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1. | NTRODUCTI ON
1.1 Research Background

To achieve sustainable development in Hong Kong, especially for the hieedgdCross Harbour
Tunnel district, The Hog Kong Polytechnic UniversityPplyU) has proposed an innovative solution
that involves constructing Green Deck(HKPU, 2015 over the Cross Harbour Tunnel plaza to
enhance itsimmediate andneighbouring environmesit The proposed 43,00mdeck will
accommodatea wide variety of recreational, cultural and sports facilities while solving existing
problems in thearea It will not only provide people with a green open space to unwind from the
hustle and bustle of cityf&, but also help to promote tlastainableevelopmentf Tsim Sha Tsui
(TST)especiallyTsim Sha Tsui East (TSTBndHung Hom As a result of the proposed Green Deck
and the convention and exhibition centre, more tourists, participants in confeardadbenctivities,

and local residents will visit thisrea Since most of them will choose to stay in nearby hotels, TSTE
will undoubtedly become the first choice for theRsTEIis therefore the focus area of teisidy(see
Figurel1-1) with the current carrying capacity of the existifguildingsin TSTE and the development

potentialof TSTEbeingrigorously examined.

=1 - ’
Al
o @ 0 =]
AL = I
e B ;
| ; L
/ U%; [ e '§o_ C N
CHER 75 /.
._:.T . 2 : o~
g Legend
S § Study area
——\- = L |:] Buffer 500m
P e |
(W B SES 0 285 570 1,140 Meters
W 7' e 7 I N TR N NN MR MO |

Fi g u-i. Btudgarea



Development potential in HgnKong is mainly controlled by éaseConditions,Outline Zoning
Plans(OZPs)and Building (Planning) &gulationg BPR), all of which inevitably imposeestrictions

on the plot ratio(PR) and building heigh{BH) of individual land zonesHong Kong has been
struggling to develop every single piece of landirban areas to its maximum potentaald so the
development of the Green Deck project will bring unprecedented opportunities to TSTE. To meet the
increased high passenger flow, iniscessaryo ensure enougliving and workingspacesn TSTE

TSTE currently has the carrying capacitfor 842,585.105rof gross floor areéGFA) for buildings.

In this regard, elevating the development potential of this area through minor relaxatioe of
maximum PR/BH restrictionsis a viableoption for increasindiving and working spacewithin a

short timeframeHowever, increasing the development potential will bring a higher development
intensity, which must beonsideredand controlledn order to maintairdevelopment sustainability.
The extentto which this relaxation will be acceptabl® the public is rigorously analysed in this

study.

Development intensitis generallyexploredthrough arEnvironmentallmpactAssessmentEIA) as

it is subjectto thep u b | telecadce tachanges inthe environmentAlthough previous studies have
integrated GIS for assessing air ventilatéord visual permeability etc., they have mainly focused

the use of 2D GIS. Since the spatial distribution of landsumithe real world is thredimensional,

3D GIS can help ugo look into the real world in true perspective and maketterinformed
decisions. Therefore, this research is devoted to the investigation of the development potential of

existing businesses IISTE through 3D modelling and spatial analyses.

1.2 Research Objectives

This study investigats the environmentalimpacts of minor relaxation of maximum PR/BH
restrictions in TSTEsuch asghe visual impacbn urban skylineandmountain ridgeling theimpact
on solar exposure, the effect on wind ventilatibre, effect orair temperatureand the influence on
transportatiorfrom a sustainability perspectivéhe study will us&D spatial analysitechnology so
as to providescientific evidence to supgaitecsion making for the sustainable urban developroént

Hong Kong.

The specific objectives of this research are as follows:
1) To establish and verify 3D modedf TSTEinto several differenPR/BH scenarioby collecting

and integrating 3Bpatialdata 8D building/infrastructure and terraimodels.



2) To comparghesedifferent PR/BH scenarios in termswban skyline, mouain ridgeline, wind

ventilation, air temperaturand transportatian

It is expected that this study would provideientfic evidenceinform decision nakers forthe
sustainablaelevelopment of TSTHEo supporthe development of the proposed Green Deck in Hung

Hom. The approachised inthis studycould be in othesimilar urban development projects.

2 . LI TERATURE REVI EW

It is apparentrbm the literature thathe developmenpotential of urbarareasis one ofthe most
important research topics in urban plannihdost relevant studiesare dedicatedo providing
scientificfindings to support and t@uide the proper considerationlahd use, buildingndfacility
renewal/developmentculture and heritagepreservationfor improving social benefit without
damaging theenvironment.In this regard, some scholansvefocused on the ue of fundamental
data (e.g. spatial characteristics, financial data, political documentsommental dataand
socioeconomic data) to explore the impatuurban developmerdn the environment artd analyse
the developmenteasibility of a city orurbanarea This study adopts the same focus andahéesw

relevant studies.

Onesuchstudyby Terzi and Bdlen2012) focused on the feasibility afrbandevelopmenstrategies
(i.e. marketled development, conservatied development and fiscal incentiviesl development
for dealing withurban sprawlwhile preservingthe environmentin Istanbul. Threeother studies
(Stevens et al., 200 Tayyebi et al., 2011He et al., 2016arededicated tahe modeling of urban
expansionAll four studiesmace use of 2D spatial analysis technolagydeal with the potential of
urban sprawl rather than 3D spatial analysis technol@BSAT). The latter technology vga
developedrom the former by adding verticaldimensionto the original twohorizontaldimensions
in spatial analysis. Three dimensions enable representation and visualization of realpaoéed s
better than two dimensions, anagny urban development studiase condu@d using3DSAT. The
viability of using3DSAT to study urban development sveouchedupon byRanzinger and Gleixner
(1997),Pullar and Tidey (20D, Zhang et al. (2004), Mak et al. (2009hill et al. (2011) Leszek
(2015) andGuo et al. (2017)xll of whom achievedeffective resultshat help withmaking decisions
in urban planningln particular, the impact on the environmentbaflding PR/BH relaxation in the
Kai Tak area in Hong Kongas analysed by Guo et al. (20Wwhosestudy s simiar to this ISTE
project althoughthe TSTEprojectis different fromthe Kai Tak studyin terms of its commercial land
0



zones angopularity with touristsThe success of the Kai Tak study gives a great insighttieto
application of 3DSAT foassedsg the development potential of TSTEheincreasd application of
3DSAT for urban developmeritas resulted in the followingroposed tools ls&d on 3DSATa GIS
tool for urban climate evaluation (Li et al., 20G#)d for community engagement in urban plagni
(Foth et al., 2009)amethod for investigatinthe wall effect caused by highse buildings (Wong et
al., 2011) a platform for assisting decision making in urban developmemiects (Isaacs et al.,
2011); anintegrated approach for assessregidential development (Xu and Coors, 20X)d a
frameworkfor assessing development potential of Liuzhou city in China (Xia et al., 28Bjpugh
the latter tool is similar tothe one used for this studthere are obviouslifferencesin respect of
urbansituation, socieeconomic conditionsand thescaleof study areaHong Kong is a higidensity
city with many skyscragrs around the centre area and sadéheslopment oits urban areasvolves
different environmentalissues Even though TSTE is a relatively smatlale urban area, it is
nevertheless important that the proposed development be implemented as soon as possible in order t

help maintairHong Kongaso n e o f leadimgfinadcial<entres

The development of GraeDeck project and its influence can also be addressed in terms of
transportation. Il n the past, t he rel ationshi
behaviour has been explored and confirmed (Ni and Loo, 2012). To express the built environment,
one way is to adopthe 3Ds Density, Diversity, and Designiirst advanced by Cervero and
Kockelman (1997). In previous literatures, specific varialblese linked to the 3Ds. For example,
population density, employment density and househeltsity arer e | at ed tlandfisBe ns i
diversity, shopping square feet and number of pedestriag lerid ar e r el a tSidetvalk o A L
width, proportion of Dblocks and street densi't
the built environment, there are many research studies exploring the relationship between the built
environment and vehicle use. A study of mode choice in Montgomery Cddatyland (Cervero,

2002) revealedthat development intensities and mixtures of land use significanfluence
decisions to drivalone, share a ride, or patronize transit, while the influences of urban design tend
to be more modest. A disaggiate crossectional study usegarimary data on the cycling behauro

of 608 randomly sampled respondents ibpamized King County, Washington (Moudon, et al., 2005)

to show that both perceived and objective environmental conditions contribute to the likelihood of
cycling. Proximity to walking trails and the presence of agglomerations of offices, clinics/hospitals,
and fast food restaurants, measured objectively, are significant environmental variables. Previously

researched correlates of cycling, such as the presence of bicycle lanes, traffic speed and volume,

n



slope, block size, and the presence of parks, are fimsighificant when objectively measured. In
another study about the effect of trarmiented development (TOD) using the heavy rail systems in
New York City and Hong Kong as case studies (Loo et al., 2010), the resultedstimt a
combination of varibles in different dimensions, including land use, station characteristics,
socioeconomic and demographic characteristics and -mtatal competition were important in
accounting for the variability of rail transit ridership. Station characteristics agp&mabe the most
important dimension in affecting average weekday railway patronage. Interestimglyesults
showed that car ownership is both significant and positively associated with railway patronage,
which suggests that higher car ownership mayassociated with more piakps, dropoffs and

park-andride activities to the transit stations for the longer transit trip legs.

3. RESEARCH METHODOLOGY
3.1 Framework of this Study

The framework of thistudyis shown in Figre3-1 below. It can be seefiom the framework that this
study is implementeth two major parts1l) Data collection an@D modelling and2) 3D spatial
analysesln particularthe 3D spatial analysé@scludevisualimpacts(on urban skylineandmountain
ridgeling, effects onsolar exposurepn wind ventilation andn air temperature. All analyses are
conducted by usingD spatial analysis technology, whistbettethan2D spatial analysis technology

becausét is morerepresentative of the reahysicalworld.
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3.2 Data Collection and 3DModelling

As shown in Figre 3-2, the 3D spatial datéo be collectedsuch as3D buildings roads, andhe
Digital TerrainModel (DTM) are availabléromthe Lands Department (2016). Howeneessome of
the availabledata is not up to datéhe data does not always identically matchdheentsituation
For example, the data for sorparts ofthe Royal Garden Hotel and the New World Cerdcenot

match the actualurrent situationSuch3D buildingsaredevelopedased on the current situation.

Legend

a) 3Dbuildings androads (GE, 2017) EZ{;;W e =] b) Digital Terrain Model (DTM)

F i g u-2. 8D Spatialdata in/around thetudy area



T a b I-1eBuilBlingsplan

. _ Sit Site OzZPs (M BPR ( M
N o Buil dings ClaZon (R PRt ot GFA R SC(%)BH(m)PR BH (|PR|SC [
1 Kowl oon -LSh a 400@. 11.5946383| 74.0 47.1
2 Int er Conti nent & 247 9D. 10.5426128| 75.0 47.0 80. (
3 New Worl d Mi C 285Mm. 11.8133718|74.2 47.09 12
4 The Royal G 2219. 14.9¢33278|74.9 62.6 o5
5 Regal Kowl oo 256 ®. 12.4(31746| 74.7 49.0
6 Hot el I CON G/ 1| 400®@. 8.99|,35964| 64.9 107. - 111.
7 TST Centre 3979. 12.0047753|71.8 49.0 80
8 Peninsula (@ C 4400. 11.99452797|75.0 47.1
9 EnePdpnza 1500. 12. 0017999 74.8 47.0 93
10 Wi ngPbDaza 2899. 11.94¢34703|68.8 49.0 80
11 Mirror Tow C 1550. 11.99418585| 71.0 44.0
12 | n{Comti nent a 1380. 11.9916550(74.7 49.0 95 15 6 5
13 EmpiCeantr e 2600. 11.7430533| 74.9 47. 4 80
14 Houston Cer 3199. 11.9438203|67.1 49.0
15 Hi |l Towmer s 2150. 11.9719311|38.0 45.2 12
16 New tEaGcean ( A C(5 3116. 10.9934265|59.8 61.5
17 Har bour Crys 2350. 11.9928190| 75.0 44.6 95
18 ChinacGelmdle az c 5067. 11.9460734| 71.2 47.1
19 SoutrlsSCent 3458. 11.9141413|75.0 47.0
20 New Mandariin C 4500. 11.9453954| 75.0 45.7
21 Concordi a H C(4 5535. 11.9966419|64.1 92.6 98. 3
22 East Ocean C 2900. 11.9934797| 74.9 46.6 95
23 Aut o Pl azig C(331409. 12.4139149|75.0 49.0

Source: BD, 2017



The other nosspatial collecteddatarelatesto the updated approved building plan including Site
Class, Zone, Site Area, PR, Gross Floor Area (GFA), Site Coverage (SC) and BH of the current 23
buildings in TSTE (Table-3) and it is available from the Buildings Department (BD, 2017). The
data is casidered in the relaxation of the maximum PR/BH restrictions and make appropriate

determinations of designing and developing effective scenarios for 3D spatial analyses.

Fi g u-8. Blap®f OZPs for th@ STE(Source: Adapted from TPB, 2016)

The maximum PR/BH restrictions are shown in the Lease Conditions proposed by The Land
Registry (LR, 2017), OZPs proposed by the Town Planning Board (TPH) 20 the BPR
proposed by the Buildings Department (BD, 2D1Specifically, the OZPs is one of statutory gan
prepared by the TPB under tiiewn Planning Ordinance and shows land zonings and major road
systems for each plamg scheme area. The OZFEK1/28) is one othe mosimportant regulatios

in the considration of the PR/BH relaxatiofrom tie map of OZPshown in Figure 3, it can be
clearly seenthat four major types of zones Commercial (C),Open Space (O),Government,
Institution orCommunity (G/IC) andOther Specific Uses (OU) are in the studyea. It is also found

that the use of each zone is restricted by the maximum BH, which is highligihtadriangular



symbol, and by specific notes tid®scribes the restrictions in detail, e.g. the approved maximym PR

the maximum GFAand the requiremerntf supporting spaces for car parking and public passage.

The BPR is made under tBeiildings Ordinance (BD, 202), whichstatutorilygoverns the planning,
design and construction of buildingdhe BPR is another important regulation in the consideration of
the PR/BH relaxationThe BPRregulateghe sites of buildingsThese regulationslassify the sites

of buildings into three classesClasses A, B, and C with the following definitio(descibed in

regulation 18A)

Aficlass A site means a site, not being a cl
specified street not less than 4.5 m wide or on more than one such street; class B

site means, a corner site that abuts on 2 specified stregher of which is less

than 4.5 m wide; class C site means, subject to paragraph (2), a corner site that
abuts on 3 specified streets none of which

These regulationeestrict themaximumPR/SCin terms ofb ui | d i n g Be@ght(deiscribed im n d

regulations 20 and 21)hedetail of these regulations shown inTable 32.

T a b I-2eMag@mum PR/SC imelation to BH under BPR

Domestic/NonrDomesticBuildings
PercentageSite Coverage Plot Ratio
Height of Building in Metres ClassA | ClassB | ClassC | Class A | Class B Class C

Site Site Site Site Site Site
Not exceeding 15m 66.6/100| 75/100 80/100 3.3/5 3.75/5 4.0/5
Over 15m but not exceeding 18n 60/97.5 | 67/97.5 | 72/97.5| 3.6/5.8 | 4.0/5.8 4.3/5.8
Over 18m but not exceeding 21n 56/95 62/95 67/95 3.9/6.7 | 4.3/6.7 4.7/6.7
Over 21m but not exceeding 24n  52/92 58/92 63/92 4.2[7.4 | 4.6/7.4 5.0/7.4
Over 24m but not exceeding 27n  49/89 55/90 59/90 4.4/8.0 | 4.9/8.1 5.3/8.1
Over 27m but not exceeding 30n  46/85 52/87 55/88 4.6/8.5 | 5.2/8.7 5.5/8.8
Over 30m but not exceeding 36n  42/80 | 47.5/82.5| 50/85 5.0/9.5 | 5.7/9.9 | 6.0/10.2
Over 36m but not exceeding 43n  39/75 44/77.5 47/80 | 5.4/10.5| 6.1/10.8| 6.5/11.2
Over 43m but not exceeding 49n  37/69 41/72.5 44/75 | 5.9/11.0| 6.5/11.6| 7.0/12.0
Over 49m but not exceeding 55n  35/64 39/67.5 42/70 | 6.3/11.5| 7.0/12.1| 7.5/12.6
Over 55m but not exceeding 61n  34/60 38/62.5 41/65 | 6.8/12.2| 7.6/12.5| 8.0/13.0
Over 61 m 33.33/60| 37.5/62.5| 40/65 8.0/15 9.0/15 10.0/15

SourceAdapted from BD, 2012

With careful consideration of the maximum PR/BH/SC restrictionsrdfaxation of the maximum
PRrestrictionsin OZPsis increasedrom 12 to 15under the BPRand themaximumBH restriction

in The Lease Conditions is modified from the current BH (prevailing 51.5 meters) to the Max under
OZPs (80 to 95 meters)With consideration for the foregoindour hypothetical scenarios with
different PR/BH of the 23 buildings TSTE are developed (see Figd). Scenario 1 (S1) is the

¢



current situation, which follows the current PR/BHthe buildings Scenario 2%2) is developed by
increasing the PR to the max under BPR and by incrgdse BH to the max under OZF3z;erario
3 (S3) is developed by increasing the PR to the max under BPR with maintainmugrdréSC; and
Scenario 4 (S4) is developed by rebuilding all the buildings to thénmiaxPR under BPR and the

maxmum BH under OZPs.

Current PR/BH Max. PR/BH Max. PR/Maintained SC Max. PR/BH

. I
BN EE EE
Land Surface

[l Building

Max. Height
by OZPs

B Additional Portion/New Building after the Relaxtion

F i g u-4. EourBypotheticalscenarios

Altered to the M3|F¥ 7 s

F i g u-5. 8D ba@ildings in thefour scenarios

M N



By following the four hypothetical scenarios, the 3D buildings are developed. The completed
building models are shown in FiguB5 and the parameters of the developed building models are
shown in Tables-3a, 33b and 33c.



T a b I-3a. P&Bameters famodelling thesix hotels (No. 1 to 6) in TSTE

Regal

. . Kowl o Il nter Cont New Wor Hot e

Buildings S h a ALgar Grand St ¢ Mi | li @mn The Ruayadie Kl_?gvtleol | CON

OZPs

Ma x . SC 65 %

Max. PR 12 | 14.997 12 -

Max. BH ( m) 80 95 111.

BPR Domestido/mMden i c Buil di ngs

Max . (iSf€ ) m 40 %/ 65 %

Lease Conditions

Or i gi nBH nMa x . 51. 5( .00 - 51.80 51.41 51.5
. . Rel afxcerd s po

Modi fi eBAH( Ma x . - - - accommodati - 111.

Max. GFA (m - - 34568. - - -

Ma x . PR/ BH/ SC Corgpllvgunend?ngu'olr%'i - Complwiged Buil dings/ Town

Scenario 1 (current

PR Bonus 10. 124 10.540 10. 688+ 14. 993 11.025 8.99

SC 74. 07 75. 000 % 74. 253 74. 960 % 74. 761 64. 96

GFA )( m 46383. 26128. 6¢ 33718. ¢ 33278.63 31746./359614

BH ( m) 47.10 47.000 47.958 62.600 49. 00/ 107. (

Scendr{altered to th

PR+ Bonus 15+1. 4 15 15+1. 1 n/ a 15+1. 3 n/ a

SC 74. 07 75. 000% 74. 253 n/ a 74. 76 n/ a

GFA ?(m 65900 37185. 0( 46010. 4 n/ a 41922. n/ a

BH ( m) 80.000 n/ a 95. 00 n/ a

Scenario 3 (altered

mai ntained SC)

PR + Bonus 15+1. 4 15 15+1. 1 n/ a 15+1. 3 n/ a

SC 74.07 75. 000 % 74. 253 n/ a 74.76 n/ a

GFA ?(m 65900. 37185. 0 46010. 4 n/ a 41922. n/ a

BH ( m) 66. 48 63.413 64. 393 n/ a 67.15 n/ a




Scenario 4

(rebuil't

PR + Bonus

15

+

SC

57.670%

GFA ?( m

37185.

Blnle
ol nlon

BH ( m)

8 0.

DL D

[SRECREOREY

T a b I-4b. P&ameters famodelling theadditionaltenbuildings (No. 7 to 16) in TSTE

Buil dings

TST
Cent

Peni n:

Centr

Ener{ Wing
Pl az

rr

Pl az| Towe

Il niCe@m
nent
Pl az

Empi
Cent

Houst

Cent

Hi |t
Towenr

New E
Ocean
Centr

OZPs

Ma x . SC

65%

Ma x . PR

Ma xB.H( m)

95

[ 80

12
95

80

95

BPR

Domestido/mMdsen i c

Bui

di ngs

Ma x . (iSf6 ) m

40 %/ 65 %

Lease

Condi ti

Or i gi nBH( nMa x |

51.

51.

51.

5

Modi fi eBH( MR x |

Ma x . PR/ BH/ S

Complwiied Buil dings/ Town Pl anning

S1 (current

PR

. 0 11.

.9 11. 9¢

11.

11.9

11. 9]

SC

8

7.1

GFA 9( m

6
34

. 8
0

6
3

3
1

. 08
1

BH ( m)

49.

4
5 1
0

4
0
4

53
7

82
49 .

g
03
0

8
9311
45. 2

S2 (altered
PR/ BH)

PR

15

15

SC

71. 86

74.

6 7.

1d

59. 86

GFA ) m

59692

Ol

OLO
Plo
Wl
~

39000

47995

46740.

BH ( m)

80

80




Olo|« ©lo
©lg| . olg
I~ < I~
@l ™lo
< <
Ol |m Wio
Olin| . Wi (w0
N N[O
Ol SN
Mln Nim
Olon|o ™~
o . ©lo
‘lov|m o
™~ ™I~
©Ol« SN«
Olol— ~lo
o ™
ol olo
lola }
o
Yoo S
™~lm ©Olm
Moo Mo
~Nol . Nio
‘I~|m I~
Yoo Nlo
o™ w!P | |w
o
Yo [m oS
Olin| . Nl
AINIDS lev
| Olm
~le AN
Oloo |« N0
o -
|<|< 1<lS
o
®im o ™Sl
Ol O\
Olo|o o
Dlo| . Mo
‘lio|o ‘o
oo SN
PN SUIN
N .5
Sloln ©|g|o
Olo| . Wio
‘lo|lo ‘lo
Wlolwo o
™~lo o
Ol SN
) ©
ol . oo
‘lo|m ‘o
o)
oo Do
™o Ol
S o
T o A
o c
— e R
0 ® —
— .|
e < = A <
™ xXo|w T FIT|IX|OWw|T

M n



T a b I-5e. PaBameters famodelling theadditionalsevenbuildings (No. 17 to 23) in TSTE

Buildings Harbour Chinachem South Seas | New Mandarin Concordia Plazz East Ocean Auto Plaza
Crystal Centre Plaza Centre Plaza Centre

0OZPs

Max. SC 65%

Max. PR 12

Max. BH (m) 95 | 98.3 | 95

BPR Domestic/Nordomestic Buildings

Max. SC(if >61m) 40%/65%

Lease Conditions

Max. BH (m) 51.5 | 51.82 | 51.5 | - | 51.5

Max. PR/BH/SC/GFA Compliedwith Buildings/Town Planning Ordinance

S1 (current PR/BH)

PR+ Bonus 11.996 11.986 11.976 | 11.989 11.999 11.999 11.984+0.448

SC + Bonus 75.000% 71.299% 75.000% 64.160% 74.980% 72.093%+2.9249

GFA () 28190.304 60734.869 41413.253 53954.740 66419.730 34797.903 39149.397

BH (m) 44.64 47.11 47.03 45.70 92.60 46.65 49.00

S2 (altered to the max. PR/BH)

PR+ Bonus 15 15+0.448

SC+ Bonus 75.000% 71.299% 75.000% n/a 74.980% 72.093%+2.9249

GFA () 35250.000 76005.000 51870.000 | 67500.000 n/a 43500.000 48645.752

BH (m) 95 n/a 95

S3 (altered to themax. PR &

maintained SC)

PR + Bonus 15 15+0.448

SC + Bonus 75.000% 71.299% 75.000% n/a 74.980% 72.093%+2.9249

GFA () 35250.000 76005.000 51870.000 67500.000 n/a 43500.000 48645.752

BH (m) 57.42 60.38 61.63 58.78 n/a 59.10 63.07

S4 (rebuilt to the max. PR/ BH)

PR + Bonus 15 15+0.448

SC + Bonus 47.197% 46.784% 51.336% 48.220% n/a 47.545% 50.480%

GFA () 35250.000 76005.000 51870.000 67500.000 n/a 43500.000 48645.752

BH (m) 95 n/a 95

M p




3.3 Approach for Analysing Skyline

This section proposes an approach ¢omparative assessment of timepact onskyline This
approach iglesignedo identify the patternof visible number/portion of objectsr determiningthe

skylines andto assess theiew to mountainridgeline. The visibility pattern withinan assessment

area is achieved based on viewshed analysis (Fisher, 1992; 1993; 1994; 1996). Viewshed analysis is
usedfor providing visibility resuls (view from one or a set of designated vantage pointaysafface

of land and all the objects on it. Thisadysis is operated by sightlimsedidentification between

visible andinvisible areagsee Figire 3-6) with a consideration of the uncertainty of the spatial data.

Mountain Profile

vantage point

sightline

TN

F i g u-6. 8ighinebasedapproach foidentifying thevisiblefinvisible areas

The result of the operation shows a level of uncertainty in the visibility and a probable model is
introduced to confront this uncertainty. One of the typical algorithms (Fisher, 1992) for calculating
the Oprobabl e viewshedOod ingaprobabes model) esgadlawse r at ed b

bw — @D

Where p(%) means the probability of a cell at row i and column j in a raster ir(thgeDigital
Surface Model (DSM))eing visible. The x means the value at the cell of the binaoged

viewshed in realization k. Such that the k takes valuesiiato

In the assessment of the skyline in TSTE,approach is applied imé determination of skyline#\

workflow of the determination isroposed (see Rige3-7 and Table 31).
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Tabl6eSp&ci fi cdettiead mB Tidnygl i nes

Indicatorl

Visual acuityto the TSTE

Indicated Area

Reference

Identifying areal

1) Not clearenoughto differentiate buildingé outmost
2) Clearenoughto differentiate buildingén outmost

1) n/a

themax. BHin TSTE

2) Envelope(area)with buffer atthethree times of

Sample plan for key visual elements for VIA (Appen
C) in TPB PGNO.41 (TPB, 2010and (Hegemann anc
Peets1972)

Indicator 2

Indicator 3

Identifying area

where visually
sensitive viewers
are appeared

Intensity ofActivity IndicatedArea Reference (Verlfi)égll_:c\)lgiltion) Indicated Area Reference
1) n/a L . 1) n/a Viewing points
1) Tense : . Viewing points (Paragraph 4.6| 1) Out of eye level .
2) Relax 2) Excluding those fobusiness in TPB PGNO.41 (TPB, 2010)| 2) In eye level 2) VGV;?SPSC:%?;ZOOH (Paragraph 4.5) in TPB

e.g. office buildings

PG-NO.41 (TPB, 2010)

Indicator 4

Indicator 5

Visually perceived
number of buildings

Quiality of view from

References popular places to TSTE

Indicated Area

Indicated Area

References

Identifying aree
where are visually
sensitiveto TSTE

1) n/a in TPB
1)0 2)nla PGNO.41 (TPB,| 1) Low grade of visual
2010) perception value

2) (0, 50%]
3) (50%, 100%]

3) With more than

a) Assessment areg
(Paragraph 4.3)

b) Assessment areg
(Section 3.3¢) in

2) High grade of visual

half of buildings )
perception value

1) n/a
2) Higher perception value

of view amondocal
popular placesCultural
Complex (PlanD, 2016)
Victoria Harbour, Avenue
of Stars (HKTB, 2017),

a) Viewing pointgParagraphs 4.5, 4.6 anc
4.7) in TPB PGNO.41 (TPB, 2010)

b) Urban design guidelines in Chapter 11
Hong Kong Planning Standards and
Guidelines (PlanD, 2016)

c) Top 10 attractions (HKTB, 2017)

d) Sections 3.7 and 6.2.4 in Planning Stu

beingvisible EIAO Guidance Signal Hill Garden on the Harboand its Waterfront Areas
(PlanD, 2003), Hung (PlanD, 2003)
Note No. 8/2010 | . in Ch f
(EPD, 2010) Hom Bypass (PlanD, e) Sgctl_on 3.5.4 in Chapter 3 of Hung Ho
' 2008) District Study (PlanD, 2008)
Indicator 6
Identifying area Property of Space A Indicated Area Reference

where areonly for
the public

1) Private space
2) Public space

squares and playgrounds

2) Pedestrian / vehicle / train / tram / shipping routes, Parks, public gardens,

Viewing points (Paragraph 4.5) in TPB
PG-NO.41(TPB, 2010)

Skylinesof TSTE viewed fronintersection ofress 1, 2, 3, and4

MYy



Areal is identified byconsidering visual acuity, which refers to the clearness of view for visually
differentiating outmost buildings of TSTE. The distance of the area boundary to the focused
buildings is not larger than thrénes of the building height (BHHegemann and Peets, 197#

the lowest building in outmost (along the area boundary).

Ar e2a ef ewlserteo t he s eprossistiibv ee rvapeiveeasres pwSegwer car r
out activies in aatsipatchérct phacienredsasgi nTgvioan nt
extrhcomdthe sensitive viewers are the intens
l evel , which i < htiteer eglo iyt itcdhre dfv eayaage&d hehghaco
sur fladed, e.0gl.0)ground/ roadiubad o falduwniExeghgri 43 &mfcec g

nasal root depression between the eyes selliol

Arelares et o thehapl aaaes vi sulad T E. sTehnes isvuicehe rafnm e m
represents a relative high quality of TSTE i
vi sbl e/ parmiecThSTE @RB, 2010; BPD, K013 nd t he qu@lanDt y o f
2016; HKTB, 2017; PlanD, 2003; PlanD, 2008)o TSTE fr om (peo.Qolidrah r p |
Complex, and the other four popular vantage points, which are Victoria Harbour, Avenue of Stars,

Signal Hill Garden and Hung Hom Bypass

Area4 refers to the placesf concern based ospacs for public use only Specifically, heseareas
are the routes for pedestrsirvehicles, trairs, trans, shipping and placesuch asparks, public
gardens, squares, playgroundsd harbours.Finally, the skylines are determined basau the

intersection oAreasl, 2, 3 and 4 which forms view corridors forward to the TSTE skylines.

34 Approach for Analysing Mountain Ridgeline

In the assessment of mountain ridgeline, dpproach igo analysethe visibility of the ridgeline.
This analysis measweo what extentthe PR/BH relaxation affestthe view to themountain
ridgeline. When a ridgeline is visible to hunsathe sightline between the ridgeline and the human
eyes must nobe blocked by any other physicabjects(e.g. buildings).The workflow of analysig
ridgeline is shown in Figre 3-8 below.
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Fi g u-8 Work3low of ridgelineanalysis

Based on thdechnical flow, the analysis fitly selecs and sample the viewing points and the
ridgelinefor constructing the sightlines. Tiselectionfollows the recommendations (kige 3-9) of
the Urban Design Guidelines for Hong KonglghD and RMUM Hong Kong Lirted, 2002).
Totally four strategicviewing points which aredefined by TPB TPB, 2010), are proposedh this

analysis

1) Quarry Bay Park.

2) Hong Kong Conventio and Exhibition Centre.
3) Sun YatSen Memorial Park.

4) Central Pier No.7.

It is proposed tgreserve the ridgeliney pr ot ecting t he f[2defbedBane | di |
beneath the ridge and above the limit of rooflasshown in Figire 3-9¢. The ridgelinethereforeis
sampledwith 1° intervals (see Fige 3-10) of target pointalongthis zone(i.e. the limit of roofline)

running from Beacon Hill through Lion Rock and Tsz Wan Shan to Kowloon Rdsn viewed

from each ofour strategicviewing points Totally four sets ofidgelinesare sampledcorresponding

to thedifferent views from the viewingpoints
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F i g u-9. 8tratBgicviewing points andidgelines (SourcePlanD, 2010)

F i g u-i @Sarm8pling ofridgeline with T of targetpoints

Sightlines (e.g. Figre 3-11) are constructedby connecting the strategidewing points and the
corresponding sets of target points. Each set of sightlines fatnmengularview corridor starting
from the strategic viewing poinisn the Hong Kong Islangassing through the Victoria Harbour to
the Kowloon mountain ridgelineAll the view corridorsaredivided intotwo classes, which argreen

corridors (noteblocked)and redcorridors peblocked)



il
L 1

Fi g u-1 Exekplifiedsightlines andangle of theview corridors

Theangle of each view corridas quantified (see Figre 3-11). The quantificationis made by using

thefollowing Equation(2):

2 )

WheredA ‘bis the sum ofangle foraview corridor,@n0is the number of blocked sightlines in &6

subview corridor, andRdis the ratio of the blocked angle ftire view corridor.

3.5 Simulation Model for Solar Exposure Analysis

The effects of solar exposuie terms of time (hourly) orthe directinsolation (excluding the
diffused insolatior) and the radiation energy of the insolatiaround thesurface(land + build
facadespf TSTE are investigatedby using a simulation moderhe solar exposuréor each of the
four individual scenarios is simulated. Tharametersf the simulatiorincludethe date and timef

simulation coordinate®f TSTE, andthe solar azimuth and altitug€able 35).

T a b |-7eParameters aimulating thesolar exposure in TSTE

Date Winter Solstice (22-Dec-2013) | Summer Solsticg(21-Jun-2013)
Time 8:40- 16:00 7:15-17:32
Coordinates 22.30°for Latitude 114.10°for Longitude
Azimuth 127°SE- 232°SW 72°ENE- 288°WNW
Altitude 20° 20°




Based on these paramegethe simulatoin models gplied in generating théotprint of shadow
volume, whichis represented by auhdle ofsunlight(see Figre 3-12a) blocked by the buildings
(the blockagef sunlight is simular to the blockage of sightlinEhe generatedootprints of building
shadoware used as theimpact boundaes (Figure 3-12b.) respectivelyin summerand winter

solstices. All the 3D buildinggroadswithin theseboundalesare used asput forthe simulation.

a) Building Shadow in Summer and Winter Solstic b) Footprints of Building Shadow[<#*
«7_ =~ \ =

f/‘ ”"
> L

Legend
Study Area
Footprint of Shadow in Summer

Footprint of Shadow in Winter

The simulation is implemented based on Ecotect analysis softiaest(, 2003 which is an
environmental analysis tool widely used in #tedy ofdaylighting assessment, thermal performance
and acoustic simulation for buildinanning and desigr¥@ng et al. 2014; Thuesen, 201@Wang et
al., 2011; Peng, 20)6The resuk of the simulationinclude the cumulative exposure timend
radiationdistributed on th&D surfacewithin the impact bondaries in summer and winter solstices

The results also include the cumulative exposure radiation distribution on west facing facades.

3.6 Microclimate Model for Analysing Wind Ventilation

Wind flow significantlyimpactsthe living environment and plays an important role in urban clisnate
development of renewable ener@nd crisis management related to outward wind flow. Airflow
Analyst® isa software which helps to analyse wind ventilation. It is based on GIS (Geagrlph
Information Systems) and spatial data to simulate conglenoundingairflow movements. It uses a
fluid dynamics algorithm3D CFD (Computed Fluid Dynamicsyyhich is a core element for a
highly accurate airflow analysis and is developed and testegushu University(Airflow, 2015). It

is the first softwareo integrateCFD with GIS and is available as third party extension software of
the ArcGIS(ESRI, 2015) Therefore, terrain and 3D building datasets prepared in ArcGIS can be

directly usedn Airflow Analyst without any remodelling of spatial data. Airflow technique of wind

H O



flow estimation is used and validated in different studies to simulate wind @pe2@11; Uchida et
al., 2011a, 2011b, 2011c, Uchida and Ohya, 2011, 2088ails ofthe software can be found on the

softwaré® Bomepage(http://airflowanalyst.com/en/links.htil

Configuration Setting and Simulati on

A Digital ElevationModel (DEM) with a 2-meter spatial resolution ar@D modelswere used to
simulate airflow in the study area using Airflow Analyst. The monthly means of wind direction and
wind speedfrom Star Ferry Automatic Wind Station were acquirkdm the Hong Kong
Observatory (HKO). Three computational grids were generated, corresponding to 3D s¢&diario

S2, S3, and S4), and then subsequent fluid analysis, visualization and analysisestilisewere
performed. Lastly, the results were exported as 2D maps of wind speed and 3D animations, and were
analysed for the likely effects of increasing building height on wind speed. The output of the airflow
analysis was then exported into a pointpghfile, which thenused ArcGISo extractinformation by

a sequence of procesghat included -pr ej ecti ondé, oO6ésuberpotltiadthoobd
S3,and S4 . apdwereultimately generated and the attribute data were exported for stalisti

analysis in Microsoft Excel.

3.7 Microclimate Model for A nalysing Air Temperature

ENVI-met isa common microclimate mod#iat cansimulate the microclimate of a study area, and

is widely applied in many applications for studying the relationships between urban designs and
microclimates (Toggweiler andKey, 2001; Emmanuel and Fernando, 2007; Fahmy and Sharples,
2009; Ng et al., 2012; Li et al., 2016; Jamei and Rajagopalan, 2017; Morakinyo et al., 2017; Tukiran,
2017) Thesimulation of ENVimetconsiders the interaction amosgil, vegetation and atmosphere
based on theories of fluid dynamics and thermodynamics, avfdbw prerequisites includinga

steady temperature inside buildings and no heat storage inside the bufEigsmet, 2017)

These conditions resuih a simulaion that focuses only on the physical influence insteadhef
anthropogenic effect. The capability of ENMiet in simultaneous calculation of meteorological
conditions, soil and vegetation processes, and surface energy fluxea bvithd range of urban
configurations can also imprevhe simulation ofan urban micreclimate (B.M, 2011; Jamei and
Rajagopalan, 2017 herefore, in this study, ENMhet 4.1 was used to simulate the spatial patterns
and distribution of air temperature he TSTE region with different building designs (S1, S2, S3,
and S4). The results of this study are expected to proadeundation for future developmetiat

takeaclimate conscious urban design approach.


http://airflowanalyst.com/en/links.html

This modelrequires initial weather information, including wind speed (naisyl direction, air

temperature, relative humidjtynd special humidity at apecific date and time (Table-8). The

weather datsvere acquired fronthe Hong Kong Observato(}iKO) andshown in Table & below.

T a b I-8eCorfigurationsetting in ENVEmet

Date 11-Jul-2016 (Summer) | 13-Jan-2016 (Winter)
StartTime of Simulation 7:00am 7:00am
Total Simulation Time (Hour) 24 24
Wind Speed in 10mAboveGround (m/s) 2.7 3.42
Wind Direction(degree) West (260) East(100°)
Initial Atmospherélemperature®C) 27.9 15.45
SpecificHumidity in 2500m (gvater/kg air) 10.42 5.24
Relative Humidity in 2nm(%) 83 85

T a b I-9eMeteorological element@nd climatological database by HKO

Year 2016

Month Jan | Feh | Mar. | Apr. | May | Jun | Jul. | Aug. | Sep. | Oct | Nov. | Dec
Average Wind | g /1 513| 20.8| 17.1| 20.2| 18.0| 19.2| 17.1| 18.9| 26.3| 27.0| 26.7
Speed (km/h)
Prevalling Wind | ¢y | 50 | 50 | 40 | 70 | 220|230 60 | 80 | 70 | 70 | 70
Direction (degree)
Average Alr 160 | 15.5| 17.5 | 23.6 | 267 | 294 | 29.8| 284 | 27.9| 268 | 223 | 196
Temperaturg°C)

Date 13-Janr2016 11-Ju-2016
Average Wind

3.42 2.70

Speed (m/s)
Prevailing Wind
eval 1 2
Direction (degree) 0o o0

Source: HKO, 2016

Two seasongsummer and winter) werexamined based on the meteorological parameters and the
climatological database of Star FerrytAmatic Wind Station (Table-3) (HKO, 2016). Two typical
days 11-July-2016 and13-Jan2016, which represent normal weather conditionssimmmer and
winter respectively are selected to represent the two seasdri®e average wind speed in the
prevailing directions are 2.7 m/s and west direction {6 summeyr and 3.42 m/s and east
direction (100) in winter. The averageair temperatures wereQB°C for summey and 6.0°C for

HP



winter (see Table-3.). Duringthe comparison of scenarios], &t as a reference, while2SS3 and
4 act as observationSomparisorvaluesarecalculated by deducting the reference values from the

observation values.

3.8 Approach for Traffic Impact Analysis

One assumption of th&raffic Impact Analysis (TIA) isthe increased hotel/office rooms will
generate traffic and distribute surrounding are;a Thereforeto understand the traffic impact, the

following steps are conducted:

Stepl: Basic Scenario

A system of traffic analysis zones and road network will be developed to cover the TSTE study area.
If data from an existing travelednand model is available and can be obtained, this will be used.
Traffic Analysis Zone will be created; and the zones will be small enough so that each of the new
hotels isin its own zone. The speed and capacity of each road link will be based on thewhata
Hong Kong Transport Department, and the hierarchy of roads described in the most recent Annual

Traffic Cersus of Transport Department

Step 2:Trip Generation
The growth in travel is forecasted by applying the trip rates used by Transport Depaftideny
Kong. For purpose of reference, these ratdisbe compare to the similar rates shown in the ITE

Trip Generation manual for the US.

Step3: Mode Choice

Mode Choice is one essential part of traffic mtdgl since one trip can be completeith different

travel modes (e.g., taxi, bus, etc.) In Step 3, the estimated trip generation will be further
di fferenti adpaciifnitcodo ftnroidpe. I n Hong Kobypgublicar ou
transportation (e.gMTR). However, in term of tousits (i.e.hotel guests) taxi might be their first

choice. For shottlistance, tourists might even choose to walk instead of taking any motorized mode.

Step 4:Future Scenarios
As mentioned, two future scenarios will be considered in this project. Tlodeture scenarios are
different in environmental sense. Thus, different increased hotel room (and people) will be given as

the base of future scenarios.



Desire lines are used to illustrate on a map the flows of people or goods from point to poiminbased
the values from a max. For both future scenarioshe desire line analysis will be conducted.
However, sirvey is the main tool to achieve above steps. That is, questionnaires are developed for
street intercept survey. Respondents are first asked aboent travel behaviour. Then, the project
detail and pictures of Green Deck will be shown to respondents. Eventually, respondents will share

comments on their future travel behaviour.

4 . 3D SPATIEALANNARESULTS

4.1 Skyline Analysis andResults

The assessmentréal is determineddy consideringrisual acuityfor TSTE buildings andthe result

of step 1lis highlightedby pink boundaryshown in Figured-1a. This area is achieved by usiag

buffer to TSTE by 132m, which is equal to thtemes of the height of the lowest buildirgvirror

Tower (BH = 44m). Figure4-lbs hows iAmehoRi zont al di mensi ons

l and zones with ofFilgurecddc sthwiwisd i tnhges whrnecdT S3ITrs o bt
consi dpeatithgrm of the visible number of TSTE bt
with relative high val gkyblifisfeundbycarsidegnghespaget i o n
only for public usesnd the identied Area4 is shown in Figurel-1d. The intersection of Areas 1, 2,

3, and 4is shown in Figre 4-2. This intersection is in the southeast side of T&nted by

Victoria Harbour)along with the seaside roaftem Hung Hom Bypass to Salisbury Roandthe

promenadsfrom TST Promenaglto Avenue of Stars.
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F i g u-2. mterdection ofAreas 12, 3, and4

Totally three skylines are determin@elgure 4-3) by considering théntersection ofAreas 1,
2, 3, and4. Specifically,Skyline A is viewed from theview corridor fromthe northeast{80°)
to TSTE Skyline B is viewed from theview corridor fromthe southeas{141°) to TSTE
Skyline C is viewed from theview corridor fromthe southwes{215’) to TSTE

Legend

Skyline

— View Corridor
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Assessment Area
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F i g u-8. BetedAminedskylines a, b, and

The three skylineare visualized in each of the four scenaridse terrain, 3D buildings, and
roads form these skyline§he skylinean S2, S3and S4 areompared to the corresponding

skylines in S1 The comparison of I§line A is shown in Figire 4-4, the comparison of

H @



Skyline B is shown inFigure4-5, and thecomparison ofSkyline C is shown inFigure 4-6.
The results show that the effect BR/BH relaxation on the skylines isot significant The

impact specifications of each skyline are explained one by one.
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Fi g u-4. 8kylide Ain the 9, S2, S3and S4
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F i g u-5. 8kylide Bin the 9, S2, S3and S4

The skylinein Figure4-4 is viewed from the northeast (§@o TSTE. Most of the buildings

of S1 inthe southeast and northeast of TSTE outmost are visible, which are Hotel ICON,
New World Millennium, New East Ocean Centre, Concordia Plaza, Empire Centre,
InterContinental Grand Stanfqrénd TST Centre in the priority of visual acuitifter
PR/BH relaxation (S2, S3, arg#l), the Concordia Plaza is bleckby the New East Ocean

Centre, altbughsome buildings in internal side of TSET are erected out, such as Chinachem



Golden Plaza and Mandarin Plaza. The overall visual feeling of the TSTE image from
Skyline Ais preserved from S1 to S2,,%®d S4.

Rai |l way

Ll |}
=1 2 ", il Wing ( Shanlgar i
= e ddien TST Ce

TR =
b

The skylinein Figure 4-5 mainly compriseghe buildings in the southeast side of TSTE.
From right to leff onenext tothe otherone they are Hotel ICON, New World Millennium,
InterContinental Grand Stanford, Empire Centre, TST Centre, SHamgand Wing On
Plaza. The difference between S1 and S2a8854 is the block of one building (Concordia



Plaza) oninternal side of TSTE \bthe increased PBH of the outmost buildings. However,

the overall impression of the TSTE in termsSédyline Bis not changed.

Skyline Cis viewed from the southwest side of TSTHe visual perception of the buildings
is influenced by visual perspeati, which means the visual change of building size aapesh
with the eye movement fromear to far away targeté few portion of the sky is blocked
when changed from S1 to S2,,88d S4. The overall impact is not significant in terms of the

preserved memorable feelingtbE TSTE image.

4.2 Mountain Ridgeline Analysis and Results

Site visis to the four strategic viewing points, such as Quarry Bay Park, Hong Kong

Convention and Exhibition Centre, Sun Yat Sen Memorial RarCentral Pier No.7 were

conducted for verifyng the daté accuracy (see Fige4-7).
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F i g u-8. Stratégicviewing points andcorrespondingargetpoints



The 1 interval of samplingf the ridgelinerunningfrom Beacon Hill through Lion Rocknd
Tsz Wan Shario Kowloon Peak is implementesis a result ofour sets of target points in
total corresponding to the differemtews from thefour strategic viewing points. The strategic
viewing points anaorresponding sets tdrget points is shown in Rige 4-8.

Theresults of constructing dilinesand the quantification of the view blockagee shown
in Figure 4-9. Four groups okightlines are constructdeetweenthe viewing/target points
and each group of sightliness in a fan-shaped struare and forms view corridos. The
guantifiedresults aragepresented bthe blockedangle of theview corridorsandthe ratio to

thetotal view angle

Visible Sightline —— Blocked Sightline

Angle oftheView Corridor 130
BlockedAngle 0
S1, S2, S3andS4
Ratio of Blocked Angle 0.00%

F i g u-9aeRestilt ofeffect onridgelineviewed from Quarry Bay Park

Figure 4.9a shows a quantified result of the
Bay Par k. The view corridor from the viewin
doent CrosssTré&ndenl | the sightlines of the ¢

op



buil dings in TSTE. The ratio of bl ocked ang

viewing point

Visible Sightline — Blocked Sightline

Angle of theView Corridor 168
S1 5
S2 20°
BlockedAngle

S3 16

S4 27

S1 2.98%
S2/S2S1 11.90%/ 8.92%

Ratio of Blocked Angle

S3/S3S1 9.52%/ 6.54%
S4/S4S1 13.10%/ 10.12%

Fi g u-1 B. Rebult ofeffect onridgelineviewed from Hong Kong Convention and
Exhibition Centre

Figu9mr hows the quantified result of visual
Hong Kong Convention and Exhibition Cesntre.
partial ITyheblro dlged. ne aThe Bel angle of blocked ridgetineib y 5
increased frond increased to ZGor S2, increased to 16or S3 and increased to 2for S4.

ocC



Correspondingly, the ratio of the blocked angle is 2.98% for S1, 11.90% f¢8.%2%
additional block) 9.52% for S3(6.54% additional block)and 13.10% for S410.12%

additional block) The impact is not so significant.

Blocked Sightline

Angle of theView Corridor 140
S1 8’
S2 12
BlockedAngle

S3 17

S4 12

S1 5.71%
S2/S2S1 8.57%/ 2.86%

Ratio of Blocked Angle

S3/S3S1 7.86%/ 2.15%
S4/S4S1 8.57%/ 2.86%

F i g u-1 & Redult ofeffect onridgelineviewed fromSun Yat Sen Memorial Park

Figu9e gdhows the quantified result of the ef
Sun Yat Sen Memori al Par k. The view corridor
the buyad dpaphmeieddgi ne behind the buildings 1is
and left side of this par forSlThferSarddre3 of bl

oT



and 12 for S4. Correspondingly, the ratio of the angle is 5.71% for S1, 8.57% (.86
additional block) 7.86% for S32.15% additional blockand 8.57% for S42.86% additional
block). The quantified results verify the similarity of the four scenarios and indicate the

impact is not significant for this viewing point.

Visible Sightline | Blocked Sightline

Angle of theView Corridor 137
S1 10
S2 12
BlockedAngle
S3 12
S4 14
S1 7.58%
S2/S28S1 9.09%/ 1.51%
Ratio of Blocked Angle
S3/S38S1 9.09%/ 1.51%
S4/S4S1 10.61%/ 3.03%

Fi g u-i 8 Rebults of theffect onmountainridgelineviewed fromCentral Pier Na.

Figure 49d shows the quaified results of the view fronCentral PieMNo.7. The angle of
blocked view is 10for S1, 12 for S2 and S3and 14° for S4. Correspondingly, the ratio
between these angles and the total angle of the view corridor is 7.58% for S1, 9.09% for S2
and S3 (1.51% additional block) and 10.61% for S4 (3.03% additional block). The results

indicate no significant impact on theew from CentraPiemMNo.7 to the ridgeline.

oy



The resultsshowthatthe block of view angle to the mountain ridgeline is minus for S1 and

even for S2, S3and S4 with increased PR/BHhe detagdexplanatioris as follows:

1)

2)

3)

4)

The view to the mountain ridgeline froQuarry Bay Park is not blocked and this
viewing point is in thefar right sideof Hong Kong Island, which means the view
corridor dos not cross over TSTE

The view corridor from Hong Kong Convention and Exhibition &ee is partly
blockedfrom 2.98% in S1 to aroundl% in S2, S3andS4 (average 8.52% additional
block). TSET is in front of the mountain ridgeline viewed from thiswing point, but
the overall ridgelie is not significantly impacted.

The view fran SunYat Sen Memorial Park, which is in the far left side of Hong
Kong Islandjs slightly blocked Thereason for thiss: 1) the southwest side of TSTE
(the longessecant across TSTE is located between southwest and northeast sides of
TSTE) is facing this vwing point and2) the location of TSTE easily blocls this
view totheridgeline.However, the impact is not significant in terms of #duklitional
blockat 2.62% on average

The view from Central Pier No.7 gmilar to the view fromHong Kong Convention
and Exhibition Centrealthoughthe view is a little better than that one in terms of
additional block at 2.02% on averadée impacton the view fromthis point is not

significant

4.3 Solar Exposure Analysis and Results

The
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6.6 | (6.7]

Fi g u-i & Padtern®of summersolar exposurein terms ofhoury sections ofinsolation

(3480 (4050

Fi g u-t B Patternof summersolar radiationenergy (Wh)
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T a b |-leQudntifiedpatternareas insummerinsolation

Quantified Pattern Areas

S1 S2 S3 S4
Sectiors of 2 o 5 o 2 o 2 o
Direct Insolation(Hour) m % m & m % m &
©, 10] 45551666 33.06 35296798 2323 439642(.55 2993 391220i4 25.;3
@, 9] dark 154546.3 11.22 201322.2 13.25 173291.7 11.80 190921.2| 12.5
orange 1 0 2 3 4
(7, 8] orange 141176.76 10.25 170789.29 11.24 142252{.31 968 146746i2 964
6, 7] yellow 173972.57 1263 188149(.)0 1238 160494{.39 10.93 170993.21 11.§
(5, 6] yellow 181397.2 1317 221051.2 14,55 196355.6 13.37 198664.2| 13.0
green 3 2 2 0 5
4, 5] light green 116670.23 8.47 165095(.)9 10.87 156864é2 10.68 17827363 11.17
(3, 4] 71090.74( 5.16 100861('51 6.64| 89964.09] 6.12 119753{; 7.86
(2, 3] light blue 44016.53| 3.19| 65527.44| 4.31| 59847.10| 4.07| 70797.26| 4.65
(1, 2] blue 30926.01| 2.24| 42597.45 2.80| 38896.15 2.65| 42447.51| 2.79
(0, 1] 8401.38| 0.61| 10864.81] 0.72| 11338.51] 0.77| 12802.12| 0.84
Sectiors of Cumulative
RadiationEnergy(Wh)
(5 7 D] 32529423.(1936112.130507120.| 2437416
4 3 5 6 1
5190 dark 1968¢14.1] 2481916.| 2234915.1 2352415
57p0 orange 4 5 3 5 5
4620 orange 1348(¢ 9. 1719111.1 1339(¢ 9. 14504 9.
5190 4 5 3 8
4050 yellow 1492310.1 1587410.( 1331(¢q 9. 13947 9.
46P0 6 4 2 2
3480 yellow 17949413.12231414.119111113.1] 2013413
405b0 green 8 0 5 2
(29 10}, 1674312.1212873114.|1977113.1 2137114
3 4 p o | lghtgreen 8 5 5 9| 4
2340 91981 6. 1322(¢ 8. 111530 7. 15637310
2910 5 4 7
. - - ]
(2137]58 light blue 71439 5. 915771 6. (0 8839 6. 99961 6.
1200 blue 41063 2. 62334 4. 567894 3. 620413 4.
1770
[ L 2D ( 20099 1.4 2465¢ 1.4 24044 1.4 2573( 1. §
Total 1377714, 100.0| 1519226.| 100.0| 1468947.] 100.0| 15226109. 100
59 0 98 0 19 0 21
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Fi g u-i B. Diferences (S1 vs S2, S3, S4) of tteerespondingatternareas inrelation to
radiationenergy(Wh) in summer
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cumul at i veen eraagdiieattdiiofnf e r elnacnedt (bSe$1)weiesn iSn t he r &
4% t16% or the time of expb%ute afd fon the <
radiaenedpy h of the differences are similar
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The results ofvinter solar exposurare shown in Figurd-12a, Figure4-12b, Figure 4-13a,
Figure4-13b, and Table4-2. Specifically, Figire 4-12a and Figure}-12b showthe patterns

of winter solar exposure in 3D surfatghadow footprint + building roofs and facapés

terms of eight hourly sections fro@, 1], (1, 2] to (7, 8](presented from cold to warm colour
correspondingly)of direct insolationand ten sectionfrom [0, 690], (690, 1020], (1020,

1350], (1350, 1680], (1680, 2010], (2010, 2340], (2340, 2670], (2670, 3000], (30@)t833
(3330, + eadiatiandénergy ®He patterns of the four scenarios are similar in terms of

the colour distributionThe bui |l di ngs o r oo figet bya9, 8] heuxsp o s e d |
(3000, 3330] WhBYy contrast,leareaar ound t he b uis éxdoserbg(®,d] f oot p
hours/ (690, 1020]because of the shading effect of the higge buildings. The other
surfacessuch as thground and podium surfaces are exposed by](4334 or (4, § hours,

which belong to the middle to low hourly sections. The rangentd tiepends on the height

of the surrounding buildings, whictausesshading effect to the surrounding land/facade

surfaces.
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T a b |-2eQudntifiedpatternareas ineachsection ofwinterinsolation

Quantified Pattern Areas
Sections oDirect S1 S2 S3 S4
Insolation(Hour) m? % m? % m? % m? %

| 7,81 S 390116.28 26.61| 359050.22) 22.38| 440308.13 28.31| 339898.24| 21.06

(6, 7] dark orange| 130356.75 8.89| 137233.38] 8.55| 148467.27| 9.55| 136880.87| 8.48

(5, 6] orange 172116.46) 11.74| 158623.46| 9.89| 145463.31 9.35| 150907.77] 9.35

(4, 5] yellow 193688.71] 13.21| 172299.64] 10.74| 143242.99] 9.21| 200747.31] 12.44

(3, 4] light green | 151775.14] 10.35| 15471598 9.64| 129104.81] 8.30| 228326.78| 14.15

(2, 3] light blue | 124848.29] 8.52| 169301.66/ 10.55| 135080.07| 8.68| 162529.09| 10.07

1, 2] blue 105122.44] 7.17| 173950.22| 10.84| 146867.33] 9.44| 153821.57] 9.53

| (0,1] |NGSNRBINEN 197904.69 13.50| 279452.17] 17.42| 266862.32 17.16] 240659.61] 14.91
Sectiors of Cumulative
RadiationEnergy(Wh)

(3 3 3+0@] 13042 8.4 95577 5.4 13610] 8.7 13580] 8. |

(30 p303 B| darkorange] 25750 17.] 21503[/13.| 26218/16.| 21844|13.

(2 6 7300 P| orange 14430 9.4 15243] 9.9 14364 9.1 14044] 8.

(2 3 420607]]  yellow 15874 10.| 17679/11.] 14884 9.4 15613] 9. |

(201203 | yellowgreen| 17647 12.] 19734/12.| 16445/10.] 17924[11.

(168200 1] lightgreen | 18000 12.] 21819[/13.| 18701[12.] 20245[12.

(1 3 5106 B 13418/ 9.1 18794/11.] 16663/10.] 20364[12.

(1021035| lightblue | 11891 8. ] 14644/ 9.1 13721 8. 16365/10.

(69,007 blue 10984 7.4 14634 9.1 14417 9.1 14664 9. |

m_ 5552( 3. 68521 4.1 65114 4.1 67291 4.

Total 1465928.76) 100 | 1604626.74 100 | 1555396.23 100 | 1613771.2 | 100

Table 42 shows the quantifiegatternareascorresponding t@achsection(by hour or by
radiation energydf winter insolation The patterrarea is increased from S1 to S2, &3 S4
as the PR/BH is increased. The percentage of each section is similar for all the scenarios and

this finding is identical tdhe visualized patterns in Figurel2a and Figurd-12b.

Figure 4-13a and Figure4-13b show the differences (S1 vs S2, S&8nd $4) of the
corresponding patterreasin relationto winter exposureThe difference between S1 and S2
(S2- S1) is in the range 6#% to 4% for the time of exposure and% to 2.5% for the
radiation which is sinilar to the differencéetween $and S ($4 - S1) is in the rage o5%
to 4% for the time of exposure an®.5% to 2% for the radiatiorThe decreases in the
section from(7, § to (3,4 hoursa nd ( 3]3B(BONO, 383 While the increase is in the
section from around3, 4] to (0, 1] hours and (1680, 201@o (69Q 102Q. It supportsthe
shading effectesulting fromthe PR/BHrelaxation However, hedifferencebetween S1 and
S3 (S3- S1) is in the rangef 4% to-4% for the time of exposure and.5% to 2% for the
radiation which is different from the trend of change in S1 vs S2 or S14sTHBis
phenomenon is caused by the different shape of the buildings in S3 when edwitathe



other buildings in S2 and S@verall, he three differencesdicateno significant impact of

the PR/BH relaxation on the winter solar exposure.
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Fi g u-i @ DilerenceqS1 vs S2S3,andS4)of the correspondingatternareasin
relation to theaime (hour) of winter exposure
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Fi g u-2 B. Diferences (S1 vs S2, S8ndS4) of thecorrespondingatternareas in
relation to thewinter radiationenergy (Wh)

The above result shows the overall situation of insolation in terms of time and radiation. This

result implies the phenomenon of the shading effect, which becomes larger after the PR/BH
relaxation. The nextresuft s e@u A& 4 & i g 4-16€T a b U-8 & n 414)
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https://www.elegislation.gov.hk/hk/cap123F!en@2015-02-06T00:00:00?xpid=ID_1438402647394_002
http://www.bd.gov.hk/english/services/index_bravo.html



http://www.envi-met.com/innovation#simulation_model
http://www.epd.gov.hk/eia/hb/materials/GN8.pdf
https://www.google.com/earth/
http://www.hko.gov.hk/cis/climat_e.htm
https://www.polyu.edu.hk/cpa/greendeck/
http://www.discoverhongkong.com/eng/see-do/highlight-attractions/top-10/index.jsp



http://www.landsd.gov.hk/mapping/en/digital_map/mapprod.htm
https://www2.iris.gov.hk/eservices/welcome.jsp?language=en
http://www.pland.gov.hk/pland_en/p_study/comp_s/harbour/harbour_finalreport/contents.htm
http://www.pland.gov.hk/pland_en/p_study/prog_s/hungHomSite/site/EN/studyreport.html
http://www.pland.gov.hk/pland_en/info_serv/via/web/vp_intro.htm



http://www.pland.gov.hk/pland_en/tech_doc/hkpsg/full/ch11/ch11_text.htm
http://www.info.gov.hk/tpb/en/forms/Guidelines/TPB_PG_41.pdf
http://www.pland.gov.hk/pland_en/info_serv/via/web/vp_intro.html
http://www1.ozp.tpb.gov.hk/gos/default.aspx




