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Landmark project dates

» Commencement of the 28-month Agreement on 14 July 2009

> Installation of the climber mesh frames and irrigation system,
and replacement and improvement of soil by the contractor in
the early part of 2010

» Planting of the climbers by the contractor in March-May 2010

» Installation of environmental monitoring sensors and data
loggers in March-April 2010

» Commencement of live data collection and climber growth
assessment from 01 June 2010

» First interim report in February 2011

» Second interim report in August 2011

» Presentation of interim results to DSD in February 2012

» Original end of two-year monitoring in November 2012

» One-year project extension to December 2012

CY Jim: DSD Vertical Greening Study




Experimental site and tanks

13.3 m tall
27.2 m diameter
1136.5 m? total surface area
341.8 m total circumference
240 m total plantable
circumference
1200 m? total exposed soil area
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Experimental site and tanks
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Demarcation of tank surface into experimental plots

Each quarter: 4 sectors: A, B, C, D

@ 2ND
2NC

2NB
N
2NA
2WD
W
2WC
2WB
2WA

2ED
Tank Concrete. |
A: Campsis grandiflora
\ZJ 2SA C: Ficus pumila
Mesh

2EA = Experimental plots
5 m arc length
2EB 13.3 m tall
66.5 m? area
2EC Total 45 plots (ideal 64 plots)

S B: Bauhinia corymbosa
2SB D: Pyrostegia venusta

2SD




Experiment I: Tanks 2 & 4: Site factor effect

Test site factors
> Orientation

» 4 quarters = four cardinal compass directions
» Climbing mode & species

» Sectors A & C: Concrete
» Campsis grandiflora & Ficus pumila

> Sectors B & D: Mesh

» Bauhinia corymbosa & Pyrostegia venusta
»Soil quality
» Original soil: Tank 2
» New soil mix: Tank 4

> Replaced soil strip 2 m wide and 0.6 m deep
> Both soil types treated with fertilizer in top 30 cm
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Site factor effect
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Experiment I: Tanks 2 & 4: Site factor effect
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Experiment I: Tanks 2
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Experiment ll: Tanks 1 & 3: Climber species trial

Test growth performance of climber species
» 16 available experimental plots
» Test 16 climber species
» Tank 1: 8 plots, mesh
» Tank 3: 8 plots, concrete
» All plots use original soil




Climber species used in the experiments

Table 1. Climber plant species used in the vertical greening experiments.

Expt. plot Clligeey Climber species Common name il Seasonality Provenance C"”T‘b'”g
attachment name habit
Tank 1 (Experiment Il):
1EA-y Mesh Quisqualis indica Chinese Honeysuckle HET Evergreen  Exotic Thorn
1WB-x Mesh Antigonon leptopus Coral Vine Tt 3 e Deciduous Exotic Tendril
1WC-x Mesh Vitis vinifera* Grape & & Deciduous Exotic Tendril
1WD-y Mesh Pseudocalymma alliaceum* Garlic Vine T2 Evergreen  Exotic Tendril
INA-y Mesh Podranea ricasoliana* Pink Trumpet Vine REE Evergreen  Exotic Twining
INB-y Mesh Bougainvillea spp. Bougainvillea El N Ewvergreen  Exotic Twining
INC-y Mesh Wisteria sinensis Chinese Wisteria Bz Deciduous Exotic Twining
IND-y Mesh Lonicera japonica Honeysuckle BIRAE Deciduous Exotic Twining
Tank 3 (Experiment II):
3EA-Z Concrete  Parthenocissus dalzielii Diverse Leaf Creeper HEEF Deciduous Exotic Sticky disk
3EB-x Concrete  Hedera helix Common vy e Bk Evergreen  Exotic Aerial root
3EC-x Concrete  Philodendron scandens Heart Leaf Philodendron  [E|Z £ %:4; Ewergreen Exotic Aerial root
3ED-x Concrete  Ficus pumila cv variegata Variegated Creeping Fig  {EE£f¥75  Ewvergreen  EXxotic Sticky disk
3SA-X Concrete  Epipremnum aureum* Devil's Iwy HEE Evergreen  Exotic Aerial root
3WA-x Concrete  Sygonium podophyllum "White Butterfly* Arrowhead Vine ERF Ewvergreen  Exotic Aerial root
3WB-x Concrete  Hedera nepalensis var. sinensis Mabled Dragon vy hEEH BZiE  Evergreen  Exotic Aerial root
3ND-z Concrete  Trachelospermum jasminoides Star Jasmine ey Evergreen  Exotic Aerial root
Tanks 2 and 4 (Experiment |):
See Table 3 Mesh Bauhinia corymbosa Camel's Foot W Evergreen  Exotic Tendril
See Table 3 Mesh Pyrostegia venusta Firecracker Vine HALAE Evergreen  Exotic Tendril
See Table 3 Concrete  Campsis grandiflora Chinese Trumpet Creeper &% Deciduous Exotic Aerial root
See Table 3 Concrete  Ficus pumila Creeping Fig B Evergreen  Exotic Sticky disk

* Substitute species because the first-choice species could not be supplied by the landscape contractor.



Experiment ll: Tanks 1 & 3: Climber species trial
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Experlment Il: Tanks 1 & 3: Climber species trial
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Experiment lll: Tanks 4: Cooling effect

Monitor cooling effect
» Tank 4
» Complete complement of 16 plots
» Mounting of environmental sensors
» Within plots: Species effect
> Between plots: Control (baseline)
» Measured parameters
» Air temperature
» Surface temperature: exposed concrete
» Surface temperature: shaded concrete
» Surface temperature: foliage
» Soil moisture
> Data taken at 15 minutes intervals
» Stored in data loggers
> Site weather data provided by DSD




Tank 4: Setup of environmental sensors

4NA »
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Infrared surface temperature sensor (experiment)
Infrared surface temperature sensor (control)

Air temperature & relative humidity sensor
Pyranometer (solar radiation) sensor

Soil moisture sensor

Weather-proof data logger

(in moisture-resistant and heat-insulated box)
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Tank 4: Setup of environmental sensors

Table 2. The purpose of the proposed sensors, data loggers and mains power supply.

Equipment or installation Measurement paremeter Unit
A Infrared radiometer Surface temperature of tank covered by climbers °C
Surface temperature of tank without vegetation °C

B Air temperature/RH

C Pyranometer

D PAR

E Soll moisture

F Logger in weather-proof box

G 13A double socket

Air temperature and relative humidity near tank surface °C & %

Air temperature and relative humidity on tank top C&%
Solar radiation (visible and infrared) on tank surface W.m™>
Solar radiation (visible and infrared) on tank top wW.m=
Photosynthetically active radiation on tank top W.m™>
Topsoll moisture content at at 10 cm depth viv %
Subsoil moisture content at at 50 cm depth viv %

High-end data logger to store infrared sensor data
Standard data logger to store other sensor data

Provide mains electrical power to loggers and sensors




Setup of environmental sensors

Tank 4
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Tank 4: Setup of environmental sensors
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Results: Experiment I: Site factor effect

Table 2. Tentative results of of climber species growth performance in Experiment | on tanks 2 and 4 on 10 January 2012.

Climber . . Growth  Growth density Growth density Gap between .
Expt. plot Climber species . . . Vigour

attachment height (m) (lower portion) (upper portion) stems
Original soil:
2EA-y Concrete Campsis grandiflora 4 Sparse Sparse Medium Medium
2EB-z Mesh Bauhinia corymbosa 13 Sparse Sparse Narrow Medium
2EC-z Concrete Ficus pumila 2 Medium Sparse Narrow Low
2ED-z Mesh Pyrostegia venusta 13 Sparse Sparse Narrow Medium
2SA-z Concrete Campsis grandiflora 4.8 Medium Sparse Medium Medium
2SD-y Mesh Pyrostegia venusta 11.7 Sparse Sparse Narrow Medium
2WA-y  Concrete Campsis grandiflora 9 Sparse Sparse Narrow High
2WB-y  Mesh Bauhinia corymbosa 13 Medium Medium Narrow High
2WC-y  Concrete Ficus pumila 4 Medium Medium Narrow Low
2WD-y  Mesh Pyrostegia venusta 12.8 Sparse Sparse Medium Medium
2NA-y Concrete Campsis grandiflora 5.7 Medium Sparse Medium High
2NC-y Concrete Ficus pumila 4 Medium Sparse Narrow Medium
2ND-y Mesh Pyrostegia venusta 13 Sparse Sparse Medium Medium
Replaced soil:
4EA-y Concrete Campsis grandiflora 9 Sparse Sparse Medium Medium
4EB-z Mesh Bauhinia corymbosa 13.5 Medium Medium Narrow High
4EC-y Concrete Ficus pumila 8 Medium Sparse Narrow Medium
4ED-x Mesh Pyrostegia venusta 12 Sparse Medium Medium Medium
4SA-X Concrete Campsis grandiflora 9.8 Medium Medium Medium High
4SB-y Mesh Bauhinia corymbosa 13.6 Medium Dense Narrow High
4SC-y Concrete Ficus pumila 11.7 Medium Sparse Narrow High
4SD-X Mesh Pyrostegia venusta i3 Sparse Sparse Medium Medium
4WA-z  Concrete Campsis grandiflora 11 Medium Dense Narrow High
4WB-x  Mesh Bauhinia corymbosa 11.7 Sparse Dense Narrow High
4WC-z  Concrete Ficus pumila 10 Dense Medium Narrow High
AWD-y Mesh Pyrostegia venusta 11.5 Sparse Medium Medium High
ANA-y Concrete Campsis grandiflora 11 Medium Medium Medium High
ANB-z Mesh Bauhinia corymbosa 13 Sparse Medium Narrow High
4NC-z Concrete Ficus pumila 13 Dense Medium Narrow High

AND-y Mesh Pyrostegia venusta 9 Sparse Sparse Medium Medium




Results: Experiment I: Site factor effect

Table 3. The notional scores of four groups of treatments tested in Experiment | on 10 January 2012.

Growth Growth
: Growth density  density Gap :
Attribute Category . between  Vigour
height (m) (Iower (up!oer stems
portion)  portion)
Climber Concrete 15 7.80 1.93 1.47 1.40 2.40
attachment pesh 14 12.41 1.21 1.64 1.43 2.36
Soil type Original soil 13 8.46 1.46 1.15 1.38 2.08
Replaced sail 16 11.30 1.69 1.88 1.44 2.63
Species Bauhinia corymbosa 6 12.97 1.50 2.17 1.00 2.83
Campsis grandiflora 8 8.04 1.63 1.50 1.75 2.63
Ficus pumila 7 7.53 2.29 1.43 1.00 2.14
Pyrostegia venusta 8 12.00 1.00 1.25 1.75 2.00
Orientation East 3.16 9.31 1.38 1.25 1.38 2.00
South 5.17 10.77 1.67 1.50 1.50 2.50
West 4.81 10.38 1.63 2.00 1.25 2.63
North 3.14 9.81 1.71 1.43 1.57 2.43

Growth density: 1=Sparse, 2=Medium, 3=Dense.

Gap between stems: 1=Narrow, 2=Medium, 3=Wide.

Vigour: 1=Low, 2=Medium, 3=High.
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Results: Experiment ll: Climber species performance

Table 4. Tentative results of growth performance of climber species tests in Experiment Il on tanks 1 and 3 on 10 January 2012.

Expt. Climber Climber species Qrth Growth deqsity Growth den_sity Notable gap Vigour
plot attachment height (m) (lower portion) (upper portion) between stems

Tank 1:

1EA-y Mesh Quisqualis indica 11.6 Sparse Dense Narrow Medium
1IWB-x  Mesh Antigonon leptopus 13.2 Sparse Medium Narrow Low
1IWC-x  Mesh Vitis vinifera 12.4 Medium Sparse Narrow Medium
1IWD-y  Mesh Pseudocalymma alliaceum 12.8 Medium Medium Medium High
1INA-y Mesh Podranea ricasoliana 12.8 Sparse Sparse Medium High
1INB-y Mesh Bougainvillea spp. 12.8 Dense Medium Narrow High
INC-y Mesh Wisteria sinensis 13.1 Medium Medium Narrow High
IND-y Mesh Lonicera japonica 13.1 Dense Dense No High
Tank 3:

3EA-z Concrete  Parthenocissus dalzielii 13 Dense Dense No High
3EB-x Concrete  Hedera helix <1 (dead) Sparse Sparse Wide Low
3EC-x Concrete  Philodendron scandens 5 Dense Sparse Medium Medium
3ED-x Concrete  Ficus pumila cv variegata 1.8 Sparse Sparse Wide Low
3SA-x Concrete  Epipremnum aureum <1 (dead) Sparse Sparse Wide Low
3WA-x  Concrete  Sygonium podophyllum 3 Dense Dense No High
3WB-x Concrete Hedera nepalensis var. sinensis <1 (dead) Sparse Sparse Wide Low
3ND-z Concrete  Trachelospermum jasminoides 5 Medium Sparse Medium Low

CY Jim: DSD Vertical Greening Study




Climber performance: sequential photos

Sample photos (from monthly records)
» Experiment 1
> 16 species
» Spanning 17 months and two growing seasons
» from August 2010 to October 2012 (27 months)
» Covering different seasons
» 11 sample months

» August 2010 December 2010
» February 2011 June 2011

» August 2011 November 2011
» January 2012 March 2012

» June 2012 August 2012

» October 2012

CY Jim: DSD Vertical Greening Study




Plot 1EA Quisqualis indica
(Chinese Honeysuckle, {8 & F)
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Plot 1EA Quisqualis indica
(Chinese Honeysuckle, £ & F)
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Plot 1EA Quisqualis indica
(Chinese Honeysuckle, £ & F)
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07 August 2012

Plot 1EA Quisqualis indica
(Chinese Honeysuckle, £ & F)
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Plot 1WB Antigonum leptopus
(Coral Vine, Hft T4 )
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Plot 1WB Antigonum leptopus
(Coral Vine, Hfi 15 i)
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Plot 1WB Antigonum leptopus
(Coral Vine, Hift 15 )
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Plot 1WB Antigonum leptopus
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(Coral Vine, Hift 15 )
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Plot 1WC Vitis vinifera

(Grape, ##&)
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Plot 1WC Vitis vinifera
(Grape, #i %)
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Plot 1WC Vitis vinifera
(Grape, #i %)
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07 August 2012

Plot 1WC Vitis vinifera

(Grape, #i %)
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Plot 1WD Pseudocalymma alliaceum
(Garlic Vine, Fr &5 i)
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Plot 1WD Pseudocalymma alliaceum
(Garlic Vine, Fr &5 i)
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Plot 1WD Pseudocalymma alliaceum
(Garlic Vine, 7 &5 i)

il

il ) .-':‘_'Q‘;' Tt l; .
ﬁhﬂ '1]5

10 January 2012 13 March 2012 07 June 2012

CY Jim: DSD Vertical Greening Study 44



Plot 1WD Pseudocalymma alliaceum
(Garlic Vine, Fr &5 i)
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Plot 1NA Podranea ricasoliana
(Pink Trumpet Vine, &= ik)
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Plot 1NA Podranea ricasoliana
(Pink Trumpet Vine, &= ik)
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Plot 1NA Podranea ricasoliana
(Pink Trumpet Vine, & =ik)
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Plot 1NA Podranea ricasoliana
(Pink Trumpet Vine, &= ik)
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Plot 1NB Bougainvillea spp.
(Bougainvillea, £5+LER)

e T L

.............................
-----------

Iw t
/)

nn11111'
‘lk

U‘

— e~ 2 2

- ~—Bine T
- ————— .1.-—-4"- —

11 August 2010 7 07 December 2010 08 February 2011

CY Jim: DSD Vertical Greening Study 50



Plot 1NB Bougainvillea spp.
(Bougainvillea, £5+LER)
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Plot 1NB Bougainvillea spp.
(Bougainvillea, £5+LER)
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Plot 1NB Bougainvillea spp.
(Bougainvillea, £;+1ER)
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Plot 1NC Wisteria sinensis
(Chinese Wisteria, % /)
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Plot 1NC Wisteria sinensis
(Chinese Wisteria, % /)
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Plot 1NC Wisteria sinensis
(Chinese Wisteria, % /)
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Plot 1ND Lonicera japonica

(Honeysuckle, & £87€)
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07 August 2012

Plot 1ND Lonicera japonica

(Honeysuckle, & £87€)
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Plot 3EA Parthenocissus dalzielii

(Diverse Leaf Creeper, EE|EILIE)
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Plot 3EA Parthenocissus dalzielii

(Diverse Leaf Creeper, EEJEILIE)
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Plot 3EA Parthenocissus dalzielii

(Diverse Leaf Creeper, EEJEILIE)
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Plot 3EA Parthenocissus dalzielii

(Diverse Leaf Creeper, EEJEILIE)

11 October 2012
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Plot 3EB Hedera helix
(Common Ivy, F & &)
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Plot 3EB Hedera helix
(Common Ivy, F & &)
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10 January 2012

Plot 3EB Hedera helix
(Common Ivy, F & &)

13 March 2012
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Plot 3EB Hedera helix
(Common Ivy, F & &)
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Plot 3EC Philodendron scandens
(Heart Leaf Philodendron, [BIZE & &)
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Plot 3EC Philodendron scandens
(Heart Leaf Philodendron, [BIZE & &)
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Plot 3EC Philodendron scandens
(Heart Leaf Philodendron, [BIZE & &)
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Plot 3EC Philodendron scandens
(Heart Leaf Philodendron, [BIZE & &)
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(Variegated Creeping Fig, TEZEREZ3)

Plot 3ED Ficus pumila cv variegata
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Plot 3ED Ficus pumila cv variegata
(Variegated Creeping Fig, {E3ER¥%3)
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Plot 3ED Ficus pumila cv variegata
(Variegated Creeping Fig, {E3ER¥%3)
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Plot 3ED Ficus pumila cv variegata
(Variegated Creeping Fig, {fE3ER¥%3)
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11 August 2010

Plot 3SA Epipremnum aureum

(Devil’s vy, =& E)

07 December 2010

CY Jim: DSD Vertical Greening Study
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Plot 3SA Epipremnum aureum

(Devil’s vy, =& E)
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Plot 3SA Epipremnum aureum

(Devil’s vy, =& E)

10 January 2012 13 March 2012 07 June 2012
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Plot 3SA Epipremnum aureum

(Devil’s vy, =& E)

07 August 2012 11 October 2012
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Plot 3WA Sygonium podophyllum
(Arrowhead Vine, & £ 3)
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Plot 3WA Sygonium podophyllum
(Arrowhead Vine, & £ )
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Plot 3WA Sygonium podophyllum
(Arrowhead Vine, & £ 3)
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Plot 3WA Sygonium podophyllum
(Arrowhead Vine, & £ )
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Plot 3WB Hedera nepalensis var. sinensis
(Mabled Dragon lvy, F 3 H FEE)
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Plot 3WB Hedera nepalensis var. sinensis
(Mabled Dragon lvy, F3EHE FEE)
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Plot 3WB Hedera nepalensis var. sinensis
(Mabled Dragon lvy, F 3 H FEE)
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Plot 3WB Hedera nepalensis var. sinensis
(Mabled Dragon lvy, F 3 H FEE)
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Plot 3ND Trachelospermum jasminoides
(Star Jasmine, #&A)
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Plot 3ND Trachelospermum jasminoides
(Star Jasmine, #&A)

09 June 2011 12 August 2011 03 November 2011
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Plot 3ND Trachelospermum jasminoides
(Star Jasmine, #&A)

10 January 2012 13 March 2012 07 June 2012
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Plot 3ND Trachelospermum jasminoides
(Star Jasmine, #&A)
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DSD Vertical Greening Study

1. Introduction
2. Experimental design
3. Results: Experiment |
4. Results: Experiment Il
5. Results: Experiment IlI
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Four seasons

Cooling effect on rainy day

Experiment Il
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Four aspects

Cooling effect on summer sunny day:

Experiment lli
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Skyrise Greenery and HKILA Awards 2012 (Research

Shalllin Sewage Treatment Works
Vertical Greening Stud
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Thank You

Comments and Questions
are Welcome




