined as the ratio of building facets facing the particular wind direction to
plane area is mostly used to gauge district-base area average (Grimmond and Oke, 1999; Wong et al.,
2010; Chao et al., 2010). Building coverage rate (BCR) or ground coverage ratio, highly positively
correlated with frontal area ratio, is proposed as a proxy of frontal area ratio to measure
pedestrian-level wind environment due to its simplicity (Ng et al., 2011). However BCR is not able
to measure micro-level wind permeability (Ng et al., 2011) such as building level. Theoretically,
viewshed from one test point could be used as a proxy since it can be applied to quantify the degree to
which it is close to a plane without buildings on the ground on the one hand or the permeability on the
ground level to allow wind travelling along breezeways to the test point; and it is theoretically affected
by BCR in theory and could be highly correlated on the other hand.

2. Research Methods

To assess the efficiency of planning/design tools towards more livable city, a simulation analysis
will be conducted in a hypothetical high-density city. The high-density urban setting is selected since
livability is of more concern than in low-density setting. In assessing the efficiency of
planning/design tools, hypothetical community simulation analysis is adopted over empirical study of
practical cases for two reasons: on the one hand, a hypothetical community provides all possible
variations of various planning/design tools as needed. On the other hand, in practical cases, factors
affecting built environment per se are barely understood and intermingled, and hence hard to identify,
not to mention the difficulty to measure. The hypothetical residential community hence provides a
test bed for comparative analysis with built environment controlled for to allow changes in one single
planning/design tool; all the scenarios are developed given the same density level, uniform building
shapes, road systems, for example, to evaluate the impacts planning tools on livability indexes.

To facilitate the simulation analysis, this section first develops a hypothetical high-density
residential community, and then an inventory of the planning/design tools and scenarios derived from
their various setups, and the indexes for livability. Two analysis techniques are adopted: elasticity to
compare relative efficiency of planning/design tools to improve livability, and slope to identify

recommended scenario for each of the planning/design tools. The software packages applied are
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Google SketchUp, AutoCAD, ArcGIS and Excel.
2.1 Base Maps of Hypothetical Residential Community

A hypothetical high-density residential community' is developed based on two primary
guidelines: On the one hand, the spatial scale of the community is as small as possible for calculation
purpose, but large enough where the livability indexes can be measured as in a large community with
as less distortion as possible. On the other hand, it mimics Taipei, Taiwan in order to embed such
concern over livability issues due to high-density development, lack of sidewalk, which is probably
also true in many cities in Taiwan and Japan since the major land use plans in Taiwan were developed
during the Japanese colonial periods between 1895-1945.  Taipei is selected due to its high density of
some 9,600 persons per square kilometer in 2011 (Taipei City Government, 2011), where street layouts,
sites are mostly developed leaving little room for major modification but urban renewal of buildings.

This hypothetical community is composed of 16 50-meter by 50-meter identical blocks,
surrounded by eight-meter wide road, which is the most popular road width in residential communities
in Taipei, Taiwan (Figure 1). These eight-meter roads mostly are not equipped with sidewalk (Figure
2), or come along with traditional arch sidewalks attached to the front of the buildings. Within each
block lies four identical 50%-BCR and 300%-FAR buildings (i.e., residential type IV* of Taipei city
zoning ordinance (Taipei City Government, 2002)) are equally scattered and centered in their own
quadrant; the FAR of 300% is selected because it is the highest cap of all four stereotypes of
residential areas in Taipei as well as Taiwan, formulating the highest population density residential
communities. The buildings are all set to be north-south-oriented, as preferred by the locals
according to the traditional wisdom and to avoid bright, hot sun lights in the afternoon in the
sub-tropical regions. The floor-to-floor height of all the buildings is three meters. Within this
hypothetical residential community, the population, building, and activity densities are fixed.

L )
NN
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O

OO OO O 00 T Building
D0 000000

O] e E Block
00 00 00 00

Figure 1. Base Map of Hypothetical Community

Figure 2 Profile of Eight-Meter Road of Hypothetical Community

2.2 Urban Planning/Design Tools and Scenarios

! Other land uses, such as commercials, industries, are not incorporated in the hypothetical community since their planning and design concerns are likely
to be different Furthermore, neither do public facilities, such as parks, plazas because they may also affect the impact assessment due to their different
settings or locations.

% The BCRs and FARs of the other three residential types are 30%-60%, 35%-120%, 45%-225%, respectively.
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Based on literature review on urban plan regulations or ordinances in Taiwan and practical cases
in Taiwan, New York city and Vancouver from Google map, six urban planning/design tools are pooled
together to develop various scenarios for baseline building shape (i.e., tower): BCR, height distance
ratio (HDR), building setback (SB), side yard width (SW), backyard depth (BD), street-corner building
setback (SCBS)(Table 2). Additionally, seven other building shapes are developed for comparative
analysis of different building shapes: tower (BS1), enclosing court (BS2), slab (BS3), U-shaped (BS4),
convex-shaped (BS5), cross-shaped (BS6), X-shaped (BS7); and reverse U-shaped (BS8)(Table 2).
Within each planning/design tools (including building shapes), a set of various scenarios are develop
to access the impacts of setup changes within the tool in question. With the same 300% FAR,
scenarios of each tool are developed to cover the largest, reasonable variation range, within which
scenarios are created at fixed interval and in principle to obtain five scenarios if possible in order to
calculate its efficiency/elasticity (refer to evaluation techniques below). Descriptions, two- and
three-dimensional concept graphics of all the planning tools and scenarios are presented in Table 1.

Table1 Urban Planning/Design Tools and Scenarios

Urban Plaflmng/De?lg'n Tolols: 2-D Concept Graph}cs: 3-D Concept Graphics
Scenarios Descriptions Overlay of Scenarios
1. Building Coverage Percentage (BCR) 1 BCR 75 BCR30

® Scenario: BCR30, 35, 40, 45.....75 (%) T [

® Buildings shrink inward or expand

outwards around building central point
as BCR changes.

2. Height Distance Ratio (HDR) [ HDR-S1.25 HDR-S2.25

2-1 HDR-S: FA' from Side

® Scenario: HDR-S1.25, 1.50,....2.25

® The distance between buildings (south
and north sides) is fixed with height
varies for different scenarios at 0.25
ratio interval. The floor area for the
increased height/stories is shift from
the side of the building

2-2 HDR-B: FA' from Back - : ; ] HDR-B1.25 HDR-B2.25

® Scenario: HDR-B1.25, 1.50,....225

® The distance is fixed with height varies
for different scenarios at 0.25 ratio
interval. The floor area for the
increased height/stories is shift from
the back of the building.

3. Building Setback (SB) =y - SB-BO SB-B6

3-1 SB-B: Moving Backwards e

® Scenario: SB-BO, 1.5, 3, 4.5, 6(M) ‘

® The whole building moves backwards N — I—
towards block center at 1.5-meter for ! :
various scenarios.




3-2 SB-T: FA' to Top

® Scenario: SB-TO0, 1.5, 3, 4.5, 6(M)

® The whole building shrinks towards
south-east corner of the building at
1.5-meter interval for various
scenarios, and the cutoff floor area is
shift to the top of the building.

n

SB-TO

|

3-3 Stair-Shaped Setback (SSB)

® Scenarios: SSB_Base, _1(Step),
_2(Steps)2(Setback on 2F),
_2(Steps)4(Setback on 4F),
_3(Steps)1(Type 1), 3(Steps)2(Type 2)

SSB 2 4

SSB 3 1

4. Side Yard Width (SW)

4-1 SW-B: FA1 to Back

® Scenario: SW-B1.5,2.5,3.5,4.5,
5.5(M)

® The side yard width is increased at
one-meter interval, and the cutoff floor
area is shift to the back of the building.

SW-B1.5

4-2 SW-T: FA' to Top

® Scenario: SW-T1.5,2.5,3.5,4.5,
5.5(M)

® The side yard width is increased at
one-meter interval, and the cutoff floor
area is shift to the top of the building.

SW-T3

SW-T11

5. Backyard Depth (BD)

5-1 BD-S: FA1 to Side

® Scenario: BD-S1.5,2.5, 3.5, 4.5, 5.5(M)

® The backyard depth is increased at
one-meter interval, and the cutoff floor
area is shift to the right side of the
building.

5-2 BD-T: FA1 to Top

® Scenario: BD-T1.5,2.5, 3.5, 4.5, 5.5(M)

® The backyard depth is increased at
one-meter interval, and the cutoff floor
area is shift to the top of the building.




6.Street-Corner Building Setback (SCBS)

6-1 SCBS-H-1F: Horizontal setbacks on|

IF

® Scenario: SCBS-1FOM, 2M, 4M, 6M

® The building corner at the intersection
is set back from the ground level and
above for 0, 2M, 4M and 6M for
various scenarios, respectively, and the
cutoff floor area is shift to the top of
the building. This can also be called
horizontal setback.

=

IE

]

SCBS-1FOM

SCBS-1F4AM

6-2 SCBS-V-4M: Vertical 4-Meter
Setbacks

® Scenario: SCBS-4M, -3F, 2F, IF

® The building corner at the intersection
is set back for 4M starting from 1F, 2F,
3F and above for various scenarios,
respectively, and the cutoff floor area is
shift to the top of the building. This can
also be called vertical setback.

SCBS-4M1F

SCBS-4M3F

7. Building Shape (BS)

BS2:Enclosing Court

® Scenario: BS2-1.5, 2, 2.5,3 (M)

® The front yard depths of various
scenarios are 1.5, 2, 2.5, and 3 meters,
respectively.

L]

O

BS3: Slab (Baseline)

® Scenario: BS3-1, 2(M)

® The side yard widths of various
scenarios are 1 and 2 meters,
respectively.

BS3-1

{

BS3-2

BS4: U-Shaped

® Scenario: BS4-1,2,3

® The depths of the dent parts of the
buildings vary at one-meter interval.

—

BS4-1
(Being revised)

BS4-3
(Being revised)

BSS5: Convex-Shaped — — BS5-1 BSS5-3
® Scenario: BS5-1,2,3 = ==
® The depths of the bump parts of the
buildings vary at one-meter interval. @ @
BS6: Cross-Shaped r BS6-2 BS6-3
® Scenario: BS6-2, 2.5, 3 1 L 1 L
® The lengths of the leg parts of the ’
buildings vary at 0.5-meter interval. L | J =
= —J = I
e T e N




BS7: X-Shaped BS7-2 BS7-3

® Scenario: BS7-2,2.5,3

® The lengths of the leg parts of the
buildings vary at 0.5-meter interval.

BS8: Reverse U-Shaped

® Scenario: BS8-1,2, 3

® The depths of the dent parts of the
buildings vary at one-meter interval.

1. Upper-left building in the block is taken as the example for the scenario description.

2.3 “Physical” Livability Aspects and Indexes

The physical livability of residential built environment to be evaluated is delineated by four major
characteristics: first, it will evaluate the quality affected by space-related planning/design only, given
other non-space factors the same, such as building materials, colors, detailed design, and landscaping.
Secondly, this research limits the evaluation of livability to physical quality, as opposed to societal,
economic quality to be more focused on the “hardware” aspect of built environment.  Thirdly, this
research concerns perceivable quality for both when residents stay in the residence (facing outdoor
from windows or balcony) and on the street of the neighborhood as pedestrians, which collectively
will make up a more complete residential built environment evaluation.

Finally, the evaluation of residential built environment of this research concerns “perceivable”
quality, instead of “perceived” quality primarily for objective evaluation purposes. Perceivable
quality in this research refers to built environment that can play as input factors to human perception,
but not necessarily perceived by individuals. In a technical explanation, perceivable quality is
measured without concerning weightings by individuals, leading to the advantage of a more generic
evaluation version of residential built environment, and in contrast it is not tailored for suiting the
special needs of one specific community.

The aspects of residential physical livability to be evaluated are composed of five aspects:
pedestrian-friendly environment, space-derived amenities or perceivable density, daylight exposure,
breezeway, and residential privacy, each of which is represented by corresponding indexes (Table 2).
First, pedestrian-friendly environment is represented by the availability of side walk and green
sidewalk when residents walk in the street. Secondly, space-derived amenities or perceivable density
is represented by a combination of space/density on the ground (i.e., viewshed) and in the sky (i.e.,
SVF) perceivable to residents. A better variable is volumetric-space index, but such software being
able to calculate it is not commercially available yet. Thirdly, solar radiation measures the day light
exposure, affected by sky view and sunlight direction. Then, breezeway aspect is to measure the
room where air can blow directly to a vantage point. It is noteworthy that this breezeway does not

have the ability to calculate the exact breeze that a person at a vantage point can get since it is much
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more complicated. ~ With this idea in mind, this aspect of breezeway adopts viewshed ratio as the
variable. Finally, residential privacy is to quantify the extent to which residents can seclude
themselves from others, or the extent one cannot be seen by neighbors and pedestrians. This research

adopts mean of the closest distances to buildings across the street and in the back.

Table 2 Aspects and indexes of “Physical” Livability

Impact Aspect Index
. Sideveslly Largth”
Sidoveals Fu tm
e ™ restLengl™
1. Pedestrian-Friendly -
Environment . Grean Sdevelly Langth
Doy Sideveall Fercantagy m T SumetLansthc Langh
Overall Index = Mean of above Two Indexes
. Vlewshed Arez
Vlewshed Fercentags T —
2. Space-derived Amenities or
Perceivable Density Tirbla EE ]
A i -
o Vlnw Feeror (FeErearTege) Totel Sy Aves

Overall Index = Mean of above Two Indexes

Soler Redletlon of Seenerio (WWaLe 5"

3. Daylight Exposure =
Salar Fadiatlon Fercantage Boler Redletion witheurBulldinge:
4. Breezeway I _ Wiewahed Sree
Vlewshed Fercentegs T o—

Sversga Mlrtence tw Helghbarng Eulldings in the Front and Sk
5. Residential Privacy
Avarege Dletenes

o rdlzed Bapldentis] Brivmerms Inden m 7 o ——

Overall Livability Index Mean of above Five Indexes

* Sidewalk length is the total length of the street segments where the width between curb and front wall of the building is larger
than 1.5 meters for installation of minimal sidewalk.

** The street length excludes the intersection segments, where sidewalk cannot be implemented.

*** Greened sidewalk length is the total length of the street segments where the width between curb and front wall of the building
is larger than three meters for growing trees or turf on the sidewalk.

**%* The location setting is Taipei city, and time period setting is the second half of year 2011, between the first day of summer
and the last day of fall. )

The two less commonly used indexes--viewshed area and solar radiation--are calculated with
ArcGIS at selected sample points of one of the four central blocks in the community to represent the
whole community. Viewshed is calculated as the weighted mean magnitude of that at nine points
denoted by numbers to represent the viewshed around the block when residents walk on the street
(Figure 4). Similarly, solar radiation is measured at the nine points denoted by numbers and four
points denoted by alphabets for residents when they walk on the street and at the front and back of the
building measured on the ground level, respectively. All the variables are standardized (see ..) to be

within the range of one and zero, representing highest and lower levels, respectively.
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Figure 3 Sampling Points for Measuring Viewshed and Solar Radiation
2.4 Evaluation Techniques: Elasticity and Slopes

To evaluate the efficiency of urban planning/design tools on livability indexes, slope and
mid-point elasticity are both adopted; the former is primarily used to identify where environmental
quality jumps or drops, while the latter is used for cross-examining the relative effects of various
planning tools due to its unit-free capacity.  Due to the units across various planning tools are
possibly different, the concept of price-elasticity of demand, popularly used by economists to measure
the impact of price on quantity,’ is adopted and modified to measure the percentage change of
performance indicator as a response to percentage change of planning/design tool (Equation 1).
Besides, mid-point/arc elasticity (Equation 2-1) is applied to acquire the average elasticity since
scenarios of one planning tool cover certain range.

#BLSBL .
e N Equation 1
EF:’R‘H; &Tool fTool g

Where Ep 101 1S urban planning/design tool elasticity of physical livability;
PL is magnitude of physical livability index;
@PL is change in magnitude of physical livability index;
Tool is magnitude of urban planning/design tool; and
@Tool is change in magnitude of urban planning/design tool

The impacts of Urban Planning/Design Tools on “Physical” Livability Indexes

This section reveals the impacts of urban planning/design tools and building types on livability indexes.
All the scenarios of urban design/planning tools are developed and extended from the base tower building type
to provide a comparative base. The impacts of buildings types, consisting of the base tower building type and
seven other types, are further analyzed. The impact analysis of urban planning/design tools focuses on both
the overall livability index as well as each of the five individual livability aspects. With the above information
put together, the relative significance of each planning/design tool in improving overall livability or its

sub-aspect, and the most livable scenarios are analyzed.

3-1 Building Coverage Percentage (BCR)
Table 3-1 provides the original index values of all seven indexes of the five aspects, composed of

pedestrian-friendly environment, space-derived amenities or perceivable density, daylight exposure,

3 Price-elasticity of demand allows comparing price-sensitivity of different products in terms of market demand.
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breezeway and residential privacy. For comparative purposes, index values are standardized (refer to
the notes of Table 3-1) to the range of between one and zero, indicating highest and lowest levels,
respectively. For pedestrian-friendly environment and space-derived amenities aspects, their overall
index is the mean of their two constituent indexes, representing two alternative indexes. Furthermore,
the overall livability index is the mean of the six aspect indexes, assuming the six aspects contributing
equally to livability quality; the reason for the equal weighting is that any types of weightings of the

six aspects may differ from city to city, from time to time, or even from people to people, and
unavoidably involves certain degree of arbitrary judgment, and it may also be hard to justify one
aspect’s dominance over others in terms of contribution to livability.

The statistics of pedestrian-friendly environment indexes indicate that when BCR falls under 55%,
the overall index value jump significantly, suggesting BCR 55% as the cap in this regard. The index
values in Table 3-1 show that there is enough room to build sidewalk on both sides of the streets for all
BCR scenarios.! However, the sidewalk can only be greened when BCR is reduced to 55% and
below, when the space between curb and building wall is wider than three meters to allow growing

trees or turf. Due to the same fact, the

Table 3-1 “Physical” Livability Indexes, BCR scenarios

Space-derived
Pedestrian-Friendl amenities or Daylight . . .
Environment Y Perceivable Exgos%re Breezeway | Residential Privacy Overall
BCR Density Livability
. Green ' ) ) L2 o (Mean)
Pselriz‘:fal k Sidewalk PV 1ews£1ed Sl;y \?ew So.l,df R‘f‘{};féf"“ }Y fewshed Average Distance’ M)
ge Percentage ercentage actor ATl ercentage
30% 100.0%  100.0% 8.5% 27.7% 395,808 (49.7%) 8.5% 15.3 (96.8%) 0.55
35% 100.0%  100.0% 7.5% 30.4% 423,215 (53.1%) 7.5% 14.2 (89.9%) 0.54
40% 100.0%  100.0% 6.9% 33.7% 432,619 (54.3%) 6.9% 13.2 (83.4%) 0.53
45% 100.0%  100.0% 6.4% 31.4% 430,112 (54.0%) 6.4% 12.2 (77.4%) 0.51
50%' 100.0%  100.0% 6.1% 30.9% 425,599 (53.4%) 6.1% 11.3 (71.6%) 0.50
55% 100.0%  100.0% 5.6% 32.5% 449,875 (56.5%) 5.6% 10.5 (66.2%) 0.49
60% 100.0% 0.0% 5.0% 30.1% 404,469 (50.8%) 5.0% 9.6 (61.0%) 0.37
65% 100.0% 0.0% 4.8% 33.9% 454,768 (57.1%) 4.8% 8.8 (55.9%) 0.37
70% 100.0% 0.0% 4.3% 31.8% 425,711 (53.4%) 4.3% 8.1 (51.1%) 0.35
75% 100.0% 0.0% 4.1% 29.7% 393,897 (49.4%) 4.1% 7.4 (46.5%) 0.33
Mean 100.0%  60.0% 5.9% 31.2% 423,607 (53.2%) 5.9% 11.1 (70.0%) 0.46

Note: 1. Baseline scenario.

2. The number in the parentheses is standardized index, obtained with the following equation
=[(1— Sl T - - it
5 Enanlablon whiifous Fulldomg + 5 TRk TER N S
3. The number in the parentheses is standardized index, obtained with the following equation
= fi — —Jdnreas Phisnss } _ fi _ Averege Ve ;l
. Lmngza s desraxa Piiomios 5 Ek -

accumulated percentage change of pedestrian-friendly environment index, with BCR 50% as base
scenario,” jumps from -50% to 0 when BCR is reduced from 60% to 55%, i.e., the highest slope
(Table 3-2).

4 Sidewalk generally should be built on the side of road, instead on private property. However, due to the non-existence of sidewalk for most of narrow
streets in traditional residential areas, private property is encouraged to build sidewalk with density incentive.
5 BCR 50% is set as base scenario, with which percentage change between scenario in question and base scenario is calculated (Refer to note 1 in Table

3-2). The percentage change statistics are applied to pinpoint the highest slope, where the most significant impact occurs.
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Table 3-2 Accumulated Percentage Change,' Elasticity and Slope of “Physical” Livability, Building Coverage Rate

Scenarios
Space-derive
Pedestrian- d amenities . . . Overall
BCR Friendly or EDayllght Breezeway ReI:)s1~dent1al Livability
Environment Perceivable Xposure nvacy (Mean)
Density”

30% 0% 2% 1% 41% 35% 9%

35% 0% 3% -1% 25% 26% 8%

40% 0% 10% 2% 14% 17% 6%

45% 0% 2% 1% 5% 8% 3%

50% (Baseline) - - - - - -
55% 0% 3% 6% -8% -8% -1%

60% -50% -5% -5% -17% -15% -26%

65% -50% 5% 7% -20% -22% -25%

70% -50% 2% 0% -29% -29% -29%

75% -50% -9% 1% -33% -35% -33%
Elasticity -0.56 N/AT N/AT -0.82 -0.78 -0.47
Highest Slope(s) BCR60->55 BCR40' BCR65, 55' BCR35->30 BCR35->30 BCR60>55

Note: 1. Percentage change = ;'"*'ug r.::lram-""*'nn::lum-:'x 10095 = ity sy e e = MEE R R o w 1O
o FidiTanen pen mamn [T Ch '

2. The impact is not linear, hence only the peak, instead of highest slope, is presented to show the scenario with the highest livability. For the
same reason, it is not reasonable to calculate elasticity.

Then, with the same analysis framework as above, the impacts of BCR on the other four livability
indexes are presented below. First, the statistics of Tables 3-1 and 3-2 show the impact of
space-derived amentities is not linear and the best scenario is BCR 40%, which reflect the tradeoff
between sky view and ground-level viewshed as BCR changes. Secondly, the daylight exposure
index shows that the impact is not linear; the highest level occurs at BCR65% (7%), and 55%
(6%)(Table 3-2), and the worst happens at both the highest and lowest BCRs, which reflects that fact
that tallest buildings of lowest BCR 30%, and most reduced open space due to highest BCR of 75%
both block sunlight the most. Thirdly, both the trends of index values of Tables 3-1 and accumulated
percentages of Table 3-2 show that the lower the BCR, the higher the level of breezeway and
residential privacy due to more space between buildings; additionally, the highest slopes suggest the
caps are both BCR 30%.

Overall, BCR is an moderately efficient planning tool for developing livable built environment,
and the lower the BCR, the more livable the city; furthermore, BCR is most efficient in improving
pedestrian-friendly environment, breezeway and residential privacy, all of which involving more space
on the ground level. First, the elasticity of overall livability index of -0.47 indicates BCR is
moderately inelastic or inefficient in affecting livability (Table 3-2). Furthermore, the trend of
percentage changes of overall livability index show that the livable level increases as BCR decreases
and BCR 55% is the suggested cap, where the highest slope occurs. Conceptually, reducing BCR
moves open space from top of the building (or sky) to the ground level, and hence enhances such
ground-based livability quality as residential privacy and breezeway, but its impact on such
sky-view-based livability quality as sky view and daylight exposure is complicated by whether sky
view is block more by high building with more open space on the ground or low buildings with less
open space.

3-2 Height Distance Ratio (HDR)

HDR-S and HDR-B, representing the floor area added to the top of the building shift from the
side and back of the building, respectively, are both minimally effective livability planning tools; the
higher the HDR, the more livable the city is, and the minimum HDR is suggested to be set at 1.75 and
1.5 for HDR-S and HDR-B, respectively; among the five livability aspects, HDR is effective in
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affecting residential privacy and breezeway. The elasticity of HDR-S and HDR-B, are 0.18 and 0.20,
respectively (Table 4), smaller than the medium level of 0.5. The trend of accumulated percentage
change of overall livability index shows the higher the HDR, and more livable the city is. The most
efficient point (i.e., the highest slope) takes place at from HDR-S1.50 to 1.75 and from HDR-B1.25 to
1.50, respectively, and hence HDR-S 1.75 and HDR-B 1.50 are recommended as the minimum levels.
Similar to the impact of increasing BCR, increasing HDR moves open space from the sky to the
ground, and hence affects such ground-based livability quality as residential privacy and breezeway,

and such sky-view-based livability quality, as sky view and daylight exposure.®

Table 4 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Height Distance
Ratio Scenarios, Floor Area Shift from Side (-S) and from Back (-B)

Pedestrian- S;)riz?;i(tiieers“;erd Davlight Overall
HDR Scenario B Friendly Perceivable Exgos% re Breezeway Residential Privacy| Livability
nvironment Densi (Mean)
ensity
HDR-S1.25 0% 0% 8% -4% -16% -4%
HDR-S150 (Baseline) - - - - - -
HDR-S1.75 0% 2% -1% 5% 11% 4%
HDR-S2.00 0% -3% -3% 10% 20% 6%
HDR-S2.25 0% -4% -5% 17% 26% 8%
Elasticity 0.00 -0.06 -0.19 0.31 0.62 0.18
. 3 1.HDR-S1.50->1.75
Highest Slope(s) N/A HDR-S1.75>150 HDR-S1.50>1.25 HDR-S2.00>2.25 HDR-S1.25>1.50 2 HDR-S1.251.50!
HDR-B1.25 0% -5% 1% -15% -16% -8%
HDR-B150 (Baseline) -- - - -- - -
HDR-B1.75 0% 2% 2% 12% 11% 5%
HDR-B2.00 0% -1% -22% 20% 20% 2%
HDR-B2.25 0% 1% -21% 31% 25% 5%
Elasticity 0.00 N/A N/A 0.69 0.62 0.20
Highest Slope(s) N/A? HDR-B1.75,1.50° HDR-B1.75,1.50° HDR-B1.25>1.50 HDR-B1.25>1.50 HDR-B1.25>1.50

Note: 1. For those with two highest slopes, the one with higher index value is prioritized due to better livability.
2. The impact is not linear, hence only the peak, instead of highest slope, is presented to show the scenario with the highest livability. For the
same reason, it is not reasonable to calculate elasticity.
3. The highest slope is not available since planning tool in question has no impact on livability index.

3-3 Building Setback (SB)

This section presents the impacts of the three types of building setbacks—moving backwards
(SB-B), shifting floor area to the top (SB-T), and stair-shaped setback (SSB), of which SSB is
analyzed independently because the variations of its scenarios are not linear as SB-B and SB-T. Both
SB-B and SB-T are not very efficient planning tools towards livability development; 3-meter setback
(i.e., SB-B3) is the suggested minimum setback for both, and shifting floor are to the top is slightly
more efficient than moving backwards setback. For each livability aspect, both types are moderately
efficient in improving pedestrian-friendly environment, and minimally efficient in upgrading street
level breezeway and space-derived amenities. ~ Table 5-1 shows the elasticity values of overall
livability indexes of both SB-B and SB-T are positive but minimal, but shifting floor area to the top is
slightly more elastic primarily because more open space is left on the ground. The most efficient
function of setback lies in providing more sidewalk space to pedestrians, and hence the accumulated
percentage change of pedestrian-friendly environment jumps when the setback increases from zero to
three meters. SB can also be used to improve breezeway, but only at elasticity levels of 0.22 and 0.39

for moving backwards and shifting floor area to the top, respectively.

Table 5-1 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Building Setback

® HDR does not affect pedestrian-friendly environment in this research due to the design setting that distance between buildings across the street is fixed.
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Scenarios, Moving Backwards (B) and Floor Area Shift to the Top (T)

Space-derive
Pedestrian- d amenities Davylicht Residential Overall
3uilding Setback Scenario|  Friendly or E Y18 Breezeway Pri Livability
Environment  Perceivable Xposure nvacy (Mean)
Density
SB-B0 -100% -12% -6% -19% 0% -43%
SB-B1.5 -50% -6% -1% -10% 0% -21%
SB-B3 (Baseline) -- - - -- - -
SB-B4.5 0% 4% -2% 11% 0% 0%
SB-B6 0% 7% -5% 24% 0% 0%
Elasticity 0.50 0.10 N/A 0.22 0.00 0.22
s | LRI LRI amess e | LS
SB-TO -100% -10% 1% -33% -12% -46%
SB-T1.5 -50% -4% -3% -18% -6% -23%
SB-T3 (Baseline) -- - - -- - -
SB-T4.5 0% 1% -3% 19% 6% 2%
SB-T6 0% 8% 2% 45% 12% 5%
Elasticity 0.50 0.25 0.02 0.39 0.12 0.25
Highest Slope(s) b Sg:géi?g SB-T4.5 96 SB-T3 SB-T4.556 1SBT4556| gg:géi?g

Buildings with stair-shape setback are more “physically” livable than tower shape building without setback;
three-step-shaped building is more livable than the rest with fewer steps; and even-step setback is more livable than
non-even-step setback. First of all, all the values of SSB 1,2 2,2 4,3 1, and 3_2 are higher than those of SSB_Base
(i.e., tower without setback) in terms of overall livability, viewshed percentage, sky view factor, solar radiation, viewshed
percentage and residential privacy (Table 5-2).  Secondly, the two three-step scenarios (i.e., SSB_3 1, 3 2) are better
than the rest in overall livability and a few aspect indexes. Finally, the two even-step scenarios (SSB3-1, and SSB2_2) are
superior than their counterparts with uneven-step shape (i.e., SSB3-2, and SSB2_4) in overall livability and all aspects
expect for pedestrian environment indexes. Figure 3 virtually shows perceivable space and vertical angle block by
buildings from a vantage point for all scenarios; the former is related to space-derived amenities, and the later affects both
sky view and insolation. The two three-step scenarios again are superior, and the two even-step scenarios are superior

than their counterparts in terms of perceivable space and block angle.

Table 5-2 “Physical” Livability Indexes, Stair-Shaped Setback Scenarios

Pedestrian-Friendly Sp ace—‘d-e rived Daylight Residential
Building Setback Environment amenities or Exposure Breezeway Privacy
Scenario Perceivable Density Overall
g
Sidewalk S iﬁ::::lk Viewshed |Sky View| Solar Radiation' | Viewshed Average Livability
Percentage Percentage Percentage | Factor T Percentage | Distance' (M)
SSB_Base 100.0% 100.0% 5.8% 30.9% | 425,599 (53.4%) 5.8% 72.0% (11.4) 0.50
SSB_1 100.0% 100.0% 8.7% 29.6% 422267 (53.0%) 8.7% 91.0% (14.4) 0.54
SSB 2 2 100.0% 100.0% 6.4% 33.8% 430234 (54.0%) 6.4% 86.3% (13.6) 0.53
SSB_ 2 4 100.0% 100.0% 5.9% 32.4% 438201 (55.0%) 5.9% 80.1% (12.7) 0.52
SSB 3 1 100.0% 100.0% 6.5% 36.5% 454136 (57.0%) 6.5% 87.7% (13.9) 0.55
SSB_3 2 100.0% 100.0% 6.4% 35.8% 446168 (56.0%) 6.4% 85.0% (13.4) 0.54
Mean 100.0% 100.0% 6.6% 33.2% | 436,101 (54.7%) 6.6% 83.7% (13.2) 0.53

Note: 1. The number in the parentheses is standardized index (Refer to notes in Table 3-1).
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Figure 3 Perceivable 3-D Open Space and Block Angle from Vantage Point, Stair-Shaped Setback Scenarios

3-4 Side Yard Width (SW) and Backyard Depth (BD)

Both the two side yard width types, shifting floor area to the back (SW-B) and top (SW-T) of the
buildings, are not efficient planning tool towards livability; the elasticity values of SW-B and top
SW-T are -0.02 and 0.1, respectively (Table 6).

better than to the back since more open space is left on the ground level.

However, shifting floor are to the top is slightly

Backyard depth scenarios affect livability index similar to side yard distance: both the .
of scenarios, shifting floor to the side (BD-S) and to the top (BD-T) of the building, are not efficient

two types

planning tool, and the latter is marginally superior than the former (Table 7)

Table 6 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Side Yard Width
Scenarios, Floor Area Shift to Back (-B) and Top (-T) of Building

Space-derive
Pedestrian- d amenities Davlicht Residential Overall
SW Scenario Friendly or E aylug Breezeway %S. entia Livability
Environment  Perceivable Xposure nvacy (Mean)
Density
SW-B1.5 (Baseline) - - - - - -
SW-B2.5 0% -8% -4% 3% 1% -1%
SW-B3.5 0% -5% -6% -5% 1% 2%
SW-B4.5 0% -10% -11% -8% 1% -3%
SW-B5.5 0% -13% -17% -11% 0% -5%
Elasticity 0.00 -0.05 -0.06 -0.04 0.00 -0.02
Highest Slope(s) N/A SW-B2.5>1.5  SW-B5.5>4.5 SW-B2.5>1.5 SW-B2.5,3.54.5 | SW-B5.5>4.5

SW-T1.5 (Baseline) - -- -- - - -
SW-T2.5 0% -5% -3% 1% 5% 0%
SW-T3.5 0% -8% -10% 2% 10% 0%
SW-T4.5 0% -6% -7% 3% 15% 2%
SW-T5.5 0% -8% -9% 6% 19% 2%
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Elasticity 0.00 -0.03 -0.03 0.02 0.07 0.01
Highest Slope(s) N/A SW-B2.5>1.5 SW-T3.5>2.5 SW-T4.5>5.5 1. SW-T5.5 SW-T3.5>4.5

Table 7 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Backyard Depth
Scenarios, Floor Area Shift to Back (-B) and Top (-T) of Building

Space-derive
Pedestrian- d amenities Davlieht Residential Overall
SW Scenario Friendly or E ayug Breezeway %S. entia Livability
Environment  Perceivable Xposure nvacy (Mean)
Density
BD-S1.5 (Baseline) - - - -- - -
BD-S2.5 0% 4% 6% 3% 1% 2%
BD-S3.5 0% 10% 12% 6% 0% 3%
BD-S4.5 0% 11% 15% 9% 1% 4%
BD-S5.5 0% 14% 19% 12% 0% 5%
Elasticity 0.00 0.05 0.07 0.05 N/A 0.02
Highest Slope(s) NA  BDS2533s LBDSZIDIS ) ppcassss  BDs2s 45 | BDS1SS25
g P i i 2.BD-S1.5>2.5 i i i T i i
BD-T1.5 (Baseline) - - - -- - -
BD-T2.5 0% 4% 5% 5% 5% 3%
BD-T3.5 0% 0% 0% 8% 10% 3%
BD-T4.5 0% 5% 8% 13% 15% 6%
BDT-5.5 0% 4% 7% 19% 19% 8%
Elasticity 0.00 N/A N/A 0.07 0.07 0.03
Highest Slope(s) N/A BD-T4.5 BD-T 4.5 BD-T4.5>5.5 1. BD-T4.5>5.5 |1.BD-T3.5>4.5

3-5 Street-Corner Building Setback (SCBS)

The impacts of two types street corner building setback, the horizontal (SCBS-H) and vertical
four-meter (SCBS-V) setbacks, on livability development are minimal but buildings with street corner
setback is more livable than those without; for horizontal setback, the more the street corner setback,
the more livable the city in terms of pedestrian-friendly environment, and breezeway; and for the
vertical street corner setback, building with setback at the first floor is more pedestrian-friendly. Both
the elasticity values of overall livability index for both SCBS-H and —V are positive but almost
indifferent from zero (Table 8); this type of setback, specifically designed for more spacious street
corner in a small spatial scale, is reasonable to have limited impact. In addition, horizontal setback
does have certain degree of impact on pedestrian-friendly environment with an elasticity value of 0.04,

larger breezeway with an elasticity value of 0.02.

Table 8 Accumulated Percentage Change,1 Elasticity and Slope of Livability Index, Street Corner Building Setback
(SCBS) Scenarios, Horizontally (-H) and Vertically (-V)

Space-derive
Pedestrian- d amenities : ; ; Overall
SW Scenario Friendly or }]5) aylight Breezeway R%S{dentlal Livability
Environment Perceivable Xposure fvacy (Mean)
Density
SCBS-1F0M (Baseline) - - - - - -
SCBS-H-1F2M 3% 8% 6% 1% 0% 3%
SCBS-H-1F4M 7% 7% 5% 3% 0% 4%
SCBS-H-1F6M 11% 6% 3% 6% 0% 4%
Elasticity 0.04 N/A 0.01 0.02 0.00 0.01
HighestSlope(s) [ SCBSTEIFM oy oy SCBSIEIFOM  SCBS-ALIFM Na | SCBSHIFOM
SCBS-4MOF (Baseline) -- -- -- - - --
SCBS-V-4M3F 0% 9% 7% 4% 0% 3%
SCBS-V-4M2F 0% 9% 7% 4% 0% 3%
SCBS-V-4MIF 7% 7% 5% 4% 0% 4%
Elasticity 0.03 N/A N/A 0.01 0.00 0.01
Highest Slope(s) SCBS-V-4MOF SCBS-V-4MOF SCBS-V-4MOF SCBS-V-4MOF N/A SCBS-V-4MOF
g P >4MIF >4M3F >4M3F >4M3F >4M3F

3-6 Building Shape
Of the selected building shapes, i.e., tower (BS1), enclosing court (BS2), slab (BS3), U-shaped
(BS4), convex-shaped (BS5), cross-shaped (BS6), X-shaped (BS7), and reverse U-shaped, in general,

the tower shape is superior than others considerably, followed by slab- and X-shaped, but individual
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variation of one building type may also be physically livable, such as BS2-3. The tower shape is
physically more livable because of its capacity of providing wide sidewalk to plant trees, higher
viewshed, sky view, solar radiation, and residential privacy derived from concentrated open space
around its compact building shape. The slab shape is relatively livable in terms wide sidewalk for
planting trees, better solar radiation through concentrated open space in the front and back yards.

The X-shaped is supreme due to its capacity of providing greened sidewalk, and larger spacing
between buildings. Table 9 shows that the tower, slab, and X-shaped have the three highest overall
livability index values, i.e., 0.50, 0.42, and 0.41, respectively, as opposed to the rest with the values in
the 0.3s, suggesting being avoided in practice. The green sidewalk percentage index reflects that
these three building shapes plus cross-shaped provide sidewalk wider than three meters to grow plants;
most of their scenarios have the index values larger than zero. The tower and slab communities
provide better viewshed, sky view, and solar radiation than the rest; their viewshed values are 6.1%
and 6.3%, respectively; their solar radiation values are 53.4% and 54.4%, higher than the rest in the

lower 40% or below.

Table 9 “Physical” Livability Indexes, Building Shape (BS) Scenarios

Pedestrian-Friendly Space-derived Daylight Residential
o Environment amenities or Exposure Breezeway Privacy Overall
Building Shape Perceivable Density Livabilit
Sidewalk S S;f;::lk Viewshed | Sky View Sole}rl Ra(lii?ztion Viewshed Average (Mean)‘y
Percentage Percentage Percentage| Factor e Percentage | Distance (M)

BS1: Tower 100.0% 100.0% 6.1% 30.9% | 425,599 (53.4%) 6.1% 71.6% (11.3) 0.50
BS2-1.5:Enclosing Court [ 100.0% 0.0% 3.9% 21.8% | 253,693 (31.8%) 3.9% 44.3%(7.0) 0.29
BS2-2 (Baseline) 100.0% 0.0% 4.3% 24.0% | 343,132 (43.1%) 4.3% 50.6%(8.0) 0.32
BS2-2.5 100.0% 0.0% 4.8% 26.1% | 293,552 (36.8%) 4.8% 56.9%(9.0) 0.33
BS2-3 100.0% 100.0% 5.3% 27.7% | 389,512 (48.9%) 5.3% 63.6%(10.0) 0.47
Mean 100.0% 25.0% 4.6% 24.9% | 319,972 (40.2%) 4.6% 53.8%(8.5) 0.35
BS3-1: Slab (Baseline) 100.0% 100.0% 6.1% 31.3% | 421,792 (52.9%) 6.1% 56.0%(8.9) 0.47
BS3-2 100.0% 0.0% 6.4% 32.2% | 445,727 (55.9%) 6.4% 57.8%(9.1) 0.38
Mean 100.0% 50.0% 6.3% 31.7% | 433,760 (54.4%) 6.3% 56.9%(9.0) 0.42
BS4-1: U-Shaped 100.0% 0.0% 5.3% 29.0% | 406,114 (51.0%) 5.3% 70.9%(11.2) 0.39
BS4-2 (Baseline) 100.0% 0.0% 4.6% 27.2% | 287,033 (36.0%) 4.6% 74.1%(11.7) 0.36
BS4-3 100.0% 0.0% 4.4% 26.1% | 280,281 (35.2%) 4.4% 77.2%(12.2) 0.36
Mean 100.0% 0.0% 4.8% 27.5% | 324,476 (40.7%) 4.8% 74.1%(11.7) 0.37
BS5-1: Convex-Shaped | 100.0% 0.0% 6.1% 31.5% | 300,123 (37.7%) 6.1% 64.6%(10.2) 0.35
BS5-2 (Baseline) 100.0% 0.0% 5.9% 31.1% | 294,317 (36.9%) 5.9% 61.4%(9.7) 0.35
BS5-3 100.0% 0.0% 5.6% 30.4% | 285,602 (35.8%) 5.6% 58.2%(9.2) 0.34
Mean 100.0% 0.0% 5.8% 31.0% | 293,348 (36.8%) 5.8% 61.4%(9.7) 0.34
BS6-2: Cross-Shaped 100.0% 23.7% 4.9% 28.0% | 309,999 (38.9%) 4.9% 50.6%(8.0) 0.35
BS6-2.5 (Baseline) 100.0% 21.7% 5.3% 28.9% | 319,580 (40.1%) 5.3% 56.9%%(9.0) 0.36
BS6-3 100.0% 100.0% 5.7% 29.9% | 416,884 (52.3%) 5.7% 63.3%(10.0) 0.48
Mean 100.0% 48.5% 5.3% 28.9% | 348,821 (43.8%) 5.3% 56.9%%(9.0) 0.39
BS7-2: X-Shaped 100.0% 24.6% 3.5% 22.4% | 277,266 (34.8%) 3.5% 100%(15.8) 0.36
BS7-25 (Baseline) 100.0% 26.1% 4.0% 24.6% | 292,795 (36.7%) 4.0% 96.7%(15.3) 0.37
BS7-3 100.0% 100.0% 4.6% 27.3% | 312,421 (39.2%) 4.6% 90.5(14.3) 0.49
Mean 100.0% 50.2% 4.0% 24.8% | 294,161 (36.9%) 4.0% 95.7%(15.1) 0.41
BS8-1: Reverse U-Shaped| 100.0% 0.0% 5.4% 29.5% | 301,562 (37.9%) 5.4% 70.9%(11.2) 0.36
BS8-2 (Baseline) 100.0% 0.0% 52% 28.2% | 287,446 (36.1%) 52% 74.1%(11.7) 0.36
BS8-3 100.0% 0.0% 5.1% 27.2% | 272,552 (34.2%) 5.1% 77.2%(12.2) 0.37
Mean 100.0% 0.0% 5.2% 28.3% | 287,186 (36.0%) 5.2% 74.1%(11.7) 0.36

3-7 Relative Efficiency of Community Design Tools
3-7-1. Best Urban Planning/Design Tool for Overall Livable Built Environment: To improve the
livability performance of the base scenario, BCR is the most efficient too, though only intermediately
elastic, that is the percentage performance improvement is around half the percentage planning/design
change. The elasticity of BCR is -0.47, followed by the second tier of efficient tools composed of
building setbacks and height distance ratio with elasticity value around 0.2s (Table 10).
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Table 10 The Elasticity of “Physical” Livability Indexes, By Aspect

Space-derived Overall

. . Pedestrian- amenities or  Daylight Residential [ "7
Community Design Tools Friendly Perceivable Exposure Breezeway Privacy Livability
Environment Densi (Mean)
ensity
1. Building Coverage 2
Percentage (BCR) 1 BCR -0.56 -0.07 0.00 -0.82 -0.78 -0.47
2. Height Distance 2-1 HDR-S: FA' from Side 0.00 -0.06 -0.19 0.31 0.62 0.18
Ratio (HDR) 2-2 HDR-B: FA from Back 0.00 N/A N/A 0.69 0.62 0.20
3. Building Setback ~ 3-1 SB-B: Moving Backwards 0.50 0.10 N/A 0.22 0.00 0.22
(SB) 3-2 SB-T: FA to Top 0.50 0.25 0.02 0.39 0.12 0.25
4. Side Yard Width 4-1 SW-B: FA to Back 0.00 -0.05 -0.06 -0.04 0.00 -0.02
(SW) 4-2 SW-T: FA to Top 0.00 -0.03 -0.03 0.02 0.07 0.01
5. Backyard Depth 5-1 BD-S: FA to Side 0.00 0.05 0.07 0.05 N/A 0.02
(BD) 5-2 BD-T: FA to Top 0.00 N/A N/A 0.07 0.07 0.03
6. Street-Corner 6-1 SCBS-H-1F: Horizontal 0.04 002 001 0.02 0.00 0.01
Building Setback 6-2 Ssceggi(/zol\l}['l\l;ertical 4-Meter
(SCBS) ) 0.03 N/A N/A 0.01 0.00 0.01

Setbacks

Note: 1. Floor Area
2. The highlighted are those with elasticity of .5 or higher.

3-7-2 Best Urban Planning/Design Tool for Individual Aspect of Livability: In certain cases, attention
may be drawn to improvement of certain aspect of livability. This section puts together the above
impact analysis to list the most efficient urban planning/design tool in each of the five aspects. First,
to improve pedestrian-friendly environment, the most effective tools are lower building coverage
percentage (1 BCR), higher building setback, either moving the whole building backwards (3-1 SB-B)
or shifting floor area to the top (3-2 SB-T) of the buildings; the elasticity values of BCR, SB-B, and
SB-T are -0.56, 0.5, and 0.5, respectively (Table 10). Secondly, to improve space-derived amenities
or reduce perceivable density, the most efficient tools is to implement building setback by shifting
floor area to the top of the building, and followed by moving-backwards building setback; the indexes
values are 0.25 and 0.10, respectively.

Thirdly, if solar radiation is an issue for a community, in accordance with existing planning
knowledge, reducing height distance radio by shifting floor area from the top of building to the
side(2-1 HDR-S) is the most efficient tool, with the elasticity value of -0.19 (Table 10). Then,
street-level breezeway can be most efficiently enlarged by reducing BCR or increasing height distance
ratio by shifting floor area from the back (2-2 HDR-B) of the building, with elasticity values of -0.82
and 0.69, respectively. Finally, if residential privacy is the target issue, then reducing building
coverage rate, increasing HDR by shifting floor area from the back and side of the building are most
effective.

In sum, BCR is relatively effective in affecting three sub-livability indexes—breezeway,
residential privacy and pedestrian-friendly environment. Building setback contributes rather
effectively in improving pedestrian environment. And increasing height distance ratio is relatively
effective in providing more breezeway and residential privacy. Finally, it may be inferred shakily
that shifting floor area to the top of the building generally improves livability quality better than
shifting it to the side, then back of the building, and moving backwards; increasing side yard width,
and backyard depth by shifting floor area to the top (i.e., 4-2 SW-T and 5-2 BD-T, respectively) are
more efficient than their counterparts of shifting floor area to the back or side of the building (i.e., 4-1
SW-B and 5-1 BD-S, respectively) (Table 10); implementing building setback by shifting floor area to
the top (3-1 SB_T) is more efficient than moving backwards (3-2 SB_B); and to increase HDR by
shifting floor area from the back of the building (2-2 HDR_B) is more effective than from the side (2-1
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HDR S). This finding, combined with impact of reducing BCR leading to tall buildings, indicates
leaving more open space on the ground by shifting floor area on the top may be more “physically”
livable; in other words, skinny, tall building may bring in more livable community than fat, short

buildings given the circumstances of this research.

3-8 Most Livable Scenarios

Of the all of the scenarios across the six planning tools and eight building shapes, twelve are more
livable with overall livability index values over 0.52 (Table 11).  All the twelve scenarios area
variations of tower shape buildings across three planning/design tools, consisting of stair-shaped
setback (i.e., SSB 3 1, 1,3 2,2 2,2 4), large building setback with floor area shift to the top (i.e.,
SB-T6 and T4.5), smaller building coverage percentages (i.e., BCR-30%, 35%, and 40%), and
increasing backyard depth by shifting floor area to top (BD_T5.5, and T _4.5). Of all these scenarios,
streets come along with greened sidewalk on both sides the whole length. These scenarios vary in
indexes of livability aspects, but generally derived from the tradeoff between leaving more open space
on the street level and leaving space in the sky by lowering buildings, and hence reflected on the

tradeoff between such sky-based aspects as sky view and such ground-based aspects as viewshed.

Table 11 Most Physically Livable Scenarios

Pedestrian-Friendly S;’;%;ilgsi‘;erd Daylight Breezewa Residential
. Environment X ; Exposure zeway Privacy Overall
Scenario Perceivable Density Livabilit
Sidewalk (9™ Viewshed Sky View - Viewshed Average (Msan)"y
P Sidewalk Solar Radiation )
ercentage p, Percentage  Factor Percentage Distance
ercentage
BCR30% 100.0%  100.0% 8.5% 27.7% 395,808 (49.7%)" 8.5% 96.8% (15.3)° 0.55
SSB 3 1 100.0%  100.0% 6.5% 36.5% 454136 (57.0%)" 6.5%  87.7%(13.9) 0.55
SSB 1 100.0%  100.0% 8.7% 29.6% 422267 (53.0%)" 8.7%  91.0% (14.4)° 0.54
SB-T6 100.0%  100.0% 10.0% 262%  411,808(51.7%) 10.0%  90.6%(14.3)° 0.54
BCR35% 100.0%  100.0% 7.5% 30.4% 423,215 (53.1%)° 7.5% 89.9% (14.2)° 0.54
SSB 3 2 100.0%  100.0% 6.4% 358% 446168 (56.0%)" 6.4%  85.0%(13.4)° 0.54
SSB 2 2 100.0%  100.0% 6.4% 33.8% 430234 (54.0%)" 6.4%  86.3%(13.6)° 0.53
BCR40% 100.0%  100.0% 6.9% 33.7% 432,619 (54.3%)° 6.9% 83.4% (13.2)° 0.53
SSB 2 4 100.0%  100.0% 5.9% 32.4% 438201 (55.0%)" 59%  80.1%(12.7) 0.52
BDT-5.5 100.0%  100.0% 6.6% 31.8% 454,101(57.05) 6.6% 77.9% (12.3) 0.52
SB-T4.5 100.0%  100.0% 8.2% 25.0%  408,192(512%)"  4.6% 85.9% (13.8) 0.52
BD-T4.5 100.0%  100.0% 6.3% 32.4% 459,056 (57.6%)" 6.3% 74.8% (11.8) 0.52
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4. Conclusions and Policy Implications

This paper examines the impacts of the tools on livability, generally employed by urban planners
and/or designers. Through simulation analysis in a hypothetical dense community, the roles of a
range of eight planning/design tools are revealed in affecting livability in the regards of visible
horizontal space, breeze way, visible sky, Radiation, and residential privacy. ~ The results suggest
that overall, reducing BCR decreasing BCR brings space to the ground at the cost of more building
mass in the sky may be worthy since the magnitudes of beneficiary visible horizontal space, breeze
way, and privacy is larger than that of loss of visible sky and Radiation on the one hand, and the level
of sky view and Radiation seems at a higher level than visible horizontal space and breezeway, which
may lessen the negative impact but weighting the positive gain. Besides, more space on the ground
provides the potential of more green open space within close proximity to pedestrians, as well as plants,
insects, and birds. Building setback plays the role of moving space from backyard to front yard, and
hence enhances both ground-based and sky-based livability at the front of the building at the cost of
less space in the backyard. It can be a more politically feasible tool since it adds no extra cost to
developers, as opposed to lowering BCR resulting in higher cost due to taller buildings, and provides
more space along the street, which is tangible to all users. However, the impacts in terms of
downgrade of Radiation, breeze way, privacy in the backyard, which is barely measured in the paper,
cannot be ignored, and deserver further analysis.

In addition, in pursuing certain aspect of livability, the most effective tools are also identified,
which may be applicable in different urban settings. In a neighbourhood where visible space on the
ground or breeze is of most concern, or even providing more space for eco-community, low BCR is the
most effective tool to adopt, and building setback but shifting floor area to the top of the building, and
the conventional building setback come after. Furthermore, in a neighbourhood where visible space
in the sky or Radiation is of most concern, building setback and increasing BCR are the two most
effective tools. To pursuing residential privacy alone, p reducing BCR, back setback and setback and

shift up tools are the top three effective tools.
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Simulation Analysis of Urban Planning/Design Elements for
Improving “Physical” Livability in High-Density Neighborhoods

Abstract

High-density built environment has been one primary policy to promote sustainability in terms of
smaller per capita land consumption, travel energy consumption, and tailpipe emission. However,
downgraded livability in high-density communities possibly lowers residents’ standard of living and
willingness to live in dense neighborhoods. Nonetheless, little research provides knowledge about
the extent to which the tools of urban planning ordinances can raise physical livability in high-density
built environment.  This paper aims to first compile an inventory of urban planning/design tools for
arranging buildings or space, as well as the aspects and indexes of “physical” livability. The second
purpose is to examine the impacts of planning/design tools on physical livability. To assess the
efficiency of planning/design tools towards more livable city, a simulation analysis is conducted in a
hypothetical high-density city. Two analysis techniques are adopted: elasticity to compare relative
efficiency of planning/design tools, and slope to identify recommended scenario. Research results
show that planning/design elements include such element as building coverage percentage (BCR),
various ways of building setback, and building types. Physical livability are composed of spatial
openness at the ground level, room for fresh air to float, natural light exposure, sky view openness, and
residential privacy, which are evaluated for from within the buildings as well as on street level. The
simulation analysis suggests that BCR is relatively effective in affecting three sub-livability
indexes—breezeway, residential privacy and pedestrian-friendly environment.  Building setback
contributes rather effectively in improving pedestrian environment.  And increasing height distance
ratio is relatively effective in providing more breezeway and residential privacy.

Keywords: High density, built environment, livability, urban planning, urban design



In the wake of pursuing sustainability, high-density built environment policy has gained
momentum in a great many countries and cities, such as Melbourne, Australia, and as a significant
element in such policy as compact city, transit-oriented development (TOD), and encouraged by a
great many of academics (Costello, 2005) However, the social benefit of sustainability from denser
living settings is likely to conflict individual or residents’ interest due to concern on relatively low
level of residential built environment quality (livability) in denser communities such as perceived
density, low visibility, insufficient breezeway between buildings, Radiation, blocked sky view, and less
residential privacy. As a result, the success of high density policy may depend largely on urban
planning or design tools to reduce physical negative impacts of high-density settings at the least, or
even to improve the physical environment at the best, and in turn, to hope for better perception,
acceptance, or even demand for high-density living in the market.

Among numerous urban planning and design tools (planning/design tools in short hereafter),
including most probed floor area ratio (FAR), distance height ratio (DHR), building coverage rate
(BCR), building setback from the street, or from neighboring buildings, the degree to which they affect
residential environment quality is barely examined, including perceivable density, visibility, daylight
exposure. For practical purposes, planners need guidelines for selecting best planning/design tools or
building shape to improve environmental quality, in particular, in high-density neighborhood.
However, little knowledge has been revealed from past research in this regard. Hence, this paper
aims to first compile an inventory of urban planning/design tools for arranging buildings or space in a
community, as well as the aspects and indexes of “physical” livability of built environment, as opposed
to social, cultural, and economic side of livability. The second purpose is to examine the impacts of
planning/design tools on physical livability. The following sections are literature review on
planning/design tools, aspects and indexes of physical livability, and current knowledge on the
efficiency of planning/design tool in affecting livability, research methods describing the simulation
analysis and analysis methods, the results of simulation analysis, and conclusions and policy
implications.

1. Literature Review

In urban areas wind speed and direction can be affected by buildings in terms of mass, layout,
height, and alignment. Most of past research has been addressing environment comfort issue affected
by gust and strong wind in urban environment (ASCE, 1999; Ng, 2009). However, recently a great
bulk of research, on the contrary, address weak wind in densely populated cities with public health
issue such as air-borne contagious disease and urban heat island (UHI) effect (Oke, 1982; Ng, 2009;
Wong et al., 2010). Improved urban wind environment can improve physical livability of
high-density built environment in the regards of mitigating UHI effect, washing away air pollutants
(Wong and Yu, 2005) and providing a more natural wind environment less blocked by dense buildings.

Four principle measures have been applied to gauge wind speed in urban settings: field survey,
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wind tunnel modeling (Mfula, 2005), numerical models including computational fluid dynamics (CFD)
modeling (Blocken, 2007), and morphometric method or urban-form-based indexes. Field survey
labor intensive, and requires instruments to measure wind speed and may suffer from sufficient
variations of scenarios, and lack of controlled environment. The wind tunnel is the most accurate

(Ng, 2009) but complex, technology-demanding and costly (Wong et al., 2010). CFD is appropriate
for simulations for various scenarios but also engineering-expertise demanding. For these three
methods, wind velocity ratio, the ratio of wind velocity at certain height above roof tops to that on the
ground level is applied (Ng, 2009). Several indexes measuring the degree of surface roughness in

urban setting (Lettau, 1969; Counihan, 1975; Grimmond and Oke, 1999; Wong et al., 2010), which
affects ground wind velocity.

Frontal area index, defined as the ratio of building facets facing the particular wind direction to
plane area is mostly used to gauge district-base area average (Grimmond and Oke, 1999; Wong et al.,
2010; Chao et al., 2010). Building coverage rate (BCR) or ground coverage ratio, highly positively
correlated with frontal area ratio, is proposed as a proxy of frontal area ratio to measure
pedestrian-level wind environment due to its simplicity (Ng et al., 2011). However BCR is not able
to measure micro-level wind permeability (Ng et al., 2011) such as building level. Theoretically,
viewshed from one test point could be used as a proxy since it can be applied to quantify the degree to
which it is close to a plane without buildings on the ground on the one hand or the permeability on the
ground level to allow wind travelling along breezeways to the test point; and it is theoretically affected
by BCR in theory and could be highly correlated on the other hand.

2. Research Methods

To assess the efficiency of planning/design tools towards more livable city, a simulation analysis
will be conducted in a hypothetical high-density city. The high-density urban setting is selected since
livability is of more concern than in low-density setting. In assessing the efficiency of
planning/design tools, hypothetical community simulation analysis is adopted over empirical study of
practical cases for two reasons: on the one hand, a hypothetical community provides all possible
variations of various planning/design tools as needed. On the other hand, in practical cases, factors
affecting built environment per se are barely understood and intermingled, and hence hard to identify,
not to mention the difficulty to measure. The hypothetical residential community hence provides a
test bed for comparative analysis with built environment controlled for to allow changes in one single
planning/design tool; all the scenarios are developed given the same density level, uniform building
shapes, road systems, for example, to evaluate the impacts planning tools on livability indexes.

To facilitate the simulation analysis, this section first develops a hypothetical high-density
residential community, and then an inventory of the planning/design tools and scenarios derived from
their various setups, and the indexes for livability. Two analysis techniques are adopted: elasticity to
compare relative efficiency of planning/design tools to improve livability, and slope to identify
recommended scenario for each of the planning/design tools. The software packages applied are
Google SketchUp, AutoCAD, ArcGIS and Excel.



2.1 Base Maps of Hypothetical Residential Community

A hypothetical high-density residential community® is developed based on two primary
guidelines: On the one hand, the spatial scale of the community is as small as possible for calculation
purpose, but large enough where the livability indexes can be measured as in a large community with
as less distortion as possible.  On the other hand, it mimics Taipei, Taiwan in order to embed such
concern over livability issues due to high-density development, lack of sidewalk, which is probably
also true in many cities in Taiwan and Japan since the major land use plans in Taiwan were developed
during the Japanese colonial periods between 1895-1945. Taipei is selected due to its high density of
some 9,600 persons per square kilometer in 2011 (Taipei City Government, 2011), where street layouts,
sites are mostly developed leaving little room for major modification but urban renewal of buildings.

This hypothetical community is composed of 16 50-meter by 50-meter identical blocks,
surrounded by eight-meter wide road, which is the most popular road width in residential communities
in Taipei, Taiwan (Figure 1). These eight-meter roads mostly are not equipped with sidewalk (Figure
2), or come along with traditional arch sidewalks attached to the front of the buildings. Within each
block lies four identical 50%-BCR and 300%-FAR buildings (i.e., residential type I\V> of Taipei city
zoning ordinance (Taipei City Government, 2002)) are equally scattered and centered in their own
quadrant; the FAR of 300% is selected because it is the highest cap of all four stereotypes of
residential areas in Taipei as well as Taiwan, formulating the highest population density residential
communities. The buildings are all set to be north-south-oriented, as preferred by the locals
according to the traditional wisdom and to avoid bright, hot sun lights in the afternoon in the
sub-tropical regions. The floor-to-floor height of all the buildings is three meters.  Within this
hypothetical residential community, the population, building, and activity densities are fixed.
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Figure 1. Base Map of Hypothetical Community

Figure 2 Profile of Eight-Meter Road of Hypothetical Community

2.2 Urban Planning/Design Tools and Scenarios
Based on literature review on urban plan regulations or ordinances in Taiwan and practical cases

! Other land uses, such as commercials, industries, are not incorporated in the hypothetical community since their planning and design concerns are likely
to be different  Furthermore, neither do public facilities, such as parks, plazas because they may also affect the impact assessment due to their different
settings or locations.
2 The BCRs and FARSs of the other three residential types are 30%-60%, 35%-120%, 45%-225%, respectively.
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in Taiwan, New York city and Vancouver from Google map, six urban planning/design tools are pooled
together to develop various scenarios for baseline building shape (i.e., tower): BCR, height distance
ratio (HDR), building setback (SB), side yard width (SW), backyard depth (BD), street-corner building
setback (SCBS)(Table 2). Additionally, seven other building shapes are developed for comparative
analysis of different building shapes: tower (BS1), enclosing court (BS2), slab (BS3), U-shaped (BS4),
convex-shaped (BS5), cross-shaped (BS6), X-shaped (BS7); and reverse U-shaped (BS8)(Table 2).
Within each planning/design tools (including building shapes), a set of various scenarios are develop
to access the impacts of setup changes within the tool in question.  With the same 300% FAR,
scenarios of each tool are developed to cover the largest, reasonable variation range, within which
scenarios are created at fixed interval and in principle to obtain five scenarios if possible in order to
calculate its efficiency/elasticity (refer to evaluation techniques below). Descriptions, two- and
three-dimensional concept graphics of all the planning tools and scenarios are presented in Table 1.
Table 1  Urban Planning/Design Tools and Scenarios

Urban PIapnlng/Deglg_n Tolols: 2-D Concept Graph_lcs: 3-D Concept Graphics
Scenarios Descriptions Overlay of Scenarios
1. Building Coverage Percentage (BCR) BCR 75 BCR30

® Scenario: BCR30, 35, 40, 45.....75 (%)

® Buildings shrink inward or expand
outwards around building central point
as BCR changes.

2. Height Distance Ratio (HDR)

2-1 HDR-S: FA! from Side

® Scenario: HDR-S1.25, 1.50,....2.25

® The distance between buildings (south
and north sides) is fixed with height
varies for different scenarios at 0.25
ratio interval.  The floor area for the
increased height/stories is shift from
the side of the building

2-2 HDR-B: FA! from Back HDR-B1.25 HDR-B2.25

® Scenario: HDR-B1.25, 1.50,....225

® The distance is fixed with height varies
for different scenarios at 0.25 ratio
interval. The floor area for the
increased height/stories is shift from
the back of the building.

3. Building Setback (SB)

3-1 SB-B: Moving Backwards

® Scenario: SB-BO, 1.5, 3, 4.5, 6(M)

® The whole building moves backwards
towards block center at 1.5-meter for
various scenarios.




3-2 SB-T: FA' to Top

® Scenario: SB-TO, 1.5, 3, 4.5, 6(M)

® The whole building shrinks towards
south-east corner of the building at
1.5-meter interval for various
scenarios, and the cutoff floor area is
shift to the top of the building.

3-3 Stair-Shaped Setback (SSB)

® Scenarios: SSB_Base, _1(Step),
_2(Steps)2(Setback on 2F),
_2(Steps)4(Setback on 4F),
_3(Steps)1(Type 1), 3(Steps)2(Type 2)

SSB 3 1

&x
]

4. Side Yard Width (SW)

4-1 SW-B: FA1 to Back

® Scenario: SW-B1.5,2.5, 3.5, 4.5,
5.5(M)

® The side yard width is increased at
one-meter interval, and the cutoff floor
area is shift to the back of the building.

SW-B1.5

4-2 SW-T: FA' to Top

@ Scenario: SW-T1.5,2.5, 3.5, 4.5,
5.5(M)

® The side yard width is increased at
one-meter interval, and the cutoff floor
area is shift to the top of the building.

SW-T3

SW-T11

5. Backyard Depth (BD)

5-1 BD-S: FA1 to Side

® Scenario: BD-S1.5,2.5, 3.5, 4.5, 5.5(M)

® The backyard depth is increased at
one-meter interval, and the cutoff floor
area is shift to the right side of the
building.

BD-S1.5

5-2 BD-T: FAl to Top

® Scenario: BD-T1.5,2.5, 3.5, 4.5, 5.5(M)

® The backyard depth is increased at
one-meter interval, and the cutoff floor
area is shift to the top of the building.




6.Street-Corner Building Setback (SCBS)

6-1 SCBS-H-1F: Horizontal setbacks on

1F

® Scenario: SCBS-1FOM, 2M, 4M, 6M

® The building corner at the intersection
is set back from the ground level and
above for 0, 2M, 4M and 6M for
various scenarios, respectively, and the
cutoff floor area is shift to the top of
the building.  This can also be called
horizontal setback.

SCBS-1FOM

SCBS-1F4M

- =T

6-2 SCBS-V-4M: Vertical 4-Meter
Setbacks

® Scenario: SCBS-4M, -3F, 2F, 1F

® The building corner at the intersection
is set back for 4M starting from 1F, 2F,
3F and above for various scenarios,
respectively, and the cutoff floor area is
shift to the top of the building. This can
also be called vertical setback.

SCBS-4M1F

SCBS-4M3F

7. Building Shape (BS)

BS2:Enclosing Court

® Scenario: BS2-1.5, 2, 2.5, 3 (M)

® The front yard depths of various
scenarios are 1.5, 2, 2.5, and 3 meters,
respectively.

BS3: Slab (Baseline)

® Scenario: BS3-1, 2(M)

® The side yard widths of various
scenarios are 1 and 2 meters,
respectively.

BS3-1

{

BS3-2

o

BS4: U-Shaped

@ Scenario: BS4-1, 2, 3

® The depths of the dent parts of the
buildings vary at one-meter interval.

BS4-1
(Being revised)

BS4-3
(Being revised)

BS5: Convex-Shaped

® Scenario: BS5-1, 2, 3

® The depths of the bump parts of the
buildings vary at one-meter interval.

e SN—

BS5-1

&

BS5-3

N

BS6: Cross-Shaped

® Scenario: BS6-2, 2.5, 3

® The lengths of the leg parts of the
buildings vary at 0.5-meter interval.

BS6-2

Suyls

BS6-3

&




BS7: X-Shaped BS7-2 BS7-3

® Scenario: BS7-2,2.5,3

® The lengths of the leg parts of the
buildings vary at 0.5-meter interval.

BS8: Reverse U-Shaped

® Scenario: BS8-1, 2, 3

® The depths of the dent parts of the
buildings vary at one-meter interval.

1. Upper-left building in the block is taken as the example for the scenario description.

2.3 “Physical” Livability Aspects and Indexes

The physical livability of residential built environment to be evaluated is delineated by four major
characteristics: first, it will evaluate the quality affected by space-related planning/design only, given
other non-space factors the same, such as building materials, colors, detailed design, and landscaping.
Secondly, this research limits the evaluation of livability to physical quality, as opposed to societal,
economic quality to be more focused on the “hardware” aspect of built environment.  Thirdly, this
research concerns perceivable quality for both when residents stay in the residence (facing outdoor
from windows or balcony) and on the street of the neighborhood as pedestrians, which collectively
will make up a more complete residential built environment evaluation.

Finally, the evaluation of residential built environment of this research concerns ““perceivable”
quality, instead of ““perceived” quality primarily for objective evaluation purposes. Perceivable
quality in this research refers to built environment that can play as input factors to human perception,
but not necessarily perceived by individuals. In a technical explanation, perceivable quality is
measured without concerning weightings by individuals, leading to the advantage of a more generic
evaluation version of residential built environment, and in contrast it is not tailored for suiting the
special needs of one specific community.

The aspects of residential physical livability to be evaluated are composed of five aspects:
pedestrian-friendly environment, space-derived amenities or perceivable density, daylight exposure,
breezeway, and residential privacy, each of which is represented by corresponding indexes (Table 2).
First, pedestrian-friendly environment is represented by the availability of side walk and green
sidewalk when residents walk in the street. Secondly, space-derived amenities or perceivable density
iIs represented by a combination of space/density on the ground (i.e., viewshed) and in the sky (i.e.,
SVF) perceivable to residents. A better variable is volumetric-space index, but such software being
able to calculate it is not commercially available yet.  Thirdly, solar radiation measures the day light
exposure, affected by sky view and sunlight direction. Then, breezeway aspect is to measure the
room where air can blow directly to a vantage point. It is noteworthy that this breezeway does not
have the ability to calculate the exact breeze that a person at a vantage point can get since it is much
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more complicated.  With this idea in mind, this aspect of breezeway adopts viewshed ratio as the
variable. Finally, residential privacy is to quantify the extent to which residents can seclude
themselves from others, or the extent one cannot be seen by neighbors and pedestrians.  This research
adopts mean of the closest distances to buildings across the street and in the back.



Table 2 Aspects and indexes of “Physical” Livability

Impact Aspect Index
o _ Sidewslls Lergth®
mdevwels FareniEm = Fr—————
1. Pedestrian-Friendly
Environment N _ Sreen Sdevells Laugth™
Grean Sidewalk Fareantegy = e p————

Overall Index = Mean of above Two Indexes

Vlewshed Lrez

Vlewshed Fercentzge = Totsl Land Area

2. Space-derived Amenities or

Perceivable Density . Virbla fAogr Arga
S Ve Feeror l,hrmr.tnga}=ﬁ

Overall Index = Mean of above Two Indexes

i Soler Redistlon of Seenerla (UVEme M
3 Dayliont Exposure Salar Radiztlon Fercantage = Eoler Redletion with u'ut'\EFuLIEllr:y :
4. Breezeway Viewshed Fercentege = Vigvwehed Aree

Totel Lend Sres

Sversga Mlrtence tw Helghbarng Eulldings in the Front and Sk

5. Residential Privacy

Avarege Dletenes
g 1zed Bapldentis] Briowe e e ] o —

Overall Livability Index Mean of above Five Indexes

* Sidewalk length is the total length of the street segments where the width between curb and front wall of the building is larger
than 1.5 meters for installation of minimal sidewalk.

** The street length excludes the intersection segments, where sidewalk cannot be implemented.

*** Greened sidewalk length is the total length of the street segments where the width between curb and front wall of the building
is larger than three meters for growing trees or turf on the sidewalk.

**** The location setting is Taipei city, and time period setting is the second half of year 2011, between the first day of summer
and the last day of fall. )

The two less commonly used indexes--viewshed area and solar radiation--are calculated with
ArcGIS at selected sample points of one of the four central blocks in the community to represent the
whole community. Viewshed is calculated as the weighted mean magnitude of that at nine points
denoted by numbers to represent the viewshed around the block when residents walk on the street
(Figure 4). Similarly, solar radiation is measured at the nine points denoted by numbers and four
points denoted by alphabets for residents when they walk on the street and at the front and back of the
building measured on the ground level, respectively. All the variables are standardized (see ..) to be
within the range of one and zero, representing highest and lower levels, respectively.

1+ 2+ 3+ 2+ 1+
A{
41 4e
5 E s, Building+
C-
Block+
G4 6+
o o
7 8« 8 8+ 7




Figure 3 Sampling Points for Measuring Viewshed and Solar Radiation
2.4 Evaluation Techniques: Elasticity and Slopes

To evaluate the efficiency of urban planning/design tools on livability indexes, slope and
mid-point elasticity are both adopted; the former is primarily used to identify where environmental
quality jumps or drops, while the latter is used for cross-examining the relative effects of various
planning tools due to its unit-free capacity.  Due to the units across various planning tools are
possibly different, the concept of price-elasticity of demand, popularly used by economists to measure
the impact of price on quantity,® is adopted and modified to measure the percentage change of
performance indicator as a response to percentage change of planning/design tool (Equation 1).
Besides, mid-point/arc elasticity (Equation 2-1) is applied to acquire the average elasticity since
scenarios of one planning tool cover certain range.

#BLSBL .
e N Equation 1
EF:’R‘H; &Tool fTool g

Where Ep|_ 1401 is urban planning/design tool elasticity of physical livability;
PL is magnitude of physical livability index;
d@PL is change in magnitude of physical livability index;
Tool is magnitude of urban planning/design tool; and
d@Tool is change in magnitude of urban planning/design tool

3 Price-elasticity of demand allows comparing price-sensitivity of different products in terms of market demand.
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The impacts of Urban Planning/Design Tools on “Physical’” Livability Indexes

This section reveals the impacts of urban planning/design tools and building types on livability indexes.
All the scenarios of urban design/planning tools are developed and extended from the base tower building type
to provide a comparative base. The impacts of buildings types, consisting of the base tower building type and
seven other types, are further analyzed. The impact analysis of urban planning/design tools focuses on both
the overall livability index as well as each of the five individual livability aspects. With the above information
put together, the relative significance of each planning/design tool in improving overall livability or its

sub-aspect, and the most livable scenarios are analyzed.

3-1 Building Coverage Percentage (BCR)

Table 3-1 provides the original index values of all seven indexes of the five aspects, composed of
pedestrian-friendly environment, space-derived amenities or perceivable density, daylight exposure,
breezeway and residential privacy. For comparative purposes, index values are standardized (refer to
the notes of Table 3-1) to the range of between one and zero, indicating highest and lowest levels,
respectively. For pedestrian-friendly environment and space-derived amenities aspects, their overall
index is the mean of their two constituent indexes, representing two alternative indexes. Furthermore,
the overall livability index is the mean of the six aspect indexes, assuming the six aspects contributing
equally to livability quality; the reason for the equal weighting is that any types of weightings of the
six aspects may differ from city to city, from time to time, or even from people to people, and
unavoidably involves certain degree of arbitrary judgment, and it may also be hard to justify one
aspect’s dominance over others in terms of contribution to livability.

The statistics of pedestrian-friendly environment indexes indicate that when BCR falls under 55%,
the overall index value jump significantly, suggesting BCR 55% as the cap in this regard. The index
values in Table 3-1 show that there is enough room to build sidewalk on both sides of the streets for all
BCR scenarios.” However, the sidewalk can only be greened when BCR is reduced to 55% and
below, when the space between curb and building wall is wider than three meters to allow growing
trees or turf. Due to the same fact, the

Table 3-1 “Physical” Livability Indexes, BCR scenarios

Space-derived
Pedestrian-Friendly amenities or Daylight P .
Environment Perceivable Exposure Breezeway | Residential Privacy Overall
BCR Density Livability
; Green - . L9 . (Mean)
Sidewalk . Viewshed  Sky View Solar Radiation Viewshed . 3
Percentage Psélrclee\:ﬁ\l t_lq(e Percentage  Factor ::‘.'u'a.—.i-.-‘li:i:: Percentage Average Distance” (M)
30% 100.0%  100.0% 8.5% 27.7% 395,808 (49.7%) 8.5% 15.3 (96.8%) 0.55
35% 100.0% 100.0% 7.5% 30.4% 423,215 (53.1%) 7.5% 14.2 (89.9%) 0.54
40% 100.0%  100.0% 6.9% 33.7% 432,619 (54.3%) 6.9% 13.2 (83.4%) 0.53
45% 100.0%  100.0% 6.4% 31.4% 430,112 (54.0%) 6.4% 12.2 (77.4%) 0.51

* Sidewalk generally should be built on the side of road, instead on private property. However, due to the non-existence of sidewalk for most of narrow
streets in traditional residential areas, private property is encouraged to build sidewalk with density incentive.
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50%" [ 100.0% 100.0% 6.1% 30.9% 425,599 (53.4%) 6.1% 11.3 (71.6%) 0.50
0

550 | 100.0% 100.0% | 56%  32.5% | 449.875(56.5%) | 5.6% 10.5 (66.2%) 0.49
60% | 1000% 0.0% | 50%  30.1% | 404.469(50.8%) | 5.0% 9.6 (61.0%) 0.37
65% | 1000% 0.0% | 4.8%  33.9% | 454.768(57.1%) | 4.8% 8.8 (55.9%) 0.37
70% | 1000%  0.0% | 43%  31.8% | 425711 (53.4%) | 4.3% 8.1 (51.1%) 0.35
75% | 100.0%  0.0% | 41%  29.7% | 393.897 (49.4%) | 4.1% 7.4 (46.5%) 0.33
Mean | 100.0% _ 60.0% | 5.9% _ 31.2% | 423,607 (53.2%) 5.9% 11.1 (70.0%) 0.46

Note: 1. Baseline scenario.
2. The number in the parentheses is standardized index, obtained with the following equation

=[(1— Sl T - I
'- Inaplztlen wilhous Fulldime ¢ W TR N S
3. The number in the parentheses is standardized index, obtained with the following equation
- fﬂ- _ _Averege Plamas } - fi _ Aviregs Vinemis ;l
- Lingza s osrams inamies = 1= EM

accumulated percentage change of pedestrian-friendly environment index, with BCR 50% as base
scenario,” jumps from -50% to 0 when BCR is reduced from 60% to 55%, i.e., the highest slope
(Table 3-2).

Table 3-2  Accumulated Percentage Change,* Elasticity and Slope of “Physical” Livability, Building Coverage Rate

Scenarios
d Sdpace-derive |
Pedestrian- amenities : : : Overa
BCR Friendly or E?(a)élslg?gz Breezeway R%srlic\ilzrétlal Livability
Environment Perceivable P y (Mean)
Density?

30% 0% -2% -1% 41% 35% 9%

35% 0% 3% -1% 25% 26% 8%

40% 0% 10% 2% 14% 17% 6%

45% 0% 2% 1% 5% 8% 3%

50% (Baseline) -- - -- -- - -
55% 0% 3% 6% -8% -8% -1%

60% -50% -5% -5% -17% -15% -26%

65% -50% 5% 7% -20% -22% -25%

70% -50% -2% 0% -29% -29% -29%

75% -50% -9% -7% -33% -35% -33%
Elasticity -0.56 N/A* N/A* -0.82 -0.78 -0.47
Highest Slope(s) BCR60->55 BCR40* BCR65, 55" BCR35->30 BCR35->30 BCR60->55

Note: 1. Percentage change = IS e g gage - I Sageen e Tindieennd gy
Indlime g pn pon mymn ndimgmson

2. The impact is not linear, hence only the peak, instead of highest slope, is presented to show the scenario with the highest livability. For the
same reason, it is not reasonable to calculate elasticity.

Then, with the same analysis framework as above, the impacts of BCR on the other four livability
indexes are presented below. First, the statistics of Tables 3-1 and 3-2 show the impact of
space-derived amenities is not linear and the best scenario is BCR 40%, which reflect the tradeoff
between sky view and ground-level viewshed as BCR changes. Secondly, the daylight exposure
index shows that the impact is not linear; the highest level occurs at BCR65% (7%), and 55%
(6%)(Table 3-2), and the worst happens at both the highest and lowest BCRs, which reflects that fact
that tallest buildings of lowest BCR 30%, and most reduced open space due to highest BCR of 75%
both block sunlight the most.  Thirdly, both the trends of index values of Tables 3-1 and accumulated
percentages of Table 3-2 show that the lower the BCR, the higher the level of breezeway and
residential privacy due to more space between buildings; additionally, the highest slopes suggest the
caps are both BCR 30%.

Overall, BCR is an moderately efficient planning tool for developing livable built environment,
and the lower the BCR, the more livable the city; furthermore, BCR is most efficient in improving
pedestrian-friendly environment, breezeway and residential privacy, all of which involving more space
on the ground level. First, the elasticity of overall livability index of -0.47 indicates BCR is

® BCR 50% is set as base scenario, with which percentage change between scenario in question and base scenario is calculated (Refer to note 1 in Table

3-2). The percentage change statistics are applied to pinpoint the highest slope, where the most significant impact occurs.
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moderately inelastic or inefficient in affecting livability (Table 3-2). Furthermore, the trend of
percentage changes of overall livability index show that the livable level increases as BCR decreases
and BCR 55% is the suggested cap, where the highest slope occurs. Conceptually, reducing BCR
moves open space from top of the building (or sky) to the ground level, and hence enhances such
ground-based livability quality as residential privacy and breezeway, but its impact on such
sky-view-based livability quality as sky view and daylight exposure is complicated by whether sky
view is block more by high building with more open space on the ground or low buildings with less
open space.

3-2 Height Distance Ratio (HDR)

HDR-S and HDR-B, representing the floor area added to the top of the building shift from the
side and back of the building, respectively, are both minimally effective livability planning tools; the
higher the HDR, the more livable the city is, and the minimum HDR is suggested to be set at 1.75 and
1.5 for HDR-S and HDR-B, respectively; among the five livability aspects, HDR is effective in
affecting residential privacy and breezeway. The elasticity of HDR-S and HDR-B, are 0.18 and 0.20,
respectively (Table 4), smaller than the medium level of 0.5. The trend of accumulated percentage
change of overall livability index shows the higher the HDR, and more livable the city is. The most
efficient point (i.e., the highest slope) takes place at from HDR-S1.50 to 1.75 and from HDR-B1.25 to
1.50, respectively, and hence HDR-S 1.75 and HDR-B 1.50 are recommended as the minimum levels.
Similar to the impact of increasing BCR, increasing HDR moves open space from the sky to the
ground, and hence affects such ground-based livability quality as residential privacy and breezeway,

and such sky-view-based livability quality, as sky view and daylight exposure.®

Table 4 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Height Distance
Ratio Scenarios, Floor Area Shift from Side (-S) and from Back (-B)

- Space-derived
Pedestrian- P : Overall
HDR Scenario Friendly %menl_tles or Daylight Breezeway Residential Privacy Livability
Environment erceivable Exposure (Mean)
Density
HDR-S1.25 0% 0% 8% -4% -16% -4%
HDR-S150 (Baseline) - - - - - -
HDR-S1.75 0% -2% -1% 5% 11% 4%
HDR-S2.00 0% -3% -3% 10% 20% 6%
HDR-S2.25 0% -4% -5% 17% 26% 8%
Elasticity 0.00 -0.06 -0.19 0.31 0.62 0.18
: 3 1.HDR-S1.50>1.75
Highest Slope(s) N/A HDR-S1.75->150 HDR-§1501.25 HDR-52.00225  HDR-SL25150 |, oo 0 c S0
HDR-B1.25 0% -5% -1% -15% -16% -8%
HDR-B150 (Baseline) - -- - - - -
HDR-B1.75 0% 2% 2% 12% 11% 5%
HDR-B2.00 0% -1% -22% 20% 20% 2%
HDR-B2.25 0% 1% -21% 31% 25% 5%
Elasticity 0.00 N/A N/A 0.69 0.62 0.20
Highest Slope(s) N/A® HDR-B1.75,1.50° HDR-B1.75,1.50° HDR-B1.25>1.50 HDR-B1.251.50 HDR-B1.25->1.50

Note: 1. For those with two highest slopes, the one with higher index value is prioritized due to better livability.
2. The impact is not linear, hence only the peak, instead of highest slope, is presented to show the scenario with the highest livability. For the
same reason, it is not reasonable to calculate elasticity.
3. The highest slope is not available since planning tool in question has no impact on livability index.

3-3 Building Setback (SB)

This section presents the impacts of the three types of building setbacks—moving backwards
(SB-B), shifting floor area to the top (SB-T), and stair-shaped setback (SSB), of which SSB is
analyzed independently because the variations of its scenarios are not linear as SB-B and SB-T. Both
SB-B and SB-T are not very efficient planning tools towards livability development; 3-meter setback

® HDR does not affect pedestrian-friendly environment in this research due to the design setting that distance between buildings across the street is fixed.
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(i.e., SB-B3) is the suggested minimum setback for both, and shifting floor are to the top is slightly
more efficient than moving backwards setback. For each livability aspect, both types are moderately
efficient in improving pedestrian-friendly environment, and minimally efficient in upgrading street
level breezeway and space-derived amenities.  Table 5-1 shows the elasticity values of overall
livability indexes of both SB-B and SB-T are positive but minimal, but shifting floor area to the top is
slightly more elastic primarily because more open space is left on the ground. The most efficient
function of setback lies in providing more sidewalk space to pedestrians, and hence the accumulated
percentage change of pedestrian-friendly environment jumps when the setback increases from zero to
three meters. SB can also be used to improve breezeway, but only at elasticity levels of 0.22 and 0.39
for moving backwards and shifting floor area to the top, respectively.

Table 5-1 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Building Setback
Scenarios, Moving Backwards (B) and Floor Area Shift to the Top (T)

Space-derive
Pedestrian- d amenities : : - Overall
3uilding Setback Scenario|  Friendly or EDXay(!'S%?é Breezeway R'epsrliii/%rétlal Livability
Environment  Perceivable p y (Mean)
Density
SB-B0O -100% -12% -6% -19% 0% -43%
SB-B1.5 -50% -6% -1% -10% 0% -21%
SB-B3 (Baseline - - - - - -
SB(-B4.5 ) 0% 4% -2% 11% 0% 0%
SB-B6 0% 7% -5% 24% 0% 0%
Elasticity 0.50 0.10 N/A 0.22 0.00 0.22
Highest Slope(®) | 7 580313 7.58.8018 SBBI  SBBASG NA | 5 Seaosrs
SB-TO -100% -10% -T% -33% -12% -46%
SB-T1.5 -50% -4% -3% -18% -6% -23%
SB-T3 (Baseline - - - - - -
SB(—T4.5 ) 0% 1% -3% 19% 6% 2%
SB-T6 0% 8% -2% 45% 12% 5%
Elasticity 0.50 0.25 0.02 0.39 0.12 0.25
: 1.SB-B15>3  SB-T45> 1. SB-B1.5>3
Highest Slope(s) 2 SB-BOSLS 5 SB-T3 SB-T 456 LSB-T45>6| ;) cppisis

Buildings with stair-shape setback are more “physically” livable than tower shape building without setback;
three-step-shaped building is more livable than the rest with fewer steps; and even-step setback is more livable than
non-even-step setback. First of all, all the values of SSB_1,2 2,2 4,3 1, and 3_2 are higher than those of SSB_Base
(i.e., tower without setback) in terms of overall livability, viewshed percentage, sky view factor, solar radiation, viewshed
percentage and residential privacy (Table 5-2).  Secondly, the two three-step scenarios (i.e., SSB_3 1, 3 2) are better
than the rest in overall livability and a few aspect indexes.  Finally, the two even-step scenarios (SSB3-1, and SSB2_2) are
superior than their counterparts with uneven-step shape (i.e., SSB3-2, and SSB2_4) in overall livability and all aspects
expect for pedestrian environment indexes. Figure 3 virtually shows perceivable space and vertical angle block by
buildings from a vantage point for all scenarios; the former is related to space-derived amenities, and the later affects both
sky view and insolation. The two three-step scenarios again are superior, and the two even-step scenarios are superior

than their counterparts in terms of perceivable space and block angle.
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Table 5-2  “Physical” Livability Indexes, Stair-Shaped Setback Scenarios

Pedestrian-Friendly Space—_d_erlved Daylight Residential
oo - amenities or Breezeway -
Building Setback Environment . . Exposure Privacy
- Perceivable Density Overall
Scenario Green Livability*
Sidewalk . Viewshed |Sky View| Solar Radiation® | Viewshed Average
Percentage Sidewalk Percentage | Factor iYouiie S M Percentage | Distance' (M)
9 Percentage 9 LR 9
SSB_Base 100.0% 100.0% 5.8% 30.9% 425,599 (53.4%) 5.8% 72.0% (11.4) 0.50
SSB_1 100.0% 100.0% 8.7% 29.6% | 422267 (53.0%) 8.7% 91.0% (14.4) 0.54
SSB 2 2 100.0% 100.0% 6.4% 33.8% | 430234 (54.0%) 6.4% 86.3% (13.6) 0.53
SSB 2 4 100.0% 100.0% 5.9% 32.4% 438201 (55.0%) 5.9% 80.1% (12.7) 0.52
SSB_3_1 100.0% 100.0% 6.5% 36.5% | 454136 (57.0%) 6.5% 87.7% (13.9) 0.55
SSB_3_2 100.0% 100.0% 6.4% 35.8% 446168 (56.0%) 6.4% 85.0% (13.4) 0.54
Mean 100.0% 100.0% 6.6% 33.2% | 436,101 (54.7%) 6.6% 83.7% (13.2) 0.53

Note: 1. The number in the parentheses is standardized index (Refer to notes in Table 3-1).

SSB_BASE SSEI1 SSBe2?
56D 56D 53D
Area=108 Area: 2401078 Area: 2405459

SSBe4
50D
Area: 243.5089 Area: 292,181 Area: 269.5268

Figure 3 Perceivable 3-D Open Space and Block Angle from Vantage Point, Stair-Shaped Setback Scenarios

3-4 Side Yard Width (SW) and Backyard Depth (BD)

Both the two side yard width types, shifting floor area to the back (SW-B) and top (SW-T) of the
buildings, are not efficient planning tool towards livability; the elasticity values of SW-B and top
SW-T are -0.02 and 0.1, respectively (Table 6). However, shifting floor are to the top is slightly
better than to the back since more open space is left on the ground level.

Backyard depth scenarios affect livability index similar to side yard distance: both the .  two types
of scenarios, shifting floor to the side (BD-S) and to the top (BD-T) of the building, are not efficient
planning tool, and the latter is marginally superior than the former (Table 7)
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Table 6 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Side Yard Width
Scenarios, Floor Area Shift to Back (-B) and Top (-T) of Building

Space-derive

Pedestrian- d amenities : P Overall
SW Scenario Friendly or EDXay(!'S%?é Breezeway R'epsrliii/%rétlal Livability
Environment  Perceivable p y (Mean)
Density
SW-BL5 (Baseline) - - - - . -
SW-B2.5 0% -8% -4% -3% 1% -1%
SW-B3.5 0% -5% -6% -5% 1% -2%
SW-B4.5 0% -10% -11% -8% 1% -3%
SW-B5.5 0% -13% -17% -11% 0% -5%
Elasticity 0.00 -0.05 -0.06 -0.04 0.00 -0.02
Highest Slope(s) N/A SW-B2.5>15 SW-B5.5>4.5 SW-B2.5>15 SW-B2.5,3.5,4.5 | SW-B5.5>4.5
SW-TL5 (Baseline) - - - - - -
SW-T2.5 0% -5% -3% 1% 5% 0%
SW-T3.5 0% -8% -10% 2% 10% 0%
SW-T4.5 0% -6% -71% 3% 15% 2%
SW-T5.5 0% -8% -9% 6% 19% 2%
Elasticity 0.00 -0.03 -0.03 0.02 0.07 0.01
Highest Slope(s) N/A SW-B2.5>15 SW-T3.5>2.5 SW-T4.5>5.5 1. SW-T5.5 SW-T3.52>4.5

Table 7 Accumulated Percentage Change, Elasticity and Slope of “Physical” Livability Index, Backyard Depth

Scenarios, Floor Area Shift to Back (-B) and Top (-T) of Building

Space-derive

Pedestrian- d amenities : : : Overall
SW Scenario Friendly or E)?yé's%?é Breezeway R(;Srli(\j/l;r(l:tld Livability
Environment  Perceivable p y (Mean)
Density
BD-S1.5 (Baseline) - - - - - -
BD-S2.5 0% 4% 6% 3% 1% 2%
BD-S3.5 0% 10% 12% 6% 0% 3%
BD-S4.5 0% 11% 15% 9% 1% 4%
BD-S5.5 0% 14% 19% 12% 0% 5%
Elasticity 0.00 0.05 0.07 0.05 N/A 0.02
. 1.BD-S2.5>35
Highest Slope(s) N/A BD-S2535  phci5505 1. BD-S45>55 BD-S2.5, 45 BD-S1.5225
BD-T1.5 (Baseline) - - - - - -
BD-T2.5 0% 4% 5% 5% 5% 3%
BD-T3.5 0% 0% 0% 8% 10% 3%
BD-T4.5 0% 5% 8% 13% 15% 6%
BDT-5.5 0% 4% 7% 19% 19% 8%
Elasticity 0.00 N/A N/A 0.07 0.07 0.03
Highest Slope(s) N/A BD-T4.5 BD-T 45 BD-T4.5>55  1.BD-T4.5>5.5 [1.BD-T3.52>45

3-5 Street-Corner Building Setback (SCBS)

The impacts of two types street corner building setback, the horizontal (SCBS-H) and vertical
four-meter (SCBS-V) setbacks, on livability development are minimal but buildings with street corner
setback is more livable than those without; for horizontal setback, the more the street corner setback,
the more livable the city in terms of pedestrian-friendly environment, and breezeway; and for the
vertical street corner setback, building with setback at the first floor is more pedestrian-friendly. Both
the elasticity values of overall livability index for both SCBS-H and -V are positive but almost
indifferent from zero (Table 8); this type of setback, specifically designed for more spacious street

corner in a small spatial scale, is reasonable to have limited impact.

In addition, horizontal setback

does have certain degree of impact on pedestrian-friendly environment with an elasticity value of 0.04,
larger breezeway with an elasticity value of 0.02.
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Table 8 Accumulated Percentage Change,1 Elasticity and Slope of Livability Index, Street Corner Building Setback
(SCBS) Scenarios, Horizontally (-H) and Vertically (-V)

Space-derive
Pedestrian- d amenities : P Overall
SW Scenario Friendly or EDXay(!'Sgu?é Breezeway R'epsrliii/%rétlal Livability
Environment Perceivable p y (Mean)
Density
SCBS-1FOM (Baseline) - - - - - -
SCBS-H-1F2M 3% 8% 6% 1% 0% 3%
SCBS-H-1F4M % % 5% 3% 0% 4%
SCBS-H-1F6M 11% 6% 3% 6% 0% 4%
Elasticity 0.04 N/A 0.01 0.02 0.00 0.01
Highest Slope(s) ~ [MSCBSTUIFIM  scpshapam SCBSHIEOM - SCBS-AAFIY NA | SCBSHIROM
SCBS-4MOF (Baseline) - - - - - -
SCBS-V-4M3F 0% 9% 7% 4% 0% 3%
SCBS-V-4M2F 0% 9% 7% 4% 0% 3%
SCBS-V-4M1F 7% 7% 5% 4% 0% 4%
Elasticity 0.03 N/A N/A 0.01 0.00 0.01
: SCBS-V-4MOF  SCBS-V-4MOF SCBS-V-4MOF SCBS-V-4MOF SCBS-V-4MOF
Highest Slope(s) >AMIF >4M3F >4M3F >4M3F N/A >4M3F

3-6 Building Shape

Of the selected building shapes, i.e., tower (BS1), enclosing court (BS2), slab (BS3), U-shaped
(BS4), convex-shaped (BS5), cross-shaped (BS6), X-shaped (BS7), and reverse U-shaped, in general,
the tower shape is superior than others considerably, followed by slab- and X-shaped, but individual
variation of one building type may also be physically livable, such as BS2-3. The tower shape is
physically more livable because of its capacity of providing wide sidewalk to plant trees, higher
viewshed, sky view, solar radiation, and residential privacy derived from concentrated open space
around its compact building shape. The slab shape is relatively livable in terms wide sidewalk for
planting trees, better solar radiation through concentrated open space in the front and back yards.
The X-shaped is supreme due to its capacity of providing greened sidewalk, and larger spacing
between buildings. Table 9 shows that the tower, slab, and X-shaped have the three highest overall
livability index values, i.e., 0.50, 0.42, and 0.41, respectively, as opposed to the rest with the values in
the 0.3s, suggesting being avoided in practice. The green sidewalk percentage index reflects that
these three building shapes plus cross-shaped provide sidewalk wider than three meters to grow plants;
most of their scenarios have the index values larger than zero. The tower and slab communities
provide better viewshed, sky view, and solar radiation than the rest; their viewshed values are 6.1%
and 6.3%, respectively; their solar radiation values are 53.4% and 54.4%, higher than the rest in the
lower 40% or below.
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Table 9

“Physical” Livability Indexes, Building Shape (BS) Scenarios

: : Space-derived . . :
Pedestrian-Friendly amenities or Daylight Breezeway Residential
Building Shape Environment Perceivable Density Exposure Privacy L(R/\;%ﬁ”
Sidewalk Si(dagssglk Viewshed | Sky View | Solar Radiation | Viewshed Average (Mean)"y
Percentage Percentage Percentage| Factor < ] Percentage | Distance (M)
BS1: Tower 100.0% | 100.0% 6.1% 30.9% | 425,599 (53.4%) 6.1% 71.6% (11.3) 0.50
BS2-1.5:Enclosing Court [ 100.0% 0.0% 3.9% 21.8% | 253,693 (31.8%) 3.9% 44.3%(7.0) 0.29
BS2-2 (Baseline) 100.0% 0.0% 4.3% 24.0% | 343,132 (43.1%) 4.3% 50.6%(8.0) 0.32
BS2-2.5 100.0% 0.0% 4.8% 26.1% | 293,552 (36.8%) 4.8% 56.9%(9.0) 0.33
BS2-3 100.0% | 100.0% 5.3% 27.7% | 389,512 (48.9%) 5.3% 63.6%(10.0) 0.47
Mean 100.0% 25.0% 4.6% 24.9% | 319,972 (40.2%) 4.6% 53.8%(8.5) 0.35
BS3-1: Slab (Baseline) | 100.0% | 100.0% 6.1% 31.3% | 421,792 (52.9%) 6.1% 56.0%(8.9) 0.47
BS3-2 100.0% 0.0% 6.4% 32.2% | 445,727 (55.9%) 6.4% 57.8%(9.1) 0.38
Mean 100.0% 50.0% 6.3% 31.7% | 433,760 (54.4%) 6.3% 56.9%(9.0) 0.42
BS4-1: U-Shaped 100.0% 0.0% 5.3% 29.0% | 406,114 (51.0%) 5.3% 70.9%(11.2) 0.39
BS4-2 (Baseline) 100.0% 0.0% 4.6% 27.2% | 287,033 (36.0%) 4.6% 74.1%(11.7) 0.36
BS4-3 100.0% 0.0% 4.4% 26.1% | 280,281 (35.2%) 4.4% 77.2%(12.2) 0.36
Mean 100.0% 0.0% 4.8% 27.5% | 324,476 (40.7%) 4.8% 74.1%(11.7) 0.37
BS5-1: Convex-Shaped | 100.0% 0.0% 6.1% 31.5% | 300,123 (37.7%) 6.1% 64.6%(10.2) 0.35
BS5-2 (Baseline) 100.0% 0.0% 5.9% 31.1% | 294,317 (36.9%) 5.9% 61.4%(9.7) 0.35
BS5-3 100.0% 0.0% 5.6% 30.4% | 285,602 (35.8%) 5.6% 58.2%(9.2) 0.34
Mean 100.0% 0.0% 5.8% 31.0% | 293,348 (36.8%) 5.8% 61.4%(9.7) 0.34
BS6-2: Cross-Shaped 100.0% 23.7% 4.9% 28.0% | 309,999 (38.9%) 4.9% 50.6%(8.0) 0.35
BS6-2.5 (Baseline) 100.0% 21.7% 5.3% 28.9% | 319,580 (40.1%) 5.3% 56.9%%(9.0) 0.36
BS6-3 100.0% | 100.0% 5.7% 29.9% | 416,884 (52.3%) 5.7% 63.3%(10.0) 0.48
Mean 100.0% 48.5% 5.3% 28.9% | 348,821 (43.8%) 5.3% 56.9%%(9.0) 0.39
BS7-2: X-Shaped 100.0% 24.6% 3.5% 22.4% | 277,266 (34.8%) 3.5% 100%(15.8) 0.36
BS7-25 (Baseline) 100.0% 26.1% 4.0% 24.6% | 292,795 (36.7%) 4.0% 96.7%(15.3) 0.37
BS7-3 100.0% | 100.0% 4.6% 27.3% | 312,421 (39.2%) 4.6% 90.5(14.3) 0.49
Mean 100.0% 50.2% 4.0% 24.8% | 294,161 (36.9%) 4.0% 95.7%(15.1) 0.41
BS8-1: Reverse U-Shaped| 100.0% 0.0% 5.4% 29.5% | 301,562 (37.9%) 5.4% 70.9%(11.2) 0.36
BS8-2 (Baseline) 100.0% 0.0% 5.2% 28.2% | 287,446 (36.1%) 5.2% 74.1%(11.7) 0.36
BS8-3 100.0% 0.0% 5.1% 27.2% | 272,552 (34.2%) 5.1% 77.2%(12.2) 0.37
Mean 100.0% 0.0% 5.2% 28.3% | 287,186 (36.0%) 5.2% 74.1%(11.7) 0.36

3-7 Relative Efficiency of Community Design Tools
3-7-1. Best Urban Planning/Design Tool for Overall Livable Built Environment: To improve the
livability performance of the base scenario, BCR is the most efficient too, though only intermediately
elastic, that is the percentage performance improvement is around half the percentage planning/design
change. The elasticity of BCR is -0.47, followed by the second tier of efficient tools composed of
building setbacks and height distance ratio with elasticity value around 0.2s (Table 10).

Table 10 The Elasticity of “Physical” Livability Indexes, By Aspect

Space-derived

Pedestrian- oy ; P Overall
: . : amenities or  Daylight Residential | 5" v .0
Community Design Tools Enf/rilr%r:\%)ént Pelgcei\{able Exposure Breezeway Privacy L(I\’\//iiig);:]l)ty
ensity
1. Building Coverage 2
Percentage (BCR) 1BCR -0.56 -0.07 0.00 -0.82 -0.78 -0.47
2. Height Distance 2-1 HDR-S: FA* from Side 0.00 -0.06 -0.19 0.31 0.62 0.18
Ratio (HDR) 2-2 HDR-B: FA from Back 0.00 N/A N/A 0.69 0.62 0.20
3. Building Setback ~ 3-1 SB-B: Moving Backwards 0.50 0.10 N/A 0.22 0.00 0.22
(SB) 3-2 SB-T: FAto Top 0.50 0.25 0.02 0.39 0.12 0.25
4. Side Yard Width 4-1 SW-B: FA to Back 0.00 -0.05 -0.06 -0.04 0.00 -0.02
(sw) 4-2 SW-T: FA to Top 0.00 -0.03 -0.03 0.02 0.07 0.01
5. Backyard Depth 5-1 BD-S: FA to Side 0.00 0.05 0.07 0.05 N/A 0.02
(BD) 5-2 BD-T: FA to Top 0.00 N/A N/A 0.07 0.07 0.03
6. Street-Corner 6-1 SCBS-H-1F: Horizontal 0.04 002 001 0.02 0.00 0.01
Building Setback 5, SERANT A Vertcal -wet
(SCBS) - - v-aML vertical S-lVieter 0.03 N/A N/A 0.01 0.00 0.01

Setbacks

Note: 1. Floor Area
2. The highlighted are those with elasticity of .5 or higher.

3-7-2 Best Urban Planning/Design Tool for Individual Aspect of Livability: In certain cases, attention
may be drawn to improvement of certain aspect of livability. This section puts together the above
impact analysis to list the most efficient urban planning/design tool in each of the five aspects.  First,
to improve pedestrian-friendly environment, the most effective tools are lower building coverage
percentage (1 BCR), higher building setback, either moving the whole building backwards (3-1 SB-B)
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or shifting floor area to the top (3-2 SB-T) of the buildings; the elasticity values of BCR, SB-B, and
SB-T are -0.56, 0.5, and 0.5, respectively (Table 10). Secondly, to improve space-derived amenities
or reduce perceivable density, the most efficient tools is to implement building setback by shifting
floor area to the top of the building, and followed by moving-backwards building setback; the indexes
values are 0.25 and 0.10, respectively.

Thirdly, if solar radiation is an issue for a community, in accordance with existing planning
knowledge, reducing height distance radio by shifting floor area from the top of building to the
side(2-1 HDR-S) is the most efficient tool, with the elasticity value of -0.19 (Table 10). Then,
street-level breezeway can be most efficiently enlarged by reducing BCR or increasing height distance
ratio by shifting floor area from the back (2-2 HDR-B) of the building, with elasticity values of -0.82
and 0.69, respectively. Finally, if residential privacy is the target issue, then reducing building
coverage rate, increasing HDR by shifting floor area from the back and side of the building are most
effective.

In sum, BCR is relatively effective in affecting three sub-livability indexes—breezeway,
residential privacy and pedestrian-friendly environment. Building setback contributes rather
effectively in improving pedestrian environment.  And increasing height distance ratio is relatively
effective in providing more breezeway and residential privacy. Finally, it may be inferred shakily
that shifting floor area to the top of the building generally improves livability quality better than
shifting it to the side, then back of the building, and moving backwards; increasing side yard width,
and backyard depth by shifting floor area to the top (i.e., 4-2 SW-T and 5-2 BD-T, respectively) are
more efficient than their counterparts of shifting floor area to the back or side of the building (i.e., 4-1
SW-B and 5-1 BD-S, respectively) (Table 10); implementing building setback by shifting floor area to
the top (3-1 SB_T) is more efficient than moving backwards (3-2 SB_B); and to increase HDR by
shifting floor area from the back of the building (2-2 HDR_B) is more effective than from the side (2-1
HDR_S). This finding, combined with impact of reducing BCR leading to tall buildings, indicates
leaving more open space on the ground by shifting floor area on the top may be more “physically”
livable; in other words, skinny, tall building may bring in more livable community than fat, short
buildings given the circumstances of this research.

3-8 Most Livable Scenarios

Of the all of the scenarios across the six planning tools and eight building shapes, twelve are more
livable with overall livability index values over 0.52 (Table 11). All the twelve scenarios area
variations of tower shape buildings across three planning/design tools, consisting of stair-shaped
setback (i.e.,, SSB 3 1, 1,3 2,2 2,2 4), large building setback with floor area shift to the top (i.e.,
SB-T6 and T4.5), smaller building coverage percentages (i.e., BCR-30%, 35%, and 40%), and
increasing backyard depth by shifting floor area to top (BD_T5.5, and T_4.5). Of all these scenarios,
streets come along with greened sidewalk on both sides the whole length.  These scenarios vary in
indexes of livability aspects, but generally derived from the tradeoff between leaving more open space
on the street level and leaving space in the sky by lowering buildings, and hence reflected on the
tradeoff between such sky-based aspects as sky view and such ground-based aspects as viewshed.
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Table 11 Most Physically Livable Scenarios

Space-derived

Pedestrian-Friendly P Daylight Residential
Scenario Environment Perc%T\farBféelng;siw Exposure Breezeway  prjyacy L(i)v\;%ri?iltiy
Sidewalk Green Viewshed  Sky View - Viewshed Average Mean
Percentage Pselrcc‘:%wtaa:ge Percentage F)Z/iCtOI' Solar Radiation Percentage Distan%e ( )
BCR30% 100.0%  100.0% 8.5% 27.7% 395,808 (49.7%)> 8.5% 96.8% (15.3)° 0.55
SSB 3 1 100.0%  100.0% 6.5% 36.5% 454136 (57.0%)* 6.5%  87.7%" (13.9)° 0.55
SSB_1 100.0%  100.0% 8.7% 29.6% 422267 (53.0%)* 8.7% 91.0%? (14.4)° 0.54
SB-T6 100.0%  100.0% 10.0% 26.2% 411,808(51.7%) 10.0% 90.69%(14.3)° 0.54
BCR35% 100.0%  100.0% 7.5% 30.4% 423,215 (53.1%) 75%  89.9% (14.2)° 0.54
SSB_3_2 100.0%  100.0% 6.4% 35.8% 446168 (56.0%)" 6.4% 85.0%? (13.4)° 0.54
SSB_ 2 2 100.0%  100.0% 6.4% 33.8% 430234 (54.0%) 6.4%  86.3%%(136)°| 053
BCR40% 100.0%  100.0% 6.9% 33.7% 432,619 (54.3%)> 6.9% 83.4% (13.2)° 0.53
SSB_2_4 100.0%  100.0% 5.9% 32.4% 438,201 (55.0%)" 5.9% 80.1%? (12.7)° 0.52
BDT-5.5 100.0%  100.0% 6.6% 31.8% 454,101(57.05) 6.6% 77.9% (12.3) 0.52
SB-T4.5 100.0%  100.0% 8.2% 25.0% 408,192 (51.2%)°  4.6% 85.9% (13.8) 0.52
BD-T4.5 100.0%  100.0% 6.3% 324% 459,056 (57.6%)°  6.3% 74.8% (11.8) 0.52
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4. Conclusions and Policy Implications

This paper examines the impacts of the tools on livability, generally employed by urban planners
and/or designers. Through simulation analysis in a hypothetical dense community, the roles of a
range of eight planning/design tools are revealed in affecting livability in the regards of visible
horizontal space, breeze way, visible sky, Radiation, and residential privacy. ~ The results suggest
that overall, reducing BCR decreasing BCR brings space to the ground at the cost of more building
mass in the sky may be worthy since the magnitudes of beneficiary visible horizontal space, breeze
way, and privacy is larger than that of loss of visible sky and Radiation on the one hand, and the level
of sky view and Radiation seems at a higher level than visible horizontal space and breezeway, which
may lessen the negative impact but weighting the positive gain. Besides, more space on the ground
provides the potential of more green open space within close proximity to pedestrians, as well as plants,
insects, and birds. Building setback plays the role of moving space from backyard to front yard, and
hence enhances both ground-based and sky-based livability at the front of the building at the cost of
less space in the backyard. It can be a more politically feasible tool since it adds no extra cost to
developers, as opposed to lowering BCR resulting in higher cost due to taller buildings, and provides
more space along the street, which is tangible to all users. However, the impacts in terms of
downgrade of Radiation, breeze way, privacy in the backyard, which is barely measured in the paper,
cannot be ignored, and deserver further analysis.

In addition, in pursuing certain aspect of livability, the most effective tools are also identified,
which may be applicable in different urban settings. In a neighbourhood where visible space on the
ground or breeze is of most concern, or even providing more space for eco-community, low BCR is the
most effective tool to adopt, and building setback but shifting floor area to the top of the building, and
the conventional building setback come after. Furthermore, in a neighbourhood where visible space
in the sky or Radiation is of most concern, building setback and increasing BCR are the two most
effective tools. To pursuing residential privacy alone, p reducing BCR, back setback and setback and

shift up tools are the top three effective tools.
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