FERSS B Y P EH B

PoE % @ 100 # 9 ¥



TS BHEE A E B
2011 # 9" 16 p (R ¥ I)

A r %
09:00-09:30 ¥ k|
09:30-09:40 AFFAFER R
HAU- B BB FE
R # 4 i # < i B 4
. , A FGERAT Y AT | A IVERET L AT
S IIR T ER Y- "2t ot
09:40-10:10 | 4 %% ¢ B2 F B P . Rl
o IR B SEREAEE 4 B 22T IR
B4 EHE R RS
10:10-10:50 & d ERRBEH %l 2 % gl &
10:50-11:00 i+ 4
EL SRR R AR LR L
PR o I B
11:00-11:40 S BB R BB BRI AE
Robin Dodridge R
SINGAPORE" S GREEN sy g o g,
X = B E Rk
11:40-12:20 | PORT AND URBAN Ser-torn Leei, " LA
DEVELOPMENTS g =
12:20-13:30 = %
P # i # ¢ iw
RAPFTEY
, _ B ARk HARITA R A Bk S A BB
13:30-44:10 8 inja it MedEd plpaE | FRETD
¥ ek g
_ _ Wb g e g s ARl FEPEEE. | B IRk
14:10-14:50 | AR B -RFE % B S gEa B 5B g
R D EBERINEIE
14:50-15:10 i A
O W i o# ¢ i# ¢
I A AL B R A B TR
:10-15: %¢ BHRETERY o ol = .
o b T rn e P ELE ¢ Atk
:50-16: B RBRETE 2IF o ol e
15:50-16:30 | # &4 EHE TR 2R3 3 B2 Bl BRI B E & 2
FE A
16:30-17:00 BB IR
LAFAZ AN THhET
7 ¥




FENd B E

W~ B
B &
TGS BB 2B 1-1
AL I mASTA E
L NE R BT
%4 F j ................................................................................................... 2-1
A EE X R
ARt P PE SRR 4
B s N -SSP 3-1
43 4 Mr. Robin Dodridge
BRSO ERTREY
BT BRI AL D] e 4-1
4 # 4 @ Associate Professor Lee Der-Horng
Frocy < B
ik iﬁ‘-"k\’ e ,ﬁ&
;gg_& .

R IR F SR R
¥ ir ek /R
§ B IR

R

2_ R4
BN S

5-1
S LA LY 2
TR R
e L o - e -
Vo el I i
3R - 3 PR
Rzl + g



P oottt v U el g B TR R4E 0w o) B G A



% BBEEFHE VFE100E 9
+ 8 ® 22

ER% BB FE

st o mae® 2R mB Rt Eie° faE°
# &

:‘ﬁ:iﬁﬂ KRR FONEER B R RO G o R R 2 AP RE TR
e PR s WEEF DI A R IR B W > T % BB | (Green Ports)
M4 su;ﬁiﬁu (Eco Ports) s BPEA X S8~ % ~ P ~RER K L A8
iﬁ—sﬁi& sfs Lugo R LIRS E A RAER > FERS T 4 fie s ragl T
FHRB PR EERT R »‘?*"B 2l ‘3:‘ 3o LR AE S PR A B RS
H2ogA A U F G 2 IR B R IRE B Agwe » Ay 'lﬁ‘ﬁéi A&d b
2 s Pk %ﬁ@ 1)k 3B ‘f*ﬁﬁ ;2) BEBAYER I BBAYY
FERABBAFTAE S Bo v 2R BRERELRLFE
4’@Hiwﬂ& FACBAF IR CBBAT B EFELFNEE
PRz B BB ﬂ@-iﬂf’% F2ZRBEEBBBIL a2 T8 BR -
j‘ﬁgib I ¥ ‘L% '&ﬂﬂ ’Eﬁﬁfl‘ﬁgﬂ;?ﬁ};‘ig\' 1) %ﬁﬁﬁai/?/ﬁ‘iﬁ-#ﬂ@
‘t&;‘ﬁ% 2 ‘a‘lﬁaiz%\ 2) #EMAH ~BEFIHE S TRE R BT
5P R e B R ﬁ»“* 03) B EHERZ ALIRE 4 RiKER
ﬁ%&;j’“ﬁﬁ’l Wk 5 5) PHBRBEAILIZED Fa oo

BEEee t % d b 2l REFRE CBREART

=

IFEA T ARSI TP A

LT SERES: 3 A i X L &
g v*%‘fiﬁiii%f“i ST SR 2

P FRERS R RSk KR
LR Jéi‘ii%f“‘ilﬁi%ﬁ,f #lxP
v
X
p

[EOES

(RIS

TR SERES: 3 S X A &
ERIRUIE - P?yj”‘% Fiws%d By 2 #~7(1/4) ,(MOTC-I0T-100-H1DBO002) -
pa %ﬁ"EJLg’ e gL o

:r2 22 2E 0

LA

i\

1-1



% BBEEFHE VFE100E 9
+ 8 ® 22

Research of Taiwan Green Port Establishment
Yong-Fan Chiau' Shiau-Yun Lu?> Chung-Pan Lee* Yang-Yih Chen* Shiahn-Wern Shyun® Ji-Hwa Wu°

ABSTRACT

More than half of the individuals in the world’s population live near coastal areas,
accounting for more than 60% of the total production. Because harbors, ports, and
waterfront areas are major transition points from land to ocean, they function as hubs of
interflowing commodities and information. “Green ports” and “eco ports” have recently
become the core strategies for port development in Europe, the United States, Japan,
and Australia. Many port cities set green ports into action and transformed ports in order
to balance the economy and promote the environment. To protect the oceans and
increase the competitiveness of port cities, the proposed research details a green port
plan for Taiwan. The goal of this plan is to create a port city with a low environmental
impact, high bio-diversity, recovered habitat, healthy community, and high profit. This
project includes a four-year program. The major tasks in the first year are: (1)
sustainable harbor environmental planning; (2) sustainable harbor construction; (3)
sustainable harbor management and operation; (4) sustainable harbor community; and
(5) case studies for green ports internationally. The expected achievements for this
project are the: (1) examination of the harbor environment in Taiwan; (2) development
of the port management model for Taiwan to create a harbor city with a low
environmental impact, high bio-diversity, recovered habitat, and healthy community; 3)
creation of a friendly harbor environment; (4) provision of spatial strategies for harbor
planning; and (5) creation of a friendly interface between the harbor and the city.

Keywords : Green Ports, Eco-Port, Sustainable Development, Environmental Restoration
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2 Assistant Professor of Department of Marine Environment and Engineering, National Sun Yat-sen
University, Taiwan
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Constructing green transport environment

Tzay-An  Shiau®

ABSTRACT

Social change has lead transportation system away from sustainable development
in the long run. Transport energy consumption and emissions (including CO2) are in
growing trend; and green transport strategies have become an important issue in
adapting climate change problem in the world. This paper proposes spatial planning
model and guidelines to realize green transport concepts in constructing green transport
life style. In the long run, land use planning is a fundamental task to incorporate green
transport strategies. Technical innovations and management techniques, including
Transportation System Management (TSM), Intelligent Transportation System (ITS),
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green energy technology, vehicle technology and information technology are treated as
a package combined with land use planning.

To realize the vision of green transport life style, most people should have well
environmental conscious. This paper points out the interaction between 3P (People,
Politics and Policy) is a key integration platform to promoting the construction of green
transport environment.

Keywords: Green transport strategy, land use planning, climate change
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Successful Port planning and Development
with Respect for the Environment Striking
the Balance

Robin Dodridge*

THE PORT OF DOVER

Dover Harbour Board (DHB) is both the Harbour Authority and Port
Operator for the Port of Dover. DHB operates the Port as a fully independent
commercial activity with no financial support from the European Union, the UK
Government, the region or the adjacent city of Dover. DHB is responsible for
the planning, development and maintenance of the Port of Dover and seeks to do
this whilst being sensitive to its surrounding environment.

The operation includes Europe’s busiest RoRo ferry terminal which
processes up to 10,000 trucks and 22,000 cars per day; the UK’s second busiest
cruise operation with up to 170 ships in a 6 month season; a 400 berth marina; a
cargo operation, mainly focussed on palletised fruit and bulk grain; and an
aggregates berth. The harbour is also used as an important leisure amenity for
the town as the most accessible amenity beach is within the harbour itself. There
Is a vessel movement on average every 6 minutes and this whole operation takes
place within 1 square mile (250 ha), most of which is water.

The Port is situated in the south-east region of England within the city of
Dover, which is one of the most socially deprived cities in the region.
Residential properties lie within metres of the port boundary. Air quality and
traffic congestion is a significant problem on the main approach road to the port
and within the main ferry terminal. The Port is located on a heritage coastline of
international importance; adjacent to an Area of Outstanding Natural Beauty and
iIs sandwiched between ecological designations of national and European
importance. Highly protected species and habitats are to be found within and
immediately alongside the outer piers and in addition a number of the Port’s
buildings, piers and docks are designated for their historic importance.

'Director of Corporate Operations Port of Dover
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Dover was the first port in Europe to implement a certified Environmental
Management System through the Ports Environmental Review System (PERS) in
2002 and the first port to be re-certified in 2006. The Port is now certificated by
the internationally recognised 1SO14001 environmental standard in addition to
the 1SO9001 quality and OHSAS18001 safety management standards. DHB
carries out extensive environmental monitoring and has a database of information
extending back to 1992. The DHB Environmental Team produces and manages
statutory reporting and activity in oil spill contingency planning, waste
management, energy management and climate adaptation. The Port has been
nationally recognised for its reductions in carbon footprint, obtaining the Carbon
Trust Standard for actual reductions of 13.2% over a 3 year assessment period
and has also featured in The Times list of the top 50 green companies.

Dover is the first port in the UK to have undertaken a full Master Planning
process and is now working towards the achievement of a 30 year Master Plan
which includes the development of a second RoRo ferry terminal and a new
marina which currently constitute the biggest port expansion plans outside South
East Asia. An Environmental Impact Assessment has been completed for this
development and agreements on design and mitigation measures have been
reached with all stakeholders.

The integration of the principle of sustainability is the key to delivering the
successful operation and development of this essential piece of transport
infrastructure for the benefit of the UK economy.

INTRODUCTION

The environment can loosely be defined as “our surroundings” and it is
sometimes easier to think of the environment in this way. We use our
surroundings, our environment, as a source of consumable resources including
food and fuel. We also rely on the space available to us to build businesses,
homes and communities. The quality of those surroundings is very important to
us in our personal and social lives. People gravitate to green spaces or
waterfronts for their social needs and research has shown that a lack of quality
surroundings can lead to social breakdown with associated consequences such as
increased crime.

3-2
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The difficulty is that our surroundings are not an infinite resource. This is
true on a local scale and can be very apparent on an island where resources may
be quickly depleted and space comes at a premium but it is also true on a global
scale, for example, as we see resources of fossil fuels depleting and prices rising.

Different users are therefore in competition for the resources available from
our surroundings which puts pressure on the environment. The health of the
environment is therefore something that affects everybody which can make it an
emotive issue, but as we are all users of environmental resources, we are also all
responsible for maintaining its health.

The principle of sustainability is the key factor in preserving the health of
our environment and is defined as "meeting the needs of the present without
compromising the ability of future generations to meet their own needs” (UN
Brundtland Commission, 1983). Putting this concept into practice is a challenge
that we all face; from businesses whilst they are trying to develop and grow; to
government departments whilst they are trying to balance competing needs; to
individuals as they go about daily activities. This is a challenge that can not be
met individually. The surrounding environment and the surrounding pressures
must be fully understood and collaboration between all users of that environment
is needed in order for the pressures to be balanced against the environmental
capacity in order to achieve sustainability.

This paper explores what sustainability means to a port business; how to
integrate the principle of sustainability into the business; and how to go beyond
mitigation to develop a port operation that is not only minimising its negative
impacts on the environment but maximising the benefits of its activities to reach
economic, social and environmental goals in unison for true sustainability.

SUSTAINABILITY IN A BUSINESS CONTEXT

Sustainability is the stable, middle ground that can be enjoyed only when social,
economic and environmental needs are in balance. It has been likened to a tripod
as it needs all three legs or elements to create a state of equilibrium (see Fig 1).
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Fig 1: The tripod of sustainability

In some businesses the link between environmental impact and the
economic performance of the business are easily identified. For example, if you
operate a logging company and the intensity of your operation is beyond the
capacity of the forest to regenerate you will run out of trees to fell. As the
resource starts to run out the costs increase and the economics of the business
will be unviable causing operations to cease. If the operation is not sustainable it
has significant impacts for all elements of the tripod of sustainability.
Environmentally there would be huge impacts associated with complete
deforestation. The habitat for many species would be destroyed, the ecosystem
would fail and there is potential for some species to become extinct.
Economically the company would go into liquidation and there would be job
losses. Social impacts would be caused by the loss of jobs which would reduce
the income to the local community and could lead to an increase in crime and in
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addition a forest that may be a resource for food and leisure and an area of
historical importance would be destroyed.

In a port operation the link between the three elements of sustainability is
more difficult to discern as the environmental pressures placed on the local
environment are more complicated than balancing resource consumption against
the ability of the environment to regenerate those resources. Port operations put
pressure on the geophysical nature of that environment, the quality of
surroundings for human habitation and the ecological viability of the ecosystems.
However, economics are an important part of achieving sustainability and port
businesses are often key to the economics of their local area through the
provision of jobs, both directly and indirectly, as well as the economy of the
country due to the importance of the trade that passes through them. If carried
out in the correct way this economic benefit can also provide social and
environmental benefits improving sustainability overall.

As a business the economics leg of the tripod is often well understood and
assessed as part of every operation, development and decision. The integration
of the social and environmental considerations in to decision making will
improve the sustainability of the whole operation producing more effective
results in a more cost effective way. Greatest success is achieved when these
considerations are integrated from the start, so that a solution is developed with
“win win” scenarios for all factors, rather than finding a solution with an
immediate economic benefit but environmental and social impacts that in the
longer term have to be mitigated at an uneconomic cost.

DEFINING PRIORITIES FOR ACHEIVING SUSTAI-NABILITY
UNDERSTAND YOUR ENVIRONMENT

Different environments have different sensitivities depending on their
geomorphology, ground conditions, sediment types, hydrodynamics, atmospheric
conditions, the habitats and species present, human habitation and suchlike.
These and many other factors affect the assimilative capacity: the capacity of a
habitat to accept a substance without deteriorative effects occurring. For
example, the disposal of dredged material (assuming it is free from heavy metals
and contaminants) will have a lower impact if it is disposed of in a high energy
shoreline with fine sediments as the level of total suspended sediments is likely
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to already be at high levels and thus the habitats present are already adapted to
the impacts that would be created by introducing more sediment. If the dredged
material were disposed of in a low energy environment in which low levels of
suspended sediment were experienced it is likely that the ecological receptors
present would not be adapted to receiving a high sediment load and therefore
cause smothering and abrasion for example resulting in deterioration of the
ecosystem. In addition the low energy would reduce the ability of the ecosystem
to remove the impacting sediment and therefore the recovery period for the area
is likely to be extended.

Assimilative capacity is often associated with pollution prevention and
research into the assimilative capacity of water bodies is often a key element of
the levels set by permits for effluent release. However, the understanding that an
environment can only withstand pressure to a certain level which is dependant
upon the adaptive nature of the receptors to cope with the pressure and the
current or natural levels of pressure is applicable to any sort of impact from
pollutant release to visual impact disturbance. For example, construction of a
warehouse within an already busy port terminal will have a low impact because
visually the area is already animated and industrial. However, construction of a
warehouse within a national park will have a high visual impact because the
development will be intrusive on natural views with which it has no association.

Understanding the sensitivities of the environment in and around your port
is the first step in understanding the impact the port is having on the environment.
Sensitive receptors include residential areas; occupational areas; areas used for
leisure and recreation; designated areas; and protected and commercially
important habitats and species. All these areas have value as environmental,
economic and social resources. Consideration needs to be taken of the potential
for landside; marine and coastal impacts from the port operation and this should
be used to identify the geographical scope of the assessment.

Information on the boundaries and sensitivities can be obtained from maps
and charts, government agencies, environmental conservation groups, other local
industries and universities and research institutions. Data may also be available
from these resources and already be collected on a regular basis. A collaborative
approach could minimise costs, but it is important to ensure that the information
provided is the result of real research, actual survey and physical sampling and
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not merely theories about the levels of use of an area or the species that could
potentially be found in that environment.

It is likely that some survey work will be required to understand fully the
environments and receptors that are found in and around the port. For ecological
monitoring, the survey programme should consider the multitude of habitat types
that are found in the vicinity of the port and sample designs should be targeted
accordingly. Habitats exist on the sea bed, in the water column, on the quay
walls, in the intertidal zone and in the surrounding hinterland. Terrestrial
surveying is considerably easier as variations in habitat types can be seen and
sampled accordingly. In the marine environment the design of sample locations
must account for variations in influencing parameters such as: aspect, exposure,
proximity to human activities, physiochemical parameters and sediment type as it
is these parameters that correspond to variations in the habitats and species
present due to the different niches represented.

In order to monitor impacts on the human environment the survey
programme should look to capture different types of receptor and the variety of
impact levels. For example, residential, occupational and tourism/leisure
receptors should be considered along with their proximity to port operations,
shipping lanes and approach roads. The overall programme should highlight the
full variation in impact. Spatially, sampling should also correspond with the
variety of port activities so that impacts can be monitored and understood.
Temporally, sampling needs to account for seasonal and diurnal variation and
any other variation experienced locally.

The frequency of surveying is dependant upon the harbour authority’s
requirements, available resources and how transient in nature the sensitive
receptors identified are. A single survey will not provide a full picture as no
assessment of seasonal variation will have been made. A targeted surveying
package that was carried out once taking into account seasonality would however
provide a baseline understanding which could be accompanied by additional
surveys as necessary to meet the requirements of planning consents or permits,
responses to complaints etc. If resources allow, a regular monitoring package
can however, provide a useful Key Performance Indicator (KPI) with which to
measure the health of the environment.
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Once the environment in which the port is in is fully understood the impacts
resulting from port activities can be identified in relation to it; thus allowing their
significance to be fully understood.

UNDERSTAND YOUR IMPACTS

A number of tools are available to assist organisations in understanding
their environmental impacts. An Environmental Management System (EMS)
provides a systematic way to minimise the damage an organisation does to the
environment by understanding the impact of the organisation’s activities and
putting in place an action plan to reduce the impacts of those activities. The
concept is identical to the detailed safety and security and broader risk
management systems that will be familiar to all well-founded businesses.

The key elements of an EMS are:

e An Environmental Policy - this represents the commitment of the
organisational management to responsible and effective environmental
performance;

e An assessment of the current operations - this allows significant areas to
be highlighted showing where improvements need to be made;

e Objectives and targets (KPIs) - these provide the aims and context against
which environmental performance can be measured;

e Environmental audits — ensure that activities and documentation meet the
required standard,;

e A recognised standard (e.g. 1ISO14001) — this provides assurance of the
organisation’s environmental performance to an externally recognised
standard.

There is rarely any legal requirement for any organisation, let alone a port,
to adopt an environmental management system but an EMS helps an organisation
respond to government legislation, work towards improved environmental
performance and show its neighbouring community what it has done to recognise
its responsibilities and deliver on its promises. This is why the Port of Dover
places so much importance on its own EMS.
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The EMS works by setting out a review of all port activities and identifying
all the environmental impacts of each aspect of that activity. For example using
lighting has aspects associated with energy use, resource consumption when
procuring the bulb and waste production when disposing of it. The direct and
indirect impacts are identified. For example waste production has the direct
environmental impact of waste being buried in the ground but also the indirect
impact caused by transportation to and from the landfill site. In addition,
consideration should be made as to how these impacts vary with scenario, i.e.
normal, abnormal and emergency conditions. This will allow the potential
impacts that could result in emergency conditions to be identified and planned
for linking in with port emergency planning.

An assessment is made of the significance of each impact through the use of
a defined scoring system. How significance is calculated is up to the
organisation but is usually through an equation based on a scoring system for a
combination of some or all of the following elements:

e Severity,

e Likelihood of occurrence,

e Interest,

e Legal implication — i.e. if legislation is applicable to that impact.

Once scores have been defined, a threshold level above which a score is
deemed significant is set and the significant environmental impacts can be easily
identified. Objectives and SMART (Specific, Measurable, Achievable, Realistic
and Time specific) targets are then put in place in order to reduce the most
significant environmental impacts.  Each significant impact should be
accompanied by a target to reduce it and each target should then be accompanied
by an action plan describing how the target will be achieved such as through
control measures, awareness campaigns, mitigation measures, engineering
projects etc.

A monitoring programme needs to be implemented to measure the progress
against targets and these should be reviewed on a regular basis, as determined by
the organisation to ascertain whether they are on target. Regular review of this
whole system will allow the port systematically to identify and reduce its most
significant impacts which leads to a continual improvement in environmental
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performance. It will ensure that new legislation is incorporated as necessary and
that the environmental impacts associated with changes in operations are fully
accounted for and controlled.

Environmental Impact Assessment (EIA) is the tool used to identify the
consequences of a project from construction, through operation and if appropriate
in decommissioning. Mitigation measures are identified and agreed upon to
reduce impacts that are unacceptable. It is important to realise that EIA is a
process and that as impacts are identified the design of the proposals or the
construction methodology should be modified to eliminate or reduce the negative
impacts and maximise the beneficial impacts. It is therefore an iterative process
that should be commenced at an early stage to allow consideration of
sustainability to be an integral part of the project development. EIA is not only
about ecology. It is, “A process for identifying the likely consequences for the
biophysical environment and for man’s health and welfare” (Amended EIA
Directive (97/11/EC)). It therefore takes into account the economic, social and
visual impacts and impacts on leisure and heritage; many of which will be
beneficial or there would be no purpose in the project.

Consultation with stakeholders and government agencies at an early stage is
the key to a successful assessment and will lead to wider project acceptance.
Their involvement in approving assessment methodologies will ensure that their
concerns are properly accounted for and that they are satisfied with the results.

Neither EMS nor EIA is always used to their full advantage as they are
often only used as an after thought to the original operation or development plan.
At this stage they can only be used to identify mitigations to reduce the affects of
an impact. Use of EIA and environmental assessment from the inception stage of
the development process allows more impacts to be designed out and eliminated
and the potential for collaborative benefits to be obtained. Integrating
sustainable thinking into management decisions allows impacts to be eliminated
and beneficial environmental and social goals realised.

CONSULT AND COLLABORATE

Successful implementation of sustainability requires the support of all port
staff so that it becomes a key consideration of actions from management
decisions, to engineered solutions to operational practices carried out by the
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worker on the ground. Education and training is the only way to ensure full staff
participation. Training should be focussed on the specific elements of
environmental management that are relevant to the role of that individual and
provided in the form that is most accessible to their needs. For instance,
PowerPoint presentations are a useful tool to present concepts to management
teams but practical activity and participation convey a clearer and more
memorable message when providing training on equipment or physical processes.

Staff participation is one of the most difficult challenges of any
environmental programme but techniques can be used to improve success.
Increase the assimilation of information throughout the workforce by using a
variety of mediums to convey a message and any activity that can be
incorporated into the training session that gives the trainee the opportunity to put
that message into practise themselves will help them remember their training and
incorporate it further into their own working practices. Key messages need to be
repeated on a regular basis in different forms to maintain their prominence
without losing the interest of the audience.

The importance of building relationships with external stakeholders is also
of key significance. Communities, businesses and environmental groups that are
located within the vicinity of the port will have the greatest interest in its
operations, developments and environmental performance as they are the groups
that are most impacted. Any pollution that is emitted from the port or the vessels
and traffic using the port will be directly affecting the environments in which
they live and work. If the port operation is not sustainable it is likely to impact
their lives directly as it will reduce the ability of the environment to support their
functions. A poor relationship with local stakeholders can create opposition to
port developments, negative publicity and increased support for stringent
regulation. Regular and transparent communication on matters of interest builds
trust amongst parties and providing organisations and individuals with the
opportunity to comment shows consideration and demonstrates that their views
are of importance to the port authority. Again, this is provided through a variety
of mediums and messages expressed in a variety of way to target the specific
interests of the organisations involved and increase interest and participation.

Regular meetings and face to face discussions with different interest groups
are one of the best ways to achieve results. The personal relationship that is built

3-11



4 pBEEFEE ARI00E 9
RCE

up between the port managers and the external party can lead to positive
collaborations that can minimise costs and ensure that actions taken are in line
with expectations. Communications, through press releases, newsletters and
posters reach a wider audience but with a lower degree of impact on each
individual. A variety of these types of measures will provide the best coverage
with focussed attention in areas of higher importance.

The implementation of sustainable practices requires external education on
the important role of ports and their operations and internal education on the
importance of sustainability. The knowledge sharing that takes place through
effective two-way communication with staff and external stakeholders is the key
to achieving the understanding that all parties need in order to determine where
the balance of sustainability lies.

PORT PRESSURES ON THE ENVIRONMENT AND THE
POTENTIAL FOR WIN-WIN OUTCOMES

Through following the steps in the “Defining Priorities for Achieving
Sustainability” section each Port Authority can determine its own priorities based
on the impacts of its specific activities, the sensitivities of its surrounding
environment and the needs of local stakeholders that are also users of that
environment. Mitigation measures can be defined and used to reduce the impact
on the environment but as discussed realisation of true sustainability requires
organisations to seek environmental and social benefits alongside their economic
agendas to deliver win-win outcomes.

The following sections focus on the ports relationship with the geophysical,
human and natural elements of their environment. The importance of sustaining
this relationship in a non destructive manner and how to develop it in a way that
provides economic, social and environmental benefits as an integral part of
operations to deliver true sustainability within the vicinity of the port.

GEOPHYSICAL ENVIRONMENT

The geophysical environment must be a major consideration and the
impacts on it need to be understood as a starting point before embarking on any
development or operation. No environment is fixed. All environments are being
consistently modified by the elements, ecology and geological processes. The
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actions of the wind, water and ice erode away mountains, cliffs and shorelines.
Tectonic activity creates and destroys land, building mountains and trenches.
The processes of succession and colonisation modify environments making them
more stable and hospitable but creating changes in the physical and chemical
properties. Humans interact with this system in the same way as any other living
organism. Our activities create changes to the physical and chemical properties
of our surroundings and this can have a subsequent impact on other wildlife and
our own society and economy.

By its nature the port industry is located on the coastal boundary between
land and sea or on an estuary. These are highly complex and changeable
environments which can make them sensitive to our activities. Erosion and
sedimentation are often the main physical processes taking place but this may be
stabilised by further ecological influences such as mangrove swamps or algal
films.

Impacts to the geophysical environment are neither beneficial nor
disadvantageous in their own right. It is their effect on the human and natural
environment that can result in beneficial or negative impacts. For instance an
increase in erosion along a coastline with no inhabitants is of little concern; a
change in the flow regime of a river would have little impact if there was no
ecology depending on it.

Within the sensitive coastal system the port is a focus for industrial activity.
The construction of physical structures and the dredging of lanes, fairways and
harbours can have a huge impact on the hydrodynamic and sedimentary regime.
In addition anything that is impacting a stabilising element of the ecology can
also cause significant changes.

Without a full understanding, poor decisions made in this area can lead to
difficulties with navigation, increase dredging requirements and lead to poor
berth performance due to unfavourable hydrodynamic conditions. The changes
in sedimentary regime can affect the stability of the whole system leading to, for
example, undercutting of important infrastructure, sedimentation of amenity
waterfronts and changes in ecosystem functioning and habitat destruction. There
is potential for negative consequences for all elements of the sustainability tripod
with costs to the environment, society and the economy. Mitigations and
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solutions tend to be focussed on costly engineered solutions to counteract any
changes that result in negative impacts.

There is however, the potential for beneficial consequences. Detailed
survey and modelling is essential in order to understand the coastal processes and
hydrodynamics of your port location and determine any affects caused by port
operations or developments. Wave climates and regimes of tide, current and
sedimentation should be assessed. This should determine not only if the location
of sedimentation is likely to be affected but also the sediment types involved
based on particle size.

Potential win-win scenarios include, aligning piers and harbours to provide
the most favourable conditions for operations as well as reducing the effect on
the existing current regime. Modifications in design can be assessed to ensure
that sedimentation is minimised which reduces the dredging requirement and has
the corresponding benefit of minimising smothering on any species or habitats
that are sensitive to this kind of impact. The sheltered areas that are created for
berthing and safe navigation can often provide fish with important breeding and
nursery grounds; and useful leisure areas to the community with the relative
safety of the reduced wave and tidal energy.

In Dover, research has shown that the relatively low energy environment of
the harbour has environmental benefits as it is an important breeding ground for
endangered species such as thornback rays and a nursery ground for
commercially important species, such as plaice and sole. The unusual habitats of
granite walls within locked basins create a diverse and distinct range of algal
species, some of which are extremely rare within the region. The coastal
defences put in place to prevent erosion have created an important amenity beach
which, due to the calmer wave and current climate is widely used by the people
of Dover for recreation.

RECREATIONAL STRATEGY

The city’s beach inside the harbour is vitally important to the well-being of
the city’s residents. They are able to enjoy a wide range of sea sports and
bathing as well as using it as a place to meet and relax. Such recreational
activities, if not properly managed, could be in opposition to the commercial
activities of the Port and consequently detrimental to the success of the DHB’s
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business. Even these diverse leisure activities can create hazards, one to another
such as between boats and swimmers. Consequently DHB has developed a
leisure zone safety strategy to segregate different users to ensure their safety
within the busy Port environment. Buoys are used to delineate the different
zones and signs are used to increase awareness amongst port users (see fig 2).
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Fig 2: Recreational Strategy

The strategy was developed through consultation with regular user groups
to determine the best way to segregate the area in a way which met the needs of
all users. This inclusive process increases the buy in from users to maintain the
agreements that have been put in place.

HUMAN ENVIRONMENT

As a focus of industrial activity, port locations can often be close to towns
and cities, many of which have developed as a result of the jobs and transport
opportunities provided by the harbour. Although the town may rely on the
harbour for financial prosperity, ill feeling can develop due to negative impacts
resulting from operations and developments. The human environment can be
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affected by traffic congestion, poor air quality and noise disturbance. Issues can
arise due to lack of amenity access, visual disturbance and the interaction with
areas of historical importance. All of these factors have associations with human
health, social value and economic prosperity. If local perception of
environmental performance is poor this can have negative impacts for the Port
Authority, because, as discussed in the “Consult and Collaborate” section, the
influence of local people and organisations can lead to increased costs and
operational difficulties. In addition many port staff will be amongst those
negatively impacted which can reduce the performance of the organisation
although they will also be the people who are most aware of the importance of
the port business being successful as it relates directly to their jobs and quality of
life.

Regular engagement should be carried out to encourage two-way
communication with stakeholders including customers, local people, government
agencies, leisure and industrial users and conservation groups. Once a good
understanding of stakeholder needs is obtained developments and operations can
be modified so that they do not inhibit the needs of others.

The Port of Dover has experienced rising traffic levels as part of its RoRo
ferry operation over the past 30 years and projections show that this trend is
expected to continue over the next 20 years. Capacity of the current RoRo ferry
terminal is likely to be breached in the near future and plans for a second
terminal have been developed through a 30 year master planning exercise.
Consultation with local stakeholders has taken place throughout this exercise
giving people and organisations the opportunity to be involved with the
development of the plans from the inception stage. The plan for a second
terminal was in itself only one of the solutions that was originally presented to
stakeholders but was determined at a high level to have the lowest negative
impacts as it involved developing an existing industrialised site within the current
operational harbour space. It was the solution that was most favoured by
stakeholders as well as providing the best economic and operational solution for
the harbour authority. Key features that were of importance to the local
community were developed even at this stage. The most significant example is a
new marina which is to be developed in a location that would provide a focus for
the city authority’s plans for regeneration in order to maximise the social benefits.
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Whilst a marina and especially the recreational amenities provided within a
harbour rarely meet the financial objectives of a successful commercial port
business, there presence does help greatly to alleviate objections from local
residents to future port development proposals. Furthermore, the presence of
such leisure zones can provide a an invaluable buffer between the residential
areas of the city and the industrial terminal operations of the port.

The Environmental Impact Assessment of the terminal commenced whilst
designs were at the outline planning stage allowing the views of stakeholders to
influence the design materially. Views of historically important features were
maintained through the development of a signalised junction at the terminal
entrance instead of a more costly flyover and plans for a new channel would
allow the only remaining historical dock basin to remain navigable as well as
allowing fish migration into an important local river. Agreements and working
groups are now in operation to take the plans through design phase with setting
and context being used as important themes upon which to ensure the design is
integrated into its surroundings which are of historical importance.

Planning in this way has provided huge benefits for the port authority as it
has allowed the proposals to be developed with acceptance and agreement from
all stakeholders, reducing contentions and associated costs and eliminating the
need for government intervention.

A layer below the spatial planning approaches described above, more
numerous but smaller scale win-win benefits to the human environment include
projects to improve traffic flow which have the benefit of improved operational
and business efficiency but also deliver additional beneficial impacts on air
quality. Engines operate less efficiently at the low speeds associated with
congestion which increases the emissions released. Improving flow, through
junction and signalling improvements and well designed and sign posted
networks (perhaps including variable messaging) can therefore lead to significant
improvements in air quality.

However, in practice, the solutions are not quite so simple. Actual air
quality is a result of not only through flow and traffic speed but also
geomorphological and meteorological conditions so detailed modelling is
required to ascertain if a proposal does deliver improvements and their likely
scale. When planning sites and road ways, consideration must also be given to
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the effects of canyoning, where buildings can reduce the dispersion of emissions
creating areas where pollutants become concentrated.

NATURAL ENVIRONMENT

As ports exist within the coastal zone their impacts span a variety of
environments. The geophysical and chemical pressures vary greatly as you move
from the marine to the terrestrial environment and this variety is mirrored by the
changes in species and habitats that are present. Coasts are important zones for
algal species, molluscs, crustaceans and annelids that live on and within coastal
sediments; birds that use these areas as important feeding, breeding and roosting
grounds; and for many fish, turtles and marine mammals they form breeding
grounds, nursery grounds and migration routes. Rare and protected habitats from
mangrove swamps to vegetated shingle are found, all of which have different
abilities to cope with varying levels and types of pressure.

The species present have developed to be adapted to the specific
environment they are found in and are easily disrupted by even minor changes.
This great variety and high sensitivity means that the coastal zones contain
species and habitats of high conservation importance. This is reflected by the
number of designated areas that follow or mirror the coastline. These are
regularly found within the vicinity of the port operation. As ports are a focus for
industrial and social activity the pressure on these fragile ecosystems can be great.

Depending on the types of damage and how it is caused pressure to protect
these systems may arise from legislation which provides hard and fast rules
against which the operation must conform or incur penalties for non compliance.
A poor reputation resulting from environmental damage will make stakeholder
engagement more difficult and reduce support for port projects. It may also
become a driver for the creation of new or tougher legislation. Environmental
damage can also have devastating consequences for local societies and
economies. Pollutants can cause the balance of nutrients to be tipped, causing
algal blooms which greatly increase the turbidity of the water, reduce oxygen
levels and can release neurotoxins. They can have devastating effects on wildlife
which can have knock on effects for the local fishing industry. The unsightly
nature of the water will also impact leisure activities and reduce the potential for
tourism.
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The habitats that have developed have often stabilised sediments along the
coast reducing the effect of erosion. Damage to these habitats, such as mangrove
swamps, salt marshes and mudflats can therefore increase erosion causing the
land on which human assets exist to collapse and fail. Operations that are out of
balance and do not protect the environment are therefore likely to also have
significant negative consequences for the social and economic elements of
sustainability. Developing a good understanding of the environmental processes
that are taking place within the vicinity of the port environment will allow the
port authority to make informed and justifiable decisions which allow port
operations and developments to take place in a sustainable way without
damaging valuable local environmental assets.

The white cliffs of Dover are an internationally recognised feature of huge
importance. Walks along the cliffs are one of the main tourist attractions for
visitors and a widely used leisure area for local people. The habitats that are
found at the top of the cliffs are chalk grasslands that are highly protected as a
European Special Area of Conservation and an Area of Outstanding Natural
Beauty. Chalk grasslands are however, very sensitive to nitrogen deposition as
this increases the nutrient level beyond it’s normal balance allowing species that
do not naturally grow within a chalk grassland to proliferate and destroy the
habitat. There was a potential that changes in traffic flow as a result of the
Terminal 2 development would increase the levels of Nitrous Oxides from
exhaust fumes along the approach road adjacent to the chalk grasslands and
therefore cause an increase in nitrogen deposition.

Detailed modelling was carried out to assess if this would be the case. It
involved traffic modelling, air quality modelling and deposition modelling to
determine if this would be the case. All of these studies were carried out in
consultation with the local authorities and stakeholders that have knowledge and
expertise in these various areas to ensure that they were happy with the
methodology and would be satisfied with the results. Consultative parties
included, the Highways Agency, the local authority, the Kent Wildlife Trust, the
Environment Agency and Natural England. Only once the assessments showed
that there would be no damage to the area could the agreement be reached on the
proposals. Conservation of this habitat has significant benefit to the port itself as
it is an excellent asset with which to advertise Dover as a cruise destination.
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Smaller projects that have also had win-win scenarios have included the re-
use of pontoons within the marina to maintain the habitats that have developed
on them and save costs and inviting local conservation groups to view the results
of engineering surveys of culverts to assist with studies on fish migration.

CONCLUSIONS

Ports have significant roles to play in the economic prosperity of all nations
and are therefore key pieces of infrastructure required to deliver a prosperous and
sustainable future. There is however, potential for significant environmental and
social impacts to result from their operations due to the sensitivity of receptors
within the vicinity of the port so a balance must be struck.

Ports are commercial businesses with a clear objective to maximise their
economic opportunities so they will strive to make the economic leg of the
sustainability tripod as high as possible but they are also long term infrastructure
developers so environmental sustainability must be considered over that same
long term by application of master planning.

Ports can improve their environmental performance through mitigating their
impacts but the goal of sustainability should be to maximise environmental and
social benefits in unison to match the high economic leg rather than trying to
simply reduce negative impacts so that not only is the sustainability tripod in
balance but it is at its highest possible level.

Ports must consider their effect on the geophysical, human and natural
environment in order to understand fully the impacts and the options for
mitigation or strengthening in order to create sustainable win-win outcomes.

Ports need to establish robust and reliable environmental monitoring
regimes in order to understand their impacts through Environmental Management
Systems and impact assessments. Collaboration with existing port users and
Government agencies can often reduce the cost of such data collection and
monitoring processes.

The key to success for the port’s business is in striking the right balance that
allows progress and growth. At the Port of Dover, we have found that the way to
do this is to undertake extensive and effective consultation with the port’s
stakeholders — in short any business, government agency, city council, residential
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group and individual citizens who are, will be or believe they may be affected by
the port’s development proposals and operations — to ensure that there is a clear
understanding of all the issues. Once understood, the port can and should take all
reasonably practicable and affordable opportunities to address the issues, whilst
accepting that full agreement on every aspect is an impossible dream, such that
its development proposals are perceived to be reasonably and justifiable by its
stakeholders and can be implemented on time and to budget.

3-21



B4 FBERAE VE100E 9
i g

SINGAPORE’S GREEN PORT AND URBAN
DEVELOPMENTS

Der-Horng Lee’
ABSTRACT

The Port of Singapore is the world’s busiest transshipment container hub
and connects to over 600 ports globally. On the way from a small fishing village
to a modern port city for Singapore, the port has played a vital role and become
an economic necessity up to now. On the contrary, the characteristic of the
Singapore in lacking natural resources also boosts the development of the port.
Nowadays, as the concept of sustainability is becoming more and more crucial,
ports are facing new challenges, such as how to make ports to be more
environmentally-friendly and how to balance the interests between port
development and urban expansion. This presentation will investigate such issues
that came up recently in Singapore.

Content

1. Introduction to Singapore
2. Singapore Port Relocation Proposal
3. Green Port Management & Operations

4. Government’s Initiatives

'Department of Civil & Environmental Engineering, National University of Singapore
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* Port of Singapore
— 2010 throughput: 27.68 million TEUs
— World's Busiest Transshipment Hub
— Connect 600 ports globally

— Daily sailing to every major port in the world

2. Singapore Port Relocation Proposal

Why to relocate container terminals?
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* Relationship with city redevelopment

Singapore the freed up land to make it a new waterfront city.

- Explore space-saving approaches to port terminal development.

- The coordination between the urban expansion and the port development is an
essential but tough task which requires from the government a lot of strategic

perspectives and visionary judgments.

* Relationship with MRT Developments
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3. Green Port Management & Operations

Port of Singapore constantly innovates through automation and the use
of intelligent systems to enhance its customers' hubbing operations and
competitiveness.

Its operations are managed on a network of more than 300 advanced
Servers.

— | S e ] e e mmaE ] | et Comeaniy

—

« Computer Integrated Terminal Operations System
(CITOS®)

— First developed in 1988

@) PORTNET®

— An Enterprise Resource Planning system

— Coordinate and integrate all equipment and resource, e.g., yard cranes, quay
cranes, prime movers ...

— Allow seamless manage of equipment and people in real-time

M%E . ------- i mm _ 5 .......... E --- ™
CITOS" ) _ ]
COMPUTER INTEGRATED _ P -

TERMINAL OFERATIONS a A e e At Cnne
SYSTEM [ e - * i - - i
I ol Qpeationg I Vewwnal ek i Wove Foster \iﬂ'v.\;-r"l;lﬂt.

Comnrulenz  Opem S Operati ey Dexters

=

* Flagship IT solution -PORTNET®
— An information platform for the port and shipping community
— E-business operations in the maritime and shipping industry
— World's first nation-wide business to business (B2B) port community solution

— Help to improve increase productivity and efficiency
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COMMUNTY
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* Flow-Through Gate system

— A fully automated system — 25 seconds to identify container trucks and give
drivers instructions

— 700 trucks per peak hour, and 8,000 trucks per day

4. Government’s Initiatives

» Maritime Singapore Green Initiative

— The Maritime and Port Authority of Singapore (MPA) invests S$100 million
in a five-year Maritime Singapore Green Initiative starting from 2011.

— Seeks to reduce the environmental impact of shipping and related activities to
promote clean and green shipping.
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Green Green Green
Ship + Port + Technology
Program Program Program

» Green Ship Program
— Target at Singapore-flagged ships

— Provide incentives to ship owners who adopt energy efficient ship designs
that reduce fuel consumption and carbon dioxide emissions

— Enjoy a 50% reduction of initial registration fees
— Enjoy a 20% rebate on annual tonnage tax

— Be recognized through certificates

» Green Port Program

— Aim at encouraging ocean-going ships calling at the Port of Singapore to
reduce the emission of pollutants like sulphur oxides and nitrogen oxides.

— Ships that use type-approved abatement/scrubber technology or burn clean
fuels with low sulphur content beyond MARPOL requirements within the
port can enjoy a 15% reduction on port dues payable.

» Green Technology Program

— Aim to encourage local maritime companies to develop and adopt green
technologies.

— MPA will set aside S$25 million from the Maritime Innovation and
Technology (MINT) Fund for this program.

— If response is good, MPA will set aside another S$25 million for this program.

» Maritime Singapore Green Pledge

— To promote and support clean and green shipping, MPA also organized the
inaugural Maritime Singapore Green Pledge signing ceremony during the
Singapore International Maritime Awards.

4-8



B4 FBERAE VE100E 9
i g

— A total of 12 key organizations from across Maritime Singapore came
together and pledged their commitment to promote and support clean and
green shipping in Singapore.
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Modeling of the ecological dynamics in Kaohsiung Harbor
and its adjacent areas

Weirung-Rung Chou'? Kwee Siong Tew® Lee-Shing Fang
ABSTRACT

To understand the ecological dynamics in Kaohsiung Harbor and its adjacent areas,
we analyzed biotic and abiotic data from environmental monitoring programs from
Chang Hua to Kaohsiung coastal area. The results showed that Kaohsiung Harbor
contained high diversity of benthic fauna. The diversity of benthic crustaceans in the
harbor was higher than at the slag disposing area and coastal area, while the community
was similar to Chiku lagoon in Tainan. The dynamics of water quality and sediment
composition and chemistry were compatible to the dredging of Chienchen River.
During the dredging, the abundance and number of species of the benthic organisms in
the harbor were significantly lower, while the community was significantly different.
Before, during and after the dredging, the phytoplankton species compositions in the
harbor were significantly different. The coastal area south of Kaohsiung Harbor was
affected by the discharge of power plant cooling water taken directly from the harbor.
Principal Component Analysis revealed that ammoniatorganic nitrogen and heavy
metals were the major components (23.8% variance explained) affecting the area.
Structural Equation Modeling (SEM) revealed that heavy metals enhance the growth of
dinoflagellates, while ammonia+organic nitrogen have a positive effect on diatom
growth. The nutrient concentrations, percent water content, organic matter, and heavy
metal concentrations were significantly higher in the sediment of harbor sludge
dumping area as compare to the control area. The abundance and species of benthic
organisms in the dumping area were significantly lower than the control, while the
communities between the two were significantly different. The model of the surface
planktonic communities revealed that suspended solid originated from the dumping
positively affected blue-green algal growth. In conclusion, analyses of the
environmental parameters from different environmental monitoring projects around
Kaohsiung Harbor and its adjacent waters revealed that discharge of cooling water and
sludge dumping, both originated from Kaohsiung Harbor, were the major influences on
the ecological dynamics in Kaohsiung coastal area. The dredging of Chienchen River
was probably the most important factor that change the water and sediment chemistry in
the harbor.

Keywords : Kaohsiung Harbor, Marine Ecology, Chienchen River, Principal
Component Analysis, Structural Equation Modeling
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Factor loading (N=37)

PC1 PC2 PC3
P di 1B -0.627 -0.251 -0.296
E R T 0.744 -0.105 -0.232
Bk 0.885 0.024 -0.022
b i -0.160 -0.077 0.920
LA -0.105 -0.022 0.936
porgiva] 0.851 -0.095 -0.131
B WA 0.684 0.098 -0.042
¥ 0.688 -0.077 -0.188
af 0.016 0.993 -0.017
& -0.013 0.992 -0.025
48 -0.003 0.988 -0.046
Eigenvalues 3.603 3.048 1.758
Variance(%) 31.2 27.8 17.5
Total variance(%) 31.2 59.0 76.4

%32 BT ALHKLEFF SR

One way ANOVA Multiple Comparison
F p
Scorel Year  3.55 0.005«  Comparisons for factor: station
(%% @) 1995% 1994*°1996"° 2000* 1997
1998 1999°°2001°°2002°2003¢
Score2 Year 0.876 0.558
(£ &%)
Score3 Year 0.785 0.632

(7 )
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Two way ANOVA Multiple Comparison
F P

Fe Year 431 0.016«  Comparisons for factor: year
# Station  2.016 0.069 2002-2003" 1999* 2000-200]
#  Year x 1.644 0.088

Station
2 Year 3.231 0.043* Comparisons for factor: year
] Station 1.579 0.159 2002-2003* 1999* 2000-200
#i  Year x  0.955 0.495

Station
B Year 3.101  0.049* Comparisons for factor: year
B Station 1.869 0.092 1999*  2002-2003*® 2000-200
B Year x 1.302 0.226
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T~ BPR R e BE AL EORE

%#§%¢WH~‘Z: gl s BT BABEI R ¥ H K
RSB RERR RS 0T L5 %‘é%ﬂ%iﬁ”m¢ﬁ>‘%ﬂ$
R R > WS A SR @ RRA AR S N T R R R
RS %]"JJ ? Mz B FE B A GHIE T ENZE FENEL T
Ao BV R HRAABREA S PP B L5 LEE o 2l Hpp
ﬁ%ﬁﬁ¢’%lﬁﬁ%,ﬁFiLfﬁ*%ﬁ%%%iﬁ”ﬁﬂ’ﬁgﬁ
d%ﬁ%mﬁ%ﬁ%%wf“« SE A AL P T Pk F ek
AR B AP EORBEBFTRLLLEMN AT T A E R
m?i LEJLFA4#mpwa?\ﬁ’uad£&%a@d§ﬁ%m
B 1% o

s}r
FE-

4.1 % BRIk R

d 1997 & 1 2005 & - 12 B p|=k(B) 4.1) 2543 {{ﬁ;;:}j%\m,l_ ARS8
ﬁ—i”gﬁ$¢ﬂﬂ%’WkF%ﬂﬁmﬂM(%4D Horik o2 Rk
Aul G Tip k2 Eﬁf&“&\m FFrdeng TEEB TRAR
2 TRk o m 2(42)R 5 pg\‘v\%’*/\év\ﬁtﬁ BplEk 2 FF ¥R s



B4 BHEREHE VE100E 9
X

RS o P 5 1 X adh(hp R R B e (F=46.12 p<0.001)
giplzk (F=2.3 p=0.009) 25 BFL L > Rl Eof 0 8200 i gt 5o ik
G -AEPEALRY BFCHEAL P (£ 42) d PR E 23X
T RE T J\#Hiﬁi’* » @ Rl G AR I'ﬁ%ﬁé A TiRp k2 B
B )@:}%%"\F e e d AR BR R TR ST 00
FEEE S EE @i‘”’ 1‘[1 UV Aok lli””}&iﬁaﬁd Az T ® IR
Bl - B AP o pehs B F BT FRAR R SRR (F 3] ST BT
P IR ST RSB TAHRB o FY AT LR
PR NEA 2 I R 1 = G D LI A

B2 F (R F ﬂ“&a)m»ﬁ@%ﬁﬁmu@ﬁF@¥Lq@ﬁﬂ
(interaction) (F=1.31 p=0.03) > % 1997~2002 & #p & > ip| =k E’ﬁ o RE )
A% > @ £ 2003~2005 & # > PlsE E #ao] m'F—’W gu Bt (£42)04d
A AR R o B e & FF(1997~2002 E) 0 % § F e § ERERE O
B F AL KT RS ATk BT e T (GR b E) v @A H,Jﬁi/; e D SR
2003 £Ae > TR P AL F A PUSF o o Fpt > B SERNET 0 8k
AR §F RPN kIR L AR AR E aué'g_,ﬁ% kB 2RS4

B 2 gaes A g RS ko m B g § g 540 B
Boom (s~ *#mfimﬁk‘f’/ grokm s m BRI AAE g M- 5]
ARG DI - S A R A8 2 KV i P2 i O 7’@/\4'7"2%—7‘%‘

Beng § 2 e\ g o

532 Adh(E £ F)PA 1870 #(F=44.77 p<0.001)gr ;p|zk(F=15.25
p<0.001) #=5F B E LB (% 42)> ¥ pl=b E P asR < > 2= 5= Fo
A BEHLR sk E B G H T~ LT S Rsbplip o] « 230t 22
Wl A RTFIREH (1997 21999 ~ 2000 £ ) £ & Bk A K > & 2001
T AR RN > & A 2002 T 5 F 0 2 {82003 T 2005 E FR|x @
Bt (2 42)- £k Bamap kp €9 w4LP ~ BARIEZ R
TARENE LB A EREFELBFAEE Vo e P FABLY
e ST E R wr B ERER L hgE > TE R LT B
S AR T RS Frok B e TRl E)eR R BRE 0 42 5 8 (1997 ~ 1999 ~
2000&) EABERF > A dir B Aeanid 12602001 £ & P B 4 o

i 2002 # i 5 Jﬁxrs s @O e E AL 2 A AL 0 f 2003 423 2005 E
Fs'x& _—Ef,_%%gf’ LF SN

424 (v 5 4 18T 0 & (F=32.68 p<0.001) 7 ¥ £ & »
Hoe 1997 #9454 eniFd s BE (£ 42)0m 1997 # Ajagg4 1 L@

5-10



B¢ EMERFAEE ARI00E 9
%‘;f rng.

BB T AT I, mp  pE g ik R R T A AR R
5 gensg b B o

%5 AR Rk AT ET EELE (F-168.9 p<0.001)-
ﬂﬁiﬂﬂwWAW%ﬁﬁabﬁﬁﬁaﬁ@&Jme%2ﬁW@%ﬁhs
7 2003~2005 & #ig { ~ (% 42) F B&A82 Rk & &% i
AR T BT E RZRBIFERLOGAERBEF I M-

T BARZRBREEFEY o TgFaeg 2 TELER, PN
P BB T a-*é&‘/ﬁm?f;rp Moo 2 R R E H23.8% 0 LR EA
AERB e TR & T -

42 & B30 8 E B

Byt I BRBERE TG P EEFES P R T R DRTR
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Factor loading (N=2543)

PCl FPC2 PC3 PC4 PC5
0.492 -0.049 -0.216 0.040 0.403
0.777 -0.081 0.175 -0.011 0.192
0.356 0.169 -0.432 0.119  -0.247
0.046 0.125 0.105 0.053 -0.804
-0.851 -0.062 0.058 -0.014 0.082
-0.744 0.249 0.073 0.027 0.042
0.097 0.201 0.145 -0.081 0.533
-0.014 0.865 -0.072 0.004 -0.050

LK R -0.191  0.812 0.129  -0.022  0.089
4 5y BS 0018 -0.066 -0.026 0.808 -0.189
HE A MR i A -0.006  0.046 0.023 0.848 0.053
£ 0.026 0.085 0.755 -0.041 -0.192
22 -0.007  0.024 0.782 0.076 0.099
Figenvalues 2.298 1.581 1.509 1.407 1.295
Variance(%o) 17.680 12.164 11.608 10.820 9.963
Total

17.680 29.844  41.452

h

2272 62236
variance(%o)

242 BB RV HRABSKTLS DS 00 G2 RBEAH
3 % €t i (Tukey Test)

ANOVA Multiple Comparison
F 2l
Scorel  Year 46.12 <0.001++  Comparisons for factor: year
Station 2.30 0,009 1999® 1998% 2000° 2002° 2003°* 1957°% 2004™ 2001% 2005°
year®station 0.79 0.929 Comparigons for factor: station
J-a Iab D ah Hab Lab Bab Cah I\:Bh Fab ‘i\abc (:ibc Ec
Scorel  Year 51.35 <0.001=  Comparigons for factor: station
Station 7.68 <000 wer within 1997 E*F® L* G* H* I B* IF ¢ K° D" A®
year*station 1.31 0.03« within 1998 E*A®BTF"GPI"H*D*L"I" C"K"

within 1999 FE® H® ™ 1 aA* ¢ p¥ 1 1 p™ g*
within 2000 E* ¢ G¥° e pibe g @ed grbed poed ged pod e pé
within 2001 E*B*F® A™ H” ¢ D™ K™ G L' I°I°
within 2002 E*F*A®B D G C*HPLPKPI°T®
within 2003 C*DPL " PF K E 1" B A" 1"
within 2005 not significant
within 2005 not significant
Comparigong for factor: year
within E 2000 1939 2001 2002"°* 1997 1908°* 2004% 2003 2005°

Scored  Year <0.001=+  Comparisons for factor: year

Station 15.2 <0.00 1w 2002° 2003* 2001° 1998° 2005° 2004% 1997% 1999% 2000°
yvear*station 1.25 0.06 Comparisons for factor: station
Ea Fb Cc I{C Dcd Bcde A__.&cde Ide Lder‘ Jet Her‘ C_i_r'

Scored  Year 32.68 <0.001==  Comparigons for factor: year
Station 0.77 0.67 1997% 1999 2003% 20007 1998°° 2005°° 2004 2001° 2002°
year®station 1.04 0.38

sScores  Year 168.9 <0.001=  Comparigons for factor: year
Station 1.60 0.002 2003° 2004 20057 2002° 2000™ 2001° 1999" 1998° 1997°
year®station 1.04 0.393
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d 2001 £ 3 2007 & > BB AT XA LT F- 2 F e A
AT EEAMATRE NTIA%E S1) Bk iz ALY E LB
Tap s TR RE 2 T2 7 o d 2 E4EIF 3T 2000 1 2001
EYPFEFREEL > T302001 2 2002 # & B % - FEE & - FFEa
Ficlf  aR(G2): 2D AT ES - GRS ])E 5220 fh(F £ B)
b B0 B A 20012002 F R R B ¢ A AT R et
G R AR ORIRE D PR RIRRRE  Fiold ¥ - #£(2003 £)hA F
Pl Bl = QA& > F AT 5 D7) @A d vmdlm-k? m
%F“ff_—L/f"\/ﬁZ £ AN S N ﬂ\zﬁ‘F)‘ L RDE /ﬁ-/\/? EAE JE s £ R A .,lrS i
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5.2 %% PR

d 2004 3 2010# > 1203 RI=E (RSB P % R HFR i & 0 2 478
B - 2RI ARASVIREL J\’F‘ri’sgﬂmSSS%(z\52) Horii & 20 &
/»\“vlj?s "EEB TR TRk T BT, 2 TEEE
Aol LA A P A /w\ﬁ;:%’af—‘rpflm& FHE(AYHE HRE)ZF AT R
ﬁwﬁ C BRI B 1A (Y A ﬂi)ﬁ#ﬁ‘&v s o BB R OV R e
(F=4.999 > p=0.026) ; %2 & $h(Fh* [ )BT s o 2 FE R e
2 FRNELRE (F=1.144>p=0286) ; #3234 8h(3 kE) AT P L
AR E ¥R (F=19.895 0 p<0.001) 5 %42 2 dh(F B4 1) A%
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d 2004 & 3 2010 & - 12 Bp|=E(B 5.1)/%#2 % /%/%1 4 S ENENVANAR &8
T k- I F%Z A Av\'\;)?;’f$ﬁ,&'§§“ F“&é] ’J\?ﬁ%‘ﬁ 1170.0%(% 5.3) H v 4
ZRELE G TEER TREFT 2 TEEE 02 AR B AT
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p= =0.003) ; % 2 = & (B x4 ?ﬁ’) (F= =0.136, p= =0.713) % % 3 = & $ih h(Z &
) (F=0.53, p—0467) AP TR A AR FRMEFLE o d 1}
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"L ANOSIM = 17 £-$12004& 1 20104 » Ath 4 4 3 RPF [ 20 % 3 (74 42
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p=0.001) > < i pei i 2 S REA HH RS - LE B HET
40 % g fE i (F=6.198, p=0.016) ~ B H#c (F=7.999, p=0.007) %7 ¥
PR AR AR (F=1.587,p=0.213) A F LR > T APME S 3
SRR RS BB

5.5 A% chdk K 4 & 5N

d 2004 £ 3 2010 # > 12 Bipl=b(B) S.1)ia P % & & KA & 4 4 50k
RHA - 2Red AT RRAMLR KR DTLI% 54 - 4
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Mkt BBERREFFZ O REFFESZF RE TR Lr%am‘%,&sr

30 4 LISREL 423438 (7 55 452 A0S Ao ol R 4o RI(5.3) o bofis s
AR AEER Y R e i et Rk B 5 (2/dD) =2.54, df=17
p-value=0.00045 ; RMSEA=0.051; RMR= 0.046; GFI=0.98; AGFI=0.96;
NFI=0.90; NNFI=0.86; CFI=0.93 ; IFI=0.94 ; RFI 0.79; CN=461.05 = #i-5% @ ¢
RMSEA:}H%KP 0.051 > 2 gy e fie ) 77 R dgdfrp 0+ 2 iR o
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HERFHFEPFORF 6 BERAS (AKRRRT) Hy (W RS L F
R)NERBFL-011 S (REFF ) SR RERR )M (B R

5-16



B¢ EMERFAEE ARI00E 9
%\‘;f rng.

o )hE B FER A M 5 011~ 027 BI(5.3) -

A Ak i S mf&«%#ﬂ%"ﬂgf‘ﬁr%ﬁ HEF RS e £ A
B e 2 BARGI) PN & TRIEF T, My, TESE
it i 2wl o RO T S AR FFRIEY X PR A
{8 R I Mok ek R k- m"r’r“fﬁ,L RiE > d "Lrsggkﬁprf%%mﬁ’ﬁ‘%””‘
Lo gt %ﬁ’ﬂ“ bﬁ#mk&a"bﬁi R R Rl =P s w g
BNENZTF OB k&m4ﬁ# L b 7 50 R b Peid & A KR RO
techile P PNRE Y B R R A ﬂi\g‘i f.,‘ﬁémg\f& o BI(5.3) st
v S, rff*’F‘Jﬁ".ﬁéz'LJ?f/%’—/ Jfﬁ’*"m;f Bom o By, T B ES L BN
F e g
¢ ?E’f'}%‘éﬁiﬂ?fgﬁ}v’» RN 7 ‘;sgmw ] 4 ﬁ » @ § % 3% Trichodesmium EJ AR g
EGA LT RBOJAPIHRF)E A ZECORERFDY  FEFTR FF W AR
WRER IFRKY 2HEBAZ L FIREENFRTIF REF A a s
MR A P Radf e 'K Fletad #E&m?i’ﬁ%%’iii$£%’
FARARBERR  § FF A4 HESE Trichodesmiu #ic® B # 4
[26]0£ﬂ kot o _J-—z;'\;axu 4 ﬁﬁm—\ P J‘f\}’ Joé]m’; , /4/3_7%&\%%_35 f?}ﬁ},"?
1 .mru T L - BARITF Bk R AR AT ELT RSB
Trichodesmiu z. B § &% 4%*75mﬂlﬂmoi*$ﬁﬁwmﬁﬁﬁéﬁﬁ
S#giy o ¥ Trichodesmiu 5 2 & cniB5 fdap > A3 BT I E%4 @ %
FRHFEDEF AN IREF 2B R L SEE AEY AR 247 ep
gmw,_b FRAUEDSWERRE LY X RDRFH 04200 Lo

%&
S
3
ﬂt
=
-
m
‘%%i
‘p‘
-T?i
[y
= *Tm1

foreeniT org,amx:’ﬂ ;BT o

PR
=K

5Km

& S8

S1

; &
1
S3

& S6

W51 B2 MAREABPRIETEF

5-17



S BBEREFTE AKI00 £ 9T

i Az
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3.00000 + % 11
-+ 2002
2003
* A\ 2004
_, 200000 o * 2005
@ A * O 2006
[75] + *
%, thy b X 2007
AT ot 4
g A §*++'**++
[ *+
5 1.00000— A gt
= L AA 4 -@' i
on X A+ J+$+
O X AA A(g AX A.i- ¢-ﬁﬁc
= x ++
o) QR A
8 X X AfA % X i&+
= 0,00000— o 5 &%
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S o X o 0 XA A
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3 o 8 s
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o O
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2200000
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REGR factor score 2 for analysis 1

W52 BBAREF-ZCGERAP)ZF=2SPM(FE£R)2ZA4F

5-18



61-S

0.00

066, mp?
0.07.| # @@
000] HRE
0.00 KiE
094] TOC
0.63 &
&

0.00

W53 BBMEAEREAEL L AHES

# ¥
SR Tak¥ rw

<k

PN
la

i 6 7 001 [



B4 BHEREHE VE100E 9

+ A

B 2

£ 51 FaBARK2ZIILL

Factor loading (N=312)

PC1 PC2 PC3 PC4

Fh o 0.060 0.943 -0.108 -0.011

0.136  0.881  0.044 0.159

Bhu -0.045 -0.860 -0.223 -0.127
SKE 0.120 0.205 0.766 -0.022
AL E 48 40 0.163 0.062 0.223 0.795
0.069  -0176  0.657  -0.042

-0.03 0.288 0.652 0.482

0166 0105  -0.197  0.766

41 0.853 0048 0018 0071
dih 0.663 0.145 0.336 0311
4 0.794 0074  0.054 0.118
4 0.864 0.035 0.022 0.052
Eigenvalues 2.641 2.607 1.712 1.612
Variance(%o) 22.007  21.725 14.270 13.432
Total variance(%o) 22.007 43.732 58.003 71.435

%52 BREMPFHTABRTZ L2 FAH

Factor loading (N=308)

PCl1 PC2 PC3 PC4 PC5
Ab A -0.033 0.962 0.077 0.078 0.004
bt -0.047 0.931 -0.049  0.139  -0.045
b -0.002  -0.849  0.089 0.028  -0.264
K E -0.149 0.083 -0.960  -0.111  -0.020
tb & 0.151 0.012 0.951 0.185 0.047
L[] 42 40 0.116  -0.148  -0.193 0.935  -0.015
AL E R -0.103 0.141 0.148 0.941 -0.033
0.964 -0.017 0.145 -0.132 0.113

0.962 -0.017 0.145 -0.132 0.113

0.973 -.027 0.074 -0.062 0.073

-0.231  -0323 -0322 0.391 0.103
0.043 0.034 0.127  -0.020  0.925
0216 0115  -0086 0033 0.878

Eigenvalues 2976 2.682 2.079 2.024 1.747
Variance(%0) 22894  20.633 15.989 15.568 13.437
Total variance(%) 22894  43.527 59.517 75.085 88.521
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Factor loading (N=924)

PC1 PC2 PC3
0.952 -0.088 -0.056
0.851 0.155 -0.035
0.784 -0.148 -0.125
-0.779 -0.112 -0.345
-0.655 0.363 0.038
-0.916 0.091 0.145
-0.081 0.900 -0.010
-0.043 0.897 0.083
0.021 -0.247 -0.595
£ 0.049 -0.027 0.760
&% -0.129 -0.095 0.714
Eigenvalues 4.151 1.891 1.609
Variance(%) 37.735 17.194 14.623
Total variance(%) 37.735 54928 69.551

54 BRBAPTER KRFLL A0

Factor loading (N=924)
PC1 PC2 PC3 PC4

KRG 0.069  0.608 -0.037 0.577
B 0.169 -0.144 0.082  -0.853
] 0.949  -0.006 0.094  -0.068
wi

] 0941 -0.001 0.091  -0.068
: 0.756 -0.031 -0.114 0.018
-0.012  -0.131 0.875 -0.054

0.048 0.116 0.893 0.057
0.046 0374 0.124 0.653
-0.047 0.765 0.104 -0.039
& -0.007 0.722 -0.092 -0.022
Eigenvalues 2.400 1.653 1.636 1.505
Variance(%o) 24.002 16533 16357 15.049

Total variance(%) 24.002  40.534 56891 72.940
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ABSTRACT

Almost all of the ports in the world nowadays have been pursuing the
development of green port, especially those in such areas as Europe, North America,
Australia and Japan. The development of green port, to begin with, lies in the planning
stage of the port. In addition to an introduction of the process of traditional national port
and individual port planning together with the application of strategic planning of the
port development, the present study provides recommendations for future planning and
actions to be taken by the ports in Taiwan based upon the experiences of selected
foreign ports.

Keywords : Port Planning, Strategic Planning, Green Port
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The Study for Assessment of Ecology Environment in Harbor

Yi-Yu Kuo'  Li-shiue Lee ?

ABSTRACT

In recent years, a variety of engineering construction projects are required to
enhance the quality of the environment. Especially, harbor is the environment with rich
ecological resources, so its construction must be careful to maintain the ecological
sustainability. This study tries to investigate the quality of ecology in harbor, and
research the assessment methods for the water quality, plankton, structures in water and
land planting. Also, try to do the development of assessment targets with the
quantitative indicators, expect it will has good benefit for the improvement of the
ecological in the future.

Keywords : Harbor, Ecology, Assessment
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