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Executive Summary

1. Background. The Government of Tonga (the government) has been implementing a
program of rehabilitation and upgrade of the electrification network to improve power distribution
across the island of Tongatapu, in the Kingdom of Tonga (Tonga). This work involves the
replacement and upgrade of wooden utility poles, installation of aerial bundled cable (ABC) and
replacing overhead powerlines with underground cables from power poles to residences. The
project is part of a wider program being implemented in phases. The first phase of the program
(Areas 1 and 2), now completed, was implemented under the Cyclone Gita recovery project, with
funding from Asian Development bank (ADB) and the Government of New Zealand. Upgrades are
currently ongoing in Area 3, financed by ADB and the Government of Australia. Area 5 upgrades,
also to be financed by the ADB, will be undertaken as the Nuku'alofa Network Upgrade Project
(the project) and which is the subject of this initial environmental examination (IEE).

2. The government has requested continued support from the ADB to upgrade the remaining
25% of the network in Tongatapu (Areas 4 and 5). Area 5 occupies the western end of the NNUP
project site, encompassing Sopu, Hofoa and Sia'atoutai. The priority is Area 5, as this area is
critical to evacuate the electricity generated from both the ongoing and the scheduled renewable
energy developments located west of Nuku’alofa. Following the completion of Area 5, the
remaining works for Area 4, located on the eastern end of the Nuku'alofa peninsula will be
implemented in conjunction with the proposed works on the upgrade of the Queen Salote
international wharf, which is located in the boundary of Area 4, and reported separately.

3. This project, in Area 5, will restore reliable access to the electricity supply network and
make it more resilient to extreme weather and disasters. More specifically, it will upgrade the old,
inefficient, and less climate-resilient grid assets, i.e. cables, power poles, distribution transformers,
and switchgear. The project will result in improved electrification network infrastructure and thus
enhance the capacity of the government in providing safer and more resilient and reliable network
infrastructure for energy security in Tonga.

4. Institutional arrangements. The Ministry of Finance will be the executing agency for this
project and Tonga Power Limited (TPL) will be the implementing agency. The MOF has
responsibilities that include supervising the implementation of the project and establishing and
managing the project coordinating committee (PCC). The PCC will consist of TPL and national
policy sector bodies; Ministry of Public Enterprises (MPE) and Ministry of Meteorology, Energy,
Information, Disaster Management, Environment, Climate Change and Communication
(MEIDECC). The PCC will be responsible for overall direction, guidance, and providing an
oversight role for the project.

5. TPL will implement the project through its current project management unit (PMU). The
PMU will recruit a full-time environment officer to implement and monitor safeguards and all project
compliance with capacity building support provided by the project. TPL will also carry out the
operations and maintenance (O&M) of the network. TPL intends to implement the project with their
current counterpart staff (52 local and one international staff) following the completion of the
current works in Area 3 by September 2022. It is envisaged that this project will be implemented
between Q4 2022 and October 2026.
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6. The project will support TPL in implementation by recruitment to the PMU of a project
manager and a specialist to implement the gender action plan. TPL already has an Independent
Engineer for supervision and certification who will be supported by the environment officer from
the PMU's ESU.

7. The project is estimated to cost about $8.70 million with an indicative grant from ADB of
$7.2 million. The government and TPL will provide in-kind contributions of up to $1.5 million.

8. Screening of the project. The project has been screened based on an understanding of
the proposed works and the site conditions of Area 5, and the experience of the three previous
projects under the program have also been taken into account. Given that the project, based on
the most sensitive component, is likely to create risks and impacts that are site-specific, largely
related to the construction stage, and for which mitigation measures can be readily designed and
implemented, the project has been screened as category B for environment in accordance with
the ADB Safeguard Policy Statement 2009 (SPS).

9. Due diligence. In addition to the SPS, the project will comply with the Tongan country
safeguards system (CSS) including Environmental Impact Assessment (EIA) Act 2003. Due
diligence has been undertaken for the project and is reported in this IEE, which is considered the
appropriate level of assessment for a category B project, and which will also be used as the basis
for application for development consent under the CSS.

10. Land ownership and access. The project in Area 5 will not involve involuntary
resettlement or land acquisition. The upgrading works will be undertaken entirely within
government-owned land. The proposed works will not take or require any additional land.
Consequently, a resettlement plan is not required for this project since the land has been made
available through negotiated settlement, as reported in the land due diligence report. No dwellings,
buildings (either temporary or permanent) or non-residential assets will be affected.

11. Key environmental impacts. The potential environmental and social impacts arising from
the project activities have been evaluated based on existing biological, physical and socio-
economic conditions of the project area. Baseline surveys and community consultations were used
to determine the likelihood of impacts in the pre-construction, construction, operational phases.
Table ES1.1 summarizes the key social and environmental impacts of the network upgrade and
maintenance activities in Area 5 and proposed mitigation measures:

Table ES1.1: Summary of key environmental impacts

Project activity/impact ‘ Mitigation measures
Ecological
- Vegetation removal from cutting trees - In case clearing of vegetation and trimming of trees is
and vegetation that overhang road required, it will be undertaken in coordination with local
reserves i for pole installation and offices of the Lands and Surveys Department, DOE, and
clearance of conductors tree or land owners.
- Construction wastes will be sorted for recycling and disposal
at the landfill.
- Clearing of small land areas for the - Marking of trees or vegetation to be removed within the road
footing of the poles and trimming of reserve (if any) prior to trimming and strict control on
trees near the conductors may be clearing activities to ensure minimal clearance.
required, and some trees that overhang - Any removal of trees / vegetation on non-road reserve to
the road reserve may be trimmed. facilitate infrastructure investment will require consultation
with the tree owner and if trees require trimming or removal
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Project activity/impact

Mitigation measures

the tree owners will be compensated in accordance with
rates prescribed under law.

- Mangrove trees affected in one section of the project area
are part of a modified habitat as a result of road construction
bisecting the mangrove area and effects from invasive
species

Social

Minor increases in traffic, particularly
heavy traffic, from the movement of
equipment and machinery.

- Construction activities only undertaken during the day time
and local communities informed of the construction
schedule.

Minor and transient construction
impacts such as dust, noise, air
emissions created by trucks and heavy

Proper maintenance and operation of construction equipment.
Selection of installation techniques and machinery to minimize
ground disturbance and noise vibrations.

construction equipment.

Health and safety

- Potential impacts from handling, -
storage and transportation of discarded
materials -

Selection of suitable storage areas for materials with screening

where necessary.

Solid materials will be discarded to approved areas with

minimum visibility from residences and roads

- Fuel and other hazardous materials will be securely stored
above high flood level.

- Environmental, health and safety training sessions will be
provided to all workers.

- Signage and barriers will be deployed around work areas to

prevent health and safety risks to bystanders.

- Exposure to arsenic from timber -
treatment process

Discarded treatment chemicals will only be disposed off at
designated authorized places.

- Environmental, health and safety training sessions will be
provided to all workers.

Cumulative

- Sustainability of forest resources - Local timber supplier will continue replanting programs and allow

recovery period for pine tree resources to reach maturity

Source: Asian Development Bank

12. Environmental and social management plan. The risks and impacts and measures to
mitigate these in the design and pre-construction, construction, and operation stages of the project
have been translated into an environmental and social management plan (ESMP). The ESMP
also identifies the monitoring requirements to ensure that mitigation is in place and operating
effectively. The ESMP also identifies the parties responsible for implementation of the mitigation
measures and monitoring requirements. The requirements set out in the ESMP, once the IEE is
approved by ADB and the government (under the CSS), along with the development consent and
conditions, will be reflected in the construction EMP (CEMP), specific to how they will complete
the works, will be developed by TPL. The CEMP will be reviewed by the environment officer of
the PMU. Support will be provided to the PMU’s environment officer through PARD’s regional
safeguards technical assistance!, this will include an independent review of the CEMP that will be
prepared by TPL. ADB will also provide comment on the CEMP. Advice will be given to TPL that
the CEMP requires revision or may be approved by the PMU, and the Independent Engineer may
issue notice to commence works. TPL will nominate a member of the installation team as
responsible for monitoring and reporting project activities throughout the project construction
phase. The PMU will monitor TPL's compliance with the approved CEMP through routine

1 Approved in 2020. Sustainable Capacity Development for Safeguards in the Pacific. (TA 6597-REG).
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monitoring conducted by the environmental officer and inspections conducted by the Independent
Engineer. ADB will conduct regular project reviews through missions.

13. Consultation and stakeholder engagement. A community and consultations plan (CCP)
has been developed for the project, this will be updated by the PMU in the early stages of
implementation. A stakeholder consultation process was carried out with communities within the
project area and key stakeholders. Project information was presented to stakeholders that would
be directly and indirectly affected from the project to ascertain the social, environmental and
economic impacts of the project. This will contain detailed description of engagement approaches
and grievance redress mechanism. Information disclosure, including disclosure of this initial
environmental examination complies with ADB’s Access to Information Policy (2018) in addition
to requirements of the CSS.

14. Grievance redress. A grievance redress mechanism (GRM), based on similar processes
implemented by TPL for other projects, will be established for the project early in its
implementation. The GRM provides a structure for stakeholders to make any project-related
complaint and a transparent and consistent mechanism for the complaints to be resolved both
locally and centrally. The GRM will be monitored and reported in progress reports and semi-annual
safeguards monitoring reports. The CCP will contain details of the GRM.

15. Conclusions: This IEE concludes that the potential environmental impacts associated
with the electrification upgrade works can be prevented and mitigated adequately. The positive
impacts can be strengthened with the implementation of mitigation and enhancement measures
identified in the ESMP. Overall, the proposed project is unlikely to cause significant adverse
environmental or social safeguards impact. This is due to the following findings:

1 Project specific surveys have been conducted and concluded that with identified
mitigation, risks and impacts can be adequately addressed;

1 A dedicated record and site surveys concluded that there are no sites of cultural
heritage significance or areas of natural or critical habitats within the area of
influence of the project. The project area comprises modified habitat due to
reclamation and development;

1 Typical construction impacts due to the operation of construction plant,
processing areas, etc., and operation impacts can be readily mitigated by good
site practice and standard procedures already adopted by TPL in the Codes of
Environmental Practice, giving rise to negligible or at worst, minor temporary
environmental impacts.

16. The findings of the IEE suggest that the environmental and social benefits of the project
far outweigh the low-medium risk and temporary impacts that will arise mostly during the
construction stage. Provided that the ESMP is properly updated and implemented, there will be
no irreversible impacts arising from the project. The project will result in a more stable
electrification network that will strengthen resilience to disasters and thereby improve energy
security in Tonga.
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1.1 Background to the Project

1.

ntroduct

I Oon

Location. Tonga is a small island developing state (SIDS) and is also classified as a

dragile and conflict-affected situationdcountry, consisting of 177 islands with a total area of 748
kilometers (km)? divided into the following four island groups: Tongatapu, Ha'apai, Vava'u, and

Niuas (as shown on Figure 1.1). A total of 36 islands in

Tonga are inhabited. Tonga's total

population is estimated at 103,000. About 75% of the population lives on Tongatapu, the main
island where the capital, Nuku'alofa, is located. The entire country is considered remote from most
markets and resources, lying in the Pacific about 1,000 kilometers (km) from Fiji and more than
4,000 km from New Zealand. Among others, Tonga is facing development challenges associated

with climate change and high electricity network losses.

Figure 1.1: Map of Tonga
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111 Power supply and distribution system

2. Power Supply. Tonga Power Limited (TPL) is a government-owned, vertically integrated

public enterprise under the oversight of the Ministry of Public Enterprises and the cabinet. TPL

operates four independent grids for on-grid electricity services. These are on the main island of
Tongatapu, and main islands of the Vavaobu, Habapa
distributes, and retails electricity, and provides operation and maintenance services.

3. Li ke all/l of Tonga, Nukudalofa is highly depen
generation. For all of Tongatapu, overall installed energy capacity is nearly 20 megawatts (MW),

most of which (14 MW) is conventional diesel capacity from the Popua Power Station. As shown

in Figure 1.2, the remaining capacity currently comes from four renewable sources i three solar

farms and a wind farm (the Niutoua Wind Farm in the northwest corner of Tongatapu is already

operational). Battery energy storage systems (BESS) are currently located at the Popua Power

Station and at the independent power producer solar farm (1 MW each).

Figure 1.2 Current and planned renewable energy sources and radial feeders on Tongatapu
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4, Figure 1.2 also shows the planned renewable energy sources, which include three new
solar farms to the east and two new wind farms to the west (not shown are two solar farms planned
to the southeast). In addition, two additional BESS units will be installed on Tongatapu under the
Tonga Renewable Energy Project (TREP).? These units, also to be located at the Popua Power
Station (for grid stability) and the solar farm (for load shifting), will complement the current and
planned renewable energy system on Tongatapu. These units will facilitate the investments in
solar and wind energy plants and increase the performance of these plants.

5. Power Distribution. The power supply and distribution network on Tongatapu is
decentralized by design. When completed, the solar and wind farms will feed directly into three
existing feeders (shown by the green, purple, and red lines in Figure 1.2), which branch out from
the main Popua Power Station. For Area 5, the feeder is currently radial, meaning it has only one
power source for a group of customers. It is the simplest and least costly network scheme and
also the most vulnerable in a storm. A power failure, short-circuit, or a downed power line would
interrupt power in the entire line, which must be fixed before power can be restored. However,
there are plans to install ring feeders to enable back feeding and rerouting of energy supply in
case of service interruptions (as might happen after a storm). The power distribution system (grid)
requires considerable investment and operation and maintenance efforts.® It is comprised of
wooden utility poles for high voltage (HV) and low voltage (LV) overhead power lines, pole-
mounted equipment, ground-mounted transformers, and a few sections of underground power
lines. The typical utility pole on Tongatapu is made of pine or other softwood and is anchored
about 1.5-2 m into the ground with a concrete foundation. HV poles are approx. 11m tall on
average and approximately 350-450mm in diameter, while LV poles are approx. 9m tall on
average and approximately 200-300mm in diameter.

Plates 1.1 a & b: Current power distributionequi pment i n Nukubal of a
e B

Utility poles and equipment Ground-mounted transformers

Source: Tonga Power Limited

2 This ADB-supported project, funded through the Green Climate Fund, aims to decrease reliance on imported fuel
and increase Tonga generatiantoachi@ve itsenatienallyg detpiynined targets of 50% renewable
generation by 2030.

3 For TPL, power distribution assets represent 42% of the power system investments (compared to an average of
between 20% and 30% for electricity industries).
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1.1.2 Challenges for the electricity network

6. Climate change vulnerability. Like other SIDS in the Pacific, Tonga is highly vulnerable
to external economic shocks and climate change. The country is already experiencing the effects
of climate change. Increasing variability in rainfall patterns is causing flooding and droughts in
some locations. Increasing ocean temperature has led to coral bleaching and destruction of
natural coastal barriers, and sea-level rise contributes to coastal erosion. These changes have
heightened Tonga's exposure to disasters brought about by tropical cyclones and storm surges,
which have inflicted significant economic losses. A cyclone in 2002 resulted in losses of $60
million, and losses from another one in 2010 reached $22 million. Tropical Cyclone Gita in 2018
resulted in total damage and losses of about $164 million, which is equivalent to nearly 38% of
the country's nominal 2017 gross domestic product. The total recovery and reconstruction cost is
estimated at $148.7 million, of which $45.9 million is for the energy sector, including the cost of
reconstruction of the power grid infrastructure assets on Tongatapu to a higher standard of
disaster resilience.

7. High network losses. The power distribution system is part of the electricity supply chain
and requires considerable investment and operation and maintenance efforts. Power distribution
assets typically represent 20%1 30% of the required power system investments in electricity
industries worldwide. Still, this figure rises to about 42% for TPL. The standard losses in rural
power distribution networks are about 5%, yet the rate is more than twice as high in Tonga at
around 10.5%. Greater losses mean that more fuel is consumed in power generation, which
makes improving the efficiency of the country's power system a matter of paramount importance
for the government.

1.2 Overview of the Project

8. Government programs. To address the dual challenges of reducing high technical losses
and incorporating climate resilience features for the grids in Nuku'alofa, TPL has been
implementing the Tonga Village Network Upgrade Program (TVNUP). Under the TVNUP, about
50% of TPL's grids in Nuku'alofa have already been rehabilitated. In 2018, of the grids that had
not yet been upgraded, 46% were damaged by Cyclone Gita, compared with damage of only 4.7%
of the upgraded grids. The experience from TVNUP clearly demonstrates the resilience benefits
of updating inefficient and aging power network infrastructure and building back better.

9. The Government of Tonga (the government) has been implementing a program of
rehabilitation and upgrade of the electrification network to improve power distribution across
Tongatapu. This work involves the replacement and upgrade of wooden utility poles, installation
of aerial bundled cable (ABC) and replacing overhead powerlines with underground cables from
power poles to residences. The project is part of a wider program being implemented in phases.
The first phase of the program (Areas 1 and 2), now completed, was implemented under the
Cyclone Gita recovery project, with funding from Asian Development bank (ADB) and the
Government of New Zealand. Upgrades are currently ongoing in Area 3, financed by ADB and the
Government of Australia. Area 5 upgrades, also to be financed by the ADB , will be undertaken
astheNukuodal of a Net wo r (khe fdgpegt)r anddwdichRsrtie jsubject of this initial
environmental examination (IEE).
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10. The government has requested continued support from the ADB to upgrade the remaining
25% of the network in Tongatapu (Areas 4 and 5). Area 5 occupies the western end of the NNUP

project site, encompassing Sopu, Hof o dhisareads Si adat
critical to evacuate the electricity generated from both the ongoing and the scheduled renewable
energy devel opment s |l ocated west of Nukuodal of a.

remaining works for Area 4, located on the eastern end of t he Nukudal ofa penins
implemented in conjunction with the proposed works on the upgrade of the Queen Salote
international wharf, which is located in the boundary of Area 4, and reported separately.

11. Proposed project. The project will restore reliable access to the electricity supply network
and make it more resilient to extreme weather and disasters by repairing the network infrastructure
and upgrading them to a higher standard of disaster resilience. The "building back better"
activities will follow the overall plans for upgrading the Nuku'alofa network. The project will support
the government in upgrading the remaining 25% of the network in Tongatapu, with Area 5
contributing 10% to the upgrade of old, inefficient, and less climate-resilient grid assets, i.e.,
cables, poles, distribution transformers, and switchgear covering the entire Area 5.

12. Impact, outcome and outputs. The project is aligned with the following impact: electricity
supply reliability in Nukubod ethefbllawing ouftome:Meetthical The pr
power | osses and climate vulnerabilityTheprojecthe el ec

has the following outputs:

T Outputl:Nukudal ofa electricity net worrdabgitgta t em i m
16.5 km of 11 kilovolt (kV) medium-voltage transmission network; (i) upgrade 50 km
of 0.4 kV low-voltage distribution network in seven villages; (iii) climate and disaster
proof Nukudal ofa electricity network benefit
connect 59 new households.*®

1 Output 2: Project implementation capacity and gender inclusiveness of Tonga Power
Limited operation enhanced. This output involves: (i) providing project management
support during procurement and construction, (ii) conducting technical and community
safety training and a user education program for targeted female customers in the
project area, (iii) preparing and implementing gender mainstreaming guidelines in TPL,
and (iv) training TPL staff (including at least 30% women) on project management.

1 Implementation arrangements. The Ministry of Finance will be the executing agency
and TPL will be the implementing agency. The Project Steering Committee (PSC) will
provide the required oversight. The PSC will be chaired by the Minister of Meteorology,
Energy, Information, Disaster Management, Environment, Climate Change, and
Communication (MEIDECC). The Department of Environment (DOE) will provide
technical oversight in terms of technical assistance and compliance with country
safeguard systems (CSS). They will also assist TPL in public consultations prior to
implementation of the project and participate in monthly monitoring as required under
the environmental and social management plan (ESMP). TPL will retain the current
PMU staff engaged for the TREP and Cyclone Gita Recovery Project. TPL intends to
implement the project through the PMU and staff (52 local and 1 international staff)
following the completion of the current works in Area 3 by September 2022. It is
envisaged that this project will be implemented between Q4 2022 and October 2026.
TPL will recruit a full-time environment specialist to the PMU to monitor safeguards
compliance and deliver and/or receive capacity building support provided by the
project. The project will support TPL in implementation by recruitment to the PMU of a
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project manager and a specialist to implement the gender action plan. TPL already has
an Independent Engineer for supervision and certification, who will be supported by
the environment officer from the PMU in respect of monitoring compliance with the
safeguard requirements.

1.3 Purpose and Objective of IEE

13. Safeguard screening and categorization. A screening was carried out, considering the
scale and types of works to be undertaken and conditions of the project area. Due to the limited
scope of risks and impacts, which will largely occur during the construction stage and for which
mitigation measures can be readily designed and implemented, the project has been proposed as
Category B for environment, as per the Safeguard Policy Statement 2009 (SPS).

14. Due diligence for category B projects requires the production of an initial environmental
examination (IEE) or equivalent. This IEE, which will be submitted as an environmental impact
assessment (EIA) under the country safeguards system (CSS), has been carried out in
accordance with the requirements of the CSS (including environmental and social legislation and
development consent procedures) and the SPS. The draft IEE will be disclosed for public
examination both on the ADB website and locally prior to updating and finalization.

15. Purpose and objective. The purpose of this IEE is to assess the environmental, health,
safety, and social impacts that may arise during the pre-construction, construction and operational
phases of the proposed project. The objective of this IEE is to identify and define the project area
and the extent of the potential negative and beneficial impacts (physical, biological and socio-
economic) from the project, and develop mitigation measures to avoid and/or reduce negative
impacts as necessary.

16. Approach to the assessment. In order to determine the risks and impacts that require
investigation to define the impacts of the project, a scoping exercise was conducted. The scoping
included a literature review, site visits to project impact area and consultations with the project
implementation agency, TPL. Following the scoping, further information the following tasks:

] Formal and informal consultation with relevant government agencies, businesses
and communities. Questionnaire surveys were used during community
consultations to determine valuable components of the environment needing
protection from project activities

] Ecological baseline surveys were conducted in October-November on the
mangroves and terrestrial and marine flora and fauna in the project impact area.
This was to identify critical habitats or rare and endangered species in the area that
may affect project design.

1 Data analysis of information collated guided the development of management and
mitigation plans to address the social, economic and environmental issues of the
project.

17. IEE outline. The IEE document is structured around nine reporting chapters and six
supporting appendices . The nine reporting chapters / sections of the IEE are:
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1 Section 17 introduces the project providing an overview of the project and the key
areas of concern that will be addressed in the document and defines the project
area.

1 Section 2 i sets out the legal, administrative and policy framework that has defined
the need and approach to the IEE. It discusses both the requirements of Tongan
legislation and policy and those of the Asian Development Bank (ADB) supporting
the government for the preparation and implementation of the project.

1 Section 3 T describes the physical details of the project, the delivery mechanism
timeframe and outline costs.

1 Section4-anal yses the alternatives to the proje
and the different options that have been considered in reaching the preferred
option.

1 Section 5 1 sets out the existing environmental baseline conditions including
physical features, ecological resources and socio-economic factors.

1 Section 6 T discusses the consultations carried out for the project to disseminate
information to the stakeholders and interested parties. It also includes sections on
the land ownership, resettlement and compensation.

1 Section 7 i is the assessment of impacts and where impact is identified the
approach to mitigation. This section draws on the detail from eleven dedicated
technical studies carried out as a part of the preparation of this IEE.

1 Section 8 i is the environmental and social management plan (ESMP) that will
guide interested parties during the detailed design; construction and operation
phases of eth project. It sets out specific requirements to elements that must be
addressed and included in the detailed design, the issues that a TPL must address
during the construction phase and the ongoing management issues that the
implementing agency must address in the operational life of the project.

1 Section 9 is a summary and conclusion of the findings of the IEE document.
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2 Admi ni stlreagtaihvde ,Pol i cy Fr amewo

18. This section provides an overview of laws, plans and policies for environmental protection
and management that comprise the CSS in Tonga. The project will require the implementation of
all national and international environmental and social policies guidelines and performance
requirements and also comply with the SPS.

19. All development in Tonga is guided by the Tonga Strategic Development Framework Il
(2015-2025) with avisionforia mor e progressive Tonga supporting
This project contributes towards Pillar 4, Infrastructure and Technology inputs through the

provision of more reliable, safe, affordable and widely available energy services built on an

appropriate energy mix moving towards increased use of renewable energy.

20. Compliance with environmental procedures. As part of the contract, the Project
Manager will assess the aspects and impacts of potential environmental hazards relative to the
work to be undertaken and will implement controls to eliminate or mitigate any hazards that have
the potential for a significant impact upon the environment. Any Environmental incident realized
during the course the project will be immediately rectified and the appropriate authority contacted
to monitor any ongoing effects.

2.1 Country Safeguards System

21. The key components of the CSS include the Environmental Impact Assessment (EIA) Act
2003, the accompanying regulatory instrument; EIA Regulations 2010, and Environmental
Management Act 2010, administered by the DOE. In summary the development consent
application must include an environmental assessment which complies with the Act and
Regulation requirements. The relevant regulatory framework for this project is the following:

2.1.1 Environmental laws and regulations

22. EIA Act. In Tonga, the EIA Act 2003 (the Act) provides for the application of environmental
impact assessment to the planning of the development projects within the Kingdom.* Under the
Act,the term@&nvi ronment al i mpact afststees ssmemndy adarsd dev alnwea
potentiale f f ect s that a devel opment project may have o

23. The Act contains a schedule identifying O0major
Table 2.1 outlines applicable activities classified as major projects

4 Section 1 Environmental Impact Assessment Act 2003

Page 8



Tonga: Nukudal ofa Nework Upgrade Project
Initial Environmental Examination

Table2.1: Cl assi ficat i onscheduledl devg¢lopment op acovjtye c t

Development activity Applicable to the project
(k) mining, being an activity that disturbs the surface of the land > 1 ha Yes
(q) removal of trees (incl. mangroves), natural vegetation any area > 0.5 ha Yes

Source: Environmental Impact Assessment Act (2003)

24, The area of vegetation removal and type of vegetation to be removed will be confirmed in
consultation with the property or landowners as described in ESMP during implementation. The
current project design does not require the removal of any mangroves or vegetation. Trimming
overhanging branches would be essential for overhead power line connections and mitigation
steps to undertake these activities are detailed in the ESMP.

25. Excavation works would be considered an activity that disturbs the surface of the land.
These will be minimum and contained within property boundaries from the power poles to the
meter. It is unlikely that the combined area of excavation works will exceed 1 hectare. All
consultation requirements are discussed in the communication and consultation plan (CCP) and
ESMP.

26. Accordingly, the ESMP contains mitigation measures to ensure that potential impacts of
the project activities described below, are adequately addressed.

1 result in or increase pollution;

1 result in the occurrence, or increase the chances of occurrence, of natural hazards
such as soil erosion, flooding, tidal inundation, or hazardous substances;

1 result in the introduction of species of types not previously present that might
adversely affect the environment and biodiversity;

1 have features, the environmental effects of which are not certain, and the potential
impact of which is such as to warrant further investigation;

1 result in the allocation or depletion of any natural and physical resources in a way
or at a rate that will prevent the renewal by natural processes of the resources or
will not enable an orderly transition to other materials; or

1 whether utility services are available and adequate for that activity.

27. EIA Regulations. These 2010 regulations outline the main steps involved in the EIA
process which include a number of steps. The EIA approval process in Tonga begins with the
submission of Form 1 - Determination of Category of Assessment. This provides an overview of
the proposed development along with a description of the existing environment and assessment
of identified environmental risks and mitigation measures proposed. The project proponent will
also pay the required registration fee to the D O E &I\ Unit. The Minister will determine whether
the proposed development is a minor or major project or if additional information is required and
advises the proponent within 30 days.
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28. If it is a minor project, it may be approved (with or without conditions) based on the

information provided on Form 1. The DOE advises the proponent of the decision using Form 2:
Minor Environmental Impact Assessment.

29. | f t he
environment al

devel

deemed
per

opment or
i mpactso i s

activity 1is
required as

proponent is required to seek advice from the Secretariat of the Environmental Assessment
Committee (Secretariat) and DOE Director as to the level and depth of assessment required. The
EIA is submitted by the proponent along with the accompanying fee (250 TOP).

30. The Secretariat will review the EIA and prepare a report. The Environmental Assessment
Committee reviews the application, EIA, Secretariat report, and any additional relevant reports
provided before making its recommendation to the Minister responsible for the Environment. The
recommendation will state: (a) whether to approve, reject, defer or modify the development
application; (b) the reasons for that recommendation; and (c) any conditions that shall be attached
to any approval. The Minister makes his decision and the proponent is furnished with a formal
approval/ rejection letter and the environmental assessment and conditions for the development

activity.

31. Environment Management Act.

The Environment Management Act 2010 is a

comprehensive and makes provisions for environmental management in Tonga. The act is
designed in such a way that by fostering the protection of the environment, the Kingdom can
comply with its obligations under the international environment-related conventions. Some of
these are provided in Appendix 1. Environment Officers have specific powers to enforce the act,
including monitoring the impact of any activity, investigating potential breaches of the protection
or management of the environment and seizing property reasonably suspected of being used in
relation to adverse impacts on the environment.

32. Other laws and regulations. Some of the important laws relevant to the Project focusing
on environmental assessment are summarized in Table 2.2.

Table 2.2: Summary of other relevant environmental laws and regulations of Tonga

Legislation Objective
To regulate living modified organisms and the applications of modern
Biosafety Act 2009 bi otechnol ogy consistent with Tonga

Convention on Biological Diversity and the Cartegena Protocol.

Birds & Fish Preservation Act 1988

To protect listed bird and fish species, establish protected areas and
describe powers of police and fisheries officers under this Act.

Environment Management (Litter
and Waste Control) Regulations
2016

To provide environment, health, police and waste officers with powers to
issue notifications or on the spot fines for poor waste management practices;
such as dumping, burning and littering.

Forests Act 1961

To provide for the setting aside of areas as forest areas or reserved areas,
and for the control and regulation of such areas and of forest production.
Unalienated land is defined in the Act as land which at the time of the
exercise of any of the powers conferred by the Act is not leased or otherwise
disposed.

Hazardous Wastes and Chemicals
Act 2010

To regulate and effectively manage hazardous wastes and chemicals in
accordance with accepted international practices and the International
Conventions applying to the use, trans-boundary movement and disposal of
hazardous substances.

National Spatial Planning and
Management Act 2012

An Act to provide a framework for planning the use, development,
management and protection of land in the Kingdom in the public interest and
for related purposes.
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Legislation Objective

Ozone Layer Protection Act 2010

To regulate the use of ozone depleting substances and to implement the
provisions of the Convention for the Protection of the Ozone Layer and the
Protocol on substances that deplete the ozone layer.

Parks and Reserves Act 1976

To provide for the establishment of Parks and Reserves Authority and for the
establishment, preservation and administration of Parks and Reserves.

Preservation of Objects of
Archaeological Interest Act 1969

The Act establishes a Committee on Tongan Traditions, appointed by the
King in Council. The Committee is responsible for permitting any activity in
relation to objects of interest, including removal.

Public Health Act.

An act to prescribe public health services in Tonga

Renewable Energy Act 2008

To regulate the development and use of renewable energy in Tonga

Seabed Minerals Act 2014

To provide for the management of To
regulation of exploration and mining activites withinTongadés j ur i
under Tongabs contr ol outside of na
responsibilities under international law

Waste Management Act 2005

To manage and oversee the function of the Waste Management Board.

Water Resources Act 2020

An act to provide for the management, protection and conservation of the

water resources of the Kingdom.

The regulation and control of water supplies are detailed in the Water Supply
Regulations which identify the Village Committee as the sole seller of water.
The Chief Executive Officer for Health has the power to inspect all records
and works of the Village Committee. Regulation 9 also stipulates that that
fouling or pollution of water is an offence

Source: Tonga Crown Law Site (www.crownlaw.gov.to)

Water Supply Regulations 1963

33. International treaties and agreements. Tonga has ratified a number of international
treaties, conventions and agreements. These are listed in Appendix 1.

34. TPL Codes of Environmental Practice. Through the World Bank supported New
Renewable Electricity Generation and Electricity Infrastructure in Tonga program Codes of
Environmental Practice (COEP) for the energy sector have been developed. The COEP, and
accompanying guidelines, identify good practice in undertaking safeguards due diligence and
developing supporting documentation for the clearance process under the CSS. Both documents
were developed to help stakeholders to understand and navigate through the approvals process
relating to land and the environment, and they were commissioned under the auspices of the
TERM.5 The COEP have been integrated into the project impact assessment and identification

of mitigation measur es t rES8MPKAppendix 2 pravides the listoftieh e pr o]
COEP.

2.1.2 T o n g arfergyy policy and laws
35. Nationally determined contributions Tongads commi t ment shouseo r educ

gas emissions include mitigation targets of 13 % (16Gg) reduction in GHG emissions by 2030
compared to 2006. One of the means to achieve this is through 70 percent of electricity generated
from renewable sources by 2030 through a combination of solar, wind and battery storage. This
would require considerable financing and upgrade of network infrastructure (NDCs 2020).

5 World Bank. 2016. COEP: Managing Environmental and Social Impacts and Guidelines for Land Acquisition
Approvals, Environmental Permits and Building Permits. Washington, D.C.
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36. TERM to TERM PLUS. The Tonga Energy Road Map (TERM) focuses on reducing
Tongabs f o endgdnde thfougle ihcredsedpenergy efficiency and improved supply chains
in an effort to mitigate the price volatility of imported products as well as reduce greenhouse gas

(GHG) emi ssions and i mprove nati onal energy

commitments and ambitions towards renewable energy electricity generation to 70 percent by
2030 and to 100 percent by 2035 and further targets for reduction on line losses from 9 percent.

a7. Tonga Energy Efficiency Master Plan. The TEEMP comprises electricity use and land
transportation. The plan was formulated through a comprehensive study of existing frameworks,
plans, programs, and projects in the energy sector and extensive stakeholder consultations. data
development and analysis. The TEEMP complements the approach of the 2009 Tonga Energy

Road Map 201012020 ( TERM) , whods goal was to create

dependence on fossil fuels through cost-effective and sustainable efforts.

38. Renewable Energy Act 2008. The Renewable Energy Act applies to the production,
storage or distribution of any form of energy derived from a renewable source. It provides a legal
framework to promote the utilization of renewable energy in Tonga and has further provisions for
establishing the Renewable Energy Authority and its powers to regulate all matters relating to
renewable energy. The Act promotes sustainable renewable-based energy sources to provide
electrification services to reach both urban and remote rural areas in Tonga

39. National Energy Bill. With support from the World Bank and Secretariat of Pacific
Community i Energy Division, the National Energy Bill was recently passed in August 2021 and
is now subject to be reviewed by the Law Committee before being gazetted. The aim of the
National Energy Bill is to create further institutional, regulatory and policy reforms and lead to
streamlined policy and decision making. The objectives of the Bill are to: i)to create a centralized
oversight function on energy matters within the MEIDECC,; ii) to legalize the mandate of the Energy
Department (within MEIDECC); iii) to transition and centralize the function of energy-related
regulators and; iv) to ensure harmonization and coordination of initiatives within the energy sector.

2.2 Safeguard Policy Statement

40. This IEE has been prepared following the guidance contained in the SPS.® ADB uses a

S € (

a

classification system to reflect the signilHei cance

project should:
1 Avoid adverse impacts of projects on the environment and affected people;

1 Where possible; minimize, mitigate, and/or compensate for adverse project impacts
on the environment and affected people when avoidance is not possible; and

1 Help borrowers/clients to strengthen their safeguard systems and develop the
capacity to manage environmental and social risks.

6  https://emp.adb.org/documents/safeguard-policy-statement
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41. Projects are screened according to type, location, scale, and sensitivity and the magnitude
of their potential environmental impacts, including direct, indirect, induced, and cumulative
impacts. Projects are assigned to one of the following four categories:

1 Category A: A proposed project is classified as Category A if it is likely to have significant
adverse environmental impacts that are irreversible, diverse, or unprecedented. These
impacts may affect an area larger than the sites or facilities subject to physical works. An
Environmental Impact Assessment is required.

1 Category B: A proposed project is classified as Category B if its potential adverse
environmental impacts are less adverse than those of Category A projects. These impacts
are site-specific, few if any of them are irreversible, and in most cases mitigation measures
can be designed more readily than for category A projects. An Initial Environmental
Examination is required.

1 Category C: A proposed project is classified as category C if it is likely to have minimal or
no adverse environmental impacts. No environmental assessment is required although
environmental implications need to be reviewed.

1 Category FI: A proposed project is classified as category Fl if it involves investment of ADB
funds to or through a financial intermediary.

42. A projectébés category is determined by
including direct, indirect, cumul ati ve, a Thd
project has been screened and categorized as B for environment.

43. ADB's safeguard due diligence emphasizes screening and scoping, planning,
environmental and social impact assessments and safeguard documentation. Through such due
diligence and review, ADB will confirm (i) that all key potential social and environmental impacts
and risks of a project are identified; (ii) that effective measures to avoid, minimize, mitigate, or
compensate for the adverse impacts are incorporated into the safeguard plans and project design;

t

S

mo

i nduc

(i) that the borrower/client understands ADB6s saf eguard policy principle

has the necessary commitment and capacity to manage the risks adequately; (iv) that, as required,
the role of third parties is appropriately defined in the safeguard plans; and (v) that consultations
with affected people are conducted in accordance with ADB's requirements. The procedures for
such a process, ensuring compliance with the CSS and SPS.

44, ADB wi | | al so assess the borrowero6s/ clientéos

i mpacts and risks and to i mplement national
ADBO&s requirements and the c¢ount rdapadtparelapparsni,
the safeguard frameworks should include the details of the specific gap-filling requirements to
ensure that policy principles and safeguard requirements are achieved.

c

aws

or

45. ADBOs SPS applies pollution prevention and

with good practices as reflected in internationally recognized standards such as the EHSG. The
EHSG provide the context of international best practice and contribute to establishing targets for
environmental performance. Standards incorporated into the EHSG will be used in parallel with

c

w h

on

Tongads environment al standards and a precautio

occupational and community health and safety measures, as laid out in the EHSG is required
under the SPS.
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3 Description of the Projec

3.1 Program of Network Upgrading

46. The government proposes to i mplement the Nuk
of the phased network upgrading program. The project ams to contri bute to t
achievement of the outcomes described in the Tonga Strategic Development Framework Il 2015
- 20257 towards: i). a more inclusive, sustainable and successful provision and maintenance of
infrastructure and technology and; ii) a more inclusive, sustainable and effective land
administration, environment management, and resilience to climate and risk. The location of the
entire five areasd Area 5 pus areas upgraded under previous projectsd are shown in Figure 3.1.

uob
h €

Figure 3.1: NNUP Area 5

(8
e Tonga Nukuhetulu "Folaha

Source: Tonga Power Limited

3.2 Proposed Project

47. The proposed project will upgrade the remaining 25% of the network in Tongatapu (Area

5 in Figure 3.1). Area 5 is a remaining priority as this area is critical to evacuate electricity

generated from both the ongoing and future renewable energy developments. Thr ough fbui | di
back better" the project will restore a reliable electricity supply network and make it more resilient

to extreme weather and disasters. More specifically, it will upgrade the old, inefficient, and less
climate-resilient grid assets, i.e., cables, poles, distribution transformers, and switchgear.

48. The project's impact is aligned with improved reliable electricity supply in Nuku'alofa. The
project's outcomes are reduced technical power losses and improved climate resilience in
Nuku'alofa. The project has two outputs.

7 Government of Tonga. 2017. Tonga Strategic Development Framework 11 20157 2025.
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49. Output 1: This output comprises: (i) rehabilitation of 16.5 km of 11 kilovolt HV electricity
network; and (ii) upgrade of 50 km of 0.4 kilovolt LV distribution network in seven villages (as
shown in Figure 3.2). This output will enable TPL to (i) reduce distribution network line losses; (ii)
improve the electricity supply reliability of 1,240 customers; and (iii) serve 59 new customers.

50. Output 2: This output involves providing capacity development to reduce the identified
remaining capacity gaps in project and financial management, and other relevant areas.

Figure 3.2: Map of Area 5

NNUP Area 5

Google Earth

iipad8 o Bh2g\Maxar Technologies

Source: Google Earth.

51. The power for Area 5 is distributed through HV feeder lines 1 (green) and 2 (purple), which
also serve the central business district. Figure 3.3 shows these feeder lines in Area 5 and also
provides a partial view of the LV assets (the multiple red dots are connections and the two blue
dots are ground-mounted transformers).

Figure 3.3: Power assets in Area 5

LV Assets
HV Assets

Source: Google Earth.
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3.21 Project components and activities

52. HV network. The proposed project provides for upgrading of 11 kV feeders. This includes
new conductor, new 11 kV insulators, pole fittings, connectors, etc. Where there are existing 11
kV feeders, then these poles can be reused in some cases provided the poles are in good
condition (to be assessed at the time of construction). Otherwise, new poles will be required.

53. In light of the recent tsunami (January 2022) that affected the Nuku'alofa peninsula along
Vuna Road, Sopu, the project proposes to realign a section of the HV network along the secondary
road where the existing LV network has been installed. Figure 3.4 shows the proposed
realignment (in red) which will require an additional 0.65km of newly constructed HV network
(compared with the original alignment shown in purple) before connecting back to the original
alignment along Vuna Road; heading towards the Ministry of Fisheries (MOF) building. The HV
network will be installed within the current network corridor using existing roads, the LV lines will
be strung underneath as an under-build using the same HV poles. This realignment will eliminate
the risk of tsunami or inundation impacts for approximately 1.3km of HV network that would have
traversed the waterfront. In addition, the realignment will contribute to strengthening the resilience
and security of supply for one of the essential communication services entities, Tonga Cable
Limited.

Figure 3.4: Realignment route for section of HV network
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Source: 'i'onga Power Limited (Mac'h 2022)

54. In some cases where there is a need for two 11 kV feeders, then the second circuit will be underbuilt
with the requisite vertical clearance between circuits. Three phases 11 kV/LV distribution transformers will
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be pole mounted in one of TPLOG&s testeddyd &\ ddopAut fusessOn
the LV side, each feeder will be protected by HRC fuses. The key quantities are shown in Table 3.1. The
proposed works follow international best practice and have been proven through several major tropical
cyclones.

Table 3.1: Key 11kV quantities

Key Item Quantity
Transformers new 42
Transformers rebuilds 77
Total transformers 119
11 kV poles light 519
11 kV poles heavy 519
Total 11 kV km 34

Source: Tonga Power Limited (January 2022)

55. LV network. All new LV will be installed as ABC because of the inherent safety and
technical advantages over the open wire system. The key quantities are shown in Table 3.2. The
proposed works follow international good practice and are considered acceptable. It is expected
that the new works will reduce system losses.

Table 3.2: Key LV quantities

Key Item Quantity
Supply under built LV 3 phase 56
Supply LV 3 phase 102
Total LV 3 phase 158
Poles LV 9 m 6 kN 4,069
Poles LV 9 m 12 kN 1,459
Total Poles LV 5,528

Source: Tonga Power Limited (May 2020)

56. Customer service lines. Customer services will be laid underground, to replace the
existing overhead services which in many cases are in poor condition and often an associated
danger to the customer. The service line will be installed safely and securely down the LV pole in
the street, undergrounded to a meter box mounted in an accessible place on the side of the
customerds house. Each meter box will cont ai
from added safety advantage, the underground service will also minimize the risk of damage
during cyclones.

57. TPL standard installation now provides Smart Meter replacement as part of the project in
keeping with modern international practice.
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58.

The key quantities of customer connections (service lines) are shown in Table 3.3. The

proposed works follow international good practice and are considered acceptable. The proposed
designs will improve customer safety and reduce nonZechnical losses.

Table 3.3: Area 5 TPL customer data

Existing accounts Total 5% lift in
Total new
. number customer .
Village ) ) . ) . connections
Active Closed Commercial | Residential (closed + connections | = o I
! (incl. 5% lift)
active) (no.)
Siadoutai 231 21 76 176 252 265 13
Sopu 267 51 73 245 318 334 16
Hofoa 275 23 35 263 298 313 15
Isileli 11 4 3 12 15 16 1
Maui 39 3 3 39 42 44 2
Halaovave 115 21 22 114 136 143 7
Tuataklangi 115 4 11 108 119 125 6
Total 1053 127 223 957 1180 1240 60
Source: TPL (December 2021)
59. Local infrastructure required. Upgraded network will be built to a modernized related

network which is confirmed safe, efficient, reliable and high resilience. Both HV and LV network
will be in overhead topology mostly along the legal access road down to the household. All electric
poles will be wooden type at 11m and 9m high for HV and LV respectively. Majority of pole location
will be erected at the boundary of all household, whereas all boundaries have been confirmed
through the Ministry of Land and Survey Natural Resources.

60. Workforce and equipment. TPL intends to retain the current workforce under Area 3
project to continue works on the network upgrade proposed for Area 5. There are currently 52
local staff and 1 international staff employed under Area 3 component. At present no camp sites
are erected under Area 3 and all workers return to their individual dwellings at the end of their
shift. It is therefore not a necessity to set up camp for the workers throughout the construction
period.

61. The power distribution system (grid) requires considerable investment and operation and
maintenance efforts. It is comprised of wooden utility poles for high voltage (HV) and low voltage
(LV) overhead power lines, pole-mounted equipment, ground-mounted transformers, and a few
sections of underground power lines. The typical utility pole on Tongatapu is made of pine or other
softwood and is anchored about 1.5-2 m into the ground with a concrete foundation. HV poles are
approx. 11m tall on average and approximately 350-450mm in diameter, while LV poles are
approx. 9m tall on average and approximately 200-300mm in diameter.

62. A list of equipment used during construction phase including vehicles, transformers and
other installation equipment will be kept by the PMU and TPL. Maintenance and servicing of
vehicles will be conducted quarterly to ensure that health and safety work standards are up to
standard and reduce risk of injury to workers and pedestrians and other users of the areas within
the vicinity of the upgrade works. Any faulty equipment or site accidents are to be reported
immediately to the PMU and procedures and measures to communicate and address these in a
timely manner will be made available in the ESMP and CEMP.
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63. Schedule and timeframe. The time to construct the project will be just over two years
commencing in the fourth quarter of 2022 and expected to be completed by December 2024.

64. Project cost. The total project cost, including environmental mitigation, monitoring and
offsetting measures is estimated to be $8.7 million. This is excluding taxes, cost of interest during
construction and financing charges.

3.3 Project Benefits and Justification

65. The successful implementation of the project will improve power distribution network
efficiency by reducing line losses to a target figure of 5%. As a result, the network system would
expect approximately 458MWhr of energy per
to an overloaded and aging network. Furthermore, the project is designed to be climate change
resilient.

66. The added value of the proposed project is to demonstrate that combining deployment of
renewable power generation and power distribution loss reduction is an appropriate strategy to
optimize existing energy matrixes and reduce their carbon output. Additional electricity will
contribute to power security, create sustainable livelihoods and reduce environmental pressure by
avoiding emission of about 300 tons of CO2per year for Nukubdalof a
level, the project will improve socioZconomic conditions of the local communities in the targeted
areas and at a national level will help improve the national gross domestic product (GDP) and
enable the Tonga Strategic Development Framework 20152025 energy goals to be realized.
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4 Anal ysAld eafnati ves

4.1 Technology Options

67. The alternatives considered for this project mainly involved evaluation of the alternative
pole materials. Current utility poles seen throughout Tonga are timber poles, galvanized steel and
reinforced concrete. These options were each assessed based on longevity, installation simplicity,
affordability and environmental and carbon footprint. Table 4.1 sets out the alternatives considered
including sourcing options and cumulative impacts on land resources.

Table 4.1: Alternatives for Utility Poles®

Type of pole Advantages

- Very strong and durable -

Concrete Poles - Decay/ rot-proof -

- Termite resistant materials

- Fire resistant - Difficult to install and handle

- Difficult to fix and high impact
when struck by vehicles

- High carbon footprint

(production process)

Conducts electricity

More expensive to install

Corrosion causes failure

Environmentally unfriendly

(high carbon footprint)

Disadvantages
High production cost
Corrosion of reinforcement

*CO2 created per 1000 poles =
+1460 tonnes

- Very strong and durable -
- Decay/ rot-proof -
- Termite resistant -
*CO2 created per 1000 poles =+784 | -  Fire resistant -
tonnes

Galvanised Steel Utility Pole

- ready available -
- strong

Sustainability consideration in

Timber (wooden) poles replanting trees.

*CO2 absorbed per 1000 poles = -
316 tonnes

- low weight and unit cost -

- easy installation and easy to
replace when damaged

- less carbon footprint

- good insulator

Intensive treatment process
Chemical traces on finished
product

Prone to decay from termites
weathering if not treated

properly
- Reduced fire resistance if not
treated properly

Source: Treated Wood Council 2012

68. Out of the three alternatives considered, the most feasible option for this project was
determined to be timber poles due to its availability to source locally compared to concrete poles
and galvanized steel poles that would require materials to be imported. Moreover, timber poles
are economical and environmentally friendly with less carbon footprint. Timber poles are therefore
considered as the best option for power poles for this project.

8 Treated Wood Council. 2012. Conclusions and Summary Report on an Environmental Life Cycle Assessment of
Utility Poles
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4.2 Location Options

69. The project is effectively the fourth stage of thelargerNu k uéal of a gri d upgrad
conducted in five stages. Each stage follows existing network structures. TPL completed Area 1

with the financing support of the Government of New Zealand and completed Area 2 with ADB

funding from TON: Cyclone Gita Recovery Project. Area 3 is expected to be financed by the

Government of Australia. Among the remaining Areas 4 and 5, network improvement in Area 5 is

prioritized to evacuate the electricity generated from the ongoing and scheduled renewable energy
developments. Area 5 accounts for approximately 10% of the entire grid asset of TPL in

Nuku'alofa.

70. The upgrade and maintenance work in this project will follow the existing grid system within
Area 5, along the main Hihifo Road and adjoining roads connections towards Hofoa, Sopu,
Hal aovave and selected sections of Tuobdatakilangi

not analyzed in the scope of the proposed works.

71. This study found reclamation and new settlements being established particularly in Hofoa
and Sopu villages. New connections in these settlements will be assessed on a needs basis when
land boundaries and new sub-divisions are demarcated and mapped by the MLNR. The Area 5 is
prioritized and will be completed before Area 4 due to the new solar farms being installed
concurrently with Area 3 project. The solar farms are expected to be completed by June 2022 and
is therefore critical to harness the lines from the solar farms to the communities nearby to ensure
effective energy transfer and reduce line losses due to old power lines.

4.3 No Project

72, This project is the fourth and integral stage of an overall program of network upgrades.
The Awithout projecto or Ano act i omplemartapeojectat i ve

t hat can meet the objectives. The fAwithout pr oj e
upgrading of the distribution and medium voltage
of reducing line losses will not be achieved. Thiswi | | c o mpr o reeécsnd NDICdanggta 6 s

aimed at reducing greenhouse gas emissions by 13 percent through upgrading of network
infrastructure. Consequently, Tongabs reliance on

network will suffer line losses, resulting in deteriorating state of the distribution network.

73. The current conditions of the power network in Area 5 (shown previously Figure 3.2) depict
the urgency for upgrade and replacement of conductors and overhead cables as well as the need
to connect residential sectors to the power grid. Tropical cyclone Gita destroyed about 46% of the
power grids that had not been upgraded compared to less than 5% destruction to the village
networks that were upgraded under the TVNUP.

74. Therefore, without this project, the estimated loss and damage that may occur during the
cyclone season will be significant. In the event of a cyclone, imminent disruptions to the power
supply wild!l be detri ment al to TPL6s nor mal oper at

and time required for repair will incur additional costs to TPL and its customers. It is probable that
cumulative costs for recovery from major infrastructural damage may well exceed the cost for this
project.
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75. Moreover, the poor condition of poles that have been observed to be tilting and in need of
replacement, pose hazardous impacts to the communities due to the instability of the poles and
the cables that are connected to such poles. High voltage lines are not secure and will be a serious
health and safety concern for surrounding communities and the TPL workers tasked to maintain
the grid.

76. Summary. The analysis above, suggests therefore, that the negative consequences of not
implementing this project will be greater than if the project was to proceed.
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5 Description of Exi(sBasnegl iEmev)i r o

51 Location and Project Area

77. Location. The Kingdom of Tonga is located in the central South Pacific between 15° and
23°30' South and 173° and 177° West. It is an archipelago comprising 172 named islands
dispersed over an area of 747 km? of which 36 islands (area of 649 km?) are inhabited. Tonga is
divided geographically into four clusters of islands extending over a north-south axis: Tongatapu
(347 km?) in the south (Figure 5.1), Ha 6 a(p08km?) i n t he cent rPentheviathyadu ( 1.
and Niua (72 km?) in the far north. Tonga is situated at the subduction zone of the Indian-
Australian and the Pacific tectonic plates and within the Ring of Fire where intense seismic
activities occur.

Figure 5.1: Map of Tonga
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Source: Tonga Power Limited.

78. Uneven uplift has resulted in a pronounced tilt from south-east to north-west. The
maximum elevation on the south-east side is 65 m above mean sea level. The island is generally
flat, apart from some small, localized slopes. The most rugged topography on the island is
associated with near-vertical sea cliffs up to 30 m high on the windward coasts. In most areas,
these are fringed by a narrow reef flat with a well-developed algal rim. Elsewhere, the morphology
of the island is very subdued.
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79. The capital, Nuénuthe maindislaad of Tengdtapwc(260 lkend). Tongatapu
is a flat coral limestone Island surrounded by coral reefs and sheltered with dense fertile soil
consisting of volcanic ash from neighboring volcanoes.

80. Defining the project area. This project aims to upgrade the electrical network for both LV
and HV within the ur Dhas projectrwdl inance netiwouklupgades io Area 5
encompassing seven villages (Halaovave + Maui are considered together) as shown in Figure
5.2.

Figure 5.2: Villages in Area 5

T2

Google Earth

Source: Tonga Power Limited

81. Areas 1 and 2 have been completed and Area 3 is underway and expected to be completed

in June 2022. This project (Area 5) is going ahead of Area 4 due to the proposed works of the

6MW solar farms in the west of Tongatapu.® It is timely for the Area 5 to be upgraded in order to

align line upgrades withthenews ol ar pl ant sites |l ocated at Liuk

the Kol ovai District, Hadutu and Fualu in the Nt
Tongatapu Island. Network upgrade in Area 4 is pending assessment and feasibility studies on

the proposed Fangabuta Lagoon Bridge and the Quee
of Area 4.

9 ADB. 2019: TA 94242-REG: Pacific Renewable Energy Program. Initial Environmental Examination - Hihifo Solar 6
MW Power Project (Tongatapu).
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82. The seven villages distributed throughout the west and extend towards the central district
have varying gradations of settlements and community development. Some data is presented in
Table 5.1, more detailed information about the population and demography of the project area is
presented in Section 5.4.

83. Si a6t ohetna upgrades will begin fromSi a 0 tvidagd, lacated closest to the solar

fabmi n Fual u. The settlements in Siadtout ai ar e

compound with an estimated population of 460 (247 males and 213 females). The area comprises
mostly vegetation with a gas station | ocated

84. Hofoa village is still developing with new settlements and new network connections
expected around this area. This village is the largest in Area 5 with an estimated population of
1173 comprising 52 percent males and 47 percent females. There are mangrove sites in this area
with observed human disturbance. A more detailed ecological description of mangrove habitats is
provided in Section 5.3.3.

85. Sopui s | ocated along the west coast of Nukuodal

managed areas (SMASs). This is a well-established community with an estimated population of
1166 people of which 51 percent are males and 49 percent females. The mangroves in this area
are well distributed with high biodiversity profile. Section 5.2 provides more detailed analysis of
this ecosystem.

86. Halaovave, Maui and Isileli These villages are well established settlements with more
than 250 households. These are flood prone areas and the network in these areas are in
considerable need of upgrade due to observed slanting power poles and power lines laying
precariously less than 6m from the ground increasing vulnerability to cyclones for communities in
these areas. See Plates 5.1 a - d.

87. T u 6 at a Krhid eatablished settlement is located further away to the south of Sopu and
consists of many vegetation plots and overgrown trees entangled in the overhead cables. The
streets in this village are considerably narrow.

Table 5.1: Data for Area 5 villages

Village No. of households N%'OOJSOG%COL:S'Sed Population (approx.)
Siadtout ai 156 98 460
Halaovave + Maui 167 152 903
Sopu 279 221 1,166
Isileli 120 104 666
Hofoa 214 193 1,173
Tudatakil angi 144 126 739
Total 1080 894 5107

Source: Government of Tonga i Census of Population and Housing (2016)
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Plates 5.1 a - d: Condition of power poles in Area 5

Slanting poles and low-hanging cables
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Source: Toga Power Limited
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5.2 Physical Environment

5.2.1 Air gquality, climate, and climate change

Air quality. While there are no air quality data available for the project area and no air quality
standards enforced in Tonga, air quality is expected to be relatively good due to limited air
pollution sources. The main sources of air pollution in Tonga are also generated by industry
(power generation (92% diesel and 8% renewables), transport and some open burning of
agricultural/ municipal waste)*.

140. Air emission sources in and around Area 5 are likely to be vehicular road traffic exhaust

releases. The quantity and composition of vehicle emissions would vary depending on type of

fuel, engine type, size and efficiency, vehicle speeds and the type of exhaust emissions

abatement equipment employed. The main pollutants of health concern vehicle exhaust are

nitrogen dioxide (NO) and fine particulate matter (PM1oand PM:s), as these pollutants are most

likely to approach their respective health-based air quality standards in proximity to busy roads.

Given that the project location is not in the vicinity of the CBD, air quality is not deemed to be a

major concern. Information on global air quality presented by Health Effects Institute in 2019,

found that the average annual population-weighted PMzsconcentratonforTonga was® 11gg. n
in 2017. The annual mean concentration of PM,si n ur ban areas ofinZDdbnga as
(WHO, 2018). Figure 5.3 shows the average annual population weighted PM;s concentration in

Tonga from 1990 to 2017 compared to the Oceania region concentration.

Figure 5.3: Average annual population weighted PM.s( € g-3)for Tonga and Oceania Region

20
19

Average Annual Population-Weighted PM, -
(pg/m-)
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~o-—Oceania =-®Tonga
Source: Health Effects Institute (2019)
88. Climate. The Tongan archipelago is located in the tropics and is subject to an annual

tropical cyclone season, typically between November and April. The country has two distinct
seasons T a warm wet season from November to April and a cooler dry season from May to

10 Based on research in 2015 on air quality in the Solomon Islands (Ehsani & Mwaniki, 2017)
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October. Nu k u & has atfopical monsoon climate, with hot temperatures year round. Most of
T o n g railfadl is associated with the movement of the SPCZ, this band of heavy rainfall is caused
by air rising over warm water where winds converge, causing thunderstorms (Figure 5.4).

Figure 5.4: South Pacific Convergence Zone
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89. The climate of Tonga is tropical. It lies within the south-east trade wind zone of the South
Pacific. Wind speed over its surrounding oceans averages around 12 knots. Strong winds are not
common except during tropical cyclone passages in summer (November- April) and gales from
eastward migrating high-pressure systems during winter (May-October). Rainfall is moderate, with
high relative humidity. Tongabs annual rai
seasons. Temperature variations throughout the country show an increase in daily and seasonal
variations with increasing latitude. Mean annual temperatures vary from 27°C a't Niuafobdou
Niuatoputapu to 24°C on Tongatapu.

nfalll

90. Diurnal and seasonal variations can reach as high as 6°C throughout the island group.
During the hot wet season (November-April), the average temperature ranges from 27-29°C
whereas at dry cool season (May-October), the average temperature ranges from 20-24°C. Data
on rainfall patterns (figure 5.5) generally suggest a decrease in dry season rainfall and an increase
in wet season rainfall over the course of the 21st century. Wet season increases are consistent
with the expected intensification of the South Pacific Convergence Zone. Drought projections are
inconsistent across Tonga. Model projections show extreme rainfall days are likely to occur more
often.
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Figure 5.5: Climate data for Tonga: Average Rainfall, 1980-2010
Average rainfall during dry season Average rainfall during wet season
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o1. Climate change. Increasing evidence and observation of long term changes in global
weather patterns is the main challenge around issues of adaptability and resilience. Increases in
average temperatures, changes to average rainfall and changes to the intensity and frequency of
extreme events, such as cyclones are becoming more apparent and threatening ecological
systems throughout the world. Climate change risk management approaches focus on predicting
how these changes could impact on natural systems including hydrologic, geological processes,
agricultural systems, ecological equilibrium, and the built environment, and building resilience in
these systems through adaptive interventions.

92. Tonga has seen an increasing trend in the occurrences of tropical cyclones. There is also
evidence that the intensity of cycl @dnexcehddei MOrGd:
many cyclones have severely affected Tonga. To nhame but a few; Cyclone Flora in March, 1961

affected Vavabdbu and Habapai di stricts, Cyclone |
Tongatapu and Cyclone Waka in December, 2001 affected the northern group of Niua, Cyclone
Tam in 2006, Cyclone Renee in 2010 severely affec

a combination of Cyclone Cyril and swiftly followed a week later by Cyclone Jasmine heavily

impacted Tongatapu in February 2012 and Cyclone lan caused catastrophic damage to the
Habdapai i sl ands in January 2014. Category 5, Cy
Tongatapu in February 2018.

93. Cyclone Harold in 2020 exacerbated the predicted king tide and wreaked havoc and
significant property damages along the central and western coast of the main island Tongatapu.
These cyclone events caused severe damages to crops and food supply, infrastructures, tourist
resorts, coral reefs and disrupted essential services. Consequently, the damages have had long-
term impacts on the wellbeing of the people and many communities are still recovering from such
impacts.

94. Scientists from the Pacific Climate Change Science Program (PCCSP) have evaluated 24
models from around the world and found that 18 best represent the climate of the western tropical
Pacific region. These 18 models have been used to develop climate projections for Tonga.
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95. The climate projections for Tonga are based on three IPCC emissions scenarios: low (B1),
medium (A1B) and high (A2), for time periods around 2030, 2055 and 2090. Climate projections
for Tonga are shown in Table 5.2:*

96. Temperatures will continue to increase - projections for all emissions scenarios indicate
that the annual average air temperature and sea surface temperature will increase in the future
in Tonga. By 2030, under a high emissions scenario, this increase in temperature is projected to
be in the range of 0.37 1.1°C. More very hot days - increases in average temperatures will also
result in a rise in the number of hot days and warm nights and a decline in cooler weather;

Table 5.2: Climate Projections under different emissions scenarios

Scenarios 2030 (°C) 2055 (°C) 2090 (°C)
Low emissions 0.6+0.2 1.0+0.2 1.4+03
Medium emissions 0.7+0.2 1.3+03 21+04
High emissions 0.7+0.2 14+0.2 26103

Source: PCCSP (2011)

o7. Less frequent but more intense tropical cyclones - on a global scale, the projections
indicate there is likely to be a decrease in the number of tropical cyclones by the end of the 21st
century. But there is likely to be an increase in the average maximum wind speed of cyclones by
between 2% and 11% and an increase in rainfall intensity of about 20% within 100 km of the
cyclone center. In the Tonga region, projections tend to show a decrease in the frequency of
tropical cyclones by the late 21st century and an increase in the proportion of the more intense
storms;

98. Sea level will continue to rise - sea level is expected to continue to rise and by 2030, under
a high emissions scenario, the increase is projected to be in the range of 3-17 cm. The sea-level
rise combined with natural year-to-year changes will increase the impact of storm surges and
coastal flooding. Ocean acidification will continue - under all three emissions scenarios (low,
medium and high) the acidity level of sea waters in the Tonga region will continue to increase
over the 21st century, with the greatest change under the high emissions scenario. The impact of
increased acidification on the health of reef ecosystems is likely to be compounded by other
stressors including coral bleaching, storm damage and fishing pressure.

5.2.2 Geology, soils, and topography

99. Geology. The Kingdom is divided into four major groups, or clusters of islands: Tongatapu
and Eua in the south, Ha'apai inthecent r e, Vava'u in the north
Niuatoputapu) in the far north. Tonga's archipelago lies along the boundary of the Pacific and
Indian-Australian tectonic plates. It comprises both volcanic and uplifted coral islands and reefs,
which cap the peaks of two parallel submarine ridges stretching south of Fiji.}2 Within Tonga
there is a western line of islands of volcanic origin, steep topography and generally high
elevations, and an eastern line of generally low-lying limestone and mixed geology islands.

11 PCCSP. 2011. International Climate Change Initiative. Volume 2 - Climate Change in the Pacific: Scientific
Assessment and New Research and Climate Projections Tool i Pacific Climate Futures.

12 SOPAC. 2007. National Integrated Water Resource Management Diagnostic Report.
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100. Amongst the western group are Tofua (507 m), Kao (1030 m), Late (519 m), Niuafo'ou
(260 m), Niuatoputapu (106 m) and Tafahi (548 m). The eastern group where the majority of the
population lives consists of Tongatapu (65 m), 'Eua (312 m) and most of the islands of the Ha'apai
and Vava'u groups.

101.  Tongatapu and Eua are limestone capped or karst islands, and these combine with a

number of small cor al islands to form the Tongat a

Tongatapu, the largest island in the Kingdom. The south of the Vava'u group is generally
composed of high volcanic and elevated limestone islands with reef communities or fringing reefs.
Hab6apai has high volcanic and | ow | i me gitigands
surrounded by fringing and barrier reefs.

102.  Soils The soils of Tonga are derived from a mixture of volcanic ash and coral. Island
groups are isolated from each other, and are physically and economically different, the country is
described in four parts. Most of the islands of Tonga which include Tongatapu, have a soil layer
overlying coral limestone. While soils vary from island to island, they are mainly derived from
volcanic ash (andesitic tephra) deposited by a series of volcanic eruptions from emergent
volcanoes such as Tofua and Kao and from submarine volcanoes to the west. Other soils include
coral and lagoon sands and mud. Tongatapu and Eua are limestone capped or karst islands, and
these combine with a number of small coral islands to form the Tongatapu group. In Tongatapu,
many primary depositional features - reef rim, patch reefs and lagoon bed - are still evident and
some may be associated with relict deposits of construction material. Soils were formed from a
thick deposit of volcanic ash covering most of Tongatapu and ranging in thickness from about 5
meters in the west of the island to just 1 meter in the east (Orbell, 1983).

103. Topography The topography of Nukudalofa is f
conditions for flood management in the areas of Sopu, Halaovave and Maui. Figure 5.6 shows
contours with the lowest lying areas shaded in dark blue at <=0.6m (0.0m datum = Mean Sea
Level). Areas with light blue shading have levels of 0.8 1 1.0m, whilst turquoise areas have levels
of 1.2 1.6 m. The highest areas are unshaded, with contour levels at a minimum of 1.8 m. Dark
blue areas are generally subject to tidal influence, or depict wetland areas with significant ponding
of water following rain events.

Figure 5.6: Contour map of Nuku'alofa

Source: Tonga Power Limited '
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5.2.3 Disasters and hazards exposure

104. This section summarizes the results of the Multi-Hazard Disaster Risk Assessment
(MHDRA) for Tongatapu that was developed in 2021. With the aim of informing future planning
and investment decisions, the MHDRA looks at the three components of risk:

. Hazards, including pluvial flooding, coastal inundation, combined pluvial flood and
coastal inundation, tsunami, wind, and seismic;

. Exposure of different types of assets, including buildings, roads, water infrastructure
and power infrastructure; and

. Vulnerability of these assets to establish estimates for asset damage as a result of
the hazards listed above.

105. Seismology and earthquakes. The Tonga region experiences hundreds of earthquakes
each year due to its location on the Kermadec Tonga Subduction Zone Trench, one of the most
seismically active regions of the world. The high seismicity is due to the high convergence rates
between the Australian and Pacific plates. During the last century, more than 1,000 events
occurred in the area with magnitude over 5 (Mw>5). However, less severe tremors are common.
The Tonga Seismic bulletin issued by the Tonga Geological services describes the number of
earthquakes occurring in Tonga per month. Earthquake occurrences in January 2021 were
recorded at 35 compared to 42 for the month of August. These earthquakes were at magnitudes
less than 5 and thus are unlikely to be felt or cause damages to the earth surface.

106. The subduction trench can produce earthquakes as large as magnitude (Mw) 8, but these
are rare. Of note are the earthquake that hit in June 1977 (Mw 7.1) and the double earthquake
that hit on September 2009 (an initial Mw 8.1 earthquake immediately followed by a second Mw
8.0 shock) and caused a tsunami that resulted in nine casualties. Earthquakes can damage
structures, from partial to total due to permanent deformations (cracks, settlements), liquefaction,
and failure. They can also lead to changes in bathymetry and/or landforms. During an earthquake,
instability can occur along slopes or cause permanent deformations due to lateral spreading.

107. Hazard and exposure. Probabilistic seismic hazard calculations determined the peak
ground acceleration (PGA) and the uniform hazard response spectra (UHRS) for a given annual
probability of exceedance. The assessment included PGA hazard values at 10-year, 50-year,
100-year, 200-year, 475-year, 975-year, and 2,475-year return periods presented for different site
conditions (Table 5.3).

Table 5.3: PGA (g) for site sub-soil classes C and D/E

Return Period PGA (g)Z,SSO(:Tl:/sCIass C, PGA (g),lsstc))lrln(/islass D/E,
10 years 0.16 0.18
50 years 0.35 0.36
100 years 0.46 0.47
200 years 0.60 0.61
475 years (1/500 APE) 0.83 0.84
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975 years (1/1,000 APE) 1.07 1.09

2,475 years (1/2,500 APE) 1.46 1.51
Source: Multi-Hazard Disaster Risk Assessment (2021)

108. The PGA results for these return periods were then applied to the site class map to
produce island-wide hazard maps. The 100-year return period map is shown in Figure 5.7.

Figure 5.7: Peak ground acceleration for a 100-year return period

PGA (g) as per table:

Return Period (years)
10 |50 100 | 200 | 475 | 975 | 2475
c 0.16 0.60 | 0.83 | 1.07

DJE | 0.18 0.61 0.84

=
»

Class

Source: Multi-Hazard Disaster Risk Assessment (2021)

109.  Vulnerability of power distribution assets. Ground accelerations create forces on the
utility poles, which are anchored into the ground.'®* Pole mounted equipment may fall to the
ground, particularly if bolted to the cross arms. Overhead circuits can also be damaged by inertial

shaking or in many cases due to fAsnamthellibeaads 6 wh
Conductor burns and entanglement can also occur due to wire slapping. Where buildings
coll apse, this can also |lead to damage to tthe di st

13 Though only PGA is considered here, liquefaction can also impact utility poles.
14 Eidinger, J. (2017). Fragility of electric power distribution systems.
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110.  The fragility curves shown in Figure 5.8 were developed by the engineers who authored
Hazus® have been adopted without modification. These functions apply to the entire distribution
system, as opposed to the individual utility pole and power line components.

111.  They encompass poles, cables, in-line components (e.g. transformers), and utility-owned
equipment at customer sites.'® They are applied to Tongatapu on a regional basis, taking into
account any differential hazard experienced on the islands: Slight: 4% of circuits have failed;
Moderate: 12% of circuits have failed; Extensive: 50% of circuits have failed; Complete: 80% of
circuits have failed.

Figure 5.8: Utility pole and power line vulnerability to seismic hazards
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112.  Ground-mounted transformers across Tongatapu are also vulnerable to seismic shaking,
which may crack critical subcomponents or dislodge a ground-mounted transformer from its
foundation. The fragility curve in Figure 5.9 was developed by the HAZUS engineers and has
been adopted without modification. This function applies to the transformers present at small
substations.

15 Hazus is a geographic information system-based natural hazard analysis tool developed and freely distributed by
the Federal Emergency Management Agency (FEMA).

16 FEMA. 2020. HAZUS Earthquake Model Technical Manual 4.2.
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Figure 5.9: Transformer vulnerability for seismic
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113.  From photographs taken on site visits to Tongatapu, the transformers appear anchored to
their concrete foundations. Strong accelerations could lead to shearing of the anchorage bolts or
other failure modes that dislodge the transformer. Leakages of oil or from the radiator would
require significant repairs or replacement of the entire transformer.

114.  Cyclonic wind. Tropical cyclones are a critical hazard to Tonga, due to the potential for
significant destruction and high likelihood of recurrence. Tropical cyclones in Tonga are slightly
more frequent in El Nifio years (19 cyclones per decade) than in La Nifia and neutral years (16
cyclones per decade).

115.  The year-to-year variability in the number of tropical cyclones in the vicinity of Tongatapu
is large, ranging from zero in some seasons, to five in the 2003/04 season. This high year-to-year
variability makes it difficult to identify any long-term trends in frequency, especially given the
relatively short period over which measurements have been made.

116. Since the 1960s, six cyclones have severely affected Tonga, with four impacting

Tongatapu: FIl ora in 1961 (Vavab6ébu and Habapai);

| s

2001 (Niua); Renee in 2MHB® (CEaIM201B (Tangatapu a\hadv & w ag n d

andHaroldin2 020 (Tongatapu, O6Eua and Hab6apai). High wi!
these cyclones caused severe damage (e.g. crops and food supplies, infrastructure, tourist

resorts) and disrupted essential services and the wellbeing of affected communities for prolonged

periods.

117. Of the si x, Cyclone Gita was the most i Nt ens e
maximum sustained winds were estimated at over 230kph. Based on a post disaster rapid
assessment, the total e c 0 n 0 mi ycGitavveak esématedf to ieh e e e

approximately T$356.4 million (US$164.2 million), equivalent to 37.8% of the nominal gross
domestic product (GDP) of Tonga. Over 30% of the estimated recovery and reconstruction cost
($45.9m out of $148.7m) was for the energy sector. This included the cost of reconstructing the
power grid infrastructure assets on Tongatapu to a higher standard of disaster resilience.

118.  Pluvial flooding. According to a recently-completed flood management master plan (the
summary of which provided most of the information for this section), rain-fed floods have affected
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Nukudal ofads urban popul ation more than any ot her
number of people impacted. More severe flooding events typically coincide with tropical cyclones.
For instance, in the aftermath of Tropical Cyclone Jasmine (February 2012)}" and Tropical
Cyclone Gita (February 2018),®*many of Nukuod6alofadés 13 villages we

119.  Because the soils are highly permeable, flood waters in higher areas of the city (1.6m
above sea level) typically recede within two to three days in most areas. In lower-lying areas
(about 60% of Ndteknuaddariore freguent pohdmagaogoeirs. In low-lying areas like
Sopu (where Area 5 is located), significant flooding can be expected to occur two or three times
per year.

120.  The nature of this flooding is different than conventional river flooding. Due to the high
proportion of inundation area to catchment size and the flat ground, the rate of rise is slow and
the depth of flooding is generally shallow (shin to ankle deep). After a heavy rainfall, rainwater
runoff ponds on properties throughout the city until it eventually infiltrates, evaporates, or reaches
such depth that it flows overland to lower ground.

121.  After heavy rains, water levels can stay on roads for up to seven days and on lower-lying
neighborhoods for even longer. This is generally the result of five factors:

. lack of slope, which slows the movement of water, extends periods of inundation,
and limits engineering options to convey rainfall runoff and mitigate flooding;

. a water table that is close to the surface, which means that water cannot easily soak
into the ground, and little can be done to facilitate an improved rate of infiltration.®

. roads that have been constructed higher than adjacent properties and without
roadside drainage and culverts, thereby restricting natural drainage pathways;

. uncontrolled filling of land by property owners, which creates additional wetland
areas and aggravates flooding to adjacent properties; and

. limited drainage infrastructure, which means that runoff from all other land has no
direct link to drainage.

122.  Due to these factors, flood depths and durations cannot be significantly reduced in some
areas, while in other areas, potential solutions (e.g. wide drainage canals) are not viable due to
their economic impracticality, extreme capital requirements, and/or maintenance implications.

123.  Storm surge. Another cause of flooding is storm surge, which is typically related to tropical
cyclones and widely recognized as one of the most destructive climatic effects. Storm surge can

17 The peak 24 hour rainfall during this cyclone was 282mm. This is the maximum 24 hour rainfall recorded for
Nukual ofa equating to the 1 in 40 year return period event
rain over the previous 4 days saturating ground ahead of the record rainfall.

18 While high winds caused much of the destruction from Cyclone Gita, damages and losses were also attributable to
heavy rainfall (200 mm over a 24-hour period) and the accompanying storm surge (which reached 1m above normal
high tide levels). Several intermittent rain events in the months after the cyclone extended periods of inundation.

19 The water table under Nukualofa reflects MSL with the lighter freshwater perched on top. The depth of this
freshwater water varies (between .2 m and 1.9m) and is dependent upon ground level and depth available and the
permeability of the ground and transmissivity rates and gradients available to MSL. The shallowest levels are
adjacent to Fangaduta Lagoon
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combine with other short-term climate variability factors, such as high tides and extreme rainfall
events, to cause coastal inundation.

124. The sea wal | t hat was constructed along the wat
successfully protected much of the city from storm surge during recent cyclones.? However,
when TC Isaac hit in March 1982, Sopu was not protected by the sea wall. Approximately 30% of
Tongatapu was inundated, resulting partly from a storm surge of 1.6m acting on top of a high
spring tide.?! Inundation reached 1 km inland in Sopu, where water depths were up to 1.5m, while
all houses fronting Vuna Road were moved off their foundations a distance of about 10m. The
sea wall was extended in 1989, thereby reducing inundation and erosion along the foreshore of

Nukudal of a. I n addition, Hof oa road was built i n
Sopu during extreme events. Storm surge is therefore not a significant cause of current flooding

in Nukudal of a, but it could become more of a fact
125. Sealevelrise. The greatestlong-t er m t hreat to Nukubal ofa is se

change, which will lead to permanent inundation of low-lying areas. Since records began in the
harbor in 1993, there has been an increase in sea level of about 6.5mm/year.?? The global
average during this period has been 2.5 to 3.4mm/year).?

126.  Although sea level rise is a long-term process, the initial impacts are already observable.
In the low-lying districts of Popua and Sopu, rising sea levels have led to inundation during spring
tides and storm surges, while half the island of Nukunukumotu is now inundated by spring tides.
Inundation is exacerbated by the fact that previous development of plots has been haphazard,
and no coherent plans have been made to allow drainage and water flow.

127.  Sea level rise will result in an increasing mean sea level (MSL). The water table under
Nukudal ofa is perched on this mean sea | evel, wit
water underneath. Due to the highly permeable underlying Pliocene and Pleistocene limestone,
sea walls and other coastal measures will not be effective long-term against rising sea levels.?*
The saline | evel wi || rise in direct proportion t

128.  In addition, there is high confidence that the frequency and intensity of extreme rainfall
eventswili ncrease with <c¢cl i mat e c-fedafloogieg, proldems Wilulikelyd al o f a ¢
worsen if significant measures are not taken.?

129. Hazard and exposure. The results from the MHDRA modelling support the findings of the
flood management master plan, namely that large areas of Nuku'alofa are inundated by surface
flood in both frequent and extreme rainfall events. From the modelling, the MHDRA concluded

20 This is a coronous rock armour sea wall with a crest varying between 1.6 and 2.6m that extends for the majority of

the 6.6km ocean frontage on the north side of Nukudal of a
21 Not all of this would have been by seawater, as flooding due to heavy rainfall would also have inundated

many areas.

22 Tide gauge data from the Australian Bureau of Meteorology.
2 https://climate.nasa.gov/news/2680/new-study-finds-sea-level-rise-accelerating/

24 However, it should be noted that the sea wall along the north side of the city provides a useful function in
Nukudal ofa to protect agai nsesandwasesattianl It canralsospioteatagainstd e xt r a
small storm surges and tsunamis.

25 Australian Bureau of Meteorology and CSIRO, 2014. Climate Variability, Extremes and Change in the
Western Tropical Pacific: New Science and Updated Country Reports.
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that while the smallest pluvial flood event assessed in this study has a 10-year return period, it is
likely that there is extensive urban flooding in these areas for more frequent events.

130. However, there is only minor change to the extent and depth of pluvial flooding predicted
for events rarer than the 50-year return period under both current climate conditions and with
increased intensity of rainfall for future climates. In other words, there is little change in the pluvial
flooding with increasing return period. The 50-year, 100-year, and 200-year events show similar
levels of inundation.

131.  Inundation under SLR scenarios is more extensive and demonstrates deeper maximum

flood depth in flooded areas compared to extreme pluvial flooding events. This is especially true

of SLR greater than 1 meter. With rises in sea level, areas affected by coastal inundation will be

affected for greater durations due to decreased soil infiltration rates due to the higher sea levels.

Figure 8 (pluvial flooding only) and Figure 9 (combined pluvial flooding and coastal inundation

with 0.5 SLR) show a similar pattern of floodinginlow-l yi ng Nukudal ofa (includi
5). While pole-mounted equipment is too high to be damaged by this flooding (see next section),

the bottom of the power poles are exposed. However, the difference between Figures 5.10 and

5.11 is also apparent, with the latter showing greater flood depths.

Figure 5.10: Pluvial flood (100-year return period)
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Figure 5.11 : Combined pluvial flood (50-year return period) and coastal inundation (10-year return
period) with 0.5 SLR and climate change impacted rainfall
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Source: Multi-Hazard Disaster Risk Assessment (2021)

132. Rising sea levels will eventually start affecting drainage capacities and effectiveness,

leavinglow-l yi ng Nukubéal ofa inundated more frequently a
impact the power infrastructure, but the users themselves, as parts of Nukudéal of a wi | |
uninhabitable unless significant adaptation measures are taken (note the limitations of improving

the drainage system in paragraphs 132 and 133). Although not within the scope of this document,

plans for further improving powersupp | y and di stri bution in Nukudal of
term impacts of sea level rise.

133.  Vulnerability of power distribution assets. Several damage mechanisms can impact
utility poles and power lines in a flood, including debris impact, floatation, and drag on poles and
lines. However, for significant damage to occur, floodwaters must reach the sensitive electrical
equipment attached to utility poles. Capacitors and transformers are rugged to rainfall but
susceptible to damage in inundation. The power lines themselves are rugged to inundation, as
they are weatherproofed against water intrusion through the cable housing.

134.  As shown in Figure 5.12, Arup developed a fragility curve for pole-mounted equipment
based on the elevation of the equipment on the pole, determined to be between six and seven
meters, depending on the type of utility pole (HV and LV). The assumption is that once inundated,
the equipment would need to be replaced.
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Figure 5.12: Pole-mounted equipment flood vulnerability
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135.  Although not covered in the MHDRA, more frequent floods can impact power distribution
in another way i by speeding up the process of wood decay and failure at the ground line section
of power poles. The incidence of wood decay is directly related to the moisture content of the
wood. Over long periods, wood preservatives are lost as a result of migration to the soil, which
usually happens first at the ground line.?® Since time-dependent decrease in strength due to
decay is usually not considered in the design (to withstand strong winds), risk management
strategies are needed to consider the impact of decay.?’

136.  Ground-mounted transformers, though typically weatherproofed to some degree, are also
vulnerable to flood inundation. Individual components are susceptible to water damage, like the
coils in oil-filled transformers as seen in Tonga.

137.  As shown in Figure 5.13, two damage states (DS) for transformers were developed at
Arup from interviews with electrical engineers and other subject matter experts with flood
reconnaissance experience. The first damage state (DSI) corresponds to water entering the
transformer and damaging individual subcomponents, which would require replacement. The
second damage state (DS2) leads to total replacement of the transformer and occurs once water
has almost completely inundated the interior. Damage would not be expected until floodwaters
exceed the height of the plinth on which exterior ground-mounted transformers are typically found.

26 https://polesaver.com/blog/why-do-wooden-utility-poles-fail/
27 https://www.frontiersin.org/articles/10.3389/fbuil.2020.00073/full
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Figure 5.13: Ground-mounted transformer flood vulnerability
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138. Tsunami. Tonga is highly vulnerable to tsunamis. The island group is situated at the

subduction zone of the Indo-Australian and Pacific tectonic plates and within the Ring of Fire,

where intense seismic activity occurs. It is about 200km to the west of the Tonga Trench, which

is a potential source of tsunami. At most risk of
withthelow-l yi ng areas of the main island of Tongatapu,

139.  Historically, some 20 tsunamis have affected Tonga. The most recent followed the Great
Samoa/Tonga Earthquake of September 2009 near Niuatoputapu. This was followed by three
tsunami waves with a maximum height of 16.9m and inland penetration of >1km. About 46% of
the island of Niuatoputapu was inundated, resulting in the deaths of nine people and damages
estimated at about USD10 million.?® This included the destruction of 85 houses and the partial
destruction of 56 others.

140. In addition to earthquake-induced tsunamis, volcanic eruptions have also caused

destructive tsunamis in Tonga. The January 2022 massive volcanic eruption generated tsunami

waves that wreaked havoc on the western part of the main island Tongatapu and t he Haébda
islands that resulted in four casualties. Coastal developments, residences and farms located on

the west coast were completely destroyed. The World Bank Disaster Assessment report

estimates damages at $USD90.4 million (TOP 208 million) with damages to agricultural sector

alone estimated at about $USD39 million. The government has taken steps to mitigate the risk

posed by tsunami, which includes the installation of early warning systems, evacuation routes

and designated shelters and increased public awareness. While these are important measures,

it should be ndosepbxinithtad a ofnguwldéts | i ne and Nukudal of
the lack of protective reef systems on some coastal areas means that tsunami risks can only be

truly mitigated by relocating people and assets further inland and to higher ground.

141.  Hazard and exposure. A deterministic assessment of tsunami inundation was conducted
based on a range of subduction zone thrust earthquake sources occurring on the Tonga Trench.
A total of 10 earthquake scenarios were tested with Mw of 9.0, 8.7 and 8.3, with variation in the
source location and/or slip distribution within each magnitude. Scenarios representing a range of
maximum tsunami amplitudes were selected for inclusion in the assessment. The scenarios were
run at present day MSL and for SLR scenarios of 1.0, 2.0, 4.0 and 6.0m above present day MSL.

28 https://www.pdc.org/the_kingdom_of _tonga_post_tsunami_reconstruction_project/.
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142.  Due to the low-lying topography, the northern coast of Tongatapu is most vulnerable to

tsunami inundation. Particularly vulnerable are the villages on the north-facing portion of the island

to the east of tNu&ku&drmatlrodrmac  acfr oEangaduta Lagoon).
the strong dependence on source location in predi
the strongest effects associated with sources directly east of Tongatapu and falling off rapidly with

distance north or south along the Tonga Trench Subduction Zone. The arrival times showed a

similar strong dependence on source location. The Mw 8.3 scenarios were located to the east of

Tongatapu and all had arrival times in the order of 0.5 hours or less.

143.  The modelling results suggest that as the magnitude of the source events increase from
Mw 8.3 to Mw 9.0, the areas inundated and the depth of inundation increases (Figures 5.14 and
5.15) show a tsunami emanating from a Mw 8.7 earthquake with Om and 1m SLR). The source
location influences the maximum offshore amplitude height, which in turn influences the areas
inundated and the depth of inundation. When sea level rise is considered, the northern coast of
Tongatapu remains most vulnerable to tsunami inundation.

Figure 5.14: Maximum overland flow depth (magnitude 8.7 north source with Om SLR)
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Figure 5.15: Maximum overland flow depth (magnitude 8.7 north source with 1m SLR)
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144.  Vulnerability of power distribution assets. Tsunamis often have higher energy flows
compared to coastal or pluvial flood. This can result in increased structural damage and damage
resulting from debris. Tsunamis cause damage to distribution systems in several ways. The fast-
moving water can scour the base of the utility poles and undermine the foundation. This damage
can cause the pole to lean or topple.

145.  Debris strikes also pose a significant hazard to utility poles and power lines. If the water
level reaches the height of the power lines, floating debris can sever cables from the utility poles.
This type of damage is difficult to predict and model, but the empirical data that informed the
development of these fragilities included this type of damage.

146.  Hydrodynamic forces that undermine the structural integrity of utility poles would impact
the pole-mounted equipment. If a utility pole topples, the pole-mounted equipment could be
damaged in the fall or by the floodwaters. In this case, once the poles are damaged, a complete
replacement of any mounted equipment is expected.

147.  The fragility functions shown in Figure 5.162° were adopted without modification for wood
utility poles. The poles on Tongatapu are typically constructed of pine, and the two damage states
presented®® were assumed to apply, as they are based on expert judgment and a review of post
tsunami damage reports from Samoa, the Andaman Islands, Chile, and Japan. Where utility poles
are damaged, the connected lines will also be considered damaged.

2% Horspool, N. A., & Fraser, S. (2016). An analysis of tsunami impacts to lifelines. GNS Science Report 2016/22.
30 DS 1: Moderate damage to pole, leaning or needs repair; DS 2: Complete damage to pole, washed away.
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Figure 5.16: Utility pole vulnerability to tsunami
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Source: Multi-Hazard Disaster Risk Assessment (2021)

148. Volcanoes Tongab6s volcanic activity has been reco
submarine eruptions, and emerging and disappearing islands. The last major eruption occurred

in 2014 whichr esul ted in the formation of a new island i
800m wide (Division of Natural Resources, MLNR, 2015). However, the most recent major

eruption on 15 January 2022 completely obliterated the new island and only fragments of the

island can be seen on satellite imagery (see Figures 5.17 and 5.18).

Figure 5.17: Tonga volcanic eruption i before and during

Eruption leaves little above water on 15 Jan 2022

Hunga-Tonga Hunga-Ha’apai Two hours before eruption,
crater covered by sea

7 Jan 2022
Two islands were connected
by a volcanic crater

/

Hunga'Ha'apai#

{

9
{

HUNGA-TONGA HUNGA - HA'APAI - Tonga - January 7, 2022

Source: Sentinel Hub, Planets Lab, Maxar per BBC
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Figure 5.18: Tonga volcanic eruption i after

18 Jan 2022

After explosion, satellite image
shows only high ground remains
above water

o

Source: Sentinel Hub, Planets Lab, Maxar per BBC

149. The massive volcanic eruption was recorded by NASA and detected by Meteorology
stations across the globe. Tonga located closest to the epicenter of the eruption estimated to have
occurred 65kmnorth-we st of f t he ¢ o0 a ruptianigendtaiekl isuhani vwavesthat T h e
reached up to 7m high in the central coastal area and were much higher in the western and
eastern coastlines of Hahake and Hihifo. As a coral atoll surrounded by fringing reef systems, the

island was afforded some protection and aided in dissipation of wave height and strength.

524 Water resources

150. Surface water resources. The island of Tongatapu has no surface water resources.
Freshwater is supplied from underground aquifers stored in a freshwater lens. This lens varies in
depth from 1.0 - 2.5 m below sea level in the west, and approximately 5-8 m below sea level in
the central and eastern part of the island. The main drinking water source is rainwater, with
utilization of underground water in urban areas. However, due to the hardness of the ground
water, most Tongans supplement their drinking water supply with rainwater catchment system
and purchase filtered ground/ rain water from local suppliers.

151.  Groundwater resources. Awell-f i el d based at Mataki 6eua e
capital <city, Nukubéalofa. The water table is e
level. A study in 2009 on the vulnerability of groundwater in Tonga® found that due to the
conditions of the individual wells, parameters such as pH, salinity and temperature were only
acquired for 31 out of 39 wells in Mataki b6eua.

31 SOPAC. 2009. Vulnerability of Groundwater in Tongatapu - Groundwater Evaluation and Monitoring Assessment.
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Figure 5.19: Groundwater development and freshwater lens
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Source: Water i Sharp interface approach for well-scale modeling of small island freshwater lens: Tongatapu Island
(2018, 10[11])

152.  Concerns around oil spills in the pump engine base has allowed for more efficient design
incorporating concrete bases as bunding sites to contain oil leaks and spillage. This implies that
maintenance of the existing wells is a challenge and warrants support for the Tonga Water Board
and the Geology Unit of Ministry of Lands, Survey and Natural Resources (MLSNR) to monitor
and maintain these wells.

153. The Water Resources Act 2020 provides for the sustainable management, protection and
conservation of water resources in Tonga. Under the Act, the National Water Resources
Committee comprising the chief executive officers for MLSNR, Ministry of Health, Tonga Water
Board, MEIDECC, Director-Hydrology and Water Resources, and representatives from NGOs.
The Committee has functions to support the dissemination of information about water resources
to government agencies and the general communities as well as declare an area to be a water
protection zone.
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5.3 Biological Environment

5.3.1 Protected areas and threatened species

154. Protected areas. In total, there is one Marine Reserve, one Sanctuary, five Marine
Protected Area Parks and 11 Reserves in Tonga. Two of the 11 reserves are classified as a SMA-
Reserve and FHR-Reserve. Despite the establishment of these MPAs, they are often referred to
as6papear ko ldck ef compliance enforcement of compliance. However, measures to
strengthen enforcement are currently being pursued under the Marine Spatial Plan.

155.  In addition to the established MPAs and SMAs, there are currently 90+ offshore marine
protected areas seeking establishment under the Marine Spatial Plan project implemented by the
DOEi n order to meet T o engohpaectingsB30% ofits BEZ by2030./4i t m

156. The MPAs and SMAs are designed to be managed by communities living along the coastal
areas of Tongat apu, Fighra®20 plustratesacnadtal Managandent units that
comprise the Integrated Coastal Management Strategy Planning to support decision making and
managing the human activities along the coastal and marine environment. The section highlighted
in yellow delineates the two coastal villages in Area 5; Sopu and Hofoa.

Figure 5.20: Coastal management units

S olovai

Nukunuku

- Puked
llongatapu ;

“Liahonag#®

TofMgalapu Island

/Nwitoua

4 Mua

tRatumu

Coastal Management Unit 1: North Coast (Nuku'alofa urban area westwards to Masilomea)

Coastal Management Unit 2: Low lying west coast (Hihifo Peninsula — lagoon side villages)

Coastal Management Unit 3: Low lying north east coast (Hohgke Peninsula: Nukulekg to Afg Village)

Coastal Management Unit 4: Fanga’Ute Lagoon

Coastal Management Unit 5: Raised coast (Ha'atafu (Hihifo) to Afe (Hohoke)

Source: Kingdom of Tonga - 3" National Communication on Climate Change Report

32 Kingdom of Tonga. 2020. Sixth National Report to the Convention on Biological Diversity
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5.3.2 Terrestrial habitats, flora and fauna

157.  The terrestrial habitats of Tongat apu, Nukuoal of acludenadmixtolh e pr o]
natural vegetation types which are predominantly agricultural crops that are essential for food

security. About 70 percent of the population® are involved in farming activities of food crops such

as yams (Dioscorea spp.), cocoyam taro (Xanthosoma sagittifolium), swamp taro (Colocasia

esculenta), sweet potato (Ipomoea batatas), cassava (Manihot esculenta), and giant taro

(Alocasia machorrhiza etc.

158.  Fruit trees such as avocado, oranges, soursop, mandarin, coconuts, tamarind etc can also
be found in Tonga. Banana crops are also common due to the tropical climate. It is assumed that
banana varieties were all derived from the seeded species of M. acuminata and M. balbisiana.
The three main types of Banana crops in Tonga are the hopa (Musa balbisiana), pata (bluggoe
types) Pata cavendish types (siaine).®*

159. Modified habitat. The terrestrial habitat observed in Area 5 is a modified environment

due to significant land use changes attributed to farming practices. Along the pole alignments on

the main road of Hi hi f o | i nkakilangi sdttlemel8d, @odt arops ut ai ,
plantations such as taro, cassava etc were present throughout the area. Coconut trees, breadfruit

and fruit trees such as papaya trees, mango trees and banana plantations were also observed.

Trees of cultural and economic significance such as mulberry trees, kava plants, Heilala tree and
sandalwood trees were also observed in the project impact area.

160. The vegetation in Sopu, Halaovave, Isileli and Maui are predominantly coconut trees, pine
trees, mango trees, papaya and fau trees and coastal trees scattered throughout the settlements
(as shown in Plates 5.1 a1 f). This area is a flood prone area and located closer to the coast and
thus not suitable for farming.

33 Ministry of Agriculture, Food, Forestry and Fisheries and Tonga Statistics Department and Food and Agriculture
Organization of the United Nations. (2015, December). Tonga national agricultural census main report.

34 Kingdom of Tonga 2020, 6t National Report to the Convention on Biological Diversity
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Plates 5.1 a-f: Examples of vegetation types in modified habitat of Area 5

Kava plant Tudat ak

Matureango tree hanging over power poles (Mui
Sopu facing north)

Source: Tonga Power Limited
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5.3.3 Aquatic flora and fauna

161.  Overview. Mangrove ecosystems are fundamental in providing coastal protection against
storm surges and provide habitats and nursing grounds for fish species such as milk fish, mud
crabs, shellfish etc. They play an important role in carbon sequestration and therefore vital for
climate change adaptation and mitigation. According to Salcone J et al. 2015, carbon
sequestration from mangroves in Tonga contr

bute

t

in terms of cost evaluation of this vital ecosystem service. Tonga 6s wet |l ands compri se

forests which covers about 1,800ha (3 percent) of the total land area for Tonga.*® The total

mangrove areas in Tongatapu is approximately

area but also in other coastal areas in the northwest of Tongatapu in Sopu (282ha), northeast in
Popua and Patangata (54ha) and western coastlines in Hihifo district, Kolovai (108ha).*®

162.  Despite the importance of mangroves as mechanisms for climate change adaptation and
mitigation, the mangrove areas in Tonga are declining.®” This is attributed to the unsustainable
harvesting of mangroves to meet community demands for making traditional tapa cloths,
medicinal cure for fever, stomach ailments etc and firewood for cooking. Moreover, increase in
land demands has resulted in reclamation of these wetlands, further exacerbating the degradation
of the mangrove ecosystems, affecting species diversity and stability in providing essential
services for climate change adaptation and mitigation.

163. Ecological survey and methodology. An ecological survey was conducted as part of
assessment of potential impacts of this project. A desktop review of baseline information available
in several environmental and survey reports on mangroves was conducted to identify areas of
ecological importance in the project area of influence. Visual counting and observations of
mangrove species, avifauna and arthropods over 60 minutes were recorded in three sites as
shown in Figure 5.21.

Figure 5.21: Aquatic sites surveyed

35 Kingdom of Tonga. 2018. State of Environment Report
36 Ministry of Environment and Climate Change. 2012. Distribution of Mangroves on the Island of Tongatapu
37 Kingdom of Tonga 2020, 6t National Report to the Convention on Biological Diversity
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164. The aquatic habitat in Sopu and Hofoa are defined as modified habitats due to extensive
reclamation works and the presence of a Department of Fisheries (DOF) milk-fish farm in the
mangrove areas in Sopu.

165. Site 1 Hofoa - general observations. The area is at higher elevation than Sopu, drier
and landward with lower salinity. Flora and fauna is typical of the modified habitats in the area
(Table 5.5). This area is being reclaimed with evidence of gravel rock being piled in the area to
construct a road through the mangroves (Plate 5.2). Thin poles marking the road path were
observed. This suggests that new network extensions are likely to be installed in the area. One
of the main concerns would be to ensure that power poles installed are treated well and chemicals
used in the treatment process such as arsenic etc are not leached into the surrounding mangrove
habitat.

Table 5.4: Flora and fauna species observed in mangrove areas in Hofoa and Sopu

Tree/shrub species Description

Rhizophora samoensis (Tongolei) Good firewood

Exceocaria agalloca( Fet adanu) Sap can cause blindness

Acrostichum speciosum (Hakato) Not many uses and abundant throughout
Avifauna

Kingfisher 1 seen and few others heard

Mynah Two seen

Arthropods Rate of abundance

Mud crabs Many crab burrows

Source: Multi-Hazard Disaster Risk Assessment (2021)

Plate 5.2: Reclamation and new access road through mangrove area

Source: MultiHazard Disaster Risk Assessment (2021)
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