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EXECUTIVE SUMMARY 
 
Yap State and ADB EIA Requirements 
 
This Project, to support the Yap State Public Service Corporation (YSPSC) in its efforts to 
reduce its use of diesel fuel for electricity generation, has three primary technical divisions: (i) 
generation using solar energy; (ii) generation using wind energy; and (iii) improved fuel 
efficiency through the use of a modern diesel engine of a size that is best suited to the base 
load seen by YSPSC.  The purpose of this IEE is to ensure that the project will be 
environmentally acceptable. 
 
The environmental impact assessment of these developments falls under the provisions of the 
Yap State Environmental Protection Agency Regulations issued by the Chairperson of the Yap 
EPA the Yap State Environmental Protection Act (YSL 3-73).  The regulations require that all 
projects require a Preliminary Environmental Impact statement (PEIS), unless exempted.  The 
purpose of a PEIS is to determine whether environmental impacts associated with a project are 
sufficiently significant that a full Environmental Impact Statement is required.  The PEIS also 
ensures that projects without significant environmental impacts are still provided with 
appropriate impact mitigation and impact minimilisation measures.   

 
Under the ADB classification system, which reflects the significance of a project’s potential 
environmental impacts, the Yap Renewable Energy Project has been assigned Category B.  A 
project is classified as category B if its potential adverse environmental impacts are site-specific, 
few if any of them are irreversible, and in most cases can be successfully mitigated. For a 
category B Project, an Initial Environmental Examination (IEE) is required.  This IEE has been 
prepared under the provisions of the ADB’s safeguard policy  
 
It has been determined by the PPTA team that a Project IEE prepared under the provisions of 
the ADB’s safeguard policy would also satisfy all the requirements under the Yap State 
Environmental Protection Agency Regulations.  
 
The Findings of the Assessment 
 
The major findings of the IEE are that the proposed project is an environment-friendly project 
which will result in substantial energy saving and GHG emission reduction and improve the 
energy infrastructure of Yap State. The energy savings have been estimated and are shown in 
the table below. In addition to the significant total savings in gallons of fuel per year is the 
prevention of associated pollutants from combustion of fossil fuels entering the local airshed.  
 

Energy Savings 

 
Subproject 

 
Renewable Energy 

Equivalent Fossil Fuel 
Saving 

New diesel generator at Power 
Plant 

 
- 

57,467 gals/a 
(savings through increased fuel 

efficiency) 

Wind turbine installation 

Phase 1 (2 turbines) 805 MWh 58,333 gals/a 

Phase 2 (5 turbines (2 
from Phase 1 plus an 

additional 3) 
2,127 MWh 154,130 gals/a 

Solar Panels 
 

462 MWh 33,478 gals/a 

Source: PPTA team from data provided by YSPSC.  



 
A range of potential impacts have been identified along with measures to avoid or minimize 
them.   Impacts identified during the design and feasibility stages have been minimized through 
design revisions and will continue through site adjustments to avoid significant flora and fauna 
elements and items of historical heritage (World War II relics) in situ.  These will be mandated 
by the EMP and supported by a range of other environmental management prescriptions. 
 

In particular, the retention of significant vegetation on site, replanting other species and the 
avoidance of impact to neighboring forest areas, will be features of the environmental 
management the Project.  Additionally site design and access road alignment will be guided by 
the Yap State Historic Preservation Office survey and site monitoring of historic relics. 
 
A range of potential construction impacts have been identified for all subprojects.  Earthworks, 
with potential for sediment runoff and erosion, and machinery operating on site with consequent 
noise, vibration and air emissions will be strictly managed and monitored.  Construction will also 
generate construction wastewater and solid wastes.  These impacts are mostly confined to short 
construction periods and as long as proper clean-up and site rehabilitation measures are 
implemented can be classed as temporary impacts. They are covered by site management and 
procedural provisions in the EMP to ensure that impacts during the construction period are 
minimized and mitigated and that proper site restoration occurs at the completion of 
construction.  The Yap EPA requirement for the implementation of an Erosion and 
Sedimentation Control Plan will help ensure that soils and waterways are protected. 
 
Environmental Management 
 
An EMP has been developed for the design, construction, and operation phases of the Project. 
The plan is appropriate for the environmental safeguarding of the planned works and forms part 
of a comprehensive set of environmental management documents. The EMP includes 
institutional responsibilities and costs for implementing the mitigation measures and the 
monitoring requirements. 
 
The primary project assurance required is that the implementing agency (Yap State Public 
Service Corporation) will undertake the full range of effective measures set out in the IEE and 
EMP to guarantee that the environmental management provisions and the environmental 
monitoring plan will be implemented effectively during project implementation, and that the 
implementation reports of the environmental management and monitoring plan in accordance 
with ADB requirements will be submitted in a timely fashion.  Part of this monitoring and 
management commitment will be a commitment to implement and maintain appropriate 
Grievance Redress mechanisms in all project counties and districts and covering the 
construction and operation of all project subprojects.   
 
The PPTA has identified that there is limited environmental expertise in the YSPSC to supervise 
the EMP and has accordingly stipulated that a Loan Implementation Environmental Consultant 
(LIEC) be engaged during the pre-construction period and through the period of loan 
implementation to assist the IA’s Project Management Unit. 
 



 
I. INTRODUCTION AND BACKGROUND 

 
A. Background 
 
1. This Project Preparatory Technical Assistance (PPTA) intended to support the Yap State 
Public Service Corporation (YSPSC) in its efforts to reduce its use of diesel fuel for electricity 
generation. This is proposed to be accomplished through improved fuel efficiency through the 
use of a new generator matched to the base load of the Yap power system and the addition of 
generation from wind energy and solar energy. 

 
2. The PPTA has three primary technical divisions: (i) generation using solar energy; (ii) 
generation using wind energy; and (iii) improved fuel efficiency through the use of a modern 
diesel engine of a size that is best suited to the base load seen by YSPSC. 
 
3. Appendix 4 of the 11 May 2011 ADB Letter of Invitation TA-7394 (REG) Strengthening 
the Capacity of Pacific Developing Member Countries to Respond to Climate Change (Phase 1) 
states that the PPTA is intended to: 

"(i) assess technical alternatives to ensure selected investments are least cost, (ii) 
prepare feasibility studies for selected investments, (iii) conduct due diligence on the 
proposed project, (iv) undertake capacity building analysis for YSPSC for implementation 
under the Project, (v) assess tariff reform requirements, (vi) assess options for 
involvement of private sector, including operation and maintenance contracts for wind 
generation, and (vi) familiarize the implementing agency with ADB’s procurement 
procedures, disbursement procedures, and safeguard requirements." 

 
 
B. Policy, Legal and Institutional Arrangements 
 

Yap State Legislative Framework 

4. The Yap Environment Protection Agency was established in 1994, with the passing into 
law of the Yap State Environmental Protection Act (YSL 3-73).  The environmental assessment 
of actions is covered by regulations promulgated under this Act .  The current regulations are 
the Yap State Environmental Protection Agency Regulations issued by the Chairperson of the 
Yap EPA pursuant to 18 YSC 1509 (a) as amended. 
 
5. The regulations require that all projects require a Preliminary Environmental Impact 
statement (PEIS), unless exempted.  The purpose of a PEIS is to determine whether 
environmental impacts associated with a project are sufficiently significant that a full 
Environmental Impact Statement is required.  The PEIS also ensures that projects without 
significant environmental impacts are still provided with appropriate impact mitigation and 
impact minimilisation measures.   

 
6. The contents of a PEIA are prescribed by the Regulation.  At a minimum, it should 
contain the following information: 

a) A brief description of the project;  
b) A description of the environmental setting of the project;  
c) A general  description of the project’s technical, economic, social, health and 

environmental effects;  
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d) The further identification  of possible environmental impacts by use of the checklist 
provided in Appendix A (of the Regulation);  

e) Possible alternatives to mitigate any adverse impacts;  
f) A brief description of the need for the  proposed project (e.g. community benefit, 

environmental benefit); and  
g) The name of the person or persons who prepared or  participated in preparing the 

Preliminary EIS. 
 
7. The guidelines for the determination of significance under the regulations includes 
whether an action: 

a) Involves an irrevocable commitment to loss or destruction of any natural or cultural 
resource;  

b) Curtails the range of beneficial use of the environment;  
c) Conflicts with the Yap’s long-term environmental policies or goals and guidelines as 

expressed in the Environmental Quality Protection Act, and any revisions thereof and 
amendments thereto, any regulations promulgated there under or court decisions;  

d) Substantially affects the economic or social welfare of the community;  
e) Substantially affects public health;  
f) Involves substantial secondary impacts, such as population changes or effects on public 

facilities or infrastructure;  
g) Involves a substantial degradation of environmental quality;  
h) Has individually limited but cumulatively considerable effect upon the environment or 

involves a commitment for larger actions;  
i) Substantially affects a rare, threatened or endangered species, or its habitat;  
j) Detrimentally affects air or water quality or ambient noise levels; or  
k) Affects an environmentally sensitive area such as flood plain, erosion-prone area, 

geologically hazardous land, estuary, lagoon, reef area, mangrove swamp, fresh water, 
or coastal waters. 

 
Where the Board finds that impacts under the above heads of consideration will be significant, a 
draft Environmental Impact Statement is required. 
 

Other Yap Regulatory Provisions 

8. The Yap Environment Protection Agency has adopted the Regulation for Earthmoving 
Activities (1994).  These require all developments or activities involving earthmoving must be 
conducted in such a way as to prevent accelerated erosion and acceleration of sedimentation. 
To accomplish this, all persons engaging in earthmoving activities shall notify the Agency, and 
are required, shall design, implement and maintain erosion and sedimentation control measures 
which effectively prevent accelerated erosion and sedimentation. These erosion and 
sedimentation control measures shall be set forth in a plan. 
 
9. YSPSC uses United States standards and practices. For the solar installation, the 
National Electrical Code article 690 is applicable. For the inverters, Underwriter’s Laboratories 
(UL) 1741 and Institute of Electrical and Electronic Engineers (IEEE) 1547 must be met. For 
enclosures and junction boxes, the National Electrical Manufacturers Association (NEMA) 
standards apply. Solar panel certifications are for panel capacity and characteristics and a 
certification by any internationally recognized laboratory will be acceptable so long as the 
methods and specifications called for are consistent with those found in International 
Electrotechnical Commission (IEC) 61215 for or the Commission of the European Communities 
(CEC) specifications 503 for polycrystalline panels and IEC 61646 or CEC 701 for thin film 
panels. 
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10. The Yap Historic Preservation Office was established under the ―Preservation of Culture‖ 
section of the Yap State Code.  It requires the state government, before permitting, assisting or 
engaging in any activity which may have an impact on historic properties, to notify the HPO.  
Upon notification the Office must analyse potential impacts on historic or traditional culture.   
 
11. The Office has the responsibility to eliminate or mitigate any harmful effects to historic 
properties from the proposed activity.  Further, the Office is charged with ―increasing the 
beneficial effects‖ on historic properties – i.e. to promote their preservation, conservation and 
interpretation. 
 

Asian Development Bank Environmental Requirements 

12. ADB uses a classification system to reflect the significance of a project’s potential 
environmental impacts. A project’s category is determined by the category of its most 
environmentally sensitive component, including direct, indirect, cumulative, and induced impacts 
in the project’s area of influence. The Yap Renewable Energy Project has been assigned 
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.  
 
13. For this Project an Initial Environmental Examination (IEE) is required.  This IEE has 
been prepared under the provisions of the ADB’s safeguard policy document1 which requires a 
number of considerations which are not normally included in the Yap State PEIS, including: (i) 
project level grievance redress mechanism, including documentation in the environmental 
management plan (EMP); (ii) physical cultural resources damage prevention analysis; (iii) 
climate change mitigation and adaptation; (iv) occupational and community health and safety 
requirements ,including emergency preparedness and response); (v) economic displacement 
that is not part of land acquisition; (vi) adequate consultation and participation; and (vii) an EMP 
which comprises implementation schedule and (measurable) performance indicators. 
 

14. It has been determined by the PPTA team that a Project IEE prepared under the 
provisions of the ADB’s safeguard policy would fully satisfy all the requirements for a PEIS 
under the Yap State Environmental Protection Agency Regulations, and also comply with the 
form and contents of a full EIA under that regulation. 
 

15. The ADB’s climate change efforts are guided by five strategic priorities: 
• expanding the use of clean and  renewable energy;  
• encouraging sustainable transport and  urban development;  
• promoting climate-resilient development;  
• strengthening policies, governance, and capacities; and 
• managing land use and forests for  carbon sequestration.. 

 
The proposed renewable energy project is in line with these priorities. 
 

C. Environmental, Health, and Safety Guidelines 
 

16. ADB’s SPS applies pollution prevention and control technologies and practices 
consistent with international best practices as reflected in internationally recognized standards 

                                                           
1
 ADB. 2009. Safeguard Policy Statement. Manila. 
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such as the World Bank Group’s Environmental, Health and Safety Guidelines. The Guidelines 
provide the context of international best practice and contribute to establishing targets for 
environmental performance.  The air and noise standards in the EHS guidelines will be used in 
parallel with local standards (where they exist) throughout this document. 
 
17. Occupational and community health and safety, as laid out in the EHS Guidelines, will 
be a cross-cutting assessment for all subprojects. 
 
II. DESCRIPTION OF THE PROJECT 

 
A. Project Overview 
 
18. The Project has three components: (i) generation using solar energy; (ii) generation 
using wind energy; and (iii) improved fuel efficiency through the use of a modern diesel engine 
of a size that is best suited to the base load seen by YSPSC.  
 
19. Approximately 300 kWp of solar panels and associated equipment will be specified for 
purchase and installation. The solar generation will be dispersed, mostly on roofs of government 
owned buildings, spread through the area between the main airport and the hospital. it is 
intended that some ground mounted solar panels will be installed in order to gain experience 
with that approach but roof installations are preferred since (i) they are the least costly option; 
(ii) there is less likelihood of damage due to typhoons; and (iii) the varying orientation of the 
roofs causes energy to be collected more evenly over the day than an array with the panels all 
oriented in the same direction. 
 
20. Approximately 1.4 MW of wind turbine capacity is proposed for installation along the 
ridge line to the west of the Merry cell phone tower. 
 
21. A fuel efficient generator, sized to meet the base load, is proposed for installation to 
replace the current generators which cannot provide fuel efficient generation except during peak 
loading periods. This is expected to increase operational fuel efficiency sufficiently to provide a 
good rate of return on the investment.  
 
B. Development Context 

 

22. Yap State has about 11,300 people, nearly 11% of the total FSM population, with about 
6,800 people residing on the main island. The Yap State Public Service Corporation (YSPSC) 
provides grid delivered electricity on the main island and on three nearby outer islands with 
1906 customers on the main island and 156 on outer islands. YSPSC also is legally required to 
provide water and sold waste disposal services but the waste disposal services are contracted 
out to the Public Works and Transport Department.  
 
23. In mid 2011, YSPSC had 80 employees and 2,062 customers.All power generation on 
the main island of Yap State is from diesel fuel. The installed capacity on the main island is 
about 8 MW with a peak load of about 2.2 MW, a decline from earlier years when there was a 
garment industry and a fish processing plant in operation. The base load is about 1.5 MW. Thus 
the 3.3 MW base load gensets are oversized; both fuel efficiency and engine lifetime will 
improve with the installation of a smaller engine which YSPSC is proposing under this project. 
 
24. YSPSC has not seen any growth in demand for several years. This is partly due to there 
having been little expansion in buildings or businesses on the island. It is also due in part to the 
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increasing cost of energy which has caused existing users to improve their energy efficiency 
and to conserve energy where practical and this has offset the effect of any new loads that have 
been added. 
 
25. Future demand has been forecast by following the trend line for the past five years and 
adding in the expected new loads that are currently in the pipeline for construction with their 
impact beginning the years when they are scheduled for completion. Figure II.1 shows the 
energy sold in 2007-2010 for each sector.  There is no discernable trend in the data.  Year to 
year variations are small. 
 

Figure II.1: Electricity Sales by Sector 2007-2010 
 

 
 
 
C. Subproject Descriptions 
 
26. Wind Power Generation.  Including (a) wind turbines  with an estimated Phase 1 
installation of around 0.5MW rated capacity.If the Phase 1 installation is found to be satisfactory, 
then Phase 2 would install about 0.9MW more rated capacity, (b) electrical components (step-
up transformers, grid protection components, metering, SCADA system), (c) access road 
improvements (or a new road of about 0.7km if the existing road cannot be cost effectively 
modified to allow transport of the equipment to the site), and (d) a short transmission line to 
connect the installation to the existing 13.8kV Hospital feeder. 
 
27. The site planned for the installation and operation of the wind turbines is an approximate 
7ha area on the ridge line above the port of Colonia, Yap. Approximately 1.4 MW of typhoon 
resistant wind turbine capacity is proposed for installation along the ridge line to the west of the 
Merry cell phone tower.  There is an access road already to the eastern end of the site, 
servicing the existing transmission tower (Merry Tower).  The location is illustrated in Figure II.1 
below. 
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Figure II.1:  Location of the Wind Power Generation Subproject on Yap 

 

28. The site is shown in Figure II.2 below with superimposed contours.  The site has a clear 
exposure to onshore winds and is remote from any built-up areas. 
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Figure II.2: Location of the Wind Power Generation Subproject in relation to the Landform 
above Colonia 

 
29. The wind turbine structures will be 55-60m tall and spaced to give optimal wind share 
and avoid turbulence effects.  A diagram illustrating the installation is at Figure II.3. 

 

Figure II.3:  Drawing of the Wind Turbine Installation 
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30. Grid-connected Solar Power. Approximately 300 kilowatt-peak units (kWp) of solar 
panels and associated equipment will be specified for purchase and installation. The solar 
generation will be dispersed, mostly on roofs of government owned buildings, spread through 
the area between the main airport and the hospital to the grid.  Included will be (a) required 
electrical equipment, (b) mounting structures, and (c) photo-voltaic (PV) arrays. 
 
31. Candidate sites for the installation of solar panels are listed in Table II.4 and located on 
Figure II.4 below. 
 
Table II.4: Preliminary estimate of government building capacity for roof mounted solar 
photovoltaics 

Site Estimated Solar Capacity Comments 

Airport Parking Lot 50 kWp 
Requires support structures to be 
built 

Airport fire station 8 kWp 
Flat concrete roof, requires additional 
mounting arrangement to achieve 
self-cleaning tilt on panels 

Hospital Roof 80 kWp Newer buildings and good roofs 

Hospital Parking Lot 20 kWp 
Small parking lot with edges heavily 
shaded provides little space for solar. 
Requires structures to be built 

College of Micronesia 50 kWp 
New buildings well oriented for solar. 
Additional possibilities for parking 
structures for solar 

High School 110 kWp 
Many buildings of varying ages. 
Some may need roof renovation 
before solar should be installed 

Tuna Fisheries Warehouse 50 kWp 

Area large enough for at least 80 
kWp but structural assessment will 
need to be made to show the loading 
can be that high. 

YSPSC power station and offices 50 kWp four small buildings 

YSPSC Parking area 15 kWp 
Requires construction of support 
structures 

Public Works and Transportation 
buildings 

75 kWp Adjacent to YSPSC facility.  

Miscellaneous small government 
buildings (Administration, 
environment, education office, police 
station, Telecom, etc. 

20 kWp 
Smaller government buildings spread 
over Colonia 

Total estimated roof mounted 
solar capacity 

520 kWp 
400 kWpis initially considered a 
conservative maximum for solar PV 
input to the grid 
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Also surveyed was the Yap Sports Complex located 4.87 miles in a direction of 62.33 from the YSPSC Office 

Figure II.4:  Location of Candidate Solar Panel Installations 
 
32. Diesel Generation.  The project will install a new diesel generator unit matched to the 
current (and projected) base load of around 1.5 MW.  The new generator will replace the full-
time operation of the existing 3.3 MW Deutz unit.  The location of the Project generator set will 
be in the existing Power Plant operated by YSPSC.  The location is shown in Figure II.5. 
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Figure II.5:  Location of Existing Power Plant 

 
D. Area of Influence 

 
33. Wind Power Subproject. Assessment of environmental and cultural factors at the site 
selection stage can avoid adverse impacts during the operation of the wind farm. The main 
environmental and cultural factors which influence the selection of suitable sites for wind farm 
developments are: 

 cultural appropriateness  – considering site significance, heritage value, and other 
intrinsic values;  

 community acceptance – the level of consent and support from the landholder, 
neighbours, and the wider community;  

 compatibility with existing land use – land use allows wind farm development and 
existing use of land will not hinder the operation of a wind farm (and vice versa); 

 environmental appropriateness – the point to which any adverse environmental effects 
arising from the wind farm’s location can be managed; 

 visual amenity – an assessment of the visual impact of the wind farm from key public 
and private viewpoints, using an objective visual impact assessment tool and 
photomontages; 

 noise impact – the required distance between residences and the proposed 
development will depend on the local topography, the character and nature of local 
background noise; 

 flora and fauna impacts – the potential impacts on local species of flora and fauna can 
be assessed through surveys of local species.  

 
34. Site selection for the wind turbines.  Wind flow modelling was undertaken for  the Yap 
main islands, and used as the basis for assessing potential wind farm locations.  The results of 
the model are shown in Figure II.6 below. The few ridges with sufficient wind for successful 
turbine operations were subjected to further analysis of constraints including land use, land 
ownership, access and transmission feasibility. Only the Merry Tower ridge, with its proximity to 
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Colonia, the existing electricity grid, and existing road access was found to be technically 
feasible and financially viable2.   
 

 
Figure II.6: Wind Flow Modelling Results 

 
35. The area of influence of each subproject according to environmental parameters is set 
out in Table II.5 below.  
 

Table II.5:  Assessment Scope 

Subproject Assessment Item Assessment scope 

Wind Power 

Generation 
Ecology 

Construction “footprint”. 

New forest areas opened to access. 

                                                           
2 Garrad Hasan 2008, Pre-feasibility Report for a Wind Farm in the State of Yap, Micronesia, unpublished 
report for the Yap State Public Service Corporation. 
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Subproject Assessment Item Assessment scope 

Noise and 

vibration 
At noise sensitive point (residential area and village) within 1000m from the site. 

Surface water Waterways affected by earthworks. 

Scenic amenity Viewshed of site 

Grid-connected Solar 

Power  

Noise and 

nuisance  
Short term construction noise and disturbance at individual installation sites. 

Scenic amenity Design at individual installation sites 

Diesel Generation 

Air quality Point source – genset exhaust stacks 

Noise and 

vibration 

At  boundary line of proposed project site, and at noise sensitive point (residential 

area and village) within 300m from the boundary line . 

Hazardous 

materials 
Fuel and lubricant storage and handling areas within plant. 

 
E. Study Area 
 
36. Sensitive receptor sites for impacts from the project construction and operation have 
been identified.  For the wind power subproject these comprise lines of site and viewing areas 
for visual impacts and households or other sensitive sites within 300 m for noise and vibration 
impacts.  For the diesel generation subproject these comprise nearby residential, community 
and educational facilities for air and noise impacts.  The sites have been used to establish 
baseline scenic, air quality and noise levels so that comparative levels of impacts can be 
assessed.  
 
 
 
III. DESCRIPTION OF THE ENVIRONMENT—BASELINE 
 

A. Regional Environmental Setting  
 
37. The Yap Islands group is located about 450 km northeast of Palau, near 10°N latitude 
and 140°E longitude. Yap Proper, also called "Wa’ab," consists of four islands separated by 
narrow channels. Three of the islands--Yap, Gagil-Tomil, and Maap--are connected by roads. 
The fourth, Rumung, is accessible only by boat. 
 
38. Geology and Landform. Yap has a gentle topography, rising to a maximum elevation of 
about 175 m on Mt. Matade. Geologically, the islands are composed of two distinct sequences: 
ancient weathered volcanic rock and weathered metamorphic schists. The islands are 
surrounded by a broad fringing barrier reef. 
 
39. Yap is unique in Micronesia and indeed in many respects for oceanic islands in 
consisting for a large part of metamorphic rocks (Schists).  These rocks are generally found 
within Continental land masses. Also Yap does not appear to have any raised coralline 
limestones which are a feature of other islands on plate boundaries where uplift is relatively 
common. 
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40. Underlying the metamorphic rocks on the surface of most of Yap are the Miocene 
volcanics.  These come to the surface in small isolated areas as old lava flows. Volcanic activity 
in the Yap region occurred primarily in the Miocene and, since that time, volcanism has ceased. 
 
41. Climate. The climate is tropical, with yearly temperatures averaging 27ºC, and annual 
rainfall ranging from 2,250 to 3,400 mm (1981-1988). Rainfall is seasonal, with a distinct dry 
season lasting from January through March. The islands are subject to typhoons, and get 
frequent heavy rains from May through November. 
 
42. The diurnal wind analysis indicates that there is a variation of the diurnal wind speed 
pattern.  The wind speeds increase at 8:00 hour in the morning and reach a peak at noon.  The 
difference between the highest hourly average wind speed and the lowest is about 0.75 m/s.  
This is typically due to local thermal effects.  Increased temperature in the daytime may cause 
large atmosphere mixing, which slow down at night.  Onshore and offshore winds, caused by 
differential heating and cooling between land and sea may also contribute significantly to the 
daily pattern.  

 

Figure III.2:  Diurnal Wind Speed 

43. As with other Pacific Islands, Yap is under the influence of the northeast trade winds for 
eight months of the year, November through June.  From July through October the prevailing 
wind is southwesterly, with frequent periods of calm and light variable winds.  The trade winds 
from the east are generally observed at the site (see Figure III.1).  There are minor components 
of the winds from the E and the SSW. 
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44. Figure III.1: Wind directions of Site Data 
 
45. Climate Change. Many extreme weather events in the western Pacific such as 
typhoons can be linked to the El Niño/La Niña-Southern Oscillation (ENSO) pattern. Since the 
mid-1970s, there has been a tendency for more frequent El Niño episodes, without significant 
intervening La Niña events. Recent modeling studies indicate more El Niño-like conditions as a 
result of global warming—with central and eastern equatorial Pacific sea surface temperatures 
projected to warm more than the western equatorial Pacific. Corresponding rainfall patterns, as 
well as the area of tropic cyclone formation, have been shifting eastward.  
 
46. Drought caused by the El Niño effect in the Pacific is also serious and increasingly 
regular occurrence. Each El Niño event results in water shortages and drought in (among 
others) parts of the Federated States of Micronesia3.  Drought conditions can also significantly 
reduce the soil’s ability to cope with sudden intense rainfall, exacerbating flooding and erosion.  
 
47. Several islands of the Federated States of Micronesia (FSM) have declared major 
emergencies in recent years due to food and water shortages in the wake of the El Niño 
phenomenon. Rivers have dried up and wells become dangerously low with increasing levels of 
salinity leaving many schools and public facilities without adequate water supplies4.  
 
48. Air Quality.  No data exists for ambient air quality for Yap.  The small size of the island 
and prevalence of strong maritime winds ensure that any air emissions from vehicles, fires or 
existing power plant is quickly mixed with clean maritime air and no pockets of lower air quality 
exist. 
 
49. Noise Environment.  No previous noise monitoring data was available for Yap at the 
time of the TA.  The PPTA team therefore undertook a survey of ambient noise on the island.  
The results are at Table III.1 below.  The ambient noise levels comply with EHS guideline levels 
of 55 dBA (day) and 45 dBA (night). 
 

                                                           
3

 Secretariat of the Pacific Community (SPC) Land Resources Division. 2010. Vulnerability of Pacific Island 
Countries. www.spc.int/lrd/index.php?option=com_content&view=article&id=535&Itemid=306 

4
 SPC Land Resources Division. 2010. Ibid. 
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Table III.1: Ambient Noise Levels 

Sampling Location Noise Level (dBA) 

Day Night 

Colonia Town area (urban) 47.5 34.2 

Old airstrip (rural) 43.8 32.7 
Source: PPTA team 

 
50. Surface Water. Figure III.2 shows the surface drainage pattern and runoff catchments of 
the project area.  The site for the wind turbines, being along a ridge line, straddles the upper 
reaches of three catchments.  The catchment on the south-eastern side drains into the 
headwaters of Colonia Bay.  The power station site drains to the north-west into a small 
catchment which ultimately empties into the ocean south of Colonia.  None of the catchments 
where project facilities will be located are used for water supply or other beneficial livelihood 
uses. 
 

 
Figure III.2:  Surface water Drainage Pattern 

 
51. Flora and Fauna.  The following overview of the Yap flora and fauna is drawn from the 
WWF survey of Yap tropical dry forest5. Forests cover 40 percent of total land area, and have 
been divided by Falanruw, Whitesell, et al. (1987)6 into 3 main forest types: upland (mixed 

                                                           
5
 Zicus, S. 2001, Yap tropical dry forest. WWF unreviewed document. www.worldwildlife.org. 

6
 Falanruw, M.C., C.D. Whitesell, T.G. Cole, C.D. MacLean, A.H. Ambacher. 1987. Vegetation survey of Yap, 

Federated States of Micronesia. USDA, Pacific Southwest Forest and Range Experiment Station, Resource 
Bulletin PSW-21, Berkeley, CA. 
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broadleaf forest), swamp, and mangrove. Another 26 percent of the land area is used for 
agroforestry, or tree gardens. The dominant species on these managed lands include coconut 
palm, breadfruit, betel nut, papaya, banana, cassava, two species of taro, and a variety of 
medicinal and ornamental species (Mueller-Dombois & Fosberg 1998)7. 
 
The upland forests are of low stature, with no conspicuous stratification. In favorable, sheltered 
sites, the upland forest is dense with a closed-canopy, but it becomes much more open on 
exposed slopes. Most of the upland forests remaining on Yap are secondary growth, containing 
a mixture of native and cultivated species (Mueller-Dombois & Fosberg 1998).  Mangrove 
forests occur in low, sheltered areas along the coast. Mangrove species are fairly diverse and 
similar to those on Palau. 
 
52. The Yap Islands support eight regionally endemic plant species, mostly of genera 
represented in Palau, and five species which are endemic to the Yap Islands (Mueller-Dombois 
& Fosberg 1998 and Kitalong et al 20128). 
 
53.  Yap contains three strict endemic bird species (a monarch (Monarch sp.) and a white-
eye species (Zosterops oleagineus) as well as four additional restricted-range bird species 
(Stattersfield et al. 19989, Pratt et al. 198710). 
 
54. The Yap flying-fox (Pteropus yapensis) is endemic to the islands (Flannery 1995)11. The 
species is considered Endangered due to hunting and typhoons (Hilton-Taylor 2000)12.  The 
scarcest of the endemic bird species is the Zosterops oleagineus, which is classified as 
threatened with a population estimated at fewer than 20,000 individuals in 1984. The Yap 
monarch (Monarcha godeffroyi) is classified as near-threatened (Stattersfield et al. 1998).   
 
55. All endemic bird species on theYap Islands are at risk from introduced predators, the 
most notorious being the brown tree snake Boiga irregularis, which is responsible for many 
extinctions on Guam. The tree sparrow Passer montanus, which was introduced in late 1970s 
from Eurasia, may carry exotic diseases, although there is as yet no confirmation. A major 
threat to bird species is loss of habitat, due to human-set fires during the dry season 
(Stattersfield et al. 1998). 
 
56. Conservation Areas. The WWF reports13 that currently, there are no legally protected 
areas in the Yap Islands; all land is privately owned. The use of natural resources has been 
regulated by customary management but, as populations grow, this is becoming more 
problematic on Yap as it is elsewhere in the Pacific. Recommendations have been made to 
institute standard forestry practices, but these have not yet been put into place. 
 
57. The western most portion of the site is within an area of ―Relatively Intact‖ Upland Forest 
delineated in the TNC ―blueprint for conserving biodiversity of the FSM (TNC 2003) 14  and 

                                                           
7
 Mueller-Dombois, D. and F.R. Fosberg. Vegetation of the Tropical Pacific Islands. Springer-Verlag New York, Inc. 

8
 Kitalong A, C Kitalong and M Falanruw 2012, Flora and Fauna Survey, Yap Wind Turbine Project, unpublished 

report for the YSPSC. 
9
 Stattersfield, A.J., M.J. Crosby, A.J. Long, and D.C. Wege. 1998. Endemic bird areas of the world: priorities for 

biodiversity conservation. BirdLife Conservation Series No. 7. BirdLife International. Cambridge, UK. 
10

 Pratt, H.D., P.L.Bruner, and D.G. Berrett. 1987. The Birds of Hawaii and the Tropical Pacific. Princeton University 
Press, Princeton, NJ. 

11
 Flannery, T.F. 1995. Mammals of the southwest Pacific islands. Reed, Chatswood. 

12
 Hilton-Taylor, C. (compiler) 2000. 2000 IUCN Red List of Threatened Species. IUCN, Gland, Switzerland. 

13
 Zicus, S. 2001, Yap tropical dry forest. WWF unreviewed document. www.worldwildlife.org. 

14
 TNC 2003, A Blueprint for Conserving the Biodiversity of the FSM.  The Nature Conservancy, Washington. 
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included in the FSM State-Wide Assessment and Resource Strategy (SFSCC 2010)15 as the 
southern-most portions of the Marbaa forest area.  The approximate area, in relation to the 
impact site is shown in Figure III.4. 

 

 

Figure III.4:  “Blueprint” areas for Biodiversity Conservation (TNC 2003) 
 
 
B. Subproject Localities Environmental Setting  
 

Wind Turbine Site 

58. Surface Geology. The site is underlain by a sequence of Greenschist which is closely 
foliated with a foliation dipping towards the North East at 25 degrees.  The Geological Map 
shows a wide variation of dip and structure along the ridge. The Schist is described as having a 
wide range of texture, highly contorted and commonly brecciated and faulted There appears to 
be little in the way of alluvial cover and topsoil is either poorly developed or absent. A thin layer 
of humic cover approximately 100 mm thick was measured in places. 
 
59. Flora and Fauna.   The site is predominantly Upland Forest secondary regrowth 
dominated by Hibiscus tall shrubs to an average height of 5 m.  The central area is disclimax 
savannah of grasses and shrubs, with an infrequent Pandanus canopy.  At the western end of 

                                                           
15

 SFSCC 2010, Federated States of Micronesia, State-Wide Assessment and Resource Strategy 2010-2015+. State 
Forest stewardship Coordinating Committee, Department of Resource Development, FSM. 
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the site emergent canopy species include Calophyllum, Pterocarpus and Semecarpus.  A 
generalised map of the vegetation of the area is at Figure III.5 below. 

 
Figure III.5:  Site Vegetation 

 
60. To provide a higher level of detail on the biodiversity of the site, a special flora and fauna 
survey was commissioned.  The full findings of this survey are included at Appendix 2.  The 
survey provides a complete baseline inventory of the site, as well as information on the 
conservation status of individual species and communities. 
 
61. The survey’s observations on the condition and ecological health of the vegetation 
indicate that this is a healthy secondary forest.  There were introduced species on the site, a 
few of which are considered invasive. However there were no obvious signs of diseased, dead 
or cut trees except those cut for the preliminary survey work.  Many of these trees served as log 
nurseries with young trees sprouting from the fallen trunks. 
 
62. Over 102 plant species were recorded in the survey including 76 native (7 of which are 
endemic) and 23 introduced plants. These are listed in Table III.2 below. 
 
 
 
 
 
 
 
 
 



 

 

19 

A
p

p
e

n
d
ix

 3 
1
9
 

Table III.2:  Endemic Plant Species Recorded in the Survey 

Species Status 
Occurrence on Site (from frequency in 

transects16) 

Buchanania engleriana Volk. Native Endemic Palau & Yap 0.4% 

Semecarpus venenosus Volk. Native Endemic Palau & Yap 16.8% 

Garcinia rumiyo Kaneh. Native Endemic to Yap and Palau 5.6% 

Pentaphalangium volkensii 
Lauterb. 

Native Endemic Single or occasional 

Trichospermum ikutai Kaneh. Native Endemic 3.0% 

Pandanus yapensis Mart. ex 
Kaneh. 

Native Endemic 0.4% 

Psychotria mariana? Bartl. ex DC Native Endemic Single or occasional 

Timonius albus Volk. ? Native Endemic Single or occasional 

 
63. An indicative wildlife species list (mammals, reptiles and amphibians) was produced 
from observations and secondary sources. Two individuals of the vulnerable bat species, 
Pteropus yapensis, were observed during three evening observations. Pteropus yapensis was 
overharvested in the past and currently protected 
 
64. A survey of bird species resident in the area and non-resident birds whose flight paths 
may be impeded by the development resulted in a total of 16 species of birds representing 13 
families observed at or near the site and the slopes below. Five of Yap’s seven endemic bird 
species were seen or heard at or near the site. Of these, three are considered to be near 
threatened.  These species are listed in Table III.3 below. 
 
Table III.3: Endemic Bird Species Recorded at the Wind Turbine Site 

Species Endemic Status Common Name Conservation Status 

Ducula oceanica Endemic (region) Micronesian pigeon Near Threatened 

Monarcha godeffroyi Endemic (Yap) Yap Monarch 2006IUCN Red List Near Threatened 

Zosteropus hypolais Endemic (Yap) Plain White -eye Near threatened 

 
65. Habitat Value. The wind turbine site is a mosaic of natural habitat and modified habitat 
(as defined in the 2009 SPS).  The flora and fauna survey (Appendix 2) records a number of 
endemic species of plants and birds but concludes that the site is not a critical habitat since the 
distribution of these notable species is not limited to or dependent on the area of the site – all 
are distributed widely over the Yap islands and particularly in the less disturbed portions of 
Marbaa forest area in the central north of the main island. 
 
66. In order to offset the small diminution of overall total habitat area due to the installation 
of turbines on the site, a number of recommendations are included in the flora and fauna survey, 
some of which (such as the introduction of legislation to protect the nearby Marbaa forest area) 
are beyond the scope of the present project.  Others refer to the careful marking of trees and 
tree groups on site for retention and the replanting of other plants are incorporated in mitigation 
measures during project implementation (Chapter IV below). 
 
67. Analysis. A digital elevation model (DEM) was used to delineate the areas in the 
viewshed of the site (on the Merry Tower ridge).  This was undertaken using the 3D analyst 
extension of the ArcGIS software package.  The areas identified currently have the forested 

                                                           
16

 Transect locations are at Figure 3b, Appendix 2. 
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ridge as part of their skyline – and as a part of their scenic amenity.  The viewshed is shown in 
Figure III.6. 

 

 

 

Figure III.6:  Viewshed from Wind Turbine Ridge.  Top map shows topography around the 
site.  The site is marked with yellow hatching.  The bottom map shows the seen areas (no 
shading) and unseen areas (dark shading) from the centre of the site (marked in red). 
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68. The analysis shows that the south bank of Colonia harbour is visible from the ridge, but 
only a small part of the northern side.  Areas extending towards the airport are all within the 
viewshed of the ridge.  This analysis determined the locations for public consultation on visual 
impact. 
 
69. Cultural Heritage. The ridge line commands the Colonia harbour area and was fortified 
by the Japanese during their wartime occupation of Yap.  An artillery unit attached to the 49th 
Independent Mixed Brigade, Imperial Japanese Army, set up a fire base on the ridge.  In-situ 
relics of this military occupation include 5 Type 95 75mm Field Guns (an additional gun lies 
beside the lower access road) and remains of infrastructure for servicing the guns (steel trolley 
tracks, ammunition trolley, earthwork gun emplacements, reinforced bunkers, dugouts and 
communication trenches). 

 
70. The location of relics is shown in Figure III.7.  An archaeological report undertaken by 
the Yap Office of Historical Preservation is at Appendix 3. 

 

Figure III.7:  Historical Relics at Wind Turbine Site (source: Yap OHP) 
 
 

Power Plant Site 

71. Air quality. No air quality data for this location is available.  The environmental 
performance of the existing diesel genset for point source air emissions is not recorded. 

 
72. Noise. The PPTA team undertook a noise survey in the area of the existing power 
station, obtaining noise data at the power plant and at sensitive locations within 300m of the site.  
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The results are at Table III.2 below. The Sensitive Receiver sites are shown on Figure III.8.  
Only two residences are within 400m of the power plant.  They are situated side-by-side, and 
the sound levels at the ―nearest residence‖ can be taken to include both. 
 

Table III.2: Noise Baseline and Requirements  
(unit: dB[A]) 

Monitoring location 
Noise level 
(daytime) 

World Bank Environmental, 
Health, and Safety 

Power plant Area   

Diesel generator (1m) 105 n/a 

Diesel generator (7.5m) 102 n/a 

Administration office 75.5 n/a 

Outside generator building 74 n/a 

Downwind boundary 69.5 n/a 

Roadside boundary 64.5 n/a 

Upwind boundary 62.7 n/a 

Sensitive Receivers   

YSPSC Offices and Workshop (outside) 64.6 
55 for residential area (45 night) 
70 for industrial/commercial areas (day and night) 

Nearest residence (uphill) - outside 53 
55 for residential area (45 night) 
70 for industrial/commercial areas (day and night) 

Nearest residence (uphill) - inside 42.7 
55 for residential area (45 night) 
70 for industrial/commercial areas (day and night) 

Baptist Church - outside 48.5 
55 for residential area (45 night) 
70 for industrial/commercial areas (day and night) 

Baptist Church - inside 42 
55 for residential area (45 night) 
70 for industrial/commercial areas (day and night) 

dB = decibel.  n/a = not applicable. 

Source: PPTA team and IFC/World Bank Group 2007, Environmental, Health, and Safety Guidelines  
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Figure III.8: Location of Sensitive Sites for Noise Assessment 
 
73. The monitoring results show that current noise levels at the power plant (both in the 
generator hall and administration/staff quarters) are high, posing significant occupational health 
and safety issues for plant workers.  Outside the building however the noise levels falls rapidly.  
Noise levels at all sensitive receivers are within EHS guidelines for daytime.   
 
74. YSPSC has advised that Power Plant workers are required and issued with personal 
protective equipment (PPE) including hearing protection, gloves and reinforced boots. However, 
the plant lacks an occupational health and safety policy.  YSPSC recognises the shortcoming 
and is in the process of seeking outside technical assistance to evaluate the site and put 
together the necessary operational procedures and protocols in each work area. A requirement 
to expedite this process as a pre-requisite of the Project is included in the EMP. 
 

Solar Panel Installations 

75. Climate. Climatic factors critical for solar panels are sunlight hours and angle.  In the 
Yap area, at the time the sun is high in the northern sky, it is rainy season and overall solar 
input is reduced. When the sun is lower and in the southern side of the sky, it is the dry season 
and more clear days are available to collect energy. Based on NASA data which is known to be 
reliable for determining the pattern of solar input over the year, a panel tilt of 15° to about 20° 
appears to be optimal. However, at the low latitude of Yap, so long as the slope of the roof is 
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15° or less, the orientation of the roof is not a major problem with a maximum output reduction 
of only around 5% for a roof that is 90° away from the optimum orientation (facing east or west).  
 
76. Figure II.4 shows that installation sites are spread over a wide area and a number of 
different urban, peri-urban and rural environments.  None however are important factors in 
determining potential impacts of the developments. 

 

IV. ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 

 
A. Positive Impacts and Environmental Benefits  

 
Greenhouse Gas Emissions 
 
77. This project directly implements ADB’s climate change strategic priority for expanding 
the use of clean and renewable energy. Yap’s dependency on fossil fuel for energy is total, and 
therefore very high when compared with global figures. The high dependence on fossil fuels 
also provides opportunities for significant reductions in greenhouse gas emissions wherever fuel 
efficiencies and renewable sources of electricity can be brought on-line. 

 
78. The three subprojects all reduce fossil fuel demand either by direct fuel efficiency or 
adding energy to the grid from renewable (non fossil fuel) sources. The saved fuel has been 
calculated as net savings in emissions, and these amounts are listed in Table IV.1.  
 

Table IV.1: Energy and GHG Savings 

 

Subproject 

 
Energy Saving 

Equivalent 
Fossil Fuel 

Saving 
CO2e Savings 

New diesel generator at Power Plant 

 

n/a 

57,467 gals/a 

(5.867% savings on 
yearly Deutz* 

running as baseline) 

583.29 t/a 

Wind turbine installation 

Phase 1 (2 turbines) 805 MWh 

58,333 gals/a 

(based on yearly 
Deutz* running as 

baseline) 

592 t/a 

Phase 2 (5 turbines 
(2 from Phase 1 plus 

an additional 3) 
2,127 MWh 

154,130 gals/a 

(based on yearly 
Deutz* running as 

baseline) 

1,564 t/a 

Solar Panels 

 

462 MWh 

33,478 gals/a 

(based on yearly 
Deutz* running as 

baseline) 

340 t/a 

     

Source: PPTA team from data provided by YSPSC. * Deutz is the currently used genset for base load. 

 
79. The total savings in fuel per year are substantial and will result in not only GHG emission 
reduction, but will also prevent associated pollutants from combustion of fossil fuels entering the 
regional airshed. 
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Adaptation to Future Climate Change Effects 
 
80. Wind Turbines.  In April 2004 the island was hit by Typhoon Sudal which was the 
strongest typhoon in 50 years. Its peak wind speed was estimated at 240 km/h or 67 m/s (1-
minute sustained).  Climate change modeling has predicted that typhoon frequency will increase 
due to the increased dominance of the El Niño weather patterns. 
 
81. In order to survive Super Typhoon in the region, wind turbines must be designed to cope 
with extreme wind speeds up to 85 m/s.  This is significantly in excess of standard loads and 
there is no manufactured turbine designed for more than the standard loads.  The option chosen 
for ―climate proofing‖ of the facility is having the turbine on tilt-up towers and lay on the ground 
once a cyclone warning is in force.  This kind of specially designed machines is considered 
provide a better protection from cyclones.  

 
82. Climate Change and Wind Speeds.   There have been several well-documented events 
that show the increase of extreme weather events such as tropical storms and typhoons in the 
Pacific. Most climate change modeling shows that tropical typhoons will increase in frequency 
and severity, and thus short periods of intense winds will be a characteristic of the project area 
in the future17.  Many of these extreme weather events can be linked to the El Niño/La Niña-
Southern Oscillation (ENSO) pattern, but ENSO is predicted to also have an effect in modifying 
trade winds in the Pacific, strengthening of tropical deep convection, and alteration of monsoon 
flows18.  
 
83. While increasing frequency of high winds associated with typhoons is predicted for the 
region, predicting systematic changes in short-term wind patterns at smaller scales is currently 
the goal of climate modeling, since that addresses the problem of understanding how climate 
change will affect local weather patterns.  Such small scale studies have not been done for the 
Yap area, but global modeling indicates that ―ambient‖ wind speeds (as distinct from typhoon 
and tropical low associated winds) will not change significantly. 
 
84. The Australian CSIRO has run simulations of wind speed globally using ten selected 
global climate models for developing regional climate projections19.  Figure IV.1 represents the 
agreement between models on changes in near-surface wind speed across the globe using the 
ten selected global climate models. While the magnitude of the change is generally small (less 
than 3% per degree of global warming), there is agreement between models on changes across 
a large part of the globe (8 out of 10 models or better).  
 

                                                           
17

 ADB 2009, Climate Change in the Pacific, Stepping Up Responses in the Face of Rising impacts.  Asian 
Development Bank, Manila. 

18
 Peixoto and Oort 1992, The Physics of Climate, AIP Press. 

19
 McInnes et al 2005, The Effect of Climate Change on coastal Wind and Weather Patterns, Stage 1 Report of 
Climate Change in Eastern Victoria, CSIRO Marine and Atmospheric Research. 
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Figure IV.1: Agreement between ten models regarding changes in annual near-surface 
wind speed. Large changes are defined as being those greater than 3% per °C of global 
warming. 

85. Increases  in wind speeds occur over the Southern Ocean south of about 50°S. 
Increases in wind speed are also indicated over the southern Tasman Sea and across the 
Australian mainland.  However for the Micronesia area there are inconsistent results, tending 
towards a small decrease in wind speed (<3%).  If the winds only decrease by less than 3% 
(since the global warming over the economic life of the installation will be a maximum of 1 
degree) then the project’s wind/yield estimates indicate that the turbines will remain viable as 
energy producers 
 
86. Solar Panels. The increasingly frequent passage of violent tropical cyclones due to 
climate change is an issue that must be considered in the selection of the Solar Panels 
technology and their installation. Roof mounted panels have a much higher survival rate than 
those on ground mounts since they are flush against the roof and the back of the panel is well 
protected, and the wind flowing over a large roof tends to be less turbulent than that passing 
around ground mounted panels.  Tropical Australian experience is that the addition of the solar 
panel to the roof may reduce the Typhoon damage to the roof itself by increasing the strength of 
attachment of the roofing materials.  
 
87. A summary of project features, by subproject, addressing greenhouse gas emissions 
and climate change adaptations is given in Table IV.1 below. 
 

Table IV.1:  Project Features Addressing Climate Change 

Subproject  Climate Change 

 GHG Emission Reduction Adaptation/Resilience 

Wind turbines   Renewable energy source – fossil fuel 
savings. 

 Demountable design for typhoon-proofing 
 

Diesel 
generator  

  Fuel efficiency and cleaner production 
which reduce carbon emissions from 
power plant 

 Large fuel stock as a buffer against isolation 
in extreme weather events 
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Solar Panels    Renewable energy source – fossil fuel 
savings.  

 Roof mounted to improve resilience in 
extreme weather events 

Source:  PPTA Team 

B. Impacts and Mitigation during the Design and Pre-construction Phase 
 

Wind Turbine Towers 
 
88. Biodiversity. The flora and fauna survey (Appendix 2) has highlighted a number of 
elements of the flora and fauna which requires environmental management and has made 
specific recommendations for them.  
 
89. The primary recommendation is for: ―…sparing special trees where possible such as the 
large Calophyllum onophyllum (Mastwood tree) and endemic species listed in the report‖.  To 
implement this recommendation, all significant trees for retention will be marked on site prior to 
the commencement of construction by the PMU/LIEC under the supervision of staff of the USFS 
(Yap Branch Office). 
 
90. Cycas micronesica (Micronesian Cycad) is considered endemic to the Marianas and 
Western Carolines. The populations of Guam and Palau are now threatened by the cycad 
psillid, which has devastated the cycad populations of Guam. This highlights the importance of 
the healthy populations on Yap. Any Cycas micronesica species which might otherwise be 
harmed should be transplanted to either the landowner’s nursery or the Yap Forestry Nursery 
for use in Urban and Community forest programs and community landscaping. 
 
91. Pentaphalangium volkensii (a small tree with no standardised common name) is 
endemic to Yap and is becoming uncommon. It is especially vulnerable as its male and female 
flowers grow on different trees. It is therefore dependent upon pollinators and requires trees to 
be in relatively close proximity in order to reproduce successfully.  All individuals of this species 
will be marked and transplanted to the Yap Forestry Station. 
 
92. The endemic ground orchid, Eulophia pulchra was also commonly found.  Any plants 
which might otherwise be harmed should be transplanted to either the landowner’s nursery or 
the Yap Forestry Nursery for use in community landscaping. 
 
93. Additional recommendations from the survey relate to the prevention of encroachment 
into neighboring areas, both in avoiding impact from the present project and recognition and 
conservation in the long term.  These comprise the following measures: (i) Minimising tree 
cutting along the north and northwest margins of the site and around the westernmost turbine 
site to provide a buffer for neighboring forests; Constraining any future expansion of the site to 
the north or northwest.   
 
94. Heritage. The Yap Historic Preservation Office has submitted advice on the wartime 
relics on the wind turbine site.  It has made a number of recommendations which should be 
followed and have been included in the EMP: 

i. that the high value trench systems be avoided and that the relic field guns may be 
moved short distances (<10m) to avoid destruction but must remain within the historic 
complex on the ridge (since they were mobile guns originally and their current exact 
position has no overriding heritage significance); 

ii. That the access road should be aligned to minimise damage to the trench system (see 
Figure IV.1 below);  
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iii. That an officer of the HPO be present during site layout and final design to ensure that 
heritage provision are complied with; and, 

iv. That an officer of the HPO be present during initial earthworks to monitor any 
unexpected finds and relics. 

 

 

Figure IV.2:  Advice on Access Road Alignment from Yap HPO 

 
95. Additionally, to make full use of the opportunities offered by the new site access, and to 
ensure that this new level of access is appropriately controlled, the YSPSC, HPO and USFS 
should work together on a visitation and interpretation plan to make the site available for 
tourism. This plan should examine the feasibility of combining limited tour visits with the security 
of the turbine operation and the promotion of biodiversity values.  It should also cover site 
access and management and budgets for all activities.  
 

Power Plant 
 
96. Hazardous and polluting materials. Currently shortcomings in the fuel storage, oil 
residue storage (from the oil separator) and lubricating oil storage at the power plant risk escape 
of these materials onto adjacent lands in the event of accident.  The main diesel fuel storage is 
adequately bunded, but rainfall drainage from the bunded area discharges directly into an 
adjacent property – so any accidental fuel spillage could be carried by rainwater runoff.  
Overflow or spillage from the oil separator is currently directed in an open drain towards the 
road.  The storage area for full and empty lubricant drums is unbunded.  All these site areas 
need to be corrected as part of the installation of new generating capacity, and this requirement 
is included in the EMP. 
 
C. Impacts and Mitigation Measures during the Construction Phase 
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97. The main construction site will be associated with the wind turbines subproject.  These 
will include the construction of access roads, clearing and construction of tower pads and lay-
down areas, and construction of transmission lines.  Site works for the diesel generator 
installation will take place within the power plant building.  Installation of solar panels will be on 
existing building around Colonia with no construction impact implications. The following impacts 
and mitigations therefore apply primarily to the wind turbine subproject, unless otherwise noted. 
 
98. Biodiversity. The protection of trees and tree groups marked for retention will be strictly 
onserved, including the avoidance of canopy damage and compression of the root area by 
construction machinery or built structures.   

 
99. Where Calophyllum inophyllum and Pterocarpus indicus (New Guinea Rosewood) trees, 
which are important timber trees for construction and canoes and other purposes, need to be 
removed, ensure that the community and land owners have access to the timber.  All trees for 
removal will be properly marked for harvest.  An additional safeguard of biodiversity values, 
trees with nesting birds should either be reserved from cutting or not cut until birds have 
completed a nesting cycle and young birds have left the nest. If at all possible avoid cutting 
trees where nesting birds are found. 
 
100. Erosion Control.  Earthworks will be required on slopes for access roads and levelling 
pads for wind turbine towers.  The IA/contractor will need to prepare an Erosion and 
Sedimentation Control Plan and submit it to the Yap EPA for approval before work commences.  
The control plan will need to cover: 

i. the topographic and hydrographic features of the project area; 
ii. the types, depth, slopes, and areal extent of the soils; 
iii. the proposed alteration of the area; 
iv. the amount of run-off from the project area and its upstream watershed area; 
v. the staging of earthmoving activities; 
vi. temporary control measures and facilities for use during earthrnomng activities; 
vii. permanent control measures and facilities for long-term protection;and  
viii. a maintenance program for the control facilities including disposal of materials removed 

from the control facilities or project area. 
 
101. Construction wastewater. Construction wastewater is produced from the maintenance 
and cleaning of mechanical equipment and vehicles, maintenance water for mixing and curing 
concrete, cooling water, and lost water and soil during the construction period. The effluent, 
comprised mainly of inorganic wastewater, commonly contains no poisonous and harmful 
substance, except suspended solid. Some oil-containing wastewater can arise from machinery 
repairs. 
 
102. Construction wastewater will not be discharged unto the surrounding soil or into surface 
water systems, but will be directed to sedimentation traps before discharge to the plant’s 
drainage system. Oil-containing wastewater will require the installation of oil-water separators 
before the water enters the plant drainage system. The prescriptions have been incorporated 
into the EMP.  
 
103. Dust. During project construction, construction activities would generate a certain 
amount of dust pollution in the project area. However, due to the small-scale and short-term of 
construction activities, the dust impact on the surroundings is limited. Proper mitigation 
measures will be taken to reduce dust emission, such as sealing of building material, covered 
transportation of materials, and flushing of vehicle wheels. Soil conditions on the ridge site for 
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the turbines are unlikely to produce significant dust (shallow forest floor humic layers above 
schist rock).  However, the unsealed approach/access road to the site through grading and use 
will generate dust and this will require regular water spraying to mitigate the impact on nearby 
residents, vegetation and gardens. 
  
104. Noise (all subprojects). During project construction, the main noise impact will be from 
the construction activities in regard to piling, grout mixing and trucks transportation. The main 
contruction activities will be at the wind turbine site. There are no sensitive receptors in the 
vicinity of the wind turbine construction site, but road upgrades will be undertaken beside a 
number of residences at lower elevations of the existing road.  Similarly, there are no sensitive 
receptors on the boundary of the power plant site.  Sensitive receptors will be numerous around 
the solar panel installation sites.  In fact some buildings where installation is planned are 
sensitive receptors themselves (hospital, college, schools and office blocks).  
 
105. Operation of machinery generating high levels of noise during road upgrades and solar 
panel installations will be restricted to between 6:00 am and 10:00 pm in areas where there are 
nearby residences.  Solar panel installations at schools and colleges should be scheduled to 
avoid class disturbance.  Since there are no vacant periods at the hospital, installation of solar 
panels should be scheduled during the busy periods of the day, avoiding early mornings and 
evenings.  
 
106. Construction waste (all subprojects). General construction debris and other solid 
wastes generated from construction and living activities will be stored in one designated area, 
and collected for proper landfill disposal in compliance with the Law.  
 
107. Construction site management and supervision (all subprojects). The construction 
of subproject facilities will be tendered out to bidders as supply and installation of equipment 
contracts. The installation and commissioning will be under the supervision of the 
construction/engineering manager. The construction/engineering manager will ensure the 
implementation of the mitigation measures by including environmental specifications in the 
bidding documents to suppliers and installers as appropriate; and referencing the EMP 
mitigation provisions and monitoring plans in the construction contracts.   
 
D. Impacts and Mitigation Measures during the Operational Phase 

 
108. Operational impacts apply for the wind turbine subproject and the diesel generator 
subproject. They will, therefore, be described in this section on a case by case basis.    
 

Wind Turbine Towers 

a. Noise Impact 

109. A noise impact assessment has been undertaken for the wind turbine site in the 
operational phase.  The analysis employed WindPro Version 2.6.1.252 software, and used the 
hospital site as the most important sensitive noise receiver (at 1km distance) and a reference 
wind speed of 8 m/s.  The method of ISO 9613-2 ―Attenuation of sound during propagation 
outdoors, Part 2.  A general method of calculation‖ was been adopted in the noise calculation.  
Noise level curves were also plotted in accordance with an indicative turbine model (see Figure 
IV.3 below).  
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110. The analysis showed that predicted noise levels drop to below 40 dBA within 300m of 
the turbines.  The nearest residence is a further 250 m away.  At this distance the noise levels 
will be <3dBA above ambient noise levels20.  At the hospital site (and the built-up area of 
Colonia) the noise impact is predicted as 0 dBA above ambient levels. 
 

b. Fauna 

111. Data from the flora and fauna survey indicates that the operational risk posed by the 
turbine blades to fauna is not significant.  Blade strikes are an important consideration only 
where there are defined flight paths which birds use for migration or feeding which are impeded 
by turbines.  Additionally, where turbines are built across a safe flight corridor (e.g. an isolayed 
ribbon of forest) blade strike can be a risk.  This is not the case for the project site.   The Yap 
endangered bird species are widespread in the lower forest canopy of the island, and no 

                                                           
20

 3dBA is widely taken as an impact threshold, since changes less than 3 dBA are not discernable to the human ear. 

Figure IV.3:  Noise contour 
predictions for the Wind Farm. 
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significant migratory bird populations were recorded in the survey.  Moreover, the site is not in a 
narrow forested corridor where birds would fly exclusively.  The one mammal species (bats) with 
defined flight paths from roosting sites to feeding sites were not observed significantly  (with 
only 1-2 sightings over the survey period). 
 

c. Visual Impact 

112. The wind farm development will be viewed by residents and businesses in 4 distinct 
areas.  These are the built-up areas within the viewshed of the ridgeline (depicted in Figure III.6) 
and are shown in Figure IV.4a, b and c. 

 

Figure IV.4a: Areas of Colonia from which the wind turbines can be viewed. 
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Figure IV.4b: Areas on the Power Plant road which can see the wind turbines. 

 

 

Figure IV.4c: Areas on the airport road from which the wind turbines can be viewed. 

 

113. A photomontage of the wind turbine installation as viewed from the southern bank of the 
harbour is shown below at Figure IV.5. 
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Figure IV.5: Photomontage of the Wind Turbine Installation 

 
114. Visual impact and scenic amenity are subjective judgements.  Accordingly, the 
assessment of impact was a focus of the public consultation exercise.  The data from the public 
consultation is presented in Chapter V.  The results of consultation with both residents and 
representatives of hospitality industries (hotels and restaurants) was that although almost 50% 
of respondents believed that the view from their residence or business was important to them, 
only 5% of respondents thought that the wind turbine towers will spoil the view from their house 
or business. 
 

d. Induced Impacts from Access  

115. The access road to the new development site has the potential to also facilitate 
unintended developments or the exploitation of natural resources that were previously 
inaccessible.  Because the wind turbine site location is chosen for its relatively remote and 
undeveloped character the potential impacts arising from improved access are more significant.  
In particular the new access may facilitate the exploitation of forest resources which could not 
previously be reached by by trucks big enough to extract the cut timber.  Alternatively, the 
access may allow entry into new upland areas for burning and creation of seasonal gardens.   
Mitigation of these potential impacts will be based upon strict control of the use of dedicated 
access roads.  Fences and gates will be installed by the operating authority in consultation with 
landowners and the HPO.  Signposts will be erected to inform people of access constraints. 
 
116. The presence of an historic property on the site adds to the importance of controlling 
access and unauthorised exploitation of resources.  It also provides an opportunity, outlined in 
Section B above, to plan, manageand interpret the site for controlled tourism. 
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Diesel Generator Subproject 

e. Noise 

117. The new diesel generator will be designed to comply with EU noise legislation 
2000/14/EC step 2006.  The following extract from 2000/14/EC shows the standards (maximum 
level)  for electricity generators and the methodologies of how they are to be calculated.  It can 
be seen that the Stage 2 standard is 2 dBA quieter than the previous standard.  The last column 
shows the result of a calculation of the Stage 2 standard for a 1.8 MW generator (which is the 
size planned for installation under the project.   
 

Table IV.2: Noise Level Standard at 7.5m for  2000/14/EC 
Type of Equipment Electric power Pe1  

(in kW) 
Stage 1 as from 3 

January 2002 
Stage 2 as from 3 

January 2006 
Permissable sound 
pressure (dB) for a 
1.8 MW generator 

(Stage 2 standard) at 
7.5m 

Welding and 
electricity generators 

Pe1 > 10 KW 97 + lg Pe1 95 + lg Pe1 98.25 dBA 

Note: EU noise standard 2000/14/EC is a green-labelling standard.  It was the first such standard to be introduced 
worldwide, and is an industry leader in noise rating of machinery.  No equivalent standard exists in the U.S. 

 
118. The design noise level for a Cummins C200.D6 1825 – 2250 kW diesel generator, one 
of the candidate models and representative of the class of diesel generators from which the new 
unit will be selected, is 95.5 dBA at 7.5m. 
 
119. The current noise level of the existing generator at 7.5m was measured at 102 dBA, 
which exceeds.  The complying noise level of the new generator (when incompliance with EU 
noise legislation 2000/14/EC) will be >3 dB quieter.  Additionally, the rated noise level (by the 
manufacturer) of the new generator is 95.5 dBA, which would be 6.5 dB quieter than the present 
set-up.  With the noise source between 3 - 6.5 dBA quieter, the noise experienced at the nearby 
receptors will be correspondingly lower.  Currently, noise levels at the nearest residence and 
church/school comply with EHS guidelines for ambient noise in the daytime, but exceed the 
guideline in the nighttime.  With a noise level reduction of this magnitude at the source, the 
nighttime levels at the nearest residence and church/school will also comply with EHS 
guidelines. 
  

f. Air Quality  

120. The new diesel generator will be designed to meet or exceed TA Luft 2002 exhaust 
emission limits.  TA Luft 2002 emission standard is an EU standard for stationary internal 
combustion engines.   The following extract from TA Luft 2002 shows the complying standards 
for compression ignition (CI) liquid fuelled engines.  Similar to the EU noise legislation 
2000/14/EC, TA Luft 2002 is a performance labelling standard.  An engine which complies with 
this standard will also comply with EHS guidelines for small combustion facilities. 
 

Table IV.3: Exhaust Emmission Level Standard at Stack for TA Luft 2002 and EHS 
Type of Equipment PM CO NOx SO2 

Compression ignition 
(CI) liquid fuelled 
engines (<3 MW) 

20 mg/Nm3 300 mg/Nm3 1000 mg/Nm3 110 mg/Nm3 

EHS Small 
Combustion Facilities 
Guidelines 

50-100 mg/Nm3 n/a 1460 mg/Nm3 1.5-3% Sulfur 
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All emissions are calculated at mg/Nm
3
 @ 5% O2 

. 
121. The above are ―at stack‖ exhaust emission concentrations.  From this point source and 
through high exhaust stacks, dispersion in the atmosphere is rapid in the high winds of Yap. 
Although wind strengths are lower at night, the difference between the highest hourly average 
wind speeds and the lowest is only about 0.75 m/s and will still provide adequate dispersion at 
night.   
 
122. The new diesel genset installation will include an on-line continuous exhaust gas 
analysing function, which will monitor the levels of NOx, SO2 and PM levels.  This will enable 
operational monitoring in line with the EHS recommended approach for engines21. 
 

g. Hazardous and Polluting Waste 

123. Siting and infrastructure issues in the fuel storage, oil residue storage (from the oil 
separator) and lubricating oil storage at the power plant have been identified above.  These 
need to be corrected as part of the installation of the new generating capacity.  As part of site 
design for the new installations, YSPSC will prepare and implement a plan for fuel and oil 
storage and handling.  This will include (i) improvements to the existing bunded structure at the 
fuel storage tanks so that it will be protected from rain and will store spilt or leaked fuel for 
pump-out and proper disposal; (ii) redesign and construction of the existing oil-separator; and 
(iii) construction of a bunded concrete area for the storage of empty lubricant oil drums.  
Additionally, work practices and site environmental management needs to match and this 
requirement to ensure that no fuel, oil or other lubricant is allowed to enter the external 
environment. 
  
E. Environmental, Health, and Safety (Construction and Operational Phases) 
 
124. The objective of EHS is to provide workers with safe and healthy working conditions and 
prevent accidents, injuries, and disease. It also covers the establishment of preventive and 
emergency preparedness and response measures to avoid, and where avoidance is not 
possible, to minimize, adverse impacts and risks to the health and safety of local communities. It 
is, therefore, a combination of occupational health and safety of staff/workers at the 
subcomponent facilities and community health and safety of people living nearby or potentially 
affected by failures or poor operation of facilities.  
 

Fire Protection 

125. Fire hazard areas at the Power Plant will be provided with fire detection and fire fighting 
equipment. Fire hazards impose significant impacts not only on the employees’ safety and 
health but also on public health. Building renovations will be designed and installed in 
accordance with national fire codes. Upon completion of building renovation and 
facility/equipment installation, plants will apply to the local fire fighting department for fire 
inspection and acceptance. 
 

                                                           
21

 IFC/World Bank Group 2006, Environmental Health and Safety Guidelines, General EHS Guidelines: 
Environmental, Air Emissions and Ambient Air Quality. World Bank Group, Washington. 
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V. PUBLIC CONSULTATION AND INFORMATION DISCLOSURE 
 

A. Framework for Public Consultation 

 
126. The Yap State Environmental Protection Agency Regulations have no provision for 
public consultation during the preparation of the environmental impact assessment document, 
but provide for public exhibition of the draft report, receipt of comments and a public hearing on 
proposed developments where it is necessary to facilitate public involvement.  However, the 
ADB’s environmental guidelines and ADB Safeguards Policy Statement (2009) specify that 
meaningful public participation and consultation take place as part of the impact assessment 
process.   
 
B. Public Consultation 
 
127. Public consultation for the Project was undertaken in the week beginning 23 January 
2012.  The consultation focused on the wind turbine site (for its visual and noise implications) 
and the diesel generator site at the existing power plant (for noise impacts).  The consultation 
took the form of individual interviews with a sample of people in the areas of interest of the wind 
turbine and power plant sites. 
 
128. For the wind turbine site, residents, operators of hospitality businesses (hotels and 
restaurants) and representatives of organizations were sampled in 4 areas identified as built-up 
areas within the viewshed of the site (see Figures III.6a, b and c in Chapter III). 
 
129. For the power plant site, residents, workers and representatives of organizations were 
sampled within a 300m radius of the plant.  The area of this survey is shown in Figure V.1 
below. 
 

 

Figure V.1:  Public consultation area for Power Plant. 
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C. Information Dissemination 
 
130. Each consultation was preceded by an information session where participants were 
briefed on the Project.  For the wind turbine subproject this included an explanation of the 
development, identifying the ridgeline from the respondant’s residence or business, and 
showing a photomontage of what the installation would look like (see Figure IV.4 in Chapter IV).  
For the power plant neighbourhood interviews, a brief description of the subproject was 
provided – the installation of a smaller, quieter diesel generator to replace the existing unit(s).  
 
D. Interview Questionnaire 

 
131. The interview questions, the status of respondents and the responses are recorded in 
Table V.1 below for the the sample within the viewshed of the wind turbine site, and at Table 
V.2 for the sample within the area of influence of the power plant. 
 
Table V.1: Responses from Residents and Businesses within the Viewshed of the Wind 
Turbine Site 

Question No. Respondent Answers 
Representative of 
Organization Resident Business Total 

1 1. not at all   1 1 
Do you approve of 
wind power as an 
alternative or 
additional source of 
energy? 

2.  a little    0 

3.  some  2  2 

4.  a lot 1 1 6 8 

5.  extremely 3 14 12 29 

Total   4 17 19 40 

2 1. not at all 2 2 3 7 

Is the view from your 
house or business 
important to you? 

2.  a little 1 5 3 9 

3.  some 1 4 1 6 

4.  a lot  4 7 11 

5.  extremely  2 5 7 

Total   4 17 19 40 

3 1. not at all 4 15 16 35 
Do you think the 
wind turbine towers 
will spoil the view 
from your house or 
business? 

2.  a little  1 2 3 

3.  some    0 

4.  a lot  1  1 

5.  extremely   1 1 

Total   4 17 19 40 

4 historical relics   1 1 

Are you concerned 
about any other 
environmental 
impacts from the 
wind turbines? 

noise, bird, vegetation 
removal, historic sites   1 1 

noise, vegetation clearing   1 1 

none 4 16 14 34 
soil erosion during road 
construction to site  1  1 

vegetation clearing   1 1 
Wind mill height - Does it 
conform to Bldg Code?   1 1 

Total   4 17 19 40 

5 Great Idea being beneficial   1 1 
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Question No. Respondent Answers 
Representative of 
Organization Resident Business Total 

to State 

Do you have any 
comments or 
suggestions? 

Great plan - trying to 
improve source of energy   1 1 

no comment 4 16 16 36 
strongly support project if 
utility bill decreases.  1  1 
wind mill contribute to 
island beauty   1 1 

Total   4 17 19 40 

 
 
Table V.2: Responses from Residents, Organisations and Businesses within the AOI of 
the Power Plant Site 

Question No. Respondent Answers 
Representative of 
Organization Resident Business Total 

1 1. not at all 1  2 3 

Does the noise from 
the existing power 
plant bother you? 

2.  a little  2 3 5 

3.  some    0 

4.  a lot   1 1 

5.  extremely  1  1 

TOTAL   1 3 6 10 

2 Afternoon   2 2 
What times of day 
are you most aware 
of the noise from the 
power plant? 

Evening  1 1 2 

morning/evening  1 1 2 

Night 1 1 2 4 

TOTAL   1 3 6 10 

3 1. not at all 1  1 2 

Will a smaller quieter 
generator improve 
your living or working 
environment? 

2.  a little    0 

3.  some  1 1 2 

4.  a lot   4 4 

5.  extremely  2  2 

TOTAL   1 3 6 10 

4 
put better enclosure around 
generator  1  1 

Do you have any 
comments or 
suggestions? 

need more silencer -quieter 
generator  1  1 

no comment 1 1 3 5 
put generator 
underground/better 
enclosures   1 1 

quieter generator is better   1 1 
quieter generator is better- 
need silencers   1 1 

TOTAL   1 3 6 10 

 
132. For the sample within the viewshed of the wind turbine site, the results of consultation 
with both residents and representatives of hospitality industries (hotels and restaurants) was 
that although almost 50% of respondents believed that the view from their residence or 
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business was important to them, only 5% of respondents thought that the wind turbine towers 
will spoil the view from their house or business. 
 
133. Ninety five percent of respondents believed that the turbine towers would not spoil their 
view, but 5% of respondents raised concerns for the clearing of vegetation associated with the 
installation.  The other issue raised was the impact on the historic values of the site (5% of 
respondents).   
 
134. Consultation during the social safeguards assessment identified nine 
claimants/landowners of the proposed wind farm subproject site. Most land claimants are from 
Dugor Village and another from Mabuu Village. Seven of nine identified claimants were 
interviewed, including three who went/sent letter to the Department of Land and Resources to 
stop the initial land survey about a year ago. One of the two identified landowners that were not 
interviewed lives overseas (Mr. Nuwan) and the other was a special needs person (Mr. Rultam).  
 
135. For the sample within the area of influence of the power station, there was strong 
support for a smaller, quieter generator (60%) although fewer people expressed concern about 
the current noise levels.   
 
E. Future Public Consultation 
 
136. The IEE will be submitted to the Yap EPA Board for consideration.  As part of its 
consideration, the The Yap State Environmental Protection Regulation provides for public 
exhibition of the draft report, receipt of comments and a public hearing on proposed 
developments where it is necessary to facilitate public involvement.  A public hearing may also 
be convened if requested in writing by more than 20 people. 
 
137. The ADB will disclose the IEE on its website, and copies of the IEE will be available for 
inspection at the offices of the YSPSC during the period of consideration by the EPA Board and 
throughout the construction period.  The availability of the IEE for inspection will be publicised 
through newspaper advertisements and radio announcements. 
 
 
VI. GRIEVANCE REDRESS MECHANISM 
 
138. Public participation, consultation and information disclosure undertaken as part of the 
EIA process, have discussed and addressed environmental concerns. Continued public 
participation and consultation is a key component of successful project implementation.  
 
139. ADB’s safeguards policy statement requires that the implementing agencies establish a 
mechanism to receive and facilitate resolution of affected peoples’ concerns, complaints, and 
grievances about the project’s environmental performance. The grievance mechanism should 
be scaled to the risks and adverse impacts of the project. It should address affected people’s 
concerns and complaints promptly, using an understandable and transparent process. It should 
also be readily accessible to all sections of the community at no cost and without retribution. 
 
A. Proposed Mechanism 
 
140. The following proposed mechanism for grievance redress of environmental matters in 
construction and operation of the subprojects uses existing village administrative structures 
(affected persons/organisations/village groups), any of which can be complainants.   
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141. The IA’s project management unit (PMU) will have a designated staff member to 
address all potential complaints from the public for both construction and operation phases of 
the subprojects. Any complaint will be recorded and investigated by the PMU working with the 
construction and operations managers (as appropriate) of the individual subproject components. 
A complaints register will be maintained which will show the details and nature of the complaint, 
the complainant, the date and actions taken as a result of the investigation. It will also cross-
reference any noncompliance report and/or corrective action report or other relevant 
documentation.  
 
142. When construction starts, a sign will be erected at all sites providing the public with 
updated project information and summarizing the grievance redress mechanism process 
including contact person details at the PMU. All corrective actions and complaints responses 
carried out on site will be reported back to the PMU. The PMU will include the complaints 
register and corrective actions/responses in its progress reports to the ADB.  
 
143. In the whole progress, the Yap EPA will be always available to public complaints and 
advice on the PMU’s performance for grievance redress.  
 
144. On receipt of a complaint in any form (in person, telephone, written) the PMU complaints 
officer will log the details in a complaints register.  The complaint will be forwarded to the 
contractor/construction managemer/operations manager (as appropriate) and local EPA (if a 
pollution or sedimentation issue is involved) within 48 hours.  The contractor or managers will 
respond to the PMU within 5 days with advice on corrective actions taken or put in train.  The 
EPA will advise the PMU independently as appropriate. This advice will be passed on to the 
complainant by the PMU.  If the complainant is dissatisfied with the outcome, or have received 
no advice in the allotted time period, he or she can re-submit the complaint and this will be 
logged in the complaints register as a non-responsive issue until resolved.  Both successfully 
addressed complaints and non-responsive issues will be reported to the ADB by the PMU. 
 
145. A diagram indicating the grievance redress mechanism is provided at Figure IV.1 below: 
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Figure VI.1 Grievance Redress Mechanism 
 
EPA = Environmental Protection Agency. 
Source: PPTA team in conjunction with YSPSC 

 
VII. ENVIRONMENTAL MANAGEMENT PLAN 
 
A. Introduction 
 
146. The environmental management plan (EMP) covers all phases of subproject 
implementation from preparation through commissioning and operation of all subprojects, and it 
aims to ensure the monitoring of environmental impacts and activation of environmental 
mitigation measures. Relevant parts of the EMP will be incorporated into the construction, 
operation, and management of each sub-component. 
 
147. Environmental protection measures will (i) mitigate environmental impacts, (ii) achieve 
compliance with national environmental regulations and ADB safeguard standards, (iii) provide 
compensation or offsets for lost environmental resources, and (iv) enhance environmental 
resources. 
 
148. Environmental monitoring programs will be carried out and the results will be used to 
evaluate the extent and severity of actual environmental impacts against the predicted impacts 
and the performance of the environmental protection measures or compliance with regulations. 
 
 
B. Responsibilities for Implementation 
 
149. The Implementing Agency (IA) for the project is the Yap State Public Service 
Corporation (YSPSC).  The YSPSC will establish a Project Management Unit (PMU) for the 
project.  The PMU would normally include staff with expertise in environmental management.  
However, discussions with the YSPSC during the TA have confirmed that environmental 
expertise within YSPSC is limited and the PMU would need to rely on external assistance for 
this.  Limited external assistance will be provided by the US Forestry Service branch office in 
Colonia, mainly in monitoring and supervising tree-marking and tree retention on the wind 
turbine site.  Similarly, the Yap State Historic Preservation Office will provide monitoring and 
supervising of final design and construction activities at the same site. 
 
150. However, the main environmental guidance for the implementation phase will need to be 
provided by a Loan Implementation Environmental Consultant (LIEC) who will be contracted 
from the loan budget.  The role of the LIEC will be to work as part of the PMU, helping it fulfill its 
supervison and monitoring responsibilities.  The LIEC will also provide monitoring reports for the 
ADB.  The LIEC will be contracted by the YSPSC for the duration of the loan implementation 
period. 
 
151. Contractors will be engaged by the YSPSC for construction.  The construction impact 
mitigation measures contained in this EMP will be included as necessary activities in the 
contract documents.  The incorporation of EMP provisions into the contract documents will be 
undertaken by the PMU/LIEC.  The contractors will have the responsibility for implementing the 



 

 

43 

A
p

p
e

n
d
ix

 3 
4
3
 

impact mitigation measures in the construction phase and their performance will be supervised 
by the PMU. 
 
C. Summary of Potential Impacts 
 
152. Table VII.1 summarizes the potential impacts of the subprojects during construction and 
operation as identified by the initial environmental examination (IEE), as well as corresponding 
mitigation measures designated to minimize those impacts.  A consolidated EMP and 
environmental monitoring plan in this chapter covering all subproject sectors and settings (see 
Tables VII.1 and VII.4). 
 
D. Mitigation Measures 
 
153. The mitigation measures will be incorporated into tender documents, construction 
contracts, and operational management procedures. Contractors and the project implementing 
agencies (IA) will implement these measures. The effectiveness of these measures will be 
carefully watched via the environmental monitoring to determine whether to continue them or to 
make improvements. 
 

Table VII.1: Summary of Potential Impacts and Mitigation Measures 
 

Item Environmental 
Impacts and 
issues 

Mitigation Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Costs 

Pre-construction 

1.1 Design 
stage 

Final 
site/alignment 
selections 

 

Final designs, siting and alignments 
will be completed after taking into 
account the results of the Flora and 
Fauna survey and further site advice 
from the HPO: 

i. Site planning for development and 
access needs to avoid removal of 
important large trees and endemic 
species of threatened and 
vulnerable species 

ii. Avoid cutting trees along the north 
and northwest down slope areas 
and within Site 5 (the westernmost 
turbine site)  

iii. Avoid the high value trench 
systems and relocation of relic field 
guns (They may be moved short 
distances (<10m) to avoid 
destruction but must remain within 
the historic complex on the ridge) 

iv. That the access road should be 
aligned to minimise damage to the 
trench system. 

PMU and 
PPTA team 

HPO and 
USFS 

Included in 
the Design 
Stage and 
PPTA 

 Public 
consultations 

 

 

Public consultations conducted in the 
main AOIs  during the project design 
and IEE preparation. 

YSPSC, 
PPTA team 

Yap 
Statistical 
Office  

Included in 
the FS Stage 

 Occupational 
health and 
safety. 

Development and implementation of 
an occupational health and safety 
policy comprising operational 
procedures and protocols in each 
YSPSC work area and including the 

YSPSC ADB Included in 
YSPSC 
operational 
budget. 
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Item Environmental 
Impacts and 
issues 

Mitigation Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Costs 

distribution and use of PPE, staff 
induction training and occupational 
training.  

 Establishment of 
environmental 
unit in IA 

Establishment of PMU in YSPSC with 
appropriately skilled staff. 
 

Establishment of environmental 
supervisors in PMU with appropriately 
skilled staff. 

YSPSC ADB  

 Establishment of 
implementation 
support  

Contracting a Loan Implementation 
Environmental Consultant (LIEC) 

 

YSPSC ADB Loan funding 
(est. 
$70,000/yr) 

 Future site 
heritage and 
biodiversity 
management 
planning. 

The YSPSC, HPO and USFS should 
work together on a visitation and 
interpretation plan to make the site 
available for tourism. This plan should 
examine the feasibility of combining 
limited tour visits with the security of 
the turbine operation and the 
promotion of biodiversity values.   

It should also cover site access and 
management,budgets and funding 
options for all activities. 

PMU, USFS 
and HPO 

YSPSC Operational 
budgets of 
agencies 
involved. 

1.2 
Construction 
Preparation 
Stage 

Environmental 
management 
budget 

Develop budgets for the 
implementation of environmental 
management measures and 
environmental supervisory 
responsibilities.   
 
Identify budget allocations against 
each of the items in the EMP 

PMU, LIEC YSPSC Included in 
the Detail 
Design 
Stage 

 Updating EMP 

 

Mitigation measures defined in this 
EMP will be updated and incorporated 
into the detailed design to minimize 
adverse environmental impacts. 

PMU, LIEC YSPSC Included in 
the Detail 
Design 
Stage 

 Contract 
documents 

 

Prepare environmental contract 
clauses for contractors, namely the 
special conditions (e.g., reference 
EMP and monitoring table). 

PMU, LIEC YSPSC Included in 
the Detail 
Design stage 

 Site preparation 
– tree 
preservation 

i. All trees which will be retained 
and protected will be clearly 
marked on maps and on site by a 
USFS botanist before 
construction. 

ii. All trees for removal are to be 
properly marked for harvest and 
use by local landowners. 

 

YSPSC, 
PMU, LIEC 

USFS Included in 
the Detail 
Design stage 

 Site preparation 
– historic relics  
preservation 

An officer of the HPO will be present 
during site layout and final design to 
ensure that heritage provision are 
complied with. 

HPO PMU Operational 
budgets of 
agencies 
involved. 

1.3 
Construction 
support 

Impacts from 
earthworks 

Prepare and submit for approval an 
Erosion and Sedimentation Control 
Plan as required by the Regulation for 
Earthmoving Activities (1994) 

YSPSC, 
PMU 

YAP EPA Included in 
the Detail 
Design stage 
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Item Environmental 
Impacts and 
issues 

Mitigation Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Costs 

preparation  

Construction 

2.1 Water Wastewater from 
washing 
aggregates, 
pouring and 
curing concrete, 
machinery 
repairs 

i. Settling ponds, oil-water 
separators. 

ii. Recycled water will be used to 
spray for dust control. 

iii. Residue will be removed from site 
and disposed in proper landfills. 

Contractors PMU, YAP 
EPA 

Included in 
contracted 
construction 
costs 

 Handling of 
hazardous and 
harmful 
materials 

 

i. A construction materials handling 
and disposal protocol that includes 
spill responses will be prepared 
and applied to prevent soil and 
surface/ground water pollution. 

ii. Construction of storage facilities 
(including fuel and oil storage), with 
bunds and clean-up equipment. 

iii. Fuel supplier is properly licensed 
and follows the proper protocol for 
transferring of fuel. 

iv. Vehicle, machinery, and equipment 
maintenance and refueling will be 
carried out so that spilled materials 
do not seep into the soil. 

v. Fuel storage and refilling areas will 
be located at least 100 m from 
drainage structures and important 
water bodies. 

Contractors PMU, YAP 
EPA 

Included in 
contracted 
construction 
costs 

2.2 Air Generation of 
dust by 
construction 
activities 

 

i. Vehicles carrying soil, sand or other 
fine materials to and from the sites 
must be covered. 

ii. Water will be sprayed on 
construction sites and access roads 
each day. 

Contractors PMU, YAP 
EPA 

Included in 
contracted 
construction 
costs 

2.3 Noise and 
Vibration 

Noise from 
construction 
machinery 

 

Operation of machinery generating 
high levels of noise during road 
upgrades and solar panel installations 
will be restricted to between 6:00 am 
and 10:00 pm in areas where there are 
nearby residences.   

Solar panel installations at schools 
and colleges should be scheduled to 
avoid class disturbance. 

  Installation of solar panels at hospital 
should be scheduled during the busy 
periods of the day, avoiding early 
mornings and evenings 

Contractors PMU, YAP 
EPA 

Included in 
contracted 
construction 
costs 

2.4 Solid 
wastes 

Construction 
wastes could 
have adverse 
impacts on 
surrounding 
environments. 

Construction wastes that cannot be 
reused will be regularly transported 
off-site for disposal, and not allowed to 
accumulate on site over long periods. 

Contractors PMU, YAP 
EPA 

Included in 
contracted 
construction 
costs 
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Item Environmental 
Impacts and 
issues 

Mitigation Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Costs 

 Demolition of 
existing gensets 
will have 
environmental 
and occupational 
health impacts 

The demolition of existing gensets 
needs to be undertaken in compliance 
with appropriate standards for 
occupational health and safety and 
disposal of demolition wastes.  

 

Contractors,  PMU Included in 
contracted 
construction 
costs 

2.5 Soil erosion 
and ecology 

Erosion from 
construction 
sites 

Loss of 
biodiversity 

An approved Erosion and 
Sedimentation Control Plan will be 
implemented. 

 

Any Cycas micronesica species and 
ground orchids which might otherwise 
be harmed should be transplanted to 
either the landowner’s nursery or the 
Yap Forestry Nursery for use in Urban 
and Community forest programs and 
community landscaping. 

Trees with nesting birds should either 
be reserved from cutting or not cut 
until birds have completed a nesting 
cycle and young birds have left the 
nest. 

Contractors, 
PMU 

 

Contractors, 
PMU 

YAP EPA 

 

 

USFS 

Included in 
contracted 
construction 
costs 

2.6 Social and 
Cultural 

Cultural heritage 
protection – wind 
turbine site 

 

i. An officer of the Yap HPO will be 
present during initial earthworks to 
monitor any unexpected finds and 
relics. 

ii. Cultural heritage values will be 
preserved where identified. In 
accordance with HPO regulations,  

iii. In case an important site is 
unearthed, work should be stopped 
immediately and the matter 
promptly referred to the HPO for 
evaluation and decision on 
appropriate actions. 

HPO, 
Contractors 

PMU, HPO  Included in 
construction 
costs 

2.7 Unexpected 
environmental 
impacts 

 If unexpected environmental impacts 
occur during project construction 
phase, the YSPSC will update the 
EMP, and environmental protection 
measures will be designed and 
resources will be utilized to cope with 
these impacts 

PMU YSPSC Included in 
construction 
costs and 
contingency 

Operation 

3.1  
Management of 
biodiversity 
values 

Forest protection Protect adjoining forest areas from any 
future expansion of wind turbines site. 

YSPSC HPO and 
USFS 

Included in 
operational 
costs 

3.2 
Management of 
historical 
values 

Tourism and 
access 

The area should be managed to 
minimize disturbance to historical 
relics and allow limited heritage 
tourism as part of controlled site 
access. 

YSPSC HPO  Included in 
operational 
costs 

3.3  Emergency 
preparedness 

Spills of 
hazardous 
materls and fire 

i. Establishment of an emergency 
response plan;  

ii. Preparation of emergency 

YSPSC  PTAW Included in 
operational 
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Item Environmental 
Impacts and 
issues 

Mitigation Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Costs 

and response hazards equipment and training. costs 

3.4 Unexpected 
environmental 
impacts 

 If unexpected environmental impacts 
occur during project operation phase, 
the YSPSC will update the EMP, and 
environmental protection measures 
will be designed and resources will be 
utilized to cope with these impacts 

YSPSC  ADB Included in 
operational 
costs 

Sources: PPTA Team; Project IEE 
ADB = Asian Development Bank, IEE = Initial Environmental Examination, EPA = Environment Protection Agency, HPO = Historic 
Preservation Office; USFS = United States Forest Service, IA = Implementing Agency, PMU = Project Management Unit, LIEC = 
Loan Implementation Environmental Consultant, YSPSC = Yap State Public Service Coporation. 
 

E. Environmental Management Costs 

 
154. The costs of implementing the environmental management and impact mitigation 
measures listed in the EMP matrix (Table VII.1) are included in the construction contracts and 
operational budgets.  YSPSC has not yet developed budgets for the implementation of 
environmental management measures and of its environmental supervisory responsibilities.  
Detailed budget allocations against each of the items in the EMP will be developed by the 
YSPSC with the assistance of the LIEC.  The establishment of the PMU and contracting of the 
LIEC will therefore need to be pre-requisites of the budget preparation. 
 
F. Environmental Monitoring 
 
Monitoring Program 

155. The Project monitoring program will focus on the environment within the project’s area of 
influence. An environmental monitoring program is summarized in Table VII.3 below. The 
program considers the scope of monitoring and frequency. 
 
156. The PMU of the YSPSC will, at the outset of project implementation, prepare detailed 
monitoring activities to be implemented by the contractors and Environmental Supervisors 
(under IAs) during construction. These monitoring programs and budgets will be included in the 
Project tendering documents and budgets, as well as in the construction contracts.  

 
157. Monitoring Parameters. Since there are no laboratory services on Yap, and transport 
of monitoring samples to Guam or Palau will be impractical (in terms of expense and turn-
around time) the monitoring program will focus on parameters which can be monitored visually 
by appropriate specialists (including LIEC, USFS staff and HPO staff).  The exception to this is 
the exhaust emissions of the diesel generator which are to be monitored in line with EHS 
guidelines. 
  

Table VII.3: Environmental Monitoring Program 

Item Parameters Location 
Implementing  

Agency 
Supervise 
Agency 

Time and 
Frequency 

Construction      

1.2 Construction 
wastewater and 

Implementation of 
mitigation 

Monitoring will be 
conducted at all 

PMU and LIEC EPA Random spot 
check of the 
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Item Parameters Location 
Implementing  

Agency 
Supervise 
Agency 

Time and 
Frequency 

wastewater 
pollution 
mitigation 
measures 

measures construction sites. 

 

 

wastewater 
effluent sites 

1.3 Water 
quality of 
nearest  water 
body 

 

Siltation/ 
sedimentation of 
downslope 
waterbodies. 

Visual inspection 
of turbidity and 
sedimentation. 

Monitoring will be 
conducted at waterbodies 
downslope of all 
construction sites involving 
earthworks. 

 

 

PMU EPA Random spot 
checks 

1.4  Air pollution 
prevention 
measures 

 

Use of dust 
shrouds, water 
spraying. 

 

 

Monitoring will be 
conducted at all 
construction sites. 

 

 

PMU EPA Spot check the 
construction 
sites 

1.5 Noise and 
nuisance control 
measures 

 

Work periods near 
sensitive receivers 
complying with 
EMP 

Monitoring will be 
conducted at all of the 
construction sites and 
sensitive receivers 

 

 

PMU and LIEC EPA Random, but at 
least once 
monthly, one day 
each time and 
two samples 
each day: Once 
during daytime, 
once during night 
time 

1.6 Soil Erosion 
control 
measures 

Implementation of 
Erosion and 
Sedimentation 
Control Plan 

Monitoring will be 
conducted at all 
construction sites involving 
earthworks. 

 

 

PMU and LIEC EPA Random spot 
check, in rainy 
season and at 
least four times a 
year 

1.7 Heritage 
management 

HPO supervision 
of initial 
earthworks at wind 
turbine site. 

 

Wind turbine site and 
access roads 

 

PMU, LIEC and HPO 

 

YSPSC Random spot 
check 

1.8 Biodiversity 
management 

USFS supervision 
of construction 
works  

Sites and adjoining forest 
lands 

PMU, LIEC and USFS 

 

YSPSC Random spot 
check 

Operation      

2.1 Air quality NOx, SO2 and PM Stack exhaust gas from 
new diesel genset 
(automatic analyser as part 
of installation) 

YSPSC EPA Continuous for 3 
years (if 
substantially 
within design 
standard can be 
thereafter 
discontinued) 

2.2 Biodiversity USFS supervision 
of operational site 
management 

Sites and adjoining forest 
lands 

USFS 

 

YSPSC Yearly 

Sources: PPTA Team 
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 ADB = Asian Development Bank, IEE = Initial Environmental Examination, EPA = Environment Protection Agency, HPO = Historic 
Preservation Office; USFS = United States Forest Service, IA = Implementing Agency, PMU = Project Management Unit, LIEC = 
Loan Implementation Environmental Consultant, YSPSC = Yap State Public Service Coporation. 

 
G. Monitoring Management 
 
158. During construction, the YSPSC will make appropriate arrangements for monitoring 
according to the progress of implementation. Monitoring reports will be made available to the 
EPA as required, on a monthly basis during construction. When complaints are received from 
the public (either directly or via the formal grievance redress mechanism), monitoring staff will 
conduct additional inspections immediately. 
 
H. Monitoring Costs 
 
159. The continuing activities of the PMU monitoring during construction and the initial 
operational period will be funded from the construction budget.  YSPSC’s ongoing monitoring 
costs will be covered by their operational budget. 
 
I. Environmental Monitoring Reports 
 
160. To ensure proper and timely implementation of the EMP and adherence to the agreed 
environmental covenants, the PMU willll submit semiannual project progress reports to the ADB 
including environmental performance based on the monitoring and inspections. The LIEC will 
help the Borrower to prepare the environment performance report. 
.  
 
VIII. FINDINGS AND CONCLUSIONS 
 
A. Benefits 

 
161. The proposed project is an environment-friendly project which will result in substantial 
energy saving and GHG emission reduction and improve the energy infrastructure of Yap State. 
The project complies with national industry and environmental policies.  
 
162. The project’s benefits in energy savings have been estimated and are shown in Table 
VIII.1 below. In addition to the significant total savings in gallons of fuel per year is the 
prevention of associated pollutants from combustion of fossil fuels entering the local airshed.  
 

Table VIII.1: Energy Savings 

 

Subproject 

 
Renewable Energy 

Equivalent Fossil Fuel 
Saving 

New diesel generator at Power 
Plant 

 
- 

57,467 gals/a 

(5.867% savings on yearly 
Deutz* running as baseline) 

Wind turbine installation 

Phase 1 (2 turbines) 805 MWh 
58,333 gals/a 

(based on yearly Deutz* running 
as baseline) 

Phase 2 (5 turbines (2 
from Phase 1 plus an 

additional 3) 
2,127 MWh 

154,130 gals/a 

(based on yearly Deutz* running 
as baseline) 

Solar Panels  462 MWh 33,478 gals/a 
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(based on yearly Deutz* running 
as baseline) 

Source: PPTA team from data provided by YSPSC. * Deutz is the currently used genset for base load. 

 
B. Impacts 
 
163. Design and Operation. Impacts identified during the design and feasibility stages have 
been minimized through design revisions and will continue through site adjustments to avoid 
significant flora and fauna elements and items of historical heritage in situ.  These will be 
mandated by the EMP and supported by a range of other environmental management 
prescriptions. 
 
164. In particular, the retention of significant vegetation on site, replanting other species and 
the avoidance of impact to neighboring forest areas, will be features of the environmental 
management the Project.  Additionally site design and access road alignment will be guided by 
the Yap State Historic Preservation Office survey and site monitoring of historic relics. 

 
165. Construction. A range of potential construction impacts have been identified for all 
subprojects.  Earthworks, with potential for sediment runoff and erosion, and machinery 
operating on site with consequent noise, vibration and air emissions.  Constructions will also 
generate construction wastewater and solid wastes.  These impacts are mostly confined to short 
construction periods and as long as proper clean-up and site rehabilitation measures are 
implemented can be classed as temporary impacts. They are covered by site management and 
procedural provisions in the EMP to ensure that impacts during the construction period are 
minimized and mitigated and that proper site restoration occurs at the completion of 
construction.  The Yap EPA requirement for the implementation of an Erosion and 
Sedimentation Control Plan will ensure that soils and waterways are protected. 
 
C. Climate Change 
 
166. Climate change issues have been addressed by the Project.  In total, the subprojects will 
achieve a net reduction of greenhouse gas emissions of between 1,515 t/a and 2,487 t/a, 
through fuel savings for electricity generation.   
 
167. Each of the subsubprojects has been designed with climate change adaptation features.  
The major focus of adaptation in the western Pacific is the increase in frequency of typhoons.  
The wind turbines will be demountable to escape wind damage, and the solar panels will be roof 
mounted – selectively taking advantage of the existing roof angle to minimize additional framing 
and vulnerable gaps.   
 
D. Risks 
 
168. A number of environmental risks have been identified for the Project. These risks will 
mainly be addressed in design features, pre-construction environmental management activities 
and operational plans which will avoid or mitigate impacts - but which rely on the IAs’ 
commitment and capacity to implement and consistently follow-up.   
 
New Diesel Genset Site management of fuel, lubricants and residues will not improve 

  

Wind Turbine Significant flora and fauna will be disturbed 

Significant historic property will be disturbed 
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installation Construction of pads and access roads will lead to erosion and sedimentation 

New access will lead to damage to natural and heritage resources 

  

Solar Panels Construction will disrupt activities in host buildings 

  

 
E. Assurances 
 
169. The primary assurance required is that the YSPSC will undertake the full range of 
effective measures set out in the IEE and EMP to guarantee that the environmental 
management provisions and the environmental monitoring plan will be implemented effectively 
during project implementation, and that the implementation reports of the environmental 
management and monitoring plan in accordance with ADB requirements will be submitted in a 
timely fashion.  Part of this monitoring and management commitment will be a commitment to 
implement and maintain appropriate Grievance Redress mechanisms in all project counties and 
districts and covering the construction and operation of all project subprojects. 
 
F. Follow-Up Monitoring and Environmental Management Requirements 
 
170. An EMP has been developed for the design, construction, and operation phases of the 
Project. The plan is appropriate for the environmental safeguarding of the planned works and 
forms part of a comprehensive set of environmental management documents. The EMP 
includes institutional responsibilities and costs for implementing the mitigation measures and the 
monitoring requirements. 
 
G. Conclusion 
 
171. It is concluded that the infrastructure subprojects planned for Yap energy sector will 
significantly benefit the populations of these areas.  It is also concluded that the design features 
and operational planning will minimize adverse environmental. It is further concluded that the 
design features, operational regimes and construction management safeguards will successfully 
address the range of potential environmental impacts and will be actioned through the Project 
EMP and continuously checked in the environmental monitoring program. The identified 
environmental impacts are not assessed as significant and a full environmental impact 
assessment is not considered to be required.
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BACKGROUND 

 
GHD Pty Ltd is currently contracted by the Asian Development Bank to implement  the  Strengthening the Capacity 
of Pacific Developing Member Countries to Respond to Climate Change (Phase 1) - Yap Renewable Energy 
Project (TA 7394-REG).  Griffin Associates Environment is part of this team. 
 
This proposal of work is for a flora and fauna survey of one of the project sites to provide data for the 
Environmental Impact Assessment.  A site survey of 4.6ha area on the ridge line above the port of Colonia, Yap for 
the proposed development is an array of wind turbines and associated infrastructure is required.  This site has an 
access road already to the eastern end of the site, servicing the existing transmission tower (visible on the skyline 
of the attached photo). 
 
The survey is required to provide sufficient data to satisfy the safeguard requirements for biodiversity in the ADB 
Safeguard Policy Statement, 2009 (Appendix I, section D8).  The survey will provide a report as a deliverable that 
addresses the following: 
 

1. A site survey which identifies the major vegetation communities present and the dominant flora 
species in all strata; 

2. Sampling plots or lines in each major vegetation community to provide a representative species 
list for each; 

3. A comparative assessment of the extent and conservation status of the main vegetation 
communities in the surrounding area; 

4. Observations on the condition and ecological health of the vegetation; 
5. Identification of fauna habitats on site and an indicative wildlife species list (mammals, reptiles 

and amphibian) drawn from observation and secondary sources; 
6. A survey of bird species resident in the area (through observation and secondary sources) and 

non-resident birds whose flight paths may be impeded by the development. 
 
Outputs from tasks 1-5 will cover the impact of the loss of the biophysical array under the footprint of the 
development, and the output from task 6 will address operational impacts.  
 
The survey will be completed and results submitted by 5 December 2011 given that a first payment is 
made in a timely matter and no unforeseen circumstances such as extreme weather events or other types 
of disasters occur. 

 
Major vegetation communities and the dominant flora species 
 
A site survey which identifies the major vegetation communities present and the dominant flora species in 
all strata.  
 
A reconnaissance survey of the site was conducted on January 30, 2012 with Dr. Margie Falanruw,  
and two employees, Chris and Charles of Yap State Public Power Corporation.  We were shown the 
proposed sites for the wind turbine towers (Figures 1 and 2).  During Jan 31, Feb 1 Ann Kitalong 
Clarence Kitalong Margie Falanruw and Thomas set transects at the 5 sites to determine the biodiversity 
and relative abundance and biomass of primarily large trees (dbh = or greater than 6 inches).  On several 
transects smaller trees were also measured to get a size range for a given species (Figure 3 Habitat Map)   
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Figure 1 View of site. Wind turbines will be about 200 ft in elevation along the ridge between the 
existing large Calophyllum inophyllum tree to the left (marked above with star) at N09 31 46.8 E 138 
06’35.7) and the communications tower to the right (marked above with triangle).  

 
 

 
Figure 2 Largest Calophyllum inophyllum being measured near Site 5 January 31, 2012 show with 

star in Figure 1. 
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Figure 3a-b Habitat Maps showing secondary forest and savanna and the five proposed 
sites for the wind turbines .The transects set at these sites are shown as red lines.  

 
 

Major vegetation communities and representative species 
 
Two major vegetation types were secondary forests (3.5 hectares or 75% of habitat) and savanna (1.1 
hectares or 25% of the habitat).  Sampling plots or lines in each major vegetation community provided a 
representative species list for each vegetation community.   
 
Transects covered the following total areas at each site (Figure 3 Habitat map). The area surveyed and 
the GPS locations are given below: 
  
Site  Area Surveyed  GPS Location of transect 
Site 5   2,200m

2
   N 09

0
 31’ 49.1, E 138

0 
06’34.3 
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Site 4   1,100m
2
   N 09

0
 31’ 46.8, E 138

0 
06’36.7 

Site 3       200m
2
   N 09

0
 31’ 44.9, E 138

0 
06’40.3 

Site 2       200m
2
   N 09

0
 31’ 43.8, E 138

0 
06’43.1 

Site 1       200m
2
   N 09

0
 31’ 42.1, E 138

0 
06’46.4 

 
Site 5 was considered most sensitive therefore more area was surveyed (2200m

2
), followed by site 4 

(1100 m
2
), and sites 3, 2 and 1 in which 200 m

2
 was surveyed.  Therefore a total area covered was 3,900 

m
2
.  A total of 213 trees representing 98 species of plants were found at the site (Table 1). The most 

frequently occurring trees represented 5 species totaling 125 trees and representing 45% of all trees 
measured are as follows:  
 
1)  Hibiscus tiliaceus,       (n=41 trees, or 18.1% of all trees).  
2) Semecarpus venenosa (n=39 trees or 6.8%); and 
3) Calophyllum inophyllum (n=17 or 7.3%) and  
4) Maranthes corymbosa   (n =15. or 6.5% of all trees measured); 
5) Garcinia rumiyo              (n=13; or 5.6% of all measured trees).   
 
A total of 35 species of trees were measured along the transect lines. Most  trees measured were greater 
than 6 in dbh, total trees measured, total volume of 0.1 m

3
/m

2
 or 1743m

3
/ha (Tables 1-3). Table 2 shows 

that the trees representing the highest basal area from the total basal area of 54 m
2
 were Calophyllum 

inophyllum (76%), Campnospermum brevipetiolata (7%) and Semecarpus venenosa (6%) and 
Pterocarpus indicus (3%). Table 3 shows the trees that represented the highest volume of the total 
volume of 371 m

3
 were Calophyllum inophyllum (36%), Pterocarpus indicus (29%) and Semecarpus 

venenosa (19%). The secondary forest included over 98 species but was dominated by Semecarpus 
venenosa, Calophyllum inophyllum and Pterocarpus indicus, Campnosperma brevipetiolata, and 
Maranthes corymbosa, Garcinia rumiyo, Rhus taitensis and large thickets of Hibiscus tiliaceus were found 
on the site. Agroforest trees included the large mango trees  Mangifera indica, the chestnut, Inocarpus 
fagifer,  the football fruit, Pangium edule, and banana Musa spp., and a few coconut Cocos nucifera,, and 
the betelnut palm, Areca catechu. Many smaller trees, shrubs, herbs, ferns and orchids were found as 
listed in Table 1.  The small understory tree of Psychotria spp., Ixora casei, and the white flowered Ixora 
sp. and the endemic Pandanus yapensis.  Large thickets of Hibiscus tiliaceus were found at sites 2, 3 and 
4.   Mertya senfftiana, Inocarpus fagifer, Bambuu vulgaris were also found. The presence of Cycas 
micronesica was significant as this is an endangered species on the IUCN red list.   The less common 
endemic Ormocarpum cochinchinense was also found and considered a sensitive species. 
. 

             
 

Figure 4. Site 4 North, Jan 31, 2012            Figure 5. Site 5, Jan 31, 2012 
 
 

The savanna habitat was dominated by the following ferns, Dicranopteris linearis var. ferruginea, 
Lycopodiella cernua, and Nephrolepis biserrata.  Herbaceous plants found in the savanna included the 
pitcher plant, Nepenthes mirabilis, the grass, Ischaemum sp. and the fleshy vine, Cassytha filiformis. 
Several trees species were found along the edge of the secondary forest including the endemic 
Trichospermum ikutai and the following native trees: Commersonia bartramia, Morinda citrifolia, 
Decaspermum sp., Melochia compacta, Hibiscus tiliaceus, Macaranga carolinensis, Glochidion 
ramiflorum, Rhus taitensis, and Campnosperma brevipetiolata (Figures 6 and 7).  
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Figure 6 Site2 South Savanna                             Figure 7. Site 1 South Savanna
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A comparative assessment of the extent and conservation status of the main vegetation 
communities  

 
A comparative assessment of the extent and conservation status of the main vegetation communities of 
the surrounding area was made. Two forest areas near the proposed site are being considered for 
protective status due to their importance in biodiversity (Falanruw 2012 pers. com. Jan 29

th
 2012). The 

forests of Yap have been greatly altered from prehistoric times to the present and there are currently few 
areas of intact native forest.  The FSM 2010 FSM State-Wide Assessment and Resource Strategy 2010-
2015 provides a map showing these few areas of intact native forest (Figure 8).  

 
 

Figure 8 Vegetation map showing that the site (shown as a star) is in disturbed forest with relative intact 
forest to the north and north west. Source: FSM 2010 SWARS.
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The TNC (2002) demarcated areas of biodiversity significance (ABS) that includes theses areas. In 2002, 
The Nature Conservancy worked with local expertise to develop a portfolio of areas of biodiversity 
significance (ABS) that would include a representative sample of the biodiversity of the FSM ecoregion. 
The "Marbaa Forest ABS" (TNC 2003) and shown in Figure 9 is adjacent to Site 5 of the wind turbines. It 
is therefore desirable that the wind turbine project contributes to sustaining this area of biodiversity 
significance.  Yap State and the FSM have committed to the Micronesia Challenge that pledges to 
effectively protect 20% of terrestrial areas and 30% of nearshore marine areas. To meet this commitment, 
Yap State needs to protect most if not all of its remaining areas of relatively intact native forest.  We 
recommend sparing special trees where possible, such as the large Calophyllum inophyllum (Figure 2) 
and the endemic species discussed in this report. It is recommended that the downslope forest be 
designated as protected forest. Well planned ecotrails could provide value to landowners. Special trees 
should be transplanted whenever possible and seedlings used for revegetation projects. The proposed 
site is not part of a known conservation area protected by FSM Legislation.  As a mitigation measure, it is 
recommended that the Marbaa Forest be protected through a legislative act and a management plan be 
developed for this Area of Biodiversity Significance. 

 

 
 

Figure 9 Area of Biodiversity Significance. Source: TNC 2003.    The proposed project site is shown 
as star with the Marbaa Forest ABS to the north and northwest. 

 
The checklist of plant species found at the proposed site is shown on Table 1.  
Over 102 plant species were recorded including 76 native (7 are endemic) and 23 introduced plants. The 
Endemic species included Pentaphalangium volkensii, Pandanus yapensis, Semecarpus venenosa, 
Timonius alba, Psychotria mariana, and Trichospermum ikutai.  A number of species are of special 
significant because they seldom occur naturally outside of native forest. Garcinia rumiyo is endemic to 
Yap and Palau but each island has its own endemic variety and Buchanania engleriana is endemic to 
Yap and Palau.  
Species in this group include: Cycas micronesica, Buchanania engleriana, Meryta senfftiana, Celtis sp., 
Atuna racemosa, Maranthes corymbosa, Garcinia rumiyo, Pentaphalangium volkensii, Pandanus 
yapensis, Aida racemosa, Psychotria spp. and Timonius alba. Pouteria obovata occurs in shrub forests 
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but is also an important forest tree.  Rinorea benghalensis and the white flowered wild Alpinia sp. was 
also found that are part of the native forest flora. This survey is fairly complete however it should be noted 
that there is no comprehensive checklist or flora of Yap and undefined species may occur, or may not 
have been present in our transects.  (Collection numbers for the 2 undetermined trees are MVCF 12,956 
& MVCF 12957. Our list is not complete for epiphytes, which occur high in the canopy beyond our view. 
 
 
Cycas micronesica (Figure 10) is considered endemic to the Marianas and Western Carolines. The 
populations of Guam and Palau are now threatened by the cycad psillid, which has devastated the cycad 
populations of Guam. This makes the healthy populations of cycads on Yap of international importance.  
It is recommended that all Cycas micronesica 
are transplanted to the Yap Forestry Nursery for replanting by the land owners and on Urban and 
Community Forest activities. 

 

 
Figure 10 Cycas micronesica found at Sites 1-3. January 30-Feb 1, 2012. 

 
Pentaphalangium volkensii (Figure 11) is endemic to Yap and is becoming uncommon. It is  
especially vulnerable as its male and female flowers grow on different trees. It is therefore dependent 
upon pollinators and requires trees to be in relatively close proximity in order to reproduce successfully.  It 
is recommended that this species of tree be marked and transplanted to the Yap Forestry Station.  The 
endemic ground orchid, Eulophia pulchra was also commonly found (Figure 12) and often damaged from 
people walking along the survey path. It is recommended that the landowners and community work with 
forestry to transplant these orchids (especially those now being trampled along the survey path) into pots 
in collaboration with the Urban and Community Forest Program and landowners for landscaping and 
beautification projects in Yap. 
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Figure 11. Pentaphalangium volkensii   near cultural feature on way to Site 1 and also seen at the 
proposed site. 
 

 
Figure 12. Ground orchid Eulophia pulchra at the site, close up on left. 
 

 
Condition and ecological health of the vegetation 
 
Observations on the condition and ecological health of the vegetation indicate that this is a healthy 
secondary forest.  There were introduced species on the site, a few which are considered invasive. 
However there were no obvious signs of diseased, dead or cut trees except those cut for the preliminary 
survey work.  Many of these trees served as log nurseries with young trees sprouting from the fallen 
trunks. 
 
Fauna habitats and indicative wildlife species 
 
An indicative wildlife species list (mammals, reptiles and amphibians) was produced from observations 
and secondary sources.  Observations were made during morning and evening surveys of the site from 
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the ESA hotel with binoculars from 6pm-7pm and onsite during field surveys. In order to survey to an 
altitude of 200 ft for the wind turbines, the hotel provided an excellent vantage point to make 
observations. One to two bats, Pteropus yapensis were observed during three evening observations 
(Table 4). Pteropus yapensis is a vulnerable species and on the IUCN red list. The bat was overharvested 
in the past and currently protected.  Skinks seen on the site included 5 small Emoia spp. counted at Site 5 
(Figure 13) on the ground and the emerald tree skink Lamprolepis smaragdina on tree trunks. The 
seldom seen reclusive ground skink may have been present amid debris on the ground but was not seen, 
nor was Cryptoblepharus which is usually up on tree trunks or in the canopy. Other lizards that are likely 
to be present at the site but which were not seen include the geckoes: Gehyra oceanica, G. mutilata, 
Lepidodactylus lugubris and possibly the ground dwelling clawed gecko Nactus pelagicus. The large 
monitor lizard Varanus indicus may wander through the site but was not seen during our fieldwork.  No 
amphibians were observed during our field work. 

 

 
Figure 13 Emoia sp. found at proposed site in the leaf litter. 

Bird species  
 
A survey of bird species resident in the area was done through observation and secondary sources. In 
addition, non-resident birds whose flight paths may be impeded by the development were listed.  A total 
of 16 species of birds representing 13 families were observed at or near the site and within the watershed 
below. During three evenings, three mornings and two afternoons and during site visits to survey the 
plants (Table 4).  The most common bird observed were the common white fairy terns, Gygis alba 
averaging 16 birds per observation period. The honey eater Myzomela rubrata was the most common 
bird at the site, averaging 4 birds per observation period.  On site, the near threatened endemic Yap 
monarch Monarcha godeffroyi (Figure 14) was consistently observed each day.  The endemic 
subspecies, the starling Aplonis opaca, the endemic near threatened white eye Zosteropus hypolais, and 
the endemic honey eater Myzomela rubrata and the endemic fantail, Rhipidura rufifrons were observed or 
heard. The nest of the endemic fantail Rhipidura rufifrons was observed on site (Figure 15). The endemic 
near threatened imperial pigeon, Ducula oceanica was seen adjacent to the site. The proposed site is 
home to many birds with evidence of breeding within this area. Five of Yap’s seven endemic bird species 
were seen or heard at or near the site. Three of Yap’s near threatened endemic bird species were seen 
or heard on site. It is important to protect Yap’s forests for the near threatened bird species.  
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Figure 14 The Yap Monarch among the Hibiscus trees at the site Jan30-31, Feb 1, 2012 
 

 
Figure 15 Empty fantail nest between Sites 1 and 2,  February1, 2012. 

 
 
Recommendations 
 
Recommendations for the proposed project based upon this Flora and Fauna Study are as follows: 
 
1 Avoid removal of important large trees and endemic species of threatened and vulnerable species 
described in this assessment. 
 
2. Transplant the Cycas micronesica and ground orchids to either the landowner’s nursery or the Yap 
Forestry Nursery for use in Urban and Community forest programs and community beautification. 
 
3. Avoid cutting trees along the North and northwest down slope areas and within Site 5 as mitigation to 
add protection and a buffer to an area of biodiversity significance the Marbaa Forest Area. 
 
4. Introduce legislation to protect the Marbaa Forest Area from any future expansion of wind turbines as 
mitigation for the loss of forest. 
 
5. Develop a long term monitoring plan for this forest area that includes the areas surveyed for this 
assessment. 
 
6. Ensure that proper erosion and sedimentation control plans are developed and implemented to avoid 
impacts to the nearby watershed and Marbaa Forest Area.  Set up a water monitoring program upstream 
and downstream of ESC infrastructure to ensure compliance to standard water quality parameters are 
met.  
 
7. Calophyllum inophyllum and Pterocarpus indicus are important timber trees for construction and 
canoes and other purposes. Ensure that the community and land owners have access to timber that must 
be cut and that Trees are properly marked for protection or for harvest and all required harvesting is 
within the footprint of the initial sites 1 and 2.    
 
8. Avoid cutting trees with nesting birds, at least wait until birds have completed a nesting cycle and 
young birds have left the nest before remove. If at all possible avoid cutting trees where nesting birds are 
found. 
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9. Support activities such as ecotours and school programs  to promote the use of local plants for food, 
shelter, medicine and enjoyment.  
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Appendices 
 
Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 

MF= Margie Falanruw, T= 
Thomas 

 

AK= Ann Kitalong, CK = Clarence 
Kitalong  

            

  
Pe

rcent 
T

otal 
M

F T 
CK 
AK 

CK 
AK 

MF 
T 

MF 
T 

CK 
AK 

AK CK 
MF T 

AK CK 
MF T 

AK CK 
MF T 

Family 
Stat

us 
  

Site 
1 N 

Site 
1 S 

Site 
2 N 

Site 
2 S 

Site 
3 N 

Site 
3 S 

Site 
4 N 

Site 
4 E 

Site 5 
N 

Gymnosperms              

Cycadaceae              

Cycas micronesica K.D. Hill 
Nativ

e 
2.6% 6 3  2 1       

Araceae              

Rhaphidophora sp. 
Nativ

e 
      x      

Epipremnum spp. 
Nativ

e 
            

Achariaceae              

Pangium edule Reinw. Ex Bl. 
Intro

duced 
            

Anacaridacea              

Buchanania engleriana Volk. 

Nativ
e 
Endemi
c Palau 
& Yap 

0.4% 1         1  

Campnosperma 
brevipetiolata Volk. 

Nativ
e 

2.2% 5    1  1   3  

Mangifera indica L. 
Intro

duced 
1.3% 3        3   

Rhus taitensis Guill. 
Nativ

e 
1.7% 4  1 2 1       

Semecarpus venenosus Volk. 

Nativ
e 
Endemi
c Palau 
& Yap 

16.8
% 

3
9 

4  1   3 11 4 16  

Spondias dulcis Forst.f. 
Intro

duced 
            

Apocynaceae              

Cerbera manghas L. 
Nativ

e 
0.4% 1        1   

Arailiaceae              

Meryta senfftiana Volk. 
Nativ

e 
0.4% 1      1     

Polyscias grandifolia Volk. 
Nativ

e 
            

Arecaceae              

Areca catechuu L. 
Intro

duced 
            

Cocos nucifera L. 
Nativ

e 
            

Heterospathe elata Scheff. 
var. palauensis (Becc.) Becc. 

Nativ
e 
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Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 

MF= Margie Falanruw, T= 
Thomas 

 

AK= Ann Kitalong, CK = Clarence 
Kitalong  

            

  
Pe

rcent 
T

otal 
M

F T 
CK 
AK 

CK 
AK 

MF 
T 

MF 
T 

CK 
AK 

AK CK 
MF T 

AK CK 
MF T 

AK CK 
MF T 

Family 
Stat

us 
  

Site 
1 N 

Site 
1 S 

Site 
2 N 

Site 
2 S 

Site 
3 N 

Site 
3 S 

Site 
4 N 

Site 
4 E 

Site 5 
N 

Asclepiadaceae              

Asclepiadacea vine 
Nativ

e 
         1   

Aspleniaceae              

Asplenium nidus L. 
Nativ

e 
          x  

Asteraceae              

Chromolaena odorata (L.) R. 
M King and H.Rob 

Intro
duced 

            

Elephantopus mollus Kunth 
Intro

duced 
            

Cannabaceae              

Celtis sp.? 
Nativ

e 
0.4% 1 1          

Trema cannabina Lour. 
Nativ

e 
            

Celastraceae              

Salacia sp. 
Nativ

e 
            

Chrysobalanaceae              

Atuna racemosa ? 
Nativ

e 
            

Maranthes corymbosa Bl. 
Nativ

e 
6.5% 

1
5 

5  1   1  2 6  

Clusiaceae              

Calophyllum inophyllum L. 
Nativ

e 
7.3% 

1
7 

3 4 1 1   1  7  

Garcinia rumiyo Kaneh. 

Nativ
e 
Endemi
c to 
Yap 
and 
Palau 

5.6% 
1

3 
2  7   2   2  

Pentaphalangium volkensii 
Lauterb. 

Nativ
e 
Endemi
c 

            

Combretaceae              

Terminalia catappa L. 
Nativ

e 
0.4% 1      1     

Costaceae              

Cheilocostus speciosus (J. 
Koenig) . Specht 

Intro
duced 

            

Cyperaceae              

Scleria sp. 
Intro

duced 
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Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 

MF= Margie Falanruw, T= 
Thomas 

 

AK= Ann Kitalong, CK = Clarence 
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Site 5 
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Davalliaceae              

Davallia solida (Forster f.) 
Swartz  

Nativ
e 

            

Dioscoreaceae              

Dioscorea bulbifera L. 
Intro

duced 
          x  

Dioscorea nummularia Lam. 
Intro

duced 
          x  

Ebenaceae              

Diospyrus elliptica (Forst.) 
P.S. Green 

Nativ
e 

0.9% 2      2     

Euphorbiaceae              

Codiaeum variegatum (L.) 
Blume 

Intro
duced 

            

Glochidion ramiflorum Forst. 
Nativ

e 
3.0% 7 1  2 2  2     

Macaranga carolinensis Volk. 
Nativ

e 
7.

3% 
17 2  3 2  1 1 5 3 

b
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il 

Fabaceae              

Acacia auriculiforlia A. Cunn 
Intro

duced 
            

Inocarpus fagifer (Parkinson) 
Fosb. 

Intro
duced 

            

Leucaena leucocephala 
(Lam.) de Wit 

Intro
duced 
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e 

            

Mimosa diplotricha C. Wright 
ex Sauvalle 

Intro
duced 
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e 

            

Ormocarpum cochinchinense 
(Lour.) Merr. 

Intro
duced 

0.9% 2  2         

Paraderris elliptica (Wall.) 
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Intro
duced 

            

Flagellariaceae               

Flagellaria indica L. 
Nativ

e 
             

Gleicheniaceae               

Dicranopteris linearis(Burm. 
F.)Und var ferruginea 
(Blume) Rac. 

Nativ
e 

             

Goodeniaceae              

Scaevola taccada (Gaertn.) 
Roxb. 

Nativ
e 

0.4% 1  1         
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Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 
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Thomas 

 

AK= Ann Kitalong, CK = Clarence 
Kitalong  

            

  
Pe

rcent 
T

otal 
M

F T 
CK 
AK 

CK 
AK 

MF 
T 

MF 
T 

CK 
AK 

AK CK 
MF T 

AK CK 
MF T 

AK CK 
MF T 

Family 
Stat

us 
  

Site 
1 N 

Site 
1 S 

Site 
2 N 

Site 
2 S 

Site 
3 N 

Site 
3 S 

Site 
4 N 

Site 
4 E 

Site 5 
N 

Lamiaceae              

Premna serratifolia L. 
Nativ

e 
0.9% 2   1   1     

Lauraceae              

Cassytha filiformis L. 
Nativ

e 
            

Laxmanniaceae              

Cordyline fruticosa(L.) Chev. 
Nativ

e 
            

Lomariosidaceae              

Cyclopeltis sp. 
Nativ

e 
            

Nephrolepis obliterata (R.Br.) 
J. Sm 

Nativ
e 

            

Lycopodiaceae              

Lycopodiella cernua  (L.) Pic. 
Serm 

Nativ
e 

            

Lygodiaceae              

Lygodium circinnatum (Burm 
f.) Sw. 

Nativ
e 

            

Lygodium microphyllum(Cav.) 
R. Br. 

Nativ
e 

            

Malvaceae              

Commersonia bartramia (L.) 
Merr. 

Nativ
e 

          1  

Hibiscus tiliaceus L. 
Nativ

e 
18.1
% 

42  3 11 4  10 3 11  
4
2 

Melochia compacta Hochr. 
Intro

duced 
1.7% 4 1 2  9       

Trichospermum ikutai Kaneh. 

Nativ
e 
Endemi
c 

3.0% 7  4 1   1   1  

Moraceae              

Ficus prolixa Forst. F. var. 
carolinensis (Warb.) Fosb. 

Nativ
e 

0.4% 1 1          

Ficus copiosa Steud. 
Nativ

e 
0.4% 1       1  x  

Ficus tinctoria Forst. F[plus 
var. neo-ebudarum 
(Summerh.) Fosb. 

Nativ
e 

            

Musaceae              

Musa sp. 
Intro

duced 
            

Myrtaceae              

Decaspermum sp. 
Nativ

e 
0.4% 1    1       

Nepenthaceae              
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Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 

MF= Margie Falanruw, T= 
Thomas 

 

AK= Ann Kitalong, CK = Clarence 
Kitalong  

            

  
Pe

rcent 
T

otal 
M

F T 
CK 
AK 

CK 
AK 

MF 
T 

MF 
T 

CK 
AK 

AK CK 
MF T 

AK CK 
MF T 

AK CK 
MF T 

Family 
Stat

us 
  

Site 
1 N 

Site 
1 S 

Site 
2 N 

Site 
2 S 

Site 
3 N 

Site 
3 S 

Site 
4 N 

Site 
4 E 

Site 5 
N 

Nepenthes mirabilis(Lour.) 
Druce 

Nativ
e 

            

Ophioglossaceae              

Ophioglossum pendulum L. 
Nativ

e 
            

Orchidaceae              

Didymoplexis fimbriata Schltr 
*  

Nativ
e 

            

Eulophia pulchra (Thou.) 
Lindl. 

Nativ
e 

            

Robiquetia lutea (Volk) Schltr.  
Nativ

e 
            

Taeniophyllum sp. 
Nativ

e 
            

Pandanaceae              

Pandanus tectorius 
Parkinson 

Nativ
e 

0.4% 1   1      x  

Pandanus yapensis Mart. ex 
Kaneh. 

Nativ
e 
Endemi
c 

0.4% 1      1   x  

Poaceae              

Bambusa vulgaris Schrad. ex 
Wendl. 

Intro
duced 

0.4% 1    1       

Ischaemum sp. 
Nativ

e 
            

Centosteca lappacea  Desv. 
Nativ

e 
            

Polygalaceae              

Polygala paniculata L. 
Intro

duced 
            

Polypodiaceae              

Microsorum 
scolopendria(Burm f.) Copel. 

Nativ
e 

            

Pteridaceae              

Pteris sp. 
Nativ

e 
            

Rubaceae              

Aida racemosa (Cav.) 
Tirvengadum 

Nativ
e 

          x  

Ixora casei Hance 
Nativ

e 
            

Ixora sp. 
Nativ

e 
            

Morinda citrifolia L. 
Nativ

e 
            

Mussaenda frondosa L. 
Nativ

e 
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Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 

MF= Margie Falanruw, T= 
Thomas 

 

AK= Ann Kitalong, CK = Clarence 
Kitalong  

            

  
Pe

rcent 
T

otal 
M

F T 
CK 
AK 

CK 
AK 

MF 
T 

MF 
T 

CK 
AK 

AK CK 
MF T 

AK CK 
MF T 

AK CK 
MF T 

Family 
Stat

us 
  

Site 
1 N 

Site 
1 S 

Site 
2 N 

Site 
2 S 

Site 
3 N 

Site 
3 S 

Site 
4 N 

Site 
4 E 

Site 5 
N 

Psychotria mariana? Bartl. ex 
DC 

Natii
ve 
Endemi
c 

            

Psychotria sp. 
Nativ

e 
            

Timonius albus Volk. ? 

Nativ
e 
Endemi
c 

            

Rutaceae              

Citrus limon(L.) Burm. f 
Intro

duced 
          x  

Sapotaceeae              

Pouteria obovata (R. Br.) 
Baehni 

Nativ
e 

            

Schizaeceae              

Schizaea dichotoma (L.) Sm. 
var. dichotoma 

Nativ
e 

            

Taccaceae              

Tacca leontopetaloides (L.) 
Kuntze 

Nativ
e 

            

Tectariaceae              

Tectaria  sp. 
Nativ

e 
            

Thelypteridaceae              

Cyclosorus 
heterocarpus(Blume) Ching 

Nativ
e 

            

Cyclosorusunitus (L.) Ching 
Nativ

e 
            

Verbenaceae              

Lantana camara aculeata L. 
Intro

duced 
            

Violaceae              

Rinorea benghalensis (Wall.) 
O. Ktze 

Nativ
e 

0.4% 1 1          

Vitaceae              

Cayratia trifolia(L.) Domin 
Nativ

e 
            

Leea guineensis G. Don 
Nativ

e 
2.6% 6   1   5     

Vittariaceae              

Antrophyllum 
callifoliumBlume  

Nativ
e 

            

Haplopteris elongata (Sw) 
E.H. Crane 

Nativ
e 

            

Zingiberaceae              
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Table _  Summary of Frequency of measured trees on transects as well as full species list of 
plants seen at or near the transect sites. 

MF= Margie Falanruw, T= 
Thomas 

 

AK= Ann Kitalong, CK = Clarence 
Kitalong  

            

  
Pe

rcent 
T

otal 
M

F T 
CK 
AK 

CK 
AK 

MF 
T 

MF 
T 

CK 
AK 

AK CK 
MF T 

AK CK 
MF T 

AK CK 
MF T 

Family 
Stat

us 
  

Site 
1 N 

Site 
1 S 

Site 
2 N 

Site 
2 S 

Site 
3 N 

Site 
3 S 

Site 
4 N 

Site 
4 E 

Site 5 
N 

Alpinia publiflora (Benth.) K. 
Schum. 

Intro
duced 

            

undetermined "bugbug" 
unkn

own 
0.9% 2 2          

undetermined 2 species 
2 

unknow
n 

3.0% 7 4  3        

              

Total   213 30 17 37 23 0 32 17 27 40  

              

102  species              

23 Introduced              

76  Native  of which 5 are 
Endemic 

             

4 unknown              
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Table _ Summary of Basal area (m2) for trees measured along the transects. Tree  measurements were mainly for trees with a diameter  

at breast height (dbh) equal or greater than 6inches. Some smaller trees were measured.      

 Site 5 Site 4 N Site 4 E Site 3 N Site 3 S Site 2 N Site 2 S Site 1N Site 1 S Total  

Gymnosperms            

Cycadaceae            

Cycas micronesica K.D. Hill      0.013 0.015 0.028  0.056 0.10% 

Anacaridacea            

Buchanania engleriana Volk.    0.018      0.018 0.03% 

Campnosperma brevipetiolata Volk. 

3.7    0.32  0.002   4.022 7.42% 

Mangifera indica L.   0.586       0.586 1.08% 

Rhus taitensis Guill.      0.112 0.018  0.002 0.132 0.24% 

Semecarpus venenosus Volk. 1.47 0.342 0.337 0.58 0.28 0.15  0.097  3.256 6.01% 

Apocynaceae            

Cerbera manghas L.            

Arailiaceae            

Meryta senfftiana Volk.     0.002     0.002 0.00% 

Chrysobalanaceae            

Maranthes corymbosa Bl. 0.35  0.057 0.027 0.05 0.025  0.196  0.705 1.30% 

Clusiaceae            

Calophyllum inophyllum L. 38.7 0.657   0.52 0.086 0.015 1.26 0.13 41.368 76.37% 

Garcinia rumiyo Kaneh. 0.04    0.005 0.07  0.016  0.131 0.24% 

Ebenaceae            

Diospyrus elliptica (Forst.) P.S. Green 

   0.019 0.001     0.02 0.04% 

Euphorbiaceae            

Glochidion ramiflorum Forst.     0.02 0.006 0.085 0.005  0.116 0.21% 

Macaranga carolinensis Volk. 0.09 0.006 0.023 0.018  0.007 0.013 0.011  0.168 0.31% 

Fabaceae            
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Inocarpus fagifer (Parkinson) Fosb. 

   0.13      0.13 0.24% 

Ormocarpum cochinchinense (Lour.) 
Merr. 

        0.005 0.005 0.01% 

Pterocarpus indicus  0.031 1.131 0.487     0.026 1.675 3.09% 

Lamiaceae            

Premna serratifolia L.     0.01 0.041    0.051 0.09% 

Malvaceae            

Commersonia bartramia (L.) Merr. 

0.12      0.008  0.013 0.141 0.26% 

Hibiscus tiliaceus L.  0.062 0.246  0.22 0.26 0.019  0.032 0.839 1.55% 

Melochia compacta Hochr.  0.032  0.031   0.084   0.147 0.27% 

Trichospermum ikutai Kaneh. 0.1    0.003 0.114   0.047 0.264 0.49% 

Moraceae            

Ficus prolixa Forst. F. var. carolinensis 
(Warb.) Fosb. 

       0.025  0.025 0.05% 

Ficus copiosa Steud.  0.001        0.001 0.00% 

Ficus senfftiana Warb             

Myrtaceae            

Decaspermum sp.       0.002   0.002 0.00% 

Pandanaceae            

Pandanus tectorius Parkinson      0.015    0.015 0.03% 

Pandanus yapensis Mart. ex Kaneh. 

    0.001     0.001 0.00% 

Poaceae            

Bambusa vulgaris Schrad. ex Wendl. 

      0.003   0.003 0.01% 

Rubaceae            

Morinda citrifolia L.         0.001 0.001 0.00% 

Violaceae            
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Rinorea benghalensis (Wall.) O. Ktze 

       0.004  0.004 0.01% 

Vitaceae            

Leea guineensis G. Don     0.002 0.002    0.004 0.01% 

undetermined  0.041    0.135  0.11  0.286 0.53% 

            

Total 44.57 1.172 2.38 1.31 1.434 1.036 0.264 1.752 0.256 54.174 100.01% 
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Table T  Summary of total Volume (m3) for each tree species measured along the transect.  Tree  measurements were 
mainly for trees with a diameter  

at breast height (dbh) equal or greater than 6inches. Some 
smaller trees were measured. 

Trees representing the top volume on site 
are ranked   

from 1 (highest) to 12 (lowest).  Percent of total volume along 
transects is given.          

 
Site 
5 

Site 
4 N 

Site 
4 E 

Site 
3 N 

Site 3 
S 

Site 
2 N 

Site 
2 S 

Site 
1 N 

Site 
1 S Total 

Ra
nk 

Perc
ent  

Gymnosperms              

Cycadaceae              

Cycas micronesica K.D. 
Hill      0.19 

0.02
8 

0.04
4  0.262  

0.07
%  

Anacaridacea              

Buchanania engleriana 
Volk. 0.36   

0.27
8      0.638  

0.17
%  

Campnosperma 
brevipetiolata Volk. 6.07    1.6  

0.00
6   7.676 6 

2.07
%  

Mangifera indica L. 
  4.70       4.7 7 

1.27
%  

Rhus taitensis Guill. 
     1.91 

0.13
9  

0.00
8 2.057 12 

0.55
%  

Semecarpus venenosus 
Volk. 

37.6
9 4.53 4.60 

11.9
45 7.975 3.4  

1.18
9  

71.32
9 3 

19.2
4%  

Apocynaceae              

Cerbera manghas L. 
  0.20         

0.00
%  

Arailiaceae              

Meryta senfftiana Volk. 
    0.008     0.008  

0.00
%  

Chrysobalanaceae              

Maranthes corymbosa Bl. 
7.8  1.10 

0.24
6 0.915 0.42  1.67  

12.15
1 4 

3.28
%  

Clusiaceae              

Calophyllum inophyllum 
L. 

94.0
4 9.85 0.00   1.28 0.07 

26.3
4 

1.28
3 

132.8
63 1 

35.8
5%  

Garcinia rumiyo Kaneh. 
0.41    0.024 

0.92
5  

0.11
1  1.47  

0.40
%  

Ebenaceae              

Diospyrus elliptica (Forst.) 
P.S. Green    

0.11
5 0.002     0.117  

0.03
%  

Euphorbiaceae              

Glochidion ramiflorum 
Forst.     0.253 0.06 

0.36
2 

0.02
5  0.7  

0.19
%  

Macaranga carolinensis 
Volk. 1.68 0.07 0.30 

0.33
4  

0.08
5 

0.05
8 

0.06
9  2.596 11 

0.70
%  

Fabaceae              

Inocarpus fagifer 
(Parkinson) Fosb.    2.00      2.00  

0.54
%  

Ormocarpum 
cochinchinense (Lour.) 
Merr.         

0.03
7 0.04  

0.01
%  
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Pterocarpus indicus 81.5
9 

0.24
7 

16.7
0 

10.3
9     

0.15
9 

109.0
9 2 

29.4
3%  

Lamiaceae              

Premna serratifolia L. 
    

0.015
4 0.41    

0.425
4  

0.11
%  

Malvaceae              

Commersonia bartramia 
(L.) Merr. 2.29      

0.03
7  

0.06
5 2.392 10 

0.65
%  

Hibiscus tiliaceus L. 
 0.63 2.40  3.165 4.6 

0.09
4  

0.22
5 

11.11
4 5 

3.00
%  

Melochia compacta 
Hochr.  0.29  

0.41
5   

0.44
6   1.151  

0.31
%  

Trichospermum ikutai 
Kaneh. 1.99    0.001 1.03   0.35 3.371 9 

0.91
%  

Moraceae              

Ficus prolixa Forst. F. var. 
carolinensis (Warb.) 
Fosb.        

0.04
4  0.044  

0.01
%  

Ficus copiosa Steud. 
 0.01        0.01  

0.00
%  

Ficus senfftiana Warb               

Myrtaceae              

Decaspermum sp. 
      

0.00
4   0.004  

0.00
%  

Pandanaceae              

Pandanus tectorius 
Parkinson      0.15    0.15  

0.04
%  

Pandanus yapensis Mart. 
ex Kaneh.     0.001     0.001  

0.00
%  

Poaceae              

Bambusa vulgaris 
Schrad. ex Wendl.       0.03   0.03  

0.01
%  

Rubaceae              

Morinda citrifolia L. 
        

0.00
2 0.002  

0.00
%  

Violaceae              

Rinorea benghalensis 
(Wall.) O. Ktze        0.02  0.02  

0.01
%  

Vitaceae              

Cayratia trifolia(L.) Domin              

Leea guineensis G. Don 
    0.006 0.01    0.016  

0.00
%  

undetermined "bugbug" 
       0.37  0.37  

0.10
%  

undetermined 
 0.62    2.16  

0.87
6  3.656 8 

0.99
%  

              

Total species: 35 10 8 8 8 12 14 11 11 8     

Total volume 233.
92 

16.2
47 

30.0
0 

25.7
2 

13.96
54 

16.6
3 

1.27
4 

30.7
58 

2.12
9 

370.6
434  

99.9
5%  
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area covered by transect 220
0 1000 

100.
00 

100.
00 

100.0
0 

100.
00 

100.
00 

100.
00 

100.
00 3900    

Volume (m3)/m2 
0.11 0.02 0.30 0.26 0.14 0.17 0.01 0.31 0.02 0.10    
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Table _ Summary of Birds, Bats and Reptiles seen. Birds were observed from ESA Hotel using binoculars over the horizeon scanning between the 
communication tower and  

 

the largest Calophyllum on site. Observations were made during 3 mornings (6:45-7:30am) and 3 evenings (6pm-6:30pm). One 8 min count was done at 
noon (11:42-12:25pm)  

 

Incidental sightings  of birds and skinks  were 
made during the three days of field work.  Incidental sightings  of birds and skinks  were made during the three days of field work.  

 

Incidental sightings  of birds and skinks  were 
made during the three days of field work.  

Status 
Codes: E= Endemic, e = endemic subspecies, I= Indigneous or native,   

 

A= Alien introduces, M= Spring & fall migrant, W= Winter migrant  
Source: Pratt and Etpision 2008.             

 

        

6pm-
630p
m 

7:15-
7:49a
m 

6pm-
6:30p
m 

6:45-
7:15a
m 

6pm-
6:30p
m 

7am-
7:30a
m 

12:17
-
12:25 

10a
m-
2pm 

10a
m-
2pm 

10a
m-
2pm 

10am-
2pm 

        30 34 30 30 30 30 8 untimed- untimed- untimed  

       

ESA 
Hote
l 

ESA 
Hotel 

ESA 
Hotel 

ESA 
Hotel 

ESA 
Hotel 

ESA 
Hotel 

ESA 
Hotel Site Site Site Site 

S
it
e 

 

Family Species 
Sta
tus 

Local 
Name 

English 
Name 

Tot
al Mean             

com
ment 

Ardeida
e 

Ixobrychus 
sinensis I 

chelotea
chel 

Yellow 
bittern 3 0.4 0 0 1 1 0 0 1 0     

 

Charadr
iidae 

Numenius 
phaeopus W 

curlew-
okak whimbrel 12 1.5 0 0 2 0 5 0 5 0     

 

Charadr
iidae 

Pluvialis 
fulva W derariik 

golden 
plover 6 0.8 0 0 1 1 0 0 4 0     

 

Columbi
dae 

Ducula 
oceanica E Blogol 

Micronesian 
pigeon 1              

Near 
Thre
atene
d 

Estridid
ae 

Lonchura 
malacca A Spanpan Kanaria 4     4         

 

Laridae 

Anous 
minutus I 

Gap'luw
an regur black noddy 6 0.9 0 0 2 0 2 0 2      

 

Laridae 

Anous 
stolidus I 

Gap'luw
an regur brown noddy 1              

 

Laridae 

Gygis alba 
candida I Machich 

Common 
Fairy Tern 131 16.4 13 20 33 7 19 8 24 7     

 

Melipha
gididae 

Myzomela 
rubrata   e Umel Honeyeater 36 4.1 3 7 10 0 0 1 3 9   2 1 
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Monarc
hidae 

Monarcha 
godeffroyi  E Gigiy 

Yap 
Monarch 12 0.5 0 0 0 0 0 0 0 4 2 2 2 2 

2006I
UCN 
Red 
List 
Near 
Thre
atene
d 

Passeri
dae 

Passe 
montanus A  

 Eurasian 
Tree 
Sparrow 1              

 

Phaetho
ntidae 

Phaethon 
lepturus I Yug 

White Tropic 
Bird 2 0.3 2 0 0 0 0 0 0 0     

 

Phasian
idae 

Gallus 
gallus I Nimen Jungle fowl 3 0.4 0 0 3 0 0 0 0 0     

 

Rhipidur
aidae 

Rhipidura 
rufifrons E 

Atalrowe
y Fantail 3         3    old nest 

Sturnida
e 

Aplonis 
opaca  e Gap'law 

Black 
Starling 20 2.5 3 5 6 0 1 1 2 2     

 

Zostero
pidae 

Zosteropus 
hypolais E 

Alangith
ngith 

Plain White -
eye  1 0.8 1 0 0 2 0 0 0 3     

Near 
threa
tened 

                    

     239 28.8 22 32 57 14 27 10 40 28 2 2 4 3  

                    

   
Emoia 
sp.  5              

 

                    

Pteropo
didae 

Pteropus 
yapensis E bat  5 1.7  2  2  1       

IUCN 
Red 
List 
Vuln
erabl
e 
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APPENDIX 3: REPORT ON THE HISTORIC RESOURCES WITHIN THE PROPOSED 
WINDMILL FARM ON YAP ISLAND  

 
For the Yap Historic Preservation Office 
 
Adam Thompson        December 2011  
 
Reconnaissance  
 
On December 1, 2011 a brief reconnaissance survey was made of the proposed location for five 
windmills on Yap proper atop the second largest hilltop approximately 500 feet above sea level. 
Within the area a network of trenches created during the Japanese occupation had been found 
along with the remnants of four large mobile guns.  
 
The most significant features were a rectangular trench complex with a small underground 
bunker that may have been the quarters for the Japanese officers based on its strategic location 
on top of the hill. Also of significance was a large bunker carved into the hill that, according to 
legend, was to be used by the local Yapese community in the event of an air raid. According to 
the story, if such an event were to have occurred, it was the belief of the local people at that 
time that they would all be killed by the Japanese. The veracity of this belief is impossible to 
know at this time. Nevertheless the site is significant due to its incorporation into the stories of 
the people.  
 
These two features were determined to be the most significant aspects of the complex in terms 
of historical value. The guns as well are of great significance though if needs require they could 
possibly be relocated off-site. The surrounding network of trenches are of lesser significance. 
However, efforts should be made to avoid all this features if possible.  
 
The layout of the area should allow the necessary access road and the platforms for the 
windmills to be placed so as to avoid disturbing the historic features. As the construction of the 
windmills will require considerable improvement to the existing road, construction of additional 
road and large amounts of forest clearance atop the hill there exists a clear opportunity to create 
a tourist site within the construction project. Such a tourist site would be comparable to the 
weather station at the top of Sokeh’s island on Pohnpei where people commonly go for its 
spectacular view. Additionally the historic Japanese trench complex could be made accessible 
by cut paths for tourist to see. The site of the large windmills would be equally impressive. 
Fences could be constructed to prevent vandals from disturbing the windmills. In this way the 
considerations of historic preservation, tourism, and renewable energy could all support each 
other in a win-win-win situation. Coordination between several governmental offices including 
the Historic Preservation Office, the Yap Visitors Bureau, and the Yap Public Works office would 
need to occur.  
However, this seems very possible.  
As the area is located atop a hill and much of it lies on slopes there is very little soil deposition 
and most of the area appears to be rock. Under these circumstances there is very little 
probability that any historic material of significance would be found underground. Therefore the 
project may go forward without the need for extensive subsurface investigation.  
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Throughout the following week efforts will be made to create a map of the historic trench 
complex in relation to the proposed locations for the windmill foundations which have been 
marked clearly in the field with yellow flagging tape and whose GPS coordinates are known. 
This map will record the location of the sites and may then be used to plan the construction of 
the road and windmills so as to avoid disturbing them as much as possible. Monitoring should 
then be carried out by the Yap Historic Preservation Office to assure that the sites are avoided. 
So long as these measures are carried out there is no reason why the windmill project can no 
push forward with the urgency expressed by the Governor.  
 
Mapping  
 
Mapping of all trench systems and the location of howitzer-style guns within the scope of work 
was performed on December 2 & 5, 2011. The areas of greatest significance were found to lie 
to either side of the proposed windmill locations atop the flat top of the sharply sloped ridge.  
 
To the west a deep (2 meter), diamond-shaped trench system was recorded with a small cave 
that had collapsed in on itself nine meters in. This feature was believed to possibly provide 
quarters for higher officers who could command from the vantage point of the ridge and easily 
look across the entire island as all the vegetation would be expected to have been cleared. The 
ridge on which it sits is called Kabul. To the east a thin (1 meter), more elaborate trench system 
was recorded. After mapping these trenches were found to lead to several 2-meter wide 
foxholes and one concrete bunker all positioned on the south-side of the ridge. This ridge is 
called Gamow. To the north the trenches ended abruptly at the steep slope leading to the 
conclusion that they functioned to provide drainage for the trench system which would be 
expected to quickly fill with water due to the rocky-clay soils and tropical climate. The forces 
stationed upon the particular ridge therefore appeared to focus to the south and therefore there 
likely exists other ridges with forces aimed to the north. Both of these trench complexes should 
be avoided.  
Within the area where the windmills will be constructed and thus the area of greatest 
disturbance there were only three guns found and a single trench running north to south across 
the ridge. This trench did not appear to connect to any other. Its function appears minimal and 
probably only supplied a place between the two main complexes to duck inside in the event of 
an attack and may have provided drainage. Its simple design makes it of much less significance 
and it is the opinion of the author that should it need to be filled in little would be lost in terms of 
historic value.  
The three howitzer-style guns that are within the area of disturbance were all once mobile. 
Therefore there is no reason to believe they were not positioned somewhere else on the ridge at 
various times during the Japanese occupation. The current position represents only the place 
where they were finally left. It is the opinion of the author that they may then be carefully moved 
if need be.  
Therefore there is a few courses of action that may be taken in the process of constructing the 
windmills. The fore-mentioned trench and guns within the main area of disturbance may be 
completely avoided. If however the plan is to fence off the area once the windmills are 
completed this would prevent anyone from being able to see the guns and know about this 
period of Yap’s history. It is therefore recommended that the guns be relocated to where they 
may be visited by tourists and locals.  
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As described above, the opportunity exists for the improved road and vegetation clearance 
necessary for the construction of the windmills to provide the foundation for a tourist destination. 
Even if the windmills were to be fenced off to prevent vandalism, the two trench complexes to 
either side of the windmills could be accessible. The guns could be moved to areas outside the 
fenced area where they could be viewed and provided a clear lookout visitors could appreciate 
the strategic position of the ridge provided. All of these features would then provide an 
appreciation for the events that occurred on the island during World War II, a topic of special 
interest to a specific group of people and of general interest to all who should not forget this 
cataclysmic period of history.  
 
Detailed Descriptions of Areas 
 

 
  
The proposed location for windmill #1 lies just to the west of one of the major trench complexes 
approximately 10-12 meters away. If possible it may be advantageous to move the location a 
little further to the west but it is understood that the windmills must be a certain distance apart. 
Care should be taken to avoid disturbing the historic features and if possible to maintain access 
for tourists, locals, and historians. In the map the fox holes can be seen as small circles leading 
out from the thin 1-meter wide trenches like small capillaries. The square bunker is clearly 
marked. The drainages to the north run to the ridge line marked as a dotted line.  
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To the south of the proposed location for windmill #4 was a diamond-shaped trench complex of 
deep 2-meter trenches. A small drainage led to the north but appeared to be quickly filling in 
with eroding material. This small drainage ditch is not very significant to the larger feature and 
may be filled in. The larger feature however should be avoided and if possible the windmill may 
be moved slightly north if possible. A small cave system led out from one part of the trench 
which had been fortified by two small walls to either side of its opening. This low cave was 
approximately one-meter high and led in nine meters before reaching a point where it collapsed. 
It is believed that this cave likely led further into an area that would open up to a larger 
headquarters. Further study would require excavation would amounts to a dangerous endeavor 
or ground penetrating radar which is expensive. Nevertheless the trench system is impressive in 
its own right and appears something like a manta ray which seems fitting for the island where so 
many such creatures are found throughout its waters.  
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Alongside the access road a couple Japanese guns were found as well as a couple trenches 
that led to a large cave that was believed to be used for storing ammunition for the guns or other 
supplies. If the road needs to be widened it is recommended that the guns be relocated if they 
are in the area of disturbance and care be taken not to completely decimate the trenches. 
Monitoring and consultation by a member of the Yap State Historic Preservation Office 
(YSHPO) should be performed to ensure these conditions are followed appropriately.  
 
Six similar caves were found running from the south to the west sides of the ridge beyond the 
proposed location for windmill #5. Five of the six had caved in on themselves either from natural 
erosion over the 65 years since the caves were abandoned or from a possible explosion if 
ammunition were indeed kept inside. Rail tracks still led out from some of these supporting the 
belief that something of great weight were stored inside though many of the track appeared to 
have been salvaged from some of the caves. Metal piping was also found around the area 
either for pumping of water or fuel. These six caves should be outside the area of disturbance 
as the access road should not need to be extended so far. GPS mapping by the Department of 
Land and Survey who agreed to offer such assistance is recommended to record to the location 
of these caves which is known by members of the YSHPO.  
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Alongside the proposed location for windmill #2 was a trench running roughly north to south. A 
Japanese gun was located about 10 meters from the end of it. This trench  
seems to have likely provided access to the gun. Should it be necessary the gun may be 
relocated and the trench filled in but only if no other alternative can be reached.  
 

 
 
Alongside the proposed location for windmill #3 two Japanese guns were found. These two may 
be relocated to allow for construction and provide access to visitors in the future.  
 
Subsurface Testing  
Subsurface testing was performed on December 6, 2011 at the proposed location for windmills 
1 & 4. In both cases the deposits were found to extend 30 centimeters down only. Below this 
bedrock was encountered. The top 5-10 centimeters was topsoil and artifacts such as bullets 
and beer bottles may be found within this layer. Below the top soil however the soil was a grey 
(10YR5/2) loamy clay with large amounts of eroding bedrock(50%) throughout it. This minimal 
soil development was expected to contain little to no artifacts. Indeed no artifacts were found in 
either hole. This type of deposition was expected for the top of a ridge with steep slopes down 
which soil has continually eroded. 
In such circumstances all artifacts would be expected to be visible from the surface. No further 
subsurface testing was deemed necessary as the same conditions should exist for windmills 2 & 
3, and windmill 5 lay on a considerable slope.  
 
Recommendations  
The recommendations for the construction of the windmills have been clearly stated throughout 
this report. They are 1) for the areas of greatest significance, those being the two trench 
complexes to be strictly avoided. This seems possible given the layout of the project. 2) For the 
guns to be relocated to where they may be accessed by visitors and will not be disturbed by 
construction. Given the large cost of the project and the machinery and road improvements 
which will already be performed this should amount to a very small percentage of the budget. 3) 
For a member of the Yap State Historic Preservation Office to be allowed to monitor the project 
as necessary to ensure the important features are protected. The YSHPO has been extremely 
helpful and shown themselves to be very knowledgeable about the area. The recommendations 
and assessments contained within this report were first suggested by them and I feel they are 
capable of caring them out.  
 
A sixth gun was found alongside the access road further downslope (N9.52681, E138.11688). 
Should this area or the area where the six caves were found roughly forty meters southwest of 
windmill #5 be effected consultation should be performed with the YSHPO. Given the short time 
in which the fieldwork for this report was to be completed investigation was not able to extend to 
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these two areas. Since they are outside the main scope of work this report has been made 
without mapping those areas so as to expedite the process to allow the windmills to be made in 
the most efficient manner as ordered by the Governor of Yap, Sebastian Anefal. Doubtless the 
construction of the windmills will take several years during which the recording and preservation 
of historic features will bean on-going process. It is hoped that these two pursuits may be 
performed alongside each other to help the island of Yap in their own ways: to provide clean, 
self-sustainable energy, to preserve the history, and to make the island a welcome place for 
visitors and residents alike.  
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See Figure IV.1 of IEE. 




