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Abbreviationsand Acronyms
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IPP Independent Power Producer
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ISHO2 The Guidelines Project of ISH

IUCN International Union for the Conservation of Nature
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MRC Mekong River Commission

MRCBDP Basin Development Planning Uraf (he MRC)
MRCS Mekong River Commission Secretariat

MRD Mekong River Delta
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PV Present Value

RAP Resettlement Action Plans
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us United Sates of America

usD United States Dollar
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1 The Guidelines Overview

CKS aw/ Qad LYAGAFGAGS F2N) {daAadlrAylrofS | @RNRBLR &SN
considerations which can be integrated into the planning angulatory frameworks of member
countries. The purpose and need fahe Guidelines for the Evaluation of Hydropower and Multi

Purpose Project Portfolios (The Guidelindsyeloped under the ISHO2 Project can be summarized

as:

1 Current ways of planning hydropower schemes need to adequately take into account their
wider social, economic and environmental implications. The key to integratédicosts
and benefits into the national strategic planning approach is to identifyildesdalues for
GKSaS Oz2ada FyR o0SySTAGa IyR GKSy (2 aAyidSNyI
used to compare hydropower and mptirpose options.
9 Multi-purpose uses of dams need to be considered at the outset of project and basin pla
ning.

The Guidelines propose a portfolio planning process with associated tools for valuation ara evalu
tion of hydropower and multipurpose dam project portfolios. Their objective is to assist Member
Countries in their basin planning and energy/hydropower plagrframeworks. The figure below
illustrates the essential components of ISHO2 Guidelines concept.

Figurel The Portfolio Planning Concept

Input from engineering and
financial feasibility analyses

Change ranking of

projects, timing,

layout ete. Modify Project
Portfolio as

Assess available
monetary values for
environmental and
social costs and benefits

Economic
valuation and
evaluation

needed

Assess Non-
Monetary Assess non-monetary values:
Environment & from project data, 15H and
Social consultation

indicators

Include Stakeholder ) o
Preferences considering Multi- Criteria

economic, enviro and social WEIght.Ed
aspects Evaluation

LG A& AYLERNIFyYyG G2 yherd iStakénAnkitgibroadei? delisd. Fimeahs thaf 1 Yy A y :
any setof projects that meet a planned purpose could constitute the portfolio of projects for avalu
tion with the GuidelinesFor example, a portfolio might include

1 all planned hydropower projects incuntry;

9 all planned hydropower projés in the Mekong

9 all planned hydropower projects in a sbhasinof the Mekong or

1 asuite of alternatives for a single site or a single cascade of dams on.a river

The idea behind the Guidelines is that including, quantifying and vahsimgany of the costs and
benefits in an agreed upon and standardized way that promotes sustainability would add value to
the decisioamaking process¢ KS DdzA RSt AySa gAftft y20 LINRPOARS ail
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Rather they represent a tool that ifrms stakeholders and decisiemakers enabling improved
decisions. The Guidelineg consistent with the approach recommended by t&erld Commission
on Damg(2000)¢ then are ultimately a multcriteria decision support tool supported by sourid f
nancial &ad economic analysis.

TheGuidelinesconsist ofthe documents and tools as illustrated figure2. The components of the
guidelines are as follows:

The Guidelins Process document (the Main Report): N2 A RS G KS GLINRBOS&aag F20
Guidelines including all the instructions and stgpstep activities.

Practice Guide on Economic Evaluation and Valuation for Hydropower and NRutpose Damg
(Annex 1 tothe Main Report) Provides a process for the monetization of technical, engineering,

environmental and social characteristics of the dams being assessed. It is understood that|not all
impacts can be expressed in monetary terffisis document.

Practice Guid on Valuation of NorAMlonetary Indicators for Hydropower and MultPurpose Dams
(Annex 2 to the Main Report)Provides a recommended approach for selecting, scoring and
weighting of a set of social and environmental indicators that represent impacts that are not valued
in monetary terms; and also provides guidance on consultation and participation processeastto eli
these values from stakeholders and stakeholder representatives.

The Hydropower Planning Support Todl:& S N & (Anmey 8zb the Main Report)The HPST

User Manual provides guidance on how to enter and upload data into the HPST, how to customize
applications of the HPST to particular circumstances (the type of analysis as per above); and explains
the results that the HPST provides.

Sustainable Hydropower Portfolio Planning Support Toolhe HPST contained in two sprak
sheet files. TheHPSTPoject DataWorkbookis where project data is entered and refined according
to protocols in the User ManualThe project data is then uploaded into the HPST Basin Workbook
This workbook takes the project data, the default parameters, and stakeholdehtivejg and ge-
erates a series of outputsOutputs of this model include prioritization of projects, total net present
value of all (or some) of the dams being assessed in financial and economic terms, normalized scores
and ranking of projects on social garenvironmental criteria, and ranking of projects using &-ris
weighted benefitcost ratio. A set of standanthodificaions and customizatioto the Basin Wdt-
bookcan be made by users and stakeholders following guidance providad HPST User Manual.
Additional customization is possible by modifying the underlying algorithmsf@maulae in the
workbook.

The Guidelines were developed in collaboration with member countries. Stages in the development
included a series of national and regional considtag with member countrigsincludinga case

study in the Srepok Basin (Viet Nam and Cambodia) to test the Guidelines process and develop the
HPST.

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 2



Economics Practice Guid

Figure2 Guidelines for Hydropower and MukPurpose Planning

ANNEX 1:

Practice Guide on Econonic
Evaluaion and Vauaion of
Hydropower and Multi-Purpos Dams

X

MAIN Sudainable

. ANNEX 2:
RE.PO.R 1 Practice Guide on Consiltation, and Hydrop_o ML
Guiddines Planning

Process Socia and Environmental Indicators SupportTool

ANNEX 3:
User Manud for the Hydropower
Planning SupportTool

Thisdocument constitutedAnnex 1 to the Main Report and represents the draft final version of the
Economicractice Guideirculated for review andomment to the MRC and member countries.

The document begins wittwo overarching sections. The first setstfothe approach to economic
analysis of project impacts and provides an overview of the process the Guidelines team took in
identifying which impacts would be valued inoeomic terms in the HPST. The next sectiom pr
vides the evaluation methods and deois criteria deployed in the financial analysis, the economic
analysis and the mulgiriteria analysis of the HPST. This includes the standard financial andecono

ic evaluation criteria of net present value and benefist ratio, as well as the riskeighted bere-
fit-cost ratio deployed in the multriteria analysis.

The guidance sgions for the HPST then follovitachsectionwalks through each impact and how it
is (or is notyalued andncorporated into the HPSTFor each impact this includeas reévant, the
following information

1 Brief description of the impact

1 Review of methods and data from the LMB literature review
1 Methods and data as relevant from other literature

1 The HPST valuation approach including methods and data
1 Directions for additional work and future research

Appendicedo the Annexinclude additional background on economiuationmethods(Appendix
1) and aliterature review of prior economic analyses of LMB dams in the MRC cqAjgpéndix 2)

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 3



2 Approach b Economic Analysigsed in the Guidelines

Ths section provides background material to set the stage for the subsequent guidance seations
valuation of individual impacts First is a brief overview of th@nceptual approachlinderpinning
the Guidelinesapproach to anlysis of hydropower and mulpurpose impacts.Second, is a dissu
sion of how these impacts can kealuatedin economic term®r included in a multcriteria analysis
through the use of social or environmental indicatottse(indicators hemselves are developed in
Annex 2). A more detailed explanatioaf the methods for valuing these impacis providel in Ap-
pendix 1 to this Annex.The next twosub-sections ground this general framework in the Mekong
context. Based on literature reviewea categorization of individual impacts is proposed ard e
plained. The results of a literatureeview of prior economic analyses in the MRC context are then
used to identify which impactsave been valued in economic terms in prior studigée literatue
review summary is provided in Appendix 2 to this Anné&Ris leads to the finaub-section which
lays out, using the same impact categories, how each value is treated in the HR®hetleer it is
included or excluded from the HPST, and if includbéther it is included in the economic analysis
or in the social and environmental indicators.

2.1 ConceptuaFramework for Valuatiorand Evaluation of Hydropower Dams

Evaluation of hydropowedamsfor planning purposes is premised on the idea of constructing an
adequate representation of the existing situation, which is then altered over time by one or more
projects. The construction and operation of these projects create a large number of impaicts
positive and some negativeThese impactaffect a wide range ofagietal actorghat are concepti-

alized as a set of nested actors ranging from the developer, to government, to economy, to society,
and finally the environment. IRigure3 an effort is made to draw out thpotential types of impacts
associated witthydropowerprojects and to show how they may be classified as diiadirect or
external. The ypes of impacts are categorized and defined as follows.

Generally thadirect impactsare considered those of construction and the resulting services gbrovi
ed, including but not limited to electricity, irrigation watemunicipal and industrialM&l) water,

flood control and fisheries. Where the government is not the developer, then the benefits of those
project services that can be managed and captutesiich as electricity, irrigation water and M&lI
water ¢ may be managed for the benefit of the developehereas those that are more diffuse such

as reservoir fisheries and flood control may be managed by government for the benefit of the eco
omy and society.

Theindirect costs and benefitare conceptualized here as the indirect effects that accrue to the
economy (or regional economic effects]hese are secondary impacts from changes in quantities
and prices as the direct impacts of the project ripple through the economy (i.e. through associated
markets). These include what may be lumped as the macroecoic impacts including items such

as employment gains, multiplier effects, foreign exchange issues, etc.

Theexternal impactsare taken here to be the environmental and social impacts that have a series
of social, environmental and economic consequencéle ideabehind the current Guidelinesré-

jectis that many of these impacts can be expressed in terms of their economic impaat, mmnre-

tary terms. So for example, that the economic impact of a loss in ecosystem services may be e
pressed in terms ats impact on the economy and, hence, contrasted directly with the net benefits
from the power supply or other muipurpose aspects of a project.
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Economics Practice Guid

Figure3 Impacts of Dam Projects
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In order that the Guidelines serve planning purposes andgitaetical and replicablewith infor-
mation available at the planning leyéhe HPSExamines only the direct and external impacts. iind
rect economic impacts such as increases or decreases irogmeht due to changes in prices and
guantitiesthat emerge following construction of an infrastructure projece notaddresed in the
HPST This is consistent with the practice in the region. The literature review found no analyses of
this nature assdated with hydropower projects. Indeed developing these impacts as costs and
benefits and adding them to the direct costs and benefits is not generally advigajdieard et al.
2001) In theory positive or negative impacts along these lines could be included amaretised
indicators. However, the knowledge base for doing this in the region is not sufficiently developed to
make this practical at this point in time.

A further consideration in developing the HPST is that at the planning stage detailed EIAs, SIAs and
CIAs may not be available. Similarly, detailed costs social and environmental mitigation plans may
not be available. The HPST is therefore designed to estimate the direct and external impaets of h
dropower and multipurposefacilities.

2.2 Financial and Ecaymic Evaluation Monetizing Impact Costs and Benefits

Thefinancial andeconomicevaluationprocessconsists of theanalysis of how a project or series of
projects leads to impacts on individual economic actors and, ultimately, the economy as a whole.
Financial evaluation pertains to the monetary interests of the project proponent (or developer).
Economic evaluation should strive to value and incorporate into the economic evaluatiomihe i
pacts on not just developers, but other stakeholders, so agpoesent the net impact of the project
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on the economy.Cash flow and financial analysi® used to assess impacts as felt by particular a
tors (gains and losses) but need to be properly adjusted in order to represent the impact to the
economy (and not jst an individual or firm). The general process of economic valuation (regardless
of the type of impact) involves a seriestbfee logical steps, as follows:

1. Identify Impactgpositive and negative) qualitative description of the cause and effect of
the project in terms of social, economic and environmental impacts (including hydropower
and multipurpose impacts)

2. Quantify Impacts where feasible, document the cause and effect in quantities,rilenber
of displaced persons, kilos of fish productiontAgained, cultural sites inundated

3. Value Impactg where feasible and appropriate, document the costs and benefitserepr
sented by the quantities of impacts, i.ehe costs of resettlement, the value of fish pradu
tion lost/gained

It is important to notethat for a large hydropower project with a long list of impactss logical po-
gressioncamot be followed to completion for every impact that is identified’he Guidelines are
directed at the planning level and thus eveffudl listing of all the idetified impacts, such as occurs
with an environmental or social impact analysigy not bepractical. Nor is it feasible to quantify
and value all such impacts at the planning level, or even in detailed project evaluation.

Instead, as described furth&m the next subsectionsthe approach igo identify, quantify and value

GKS Y2ad arx3ayAFAOryd AYLI OGao LYy GKS DdzA RSt AyS:
monetary valuation through financial and economic analysis and the scoring orifigagian of m-

pacts in terms of social or environmental indicators. A challenging aspect of the Guidelines then is to

try and capture the most significant indicators irpiactical and replicablananner. Although the

HPST is designed to bestandalonemodelthat accounts for the major impactijture applications

may necessarily have to modify tlstructure as the HPSWhen itis applied in new contexts and
stakeholders wish to add additional impacts into the analysis.

That said the process pursueddeveloping the Guidelines is fiorst identify whichsignificantim-
pacts can be valued in economic terms and which cannot. Those that cansbould not be via
ued in economic termare thentaken up to see if they can usefully 6ed | f dzS Ruilaldessdcial 3
and environmental indicator&s explained in Annex.2)

2.3 Impact Frameworkor the Mekong

At the outset of the GuidelinesrBject a literature review on economics was conducted in the-co

text of the MRC and hydropower dams.nAmber ofstudieswere foundthat provided material €-

sults in terms of valuation methods and/or valuation estimates for the direct and indirect costs and
benefits of large dams in the LMBlaunsell and Lahmeyer International 2004a; LaPlan@b26iall

and Leebouapao 2005; Yermoli 2009; ICEM 2010c-BHC2011; MRBDP 2010b) The valuation
efforts of these studies areummarizedn Appendix2 of this annex and are deployed as relevant in

the various valuation sections in this Annexhe Teview of existing studies of Mekong hydropower
developments assists in defining what a range of agencies, consultants, and academics have been
capable of actually accomplishing in this respect. This review assists in developing two important
structural irputs for developing the Guidelines

1. Enumerating the types of direct and external impacts of hydropower developimehe
LMB including multipurpose elements
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2. Assessing which impacts have been valued in monetary terms and the adequacy of the data
and mehods employed

Turning to the first of these products, the table below organizes the impacts examined by these
studies and their assessment of impacts according to the approach set fottte itable provides a
description of the type of impact, and expiaithe impact and whether it is likely to have positive or
negative economic impactConsistent with the approach specified abouge fimpacts are segretya

ed into direct and external impacta/Vhile the separation is not always abundantly clear, the inten
Ad GKIFId GRANBOG AYLI OlGaégd NBFSNEB (2 (GKS LINRBRAzOUA ¢
proponent (and their government partners when the project is privately financétius hydropw-

er, irrigated agriculture, flood control, navigati@md reservoir fisheries are included as diraut i
pacts. This categorncludes not just the benefitbut alsothe investment and operational and
maintenance (O&1) costs associated with the dam and developing the productive uses of water.
The external costs are the negative or positive impacts that the development of the project entails
more widely on the environment and societfablel below presents the classificaticaeployed in

the Guidelineswhich groups external impacts intoree groupsbased on location of the impact and
then enumerates them into sutypes as applicable:

1 Local external impactséncluding:

o On luman populationge.g employment, local economic development, resettl
ment, loss/changes in in livelihood)

0 Inundaion ofland
1 Downstream hydrological impagtscluding:
0 Agriculturedevelopment or loss
0 Hsheries(reservoir, wild capture, etg
0 Sediment and Bedload changes
1 Other(diffuse or globalgcosystem services, including:
Biodiversity
Greenhouse gasmissions
Bioprospecting
Recreation and tourism
Watershed protection
b2 4GS G fkundated K@ aOF 6 SA2NE A& dzaSR G2 RSy23S Ol asSa
ecoromic value of lands the use of which are completely changed by dam development (typically
through direct inundation or displacement/resettlement of local populations). Such changes in land

use can be assessed by valuing individual goods and servicgsaesdssing a single value peche
tare. Thenundated landsategory refers to those cases where studies pursued the latter approach.

o O O O
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Tablel. List and Description of Impacts of Hydropower and Metirpose Projects

CATEGORY

DEFINITION

IMPACT

Direct Impacts

Dam & hydropa-
er construction

Dam and hydropoweinfrastructure.

Financial and economic costs to the proponent, both capital and O&M.

Multipurpose cao-

Additional infrastructure to meet multipurposg
needs such as irrigation systems, watenco

Financial and economic costs to the proponent, both capital and O&M.

struction veyance and treatment systems, levees, lock
etc.
Financial costs to theroponent, both capital and O&M. Note that resettlement may i
Land lost to create reservoirs and project self create a second round of additional impacts if those resettled cannot adapt aad |
Resettlement structures will necessitate the relocation of | per in the new location, or if their resettlement displaces or dislocates other graups a

households and villages and-going devé
opment assistance.

ready residingn the new location (this leads to more external impacts as per below th
may in turn lead to higher than expected resettlement costs if the proponent or geve
ment intervenes to address these).

Environmental

Efforts sponsored by the prajéproponent or
the government to directly reduce foreseen
environmental impacts of the project bg-i

Financial costs to the proponent (or government), both capital and O&M.

mitigation vestment and expenditure on environmental
protection or compensatory projects.
. Water that is diverted/stored by the project
Hydroelectric . . . . . .
nower and passes through turbines to generateele | Financial and economic benefits from local, national or export power sales.

tricity.

Irrigated agricl:
ture

Agriculture that is reliant on a supply of watel
from sources other than direct rain. Irrigated
agriculture, primarily rice production, is the

largest user of water in the LMB and diverts

approximately 10% of mean annual flow for

Financidand economic benefits from the development of irrigation projects, in the for
of increased productivity of existing irrigated lan(@sg.in the form of a second crop per
year) as well as the opportunity to develop additional production in new agriallae-
as.
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CATEGORY

DEFINITION

IMPACT

the entire basin.

Water supply

Potable water for domestic, municipal and
industrial uses.

Financial and economic benefits from the provision and sale of potable water.

Flood control

The ability to control river flow to minimize ris
or realization of flooding.

Greater regulation of river flows will help mitigate flooding during the wet season. Di
financial and economic benefits include decreases in property & infrastructure glgma
lower crop losses, decreased risk of wage loss and relocation, etc.

Navigation

At least four key categories of water transpor
can be identified: subsistence users, passeng
transport, cruises and freight transport.

Reregulation of flow regime cresd financial and economic benefits to improved flow a
depth in the dry season. Potential losses could occur for small boat/subsistence user

Fisheries resa-
Voir

Capture fisheries that may develop in thesre
ervoirs created by hydropower dams.

Finandal and economic benefits resulting from increases in area available for reservg
fisheries. Note that the net fisheries benefits depends on the external impacts ofudim
tion in preexisting fisheries.

External Impactg G [ 2 O f

Human Population

Individuals, communities and regions of greal
ethnic and cultural diversity populate the LMH
region, including a strong indigenous presen(

Negative impacts as hydropower development has the potential to affect culturean a

Culture . riety of ways: loss of culturally important sites, loss of historically important sites, and
For many of these groups, the Mekong River "
o ) . .| decreased access to traditional foods, amatigers.
its tributaries, and its resources have historic
religious,mythical and cultural values.
Mixed Impacts associated with induced improvements in infrastructerg.installation
Health Physical and mental well being of the LMB | of health clinics) or negative impacts due to environmental deterioratiomiigration

population.

and other population changgg.g.decreases in fish for consumption, HNDs, increase
in disease vectors).
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CATEGORY DEFINITION IMPACT
. . - Negative impacts due to permanent loss of existing infrastructure with the developmg
Fixed physical structures such as buildings, . ; . . .
4 : o of reservoirs and other project structures. Other infrastiure may be at increased risk
Infrastructure roads, bridges, mines, irrigation lines & pumg

among others.

due to changes in river hydrology. Note that reduced flooding risk is included above
direct benefit.

Displacement and
dislocation

Land lost to create reservoirs and project
structures will physically displadgedividuals
and communities, and lead to social anabec
nomic dislocation (absent resettlement and
mitigation).

Negative impacts including loss of home/village, loss of livelihood, loss of accesso
tional food sources, loss of community and culturegative health impacts from change
in water quality or food availability, and increased social stress.

Inundated ands

Developed land

Developed land is defined as land used hy h
mans for purposes such as agriculture, agu
culture, gathering &arvesting, residence, etc

Some permanent loss would occur with the development of hydropower reservoirs a
other project structures.

A variety of systems, defined by their primary

Some permanent loss would occur with the development of hydropower reservoirs a

Forestland coverc trees, but each with its own functions .
. . other project structures.
and uniguerange of goods and services.
@\f:‘z? \(/)v;(t:grmsgti );f;)i/s;eir:iﬁs(zgri}egl?tye?fh Some permanent loss would occur. In others, changes in distribution and area asso
Wetlands ' with changes in flow and flooding. These impacts will affect, in turn, the quantity and

with its own functions and unique range of
goods and services.

quality of wetland ecosystenesvices provided.

External Impactg Downstream

Hydrological

Causal Factors

Altered flow e-
gime

Change in dily, seasonal or yearly flow regim
with installation ofstorage capacity andy-
dropoweruse (i.e. for peak power)

Mixed but largely negativenpacts on downstream productive activities and the ienv
ronment as coveretbelow foragriculture, fisheries andther services
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CATEGORY

DEFINITION

IMPACT

Change in nutrient
and sediment
transport

Change in sediment capture by hydropower
projects may alter sediment content ofbu-
tary or mainstream flow.

Negative impacts as sediment deposition occurs behind reservoirs instead of reachir
downstream to support channel, delta and estuarine geomorphology downstream. S
of these impacts may be accounted for with changes to pobigle activities and the et
ronment (as covered above) but the lotegym impacts on geomorphology, land suthsi
ence, saline intrusion, etc. are not well understood.

Change in upstream and downstream land u
and sediment capture by hydropower project
may alter nutrient content of tributary or
mainstream flow.

Mixed but largely negative impacts on productive activities and the environmentas c
ered above for agriculture, fisheries and ecosystem services, possible negative impa
water supply dued increased nutrient loading and water treatment costs.

Change in fish and
aquatic hodivers-
ty passage

Dams represent an impediment to the nev
ment of fish and other aquatic biodiversity.

Negative impacts as dams (with or without passage provisiassjict access of migrat
ry fish to spawning, rearing and other habitat.

Impacted Production

Fisheries

Aquaculture

Cultivation of aquatic animals, primarily fish,
for consumption.

Mixed Impacts. It is not clear whether gains in aquaculture wbel@ direct result of {
dropower development or of increased investment in aquaculture. Also, hydropowe
development may also generate external costs if it alters extent or productivity of exi
on-site or downstream aquaculture.

Marinefisheries, defined as those in theam

Negative impacts may occur with reduced flow of sediment and nutrients from e M

Marine rine waters of the Delta and nearby sea. kong River into the Mekong Delta.
_ Wild capture fisheries on the Mekong River Neg_atlve impacts may occur as a result of chang_es_ in hydr_ologlcal condm_ons, ldss o
Riverlake . . gration routes, and alterations of annual floodplain inundation and recession patterng
and ts tributaries.
among others.
Agriculture

Guidelines For The Evaluation Of Hydropower And Multi
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CATEGORY

DEFINITION

IMPACT

Riverbank gardens

Gardenslanted in riverbank exposed bg+
ceding waterg used for both income and su
tenance.

Negative impacts to riverbank gardens may occur in different ways: permanentanund
tion, changes in sediment/nutrient deposition, and/or changes in water depth/quality.

Recession/raitied

Agriculture, particularly rice, which is planted
in the edges of water bodigg.g.Tonle Sap) as

Negative impacts may occur as reduced area available for recession rice prodaetion

(Tonle Sap) floodwaters recede. sults from changgin annual flooding.
Mixed impacts as (a) reduced nutrient loading and decreased sediments may negati
Paddy (Delta) Agricultural production, primarily rice, in the | impact production, and (b) increased dry season flow and reduced saline artnnsiy

MRD.

have positive benefits for paddy production by increasing the number of hectares on
which to farm.

Riparian & aquatic
vegetation

Local populations use a variety of riparian an
aquatic plant species, both for personal use
and for income.

Negative impacts as changes in flow, flooding and general river hydrology may impa
jdzl f AGekljdzZ yGAGe | yRk2N GKS NBIA2YI & L
cies.

Bedload: and &
gravel

Sand and gravel includes a variety of materig
used for construction and building that are
extracted from rivers.

Extraction of sand & gravel occurs for construction purposes in the rivers of the LMB
the availability and location of this bedload will be altered by the capture of bedload K
dams ad the change in flow regime caused by hydropower projects.

External Impactg Other Ecosystem Services (may be upstreansiten downstream or regional/global)

Biodiversity

LMB flora and faunaThe Mekong River has
some of the highest levels of biodiversity foul
in any river system in the world.

Primarily negative impacts as large hydropower projects affect upstrearsiterand
downstream habitat, harvest, and migration endangering speciedeading to extirp-
tion and/or extinction.

GHG emissions

Greenhouse gas emissions from energy-pr
duction.

Mixed Impacts as (a) hydropower generally emits fewer GHG emissions than fossil f
dependent sources and (b) this decrease may be offset by €bhi€zions from tropical
reservoirs.

Bioprospecting

The potential for medical or pharmaceutical
applications derived from biodiversity.

Loss of wetlands/forestland to inundation and project structures, and changes in rive
hydrology are likely to impact regional species; however, it may be difficult to assess
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CATEGORY DEFINITION IMPACT
such impacts might affect the option value for regional species.
: . . | Mixed impacts as dams and reservoirs can be a recreation/tourism attraction, but it is
. The LMB is already a popular regional amd i . . : o
Recreatiorand . . - : more likely that hydopower development and associated large scale habitat modifical
. ternational tourist destination and tourism to oo . ; L
tourism S . and biodiversity loss would affect both perception and willingness to pay foraecre
the region is expected to continue to grow. : : _ . : :
tion/tourism activities associated with the Mekong River.
Displacement or relocain of communities
Watershedprotec- | from valley bottoms up into the watershed Negative impacts due to loss of gite soil productivity and potential loss of reservoir
tion may lead to deforestation, loss of soil cover | productivity and length of life
and higher rates of erosion.
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2.4 Mekong Studies on Valuation of Impacts

The assessment dlfie extent to which theidentified impacts of hydropower prects are valued in

economic terms in the Mekong studies is compiledable2. Eacha ( dzZR&@ Qa SEI YAY Il (GA2Yy
impacts can be characterized as to whether the impact was (a) not identified or included, (I») ident

fied but consi@red only in qualitative terms, (c) identified and quantified in physical terms but not

valued in economic terms, or (d) identified, quantified and valued. A further qualification here is

that in some of the studies there is discussion of how an impacidvoe valued, but no effort to do

so is present. A further classification of the studies can be made as to whether the study considered
GKS oFaStAayS tS@St 2F @I fdzS RSNAGSR FTNRY (KS NB
changesduetodansda Lé 00X 2NJ 2dzald 2yS 2NJ GKS 20KSNJ 2F (KSa
Not unexpectedly the primary direct benefits of dam projectsydropower and irrigatiorg are vad-

ued in almost all the studies reviewed. The coverage of external impacts on the other Hessl is

common Thiscan be said looking across the rows as well as looking down the columns (i.e. by
study). No doubt blank and lightly shaded cells in the table are in part due to the difficulty af val

ing these impacts. In some cases it is important to note thainmmact was identified. This may

mean there was an impact and it was simply not identified, or it could mean that for the purposes of

the study (i.e. the project that was being evaluated) there was no impact. For example var&tion b

tween the tributary véduation of Laplante (2005) and the study of mainstream dams by Z&MC)

can be expected simply due to the @ifeént context of the projects.

The table also notes the extent to which each study valued baseline levels of the good or service
andor the impact associated with changes due to hydropower development. With regard to the
focus of each of the studies, Yermd@00Q4), Laplante (20059nd MREDP(2011; 2010bYake a
classic approach by simply examining the impacts. The Hall and Leebouapao (2005) study-is inco
plete with respect to impacts due to its early teimation, but provides useful information about
baseline valuesThe ICEMtudyreports provide considerable information about baseline conditions
and impacts, although this information is not directed towards tifeglitional costsbenefit analysis
criterion of NPV. Thus, the information is scattered about in the main report and the underlying
technical reports and the impacts are not summed and grouped as proposeis @uldelinespro-

ject. TheMRGBDP scenario work covers both baseline and impdictmation (MRGBDP 2011)

In sum, nuch as anticipated in the rimnalefor the GuidelinesProject, theexisting literature on the
Mekong suggests that much effort has been devoted to the valuation of direct impacts, while the
attention devoted to the external impacts is limited and varies from study to studys r8ihforces

the utility of developing a comprehensive impact framework and set of recommendations ter val
ingimpacts in the Guidelines
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Table2. Coverage of Values by the Mekong Literature

Key
Not Identified
Methods Only M
Qualitative Valuation
Quantitative Valuation
Valuation

Laplante (2005)
Yarmoli (2009)
ICEM (2010)

Maunsell &
Lahmeyer (2004)

Hall & Leebouapao
(2005)

—|| BDP Tech 13 (2010)
vs)
o|| BDP Phase 2 (2011)

oe)
Ro
v9)
w
Ro

Baseline (B) and/ or Impact (1) Focus

Dam & hydropower construction

Multipurpose construction

Resettlement & development assistance

Environmental mitigation

Hydroelectric power

Irrigated agriculture

Water supply

Hood control M
Navigation M
Fisheries - reservoir

Qulture

Health

Infrastructure

Displacement and dislocation
Developed land

Forestland

Wetlands M

How regime (see fisheries and agriculture)

Nutrient transport

Sediment transport i
Fish passage

Aquaculture

Marine

Rver / Lake

Riverbank gardens
Recession/rain-fed (Tonle Sap)
Paddy (Delta)

Rparian & aquatic vegetation
Other |Bedload: sand & gravel
Biodiversity

GHGemissions
Bioprospecting

Tourism & recreation
Watershed protection

DIRECT IMPACTS

Human

"Local"
d Lands | Population

Inundate

Causal
Factors

EXTERNAL IMPACTS

Downstream

Agriculture | Asheries

Other
Ecosystem
Services
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2.5 HPSTApproachto Valuation of Impacts

Based on the review of the literature theitial draft Guidelines suggested which impacts could and
should be valued in monetary terms as part of the Guidelines, which impacts could not or should not
be valued and which might be valuéBallofet, Aylward, and Taylor 2014)Vhile there are a nin-

ber of impacts thatare quite feasible to value in monetary terms, there areuatly a number such

as biodiversity and cultural impaatghat are notappropriate to value in monetary termsrhe case

study of the Srepok River Basin assisted the team in making a final decision as to which impacts
couldbe valued in monetary term# ia practical and replicable manner through the HP$Hhe case

study also provided guidance on how those impacts not valued in monetary terms could beoincorp
rated through the environmental and social criteria.

Table3 presents a syopsis of the approach to valuation taken in the HPST. The table listsneach i
pact and whether it is accounted fam financial or economic terms, and whether it is then valued
through the environmental or social criteria. While the intent was to avoitlap, given the multi
functionality of some of the environmental and social indicators, the table shows it is not possible to
avoid overlap. Every effort wasadeto minimize the extent of the overlap in order to avoid ughe
essary double counting of ampact in the multicriteria analysis.

A brief summary by main category of impact follows.

Direct Impacts: Hydropower and MuHPurpose. Unfortunately, thedams that were assessed in the
Srepok cae studyfor the Guidelineglid not feature multipurposeaspects, for those built or those

in planning. In@me sense then the basin was not atypical of the Mekong, however this feature of
the case study did not assist in developing reliable methods for valuing the costs and benefits of
multi-purpose projects.As a result simple valuation routines were included in the HPST for a few of
the most tractable multpurpose areas such as irrigation, water supply and reservoir fisheries. But
these routines were not fully tested through the case study approach andreeg refinement in

future applications.

QEGSNY T L YLI Oilkodal impacs Ghtiidé impadtsloh aihantan population and i
undated lands. In addition to inundated lands there will be other impacts immediately upstream
and downstream of a danim terms of impacts on land, water, ecology and social/leconomic systems.
Developing replicable approaches to develop monetary measures for the cultural and health impacts
was not possible, and seemed inappropriate to the ISHO2 team. These impactsisgatsed to

the social impacts for inclusion in the HPST. Impacts on infrastructure, land and di
placed/dislocated populations were quantified and valued in monetary terms.

It isimportant to emphasize thaini the case of human displacement and distamaa compreha-

sive and exact measure of economic vaki@ot possibléo achieve and may be an improper use of
economic valuation toolsFor this reason these are also included in the social crit@rfat said, it

may befeasible to place a cost figeion this impact that would reflect the maximum potentiabec
nomic loss due to displacement and dislocation. In other words there is always a ttigkvodrst
outcome with these projects and that entire communities are disadvantaged in perpetuity fedt-i

sible to place a value on this, understanding that no monetary value can necessarily represent the
potential in terms of human cost. The potential benefit of this approach is to quantify the economic
risk to human populations in a way that alloasivorst-caseexplicit inclusion of this importantri-

pact into the economic analysis. While incorporating these sorts of economic values into pelicy d
cisions can be a difficult and controversial procedure, most policies and project decisions are in fact
basal on either an implicit and unquantified assessment of these costs, or in many countrigs an e
plicit economic assessment of the risk to human life and welfare of alternative courses of alion.

this end a replicable approach is built into the HPST ¢hables users to estimate these costs.
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DownstreamHydrologic Impacts With respect todownstream impacts, these atargely caused by
changes to the flow and sediment regime, as well as to fish migration, that result from dam co
struction. These changes hydrology impactdownstream productive activities, primarily agricu

ture and fisheles. Based on the literature reviewwas foundthat many of theeconomicvaluation

efforts to date are rudimentaryat bestand based on assumptions that are often mmtcumented

clearly. A further issue is that these impacts may be quite different in nature and extent depending
onwhich subbasin of the Mekong River is selected for analysis. The approach taken in the HPST was
to applyproductivity (see Sectiorl3.2.]) valuation methodso the principal impacts observed in the
GuidelinesSrepok Basioase study Giventhey SSR (G2 | GG SYLI (wthoatreF NRBY & a
erence to existing economic estimates a number of potential ictgpsvere not included. These are
shown in blue in the table below and include downstream impacts on river gardens, aquaculture and
marine systems. The routines that are developed focus primarily on impacts to the productivity of
the Tonle Sap and the Mekg Delta. Application of the HPST to subbasins much further upstream

on the Mekong River might require further work to assiespacts on the mainstream river itself.

Other Ecosystem ServicesThis category includes a number of impacts that hydropoweiegts

have on upstream communities, on the national economy, or on global issues, like climate change.
As such these impacts are often hard to define, or to generalize about, in relation to specifie hydr
power projects. This applies not just to monetapjuationbut alsoto the environmental and social
criteria. At present the HPST includes only the external impacts of hydropower reservoirs on climate
change. General biodiversity impacts are taken up via environmental indicators. The remaining
items: biodiversity prospecting, tourism and recreation, and watershed protection were judged too
minor or variable in extent for inclusion in a practical and replicable manner.

In the subsequent sectionef this Anrex a categonpy-category and impaeby-impact explanation
is provided of how the HPST accoufws does not)for these impacts inifiancial and economic
terms. Each impact includes, as relevant, the following information (insgdbions)

9 Brief description of the impact

1 Review of methods and datadm the LMB literature review
1 Methods and data as relevant from other literature

9 The HPST valuation approach including methods and data
1 Directions for additional work and future research

Before turning to these sectianwe provide a brief explanation of the evaluation methods used in
the valuation and summing up of impacts in monetary terms.
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Table3. Chart of Impacts and Approach taken to Valuation

Category

Included in Monetary Valuation?

Included in non-Monetary Indicators?

Impact

Financial Economic

Environmental Social

DIRECT IMPACTS

Dam & hydropower construction

Multipurpose construction

Resettlement & development assistance

Environmental mitigation

Hydroelectric power

Irrigated agriculture

Water supply

Hood control

Navigation

Fisheries - reservoir

Human

Qulture

Health

Infrastructure

Displacement and dislocation

“Local”

Inundate

d Lands | Population

Developed land

Forestland

Wetlands

Causal

Factors

How regime

Sediment transport

Nutrient transport

Fish passage

Agquaculture

Marine

River / Lake

flow and passage

EXTERNAL IMPACTS

Downstream

Riverbank gardens

Recession/rain-fed (Tonle Sap)

nutrients only

Paddy (Delta)

nutrients only

Riparian & aquatic vegetation

% Agriculture | Fisheries

Bedload: sand & gravel

Other
Ecosystem

Services

Biodiversity

GHG emissions

Bioprospecting

Tourism & recreation

Watershed protection

Guidelines For The Evaluation Of Hydropower And Multi

Key to Inclusion of Impactsin HPST

Monetary Valuation

Fully integrated

Limited inclusion

Not Included

Not applicable

Non-Monetary Valuatio

Indicator Included

Indicator not included
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3 Evaluation Methods and Decision Criteria

Thevarious financial and economic valuation efforts in the HPST rely on expressing values in co
mensurate units, i.ein units that can be compared directly to each other. The decision critaria e
ployed in the HPST include net present values and the berwditratio. These are each explained
below, but first the basic parameters of evaluating a stream of economic costs or benefits over time
are described.Further information on this topic can be obtained from standard texts on corporate
finance or cosbenefit analysigBrealey and Myers 1988; Jenkins, Kuo, and Harberger 2011b)

3.1 Parameters for EvaluationTime Horizon and Discounting

Any hydropower project wiltealize financial expenditure and revenus, or economic costs and
benefits over a succession of years. In order to compare and contrast projects or project poytfolios
it is important that the analysis include costs and benefits over an appropriate and relevant time
horizon, which refers to the number of yeaasross whiclgquantitative and monetary estimates of
project impactsare measured

With project impacts and the monetary evaluation occurring over many years, there is a need to
GF1S F002dzyli 2F ¢KIFG A& 3ISYSNItfe OQUIDGESERe aiKS
penditure inYear lof a project is not equal to USD 50 of expenditureimar 1(of the project. This

initial amount,if invested in the market fothe interim yearsshouldbe of some higher value iviear

10. The starting value is increased each year by some percerftagexample according to therni-

terest rate it earns in other investmén This interest rate, compounded over the time horizon, can

be used to equate costs and benefits that occur in different periods. Used in reverseseé.to

take a future value and bring it back to a value in the presiig, called a discount ta by ecorm-

mists.

The general relationship between a future value of a cost or berféfftand its present valud?V,
can be expressed as follows:

where:
r = discount rateand
t = thetime periodin which the future value occurs
Ths expressiomeflects the discountingpplied to any future value in period t.

Generally, in comparing alternatives| future values are brought back to the present and summed
in order to have comparable values. This process is called discounting and underpins the concept of
net present value and benefdost ratios, as explained next.

3.2 Net Present Value

The net preset value,NPV of a stream of costs and benefits is represented by the following-equ
tion:

NPV = (BoGGeol/(1+1) + (BaCGen)/(1+1) + . . . + (BG)/(L+)
where:
C =total cost in a given time perjod

B = total benefit in a given time period
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r = discount rateand

t = the end period of the project in years from the present.
So(B-: ¢ G-,1), for example, refers to total net benefits received one year from the present.
The expressiofil + r) reflects the discounting of future costs and betefi

Since the NPV incorporates the opportunity cost of capital, as represented by the discount rate, the
decisionmaking rule is that a project with a positive NPV is worth underta&imdyaproject with a
negative NPV is not worth undertaking. Of couisterdependencies between projects, particularly
those linked together in terms of hydrology, floand storagelike hydropower may require more
complex assessment or decisioniteria.

3.3 Benefit-Cost Ratio
The benefit cost ratio for a projedBCRis acomposite indicator derived from the present value of
the costs of the project and the present value of the benefits of the project:

00 dQQE QQQO I

00Y ————— .
OV®OET O

The decision rule is that projects with a BCR greater thasqjaal to a value of 1 are worth unde

taking. If the BCR of a project is less than 1 it is not worth undertaking. The BCR does not always
lead to the correct decision, but it is useful in the HPST context because it providedessiiidia-

tor that canbe normalized and used in conjunction with similar indicators from the environmental
and social analysis and deployed together in the raulteria analysis.

3.4 Normalisation of Indicators

In the multicriteria analysisthe environmental and sociahdicabrs are normalizedefore ranking
and combining with the economic BCRhis means scaling disparate scores or values to vakies b
tween 0 and 1whichis achieved by setting the maximum value in the dataddettal indicator
scores, Dfor allproject soresto a value of 1. All other values are then set as proportions of the
maximum value so thahe normalized scordy, of the indicatorsscorefor any project,S, is simply
equal to the variables sco® divided by the maximum value in the data set:

"y
DO WY

3.5 RiskWeighted BenefitCost Ratio

In the HPSTthe multi-criteria analysigoncludes with the use of a riskeightedbenefit-cost ration
BCRw This is simply calculatéar all projectsP, as follows:

v e 60°Y

00y
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4 Financial Valuation of Hydropower

For the Guidelines a financial analysis of each hydropower project or portfolio is included fior-a nu
ber of reasons:

9 The financial NPV is a useful indicator of the ability to be financialkgéi€ient; generally
hydropower projects/portfolios are unlikely to move forward if the revenues do not cover
the costs, including the cost of capital to the project proponent.

1 A number of the financial parameters are inputs into the economic analysis; an economic
analysis can benbught of as a financial analysis broadened to include the costs and benefits
to other stakeholders and/or as a financial analysis modified to reflect the marginak-oppo
tunity costs of inputs/outputs to the economy as a whole and not just their market
costbenefit to the proponent.

9 Itis instructive to compare the financial attractiveness of a project with its economic returns
and its environmental and social indicator scores.

In the HPST the following components of the financial analysis are includeglamed below:
9 Capital costs;

Resettlement costs;

1
1 Environmental mitigation costs;
1 Power revenues;

1

Annual operations and maintenance costs; and
9 Taxes and other fees.

Note that interest during construction is an important element of the financial projestlmt is not
included in the calculation of financial profitability. This as typical decisiaking criterion such as
net present value and internal rate of return represent efforts to see if the project is worth it to the
proponent given their cost of qital.

In order to estimate the last item, taxes and other fees, it is necessary not just to estimate-the e
penditure and revenue components, but also to develop a set of financial projections for each pr
ject. This requires information on loan parametgex rules, tax rates, etc. As the goal of the HPST

is to enable comparisons across projects from a planning perspective, many of these parameters are
generalized across the four LMB countries. As such, the financial analysis does not attemjyit to repl
cae the specific loan rates, for example, of this project or that project. Rather the same parameters
are used for all projects so that the financial worth of each project can be compared on a lgvel pla
ing field.

4.1 Time Horizon and Discount Rates

Financial analysis reflects the revenue and expenditures made by the project proponent. As most
projects in the LMB are developed currently with private project finance along the BOOT- (Build
Own-OperateTransfer), the time horizon should reflect the lehgif life of the concession period.
Review of legal/regulatory information and project documentation suggests that this is typically a
30-year period, effective from the commissioning date. Some concessions may be longer depending
on negotiations betweerthe host country and the project proponent. Llao PDRconcessions may

vary, but the base concession is 25 yg@&SMercados EMI 2013)Where the regulatory regimd-a

lows variable concession life, the length of the concession may be varied in order to arriveoat a pr
ject that satisfies both the private proponent and the government. However, as indicateysev
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ly, the intent of the financial analysis is not to reflect such real world negotiations over project pa
ticulars, but instead to provide a standardized examination of a portfolio of projects for planning
purposes. For this reason, 30 years is selefbedeach of the countries as the appropriate time
horizon.

As with the time horizon, it is important to use a single discount rate for each country in order to
standardize the analysis for planning purposes. Data on discount rates was sought fronalnation
sources and from project documentation. Generally, a 10% rate seems to be the default value, with
the exception of Thailand, where a 12% rate was provided. Typically, discount rates will be higher in
faster growing economies.

As the time horizon andiscount rates are key parameters in the HPST, they may be easily modified
as described in the HPST User Manliais best practice to carry out sensitivity analysis with mau

ber of parameters but particularly the discount rajiven that it may have atge impact on capital
intensive investments like dams. Sensitivity analysis examinesffiagt that a reasonable range of
discountratesmight haveon the economic profitability of a project is established. Given the 10% to
12% rates a +/of 2% to 5%might be used in the sensitivity analysis. The goal is to see if a lower or
higher rate makes the project unattractive.

Table4. Financial Analysis: Time Horizon and Discount Rate

PARAMETER UNIT General Cambodia LaoPDR Thailand Viet Nam
Hnancial Analysis
Time Horizon Yrs 30 25 30 30
Discount Rate % 10% 10% 12% 10%

4.2 Capital Costs

Estimating the capital costs of t@ hydropower projects is a complex exercise well beyond the
scope of the Guidelines and the HPST. As a result, the HPST employs existing estimates of capital
costs for projects. These may be early feasibility design, or actual figures. A generalo$msice

mates for capital costs is the MRC Hydropower Database (Yermoli 2009). However, forenost pr
jects examined by the guidelines, there likely will be and existing study that includes a cost estimate.

If there is no cost estimate, it is really not ptigal to include the project in an application of the
Guidelines. The methods for entering cost data into the Data Workbook of the HPST are specified in
the HPST User Manual (see Section 3).

A number of potential sources of project costs, such as the NHgbase, may present cost figures

as single figures that include interest during construction (IDC) or as two figures, being the IDC plus
the actual capital cost of the project (for example as engineering, procurement and construction, or
EPC, costs). h& HPST thus includes the necessary calculations to spread costs over the number of
construction years in the project and to estimate IDC. The cost spread applied to all projeots is pr
vided below inTable5. The percentage spread oapital costs is based on the profile of the one
Srepok Basin case study dam for which aysas spread of investment was available, as well as the
general principle of achieving a level expenditure of funds across the project, with a ramp up and
ramp cown year, and with the highest expenditure years being towards the end of the project.
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Tableb. Spread of Capital Costs across Construction Period

Qonstruction Cost Spread Yrl Yr2 Yr3 Yr4 Yr5 Yr 6 Yr7 Yr8
Years of Qonstruction: 1 100%
Years of Construction: 2 50%
Years of Construction: 3 30%
Years of Construction: 4 20%
Years of Construction: 5 15%
Years of Construction: 6 10%
Years of Construction: 7 5% 10%
Years of Construction: 8 5% 20% 10%
Years of Construction: 9 5% 10% 10% 10% 15% 15% 15% 15%
Years of Construction: 10 5% 10% 10% 10% 10% 10% 15% 15%

4.3 Resettlement Costs

The inundation of lands to create hydropower reservoirs and lastl to project structures (e.g.
physical plant and transmission lines) may necessitate the relocation of households and villages. It
has been shown that, in addition to moving from one place to another, there may be other indirect
impacts on resettled goples such as loss of livelihood, loss of access to traditional food sources, loss
of community and culture, negative health impacts from changes in water quality or food alvailabi
ity, and increased social stress, among ot{i&fRGBDP 2010h; ICEM 2010c)

In addition to providing forresétft SR AYRA@GARdzZ f aQ AyO2YS IIyR NBAAR:
on-going economic and social assistance to adequately compensate these individuals and allow for
successful adaptation to their new location. Such resettlement and assistance prograidsgeo

erally have the objective of leaving local and affected populations better off than before the project,

in other words creating economic and social development opportunities rather than merely trying to
YAGATIGSET 2N aNBRdzO&E.> (GKS AYLI OlGa 2F &adzOK LINR

The extent to which project proponents provide adequate funds to cover resettlement costs and
continue to fund social programs after resettlement in order to achieve a development, instead of a
loss and decline, outcome is difficult to determine tthe Guidelines, this issue is covered in three
ways.

1. In the financial analysis an effort is made to budget for the normal costs of environmental
and social mitigation costs.

2. In the economic analysis an effort is made to value the consequenaraldng the decision
to build the dam, i.e., the loss of land and infrastructure due to inundation, as well as any
expected loss in livelihoods that occurs after due to displacement and resettlem&he
economic analysis proceeds on the basis that theettement program as costed takes
place, but theactual resettlement costs are not includeds they are effectively a transfer
from the project proponent to displaced peoples. Instead, the economic loss of larad, infr
structure and livelihoods with therpject (as opposed to before the project) is valued.

3. Due to the difficulty of capturing the full range and extent of the economic impaetgain
non-monetised aspects alisplacement and dislocation are included as a social indicator in
the multi-criteria analysis.

4.3.1 LMB Dams Literature Review

Methods

None of the LMB studies reviewed attempted to provide a replicable method for estimating rese
tlement costs. Laplante (2005) did provide an interesting method for estimating potential eesettl
ment numbers,but the method was based on extensive GIS analysis and therefore not simple
enough for including in the HPST. Laplante (2005) also included estimates of project investment and
income compensation for the Nam Theun 2 project, which are included below.
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Theadequacy of budgeted resettlement costs can be questioned. According to BDP Technical Note
M 0 20ociafi @nd environmental mitigation measures are also included in the proposed investments
but, it should be noted that these funds are not even sufficientnieet the resettlement costser

quired for households displaced by the infrastructure and resery@M&KGBDP 2010b, 8)

Data

1 Laplante (2005) estimated that approximately 5,700 individuals would need to be relocated
for the Nam Theun 2 project.

1 Several studies included specific estimates of displaced individuals by joamarily for
mainstreamdams (se€lable6); sometimes the figures are similar, sometinres, and the
source of the data is often unclear.

Table6. Estimates oDisplacedindividuals byDam

Number of individuals

Dam Yermoli (2009) ICEM (2010) MRC (2010)
Pak Beng 6,700 6,700 Y2
Luang Prabang 12,966 12,966 Y2
Xayabouly 2,130 2,130 Y2
Pak Lay 6,129 6,129 18,000 Y2
Sanakham 4,000 4,000 Y2
Pak Chom 1 535 400
Ban Koum 1,122 935 300
Lat Sua 0 0 Y2
Don Sahong 66 66 Y2
Stung Treng 10, 617 10,000+ 10, 617
Sambor 19,034 19,000+ 5,120

With regard to the unit cost akesettlement, the following information and data were found:

9 The Draft Technical Guidelines for Resettlement and Compendatiwarnment of Lao PDR
indicated thatd 1 KS O2YLISyal GAz2zy &dK2dzZ R 06S RSGOSNXYAYSR
values of land basednathe past three to four years of production, and should be equivalent
to at leastsixto seven years of harvest vaki€in Laplante 2005). Similar provisions apply in
Cambodia according to figures providedhcKenney 2001)

1 Inthe case of Nam Theun 2, Laplante (2005) estimated that approximately 5,700 individuals
would need to be relocated, with project plans pledging a NPV of USD 21 million to facilitate
resettlement, for an implicit per persomne-time expenditureof USD 3,700

4.3.2 Additional LiteratureConsulted
Additional review of the literature provided the following information:

1 L/ 9a AyOfdzZRSR I (F of Satichad¥gslatidi®on @ acguisgion@®i LA O 2
compensation compared to best international pracé¢2010d, 4¢50).
1 BDP Technical Note 12 included a table compiled by International Rivers that included est

mates of individuals displaced by existing hydropower developments in LagMREBDP
2010h)

1 A case study of compensation and resettlement associated with hydropower development
in Viet Nam assessed mtement frameworks used, summarised problems encountered (as
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voiced by resettled individuals), and determined the root cause of tlf€ge Van Westen,
and Zoomers 2013)

4.3.3 HPST Valuation

In the HPST the resettlement costs are mergéth environmental mitigation costs as explained
further in Sectior.5.

4.3.4 Direction for Future Workand Additional Research

Resettlement costs are typically the product of the number of resettled people and the per person
cost ofresettlement. Generally, it is not expected that the number of resettled people canese pr
dicted with any degree of reliability. While it is true that reservoir size is an indicator of potential
displacement, the location of the reservoir in terms ofrigein an inhabited area or a remote ani
habited area will also be a determining factor. The cost of resettlement also will vary from project to
project. However, some replicable method may be feasible if estimates exist of the numbers of
people to be resttled, which often occurs as part of the feasibility stage. In the absence of project
specific information on costs, i.e., for the purposes of the Guidelines, it may be sufficient to establish
a per person expected cost of resettlement for each courtdrythe region generally. A synthesis
review and analysis of existing or proposed dams in the Mekong could assess if there are any gene
alizable and replicable approaches that could be brought to bear on this problem. Some efforts
were taken in this dirdton using the MRC database. The source of the displacement numbers and
costs in the database is not clear making any such analysis inconclusive. Gatheringbproject
project data from existing dams might be a useful approach to the problem.

Additional work on this topic may therefore include:

1 Identifying the number of individuals resettled for projects where no information is currently
available.

1 Updating the estimates of the number of individuals resettled for projects where estimates
are five or more gars old.

9 Testing existing LMB data for existing and proposed dams to ascertain if a predictare equ
tion can be developed for numbers resettled.

1 Collection and analysis of actual resettlement numbers and costs for existing projects in o
der to derive/valicite costs per person resettled for each of the LMB countries.

9 Collection and analysis of actual versus expected (planned) resettlement numbers for exis
ing projects in order to assess any bias in planned resettlement numbers for proposed dams.

A further isue is additional oigoing costs of economic and social assistance afforded to local and
affected people. No systematic dataset on such programs has yet been found. Additional work on
this topic may therefore include:

1 Collection and analysis of informaiti about such programs from existing dams in the LMB in
order to establish a method for estimating the additional cost of such programs.

4.4 Environmental Mitigation Costs

It is widely recognized that hydropower development in the LMB will have adverse snpadhe

environment, the degree to which will vary by project. Some of these impacts will end witinthe e
GANBYYSYGlIt AYLIOGS odzil G&8LAOHEteE (GKS SyYGANRBYYS
hoods or consumption. In the context of hydropowtre primary goal of environmental mitigation

would be to avoid or minimize negative environmental impacts of project construction ané-oper

tion. In most cases, mitigation would involve costs, presumably born by the project proponent and
internalized as art of their project budget. Effective mitigation strategies likely will not exist for all
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impacts; however, for those that do, the cost of such a strategy could be estimated and included in a
costbenefit analysis.

In theory, environmental mitigation cis would be equal to the value necessary to completelly of

set projectrelated environmental losses and impacts; but in reality, estimating the value of env
ronmental impacts and determining appropriate mitigation measures/actions can be a costly and

time consuming process, the results of which may or may not equal the true value of the impacts

given the complexity of attempting to value the myriad of environmental goods and services (both

market and nommarket) that are potentially impacted. More likeitigation costs will assist in
GNBRdAzOAY3 (KS AydSyairide 2NJ O2@SNIF3IS 2F |y AYLI O

Cenerally speaking, both the types and level of environmental impacts will vary from projeai-to pr
ject, and, furthermore, the most effective mitigation strateg likely will vary as well.

4.4.1 LMB Dams Literature Review
Methods

Detailed methods for including environmental mitigation costs were only included in one sudy r
viewed. Maunsell & Lahmeye(2004:23334) used the following assumptions for including ienv
ronmental impacts and mitigation in their model:
¢ attft yS3IIGAGS 02yasSldsSyoSa 2F I LINRB2%9O0G | NB
priate regulatory standards, or borne as a loss by GOL if not mitigated.

9 The costs of mitigations or losses dreated as a project cost regardless of which stak
holder bears the cost.

1 In cases of negative impact consequences, the costs of mitigations (by more than dme mec

anisms, if appropriate) are compared with the costs of sustaining the damage to choose the

b 4G O2alt GKFG akKzdf R 6S FLLXASR (2 GKS O02yas
¢tKSe | faz2 y2iSsany fegatvd @rSildEmeniaKdonsequentes cannot be mitigated
because of the limited capacity of official environmental agencies to execute appropriatetimitiga
[andiNfKS&aS OANDdzyraidlyoOoSa (KS yS3alFriaArAgsS 0O2yaSljdsSyOos
andisk 3aA3ySR GKS @I ftdsS 2F GKS f2aa¢ dal dzya St f
this approach relies on the accuracy and completeness of the efforttiably value the damages.
In this regard, it is worth noting that in none of the studies reviewed was there any attempt to value
the downstream impacts of large dams on the Tonle Sap or Mekong Delta ecosystems. As these are
the most commonly cited impas that are expected to be of large magnitude, efforts to date to cost
out environmental mitigation measures must be regarded as incomplete.

Data

In their study, Maunsell and Lahmeyer (2004) broke out environmental impacts (and any associated
mitigation casts) by construction site (CS), access roads (AR), power transmission lines (PTLs) and
reservoir (R)Table7). In some cases, mitigation costs are only estimated for a subset of these cat
gories.

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 26



Table7. Environmental mpacts andMitigation Srategies

Environmentalmpact Mitigation (if listed)
Loss/degradation oferrestrial habitat
Losstlegradationof aquatic habitat

Capture and relocation dfreedingpopulation
(USD 50,00800,000)

(USD 500/crossing)

Impact to rare, threatened or endemic species

Impairment of fish passage/
migrationfrom stream crossings

Habitat fragmentation

Impairment of terrestrial species morent/
migration routes

Change irsediment deposition

Change imutrient flow NPK fertiliser (USD 400)
Riverbankerosion

PTLs: USD 2@W,000/km

Site rehabilitation (USD 500/ha) and restoration
(USD 50/ha)

AR: USD 50,000/km

PTLs: USD 2,0@8)000/km

Construction sites

Barrier creation

Reservoir impactg Destratification, thermocline
distortion, etc.

Source: Maunsell and Lahmeyer (2004)

ICEM (2010) included a qualitative assessment of the potential for environmental mitigation on a
three-point scale(i.e. no potential, potential, high potential) for identified environmental impacts
associated with hydropower project development. Those impacts with high potential for mitigation
are listed here:

1 Increased castal erosion/accretion

91 Decreasedlbodplain ferilisation

1 Large hourly water surface level changes

1 Impacts on érrestrial biodiversity and protected areas
The study also made several additional points regarding mitigation. First, ICEM (2010) noted that
mitigation opportunities exist for many environmtl impacts associated with changeshiydrolo-

gy, geomorphology, habitaand sediment dynami¢cfiowever, they would all likely result in reduced
generation capacity for the project.

Second, while a potential mitigation strategy for tributary dams, IGEDA0) did not find that fish
passages would be a viable mitigation option for mainstream dams due to their height and the i
tensity and diversity of migrations that occur in the mainstream.

4.4.2 HPST Valuation

In the HPST the resettlement costs are merged wihvironmental mitigation costs as explained
further in Sectior.5.

4.5 Environmental and Social Mitigation Costs

Given the inherent natural variation in resettlement and environmental mitigation costs, the HPST
should ideally rely o project specific estimates. So, as with capital costs, the approach taken in the
HPST is to allow for the direct input of these costs from the best source available. Should such costs
not be available, the environmental and social costs would needetprbjected in some fashion.
Based on the preceding two sections there is no predictive formula for these costs basedyon a h

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 27



dropower project engineering design parameter on which to base a generalized estimate of each of
these costs.

Looking at past pregts in Lao PDR, Maunsell and Lahmeyer (2004) found that environmental and
social mitigation costs were projected to be 12.0%of total project costs for projects as proposed

but 3.0¢6.0% of total project costs fasbuilt. A brief assessment was untien to assess if it was
possible to assign these costs as a percentage of project capital cost based on the MRC pesject dat
base. Data gathered from the database was analysed and the results suggested a result of 3.7% on
average. This figure is used ithe HPST to project these mitigation costs when the figures are not
provided directly through data collection.

4.6 Power Revenues

Power revenues reflect the sale of electricity generated by the project. Normally, these are simply
the amount of projected hydmpower production multiplied by the expected price that the project
proponent will receive from the buyer. Power revenues are the principal inflow of hydropower and
multi-purpose projects and thus drive financial profitability of the project. It is tfogecimportant

for the Guidelines to carefully assess both the power generation figure and the price of power.

With respect to power generation, it is important to recognize that most feasibility and design do
uments produce a figure for expected annuglower generation based on the rease
voir/plant/turbine design and the available hydrologic flow data. Although the number is typically
put forward as a yearly average, this average reflects the expected annual hydrologic variability in
the system. Howeverthe resulting figure may not so much represent the actual demand for the
power as the potential supply. Even if the number emerges from a full model of demand @nd su
ply, the demand is driven by a projection of the future. These projections are oftaygerated. To
some extent this is rational, as planners want to ensure that capacity exists for a high dermand for
cast. Unfortunately, this also means there is a systematic bias teestienate power generation at

the feasibility and design stages. elious analyses have found that indeed the actual power gene
ated and sold is typically less than the amounts expected in project docur(\@taidd Commission

on Dams 2000)

While the overstatement may seem rational, the systemic bias can lead to a misallocatien of r
sources. Put simply, if a project has a 10% rate of return based on a figure for quantity of power sold
that is overestimated by, say, 10% the actual financial returns will be less than expected and perhaps
low enough that, had the proponent known this invaahce, the project would not have received
approval and financing. So the HPST should correct for this overstatement in power genegation fi
ures, particularly in the initial years of a project, when the shortfall in demand is most likely and
where projectrevenues are discounted to a lesser degree in the financial analysis.

In the LMB quite a number of the hydropower projects in Lao and Cambodia, and increasingly in Viet
Nam, are privately financed. This means that power sales agreements are negotidtpdcas are

fixed or set by formulae over the life of the concession. At the same time, various elements of the
project including tax holidays, concession life, and other fees and charges are also negotiated. In
other words, the price received by agite LINR LR Yy Sy G A& y20 NBlIffte& GKS &
For the financier who has in mind a target rate of return it is not just price, but all the other prices,
guantities and concession parameters that determine profitability. As a result iicimot be su-

prising that in each country there is not a single set power price that is consistently paid to project
proponents.

¢tKAad ONBFGSa || RAFFAOAA & FT2N) GKS DAZARStEAySa Iy
financial analysis. Eweproject will have a different price of power, that price may not be dete

mined until the power sales agreement is signed, which happens well beyond the planning phase,
and that price represents the result of a particular negotiation for a project ofracpéar size in a
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the HPST should use a single primegdower. However, the power systems in each country are at

different stages of development and are not at all fully integrated, and thus the HPST should use a

single price for power for each country.

4.6.1 HPST Valuation: Power Generation

In order to assess mpeer revenues the HPST requires data on expected power generation and price,
as well as an adjustment factor to apply to the expected power generation figure to account for the
system bias in these numbers. No effort to compare actual with expected pawdugtion in the

LMB was found in the literature. As a result, as part of the case study, the Guidelines team collected
actual power generation from facilities visited in Viet Nam and compared these to the officiat-proje
tions that were provided to partipants as part of the site visit. In addition, the figures from the
MRC Hydropower Database and the MRC Basin Development Plan were compiled for reference. Not
AdzZNLINRA aAy It e GKS LINR2SOGaQ | OGdzZt LISNFamYl yOSa
The simple average for the six facilities was 84% for the site visit values. One of the facilities, Srepok
4A, only had one full year of data and performed poorly during that year. Also, the Dray Hlinh pr
ject is a very small project and is unrepeatative of the larger dams in a number of wayise., it

shares flows with newer private projects that use the same dam. TéwdVCommission on Dams
(2000) assessment shows that performance generally improves with age. For this reason, we select
90%as an indicative adjustment factor to eliminate the systemic bias towardsestenating pov-

er quantities and hence revenueAs describe in the HPST User Manual this default figure can be
deployed, the default adjustment figure may be changed based ailade or new information, or
existing production figures may be input directly.

Table8. Actual \ersus Projected Mean Annual Energy (GWh/yr)

Projected Fgures Actual Actual as %of Projected
Hgures
vermoii | MRcaop  Ste Vist S;fo\ft Yermoli  MRGBDP  Site Visit
DATA SOURCE (2009) (2011) Handout Operator (2009)vs  (2011)vs Handout vs
(Varies) Actual Actual Actual

(2014)
Buon Tua Sah 359 450 359 298 83% 66% 83%
Buon Kuop 1,459 974 1,459 1,300 89% 133% 89%
Dray Hlinh 1 100 21 94 78 78% 378% 82%
Sepok 3 1,060 689 1,060 950" 90% 138% 90%
Sepok 4 329 220 336 300 91% 136% 89%
Sepok 4A 301 221 73%
Average 86% 170% 84%

4.6.2 HPST Valuation: Power Purchase Price

As indicated above, power prices will vary fronojpct to project. Power prices will also tend to
vary from countryto-country depending on the state of supply and demand within each country.
The aim of this section then is to arrive at a rough figure that represents the average that is paid to
hydropower projects in each of the countries. Power from hydropower projects is destined for all
four countries in the LMB and information gathered and the default price used in the HRST is r
viewed below for each country. Most of the projects in the regionrave being developed byni
dependent power producer (IPPs) and thus the information sought is estimates of the price in IPP
power purchase agreements.

Cambodia. Power purchase prices obtained from available sources are presenféabin9. Exits

ing IPP agreements show a diverse range of values with central values around USD 0.09/kWh. The
oldest agreement has the highest price, which is reasonable assuming that the price paid is reduced
as the power sector develops. The lower prigeed in thefinancial analysis for Lower San2 can
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be explained as a weighted average between higher purchase prices in Cambodia and lower prices in
Viet Nam (see below). The power purchase price for Cambodia is therefore set at the same USD
0.095 used in the recent country master pigfippon Koei 2009)

Table9. Cambodia: Power Purchase Prices from Hydropower Projects

Source Project/ Basis Value Year Value Type %Lg L/S'Ivl;:)a Ad:;i?fm (zl?é;l/\li\alj\lﬁ
Country Master Plan (2009) |Kiriom | 2002 IPP $ 0.070 1.56674 $ 0.110
Country Master Plan (2009) | Kiriom Il 2010 IPP $ 0.081 1.11207 $ 0.090
Country Master Plan (2009) | Kamchay 2010 IPP $ 0.081 1.11207 $ 0.090
Gountry Master Plan (2009) |Sung Atay 2012 PP $ 0.058 1.01583 $ 0.059
Gountry Master Plan (2009) | Country Forecast 2009 IPP $ 0.080 1.18797 $ 0.095
HA (2008) Lower Sesan 2 2008 IPP-domestic & export | $ 0.068 1.08333 $ 0.074
Feasibility Sudy (2009) Lower Sesan 2 2009 IPP-domestic & export | $ 0.061 1.18797 $ 0.072

Lao PDRDue to the lack of a case studylino PDRfew references were obtained (s@able10).

The reported domestic purchase price for the larger, internationally financed projects, like Nam
Theun 2, are low and are disregarded here as the projects financial return rest largely with export
markets(ECA 2009) A recent review of the Lao PDR hydropower sector bylédeados EM(2013)
suggested the following prices:

1 Export average tariff (commissioning in 201§)eater than USD 0.0kWh
1 Average internal tariffdJSD 0.06%&Wh (but as low asJSD 0.0&kWh)

Consultation with the MRC National Consultant yielded the same USD 0.065/kWh figure so that is
the figure used in the HPST for domestic IPP purchases.

Table10. Lao PDRPrices paid for Power frorklydropower Projects

Source Project/Basis  Value Year Value Type (Sulg ?(/\?Vﬂi Ad::l;scttr:rent (ZLCJ);;‘/\SV%(;

ECA (2009) Nam Theun 2 2009 IPPBxport - primary | $ 0.021| 107199 |$ 0.023
ECA (2009) Nam Theun 2 2009 IPPExport - secondary | $ 0010 107199 |$ 0.010
ECA (2009) Nam Theun 2 2009 IPP- Domestic $ 0.018 1.07199 $ 0.019
MRCNational Consultant (2015) | Nam Ngum 2011 Export - primary $ 0.049 1.02189 $ 0.050
MRCNational Consultant (2015) ' Nam Ngum 2011 Bxport - secondary $ 0.032 1.02189 $ 0.033
MRCNational Consultant (2015) | Nam Ngum 2011 Domestic $ 0.052 1.02189 $ 0.053
ARMercados (2013) Country 2013 IPPBxport - average | $ 0070 | 100983 @ $ 0.071
AF-Mercados (2013) Country 2013 IPP Domestic - average | $ 0.065 1.00983 $ 0.066
AR~Mercados (2013) Country 2013 IPPDomestic- lowend | $ 0.040 1.00983 $ 0.040

Thailand No studies were obtained directly with respect to Thailand. The relevant Thai price for the

HPST is what Thailand in effect pays IPPs in other countries for power imports. With Lao PDR being

the principal exporter of poweto Thailand, the Lao PDR figures for IPP export prices are relevant

here and range from USD 0.023 to USD 0.71 in 2014 dollars. The IPP purchase price supplied by the
MRC National Consultant suggested USD 0.04/kWh. Given the variety in prices hemmsilie c

FyiQa FAIdzNBE A& dzaSR G2 NBLINB&ASYyd G(KS | @SN 3S SE
Viet Nam ForViet Nam quite a number of studies and figures for particular plants were obtained

both from the case study and elsewhere in the country. These vary over quiteber of years, so

the conversion to USD 2014 is important to assist in their compariBablg¢11). The median and

average prices are roughly USD 0.045/kWh and this is the value deployed in the HPST.
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Tablell. Viet Nam: Prices paid for Power from Hydropower Projects

Source Project/Basis Value Year Value Type ilug/ ;(/\7]\/[;:; (S\I/L’ilcg/ I\</\7]VLPI1()3 Ad::izr:fm (ZL?é;l/\lith:S
ISHO02 Ste Visit Interview Hoa Phu 2014 IPPhighest rate 2,400 0.00005  $ 0.115
ISHO2 Ste Visit Interview Hoa Phu 2014 IPPnormal rate 580 0.00005 | $ 0.028
BAin ISH02 Ste Visit Handout  Buon Kuop 2009 EVN stock company ~ $ 0.045 118797  $ 0.053
BAin ISH02 Ste Visit Handout | Sepok 4 2010 PP $ 0.045 111207 | $ 0.050
Design Docsin CDM (2011) Sepok 4 2007 PP 685 0.00007 @ $ 0.051
BAin ISH02 Ste Visit Handout | Buon Tua Sah 2010 EVN stock company 554 0.00006 | $ 0.033
BAin ISH02 Ste Visit Handout ~ Srepok 4A 2008 PP 753 0.00007 @ $ 0.050
Feasibility study in CDM (2012) | Sepok 4A 2010 PP 785 0.00006 | $ 0.047
Qted in CDM (2011) Confidential 28 MW HPP 2005 PPA/MoU price 610 0.00008 @ $ 0.050
dted in CDM (2011) Qonfidential 6.6 MW HPP 2007 PPA/MoU price 594 0.00007 $ 0.044
Qted in CDM (2011) Confidential 9 MW HPP 2007 PPA/MoU price 603 0.00007  $ 0.045
Cted in CDM (2011) Qonfidential 30 MW HPP 2007 PPA/MoU price 607 0.00007 | $ 0.045
Qted in CDM (2011) Confidential 18 MW HPP 2008 PPA/MoU price 604 0.00007 @ $ 0.040
ADB (2008) Song Bun 4 2006 PP $ 0.044 124712 | $ 0.055
SerraWest (2011) Qonfidential - High end 2011 IPP 750 0.00005 @ $ 0.037
SerraWest (2011) Gonfidential - Low end 2009 PP 550 0.00007 $ 0.038
SerraWest (2011) Confidential - ~260 MWs 2011 PP 650 0.00005 @ $ 0.032

47 O&M Costs

Hydropower projects are capitéitensive investments. This means that the vast majority of project
costs come in the form of ufront capital investments (synonymous here with EP@nagineering
procurement and construction). The operations and maintenance (O&M) costs to run the project
once it is in operation are typically quite low. Exactly how low is a largely weslearched area. At

the planning stages it is typical to see#® costs simply projected as a percentage of capital costs or
revenue.

A sampling of figures found in the Mekong literature includes:

1 The Basin Development Plan projects O&M costs for all LMB hydropower projects at 1% of
EPC co§MRGBDP 2010g)

1 Inthe case of the Nam Theun 2 hydropower project in Lao PDR, the Worldi&snthe s-
GAYFGSa FTNRBY (GKS LINRP2SO0 LINERLRYSydgoiggenF Ay | yOA
ronmental and social mitigation and vary to year but are between 1.6% and 2.2% of total
capital cos{World Bank 2005)

1 The Cambodian Hydropower Master plan assigned O&M cost by type of capital costwith ci
il and metal works at 0.5% and electmechanical and transmissierlated facilities at 1.5%
(Nippon Koei 2009)

1 Inthe case of the Trung Son hydropower project in Viet Nam, the World Bank included O&M
Czada d mop: 2F {WoldBadkR02I$ OG0 Qa OFLAGIE O2ada
1 In the case of Buon Kuop hydropower project in Viet Nam, in accordance with guidelines

from the Ministry of Industry, O&M costs ag&eS G G nop: 2F 1 KEMLINR 2SO
2009)

Acknowledging the lack of empirical basis for #imve estimates, O&M costs are set at 1% @ pr
ject capital costs in the HPST.

4.8 Taxes and Fees

In the LMB countries, hydropower projects are subject to a variety of taxes and fees that vary from
country to country. Generally, however, there will be atskeane of two types of taxes applied to

such projects. The first is a tax on income and the second is a royalty or natural resource tax. The
first is a somewhat standard business net income tax that relies typically on the annual computation
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of gross sas, and then the deduction of operating costs, depreciation and interest to arrive at net
income. This net income is then taxed at the prevailing rate for the type of business, in thig/case h
dropower production. A further feature of this type of taxtlimt tax holidays may be awarded for
projects that are deemed in the national interest. In addition, there are often provisions for the ca
ryover of losses from a previous year to the current year. The latter effectively enables the business
to avoid payng taxes until there is net profit in the business on a cumulative basis.

Taxes are potentially important in the financial analysis as they represent another cost to the project
during its operational life span. They are therefore important to includbénHPST. However, dna

ysis suggests the magnitude of their impact may be limited. Due to the nature of the hydropower
investment, with large capital costs up front, business income taxes that allow the deduction of i
terest and depreciation, as well #se carry forward of net losses, mean that most such projects will
not pay taxes until the latter end of the concession period. In some cases the carry forward of losses
may be limited as ihao PDRvhere there is a three year limit on the use of a carry forward loss. In
some countries lengthy tax holidays are provided, although these are typically of little effect as the
project are likely to generate net losses and therefore pay no tax untibegtind any tax holiday.

Tax information was sourced from the relevant countries legal documents and reports tongover
ment.

Figure4. Taxes and Tax Rates

PARAMETER UNIT General Cambodia Lao PDR Thailand Viet Nam
Fnancial Analysis
Tax
Power Gen. Tax/ Royalties % n/a 5% n/a 2%
Profit/ Income Tax % 20% 24% 20% 25%
Depreciation Years Yrs 20 25 30
Income Tax Holiday Yrs 9 7 8 0

4.9 Interest During Construction (IDC)

The HPST is designed to accommodate ptejthat come with only a total investment cost (indlu
ing IDC) or projects that come with a total capital cost and IDC. This section presents the method by
which the HPST interpolates the IDC in the former case. The Basin Workbook includes a routine to
estimate the IDC from a total investment cost. The formula is derived from a relationship between
cost before IDC, IDC, and total cost as developed in-BIR2010g) The MR@DP Technical Note
on Power Benefits presents an equation that approximaiSwith respect to the engineering pf
curement and constructiorEPCcost:
006 200 802Q

where:

P = construction period in years; and

i = interest rate.

In the context of the HPST, we refrafBPGs the financial capital cost€G, and then express total
investment costsTG as a functiorof capital costand IDC

YO 00 "O00
These two equations can be used to derive IDC as a function of total investment costs, theczonstru

tion period in years, and the interest rate. The following equation is obtained if the multiplier of 0.5
is turned into a consint k:
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In the Srepok Basin case study, analysis of the one project for which IDC calculations were available
yielded a constantk, of value 0.385 to calibrate to the capital cost and IDC calculations in ¢the pr
ject financal projections. This value is used in the HPST in place of the 0.5 value froBDNPRC

(2010g) For projects where only total investment costs were available, the calculated value for IDC
can then be deducted from total investment costs to obtain the capital costs.

‘006

4.10 Financing

Loan and equity financing is includedtire financial analysis in order to obtain the IDC and the i
terest payments, which are deductible as part of the tax calculations. The parameters included in
the HPST, as shown Trable12, can be entered for each country; howevére default values are

the same for each country and are derived from figures provided during the Srepok Basin case study.
As these figures do not affect the economic analysis at all and only affect the tax figures inthe fina
cial analysis, their precigaagnitude is not of great importance. However, the terms can be &djus

ed by country or by project if so desired (see the HPST User Manual for the latter adjustment).

Table12. Financing Parameters

PARAMETER UNIT CGeneral Cambodia Lao PDR Thailand Viet Nam

Project FHnance

Fnancing
Equity Portion % 30% 30% 30% 30% 30%
Loan Portion % 70% 70% 70% 70% 70%

Loan
Foreign Loan Portion % 60% 60% 60% 60% 60%
Foreign Loan Interest Rate % 8% 8% 8% 8% 8%
Foreign Loan Term Yrs 15 15 15 15 15
Local Loan Portion % 40% 40% 40% 40% 40%
Local Loan Interest Rate % 13% 13% 13% 13% 13%
Local Loan Term Yrs 15 15 15 15 15
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5 Economicvaluationof Hydropower, Direct Impacts

5.1 Capital Costs

The economic figure for capital costs of a proj&d, is derived from the financial capital costs for
the project. The only adjustments are to subtract the environmental and social mitigation costs,
E&S ard adjust for any shadow pricing of the capital cost components (equipment, labour, etc.):
., 006 0OQY
(OJN0) —(D
YO
where
SC=is a shadow price factor for hydropower.

Review of hydropower project documents for the Srepok Basin case study did not revgsdrire

use of a shadow price for capital costs. This is not surprising. Many of these documents were for
privately financed dams and as such these documents are largely engineering studies ano- not ec
nomic costbenefit analyses conducted to multilateralaadards. An example of the latter is the

case of the Song Bung 4 hydropower project (outside the LMB). For this project the ADB used a
shadow price for foreign exchange in their appra{g&dB 2008)

NOTEFurther review and investigation is recommended to assess whetiereasonable to apply
shadow price adjustments to hydropower projects in the LMB.

The default value for the shadow price factor in the HPST is 100%, so that no adjustment occurs.

With respect to the removal of the cost of environmental and saoiéigation measures, the HPST
takes this step in order to prepare for the inclusion of the costs of lost land and infrastructure, and
the continued loss of livelihood post project. This is a different approach than the standard imultila
eral project cosbenefit analysis in which these costs are left in the analysis and it is assumed that
éenvironment and social costs are fully internalized through thA y Of dzA A 2y 2®DBrA G A 3| (
2008, 16) It is worth pointing out that to do otherwise obviatestheed for the Guidelines project.

If all environmental and social costs are fully internalized by including the mitigation costs in the
costbenefit analysis then there is no need to value external costs and no need to incorporate env
ronmental and sociaindicators into the analysis of the planning portfolio. As described earlier in
the LMB literature review and as shown below under the assessment of external costs, it is quite
clear that feasibility, design, and appraisal studies of hydropower dartieibMB fail to not only
include the full range and amount of these costs, but often fail to correctly conceptualize what these
impacts are and how they impact ecosystems, people, and the economy.

5.2 0O&M Costs

As discussed in the previous section, the deidraof O&M costs is quite crude and has little enypir
cal basis. There is therefore little need to further adjust this figure in the economic analysis. So the
financial figure for O&M costs is also used as the economic O&M figure.

5.3 Power Benefits

Theprimary purpose of developing hydropower projects in the LMB is for the generation ofielectr
cal power, with a twepart goal of transitioning away from imported fossil fuel dependency and i
proving and expanding access to electricity in the region. For mofthe projects, the generated
power will not support just domestic consumption, but will also be exported to other countries in
the region. Viet Nam and Thailand have large anddestving middleincome economies and, thus,
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a continual need for additical generating capacity. Cambodia drab PDRire also growing, but

from a less industrialized base. Furthermore, these two countries sit astride the Mekong and, thus,
KIgS | 00Saa G2 GKS odA 1 2F GUKS [26SN adidnsy3d wigd
the primary objective of these projects and, therefore, their primary economic benefit the valuation

of these benefits is an important topic. Unfortunately, as pointed out by Jenkins(20&lla) when

Al O2YSa G2 StSOGNROAGE LINRB2SO0a adtaybénefiiclthbitRt @ S &
users receive from such projects. Yet paradoxically, we still say we are quantifying the value of such
0SySFTAalaodé ¢KAa aSOiAz2zy RA&AOdzaaSa (GKS OK2AO0S 27
then provides the economic pricedtributed to power generation in the countries.

5.3.1 Valuation Methods: Choices, Criticisms and Considerations
The economic benefits of power generation are typically calculated using one of two methods:

1. Willingness to pay (WTP). The economic benefits arplgithe quantity of power geneta
ed multiplied by the market price as measured by the willingness to pay for power. If power
can be segmented into different periods of uses then there may be peak angesprc-
es.

2. Cost savings. The economic benefits derived as the difference in costs between the h
dropower project and the next best alternative, typically taken to be the standard thermal
power alternative

The cost savings approach is complex to implement and therefore does not lend itself to tlee Gui
fAYySa AyaSyid 2F LINPOARAY3I | AGLINF OGAOIE I|yR NBLIX
The willingness to pay approach is more straightforward. This difference in complexity is revealing

and leads to a general characterization and criticidraach method.

The cost savings approach relies on a series of intertwined engineering and cost calculations and at
the end of the process provides a fairly well defined value for the power generated. ThepATP a
proach relies more on an understandinfjitbe economy but does not in and of itself follow aepr
scribed path. It is more a matter of mounting an argument in favour of a particular observation
about what WTP is in the particular circumstance. Thus the WTP approach is more practical and yet
with that practicality comes less certainty about the selected value. The cost savings approach is not
quick or easy and may not even be replicable (as power systems are constantly changing and fossil
fuel prices are so volatile). While the numbers in ang oase appear precise (no error to the calc
lations is usually assigned), there are many such calculations being carried out in support of many
hydropower projects (i.e. in the LMB), all producing different numbers and there is no way to-unde
stand which mmber is the correct, best, or preferred number.

The costs savings approach is subject to the criticism of false precision due to its reliance on a host
of engineering and cost factors and assumptions. The WTP approach is subject to the criticism that
as with much in economics it is more art than science.

Perhaps as important, is that as with any two competing approaches to economic valuation, these
two may result in differing estimates of power benefits. If this is the case then the choige of a
proachis nontrivial. Unfortunately, no global review of the evidence exists and, thus, there is no
answer to the question of how critical the choice of approach may be in correctly understanding h
dropower project economics.

The reason that this issue is wonthentioning is the great preponderance of benefit assessments
undertaken by power engineers using the cost savings approach. This approach risks thesissues a
sociated with the replacement cost approach valuation in the ecosystem services litefatliseand

Fisher 1987; Freeman 1991or example, some analysts have used an engineered alternative to
natural ecosystem function as the basis for deriving ecosystem benefits. The infrastructura-altern
tive is costed andhis figure is used as a proxy for the benefits. However, there is no clarity that the
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service would be part of the efficient, optimized production/consumption decisions at that price.
Similarly, the cost savings approach in effect takes an engineegdestimate and assumes that

this represents the next best alternative or at least a feasible alternative, i.e., one that consumers
would be willing to pay for the power at that price. The risk here is that the costed alternative is not
really the next bst alternative in an optimized leasbst and longerm power generation scenario.
Rather it is simply an ad hoc calculation of the cost of an expensive alternative at that point in time.

Jenkins et al(2011a, 2allude to the risk inherent in this approach when they retterize the idea

of pricing the value of a project in the absence of a standard alternative. In this case, with no other
alternatives, the older plants would eventually wear out and generating capacity lessened leading to
an everincreasing price for thpower produced by the project. The authors comment:

One can almost say that cdsénefit analysis carried out under these assumptions would lose
virtually all of its power to discriminate between good and bad projects. All would look good in
the face d an evetrrising price of energy.

A similar conclusion could be reachethié standard alternative that is selected is an expensive
thermal alternative, any other alternative including any hydropower projeat would show eo-
nomic net benefits underush an approach.

Jenkins et al(2011a, 3)go on to suggest the need to constrain the benefit estimate by ensuring that
not only is the next best alternative selected but that the worth of the project is measured in the
context of the future evolution of the power system:

The image we have tried to conjure up here is that of a motion picture representing the

costs and benefits attributable to plant E, not standing alone, but imbedded in a system

which is being managed intelligently, with other plants being retired when #taying in

the system would entail more cost than benefits, and with new plants being addedadnh a

tern that reflects the continuing use of celsenefit principles. All of this lies behirlde de-

GBSt 2LIVYSYyld 2F 2dzNJ 6ol aA 0 (222 R TK 2 gy hbuiRIFpA B S a {KYS
SNI S Ay (GKS LINBaSyOKkepmjact 2dzNJ LINP2SOGX AdSd>

In this caricature of a power system the economic value according to the cost savings approach
g2dzft R 0SS GKS RAFFSNBYOS 0SigSHoectiariddhe systdmOlit dzZNBE ¢ 2
out the project. In strict terms then this net benefit could be contrasted with the net external costs

and if the result were positive the project would be worthwhile in economic terms.

So for power systems with elaborate powsystem planning models that can conduct this type of
engineeringeconomic analysis, the costs savings approach reduces to determining the least cost
approach. The only question is how to incorporate the external costs. This leads to questions of
whether a not the environmental and social costs can be reduced to monetary terms, whether or

y20 GKSe& Oly o06S FdAte @IfdzSRE IyR K2g (GKka A& O
mating economic loses). The Guidelines approach implicitly acdepteetommendations of the

World Commission on Dam&@00) that these external impacts are not reducible to just monetary
estimates and that it is worth pulling these projects out of the power system model and subjecting

them to a costenefit and a multiriteria test.

Note that this is almost the same approach taken by the World Bank in its economic appraisal of
Nam Theun ZWorld Bank 2005)The World Bank first examined whether or not the hydropower
project fit into the least cost power scenario and then it undertook a separatelmystfit analysis

of the project. For the latter though they used the WTP approach litevthe benefits of the power
produced.

The WTP approach suffers from its own difficulties, including how to arrive at price of power. In
theory the figure would be the market price for wholesale power. However, there is often no such
market, rather thee is a single buyer, or monopsony, at the wholesale level. It is not until power is
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distributed that consumer demand drives market conditions. Yet even this demand may be affected
by the natural monopoly that is power distribution. So the retail pricgy be subsidized as go
ernment attempts to keep prices to consumers for basic needs low. In addition, tiered rate stru
tures may make estimation of a single willingness to pay figure difficult.

For the purposes of the Guidelines, implementing the @astings approach in its full detail m-i
practical. The willingness to pay approach is a practical and replicable approach but necessitates a
number of assumptions to reach a figure for each country. Below, examples from the literature are
reviewed befoe the prices deployed in the HPST are summarized.

5.3.2 LMB Dams Literature Review

Nam Theun 2World Bank(2005) The WorldBankconducted an analysis of the Nam Theun @-pr
ject to assess whether or not the project would be a) the least choice for electricity supply; and
b) economically viable. For the leastst analysishe Bankcompared the cost of power generation
for Nam Theun 2 and four other sourd@e. oil, coal, gas turbines armbmbined cycle gas turbisg

Two risk analyses (one using economic values and one using commercial values) were conducted to
test the assumptions used in the analysis most likehaffect the results:Nam Theun Zoroject

costs, demand forecast for electricity and the price of natural gas. For each of these, hdew

and highcase scenario was created and assessed.

BecausdNam Theun 2vas estimated to be the leasibst option(see data section below), the study
then estimated the economic rate of return (ERR) for the projélttis analysis explicitly included

the environmental and social values as assessed by Laggl0@8) Assumptions for estimating the
economic rate of return are included irable13. For the economic analysis, the Baeked not on

the costs savings but on the willingness to pay for power in the two countries involved. The Bank
used USD 0.0KWhfor Thailand andJSD 0.06{Whfor Lao PDR.

Tablel3.Summary of ERRs&umptions

Assumption Value
- . UD 0.07kWh primary energy
Thaiwillingness to pay (price component) UD 0.023kWhsecondary energy
Lao willingness to pay (price component) UD 0.06kWh
Thai and Lao system losses 7.1% and 16.9%, respectively
Real economitlam Theun droject cost USD1,005.4 million
Present value of E&S costs paid by project USD63.8 million
Present value of estimated economic E&acts | USD54.7 million
THB value loss 275 GWh at USD 0.023NMh
Subtransmission and distribution costs Thailand USD 0.0104Nh; Lao PDRISD0.044kWh

As with the leastost analysis, the sensitivity of the analysis to key assumptions was testedue eval

ate how the ERR would fare under more negative assumptions than the base scenarios assumes. For
example, project delays, incrsed project costs, low demand for electricity and atypical hydrological
conditions were all tested alone and in various combinations.

Mainstream DamsHall and Leebouapao (2005)he authorgursuedthe potential economic bes

fits of hydropowerfor the mainstream damdy first estimating WTP for electricity and thenbsu
tracting the marginal cost of generating, transmitting and distributing hydropower to relevart ma
kets. In order to derive estimates using these methods, the following (hydropower prejestific)
information would be needed:

1 Averagesoonomic generation costs (USD/kWh)
1 Average transmission and distribution co8tsSD/kWh)

With regard to the latter they select 45% of the economic generation costs as the marginal cost of
transmission andidtribution in Lao PDR, based on data from Nam Theun 2.
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For WTP estimates, Hall ahedebouapao(2005:34) chose to create a composite WTP measure
dbased on relative national WTP values and weighted according to the amount of power from each
station that & either sold for export or produced for domestic consumptich

As the study was never finished the WTP

Mainstream DamsICEM(2010c) Potential hydropower benefits were estimated at the country
level using costsavings approachFor countries where hydropower projects are locafedy.Lao
PDR), net annual benefits were estimated as the total of benefits from dangstver supply and
exports minus the annual project costs. Benefits to countries importing péevgrThailand) were
estimated as the difference between replacement value and the cost of importing hydropower.

The results suggested:

1 Annual benefits frommainstream dams were estimated to be US{2 Billion.
91 Lao PDR would receive ~70% of these benefits, with Thailand, Cambodia and Viet Nam r
ceiving ~11%, 11%, and 5%, respectively.

Basin Development PlafMRGBDP 2010g)In the Technical Note on Power Benefitegtcost sa-
ingsmethodsis proposed tovalue hydrgpower benefits More specifically, in order to capture the
value associated with both energy and capacity components of supplygremic function was
used. In order to capture the potential for changes in fuel prices over the study time frame, prices
were updated to account for both inflation and the expected rate of price increase. Investment
costs, annual variable costs and annual fixed costs were all included in the calcu{stRGBDP
2010g, €8).

The least cost alternative determined in this report was a thermal plant dessj fuel, ideally using
combined cycle technology; however, this technology a) may not be available in all LMB countries;
and b) even if it is available, may not be able to generate power to match denvaiik 14 details

the likely breakdown of power replacement by country if hydropower were not available. The fina
cial analysis assessed the differences in rate of return on equity between a) committed projects and
proposed projects; and b) mainstream and tributary projects.

Tale 14.Summary ofPower Replacement @tions: MRCBasin Development Plan

Cost Use of generation technology (%)
usb/ Camio-
Generation Technology kwh Lao PDR Thailand dia Viet Nam

High or medium speed diesel units using diesel | 0.3523 30% 50%

Low speed diesel units using bunker oil 0.160 20%

Combined cycle units using natural gas 0.09¢4 60%

Steam turbine units using coal 0.073 50% 40% 50% 100%

Monomic replacement cost of power (USD/MWh) at 70%

system load factor 0.172 0.0871 0.21%6 0.0730

Source: MRBDP(20109)

It is of note that the average rate of return wd8.5% and 7.0% for committed and proposed-pr
jects, respectively. Furthermore, only 46% of new projects were estimated to have a rate of return
above 10%, as compared to 67% of committed projects. Furthermore, a comparison of rages of r
turn for mainstrean and tributary projects showed that the average financial performance was 13%
and 5.7% for mainstream andlutary projects, respectiveli2010g)

In the final Basin Development Plaretrpresent value estimates for the benefits of hydropower
generation were included by scenario. For the Definite Future scenhed\PV of hydropower was
estimated to be USD 13 billion or 98% of total estimated benefits for this scena(MRCGBDP
2011) Similarly, the NPV of hydropower under theY®ar and Long Term Very High Development

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 38



scenarios were estimated at USB2.8 billion and USD 38.8llon respectively. Under the latter
scenard, hydropower generation benefits only represent 71% of total benefits.

5.3.3 Additional Literature

In the financialnalysis we found that the price paid producersor power was lowest in Thailand,

and then increased, largely in line with country GDP peitaap the following order, Viet Nam, Lao

PDR and Cambodia. Other things equal the expectation is that the same order will prevail in terms
of economic prices and WTP. In a regional study of the Greater Mekong Systerf202B)grovid-

ed an interesting table of data from the Asian Development Bank. The table shows that as expected
Thailand has the lowest import tariff and Cambodia the highest import tariff. On the export side,
Cambodia has no exports ahéo PDRias the lowest export tdff followed by Vietham and Tha

land. Economists often use international prices as indicative of economic values. In this case there
is no regional power grid so these prices are not reflectif competitive market pricesRather, the

data may be usef as ad hoc commentary on thalance of supply and demand in each country

Table15. Average Import and Export Tariffs

(USD/kWh) Average Import Tarif Average Export Tari

Thailand 0.048 0.073
Viet Nam 0.051 0.061
Lao PDR 0.063 0.048
Cambodia 0.077 n/a

I Y2NB &aLISOAFAO RIGlE LRAYG 2F AyGaSNBaid O02ySa TN
9y SNH& wS3dzZA I G42NBE / 2YYAAaA2Y D Ly GKA& LINBaSyidl i
presented. Based on thaiiffs at the time the cost of transmission and distribution as a percentage

of the total average tariff is 22¢Ruangrong 2012)In othe words the cost of transmission andsdi

tribution as a percentage of generation costs is 28% (22% divided by 78%). This can be compared

with the 45% that Hall and Leebouap(2005)found far Lao PDR Again there is economic logic in

this ordering as one reason that power costs mord.ao PDRhan Thailand is the efficiency of
transmission and distribution facilities

5.4 HPST Valuation

The approach taken here is that recommended by Hall and Leebouapao (2005), that is to take the
WTP and adjust it for transmission and distribution in order to find a net WTP for power generation.
The WTP is taken as tloarrent retail price or customer téf, net of any taxes such as VAThese
figures are presented ifable16. The WTP prices come from ISHO2 national consultants and
Suryadi(2014)

Tablel6. Average Tariffs Net of VAT
WTP (USIRWh) VAT WTP eXVAT USDkWh)

Thailand 0.090 7% 0.084
Viet Nam 0.092 10% 0.084
Lao PDR 0.081 10% 0.074
Cambodia 0.177 10% 0.161

The next step is to adjust the ®AT prices for the transmission and distribution costs. Using the
relationship for the two data points available, 22% for Thailand and 45% for Lao, anctlesitnig

power consumption per capita in each country as a proxy for the likely efficiency of the power sector
we derive the transmission and distribution costs for Viet Nam and Cambodia. These figures are
then applied to derive the WTP netwdnsmissio and distribution.
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Tablel7. Net WTPfor Power

WTP exVAT USDKWh) (Ck‘\)/\r/‘ﬁfcrggltt';’)” T&D Costs Net WTPYSDKWh)
Thailand 0.084 2500 22% 0.066
Viet Nam 0.084 1113 37% 0.053
Lao PDR 0.074 353 45% 0.041
Cambodid 0.161 166 47% 0.085

Note that as expected Cambodia, with a highsemved population, limited power generation Gap

bility, and no national grid comes out with the highest net WTP for power. Thailand with large,
growing demand but a wetleveloped power sectdnas a lower net WTP. Viet Nam has a lower net
WTP than Thailand. This is due to the rather high transmission and distribution cost factor. Another
reason why the Viet Nam number may be low is that the sector is still moving through a process of
dereguldion and retail prices may still be subsidized. Note however, that the net WTP doedlie wit

in the range of the import and export prices. So the figure for Viet Nam is probably low but is not
unsupported. The net WTP for Lao PDR is the lowest of alé that the retail price was also low.

This may be due to government subsidies in an underdeveloped sector, but it may also beadue to
abundance of hydropower due to rapid development of the sector. While most of this is for export a
portion of each poject is destined for the local market.

There is a risk that the procedure above may overstate the transmissiodiainitbution costs. The
figure for Thailand is robust as it comes frarset of comprehensive figures fraime Energy Regad

tory Commis®n (Ruangrong 2012)The figure for LaBDR, which comes from the incomplete study

by Hall and Lealuapao(2005) appears more of a rough estimatather than the result of a aqo-
prehensive analysis of systewide data. For this reason the final step in arriving at an economic
price for power is to compare the net WTP figures with the HPST financial price developed earlier.
There seems little raticale for the economic price of power to be less than the financial pism®.if

the net WTP is more than the financial pri¢etnet WTP figure is used. If the net WTP is less than
the net WTP figure then the financial price is us@dthis results in a maln higher economic price for

Lao PDR and a slightly higher price for Cambodia. It seems that the estimate for Lao PDR of tran
mission and distribution share in the total system costs is probably-estanated.

Table18. HPST Valuefor Economic Price of Power

Net WTP HPST Financial Pric HPST Economic Price
(USDkWh) (USD/kWh) (USDkwh)
Thailand 0.066 0.040 0.066
Viet Nam 0.053 0.045 0.053
Lao PDR 0.041 0.065 0.065
Cambodia 0.085 0.095 0.095

5.5 Power: Transfer of StoragBenefits

For the economic analysis an effort is also made to address the issuteralependent hydropower
facilities.Whether designed in cascade or merely incidentally in cascade, an upstream anmual sto
age facility in the seasonally dry LMB will geterdaenefits from storage for that facility and those
downstream. In the HPSdry season power generation at a downstream facility that is due to wet
season storage in an upstream facilitay bededucted from the generating facility and transferred

to the upstream facility.The benefit transfer ofieneration G, in GWh/yrfrom a downstream fadi

ty to an upstream facilitys calculated as:

o Y 70
O =
U
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where:

Sve = Livestorageof the upstream storage reservan million m?
Prstalea= INstalledcapacityof the downstream hydropower projeat MW

Qmax=Maximumturbine discharge of the downstream hydropower projetn®/s

NOTE: Further review and investigation is recommended to assess whether the approactsid

) tran
ferring power benefits is applicable in a given situation and whether it should be deployed or |not in
the HPST.
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6 Economic Valuation oDirect ImpactsMulti-PurposeComponents

6.1 Irrigated Agriculture

Agriculture is a key sector of the LMB economy. ésigmated that over 40% of LMB land area is
RS@2G§SR G2 FANAROdzZ GdzNS |yR GKFd | YlFI22NRGe 27
their livelihood(MRC 2011) Irrigated agriculture, primarily rice production, is the largest user of
water in the LMB and diverts approximately 10% of mean annual flow for the entire basin (Hall and
LeebouapadHall and Leebouapao 2005)n addition to rice, otheirrigated crops include vegat

bles, maize, and soybeans.

Even so, lack of availability of water is still considered a limitation of improving crop (keilsnd
Leebouapao 2005) Increased regulation and storage of water associated with hydropdeed-
opment, as well as the development of irrigation projects to transfer additional water supply, likely
could lead to both increased productivity of some existing lafedg.in the form of a second crop

per year) as well as the opportunity to develogwnareas for agriculture.

6.1.1 LMB Dams Literature Review
Methods

The methods used to assess the value of irrigated agriculture were similar across the studies r
viewed. They can be described as follows:

Obtain total area used for irrigated agriculture (lbg)crop type.

Determine number of crops per year by crop type.

Estimate yield by crop type (t/ha/crop).

Estimate price (USD/kg).

Estimate gross value by multiplying yield by price by crop type.

Estimate production costs per crop or per hectare.

Estimate névalue by subtracting production costs from gross value.

= =4 =4 4 4 4

Data

1 Maunsell and Lahmeyer (2004) used the following assumptions in their study:
0 Rice yield: cultivated paddy2.5t/ha/crop/year; hill rice land; 1.5t/ha/crop/year
0 Local value of rice: USD 160/t

9 Laplante (2005) used the following assumptions for estimating the value of irrigatedlagricu
ture (both baseline and additional increases):

Rice yield: 3.5t/ha/crop/year
Price: USD 0.10/kg

0 Production costs: USD 130/crop (fertiliser: USD 70; ploughing:30SBlectricity:
USD 30)

1 Hall andLeebouapad2005) assumed production costs were 85% of farm gate price for irr
gated crops and 75% for fruits and vegetables.

1 The ICEM Baseline Assessmanulvided detailed estimates of agricultural production in the
LMB(seeTablel9); however, it is not clear whether or not the paddy area estimates are for
irrigated agriculture onlf{ICEM 2010a) Furthermore, the area considered is only a 100 m
corridor centred on the Mekong River. Finally, note that the study assumed a rice price of
USD 0.2/kg.
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Table19. Summary of LMB Riparian Agriculturaid@uction

. . Kratie to
Chme o Chiang Vientiane  Pakse to Phnom Phnom
Chiang Saento ; Penh to
. to Pakse Kratie Penh and
Saen Vientiane the sea
Tonle Sap
Paddy area (kf 500 3,655 22,916 1,625 13,910 19,810
Yield (t/hakr) 1.0 2.0 3.5 2.6 2.6 5.0
Production (t/yr) 50,022 731,019 | 8,020,710 | 422,666 | 3,616,666 | 9,905,024
Value(USD million) 10.0 146.2 1,604.1 84.5 723.3 1,981.0

Results

1 ICEM(2010a)estimated a gain of 17,866 ha of irrtgd paddy in the 100 m corridor if all
mainstream dams are developed. This equated to 77,701 tonnes of rice/year withian est
mated value of USD 15.54 million. Using these estimates, we can derive that the study a
sumed a yield of 4.3 tonnes/halyear.

1 BDPTechnical Note 7 included detailed estimates of irrigated areas by scenario. We include

estimates for theDefinite Future Scenari®F$ and the 20Year scenariin Table20 (MRG
BDP 2010a) Note that from these estimates, one can derthe incremental increase in i
rigated area.

Table20. Estimated Rice and Qrice Irrigation Areasl{ectareg

Irigable  1%season 2™ season 3“season Nonrice .A.nnual
Country irrigated
area area area area crop area
area

Lao PDR 166,476 166,476 97,224 T 6,977 270,677
n Thailand 1,411,807 | 1,354,804 | 148,255 T 252,704 | 1,755,763

% Cambodia 504,245 273,337 260,815 16,713 12,172 563,037
Viet Nam 1,919,623 | 1,669,909| 739,594 | 1,478,740| 329,740 | 4,217,983
Total 4,002,151 | 3,464,526 | 1,245,888 | 1,495,453| 601,593 | 6,807,460

Lao PDR | 451,296 | 449,595 | 329,952 T 40,046 | 819,593
5 [Thailand | 2,718,480 | 2,635,477 427,741 T 560,784 | 3,624,002

d>; Cambodia 778,488 456,828 378,917 21,594 19,897 877,218
« | Viet Nam 2,044,780 | 1,794,801 | 739,594 | 1,487,740 391,311 | 4,404,445
Total 5,993,044 | 5,336,701 | 1,876,204 | 1,500,334 | 1,012,020| 9,725,258

1 The estimates imTable20 are based on a number of assumptiansludingchanges in op
gross margirand yieldthat occurbetween the DFS and the 2@ar plan Table21).

Table21. RiceCrop Tolerance and Yield Potential as Influence hajirsity

Current yield (t/ha)

Simulated yield for 2030 (t/ha)

Rainfed w/ irrigation (T

Rainfed w/ irrigation (T

Country Rainfed Rainfed
crop) crop)
Lao PDR 2.3 2.8 3.6 4.4
Thailand 2.3 2.8 3.6 4.4
Cambodia, 2.3 2.7 3.4 4.2
Viet Nam T 2.8 T 5.3
Dry season (f Dry season (ﬁ
crop) 3% season crop) 3% season
Lao PDR 3.8 1 5.9 T
Thailand 3.9 3.6 6.1 5.4
Cambodia| 3.1 T 4.9 T
Viet Nam 5.3 5.2 7.5 7.0
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91 BDPTechnical Note 7 included value estimates ($able22), which were used to calculate the
value of irrigated land based on outp{MRCBDP 2010a)

Table22. Value of Agricultural @tputs (USD/kQ)

Rice (high Rice .
Country qualgty)g (normal) Maize
Lao PDR 0.25 0.19 0.18
Thailand 0.25 0.19 0.19
Cambodia 0.25 0.19 0.19
Viet Nam 0.22 0.19 0.19

1 BDP Technical Note 12 estimated tlmuotry-specific benefits of increases to irrigated agkicu
ture under all scenariosWe include the @-year estimates ifable23 as an exampléVIRGBDP
2010h)

Table23. Egimated NPV of Increased to Irrigatedghiculture ¢ 20-year Scenario

NPV
Country (USD millions)
Lao PDR 322
Thailand 885
Cambodia 344
Viet Nam 108
Total 1,659

6.1.2 HPST Valuation
Theapproach taken in the HPST for estimating direct irrigation benefits is as follows:

i Estimate the capital costs and tinfiee. years of construction) required to develop irrigation
component of hydropower project.

Estimate the annual O# costs of irrigation project.
Estimate the number of hectares that will benefit from the project

Estimate the annual net benefit per hectafiee. units produced per hectare multiplied by
price per unit minus costs of production). Multiply by total ragn of hectares in the irray
tion project.

1 Subtract estimated annual costs (capital and O&M) from benefits.

9 Calculate NPV.

Unfortunately, the Srepok Basin case study did not involve any irrigation facilities so the HPST is set
up for these calculationglong with a default general parameter for the economic value fronir agr
culture for all countries of USD 1,000/ha.

6.1.3 Direction for Future Work and Additional Research

Valuing the direct benefits of irrigation schemes associated with hydropower projects eésqnir
derstanding the costs and benefits of crop production, both in terms of new, year round production
and the potential addition of a second crop during the dry season on existing cropland. Tihe info
mation currently in hand does not clearly distinguistede two sets of costs and benefits, a-b
tween farm economics in each LMB country but additional research should provide such info
mation.

Such estimates could then be used alongside projections of the irrigable area to be developed under
those hydropover projects with irrigation potential. At present, this potential remains somewhat
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unclear as a defined set of irrigation opportunities associated with each proposed hydropower dam
has not been found.

A further difficulty with respect to all irrigatiodevelopment projects is how to understand the cost

of developing the infrastructure for conveying, storing and managing the delivery of water & irrig
tors. These costs can vary substantially with the size, distance and relative elevation of irrigation
projects.

With this in mind, additional work on this topic may include:

9 Literature review and consultations with agricultural economists in each country to establish
the capital costs and operational costs and benefits of developing new paddy production.

9 Literature review and consultations to establish the operational costs and benefits of adding
a second crop per year.

1 Development of a simple engineering model to project irrigation development costs.
9 Further research to establish likely irrigation potenti&proposed hydropower projects.

6.2 Water Supply

Thissectioncoverswater supply for domestic and industrial purposes

6.2.1 LMB Dams Literature Review

Hall andLeebouapaq2005) calculated the net benefits of water supply as quantity of water d
manded/suppliedimes the net benefit per unit (price minus cost). The authors note that the price
could be derived in a variety of ways: minimal WTP could be estimated from tariff paid to access
municipal water system; or considered the opportunity cost of carrying mwaben the river. For the
purposes of their study, they assumed a price of USD 0.34fd a cost of provisioning water of
USD 0.05/mi This cost was based on estimates for municipal systems.

Hall andLeebouapaq2005) also estimated basic water requirents by country (litres per capita

per day): Cambodia at 100, Lao PDR and Viet Nam at 150 and Thailand at 200. They also estimated
the current net value of Mekong River water for domestic and industrial use to be approximately
USD 175 million/year.

Other studies provided the following figures:
f aldzyaSttf YR [ KYS@8SNI oHnnnoOm.dzaSR | af 20t 4|
1 MRGBDP(2005)cites a 2004 ADB study that provides M&l tariff and cost data as follows:
o Cambodia (Phnom Penh): tariff of USD 0.24%4nd cost of USD 0.082/m
o Lao PDR (Vientiane): tariff 08D0.042m® and cos of USD0.033/nT
o Viet Nam (Ho Chi Minh City): tariff of USD 01834md cost of USD 0.128/m

6.2.2 HPST Valuation
The approach taken in the HPST for estimating water supply is as follows:

1 Estimate the capital costs and tinf{ee. years of construction) requiretb develop water
supply component of hydropower project.

i Estimate the annual O&M costs.

9 Estimate the increase in water supply resulting from the project.
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1 Estimate the value per unit.e. price or willingnesgo-pay. Multiply this value by the na+
ber ofunits supplied by the project.

1 Subtract estimated annual costs (capital and O&M) from benefits.

Y Calculate NPV.

Unfortunately, the Srepok Basin case study did not involve any water supply facilities so the HPST is
set up for these calculations but requir¢he project data listed above to be implementeBlae-

holder values for the value afater supply are enterechs USD/mfor each countrybased on info-

mation supplied by ISHO2 national consultantsdditionalvalues can bedded, or existing values
updated, as needed on the Parameter Tab of the HPST {ab&e24).

Table24. HPST Water Supplyaltes

PARAMETER UNIT CGeneral Cambodia Lao PDR Thailand Viet Nam
Economic Analysis
| Value-Water Qupply U/ m? 0.18 0.30

6.2.3 Direction for Future Work and AdditiondResearch

Valuing the direct benefits of water supply associated withiti-purpose projectgequires a clear
understanding at the country level of current and likely future water demand as well a perpit o
erational costs and benefi(s.e.sale price owillingnessto-pay).

With this in mind, additional work on this topic may include:

9 Literature review and consultations in each country to establish the capital costs ana- oper
tional costs and benefits of existing water supply facilities.

9 Literature revew to establish differences between current demand/supply and likely future
demand/supply for each country.

9 Further research to establish likely water supply potential of proposed hydropower projects.

6.3 Reservoir Fisheries

The reservoirs created by the hygmwer projects may provide potential for additional capture and

culture fishery opportunities. Among the studies reviewed, the potential for reservoir fisheries are
collectively viewed as a benefit of hydropower development. It is important to notevthidé both

LINE RAzOGA2Y | yR OF LJGdzNE INB tA1Sfe (2 aAYyONBlasSe
itat, this is a gross gain in value. The net change in value emerges only when the impactsmn the u
stream and downstream fishery are includddat is the loss of existing habitat due to inundation,

and the potential obstruction of fish passage and change in other related factors in fish production

due to dam construction. These latter impacts are discussed further under the external impacts se

tion.

6.3.1 LMB Dams Literature Review
Methods

While multiple documents included quantitative estimates and/or values, only one of the-doc
ments reviewed contained specific methods for estimating the value of potential reservoir fisheries.
In Technical Note for the BDP scenarigp/RCBDP 2009)methods were outlined tht were pee-
sumably the basis for the estimates includedhe BDP Main Repo(MRGBDP 2011) First, a fis-

eries specialist estimated annual production of reservoir fish. This was combined with estimates of
T A & K GeMdlo@nief? in the reservoirs over a-§@ar period. To estimate the economic value of
potential reervoir fisheries, current market prices were adjusted using an economic conversion fa
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tor. In orderto estimate net benefits, production and marketing costs were also estimated and su

tracted from the gross value estimates. The NPV of potential resdisbaries were then estinta
ed over a 56/ear time frame for various development scenarios.

Data
Useful data and estimates compiled from the literature include:
1 BDP Technical Note 11 estimated harvest of 200 kg/halyear as thecasstscenario for

large reservoirs and 300 kg/halyear for small irrigation reservoirs. Similarly, it estimated

worst-case scenarios of 50 kg/ha/year and 100 kg/ha/year for large and small resergeirs, r

spectively. For all dams, it estimated a range ob48/year in addtional harvest from re-
ervoirs(MRGBDP 2010e)

1 The BDP Main Reposstimated current fisheries harvest from permanent surface water to

be 226,000 tones/year(MRGBDP 2011)¢ KS addzReé adlF SR GKI

W LIS NI

is primarily reservoirs, but that the exact proportion is not known; however, new estimates

other than the baseline were for reservoirs only (see below).

Results

9 BDP Technical Note 13 estimated a total LMB annual harvest from reservoir fisheries of
15,141 tonnes, with an associated NPV of USD 91 million, in the Definite Future Scenario.

Lao PDR was estimated to have 81% of these harvests. As a point of compartkanthe

20year plan, annual LMB reservoir fisheries harvest was estimated to be 64,431 tonnes,

with a NPV of USD 215 milligdRGBDP 2010b)

1 The ICEM study estimated that with all 12 mainstream dams in place, annual reseo+oir pr

duction from just the mainstream reservoirs would range from 10,0@0000 tonnes and
have a value of USD 1442 million/year. In addition, it estimated that 25,0@025,0000

tonnes (with a most likely gain of 63,000 tonnes) could be harvested from the rest of the

LMB reservoirgl CEM 2010c)

i The ICEM study used an estimatd 8D 0.68/kg (2002 value) for the value of reservdir fis

eries¢ the same as they used for river capture fishe(i€2EM 2010a)

6.3.2 HPST Valuation
The approach taken in the HPST for estimating reservoir fisheries benefits is as follows:

9 Estimate the capital costs and tinfiee. years of construction) required to dewgl a prodic-
ing fishery in the reservoir associated with a specific hydropower project.

Estimate the annual O&M costs of maintaining the fishery.

Estimate the number of hectares in the reservoir as well as the expected annual yield per

hectare.
EstablisHikely species to be harvested from reservoirs and their market value.

Estimate annual costs of fishifige. boat maintenance, fishing gear, etc.)

Estimate the annual net benefit per hectafiee. units produced per hectare multiplied by

price minus theannual costs of fishing)

1 Subtract estimated annual costs (capital and O&M) from benefits.

 Calculate NPV.

Unfortunately, the Srepok Basin case study did not involverepgrted reservoir fisheries projects.

S the HPST is set up for these calculationsrbquires the project data listed above to be irapl

mented. The value per ton of fish that is deployed in the reservoir fisheries is the same average
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price as deployed for downstream fisheries impacts, as described further in S@ctfomalue of 50

t/ha is entered as a placeholder as a general parameter for the productivity of reservoir fisheries in
the LMB. This is the low end of estimates from MBEP(2010e) However, in the case of the
Srepok Basin casstudy a figure of 10 t/h&s usedbased on the almost total lack of fishing activity in
the five reservoirwisited on the case study visit and the absence of any cost information on fishery
management.

6.3.3 Direction for Future Work and Additional Research

The value of reservoir fisheries associated with proposed hydropower dams can be derived using a
modified version of the methodology described above.

1 Obtain estimates of potential reservoir yield per annum (t/ha/year).

1 Obtain estimates of the estimatenhcrease in reservoir area likely to have conditioas f
vourable for fishery development (ha).

1 Estimate potential per annum harvest for reservoir fisheries (t/year).

9 Obtain current market value stimates for relevant species (USD Consider substitute
good availability in the futurde.g.decrease in capture fishery harvest) and potential for i
flation.

9 Adjust market price accordingly using an economic conversion factor.
In order to carry out such calculations the following research and informationddmiheeded:

9 Additional literature review and consultations with fisheries specialists in each country to
determine yield estimates by reservoir type and current market prices. If possible, the latter
would be assessed relative to historical trends toedatine if adjustments are needed for
the purpose of analysing future scenarios.

9 Literature review and consultations to determine what initial capital investment and on
going operational costs may be required to establish reservoir fisheries and/or haperst
ations as well as the likelihood that such investments would occur.

9 Development of a simple model based on the methods above to project net and gress rev
nue

6.4 Flood Control

Greater regulation of river flows, as a result of hydropower dams, likelyhelii mitigate flooding
during the wet season. Likely benefits associated with improved flood control are both @rgct
decreases in property & infrastructure damage, lower crop losses) and in@erectlecreased risk

of wage loss and relocatiofMIRCBDP 2009) It should be noted that there are a series ofjive

and negative impacts with changes in the hydrologic regime due to tributary and mainstream dams
in the LMB. These indirect costs and benefits are discussed later in the section on hydnologic i
pacts; this particular section focuses only on thegmiial multipurpose benefits of hydropower
projects designed to also provide flood control benefits.

6.4.1 LMB Dams Literature Review

Methods

Hall andLeebouapaq2005) present partial model for estimating flood control benefits to heus
holds associated witla particular development scenaridiowever, it appears the model may not
have been completed in the draft available for review. Furthermore, the authors noted that data
limitations prevented them from including damages to commercial, industrial andcpuibtastric-

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 48



ture and future income losses associated with ldegn damages from flooding (Hall ahgebow-
pao2005).

BDP Technical Note 2 also included general methods for estimating the value of improved fleod co
trol and the reduction in lossesnd damae associated with tMRCBDP 2009, Annex 4:11A gin-
plified summary of their approach is presented here:

9 Estimate baseline data: total flooded area during an average, a dry and a wet year;dlood d
ration during an average, a dry and a wet year; flood depth duringvanage, a dry and a
wet year.

1 Identify and estimate total area of land (ha) benefitting from flood risk reduction. The study
y2iSa (0KIG GKS da¢KS (S@ AYRAOFG2NAR F2NJ 0KS R
flooded annually to maximum of 0&9m depth and the average area flooded annually to
ANBFGSNI GKIYy nogYdé .5t ¢CSOKYAOFf bza4S H 0
sessed relative to the baseline values for each category. It should be noted that thre key i
dicators used in the BDC maieport differed, with the two categories considered being max
1.0 m depth and max greater than 1.0m depth.

1 Forrelevant areas, gather information on households, villages, infrastructure and land use.

1 Apply annual economic value data for direct and iedirbenefits of flood risk reduction to
population and land use data for each relevant area. The economic value data was obtained
from the FMMRC2, Stage 1 Evaluation Report (20083%. an alternative, the study alsogsu
gested that historic damage and fodata from flood events could also be used.

Data/Results

1 The BDP main report estimated both flood damages and flood damage mitigation by country
for each scenario considerdMRGBDP 2011) The baseline data as well as the data for the
Definite Future Scenario are includdére inTable25 asexamples.

Table25. EstimatedBenefits of Flood éntrol

LaoPDR Thailand Cambodia VietNam Total

Baseline
Flood damages (USD m)yr 70 67 26 56 219
DFS
Flood damage@JSD m/yr) 28 27 8 9 72
Flood damage mitigatiolJSD m) 179 172 51 60 462

6.4.2 HPST Valuation

Flood control was not an explicit objective of the facilitigestigated in the Srepok Basin case
study and thus flood control isot included in the HPSTFuture applications may wish to explore
this function and incorporate it explicitly the future.

6.5 Navigation

Water transport was historically and continuestie an important form of transport in the LMB. At

least four key categories of users can be identified: subsistence users, passenger transport, cruises
and freight transport. According to ICHED10c) the Mekong Delta likely has the highesteuof

water transport with approximately 70% of goods being transported by water.

Across these categories of users, the potential navigational changes associated with hydropower
development are generally positive; however, it should be noted that potetd&ses could occur
for small boat/subsistence users.
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6.5.1 LMB Dams Literature Review
Methods

Multiple studies put forward methods for estimating the value of improved navigation; however, the
authors noted several methodological concerns.

A general concernoted is that the relationship between flow levels and water transmoor more

specifically, total volume and unit cosis not clearly define@Hall and Leebouapao 2005; MHBOP

2010byp ¢KS AyalartftlriAzy 2F Ke@RNRLIZSHGSNI RIFIYa Aa LIN
navigable days during the dry season due to increased flow and depth however, the availability of
additional transport days for larger vessels does not necessarily result in their®usecond, rela

ed, concern is the lack of data for all major trabgpmodes (water and alternative lardshsed

transport options) at the intracountry level.

Hall andLeebouapad2005) suggested several options for estimating the value of water trade and
transport in the Mekong: a) estimating cost savings over the nedt kalternative mode of
transport; b) willingnesso-pay for water transport; and c) the method they ultimately use in their
model, a yes/no decision when flow levels critical to current navigation are reached.

MRCBDP Technical Note 1@hich was completd later than the Hall andleebouapaastudy, had
access to new information from a study completed by the Navigation Programme (NP) in 2808. U
ing that data, BDP Technical Note 13 chose to focus on the most active transport reach a-the M
kong, namely betwen Thailand (Chiang Saen) and Yunnan (GuéWmBIEBDFP2010b)

For that reach, firstut estimates were calculated based on the following methods:

Based on the minimum safe draft requirements for different types of vessel, as well as data from

the hydrological assessment, estimates were made of the nurobelays per annum the river

systems is likely to be navigable for both the present situation and in the future when the UMB

and LMB dams are operational. The increase in the number of days of navigation wasrthen co

verted into an economic benefit by estating the annual value of inland water transport (IWT)

OFNH2 GNIRS Ay 020K (KS aFdzidzNB 6AGKE | yR aT7dz
incremental net benefit stream was then be used to estimdite NPV of navigation benefits

(MRGBDP 2010b, 17)

Data
Useful data and eshates compiled from the literature include:

1 ICEM(2010a)included baseline estimated of direch@ indirect values associated with nav
gation and river transport, USD 4.6 million and USD 11.2 mitispectively.Potential m-
pacts were only discussed qualitatively, with mixed findings of potential benefits to larger
vessels and potential costs snibsistence/smaller boat users.

Results

1 The BDP Main Report estimated the NPV of improved navigation to be USD 64 million for all
scenarios considere@MRCGBDP 2011) It should be noted that from a distributional pe
spective, all of these benefits accrue to Thailand.

1 As the finding above suggests, BDP Technical Ndteund that no scenariwith greater
development than the Definitedture Scenario resulted in a significant increase in themu
ber of navigable daydMRCBDP 2010b)

6.5.2 HPST Valuation

Due to a) the general lack of detailed data on the subjedfé)ack of data on substitute transport
options within each coumy; c) the uncertainty around whether an increasehe availability of d-
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ditional transport days for larger vessels would result in their use; and d) the potentially disparate
impacts on large versus small boat users, potential impacts to navigatiemoacurrently included

in the HPST.In addition, navigation did not feature in the Srepok Basin case study. However, all of
the existing and proposed dams reviewed in the study had not fish or boat passage of any kind and
therefore would likely haverdy external costs associated with the loss of river navigation.
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7 Economicvaluationof & [ 2 @&xternél ImpactsHuman Populations

SoOl tf SR af20Ffté¢ AYLIOGa Ay (GKS DAdZARStAYySa I NB
and on inundated lands. Due questions of feasibility and appropriateness the HPST doestnot a
tempt to value impacts on culture and health in monetary terms. These are accounted for through

the social indicators. The approach taken in the economic valuation is to assess the gcoosis

of dam construction, the resulting inundation of formerly productive lands and the associated di
placement andlislocation of populations Absent the immediate health impacts the HPST attempts

to break down these impacts into the immediate damageised by displacement into the costs of

lost infrastructure and lost lands. Beyond the loss of these productive assets local commusities di
placed by hydropower projects face the further risk of future dislocation and continued impairment

of earning poeéntial.

Actual resettlement costs are not included here as these are financial transfers made by the project.
The real economic external costsdi§placementare the lost, productive assets that were gertera

ing community income and were a store of commmity wealth, plus the potential cgoingdisloa-

tion, i.e, the loss of livelihoods (and health outcomes, though these are not included here) into the
future. It may be that social mitigation expenditures may address these external costs. However, as
a planning model, the HPST does not expect that such detailed work has been undertaken at this
stage. Further, the actual ability of mitigation expenditures to fully offset the losses experienced by
displaced persons isot well established. The HPST, #fere, estimates only the first round losses

that would result from the hydropower or muipurpose facility. The HPST therefore does net i
clude the benefits that such mitigation expenditures would create for local communities.

Note that at present the AST does not account for external impacts on other-digplaced but &
fected peoples.The costs portrayed here thus will understate the local costs. The impacts on other
project affected peoples anacludedin the HPSThrough the social indicators.

7.1 Culture

Individuals, communities and regions of great ethnic and cultural diversity populate the LMB, region
including a strong indigenous presence. For many of these groups, the Mekong River, its tributaries,
and its resources play not only an importante in their sustenance and livelihoods, but also have
historical, religious, mythical and cultural values. On a more global level, the area is of significant
archaeological value, due to the number of historical sites still in existence.

Hydropower deelopment has the potential to affect culture in a variety of ways: loss of culturally
important sites, loss of historically important sites, and decreased access to traditional foods, among
others.

7.1.1 LMB Dams Literature Review

Data

We provide a brief summagrthat describes very broadly some of the ways in which the Mekonrg Ri
er and its tributaries are important to the culture.

1 The Mekong River and its tributaries are the location for many annual festivals by local
populations, siting of temples and sacreegdéss. For some riparian communities, congdm
tion of fish and other aquatic animals is more than just sustenance; it is part of their cultural
identity (ICEM 2010c)

1 BDP Technical Note 9 noted that it is not just the river, but also the associated wetland that
I NB 2 Fréli§ofs, lstorical, archaeological or other cultural significance at the local or
national leved (MRGBDP 2010f, 26)
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Results

 ICEM(2010c, 134Pp2 y Of dzZRSR G KI i RS@St 2LIYSyid 27F -0KS YI A
icant negatveS T FSOGa 2y NALI NRIFY O2dMastAd pdfteinso & RA a
2F O0SKIFI@A2d2NE aKIFINBR 0StASTasx Odzaidz2Ya FyR QI

f BDP Technical Note 22 y Of dZRSRX a¢KS yS3IIGAGS AYLI OG 27
these cultural meanings and the valuassigned to them could be sevéréMRGCBDP2010h,

25).

7.1.2 HPST Valuation

As with the studies reviewed from the region, so in the HPST there is no attempt to place-an ec
nomic value on the potential impacts on culture of hydropower development. This decision does
not mean that (a) cultural valuedn not have economic values or that (b) such values should-be i
nored or discounted in a decisianaking process. The decision is made as estimating the economic
value of cultural is (a) practically impossible and (b) pretending to input economic infomudtthis

type into decisiormaking would be inappropriate and of little practical utilitRather, these values

are incorporated into the HPST through the use of social indicators.

7.2 Health

The health and well being of the LMB population have the potential to be affected by hydropower
development in a variety of wayssome positive and some negative. Health related impacts are
primarily associated with changes in infrastruct(eeg.instalation of health clinics) or the envine

ment (e.g.decreases in fish for consumption, which leads to poorer nutritiaviethods exist, and

are applied in some regulatory settings in developed countries, to estimate the economic value of
changes in healtbutcomes

7.2.1 LMBDams Literature Review
Methods

While Laplantg2005)did not attempt to attach economic values to changes in health, he did i
clude a methodology for estimating the value of health impg&agiola, von Ritter, and Bishop
2004) which is summarized briefly here. The general approach is to identify the change arid assoc
ated quantity of its impact on health, which then could be valued either as the cost of the illness, the
cost of reatment, or the value of statistical life.

Data

No study reviewed included baseline data or estimates of the potential quantity or value of health
related impacts potentially associated with hydropower development; however, we summarize here
the likely types of impacts that may need to be considered if such an analysis were to occur. Note,
however, that the potentially positive impacts would primarily be associated with mitigation efforts,
which may or may not occur at a level adequate to result in beeffurthermore, lack of approipr

ate mitigation efforts could result in additional negative impacts.

Positive Negative

- Improved health care - Decreased food security

- Improved sanitation - Decline in nutrition

- Improved water supply Decline in proteirintake

- Improved education - Decreased surface water quality

- Increased risk of disease
BDP Technical Note 12 also included a list of common food security indifgdR@&BDP 2010h, 24)
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7.2.2 HPSWValuation

Given the lack of precedent in the LMB with regard to valuing health impacts, it was ndideasi
develop a practical and replicable method to value these impacts in economic tBnpacts on
health of hydropower development are incorporated in the HPST through social indicators.

7.3 Infrastructure

Fixed infrastructure in areas that would permanently inundated or at increased risk of a natural
disaster (e.g. erosion, flooding, etc.) due to changes in river hydrology associated with hydropower
development could require protection or relocation, or could be lost permanently (potentigdly r
quiring the construction of replacement infrastructure).

7.3.1 LMBDamsLiterature Review

Methods

No study reviewed included methods for estimating the value associated with infrastructure loss as
a result of hydropower development.

Data

No study reviewedncluded baseline data or estimates of the potential quantity or value o&infr
structure that would be impacted under each hydropower development scenario being considered,;
however, Maunsell and Lahmey€004b)and Laplante (2005) did provide a list of infrastructure
types that would need to be considered if such an analysis were to occur:

- Dwellings - Mines

- Roads - Marketdshops

- Bridges - Ferry crossings

- Transmisgin lines - Jetties

- Schools - Farm/plantation buildings

- Hospitals/clinics - Factories

-  Temples - Resorts

- Administrative buildings - lrrigation lines/pump stations
- Pavilions

7.3.2 Additional Literature Consulted

During the development of ther&ok Basircasestudy, we were able to locate and review amu

0SNJ 2F wSaSudtSYSyid ! OldAazy tflya ow!tao &2NJ oz2i
ture projects in the study region.

In reviewingthe RAPgsit became obvious that aggregated valuwEsived from these stues could

potentially be used as a firslut estimateof economic impagtbut in the case of these plans, highly

specific information(e.g.value of a wooden fencepost versus a metal fencepost and the number of

each type within an affected village) had Inegathered. Furthermore, these studies primarilp-f

cused on residences/homes and secondary structures of housefi@dwilets, fences, barns, etc.).

While not stated directly, it appears that public structures such as schools and medical faciliges we

more likely to simply be rebuilt in the resettled location.

To that end, we consulted numerous RAPs in order to compare and contrast the estimates used for
various residential and secondary infrastructure types. We subsequently selected and/or ealculat
F33aNB3IAFGSR @ ftdzSa F2NJ dzaS Ay (GKS It{¢cod LY | RRA
types and sizes of residential structures in the geographic areas likely to be impacted by hydropower
development.
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7.3.3 HPSValuation

The approach taken in the HPST for primary residences is as follows:

9 Obtain estimates of the likely number of displaced and/or impacted individuals as wel as e
timates of average number of residents per household and average size of residence by
type. (Note: If more specific estimates are available, either on the type of infrastructure to
be lost or the value of that infrastructure, such estimates should be substituted for the more
general values described here).

Obtain mean or median value for eachrastructure type.

Calculate the estimated annual value of lost infrastructure by type

0 Divide the number of displaced individuals by the average household sizeito est
mate the number of displaced households.
0 / NBIFIGS ' 6SAIKESR I SENINBES ARISyd2S 2AF-AlKIS (KI
erage value of residence by type and the distribution of households by residence
type (e.g. (% of total homes that are concrete x average value of concrete residence)
+ (% of total homes that are wooden x average valug@dden residence) + (% of
total homes that are temporary x average value of temporary residence).

1 Multiply the number of displaced households by this weighted average value per residence
to calculate the annual estimated value of lost residential struegur

9 Use a fixed value per displaced individual/household for loss of secondary infrastrgcture
multiply this value by the number of displaced individuals/households to calculate the ann
al estimated value of lost secondary structures.

1 Sum estimatednnual values by type to estimate total annual value lost.

§ Calculate NPV.

A summary of the parameter values included in the HPST is shovaie26. Again, if maz de-
tailed information is available for a specific project, the parameters section of the HPST should be
modified to include it.

Table26. HPST Parameters for Infrastructure

Economic Valuation
Property (Sructures) UNIT General Cambodia LaoPDR Thailand Viet Nam

Household Sze # 4.7 6.1 35 39

Qoncrete/ Brick Portion %of total 5% 9% 30% 15%
Temporary Portion %of total 50% 40% 0% 13%
Wooden Portion %of total 44% 47% 69% 2%
Value-Average Residence U/ HH 1,620 2,960
Value-Concrete Residence U/ unit 3,000 3,500
Value-Secondary Sructure USD/ person 500 500

Value-Temporary Residence USD/ unit 1,000 1,000
Value-Wooden Residence U/ unit 2,200 3,200

There are a number of ways that tlestimated economic impact of infrastructure impacts may be
values in economic termslable27 below shows a selection of estimates from RAPSs reviewed and
their adjugment to 2014 USD figures. The parameter values for residential structures currently i
cluded in the HPST are an average value by type for each country.

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 55



Table27. Resource Values for Infrastructure

Source/ Gtation  Project/ Sudy Country S\l(s;iry Sructure Type S(rg;;/ﬂzt;e S(U'\c‘ié\;]azl;] N Ad];:;gfnt 2;3;;,’1?;

Resettlement plan [National Rd 3&6 Cambodia | 2004 |Concrete residence $ 20.85 1.400136 | $ 29.19
BA Lower Sesan Il HPP Cambodia 2011 Metal/cement residence - single story | $ 29.27 1.021891 $ 2991
BA Lower Sesan Il HPP Cambodia | 2011 | Brick residence - single story $ 54.02 1.021891 $ 55.20
BA Lower Sesan Il HPP Cambodia 2011 Brick/wooden residence - two story | $ 85.69 1.021891 $ 87.57
BA Lower Sesan Il HPP Cambodia | 2011 | Brick residence - two story $ 156.54 1.021891 | $ 159.97
BA Lower Sesan Il HPP Cambodia 2011 Temporary residence - single story $ 2451 1.021891 $ 25.05
Resettlement plan |National Rd 3&6 Cambodia 2004 Wooden residence $ 38.19 7 1400136 $ 53.47
BA Lower Sesan Il HPP Cambodia 2011 Wooden residence - single story $ 53.49 1.021891 $ 54.66
Resettlement plan ' Qua Ong - Mong Duong Road | Viet Nam 2008  Residence class4 $ 640,000 0.000066 $ 42.53
BA Sepok 4AHPP Viet Nam 2008 | Brick residence - average $ 1,113,359 0.000066| $ 73.99
Resettlement plan | Qua Ong - Mong Duong Road | Viet Nam 2008 Temporary residence $ 330,000 0.000066 $ 21.93
Resettlement plan | Qua Ong - Mong Duong Road | Viet Nam 2008 | Residenceclass1 & 2 $ 1,800,000 0.000066| $ 119.62
BA Sepok 4A HPP Viet Nam 2008 Temporary residence $ 480,000 0.000066 $ 31.90
Resettlement plan |Ha Tay HPP Viet Nam 2008 | Wooden residence $ 658,000 0.000066| $ 43.73
Resettlement plan | Ha Tay HPP Viet Nam 2008 Wooden residence $ 1,028,000 0.000066 $ 68.31
Resettlement plan | Qua Ong - Mong Duong Road | Viet Nam 2008 | Residence class3 $ 800,000 0.000066| $ 53.16
BHA Sepok 4A HPP Viet Nam 2008 Wooden residence - average $ 676,196 0.000066 $ 44.94

Sudy Value Adi 2014 Value
Source/ Gtation Project/ Sudy Gountry Sudy Year Sructure Type (NQ displaced ::l;stment (USD/ displa
person) ctor ced person)
[Resettlement plan  Qua Ong - Mong Duong Road | Viet Nam 2008 Secondary structures | $ 7,246,377 0.000066/ $ 478.00

7.4 Displacementand Livelihoods

The creation of hydropower reservoirs will likely displace households and villages. As the issues of
resettlement and infrastructure loss for displaced individuals has been discussed previouslyg-this se
tion will focus solely on displacement.

The diffeence between the impacts of displacement and resettlement should be noted, as the costs
of displacement are real, whether or not mitigation efforts for resettlement occur. Furthermore, the
benefits of resettlement compensation may or may not offset tbual costs of displacement.

As noted by the World Bar{R001, 1)
GLYy@2ftdzyil NB NBaSGift SYSyid dzyRSNJ RS@St 2LIVYSy
economic, social, and environmental risks: production systems are dismantled; peoplenface i
poverishment when thig productive assets or income sources are lost; people arlocated to
environments where their productive skills may be less applicable and the competitior-for r
sources greater; community institutions and social networks are weakened; kin groupisare

persed; and cultural identity, traditional authority, and the potential for mutual help arerdimi
AdKSR 2NJ f2aioé

7.4.1 LMB Damd.iterature Review

Methods

None of the studies attempted to estimate the total economic impact of displacement, although, as
previously discussed, Laplante (2005) did include estimates of project investment and inaome co
pensation for theNam Theun roject. Similarly, when discussed in other studies qualitatively, the
focus was primarily on costs of resettlement rather thae tost of displacement.

Data

1 ICEM(2010d)estimated that 106,964 and ~2 million individuals would be directly and ind
rectly impacted by LMB mainstream dams, respectively. For the former, this would mean
relocation. In addition, it should be noted that a subset of these individuals have already
been relocated in recent years, particularly in the Stung Treng and Kratie regions.

1 Several studies included specific estimates of displaced individuals by piamarily for
mainstream dams (se€able28).
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Table28. Estimates of Displaced Individuals byad

# of individuals

Dam Yermoli (2009) ICEM (2010) MRC (2010)
Pak Beng 6,700 6,700 Y2
Luang Prabang 12,966 12,966 Y2
Xayabouly 2,130 2,130 Y2
Pak Lay 6,129 6,129 18,000 Ve
Sanakham 4,000 4,000 Y2
Pak Chom Y 535 400
Ban Koum 1,122 935 300
Lat Sua 0 0 Y2
Don Sahong 66 66 Ve
Stung Treng 10, 617 10,000+ 10, 617
Sambor 19,034 19,000+ 5,120

7.4.2 Additional Literature Consulted

Impacts.A postdevelopment study of the Yali Falls Dam in Cambodia conducted by Mckifrly
focused on the impacts to liibbod income. The study foural57% decrease in income across all
livelihood typegseeTable29)d ¢ KS [t {¢ LI NI YSGSNI @I tdzS 2F p x>

Table29. Estimated Aerage Impactsto Household Income

Upstream district Lowland districts

Livelihood incomeype (USD) (USD)
Before the dam 201 92
After the dam (1999) 42.09 60
Income loss (1999) 159 32
Percentage loss 79.1% 34.8%

Income.The World Bank database includes GDP per capita estimates by countiia{de80). As
Yy2U0SR Ay (KS & @Table2§ thésé ésiSriates@ titdhe younkigyel (as oppasd
to a regional or rurabnly value).

Table30. GDP per Capita

Sudy Value Adjustment 2014 Value
Source/ Atation Country Year Value Type  (USD/ person) Factor (USD/ person)
World Bank Cambodia 2013 Al $ 1,006 1.00983 $ 1,016
World Bank Lao PDR 2013 Al $ 1,661 1.00983 $ 1,677
World Bank Thailand 2013 Al $ 5,779 1.00983 $ 5,836
World Bank Viet Nam 2013 Al $ 1911 1.00983 $ 1,929

Growth rate.The HPST currently includes courtyel Asian Development Bank growth rates (ave
aged from 20072012). (Accessed June 16hditp://www.adb.org/publications/frameworkinclusive
growth-indicators2014key-indicatorsasiaand-pacifig.

7.4.3 HPST Valuation
The approah taken in the HPST for estimating lost livelihoods is as follows:

1 Select the assumed percentage of annual income lost (in the HPST this value is currently set
at 50% for all countries).

1 Select the assumed annual growth rate of income (currently set &%l countries).
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9 Estimate the per individuAdousehold annual income lostat present, these are country
level per capita values, but could be easily modified to a region/village/household value if
data are available. Similarly, if annual income and#gpected loss of income data were
available for different types of livelihoods.g.agriculture, fishing, etc.), these values could
also be substituted into the HPST.

1 Multiply the number of displaced individuals per project by projected income loss, lgrowt
rate of income and per capita income to calculate the total annual lost livelihood value.

 Calculate NPV.
A summary of the parameter values included in the HPST is shovatle31.
Table31. HPST Parameters for Livelihoods

Livelihoods UNIT General Cambodia LaoPDR Thailand Viet Nam
Income Loss % 50% 50% 50% 50% 50%
Growth Rate of Income % 2% 4.6% 5.3% 3.2% 4.9%
Per Capita Income USD/ person/yr 1,016 1,677 5,836 1,929
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8 Economicvaluationof & [ 2 @&xternél Impacts: Land Uses

The reservoirs created for hydropower projects will inundatg@édaareas of land, some seasonally
and some permanently. Additional areas of land will be needed on which to build transmission lines,
access roads and other project infrastructure. Loss of these areas will affect not only humaan- popul
tions, but also thdlora and fauna that live and/or migrate through these areas.

Three land categories that likely will incur loss of area from hydropower development are discussed
here: developed land, forestland and wetlands.

While it does not specify land type, tiMdRCHydropower Project Databas#oes include estimates
of the reservoir size (kfnfor each hydropower project, which could be used to create aound
estimate of impacted land area if no additional information is available.

8.1.1 Additional LiteratureConsulted

As mentioned previously in the section on infrastructure, during the course of the case study appl
cation of the HPSTwe were able to locate and review a number of Resettlement Action Plans (RAPS)
F2N) 020K K&RNERLRgSN R&ESEreprdeSsyinithe btytRregivg. § KSNE Ay F 1

Many of these RAPs included values associated with lost land; however, in most cases, the categ
ries were limited to residential, agricultural and foredtlo additional literature consulted included
information asociated with the loss of wetlands; if wetlands used for riverbank gardens were i
cluded, under agriculture for example, such a designation was not specified.

As all parameters in the HPST related to lost land are included in one category, we present them
here (seeTable32) T which are discussed in detail in the subsequent sections.

Table32. HPST Parameters for Land

Land UNIT CGeneral Cambodia LaoPDR Thailand Viet Nam
Agricultural Portion %of total 32.6% 10.6% 60.0% 35.0%
Forest Portion %of total 55.7% 67.6% 16.0% 45.4%
Residential Portion %of total 2% 2% T T 2%
Value-Agricultural U/ ha 1,000 3,500
Value-Forest USD/ha 820 1,660
Value-Residential USD/ha 16,000 19,800
Value-Unclassifed Land USD/ha 1,103 2,375

8.2 Developed Land

Develoged land is defined as land currently used by human populations for purposes such ak agricu
ture, aquaculture, gathering & harvesting, and dwelling, among others. Hydropower development
will result in both temporary and permanent loss of some developeddan

8.2.1 LMB Damd.iterature Review

In the studies reviewed, agricultural land was the only developed land type for which impact a
sessment methods were discussed. Other developed land types likely to be impacted werg- not di
cussed other than qualitativelyt should be noted that this section focuses only on the economic
impacts of lost developed land, and not any infrastructure located on this land, as infrastruoture i
pacts are discussed separately in another section.

Methods

Laplante(2005)noted that without actual market transactions, assessing the actual value of-deve
oped land impacted byr lost to hydropower development would be difficult. Given that market
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transactions for the land in question did not appear to be readily available, or even exist, Laplante

turned to The Draft Technical Guidelines for Resettlement and Compensationnnijte¢he Go-
SNYYSyd 2F [2 t5wX gKAOK adrkrdiSR GKIFIG aiKS O2YLX
age productive values of land based on the past 3 to 4 years of production, and should be equivalent

to at leas 6 to 7 years of harvest valéiéLaPlante 2005, 83)

Data

1 Laplante(2005)estimated the average annual value per hectare by land type as follows: irr
gated paddy fieldg USD 887/ha; raified padd fields¢ USD 350/ha; and shifting cultivation
¢ USD 225/ha.

1 Maunsell and LahmeydR004b)included the following estimates for developed land types
in their gudy: nonirrigated cropland; USD 5/ha (global) and USD 200/ha (local); however,
it is not clear if these were annual or total estimates.

Results

1 The ICEM2010c)study estimated the mainstream dams would inund&t862 ha of paddy
which was stimated to produce 22,475 tonnes/year of rice. The associated value of the rice
was USD 4.1 million/year.

8.2.2 Additional Literature Consulted

We reviewed and gather data from a number of RAPs in order to compare and contrast ithe est
mates used for lost landn addition, we gathered more general data on general land ugage
percentage of total land in agricultural) in the geographic areas likely to be impacted by hydropower
development.

8.2.3 HPST Valuation

Due to data access/availability constraints, develdpand types were limited to residential ang-a
ricultural. If additional levels of specificity are available in the fuil@g.agricultural land can fu

ther be broken out by permanent crop, temporary crop, riverbank garden, permanent tree crops,
etc.) such information (and associated values) can be added to the HPST.

The current approach taken in the HPST for developed land is as follows:

9 Obtain projecilevel estimates of lost developed land (including inundated land and land
used for other projectelated activities) if possible obtain estimates by land typ=g.ag-
ricultural, residential, etc.).

Obtain mean or median value per hectar@ues for each land type.

Calculate the estimated annual value of lost developed land by type

0 For projects where land is broken out by type: multiply the per hectare value by the
number of hectares lost for each land type.

0 For projects where land typeys2 i RSFAYSRY / NBIFGS | ¢SA3IKI
hectare of land using the estimated average value of land by type and the distrib
tion of land by type (e.g. (% of total land that is forest x per hectare valuerof fo
estland) + (% of land that is rdential x per hectare value of residential land) + (% of
total land that is agricultural x per hectare value of agricultural land). Multiply the
total hectares of lost land by this weighted average valuedioulate the annualse
timated value of lost land

1 Sum estimated annual values by land type to estimate total annual value lost.
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9 Calculate NPV.

A summary of the parameter values included in the HPST for developed land is includeteat the
ginning of this section imable32.

There are a number of ways that the estimated economic impact of lost developed land could be
valued. Table33 shows values for agricultural, paddy and residential lands from a variety of studies

(all adjusted to USD 2014). Not surprisingly, there is a range of values for each land type; as we were
not privy to all details factored into the choice of these values, it was necessary for us identify outl

ers, consider the study /valuation type and attempt to make a reasonable value selection for each
land type.

To that end, we chose to select values @ambodia from the most recent Cambodian st(ids.

Lower Sezan 2) for the HPST. For Viet Nam, an average of paddy and agricultural values was used
for agricultural land and an average of residential values (with the exception of one outlier value)
was used for residential land.

Table33. Resouce Values for Agricultural and Residential Land

. Sudy Sudy Value Sudy Value Adjustment 2014 Value
Project/ Sudy Gountry {7 Land Type USDha)  (NOha) Factor  (USD/ha) Value Type
Lower Sesan Il HPP Cambodia [2011 [Sash & burn agricultural $ 300 T 102189 [ $ 307 | Proposed compensation value
Lower Sesan Il HPP Cambodia 2011  Agricultural $ 900 T 102189 | $ 920 | Proposed compensation value
Railway Rehabilitation Cambodia |2009 | Agricultural - sharecropping $ 6,000 7 1.18797 $ 7,128 | Replacement-cost value
Reilway Rehabilitation Cambodia 2009  Agricultural $ 27,500 7 118797 ' $ 32,669 Replacement-cost value
Railway Rehabilitation Cambodia 2009 | Agricultural $ 27,500 7 118797 |$ 32,669  Compensation value
BDP Technical Note 13 Cambodia 2010 | Paddy - recession $ 1,291 7 111207 | $ 1,435 NPV
National Rd 3&6 Cambodia 2004 | Paddy $ 44,427 7 140014 $ 62,205 Proposed compensation value
National Rd 3&6 Cambodia 2004 | Paddy - Village 2 $ 45,000 " 140014 | $ 63,006 Proposed compensation value
National Rd 3&6 Cambodia 2004  Paddy - Village 3 $ 45,000 7 140014 | $ 63,006 Proposed compensation value
Qua Ong - Mong Duong Road | Viet Nam 2008 | Agricultural 250,000 © 0.00007 $ 17 | Replacement-cost value
Nam Tan HPP Viet Nam 2008 Agricultural 120,000 © 0.00007 $ 8 Proposed compensation value
Song Bung HPP Viet Nam 2011 | Agricultural 53,660,636 © 0.00005 | $ 2,676 | Compensation value
A Sudy Viet Nam HPP Viet Nam 2008  Agricultural $ 2,800 " 108333 "$ 3,033 Regulatoryvalue
Ha Tay HPP Viet Nam 2008 | Agricultural - perennial plant 35,000,000 7 0.00007 | $ 2,326 | Compensation value
Ha Tay HPP Viet Nam 2008 Agricultural - rubber tree 35,000,000 ©~ 0.00007 $ 2,326 | Compensation value
Ha Tay HPP Viet Nam 2008 | Agricultural - rubber tree 35,000,000 © 0.00007 | $ 2,326 | Replacement-cost value
Ha Tay HPP Viet Nam 2008  Agricultural - perennial plant 45,000,000 ©  0.00007 $ 2,990 Replacement-cost value
Sepok 4A HPP Viet Nam 2008 | Agricultural - annual tree 70,000,000 7 0.00007 | $ 4,652 | Compensation value
Sepok 4A HPP Viet Nam 2008 Permanent industrial tree land 70,000,000 © 0.00007 $ 4,652 Compensation value
Ha Tay HPP Viet Nam 2008 | Agricultural 95,000,000 © 0.00007 $ 6,313 | Compensation value
Ha Tay HPP Viet Nam 2008  Agricultural 115,000,000 © 0.00007 $ 7,642 | Replacement-cost value
H Sudy Viet Nam HPP Viet Nam 2008 |Agricultural $ 5,600 " 108333 [$ 6,067 Proposed compensation value
Trung Son HPP Viet Nam 2013  Agricultural 712,384,050 © 0.00005 | $ 34,366 Replacement-cost value
BDP Technical Note 13 Viet Nam 2010 | Paddy - recession $ 1,109 7 111207 "$ 1,233 NPV
Ha Tay HPP Viet Nam 2008  Paddy 37,500,000 © 0.00007 @ $ 2,492 | Compensation value
Ha Tay HPP Viet Nam 2008 | Paddy 55,000,000 [ 0.00007 $ 3,655 | Replacement-cost value
Sepok 4A HPP Viet Nam 2008  Paddy - other 60,000,000 © 0.00007 ' $ 3,987 | Compensation value
Sepok 4A HPP Viet Nam 2008 | Paddy - wet 70,000,000 © 0.00007 | $ 4,652 | Compensation value
ung Vui HPP Viet Nam 2008 Paddy 200,000,000 © 0.00007 $ 13,291 Compensation value
Nam Tan HPP Viet Nam 2008 | Paddy 200,000,000 7 0.00007 $ 13,291 | Proposed compensation value
. Sud Sud Sudy Value Adjustment 2014 Value
Project/ Study Qountry Yea;y Land Type VaIuZ (Né ha) JFactor (USD/ha)  Value Type
National Rd 3&6 Cambodia 2004 |Residential $ 6,820 140014 | $ 9,549 | Proposed compensation value
Lower Sesan Il HPP Cambodia 2011  Residential/village $ 15,700 7102189 $ 16,044 Avgsuggested price
National Rd 3&6 Cambodia 2004 | Residential - Village 2 $ 65,000 " 140014 |$ 91,009 | Proposed compensation value
National Rd 3&6 Cambodia 2004  Residential - Village 3 $ 65,000 " 140014 $ 91,009 Proposed compensation value
National Rd 3&6 Cambodia 2004 | Residential near district office - Village | $ 80,000 " 140014 @ $ 112,011 Proposed compensation value
National Rd 3&6 Cambodia 2004  Residential - alongroad - Village 1 $100,000 7 140014 $ 140,014 Proposed compensation value
Qua Ong - Mong Duong Road | Viet Nam 2008 Residential - road & rural 10,000,000 © 0.00007 @ $ 665 = Replacement-cost value
Ha Tay HPP Viet Nam 2008 | Residential 150,000,000 ' 0.00007 | $ 9,968 | Compensation value
Ha Tay HPP Viet Nam 2008  Residential 205,000,000 7 0.00007 $ 13,623 Replacement-cost value
Sepok 4A HPP Viet Nam 2008 | Residential 600,000,000 ” 0.00007 | $ 39,872  Compensation value
Qua Ong - Mong Duong Road | Viet Nam 2008  Residential - central area 240,000,000 7 0.00007 $ 15949 Replacement-cost value

8.3 Forestland

Forestland is a general term forvariety of systems, defined by their primary cowetrees, and
each with its own functions and unique range of goods and services.

Hydropower development wdd result in permanent loss of upland and flooded forestland. Irn-add
tion to being a home for important flora and fauna, forestland is used by the regional population for
gathering and harvesting.
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8.3.1

LMB Damd.iterature Review

Methods

BDP Technical Note IBIRGBDP 2010bgstimated total area of forestland lbb using estimates of
reservoir size (from the hydropower database) and land use data for each proposed development
location.

Unit values were then applied to the area estimates to calculate annual economic value. These a
nual estimates were then used talculate NPV over a §@ar period. Laplant€2005)used a sirit
lar method to estimatetie value of forestland lost to the Nam Theun 2 project.

Data
1

Laplante (2005) estimated the average annual value per unit to be USD200/ha and
USD400/ha for bamboo groves and forest areas, respectively.

BDP Technical Note 13 used a unit value for forestland (all types) of USD pa®B8DP
2010b)

It appears that Maunsell and Lahmey@004b)estimated the amount of forestland lost by
project, but these estimates were not readily available in their final report. The categories

used were bamboo and giant grassland, old secondary woodlandyaung secondary
woodland. The associated economic values for these categories are inclutizolé84.

Table34. Forestland Values

Value (USD/ha)

Forestland type Global Localg un-degraded  Local degraded
Bamboo and giant grassland 10 0.5 0.5
Old secondary woodland 200 200 100
Young secondary woodland 100 50 25
Results
9 BPD Technical Note IBIRGBDP 2010bincluded estimates of the economic ual assoi

ated with forestland loss at the counttgvel for all scenarios considereflable35 includes
estimates for three of the scenarios.

Table35. Estimated NPV of Impacts tooFestland

(USD m) Definitefuture 20-year plan vel_r?/nh%;ehrrgev.
Lao PDR -130 -236 -354
Thailand 0 0 0
Cambodia -6 -122 -454
Viet Nam -17 -14 -14
Total -153 -172 -822

1 ICEM(2010c)estimated that development of mainstream dams would result in the imund

tion of 25,000 ha of forestland.

8.3.2 HPST Valuation

The approach taken in the HPST valuation is as follows:

1 Gather project level data on lost forestland (hadh casesvere only the total lost land (not
by land type) is available, use a courtyel estimate of forestland as a percentage of total

land multiplied by total lost land to estimate lost forestland.

Guidelines For The Evaluation Of Hydropower And Multi

-Purpose Project Portfolios : Annex 1(WV 1.0)



9 Calculate the annual estimated value of lost forestlandvytiplying units inundated (ha)
by per unit value for each type.

1 Sum estimated annual value by type to estimate total annual value lost for each project.

1 Calculate NPV.

There are a number of ways that the expectatbact of lost forestlananay be valuedin economic

terms. Table36 showsthe studies values were ultimately selected from for the HR&T their a-
justment to 2014 USD figure3.he estimates are the 2011 Lower &an Zhydropower projecivalue

for Cambodia (USD 820/ha) and the Srepok W@ropower projectvalue for Viet Nam (USD
1660/ha). Values from these two studies were chosen as they represented compensation values as
opposed to other possible types of valu@sg. ecosystem values;omparable timber value, etc.).
These estimates can easily be updated on the HPST parameters page in the future as needed.

Table36. Resource Values for Forestlarf@@

’ ) Sudy Valué Sudy Value Adjustment  Value
Source/ Qtat Project/ Sud! Gount Land T
urcerltation  Froject/ tudy UMY Year ype (USDiha)  (NO'ha) Factor  (USD/ha)
Resettlement plan | Lower Sesan Il HPP Cambodia 2011 Forest $ 800 T 102189 | $ 818
BA Sepok 4A HPP Viet Nam 2008 | Productive forest 25,000,000 © 0.00007 $ 1,661
8.4 Wetlands

Wetland is a general term for a class of complexesys, defined by the level of water saturation in

the soil, but each with its own functions and unique range of goods and services. According to Hall
andLeebouapad2005) coastal estuarine and freshwater wetlands cover an estimate@iZmillion
hectares in the LMB.

Due to the diversity of goods and services found in wetlands, and the varied combinations of these
goods and services across wetland types, each type would idealigllbed based on the combined
value of each function, good and service it provides. UnfortunatelidadisandLeebouapao (2005)
noted, this might be realistic when valuing an individual wetland, but would be extremely difficult
(and likely time and cogtrohibitive) when estimating values for a variety of wetland types over a
large area, such as the LMB.

Hydropower development will result in impacts to both the distribution and area of LMB wetlands
primarily because of changes in flow and flooding. €hawpacts will affect, in turn, the quantity
and quality of ecosystem services provided by those wetlaidiRGBDP 2010f)

8.4.1 LMB Dams Literature Review

Methods

For the reasons briefly described above, per unit benefit transfer was the valuation method used in
the studies reviewed. Two of these studietall & Leebouapa@005 (ICEM 2010axplicitly stated
they used values from a me&nalysis of wetland values conductedSchuyt and Brand€2004)

What is of note, however, is that each of the three studies categorized the types of wetlands inclu
ed in their analysis differently (s@able37).

Table37. Summary of Wetland Type by Study

BDP Technical Note 13

Hall & Leebouapaf?005 ICEM (2010) (MRC 2010)
- Mangrove - Unvegetated sediment - Seasonally inundated forests
- Unvegetated sediment - Freshwater marsh - Inundated grasslands
- Salt/brackish marsh - Freshwater woodland - River gardens

- Freshwater marsh
- Freshwater woodland

- Marshes, small pools and @e

sonal wetlands
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Data

9 Drawing on datdrom Schuyt and Brander (2004)able38 presentsrelevant wetland estimates
included inHall and Leebouapa2005)and ICEM2010c) Note that these values are in 2000
USD.

Table38. Summary of Wetland Value by Type

Value
Wetland type (USD/halyear)
Mangrove 19
Unvegetated sediment 202
Salt/brackish marsh 23
Freshwater marsh 15
Freshwater woodland 228

9 BDP Technical Report 13 used the following values for wetlands: USD 2,000/ha for seasonally
flooded forest; USD 1,000 for marshes, lakes and ponds; and USbrGA0ndated grassland
(MRGBDP 2010b)

1 Maunsell and_ahmeyer(2004b)used the following values for wetlands/floodplain: USD 200/ha
(international), USD 1,000 (locaun-degraded and degraded).

Results

ICEM(2010c)estimated that development of the mainstream dams would result in a 17% loss of in
channel wetland on the Mekong River, with the associated economic value of this loss estimated to
be USD &13.8 million/year (2000 prices).

The BPD Main Repoestimated the NPV of wetland loss under the Ditdi Future Scenario to be
uUsD228 million(MRGBDP 2011) The net present economic value of wetland changes estimated
under other development scenarios considered ranged from a positive USD 36 million under the
long term development pluslimate change scenario to a USIO millionlossunder the long term

very high development scenario (s€able39).

Table39. Estimated impacts toWetlands (including River Gdens)c Area andNPV

Definite future 20-year plan vel_r(;/nrggirgev.

ha USD mil ha USD mil ha USD mil
Lao PDR -4,867 -27 -5,910 -18 -5,870 -18
Thailand -9,317 -47 -11,364 -34 -11,299 -34
Cambodia -20,979 -153 -34,902 -169 -51,763 -249
VietNam 41 -1 -440 -4 -1,013 -9
Total -35,204 -228 -52,616 -225 -69,945 -310

8.4.2 HPST Valuation

Projects assessed during the case study did not include information on wetland losses. Presumably,
if there were losses, they were included in the total area lestimates, but no additional infe

mation was provided. As sudmpacts on wetlands of hydropower development are indireatly i
corporated in the HPST through the environmental indicatarsore specifically the imgd on the
environmentally sensitive areasdicator.
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9 Economicvaluation ofExternal Impacts: Fisheries

The Mekong River fisheries are not only of great economic value to the LMB, but also provide a su
stantial contribution to the diet of LMB residentdn this section we review regional data time
Mekong fishery, followed by sections on riverine fisheries, aquaculture and marine in so far as they
are related to dams and hydropower project. The emphasis in this section is simply to examine what
impacts are identified in the literature and tormmarize the data that are deployed in Sectibh

9.1 LMB Overview

While much is known about the fish of the Mekong, It is important to acknowledge that a eempr
hensive data set regarding fish production (i.e. harvest) and consumgitacking(Hortle 2007;
Hortle 2009; Baran, Jamen, and Kieok 2007; Anonymous 19%2fficial and reported statistics can
be lacking or inaccurat®r a variety of reasonfHortle 2009; MR@DP 2010e) Figures will also be
quite different depending on whether they come from regiosaiveysor FAO statisticsas reported
directly from official statistics by goverrant (ICEM 2010b) For example ICEK2010b)used FAO
data and estimated averagegionalconsumption of frehwater (capure and culture) fishto be
13.8 kg/person/year, compared to estimates MRCBDP(2011)of 45.5 kg/person/year Generally,
harvest data are underreported and therefore consumption estimates may be more acciiate.
tle (2009) is the latest attempt to provide a comprehensive set of figures for the fisheryhis &

fort attempts to reconcile consumption datandecological productivity data and as such the figures
represent the best estimates available.

According toHortle (2009), consumption dhland fishand other aquatic animals the LMB totals

about 2.6 MT/yr. The distribution by country is providedrable40. With estimated aquaculture
exports from the Mekong Delta the total annuaéld of the LMB is estimated at 3.6 MT/yr. Upda

ed to 2009, Hortle (2009) suggests first sale prices on average of USD 1.00/kg to USD 1.80/kg and
retail market prices of USD 2.00/kg to USD 3.60/kg. At first sale then the value of the LMB fishery is
worth USD 3.6 to 6.5 billion and double that at markBerhaps as important as the economic value

is the importance of fish and other aquatiaimals in the diet of inhabitants of the LMB (FAOreou
try-wide estimates are provided ihable41 from ICEM2010b) It is generally agreechat the devé

opment of hydropower dams will have negative impacts (to varying degrees) on river and delta fis
eries and positive impacts for aquaculture fisheries.

Table40. Consumption and Valuef LMB ksheries by Guntry

Consumption
estimate Consumption  Value range
(1000 t/yr) Per Capita (USD millions
Lao PDR 209 43.0 124¢576
Thailand 911 40.5 540¢2,509
Cambodia 587 514 348¢1,617
Viet Nam 853 48.7 468¢2,173
Total 2,560 T 1,40(;6,500
Table4l. Freshwater Fish ®tein as aPercentage of Total Animal Proteiro@sumed
% of total
(Avg. 200203)
Lao PDR 38%
Thailand 16%
Cambodia 50%
Viet Nam 13%
Global 6%
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9.2 Inland Capture Fishery

In addition to having one of thkighest levels of aquatic biodiversity found anywhere in the world,
the fisheries of the Mekong River also support the 12 million households of the;lbd@ through
income and sustenance. In Cambodia, the 1.2 million people living near the Tonle $ap dep
capture fisheries almost entirely for their liveliho@dall and Leebouapao 2005)

It is generally agreed that hydropower development on the Mekong River will have a negative i
pact on riverine fish species; hydrological conditions will changgration routes will no longer be
accessible, and the annual pattern of floodplain inundation and recession will be altered, among
others. It should be noted that not all impacts to riverine fisheries associated with hydrop@wer d
velopment were assessedigntitatively by the studies reviewed. For example, the BDP Main Report
estimated riverine fishery losses associated with barrier impacts and changes in flood ashiiel,
potential impacts associated with changes in hydrological conditions, wateitygaald sediment
transportwere only discussed qualitative@WIRCBDP2011) In other words the value estimates do

not accurately represent the full potential cost of hydropower development scenarios.

This section focuses on the likely impactsriand capture fisheries, while potential impacts toobi
diversity will bediscussed in a later section.

9.2.1 LMB Dams Literature Review
Methods

The BDP Main Repaidbes not explain th&aluation approach for capture fisheries; however, lwor
ing backwards from the data requirements listed, it appears that the steps taken to esttheate
value of changes to riverine fisheries under various development scenarios included the following:

9 aFisheries Specialist estimated changes in riverine fishery harvest under each scenario co
sidered; and

1 this volume was multiplied by current output peis, while at the same time labour, matke
ing and other input costs were subtract@dRGBDP 2011)

How the changes in riverine fishery harvest were estimated and which changes were incorporated is
not described in detailn the BDPMain Report orassociated Technical Notsg it isdifficult to evd-
uate this approach.

ICEM(2010c)did include estimates of changes in river fisheries quantity and value associated with
hydropower development; however, details on the methods used were not included.

Data

ICEM (2010) estimated the firstlle value of river fisheriesas USD .B billion'yr and the retail v&
ue was USD 6.0llon/yr.

Results

For development of the mainstream hydropower dal@&M (2010) estimated a decrease in riverine
fisheries harvest of 340,000 t/yr, with an associated value of USD 476 millioRfgm these est
mates,it can beinferred that an averagerice of USD 1.40/kg; however, it is not clear why this price
was chosen.

Table42 presents estimated impastto riverine fisheries under the Definite Future andy2@r Se-
nariosfor the Basin Development PIZMRCGBDP 2011) Similar estimates are available for each
scenario consideredTotal losses range from USD 950 million to USD 1.95 billion for the tworscena
ios.
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Table42. Estimatedimpacts toRiver Fsheries under two BPD Scenarios

DFS 20-year
Quantity NPV Quantity NPV
(t/yr) (USDmillion) (t/yr) (USDmillion)

Lao PDR -37,931 -228 -52,075 -174
Thailand -31,258 -188 -48,371 -162
Cambodia -53,917 -324 -340,804 -1,139
Viet Nam -34,459 -207 -137,734 -461
Total -157,565 -946 -578,984 -1,936

9.2.2 Valuation of Fishery Losses: HPST Approach

Hall and Leebouapa@005) assumed thaht benefit ofcapture fisherieto LMB countriesvasthe

net value of the resourcecalculated as thgross value minus the opportunity cost of the resources
used to capture or produce the fisiThis cost varies considerably among the different fisheries and
among different gear types used in the same fishefe key question is what is this value &iodv
would it be affected by hydropower development.

There is considerable agreement by economists that a capture fishery that lacks explicitemanag
YSyid 2N 2NBFYyATFGA2YS SAGKSNI 20t 2NJ FNBY SEGSI
common2 2f NBaz2dz2NOS o {dzOK | FAAKSNER Aa fA1Ste (2
GKS o62G02Y2¢ GKFG O02YLISGSa lghre |yeé NByih- 2N LINE
agement of the fishery. To the extent that LMB capture fisheriest @xithis condition, economists

would suggest that there is likely to be no net revenue (or profit) to these fisheries, and over time

they are likely to be subject to overfishing leading to further decreases in stocks, species, and gross
revenue.

Does theloss or diminution of such a fishery due to hydropower development then affect gesss n
tional product and affect national economic development, or not? The answer is that it probably
does not affect these as much as if the fishery were sustainably men@pel was of higher and
sustained longerm value), but there is an important impact nonetheless, and that it is beserepr
sented by the change in value of the fishery, as explained below.

An important input in fishing effort is labour. Srrsthle artianal fisheries and subsistence fishing,

such as those in the LMB rely on time invested by the fisher. Income earned by fishers from their
G26yé LINPRAzOGAZ2Y O2YSa SAOGKSNI FNRY YSSOAy3a K2dz
costsavings)orfrod I €t Sa 2F FTA&AK a4 fFYyRAY3I 02N GKS YI NJ S
fishing are met leaving some surplus. This surplus (or cost savings) is the net income earned by the
FAAKSNWD 2 KAES (KA& FTAIAINE YINRBFAS ¢t 12> €I YR diNK 3 YX
actuality the fisher faces the choice of fishing or engaging in other activities or engaging iryemplo

ment (formal or informal). That fishing is such an important occupation in the LMB most ékely r

flects the lack of dter more profitable employment opportunities. So, a decline in the fishery due

to hydropower development would impose costs on these fishers, being the loss of the net return to

labour that they gain or the loss of own production of fish for their familhe latter then imposes

Fy FTRRAGAZ2YIE 0240 (2 (GKS K2dzaSK2f{RO® { dzOK | OK
investment in capital equipment such as boats and gear.

For small, marginal changes in a fishery, and in the presence of -@levelbped market for e-
ployment the assumption might be made that the fisher simply takes up another occupation that
yields almost equal return to labour. In the case of large scale development of hydropower in the
LMB, and particularly in countries like Qawdia and Lao PDR, with large numbers of artisanal or
subsistence fishers and limited alternative employment opportunities, these assumptions do not
hold. It is therefore appropriate to suggest that the loss of fish production is best represented by
the loss of the value of the fish cat¢he.the change in production valued at the market price).
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To estimates the economic impacts on fishery harvests would include the following steps:

9 Estimate change in fishery production (t) due to hydropower development.
9 Assign a per unit weighted average value to fish production at landing (USD/t).
1 Estimate change in economic value (USD millions).

9.2.3 Direction for Future Work and Additional Research

Further work on the external impacts to river fisheries of hydropower traent requires that

this effort be comprehensive geographically, but also in terms of aggregating the impacts of changes
in various physical, chemic#liological and ecological conditions on the fishery. This is a large u
dertaking Formative effortsn this direction included in the HPST for the Srepok River Basirxare e
panded onin Sectionll. The orgoing Delta Study ohe planned MRC Council Study may produce
more comprehensive and rigorous estimates of liketgductivity changes and economic impacts
than are found in the literature to date

Various complicating factors will impinge on this type of analysis including:

9 Distinguishing between the individual vs. cumulative impacts of hydropower development,
depending on the focus of the valuation effort.

1 Changes in fish production may lead to a shift from marketable to less marketable species
and, thus, the weighted avega value may, other things equal, decline.

1 The change in price over time is hard to predict given that it depends on trends in supply and
demand, as well as the availability of substitute goods.

1 Demand over time for fish will reflect changes in populafjpositive), incomes (negative, as
consumers switch to meat from fish), the price of substituted (like meat) and, thus, could
grow or decline over the loRtgrm.

1 Supply over time of fish from capture fisheries may be expected to decline, however, as r
viewed above the total supply of fish may still grow due to increases in reservoir fisheries
and production from aquaculture.

Each of these factors needs to be considered in the valuation exercise. Ultimately, there will be a
range of estimates possible ovdret longterm. The primary question will be the order of magn
tude of this range and not so much the exact figure for the loss in economic value.

9.3 Aquaculture

LMB aquaculture occurs in inland freshwater, brackish water and the Mekong Delta, with the delta
being the dominant producer aneiporter in the region The potential for growth of this industry in

the region, independent of hydropower development, was noted in several studies. More specifica
ly, 20year growth potential was forecasted to double fr&t to 4Mt (MRGBDP 2011)The doni

nant species for inland aqualture are catfish and tilapidCEM 2010hb)

According taBDP Technical NotEl, hydropower development has the potential to have both ben

fits and consequences for aquacultiddRGBDP 2010e) Potential benefits include: new reservoirs;
increased water availability and distribution in the dry season; and increased availability and-reliabi
ity of electricity, among others Poterial negative impacts includezariable pulsing flows andnu
planned/ irregular release of water from hydropower plants.

What was not clear in the studies reviewed is whether gains in aquaculture were considered a direct
result of hydropower develament and/or increased investment in aquaculture.
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9.3.1 LMB Dams Literature Review
Methods

Data requirements outlined in BDP Technical Nof®RCBDP 2009provide a general idea of how

the economic value of aquaculture (and other fisheries) was calculated in the BDP Main Report .
More specifically, the following werésted as data requirements: estimated increase in total area
available for aquaculture production (ha), average yield (t/ha), input and labour costs, marketing
costs, and output prices.

Data

While a number of studies reviewed included baseline data, @M (2010) study appeared to have
the most recent information and is included here for that reason.

Using FAO data, ICERD10b)estimated the average 20@B7 value of aquaculture for the four LMB
countries to be approximately USDAdillion (Cambodia; USD 60 million, Lao PRRJSD 100 nh
lion, Thailand¢ USD 400 million, and Viet Nam USB fllion). In total, the average production of
aquaculture fisheries for all four countries across this same timeframe2walsit/year. Similar data
on the volume of fish produced by species by country ase alailable from the FAO. From these
estimates, we can infer a value of USD 0.88/kg.

Results

Estimates of the NPV of aquaculture in the BDP Main Report range from.USidn under the
Dedfinite Future Scenario to UDS 2.8libn under the longern very high development scenario
(MRCGBDP 2011)The associated volume of production is estimatedbe 38 t/year. It should be
noted that in this study, aquaculture estimates do not include additional reservoir fishery production.

9.3.2 HPST Valuation

While hydropower development may result in reservoirs where aquaculture may be possible, the
findings ofour literature review were not clear on whether potentigdins to aquaculture would be
direct result of hydropower development or simply an increased investment in aquaculture. Given
that no clear relationship between these two were seen during the cagdy field visits, nor were

any additional studies on the topic located, potential benefits to aquaculture are not currently i
cluded in the HPST.

9.3.3 Direction for Future Work and Additional Research

Additional research should be undertaken to determine likaquaculture development with or
without hydropower development and the potential differences in fixed and -geing operational
costs between the two.

Additional research also should be done on a) other factors affecting aquaculture development in
the LMB; and b) the potential impact of hydropower development on these fa¢togsfeed devé-
oped from fish caught in capture fisheries).

Should it be degrmined that hydropowedams do affect aquaculturhe following methodologyor
valuation is suggested:

1 Obtain estimates of the increase in area likely to have conditions favourable for aquaculture
(minus reservoirs, which are valued above).

1 Obtain estnates of potential yield per annum (t/ha/year)
1 Estimate potential per annum harvest for aquaculture fisheries (t/year)
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1 Obtain current market value estimates for relevant species (USD/t). Consider substitute
good availability in the futurée.g.decreasean capture fishery harvest) and potential for-i
flation.

9 Adjust market price accordingly using an economic conversion factor.
1 Obtain estimates for labour, other input costs and marketing costs.

9 Adjust input costs using an economic conversion factorctmant for distortions, including
subsidies.

9 Subtract costs from gross economic value to estimate net economic value.

9.4 Marine

Marine fisheries, defined as those in the marine waters of the Mekong River Delta (MRD) and nearby
sea, are considered ingtioneof the studies reviewed The information below comes entirely from
ICEM(2010c) While these fisheries will not be directly impacted by hydropower development, there
may exist potential for indirect impacts associated with reduced flow of settiered nutrients from

the Mekong River into the MRD.

9.4.1 LMB Dams Literature Review

While it is generally recognized that the productivity of marine fisheries in the MRD are linked to the
sediment plume and associated nutrients, the exact rel&hip is notkknown For that reason, the
ICEMstudy used the replacement cost of nutrient loss associated with hydropower development (of
the mainstream dams) as a basic indicator of the value of marine fisheries.

Data

In 2008, marine fisheries harvest in the Mekdbglta was estimated to be 563,000 tones, with a
value of USD.1 to 2.0 billion

Results

According to the ICEM reporthere would be an estimated reduction of 4,535 tonnes of phosphate
per year entering the Mekong Delta if all 12 mainstream dams weile blihis would be apprax
mately a 50% reduction from the baseline and has an estimated replacement value of USD 40 million
per year. The inferred price per kg of phosphates is USD.8.8

9.4.2 Next Steps

The use of the replacement cost approach, as desciibbéite results section above, for this purpose

is very crude and provides limited confidence. Much depends on the extent to which the delivered
nutrients affect biological production in the marine ecosystem. The USD 40 million could be an
overstatement @ an understatement, it simply is not cleafmhat said the inferred price for pke
phates is substantial, and quite a bit higher than that deployed in the HPST (see Be8}lioA pre-

ferred method would be to use the productivigpproach, which would, however, require deriving

the relationship between the nutrients and the productivity of the fishery. This could be undertaken
in either of two ways. First, it could be derived through an empirical analysis of observed changes in
nutrients and production levels; however, this is difficult to do if past natural perturbations in the
desired variables are not evident or are not observed in the likely ranges that are being forecast.
Man-made changes in sediment delivery are alreadyuogng due to the UMB dams, but the ressul

ing data is only of short duration at this point in time. Given these limitations, the second option, a
processbased model that quantifies the response functions involved, may be a more practical
method for estimating these changes in productivity.
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The ICEMeport has identified a potential external impact that other studies have not included.
However, the value estimate is not reliable. A focused valuation study with a multidisciplinary team
is required toassess these impacts and develop a valuation study that would yield order of-magn
tude value estimates that could be associated with hydropower and dam development scenarios.

9.4.3 HPST Valuation

Due to the likely indirect relationship between hydropower devetgmt and MRD fisheries, as well
as the limited information available on the nature of that relationship, potential impacts to MRD
fisheries are not currently included in the HPSThey are however,indirectly addressed through
the analysis ohutrient and sediment loss included in Sectibh
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10 EconomicValuation ofExternal ImpactsAgriculture

Agricultural production, particularly paddy, is of great caloric and economic importance to the res
dents of the LMB In this section we revieefforts to date to assess impacts of hydropower deve
opmenton agriculture inthe Mekong. Suksections on riverbank gardengcession/raiafed paddy;

the effects of saline intrusion on agriculture in the Mekong River Deitd, rgparian and aquatic
vegetation.The emphasis in this section is simply to examine what impacts are identified in the lite
ature and to summarize the data that are deployed in Sectibn

10.1 Riverbank Gardens

Riverbank gardenare planted inlandexposed by recedingver waters, andare used by a large pe
centage of the population living along the Mekong River bfith sustenanceand livelihood.
Rverbank gardens are used to grow fresh vegetables, maize anddmpbamong other cros. De-
pending on their location, riverbank gardens could be affected by hydropower developmerit in di
ferent ways: permanent inundation, changes in sediment/nutrient deposition, and/or changes in
water depth/quality.

10.1.1 LMB Dams Literature Review
Methods

Themethods used to assess the value of riverbank gardens were similar across the studies reviewed.
They generally can be described as follows:
1 Estimate baseline total area of riverbank gardens (ha).
Estimate annual yield riverbank garden produce (kg/ha).
Assgn a per unit value to the agricultural production (USD/kg).
Estimate net economic value (USD m) under current conditions.

Estimate change in total area of riverbank gardens due to hydropower development as well
as any associated change in annual yield price, and then calculate the change in annual
net economic value of production.

9 Calculate NPV.

The high nutrient content of the land exposed by receding waters and the ease of access suggest
that input costs associated with riverbagkrdening are miniml (ICEM 2010c) Based on the sti4

ies reviewed, it appears that riverbank gardens are typically operated by households as opposed to
commercial enterprises and, as mentioned previously, contribute to both household income and
consumption.

Data

= =4 =4 =

Laplante (20B) estimated the potential impacts of Nam Theun 2 on riverbank gardens. In his study,
he assumed that riverbank gardens contributed USD-ZlMha/year. He also noted that project
developers anticipated mitigation costs of USD 2;2(8D0/ha to develop léernative gardens.

ICEM(2010c; 2010agstimated the size and value of riverbank gardens for the BNH&en inTable
43. In per hectare terms the low and high range @lgivalue is USD 1,500/ha to US 4,800GEM
2010a)
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Table43. Estimates of Size and Value of Riverbardr@ens in each Riparian Zone

River depender %HH using  Total area of Yield of Total value per
Zone rural pop. (2005 RBGs RBG (ha) vegetadbles () year (UB mil.)
Chiang Saen to
Vientiane 313,939 14 2,166 12,997 3.2-10.4
Vientiane to 1,343,182 13 8,395 50,369 12.6-40.3
Pakse to Kratie 232,397 11 1,278 7,669 1.9-6.14
Kratie to Phnom| 3,581,952 7 12,358 74,146 18.5-59.32
Phnom Penhto| 6,482,368 29 95,291 571,745 142.9-457.4
Total 11,953,838 T 119,488 716,926 179-574

Note: Yield of vegetables was assumed to be 0.6kgimd worth USD 0.8/kg.
Results

ICEM(2010c)estimated thatsome 150,000 hectares of riverbank gardens would be affected with
over 119,000 hectares lost due to inundation by reservoirs. ICEMpedsent two estimates for the
associated economic loss: USD 21 million/year (p 595@r 6.1 million/year (p 13).

Loss of riverbank gardersse estimated ifMRGBDP 2010fpased on draft information fronthe
ICEM study at 4,317 hectares (of a total 118,738 hectares of gardéhs) BDP Main Repoesti-
mated that hydropower development would negatively affect river gardens apgroximately
12,600 peopleand 3,700 people betwee@hiang Sean to Nakhon Pn@md Nakhon Pnom to Ubol
Rachathanirespectivel(MRGBDP 2011) No explicit economic loss is attributed to riverbank-ga
dens in the report, although it may be included with agricultural lands lost due to inundation.

Obviously there are inconsistencies in the ICEM analysis. Either the acres afisategorted are
exaggerated by a factor of 10 or the original value estimates were significantly reduced.

10.1.2 HPST Valuation

Projects assessed during tHgrepok Basircase study did not include information on existing
riverbank gardens or projected losse8long the SrepokifRer in Cambodia, there was concern by
communities regarding the increased daily variation in flows with hydropower developngent u
AGNBFY AY +£AS0O blY o0dzi AG gl & y20 SOARSVEEIIKKS
ies reviewed above estinbed impacts on river garden for the mainstream Mekong River orityis

unclear where the Guidelines, which are designed for tributarytsaginsand mainstream should

include this impact of hydropower developmerutside of impacts to these gardeng permanent
inundation it is not clear how increasing variability of flow would necessarily eliminate these ga
dens. In the Srepok Basin pump irrigation of these gardens was observed early in the dry season.

HPST does not include the valuation of thegaeeats Asthese appearmportant in a particular co-
text these valuesvould need to be added into the HPST through either the local costs economic va
uation component oincludedassocialindicators.

10.2 Recession/Rairied Rice

Recession agriculture, primBririce, isplanted along the edges of water bodigsg. Tonle Sap) as
floodwaters recede.According to one sourcehanges in annual flooding as a result of hydropower
development likely could result in reduced area available for recession rice production, particularly
in the Tonle Sap region of Cambo(4RGBDP 2010h)

It should be noted that it is not clear whether estimates for changes in recession rice production
were includel with the riverbank gardens @ates calculated in the ICEF2010c)study, as e-
viewed above. This issue would need to be resolved in order to anyidoublecountingof losses
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10.2.1 LMB Dams Literature Review
Methods

Both Laplante (2005) @nBDPTechnical Note 122MRGBDP 2010hysed similar methods to eist
mate potential impacts to recession rice. They are described generally here:
9 Estimate baseline total of available area for recession rice (ha).
Estimate annual yield for raifed rice (kg/ha).
Assign a per unit value to rice production (USD/kg).
Estimate net economic value of production (USD m).

Estimate change in total area available for recession rice due to hydropower production as
well as associated change in annual yield and annual net economic value using the same
process.

M Calculate NPV.
Daa

=A =4 =4 =

1 Laplante (2005) estimated rafed paddy yield to be 2.8 t/ha, with an associated value of
USD 150/t.

1 BDP Technical Note 7 included detailed estimates associated witfiedhiice production
Assuming this is correcthe study assumed a yield of 2.3 t/ha for all estimaiesshown in
Table44 (MRCGBDP 2010a) Also note thatgross margin (or net revenue) is around USD
100/ha in Lao PDR and Cambodia.

Table44. Summaryof Rainfed Rce Production(per Hectare)

Material Labour - Net Gross Return on
Mechanization . . Days of
Country costs costs costs (USD) income margin labour labour day
(USD) (USD) (USD) (%) (USD)
LAO PDR 112 331 30 102 21 104 4.2
Cambodia 108 294 43 130 29 112 3.8
NE Thailand 140 196 202 37 7 49 4.8

Results

The BDP Main Report estimated the NPV of impacts on recession rice for all scenarios considered
(MRGBDP 2011) Thesdoss estimates ranged from U384 millionunder the Definite Fure Se-

nario to US278 million under the 2§ear plus climate change scenaridechnical Note 13 (MRC
2010) further broke out the estimates by country, as seefadhle45 (MRCGBDP 2010b)

Table45. Estimated Losses for RecessioicdR

LAO PDR Thailand Cambodia Viet Nam Total

DFS
Recession rice area lost (hg -20,806 -36,911 -82,129 -8,118 -174,964
NPV loss (USD million) -19 -10 -106 -9 -144
20-year
Recession rice area lost (hg -24,083 -43,257 | -105,081 | -12,211 || -184,632
NPV loss (USD million) -21 -22 -122 -13 -178

10.2.2 HPST Valuation

Projects assessed during the Srepok Basin case study did not include information on existing rece
sion/rainfed rice production or projected losses. As with riverbank gardens, if tivere losses,
presumablythey would beincluded in the total area lost estimates, but no additional information
was provided.As such, impaston recession/raiAfed rice productionare indirectly incorporated in
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loss of livelihood; and downstream impacts (including nutrient and sediment loss), all of which are
discusseddrther in other sections.

10.2.3 Direction for Future Work and Additional Research

Prior studies provide useful guidance on valuing changes to recessieféchiice production due
to hydropower development. The approach recommended is as follows:
1 Obtain estinates of baseline area available for recessionAfait rice

1 Obtain estimates of number of crops planted per year and ayer@nnual yield (kg/ha) for
dry, wet, and average years.

1 Obtain current market value estimates (USD/kg).

1 Obtain current estimates oinput costsq¢ e.g., labour, fertilizer, machinery (USD/ha or
USD/kg).

1 Estimate per unit net value (USD/kg).

1 Estimate the change in area available for recessionfrathrice due to hydropower deve
opment (ha).

9 Assign a per unit value to the loss in prodont(USD/kg).

=

Calculate the change in annual net economic value of production.
1 Calculate NPV.

10.3 Paddy (Delta)

The Mekong River Delta (MRD) is the most productivepioducing region of Vietnam. In 2007,
the MRD produced®0 million tonnes of rice,accounting for 55% of total productior83{ million
tonnes) that year. Of thigl.65 milliontonnes were exported, with an estimated 90% coming from
the MRD. The estimated value of these exports was USD 2.9 billion. (USDA FAS 2009)

Changes to downstrearydrology in terms of water quantity and water quality due to upstream
mainstream and tributary hydropower projects may affect downstream paddy production in the
Mekong Delta. Reduced nutrient loading and decreased sediments may negatively impaat- produ
tion, while reduced saline intrusion may have positive benefits for paddy production by increasing
the number of hectares on which to farm.

10.3.1 LMB Dams Literature Review
Methods

No study reviewed included specific methods for addressing potential impacts mjefian nutrient
loading and sediment deposition association with hydropower development on MRD agriculture
production. ICEM(2010c)stated, howeverthat much of the MRD agricultural land adjacent to the
river is dependent on overbank siltation and estimated that mainstream dams would decraase n
trient loadings from 4,000 tonnes/yr to 1,000 tonnes/yr for the MRD fladath.

BDP Technical Note 8 estimated potential impacts to MRD agriculture production associated with
decreased saline intrusidiVyRGBDP 2010d) The methods used are described generally here:

i Estimate baseline total of available area affected by saline intrusion by class (ha).

1 Estimate annualigld in saline intrusion affected areas by class (kg/ha).

1 Assign a per unit value to rice production (USD/kQ).

1 Estimate net economic value of production (USD millions).
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9 Estimate change in total area of available for production due to decreases in salirson
associated with hydropower production as well as the associated change in annual yield and
annual net economic value using the same process.

The study also noted that yields from wet season (sumawgumn)crops are most likely to befa
fected by séne intrusion, as Marct\pril is when MRD waters currently have the highest salinity
(MRC 2010).

Data/Results

9 BDP Technical Note 7 used a yield of 3.4 tonnes/ha for MRD rice p8uiR€&BDP 2010a)

1 BDP Technical Note 8 conducted a detailed study of the potential change in saline affected
areas in the MRD. We ment estimates for the baseline, DFS aney2@ar sceario inTable
46 (MRCGBDP 2010d)

Table46. Comparison of Change in Area and Production for Saliaiffected land in the MRD

Salinity affected aree ~ Avg. wet season Impact NPV
(000 ha) production (000 t/yr) (USD millions)
Baseline 1,851 4,548 T
DFS 1,579 5,014 (+10.3%) +20
20-year 1,543 5,042 (+10.9%) +27

10.3.2 HPST Valuation

Salinity intrusion was not included in the HPSTe effects of live storage on the Mekong River flow

reversal, Tonle Sagnd the MRD isebcribed in Sectioil. There is the potential for higher dryase

azy ¥Ft24a RdzS (2 tAGS ad2NI 3S khyheMRRSMoeltodhey (2 a
point it is not possible for the HPST to simaldhis given just information about project storage

amounts. The MRBDPTechnical Note &vork on this topic does not provide any causal linkage or

equation for doing thiSMRGBDP 2010d) Furthermore, the MR®DPwork is not clear as to

whether there is an increase in salinity under the futgeenarios; it appears that in a number of

the scenarios salinity falls from baseline levels. Nor is there any attempt to address the multiplicity

of causal factors that are affecting salinity in the MRD.

10.4 Riparian & Aquatic Vegetation

Local populations @sa variety of riparian and aquatic plant species, both for personal use and for
income (Hall and.eebouapa®005). It appears, however, that there have only been localizedt stu
ies to date on the importance and value of these resources to householdsocamahunities in the
region.

A field study in one village in the Chian Rai Province concluded that at least 65 riverine plants were
used by the community for medicinal herbs, animal feed, fishing bait and gear, household tools and
rituals (Hall 2005). Theast commonly recognized of these plants were freshwater algae (gai) and
river weed, both of which could be sold for income.

Changes in flow, flooding and general river hydrology associated with hydropower development may

have an impact on thistype of v8di F G A2y ' YRk2NJ 6KS NBIA2Y | & LI2 LIdz |
vest it.

10.4.1 LMB Dams Literature Review

Methods

Hall andLeebouapad2005) proposed two options for valuing riparian and aquatic plant species:
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9 Estimating the net revenue generated by thedle.

9 Estimating the replacement cost of species used in the community for reasons other than
sale.

Data/Results

No broadscale analysis of the importance, frequency of use or value of riparian and aquatic species
was located in our review of literature-urthermore, there was no attempt to estimate the paote

tial economic impact of hydropower development to riparian and aquatic species used by human
populations.

10.4.2 HPST Valuation

Case study projects did not include information on current useiggrian/aquatic vegetation by
households in the study area, nor did they consider potential impacts. As previously reviewed stu
ies appeared highly localized, it was not possible to determine the reliability of those values to the
case study areasFurther field assessment would be needed to understand if the loss of these ec
system goods is sufficient to merit the incorporation of it into the impact analysis. In the meantime,
it is recommended that the loss of these resources be considerga®f the unquantified social

and environmental impacts in the ISHO2 procdssthe extent that riparian/aquatic plants are sold

F2NI AYyO2YSS AYLI Ola NB AYyRANBOGEeEe AyO2NRBERZ2NI (SR

tor.
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11 EconomicValuation of dDownstreame External Impacts Hydrologic Fuo-
tion

Development of hydropower projects will cause changes to hydrologic function and river mmrphol
gy, both on the tributaries and the mainstream, with some effects accumulating as they move
downstream. When awsidering theeconomicvalue of these impacts, it is not the direct change in
hydrologic function or river morphology that is necessarily valu@ather it ihow this change &

fects downstream physical and chemical fluxes, how these affect ecologitahsysnd how these
interact with established patterns of human behaviour to affect economic production (livelihoods)
or consumption (lifestyle).

As noted in earlier sectiondownstream external impacts may occur immediately below a reservoir
or hundredsto thousands okilometresdownstreamdepending on the volume of the storagdhe

river in effect carries the physical and chemical changes from hydropower development as far
downstream as they can reach before they are attenuated or decay to insigiificAs part of the
Srepok Basin caseusly, an effort was made to examin@hat appeared to be some of the major
channels and impacts on the principal large ecosystems downstream on the mainstream Mekong
River, the Tonle Sap Lake and the Mekong Delta.

NOTE While these efforts are formative and may need adaptation or additional data in order to be
applied to other tributaries of the Mekong, the idea was to develop valuation routines that could be
applied to dams and reservoirs in other areas of the Mekorn doing this there is necessarily a
heavy reliance on the existence of underlying science and modelling that is needed, for example, to
link a dam a thousand miles upstream to a change in habitat of a hectare of the Tonle Sap Lake. This
effort seeksto build on recent efforts and models to develop valuation approaches that can assess
the economic losses in a practical and replicable fashion, as per the objectives of the ISHB2 Guid
lines.

The selection of impacts for valuatiatherefore, proceeded according to both the received pgoee
tion of the largescale impacts of hydropower development and the supply of likely scientific info
mation that could underpin such analyseBltree external impacts of hydropower developmeaie
addressed hear through economic valuation

1. Impact of change iflow regime on downstream flow and water storage regime on Tonle
Sap and resulting change in habitat and fish/agricultural/forest productivity

2. Impact of dams abarriers to fish migrationand fish produdvity as felt in the tributaries, in
the mainstream, in the Tonle Sap, and in the Mekong Delta

3. Impact of reservoirs and dams in changing desvnstream sediment regime
a. Increase in sediment and bedload trapped in reseryaing
b. Decrease in sediment an@#load in the mainstream, Tonle Sap and Mekong Delta

While the modelling effort links dams and reservoirs to downstream physics, chemistry and ecology,
the economic values derived stem from productivity changefisheries, agriculture, and sand and
grawel mining, which are separately described in other sections in this papeiini®ection®, 10,
and12.5respectively. Information in these sections is not repediede; only the parameters aat-

ally deployed in the valuation are reiterated here.

11.1 Flow Regime Changend Fish Production in Tonle Sap Lake

Following a brief background section, the causal chain that links reservoir storage to fish production
in Tonle Sap is describedResultsrom an appication to the Srepok Basin then greesented
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11.1.1 Background Unregulated Hydrologic Function

The natural, unregulated function ¢fie Mekong River floodplairthe Tonle Sapand the Mekong
Delta is well understood and document@dRC 2005) During the wet season as the MekoRgver
rises, it reverses coursbacking water upriver into the Tonfgap The consgquences are as follows:

This means that the huge upstream seasonal floodplain storageéh@ndatural modification &
fects from drainage into and then out of the Tonle Segluces the intensity of the flood hyolr
graph and distributes the volume ovenauchlonger period of time (MRC 2005, 55)

As stored water flows out of thiake back to the mainstream duringeldry season, the low
flows in the Mekongare increased and are therefore higher downstream of Phnom Penh than
theywould be otherwise.The benefit is more water for irrigation and a reductiortie amount

of saltwater intrusion in the delta(MRC 2005, 10)

The annual cycle is best understood from frigure5. The lake fills from the floweversal diring
Jure through September. @flows occur from October omards. In simple, engineering terms the
Tonle Sap functions as an-stfeam reregulating reservoir, thogh one that operates naturally (and
with out the cost of human engineeringlhe end result is one of the great floodplain/lake e@sy
tems of the world. The Tonle Sap benefits from tloodplain inundation and over time species,
habitat and humans have adjusted to the seasonal floodifigne question is how does this all
change when the river igulatedby dams and storage.

Figure5. Annual Draining and Filling Cycle of the Tonle Sap

Tonle Sap Tonle Sap Tonle Sap
Great Lake draining Great Lake filling | Great Lake draining

35,000
Mek ong at Phnom Penh
30,000+ upstream of Tonle Sap
confluence

25,000

20,000 Discharge

(cumecs)

/ 'Tan Chau

&
15,000 & Chau Doc

10,000

5,000 \_?/

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source: MRQMRC 2005, 53)

11.1.2 Hydroecological Change due to Alteration of the Flow Regime

The development of reservoir storage above the Tonle Sap, whether mainstream or tributary, inev
tably results in the alteration of the flow regime in the Mekong River. This is well described by many
authors, YR A& TFdzy Rl YSy il f G2 GKS aw/ (MRGBDP 20A0¢; 5S @St
MRGBDP 2011)
However, the change in flow is just the first step in arriving at a change in productivity analysis.
full causal chain that must be analysedludes:
9 Active storagen the Mekong River Basupstream causes
0 Lower wet season flow
0 More dry season flow
1 Change irmonle Safilow reversal, changeEonle Sapvater levels
1 Change irmonle Sapvater levels change habitat
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1 Change irmmonle Saabitatchanges primary productivity and fish production
1 Change in fish production causes change in econontjgut

For the purposes of the Srepok Basin case study, the hydroecological analysis and modelling in Arias
et al. (2012)is combined with information on the Tonle Sap fishery from Hortle (2009) in order to
develop a valuation routine that is driven by the amount of upstream storage associated with ind
vidual hydropower reservoirs.

Dry season energy is highly wable in the Mkong Bsin giva both the lower flows andhe in-
creases in basin temperature that ocaldurring this time. In generateducing wet season produ

tion and increasing dry season production represents increased firm power, which can be nfere pro
itable than maxineing annual energy productidfwVild and Loucks 2014)The et effect below the
hydropower projectss more dry season flow, less wet seafiow. For the Tonle Sap there is avo

er reversal intothe lakeand a lower drainage amount out in dry season. Arias et al. (2012) have
modelledthe effect of hydropower storage development on the Tonle Sap flow reversal and found
that this development Hiects the reversal most during dry years, less so during average water years
and has only a small impact during wet yeaFigure6 shows an example of this flow difference.
The 2030DEV scenario used by the authors is a 20 yeacimpenario that includes development

of the Upper Mekong 8ms and LMB developments through 2008 plus 11 mainstream dams and
other developments planned up to 2030 based on MBEBF(2011)

Figure6. Comparison of Mean Monthly Water Level for Dry Year at Kampong Loung
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Source: Arias (20189)
Notes:historical observed records for 1998 and model predictions for 203fli@@te change scenario for
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The change in regime downstream may be expected to affect fleaession agriculture (through
lower Tonle Sap levels in winter) and fish production (through lower Tonle Sap levels in.winter)

Note that irrigation development that uses active storage in multipose projects represents a
withdrawal of rainy seasorldw from the system without the compensation of additional flowr-du

ing the dry season. So active storage used for irrigation has the same impact on the Tonle Sap as
described above but also represents less water to the Mekong Delta during the dry s&asins a
complete loss to the downstream system.

In addition,there generallyis no impactexpectedon dry season flows tthe Mekong River Delta
Instead of the rainy season water being stored in Tonle Sap, it is now stored in the hydropswer re
ervoir.
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Arias et al. (2012) track through the impacts of these changes in water levéigalifferent types

of habitat present in the Tonle Sap. The results are showialike47, grouping the open water and
gallery forest areas togethg(it is assumed that gallery forest and open water have approximately
the same fish yield).

Table47. Habitat Area: Baseline and Scenarios (Hectares)

Open Water
Rainfed Transitional Seasonally & Gallery Total
Hooded
Forest
Baseline (modeled) 838,600 474,400 478,700 320,700 2,112,400
Change due to Future Senarios (modeled)
UMD 81,300 (18,900) (61,200) (1,200)
2030DEV 106,100 (28,100) (81,000) 3,100
2060DEV 121,500 (13,300) (104,100) (3,200)

Source: Arias et al. (2012)

Each habitat type has its own natural productivityterms of fish production.Gathering figures
from Hortle (2009) allows the compilation of rough ranges for each habitat type. Midpoiit est
mates are then derived for use in developing the change in productivity valuation relationship
shown inTable49.

Table48. Fish Yield by Habitat Type

Yield per Area
Low High Midpoint
Yield Estimates kg/ ha kg/ha kg/ha
Seasonally flooded land and water within the 100 200 150

major flodd zone, including some rice fields
Tonle Sap Seasonally Hooded 300 400 350
F@n_—fed rice f!elds and associated habitats not 50 100 75

within the major flood zone
Large water bodies, including reservoirs 100 300 200

Source: Hortle (2009)

The information on baseline habitat areal extent and the change under each water resourde deve
opment scenario can then be combined with the fisélgifigures to estimate the total fish produ

tion for each habitat type under the baseline and the development scenalitzge that the total
estimated fish yield in the baseline is 365,000 tons/yr. This compares with the estimate ofijust u
der 600,000 ons/year of consumption in Cambodia (frohable40 above).The total change in fish
production can then be derived by comparing scenarios to the baseline. Results suggest 5% to 8%
charges in fish production for the threscenarios (@e Table49).

Table49. Baseline and Scenaridhangsin Fish Productiorby Habitat Type

Total Habitat by Type (hectares) Fishery Production
Change in
Open Water
. . " Seasonally Fish Yield Fish %of
Seenarios Reinfed Transitional Hooded & Gallery (tong/yr) Production  Baseline
Forest
(tong/yr)
Baseline (modeled) 838,600 474,400 478,700 320,700 365,740
Future Scenarios (modeled)
UMD 919,900 455,500 417,500 319,500 347,343 (18,398) -5%
2030DEV 944,700 446,300 397,700 323,800 341,753 (23,988) -7%
2060DEV 960,100 461,100 374,600 317,600 335,803 (29,938) -8%
Fish yields (kgs/ha/ yr) 75 150 350 200
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The active storage associated with the baseline and three scenarios is as follows, according to Arias
et al. (2012):

i Baseline: 9,906

1 UMD: 32,842

1 2030Dev: 72,492
1 2060Dev: 95,903

The plot of these figures and the resulting change in fish production is provideiune?7. The

change from the baseline run through to full development suggests thatenyel Mn? increase in

live storage there is a 0.38yr loss in the Tonle Sap fisheryf the baseline is taken as the UMD or
2030DEYV scenarios and the impact examined through to the 2060DEV scenario the response is lower
at 0.14 t/yr to 0.25 t/yrrespectively.

Figure?. Functional Relationship betweeBasinLive Storage and Tonle Sap Fishery Production
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11.1.3 Application to the SrepolBasin

To demonstrate the application of this approach we use higdropower projectsn the Srepok &

sin. Thdive storage of each hydropower project, whether existing, under construction or planned is
provided in Table50, along with the expected change in fish production under the different scenar
os. Itis diftult to be precise about which scenario appliesvuich hydropower projectbut overall

the changes in production expected amount to from 1,700 tons/yr to 5,000 tons/yr depending on
how responsibility is assesset@heestimatedprojectby-project lost véue of fish production is jor
vided inTable51. The per unit vakl of fish production is set at USIB0/kg as the midpoint of the
market value of catch from Hortle (2009) as previously referenced in the section on fish€hes.
annual loss in the Tonle Sap fisheangesdue to full build out of the Srepok projects listedfriem

USD 5 million to USD 14 million per yehiote that the approach taken in the tables is to measure
the loss from the baseline to each scenario and avertag costs across all the storage in eaaf sc
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nario. The alternative approach, deployed in the HPST is to assess only the marginal ckanges b
tween scenarios. Since the UMD scenario is already in,glasereduces the impact of additional
live storage mnificantly given how steep the response is for the UMD scenario.

Table50. SrepokBasinHydropower Projects: Change in Fish Production

Sepok Basin Hydropower Live Sorage Fish Production Change by Senario

Projects (mm3) (tons/yr)
Buon Tua Sah 523 (419) (200) (182)
Buon Kuop 26 (21) (20) 9)
Dray Hiinh 1 1 Q) (@) (0)]
Sepok 3 63 (50) (24) (22)
Sepok 4 8 @) 3 3)
Sepok 4A 0 ©) ©) 0)
Lower Sepok 4 44 (35) an (15)
Lower Sepok 3B 66 (53) (25) (23)
Lower Sepok 3A 3,931 (3,153) (1,507) (1,368)
Lower Sepok 3 5,253 (4,214) (2,013) (1,829)
Lower Sesan 2 333 (267) (128) (116)
Total Option 1 (LS3A & 3B) 4,995 (4,007) (1,915) (1,739)
Total Option 2 (LS3) 6,251 (5,014) (2,396) (2,176)

Table51. Srepok Basin Hydropower Projectgalue of Lost FisRroduction

Sepok Basin Hydropower Value of FHsh Production Lost by Scenario (USD)

Projects UMD 2030DEV 2060DEV
Buon Tua Sah 1,173,731 560,835 509,401
Buon Kuop 57,564 27,505 24,983
Dray Hlinh 1 3,144 1,502 1,365
Sepok 3 141,158 67,448 61,263
Sepok 4 18,956 9,057 8,227
Sepok 4A 225 107 97
Lower Sepok 4 98,822 47,219 42,889
Lower Sepok 3B 148,232 70,829 64,333
Lower Sepok 3A 8,828,811 4,218,605 3,831,716
Lower Sepok 3 11,797,950 5,637,327 5,120,327
Lower Sesan 2 748,349 357,578 324,784
Total Option 1 (LS3A & 3B) 11,218,991 5,360,687 4,869,057
Total Option 2 (LS3) 14,039,898 6,708,580 6,093,335

11.1.4 HPST Valuation

In the HPSThe productivity changén the fisherydue to the change in flow regim&R, in t/yr, is
the product of the dose response parametsy,and the change in the live storageTQ in million
cubic meters:

Yoo iz ¥YVYY0
The value okis set at 018, which represents the marginal change in going from the UMD scenario
to the 2060 scenario.

Theannualchange in the value of productiphVFR, is simply the change in fish production mult
plied by the market price dfsh, PF as more fullyexplained in Sectiof.2.2

YO'0O0 0 z YOO
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Thedefaultmarket value of fislset in the HPST @¥SD 2.8/kg or USD 2,800/t

11.2 Dams as Barriertd Fish Migration

Theadverseimpact of dams ompopulations of migratory fish is wedktablishedWorld Commission

on Dams 2000) It is also welknown that the Mekong River Basin is home to quite a large number
of migratory fish(Hortle 2009) Nevertheless, hydropowedevelopment has made little effort to
accommodate fish passage. For example, each tat has been built on the Srepok Rivasfur-

ther fragmentedthe river, increasing the distance that upstream/downstream migration ranes
100% blocked.Here we use the latest scientific modelling to attempt to value this blockageoin ec
nomic terms. The simulatiormodel prepared by Zigt al. (2012)modelsthe potential impact of the

six damdevelopment scenarios in th2011 Basin Development plam the biomassof migratory
species in the floodplains, as well as the species atltiskto habita loss. The model aggregates a
vast quantity of data on the fishery, including migration routes, monitoring data, habitat, productiv
ty of fish and distances to hydropower facilities. The output of the model is a prediction of the loss
in biomass that will occur witthe construction of hydropower projecteissuming no fish passage is
provided.

11.2.1 Application to the Srepok Basin

In the Srepok Bas case studythe hydropower project at the confluence of the Srepok River with

the Se San Rivés the Lower Se San 2 project. This facibtyce completedwill effectively block

these two rivers (two of the s@ I £ £ SR & ¢ NA LX S {pétreanFoiSvimBiréamii Zhe YA I NI
Triple S Basin is the lowest major subbasin on the Mekong River and lies below the natural barrier at
Khong Falls upstream of Stung Treng. As a tdhigtbasin is a major contributor to the fisheries
migrationin the lower hird of the Mekong River. Not surprisingly thimmassloss thatZiv et al.
(2012)derive is the highest for any proposed hydropower projectamestimatedd.2% loss for the

lower Mekong this figure represents a loss of 92,000 tons/yr, based on H{2089)estimates that

the Mekong River Delta and the Tonle Sap fishery accounts for about 1 million tons/yr ofckish pr
duction. Valued at the same market price deployed for the flow regime analySiB, 2J800/tonthis

is US257 million per yeafor the Lower Se San 2. It is noteworthy that the annual revenues from
power production are expected to be ordype-half of this per yeafunder full production)

11.2.2 HPST Valuation

In the case of the impact of dams as barriers to fish migration the change inréigdhgtion due to
barrier effect FR; needs to be derived from the Ziv et al. (2012) model or other estim&ies.
change irnvalue of productionVFR, is simply the change in fish production multiplied by the market
price of fishP, as more fully explaed in Sectior®.2.2

Yo™00 0 z YOO
The market price of fish is the same price set in the HPST as described in the description of the val
ation routine for the change in flow routine due to reservoir storage.

The SrepokBasin case study incorporates this relaty simple valuation routineNote, however,
that there arethree difficulties associated with making this approach replicable in the HPST.

The first issue can be best discussed in the context of the Srepokdasirstudy. Ultimate)ythe
intent of the Guidelines is to assist in the evaluation of hydropower and Jpuitpose projects at

the planning level. This raisthe issue of how to accommodate tlfi@ct that in the Srepok Basthe

only biomass loss figuggrovided by Ziv et al. (2012) is for the Lower Se San 2. As this projeet is cu
rently under construction this figure is relevant. However, if all the Ws® attributed to the Lav-

er Se San 2 projedthen other exsting and potential projects wouldot bear any of the external
costs.
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In general, in an economic planning exercise the full cost might be applied to the dam lowest down
in the catchment, like the Lower Se San 2. If the cost makes that projemtamomic, as happens

with Lower Se San 2, ¢h the assumption would be that the project should not be built. At that
point then the analysis would nve upstream to find the next hydropower projeciThe impact on
biomass would need to be +evaluated as the distance to the dam has increased andrtbdel

would likely produce a lower impact on fish production and so a lower monetary damage estimate.
If the damwere likewise judged ureconomicthen the sequence would be repeated over again with
the nexthydropower projectupstream in the system. hE interesting feature is that as the analysis
moves upsteam the costs will decreasepWwever, so will thdlow passing through eagbrojectand

also the potential hydropower production and gross economic benefits. It is therefore haré-to pr
dict a priof how this planning sequenceould play out in any one instance. In the Srepok Basin it
seems likely that moving a short distance upstream to the Lower Srepok 3 or 3A projects weuld si
nificantly reduce the impactss probably ae-half or so of the impaowould be experienced on the

Se San River and not the Srepok River. However, the power production from these facilities is also
greatly reduced.Furthermore should these facilities be deemed unattractittee next possibled-
cilities, Lower Srepok 3Ba 4, are actually located upstream of the confluence between the Srepok
and two major tributaries to the Srepok. At this pgiat as the analysis moves upstream and into
Viet Nam it may be that the costs diminish to the point where the other economatdrs outweigh

the lost fish production. Another possibility, which exists in the Srepok, is that there may be-a nat
ral barrier to migratory fish (typically high falls). At that point the cost may simply drop to zero.

The obvious second difficulty paéd out by the discussion above is the problem of having access to
model results for all, or the most pertinent, hydropower facilities in a subbasin.

The third and final difficulty is how to assess the impact in a sequence of dams, as discussed above,
when one or more damare already built. At that stage is the loss of fish occasioned by the dam or
dams a bygone conclusion, representing a sunk cost?, tHeso the loss due to upstream dams does

not enter into the decisiopas the loss is a cost that already in effect. From an economic planning
perspective that might be the theoretically correct approach, but it may not be very satisfactory to
stakeholders engaged in the planning exercise.

These topics should be the subject of further developmerthefHPST and the Guidelines.

NOTE: Further review and investigation is recommended to assess whether and how to deploy the
Ziv et al (2012) modelling results to additional basins and projects in further applications pf the
HPST.

11.3 Dams and Reservoirs &edimentTraps

The role of dams and reservoirs in altering sediment transport is also well knbwenMekong River

is thought to generate 160 M tons of suspended sediment per geahich 80 M tons is thought to
originate in the LMB (Wild and Loucks 2D1kh the Mekong Rivetoncerns over the impact &h-
nesehydropower projecton the Upper Mekong largely revolve around the consequences of these
dams for sediment transport and deposition along the mainstream, in the Tonlea8dphe Me-
kong River D& (M. Kummu and Varis 2007; Walling 2008; Matti Kummu et al. 2008¢ role of
hydropower development in LMB tributaries has been less well studied, in part due to data gaps in
sediment monitoring ontie mainstream, i.e., lack of comprehensive monitoring below each-trib
tary makes it difficult to confirm tributary inputs. Progress has been nradedellingand calcult

ing the sediment trapping byributary dams(M. Kummu et al. 2010; Wild and Loucks 2014; Kondolf,
Rubin, and Minear 2014)With these models it may be possible to estimate the impact that this
changein hydrologic functiorhas ondownstream ecosystems and economies.

Guidelines For The Evaluation Of Hydropower And Multi -Purpose Project Portfolios : Annex 1(WV 1.0) 85



11.3.1 Application to the Srepok Basin

Wild and Loucks2014)provide data on sediment generation and sedimerapiping in the Triple S
Basin, which is expected to produce 6% to 16% of thd td&kong Basin sediment logd0-25 M
t/yr). With the information contained in this papén the Srepok Basin case study it was possible t
assess the:

1 Increase in sediment and bedload trapped in reservoirs
1 Decrease in sediment and bedload in the mairetne Tonle Sap and Mekong Delta
1 Economic value of the lost sediment and bedload, in terms of its nutrient and physical value

The method is replicable if the data inputs in terms of expected sediment trapping can be derived
for other tributary basins, usingne or more of the Wild and Loucks (20hfproaches We use the
Srepok Basin case study to demonstrate the valuation method.

Wild and Loucks (20}4ise the MR&@alibrated SWAT mod& generate daily inflows and SedSim to
generate sedimentoncentrations and simulate daily sediment trappifife authors assume a 4n

form generation rate for suspended sediment of 290 tfkyn based on best available dataThis
produces22.7 M t/yrin suspended sediment for the Triple S basin, within the ramgeected. A
rating curve is used to partition annual sediment flow into daily sediment loads. Trapping efficiency
is determined using the Brune curve method. For reporting settled sediment mass the bulk density
of sediment is assumed to be 1,200 Kgtased on reported density from the Mekong Delta. The
trapped sediment figures come from 1@@ar modelling of the 21 years of flow data available.
Wild and Loucks (2014) state that from 10 to 20% of sediment will consist of bedload. Bedload is the
sand gravel and larger material that travels along the river bottom. As 100% of bedload is trapped
behind a dam, the focus of the analysis is on the remaining portion, the suspended sediment.

Wild and Loucks (2014) report that the midpoint figure for theienTriple S Basin is 17.7 M t/yr of
trapped sediment 04.1% of theMekongbasinestimatedtotal of 160M t/yr. The results provided by
the authorsfor the Srepok Basiare presented immable52. The midpoint of the mean trapped sied
ments as reported by Wild and Loucks (2014) is used in the analysis.

Table52. Sediment Rate and Trapping for Hydropower Dams in the Srepok Basin Case Study

Drainage Area Unregulated Wild and Louck&014) Case Study

Project Name Suspended Trapped Sediments Trapped Sediment:
Sediment Mean Midpoint
Knf M t/yr M t/yr M Tlyr
Buon Tua Srah 2,930 0.85 0.45¢0.51 0.48
Buon Kuop 7,980 231 0.06¢ 0.28 0.17
Dray Hlinh 1 8,880 2.58 - -
Srepok 3 9,410 2.73 0.65¢ 1.01 0.83
Srepok 4 9,568 2.77 0.20¢ 0.28 0.24
Srepok 4A 9,560 2.77 - -
Lower Srepok 4 13,727 3.98 1.58¢2.14 1.86
Lower Srepok 3H 14,341 4.16 - 0.04
Lower Srepok 34 25,311 7.34 - 2.47
Lower Srepok 3 25,174 7.30 3.16¢3.44 3.30
LowerSeSan2 49,200 14.27 1.50¢ 6.50 4.00

SourceDrainage area from the Srepok Basamse studyroject datg Unregulated suspended sediment eglc
lated based on drainage area and annual rate of sediment generation. Trapgedents from Wild and
Louckg2014)are mean ranges, those used in the case study are the midpoints
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11.3.2 HPST Valuation

11.3.2.1 Determination of quantity of material trapped

In order to value the economic losses due to the change in sediment the approfirsh s derive
the quantities of each éement of suspended sediment and the amount of bedlaadollows:

1 The trapped sediment is divided into suspended sediment and bedload partions
9 The suspended sediment is divided into its component parts consisting of:
0 Nutrients: nitrogen, phosphorous ambtassium and
o Physical material: clay, silt, and sand
The bedloadactor is calculated as 15% of the unregulated sediment.load

As 100% of bedload is captured at every reservoir, only the incremental additional bedload
due to the increase in drainage arés multiplied by the bedload factor for each project to
estimate total bedload

For any of theautrients, N, the derivation in kiyr is as follows:
e s L PTQQ . Q. Q0
3] YY® 0 €20 U2 ——
UOEE€E QQp ma Q

Where:
1 SS¥isthe total suspended sediment yield that is trapped at the reservoir.
1 NPis the nutrient portion of the total suspended sediment that is trapped in mg/kg.

For thephysical materialsM, the derivation in ryr is as follows:

N e . L LPTQQ, L TOQ
0 YY(uosZeF.), —2z D OUF YO 6—
0Do¢¢ a

where:

1 MPis the material portionin percentof the total suspended sediment that is trapped in
Mt/yr.

f SDB is the sediment bulk densgfkg/m°).

The increnental bedload for the nth reservoir,Bl,, wheren is ordered from uptream to dow-
streamin M t/yr is:

60 O60°Y'YDO YUY O

where:

1 BPis the bedload factor representing the bedload as a portion of the total suspended sed
ment in percent.

1 DAisthe drairage area for the ith reservoir
1 SSY(DAs the suspended sediment yield for the drainage area

Theunit conversions to arrive diedload in m3/yiis:

1 60 600 0é%——T'YO&
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The physical and chemical parameters deployed in the case study are shdwahl&b3 and come
from Wild and Loucks (2014) and Ar{2a613)

Table53. Parameter Value$or Sediment Valuation

Parameter

Bedload % 15%
Clay Portion % of total 45%
Sand Portion % of total 40%
Silt Portion % of total 15%
Sediment K mg/kg 125
Sediment N mg/kg 7.5
Sediment P mg/lg 5.5
Sediment Bulk Density kg/m3 1,200
ValuePhysical Sediment uSD/m3 1.50
ValueSand & Gravel UsbD/m3 3.00
Nutrient Value USD/kg 0.75

11.3.2.2 Value of Materials Trapped

The next step is to take the quantities of nutrient, physical material and bedloadand these at

their apparent market price. In the case of nutrient values we do not make an effort to quantify
their productive value. Rather we make the simplifyimgamption that the nutrients contribute to
ecosystem productivity downstream, whether in the mainstream Mekong River, the Tonle Sap, the
Mekong Delta, or the estuary/neahore area of the Delta. We do this using the replacement cost
approach, that is vaing each mg of nutrient according to the cost of acquiring a similar amount in
the market. While not an ideal approach, this approach is appealing as the productivity of-agricu
ture and fisheries are underpinned by the nutrients brought in to the T8ale and onto Delta fields

by the hydrologic regime of the Mekong Rivé8oth Vietham and Cambodia have active andagro

ing markets for fertilizer for agricultural ug®&/uthy, Pirom, and Dary 2014; Thang 2014nde-
mundi.com providesnarket repats of current prices fowarious fertilizers, with the principal feft

lizers ranging between USD 350/t to over USD 500/t. Thang (2014) reports a steadily rising price for
NPK mixes in Vietnam, with a price of approximately VND 15,000/kg in 2013 or iapgedyx USD
0.75/kg.

For physical sediment (i.e. sand, gravel, silt, clay) it is assumed that this sediment has a market value.
Sand and gravel mining is a wktown occurrence in the Mekong Basin as reported further ity Se

tion 12.5. A price of USD 3/is usedfor sand and gravel based on updating figures in the LB i
erature review to 2104 US(all and Leebouapao 2005; ICEM 2010&)r silt and clay there are no
market values to deploy. However, much of the sediment that is used to irrigate padidty dié-

mately will settle onto the field. Over time this raises the level of the fields. In the Mekong Delta in
order to keep fields low enough to allow the inflow of irrigation water, and to generate income,
FINNSNE gAff {260y RANERAI NAESNE2 FTHENYNIBKES A NI
used by brickmakers to fashion the bricks that are seen along the roadside in the Delta. Ipdoes a
pear then that there is some value to this residual physical mater, so we attribute USD 1.80/m3

the clay and silt material.

11.3.3 Resultsfor the Srepok Basin

The physical and chemical results for trapped sediment, nutrients and bedldhd Brepok Basin
are shown in the next three tables. Annual and present values are shown. The present values vary
from just under USD 1 million for Lower Srepok 3B up to USD 53 m for Lower Se San 2 (see summary
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in Table57. Alltold the losses fromhe Cambodian dams come to over UBID m (including only
one of Lower Srepok 3 or 3Aor Viet Nam they approach USD 25 m.

Table54. Nutrient Loss Valuatiorior Hydropower Dams in the Srepok Basin Case Study

Project Name Nitrogen Phosphorus Potassium ApnualLoss Present Value
in Value of Loss
kgs/yr kgs/yr kgs/yr USD m/yr USD m
Buon Tua Srah 3,600 2,640 6,000 0.01 0.06
Buon Kuop 1,275 935 2,125 0.00 0.02
Dray Hlinh 1 - - - - -
Srepok 3 6,225 4,565 10,375 0.02 0.10
Srepok 4 1,800 1,320 3,000 0.00 0.04
Srepok 4A - - - - -
Lower Srepok 4 13,950 10,230 23,250 0.04 0.20
Lower Srepok 3B 311 228 518 0.00 0.00
Lower Srepok 3A 18,521 13,582 30,869 0.05 0.26
Lower Srepok 3 24,750 18,150 41,250 0.06 0.35
LowerSe Sar2 30,000 22,000 50,000 0.08 0.42

Table55. Physical Material Los¥aluation for Hydropower Dams in the Srepok Basin Case Study
Sediment Loss (ftyr) Annual Loss in Value (USIymp PVLoss

Project Name Clay Silt Sand Clay Silt Sand Total USD m
Buon Tua Srah | 180,000 | 60,000 | 160,000 | 0.3 0.1 0.5 0.8 5.1
Buon Kuop 63,750 21,250 56,667 0.1 0.0 0.2 0.3 1.6
Dray Hlinh 1 - - - - - - - -
Srepok 3 311,250 | 103,750 276,667 | 0.5 0.2 0.8 15 8.8
Srepok 4 90,000 30,000 80,000 0.1 0.0 0.2 0.4 3.2
Srepok 4A - - - - - - - -
Lower Srepok 4| 697,500 | 232,500 620,000 | 1.0 0.3 1.9 3.3 18.0
Lower Srepok 3 15,548 5,183 13,821 0.0 0.0 0.0 0.1 0.4
Lower Srepok 34 926,064 | 308,688 823,168 | 1.4 0.5 2.5 4.3 23.9
Lower Srepok 3| 1,237,500{ 412,500| 1,100,000 1.9 0.6 3.3 5.8 31.9
LowerSe Sar 1,500,000| 500,000| 1,333,333] 2.3 0.8 4.0 7.0 38.6
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Table56. BedloadLossValuation for Hydropower Dams in the Srepok Basin Case Study

Unregulated Bedload Trapped Annual Loss Present Value
Bedload for by Each Reservo in Value Loss
Drainage Aree
Project Name M t/yr Mtlyr  M%r  USD mlyr USD m

Buon Tu&Srah 0.13 0.13 | 106,213 0.3 1.9
Buon Kuop 0.35 0.22 | 183,063 0.5 3.0
Dray Hlinh 1 0.39 0.04 | 32,625 0.1 0.7
Srepok 3 0.41 0.02 | 19,213 0.1 0.3
Srepok 4 0.42 0.01 5,728 0.0 0.1
Srepok 4A 0.42 - - -

Lower Srepok 4 0.60 0.18 | 150,764 0.5 2.5
Lower Srepok 3H 0.62 0.03 22,258 0.1 04
Lower Srepok 34 1.10 0.48 | 397,663 1.2 6.6
Lower Srepok 3 1.10 0.50 | 414,954 1.2 6.9
LowerSe Sar 2.14 1.04 | 865,976 2.6 14.3

Table57. Summary ofSediment Los¥aluation for Hydropower Dams in the Srepok Basin Case Study

Physical

Drainage Active Nutrient .. Bedload
Area  Storage Loss Material Loss Total
Loss
Project Name Knt Mm®> USDm USDm USDm USDm

Buon Tua Srah 2,930 523 0.06 5.1 1.9 7.1
Buon Kuop 7,980 26 0.02 1.6 3.0 4.7
Dray Hlinh 1 8,880 1 - - 0.7 0.7
Srepok 3 9,410 63 0.10 8.8 0.3 9.3
Srepok 4 9,568 8 0.04 3.2 0.1 3.4
Srepok 4A 9,560 0 - - - -
Lower Srepok 4 | 13,727 44 0.20 18.0 2.5 20.7
Lower Srepok 3 14,341 66 0.00 0.4 0.4 0.8
Lower Srepok 34 25,311 | 3,931 0.26 23.9 6.6 30.7
Lower Srepok 3| 25,174 | 5,253 0.35 31.9 6.9 39.1
LowerSe Sar? 49,200 333 0.42 38.6 14.3 53.4

11.4 Downstream Valuation Summary

The effort to value downstream external impacts examined the

Impact ofstorage reservoirs on thilow regimeand itsimpact on theTonle Safishery.

Impact of dams as barriers to fish migration and fish productivity as felt in the tributaries, in
the mainstream, in the Tonle Sap, and in the Mekong Delta.

Impact of reservoirs and danis trapping suspended sediment (inding nutrient and phs-
ical material) and bedload

The results suggest a number of preliminary findings:

1 Fish migration may be the primary economic impact from hydropower dams, withdhe p

tential to create losses that outweigh hydropower revenues
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1 Sedimentdss impacts are more moderate in nature and occur at a significant scale relative
to hydropower revenues.

9 Active storage and the change in flow regime appears of a lesser extent here, but the valu
tion effort for this impact is not comprehensive at aticfissing only on fisheries impacts in
the Tonle Sap.

Increasing availability of relevant and detailed spatially explicit ecohydrological models suggest the
need to pair these studies with more detailed seeitbnomic studies of rural and subsistence-pr
dudtion to arrive at better valuation through the changes in productivity approach.

Table58. Summary of Sediment and Bedload Valuation for Hydropower Dams in the Srepok Basin Case

Study
Drainage Active Storage and Fish Migration Sediment Total
Area  Storage Flow Regime Loss Loss
Loss
Project Name Knt M m?® USD m USD m USDm USDm
Buon Tua Srah 2,930 523 1.6 - 7.1 8.7
Buon Kuop 7,980 26 0.1 - 4.7 4.8
Dray Hlinh 1 8,880 1 0.0 - 0.7 0.7
Srepok 3 9,410 63 0.2 - 9.3 9.5
Srepok 4 9,568 8 0.0 - 3.4 3.4
Srepok 4A 9,560 0 0.0 - - 0.0
Lower Srepok 4 | 13,727 44 0.1 - 20.7 20.8
Lower Srepok 3F 14,341 66 0.2 - 0.8 1.0
LowerSrepok 3A 25,311 | 3,931 10.9 - 30.7 41.6
Lower Srepok 3| 25,174 | 5,253 14.6 - 39.1 53.7
LowerSe Sar? 49,200 333 0.9 1,422.0 53.4 1,476.3
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12 EconomicValuation ofExternal Impacts: Other Ecosystefervices

Ecosystenservices are defined by the Millennium Ecosystem Assessment to include provisioning,
supporting, regulating and cultural séces(Millennium Ecosystem Assessment 2008)any of the

provisioning services are considered in the preceding sections. In this sactionber of suppdr

ing, regulating and cultural services in the LMB that may be affected by hydropower development

are examined. In addition to their consideration (and valugtion a servicdy-service basisgom-

system services produced by particulandauses may be considered jointly through deriving values

for specific land uses. These are discussed later in this docu@gtiiese impacts only carbon is

directly included in the HPST. Sand and gravel mining is included through the valuation eahang

0KS aSRAYSYy(d NBIAYS dzyRSNJ 6KS GR2¢gyaidadNBIlIYE @It dz

12.1 Biodiversity

The MekongRiver has some of the highest levels of biodiversity found in any river system in the
world. At present, 850 species have been identified in the mainstream atribitgaries ¢ with an
estimated 250+ of them endem{¢CEM 2010c; MRC 2011)t present, there are a number ohe
dangered speies, as identified by the IUCN R process, which live in the Mekong River. These
include a number of fish, crocodiles, turtles and ridependent mammals. In addition, the LMB
wetlands support almostdo globally threatened speci¢sIRCBDP 2010f)

The terrestrial area surrounding the rivex also rich in biodiversity. A recent study estimated the
greater Mekong region includeX,000 plant, 430 mammal,200 bird,and 800 reptile and amphi-
ianspeciedMRC 2011)

Hydropower development is generally expected to have a negative impact on biodiversity, which
could manifest itself in a variety of ways:

91 Blocked or impaired fish migration routes Changes in habitat quality or availability

 Reduction in wetlands, forestland and

1

1 Changes in water quality, flow and depth
other terrestrial areas q

1

Changes in ecosystem passes

Reduction in wetland seasonal variability Increased habitat fragmentation

Reduction in freshwater habitat in the
MRD

As MREDP(2010f, 40)oted>~ @& whiove Slanges may be classified as direct or indirect, perm
nent or temporary, having an impact on the longrteor on the short term and as stand alooe
cumulatived ¢

1 Increased risk for invasive species

12.1.1 LMB Dams Literature Review
Methods

Several of the studies reviewed provided detailed estimates of baseline and impact quantities. In
addition, the MRGBDP(2011) assessmentontained NPV estimates of these impacts; however,
methods for how these economic values were estimated could not be found. Maunsell and
Lahmeyer (2004) also attempted to valbiodiversity impacts in monetary terms using a simgle a
proach of species impact and an estimate of the lost local or global value.

It should be noted that it is difficult to identify the exact impacts associated with hydropowet-deve
opment only, as comgred to other potential changg®.g.changes in land use, agriculture inteisif
cation, etc.) as well as the cumulative effects of multiple changes.

Data
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ICEM (2010§2010b)ncluded a breakdown of fish species by zone for the mainstream T8ele

59).

Table59. Number ofFish Species in Each Zone of the Mainstream Mekong River
. Kratie to
. Chiang Vientiane Pakseto  Phnom Phnom
China Saen to . Penh to
. to Pakse Kratie Perh and
Vientiane the sea
Tonle Sap
Number of families 13 12 T 36 40 56
Number of species 151 140 T 252 284 486
Endemic species 19 26 1 40 31 28
Introduced species 7 4 T 5 4 3
Native species 125 110 1 207 249 455
% of endemics 12.6 18.6 T 15.9 10.9 5.8
% of total (781) 19.3 17.9 T 32.3 36.4 62.2

In addition to providing per hectare estimates of the value of habitat, Maunsell and Lahmeyer (2004)
included, among others, the followinglueestimates related to biodiversity:

1 Internationalbiodiversity value of fish per specimen: USD¢)B0Q

1 Local market value of fish per specimen: USDq205

1 Number of fish in each species population at start of Project: 1,000

1 Number of fish per species to be relocated: 30

9 Cutting of Phayes Langur a@ibbon animal movement routes: USD 220,000

1 International biodiversity value of Phayes Langur per animal: USD 12,000

1 International biodiversity value of Gibbon per animal: USD 5,000

1 Local market value of Phayes Langur per animal: USD 80

1 Local marketvalue of Gibbon per animal: USD. 60

9 Capture and relocation of species breeding population: USD 55000000
Thereisno substantiation of these values and they must be regarded merely as guesswork.
Results

1 ICEM(2010c)noted that approximately half the distance of the Lower Mekong is currently

Guidelines For The Evaluation Of Hydropower And Multi
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would be affected by hydropower developmewith 58 and 26 migratorypecies at high
risk and medium risk, respectively, from hydropower development.

ICEM(2010c, 98pstimated that the development of all of the LMB mainstream dams would
result in over 50% of the river betwe&hiang Saen anKratiebecoming a reservoir effec-
GA@Ste FEt22RAY3 | @I NARSGE 2Z6W% oKall agids; Ua8desof all y R
deep pools; and 16% of all sand bars in the section between the Chinese bordernand Sa
bor.€

TheMRGBDP(2011)assessmenk RSY G A FASR oH WSY@GBANBYYSyYydl €
estimated the number of impacted hotspots on g@int scale for each developmentesc

nario considered.Table60 shows the estimates for three of the scenarios, inifidn to the
baseline.
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Table60. Number of Hotspots Impacted by Scenarios

Low Medium High

Baseline 29 3 0
DFS 23 7 2
20-year 11 7 14
VHDS 0 0 32

1 The MREBDP (2011) assessmentestimated the NPV of impacts to environmial
hotspots/biodiversity for all development scenarios considered. Under the Definite Future
Scenario, the estimated NPV of losses was USD 85 million, while underybar2énd very
high developmenscenarios, the losses were USD 330 million and T0®Dmillion, respe-
tively.

12.1.2 HPST Valuation

The economic valuation of biodiversity is a controversial subject, and not just among enviroiimenta
ists, but also economists. There are no generally agreed upon estimates of the economic value of a
lost orendangered species. Indeed, many economists would agree that attempting to do se is ne
ther appropriate nor useful. The impact on biodiversity from hydropower development in the LMB

is likely to be substantial, based gtobal experience with dan{¥Vorld Commission on Dan2§00)

Exactly what the economic consequences are of such impacts goes beyond the remit of the ISHO2
project. Furthermore, in the opinion of the MRC consulting team attempting to value this external
impact ¢ as attempted by those cited abowgis notan appropriate use of economics. Rather the
value of a unique portion of each of the LMB countries natural heritage is a matter femoostary
assessment, as part of the social and environmental indicators process being developed as part of
the ISHO2 mject.

12.2 Greenhouse Gas Emissioasd CO2 Emission Reductions due to Hydropower

Middle East oil currently provides 78% of energy for @reater Mekong Subegion(MRC 2012)so
there is the potential for reducedreenhouse gasgHG emissions associated withdisplacement
of fossil fuel power sources withydropowerin the LMB.

Studies have shown #t hydropower as a source of energy generally emits fewer greenhouse gas
emissions than fossil fuel dependent sources; however, there have been recent studies that suggest
there are differences between GHG emissions from tropical versustrapital hydropwer
(Fearnside and Pueyo 2012y the Mekong contextl-aplante (2005) notethat reduced emissions
associated with a switch from fossil fuels to hydropower may be offset by GHG emissions from dam
reservoirsg as organic carbon in the recently inundated lands begin to decompose.

12.2.1 LMB Dams Literature Review

Methods

In the energy sector generally, and in particular with hydropower, there is an emphasis on increases
and decreases in carbon dioxide emissions. Note that reservoir emissions may be from greenhouse
gases more generally, but these are often converted tdeardioxide for simplicity sakeWhile

basic methods were presented for estimating the net change in GHG emissidnsalculating an
associated value, little in depth efforts were maitethe studies reviewed for estimating the aec

nomic value associateglith this change.

Results

Laplante (2005) estimated that tiégam Theun roject would reduceCQ emissions by 20 million
tonnes over the life of the analysis, with an estimated NPV of USD 34 million. In addition, the study
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placed a negative cost of U3Bc30 million on reservoir GHG emissions, suggesting a net benefit of
USD4¢16 million. The author did note that the timing of the release of emiss{ergs a bulk of
emissions at one point in time versus a sustained rate of emissions over a perica®)fgauld sh-
stantially alter the impact (and associated value).

ICEM(2010c)estimated the LMB mainstream dams would have net GHG emissions reductions of
40¢50 million tonnes C&year.

Nippon Koe{2009)deploy methods based on those of the Clean Development Mechaifiv)(to
calculate the change in G@missions for dull portfolio of proposedCambodian hydropower pr

jects. The study suggests emission reduni for the Cambodian power grid @65 t-CQ/GWH
(0.755 kg C&kwh) when hydropower is deployed in place of diesel power. For the loss of forest
sequestration due to submergence of forestlands in hydropower reservoirs the study prevites

sions reductins due to hydropower emissions due to loss of forest sequestratib’.19 t-
CQlhalyr based on IPPC 2006 guidelines for calculating national greenhouse gas invenites.
CDM parameters (reported below) are also used for calculating reservoir ensisdiois worth nt

ing however that Nippon Koé2009)misconstrues the CDM guidance on the use of the power de

sity requirements. In the study the reservoir emissions are simply left out for power densities of less
than 4 W/nf. These projects are still credited with net emissions reductions. For example Lower Se
San 2 is credited with 937,0Q6CQ/yr of emissions reductions even though the power density is
0.52 W/nf. As a shallow, large surface area reservoir thifltflsod a large area of tropical forest

this project would not qualify for any greenhouse gas credit under the CDM. The project may even
lead to an increase in greenhouse gas emissions.

The Buon Kuopydropower projectsubmitted project design document® the Clean Development
Mechanismfor approval(No Author 2006) This project has a power density of over\Hm? and
thus qualifies for the CDM progran€alculations of the emission reductions for the Viet Nam power
grid in the proposal suggest a factorg#5t-CQ/GWHfor hydropower At full production the fadi

ty is expected to yield over 773,00 Qlyr.

12.2.2 Additional LiteratureConsulted

Methods The Clean Development Mechanisnoyides the current methods for registering new
hydropower projectsfor carbon creditCDM 2015) The guidelines do not apply to hydropower
projects with a power densityfdess than 4 W/m2 Projects with power densityetween 4 and 10

W/m? must calculate reservoir emissions @@ t-CQ/halyr. Projects with a power densitwer 10

W/m? are instructed to set reservoir emissions at zero. Clearly the intent of the guidelinesxs to e
clude projects with a large reservoir surface area and a low installed capacity. This is no doubt due to
the uncertainty regarding what the reservoir emissorould be and in order to avoid certifying a
project under the CDM that might actually increase greenhouse gas emissions overall.

Global Social Cost§he most recent US government interagency effort finds thatglwdal social

cost of carbon i&JSD11 to 37 pert-CQ for 2015 reductions The range is determined by the shape

of the cost curve over time and the discount rates employed (5% and 4% respddtik@is 2013)

The discount rates and the resulting costs are derived for regulatory purposes, in particulasr to e
sure internal consistency in gavenent analyses across agencies and sectors. The cost estimates
originate fromthree different global model$PAGE, FUND and DI@H&) attempt to pair global &

mate models with global economic modelBased on the US Government work a recent IMFipubl
cation selects a USD 35002 as representative of the social costs of emisgiBagy et al. 2014\
recent academic study claims that enabling climate change to affect the underlying growth rate of
economics may lead these models to projesen highersocid costs ofup to USD 220 pet-CQ
(Moore and Diaz 2015)n a commentary, a leading economist suggests that the global models have
little empirical basis and that the treatment of economic ImPid Ay (KSaS Y2RSft a
K20 FyR 2F I f Y24 Pindgck 2001\ & frirtei the@Shopbiritsiadt éhat these
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models completely fail to incorporate the risk of a possible catastrophic climate outcome. eAs a r
sult the author expects that a range of USD 10 to 40 ie@tfor the most likely scenarios is appro
imate but the true vlue might be as high as USD 200 p&Q if catastrophic risk is included

(Pindyck 2013)

Carbon PricingVarious schemes to ietnalize potential damages from climate change by pricing
carbon exist around the world, primarily consisting of trading in emission reductions or carbon taxes.
A recent World Bank report inventories these efforts and documents that they price carbay-at a

where from USD 1 to USD 168 pe2Q (Kossoy et al. 2014)

Regional Studies In a study forecasting the Thai power sector and resulting carbon emissions

(Promijiraprawat and Limmeechokchai 20122 y ¥ A N

aKIF G

i K Sof aieditgNay Y Sy i Q3

average o#40t-CQ/GWHis realistic under future scenarios and that abatement costs under a 40%

emissions reductions scenario are USD 5.2620 pert-CQ.

12.2.3 HPST Valuation

12.2.3.1 Quantity of CO2 Emissions (reduction)

The approach taken in thdPST is to deploy the CDM methaited above. The first step is tolca
culate the power density and evaluate whether any net emission reduction benefit can be credited,
so whether the power density is greater than 4 W/mf so the methods are used asléws to cé

culate each component change in emissions

9 Increase in emissions due to the loss of submerged forest and therefore the loss of future
forest carbon sequestration; this is calculated using the 5.C&) per hectare of forestland
lost as citedabove for Cambodia (more precise country figures can be entered as they are

obtained by future study teams)

1 Increase in emissions due to emissions from reservoirs; this is calculated using theg€DM fi

ure of 90t-CQ per hectare of reservoir surface arpar year for projects with a power de
sity between 4 and 20 W/fn

Decrease in emissions due to hydropower generatioth zero emissions displacing grid
generation with a country specific @@oncentration; these factors are as cited above for

Cambodia, Thailand and Vietnam, with the Lao factor using the same figure as Cambodia

(update country figures can be entered as they are obtained by future study team).

A summary of these parameters dmy appear in the HPST parameters is provided below.

Table6l. HPST Parameters for GBmissions

Carbon
Forest Sequestration t Q02/yr/ha 5.19 5.19 5.19 5.19 5.19
Reservoir Emissions t 02/ GWH 90.0
Power Density Trigger 1 W/m2 4
Power Density Trigger 2 W/m2 10
Fossil Fuel Avoidance t 02/ GWH 755 755 440 535

In order to carry out these calculations information about each projects installed capacity, reservoir
area, annual power generatiosubmerged forestland areand countryby-country destination of

power generation would beequired.

Once each component change in emission reduction is prepared the net total change in reduction
emissions is calculatedGiven that usuitable shalloweservoirs withlow installed capacity arefe
fectively excluded from these calculations, most facilities will shetxemissionseductions.
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12.2.3.2 Valuation of Emissions reductions

There are a number of ways that the expected valuthege reductions could bealued in econm-

ic terms. The table below shows a few of the figures cited above and their adjustment to 2014 USD
figures. The social cost of carbdigurescited above could be used or values from global or regional
emissions trading systems deployeHowever, the study byPromijirapravat and Limmeechokchai
2012)shows that the costs of abatement are relatively low in the regidth a higherend of USD
8/t-CQ. This is approximately the lower end of the global social cost of carbon figures and so USD
10 +CQ is taken as a consertr@e value ofthe economic value of emissions reductidos the re-

gion. This figure appears in the HPST parameters page and can be updated in the future.

Table62. Resource Values for GBmission Reductions

Sudy Value  Adjustment 2014 Value

Source/ Atation Project/ Sudy Gountry  Sudy Year Value Type (USD/t-00?) Factor (USD/t-00?)

EPA (2013) USInteragency Sudy Gobal 2007 Social Cost (2015 at 3%) | $ 37.00 1.19003 $ 44.03
EPA (2013) USlInteragency Sudy Global 2007 Social Cost (2015 at 5%)  $ 11.00 1.19003 $ 13.09
IMF2014) Global 2014 Approximation $ 35.00 1.00000 $ 35.00
Promjiraprawat (2012) Thai power sector Thailand 2012 Abatement Costs-Low | $ 5.26 1.01583 $ 5.34
Promjiraprawat (2012) Thal power sector Thailand 2012 Abatement Costs-High | $ 8.20 1.01583 $ 8.33

12.3 Bioprospecting

Asconsidered briefly above under, individuals and communities in the LMB already use local flora
and fauna for medical purposes. Bioprospecting refers to the potential that there may be as yet
medical or pharmaceutical applications derived from biodiversityvo routes for this exist, one is
simply randomized or purposeful testing of species biochemical potential and the other is through
ethnobotany and the testing of loAgeld medicinal practices by indigenous communities. o ec
nomic terms, bioprospectmis typically described as an option vatuealue for something not é»

ing used today, but that may be used in the future. In this sense it reflects a specific future use value
attributable to biodiversity.

The LMB is widely recognized for its diversityflora and fauna both in its waters and terrestrial a

eas. Loss of wetlands and forestland to inundation and project structures and changes inyiver h
drology are likely to impact regional species; however, it may be difficult to assess how such impacts
might affect the option value for regional species.

12.3.1 LMB Dams Literature Review
Methods

Two methods for estimating option values are contingent valuation and benefit tranSfamtingent
valuation would require primary data collection, while benefit s&r would rely on the relevance

and transferability of existing studies on the topic. These studies have often taken the form of
productivity analyses in which the use of species in developing new drugs is examined in terms of
the statistics of the kil K22 R 2F TFTAYRAY3a | aKAlGé adzmail yoSsS
marketable pharmaceutical.

Data

Laplante (2005) cited a study by Simpson (1997), which reviewed WTP to preserve biodiversity
hotspots by pharmaceutical companies in 19 differemintries/regions. The studpund a range of

WTP from USD 0.6229/ha across the countries/regions assesgginpson 1997) While this study

is subject to a number of shortcomings, it reflects the rather low expected values from this approach
(Aylward 1993; Barbier and Aylward 1996)
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12.3.2 HPST Valuation

Value associated with bioprospecting is a potential value associated with the conservationief biod
versity. Contrary to the popular press it has receiveds tralue is likely to be marginal when
brought back to the hectare of natural habitat. As such, it is recommendedotbptospecting be
included as a component of biodiversity, and therefore included in the social and environnrental i
dicatorsbeing devebped as part of the ISHO2 project.

12.4 Tourism and Recreation

Southeast Asia is already a popular tourist destination and tourism to the region is expected to co

tinue to grow (ICEM 2010). While tourism data exist for the four LMB countrie§ gdde63), it is

y2i lfglea Slrae G2 RAAOSNY 6KIG LINPLRNIAZ2ZY (GKAa
related to the Mekong River and how that proportion of the \eaimould potentially be affected by
hydropower development.

Table63. Recentinternational Tourism &atistics

International tourists

Quantity Value % of total

(millions) (USD millions) exports
Lao PDR 1.786 413 17.18%
Thailand 19230 30,926 11.86%
Cambodia 2.882 1,790 24.08%
Viet Nam 6.014 5,620 5.31%

Source: indexmundi.com
That being said, it is likely that hydropower development would have some impact on bottpperce
tion and willingness to pay for activities associated with the Mekong River (ICEM 2010).
12.4.1 LMB Dams Literature Review
Methods

While several of the studies reviewed discussed the potential impact of hydropower development in
the region on tourism, none of them directly included methods related to valuing potential changes
in tourism associated with hydropower development.

Data
ICEM (2010ajeported the following baseline towsin statistics

91 In 2005, river dolphins brought 75,000 and 7,612 domestic and foreign tourists, respectively,
to the Kratie region.

1 From 2005206, over 30,000 tourists, both domestic and foreign, travelled to Stung Tréng, o
ten for ecotourism.

1 From 200206, an estimated 1.2 million foreign tourists and 8 million domestic tourists visi
ed the Mekong Delta. Can Tho attracted 1.1 million tourists in 2009, which generated an e
timated USD 31.6 million.

1 Extrapolating from available sources, ralEsed tourismwas estimated to be worth USD 15
million and USD 41.7 million in 2003 and 2007, respectively.
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12.4.2 HPST Valuation

It is likely that two separate, but related, analyses need to occur to estimate potential impacts on
tourism ¢ those associated with losses orasfyes to environmental assets or locations and those
associated with tourism to hydropower projects themselves. The lack of existing research into this
topic may be rectified by initisdtocktakingand review of the existing tourism literature. Further
work would attempt to identify the potential loss of sites and values associated with them based on
benefit transfer from the numerous studies on tourism and recreation in developing countries. In
addition, for Lao PDR, as the country most likely to besliging large numbers of hydropowergsr

jects, a further question that can be examined using survey approaches is whethesdatgedam
development would affect the countries growing reputation as an ecotourism destination and, if so,
what could the cosbf this be. As tourism is an important and growing element of GDP in the LMB
countries, and particularly Lao PDR, such studies would greatly assist the ISHO2 project.e-Initial r
view and assessment may be undertaken as part of the ISHO2 project, asigbsinever, primary

data collection and analysis to fill this gap would be needed separately.

12.5 Sand and Gravel Extraction

Extraction of sand and gravel from the Mekong islands and shoreline occurs for construation pu
poses. Changes in sediment flow atheposition associated with hydropower development could

affect the amount of sand and gravel available for extractierexamined in Sectidil.3

12.5.1 LMB Dams Literature Review

Methods

Hall and Leebouapa@005) estimated the value of sand and gravel as the net value of produgtion

calculated by estimating the market value of sand and gravel minus the costs of production.

Data

Some of the studies reviewed included baseline estimates of sand and granagtiext, but none
included quantitative estimates of potential impacts to the industry as a result of hydropogver d

velopment.

1 Hall and Leebouapao (20083timated that in Lao PDR the 2@0@3 market value of sand and
gravel was USD 2.86frand USD 2.93/frespectively; however, costs of production were USD
2.42/m? for sand and USD 2.87ffor gravel.

I Table64 shows 200203 estimates of sand and gravel production aret walue (for Lao PDR

only) based on data provided Ityall and Leebouapao (2005)t should be noted that therepa
a0 dzRe > $MY50GKlKoOK A
annually¢ Hall and Leebouapa@005,38), however, the actulavalue, upon recalculation is USD
141,500, as shown ifhable64. Furthermore, this typo was carried over into ICEM study, which
then usedthe erroneous estimate to extrapolate a value for the LMB (ICEM Economics Baseline
2010:46 (ICEM 20104, 46)

Table64. LAO PDRdiimates of Sand and Gravel Production for 2003

LIS I NA

g2

08

g@é Lk

Ay GKS

Production  Market price Production cos Net value/unit Net value
(mlyr) (USD/ ni) (USD/ ni) (USD/nd)  (USD millions/yr
Sand 229,176 2.86 2.42 0.44 0.101
Gravel 219,708 2.93 2.87 0.06 0.013
Total 448,884 T T T 0.114

Guidelines For The Evaluation Of Hydropower And Multi

-Purpose Project Portfolios : Annex 1(WV 1.0)

99

I,



f ICEM (2010) estimated sand and gravel to be worth USD 2%86/ao PDR an@ambodiaand
USD 1.00h%in Thailand and Vietlam.

This information on sand and gravel mining is incorporated into the valuation of changes irdthe se
iment regime carried out above in Sectibh.3
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13 Appendix 1:Economic Valuation Methosl

Regardless of how resources availablestwiety are allocated and managed, under conditions of
scarcity their use in one activity for productive or consumptive purposes implies that they are not
available to other uses. That is, the use of scarce resources entails an opportunity cost tyr socie
This basic fact applies to all the resources that are invested in hydropower dams and hydropower
production, just as it does to irrigation development. It also applies to the impacts created by such
activities, including those only indirectly or d@istly related to economic activity, such as when a
dam alters the hydrologic regime or habitat available to fish that are ultimasdycesharvested

for food or commercial use. Economists have long used a variety of valuation approachesrto unde
stand and estimate the costs and benefits of resource use. This includes changes to the-enviro
ment and natural resources such as occur following hydropower developnigeemar(1993)pro-

vides a comprehensive overview of these methodssummary chart ohe full range of methods is
provided inTable65 below.

The principal economic valuation methods can be grouped into four different categories based
largely on two citeria. The first grouping criteria is based on the whether the behaviour that reveals
value is individual behaviour observed within actual market settings or whether the behaviour is
elicited as a hypothetical response to constructed market scenaridse second criteria is dete
mined by whether monetary values derived from the technique are observed directly in the markets
for the good or service or merely inferred from behaviour and preferences in other, related markets.
These two grouping criteriaeate four categories: market prices, stated preferences, revealefi pre
erences, and choice modelling.

Table65. Valuation Methods

ObservedBehaviour HypotheticalBehaviour
Market Prices Stated Preferences
Value (Direct Observed) (Direct Hypothetical)
BZ:S% Competitive market prices Contingent Valuation (dichotomous choid
Shadowpricing willingnessto-pay, bidding games)
Revealed Preferences ChoiceModelling
(Indirect Observed) (Indirect Hypothetical)
Value Productivity methods Contingent referendum
Indirectly | Avertive (defensive) expenditure Contingent ranking
Derived
(inferred) | Travel cost Contingentbehaviour
Hedonic pricing Contingent rating
Substitute goods Pairwise comparisons

SourceAylward et al(2001)

Approaches relying on direcbserved behaviouiinclude the use of competitive market prices and
accompanying shadowJNA OS | R2dzaldyYSyda IyR OlFy o06S YaNEB
ods. When possible the use of such techniques is preferretheagaluation outcome will be based

on actual, not hypothetical, choices, and does not require the analyst to make assumptions and i
FSNBy OSa | behaldour Maigtdietiddsimay be useful in particular for valuing the d
rect impacts of hydropowedevelopment, although revealed preference approaches are also often
used to value water where direct market prices are not available such as for agriculture, domestic

aAryYl
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