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EXECUIVE SUMMARY

Outcames of theNorld Commission on Damandmark analysismphasizeéherole of
decision makingvith regard tdargedamdevelopment, declarintpe need fomore
transparent and participatory proces$edadequately avoid, minimizendcompensate
for unintendectonsequenceOne of the foremost challengeereinis the need to
broaden discussions of dam impaaténclude social and environmentainsequences
acknowledginghateffects may transcend traditional disciplinary boundar&upporting
this direction, he Integrative Dam Assessment Model (IDAg aresearch andata
visualization tool, allowing stakeholders and decision makeyseoy andbserve dam

costs and benefitacross socioeconomic, geopolitical, and biophysigatems

The IDAM method

D facilitatesmultidisciplinarystudy of dam impactsiniting informationabout

effects to socioeconomic, geopolitical and biophysical systems;

D uses guantitative methods to illustrate objective measures wfatpeitudeof

dam efects;

Disa participatory procesebjective impact magnitudese tempered by
subjective valuation of thealienceof theseeffects by relevant project

stakelolders

Combining impacts into one collaborative, holistic analysis, with emphasis to synergistic
relationships among socioeconomic, geopolitical and biophysical systems, IDAM
exceeds capabilities of discrete disciplinary evaluations that often inform dam decision
making. By providingvisual representation of costs and benefits associated with two or
more damsor various operations scenarios, the IDAM tool allows decisiakers to
evaluate alternatives and to artex@ priorities associated wittam projecs, making

decision procegsmore informed and more transpareRbr these reasons, we believe

that the IDAM tool represents an important evolutionary step in dam evaluation



1.0 USERS GUIDE TO THE IDAM
METHODOLOGY

1.1 BACKGROUNDDAM BUILDING AND
DECISION MAKING

Dams have contributed to human development by providing reliable avatenergy
resourcesamong other important benefitds climates chang#he extent and number of
areas affected by severedght and those subject to high vulnerability from flooding
due to heavy precipitation will likely increase in coming decat®&S,2007). Cams
may play an increasingly important rateadapting water supplies, agriculture, and
infrastructure to a chaimg climate. Thus, whilelargedam building slowed in the
second half of the Z0century(WCD, 2000) the next generation will likelwitness
renewed intensity in large dam developmesitiew damsareplanned and constructed

particularlyin thedevelopingworld.

1.1.1 Findings from the World Commission on Dams

After undertaking a comprehensive, global assessment of tlaend/orld @mmission

on Dams (WCD) repothat large dams have often enacted unintended and largely
undocumented and unmitigatlconsequences to the physical environment and to social
systems. WCDleclareghe need for more equitable and sustainable decision making
with respect to large dams, aechphasizethat new models of decision making must
involve key stakeholders througint the processMuch subsequent researalso
advocatesmproving decisiormaking processaggarding large dams (McCulB001
Mokorosi and van der Zaag 2Q0%ch 2002 Dingwerth 2005).However, important
challenges in implementation remain unresolv€tiief among these is how best to carry
outequitable and sustainable decision making in situations where information is scarce,
or in which there exists strong institutional resistance to WCD recommendations

Specifically, WCD recommendations tapen gasessment procedures to public scrutiny or



commentare often contentioy®ubash et al. 2002)To move water resources
development in the direction of improved dialogue and greater transparenosypar of
approaches are under developnterenhancevate governance and decision making
(WCD 200Q van der Zaag et al. 2008urner et al. 20035imonovic and Fahmy 1999).

1.1.2 Interaction of socioeconomic, geopolitical, and biophysical
dam effects

One of the foremost challenges to improving dam decision making is the need to broaden
discussions of dam impacts to include effects that are often difficult to quantify or foresee,
and to foster discoursxploring ways thathese effects may transcendditional

disciplinary boundariesDocumented unintended consequences of large dams offer
insight to potential risks associated with dam construction, as well as the potential for
lessening impacts by considering integrative impacts across disciplidesrsa

ecological effects of dams affecting hydrology, and water quality (e.g., Petts 1984, Poff et
al. 1997, Poff and Hart 2002, Ward and Stanford 1979) often affect society by disrupting
existing cultural and economic institutions (Goldsmith and Hilyi®86, Cernea 199

Scudder 2005) and by influencing relationships between the dam community and
communities both upand downstream, which may include people in other political
jurisdictions. Dams have displaced up to 80 million people worldwide (WCD)200
resulting inincreased landlessness and unemployment in addition to social disarticulation
(Cernea 1999). Relocation efforts associated with dam building often lead to higher
population densities and loss of arable land, and thus to greater stimgglésnd access
(Webber and McDonald, 2004).

Social tensions and conflict are associated with environmental scarcity and unequal
distributions of natural resources (Anderson et al. 1996; Ayling and Kelly 1997; Dalby
2002; HomeiDixon 1994; HomeDixon 1999; Rgnnfeldt 1997). Conflicts as mild as
frustration among members of a community (Kant and Cooke, 1999) or as severe as
violence over resource ownership rights and responsibilities (Suliman, 1999) will likely
become more common with increasing poputadod resource demands (Buckles, 1999).
In the case of dam development, these conflicts occur in part because the costs may be



experienced differently by communities geographically and culturally tied to the river
relative to those who access its resoureesotely. Given the extensive spatial context of
hydropower development, conflicts over damming rivers have the potential to extend

over numerous levels of organization, and this complex interplay of drivers and responses

results in several basic yet adl questions regarding the sustainability of hydropower.

These undesirable outcomes are often either irreversible or diffimelNéose (Whitelaw

and MacMullar2002), and the negative impacts of environmental change associated with
dams tend to fallidproportionately on vulnerable populations based on racial, ethnic,
gender, and economic status (Bocking, 1998dreover, the costs and benefits of dam
construction often accrue differently to different stakeholders (Bocking 1998). Thus,
while it is clear that dams provide many benefits to society, it is also cleaddhat
impactevaluations undertaken through different disciplinary perspectives may lead to

vastly different conclusions about the relative costs and benefits of a given project.

1.1.3 Need for more comprehensive decision -making models

The 1992 United Nations Conference on Environment and Development identified
socioeconomics, geopoliticand biophysicas primary areas of concern for
environmental and socialstainability in developme@NCED 1993). Despite
recognition that dam impacts are felt across these three areas, fewIshvdies
comprehensively evaluated the distribution of socioeconomic, geopoléicl
biophysicalcostsand benefits of new dam construction (Whitelaw and Mldtan 2002).
Rather most existing studies examine the impacts of dams from the perspective of a
single discipline, often from either a natural science or a social science perspective.
While such research yields vital insights into dam valuation, itimegvertently miss
important synergistic relationships betwesstioeconomis, geopolitis, and biophysics
History indicates thahereductionist, disciplindased approaelsof the pashave not
sufficienly documeng¢dtheinterconnected nature sbcioeconomic, geopoliticadnd

biophysicaldrivers and outcomes of dams.



To meet simultaneous demands for water, energy, and environmental protectiomowell
the future, a broader view of dams in the context of-k@ngn sustainability is needed.
Specifically, collaborative, holistic approaehto study integrated effects of damae
necessarywith emphasigo how synergistic relationshg@mongsocioeconomic,
geopolitical and biophysicakalmsimpact river communitiesAddresgng this need, we
have developed an integrated, multidisciplinary approach to evaluatingngiaacts The
Integrative Dam Assessment Model (IDAKameworks e ek s t o ful fi | | t he
recommendations for the equitable and sustainabldafeuent of water resources,
facilitating comprehensive options assessments that equally considgectbeconomic,
geopolitical and biophysicalbomponents of alternative development scenaflte

IDAM modelfurtherembodies WCDecommendationBy formally integrating
stakeholder participatioas a foundation of the decistaraking process. Moreovdyy
documenting information used in evaluating dam development alternatigdAM
frameworkencouragetransparencyn decision making The contributions of this work
includean integrativemultidisciplinarytool to supportdecision making in the face of
risks and uncertainties lmgore completely representitige risks and rewards of

hydropower development

1.2 THE INTEGRATIVE DAM ASSESMEN
MODEL (IDAM)

1.2.1 Conceptual design of IDAM

IDAM proposes novel methodor considering benefits and costs of dams in a
framework that integrates multiple spheres over which dam impacts may @rewing
from the1993United Nationglefinition of sustainability in developmeas three
equivalent pillas of sociceconomicsgeopolitics and biophysicUNCED, 1993 Figure
1.1), the IDAM tool provides @ommon space where these three disciplines may be
simultaneously accounted and compatetting information traditionally available to
decision makersnly in discretedisciplinary analysege.g. Social Impact Assessment,

BenefitCost Analysis Environmental Impact Assessment
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Figurel.l: Three pillars of social and environmental sustainability.

Conceptually, the IDAM modeadvaluateswo aspects of dam impacts: 1) objective

measures of thmagnitudeof dameffects, and 2) subjective valuation of tealienceof

effects by relevant project stakeholdeFar examplet he magni tude of a dan
capacity may convey information ragling the magnitude of effect to energy supplies.

However, salience conveys how important this impact ietple affected by the project

andallows the inclusion of nuanced, valbased informaton t hat | gshedt capt ul
objectivemagnitudeof impact. One may imagine a scenario in whiah impachas a

great magnitudeyet salience data indicate that project stakeholders assign little

importance to this impactOr, conversely, impacts of seemingly insignificant magnitude

may be highly valued byakeholders.

Implementation of the IDAMrameworkproceeds according to the following process:

To illustrate potential impacts or vulnerabilities across socioeconomic, geopolitical, and
biophysical systems, a suitedafjective quantitativampact magnitudesorindicators of

impact,is presented forazh discipline.



Besideeachindicatormagnitudecorresponding information on the salience of the impact

collected from a group of stakeholdesspresented

IDAM visualization tools convey both the magnitude and salience of dam impacts across
socioeconomic, ggolitical, and biophysical systems, allowing decision makers to
identify priority issues associated with an individual dam, or to compare distributions of
impact for two or more danm@ management optiondn this way, the IDAMramework
makesboth magriudes of dam impacts amtividual salience, or how we value or care
about a particular impact, explicit and transpardrttis process simultaneously

facilitates discussioramong decision makenrsighlights fundamental differences
betweergroups of stakaolders, and documents the information that was used to reach a

decision

1.2.2 IDAM impacts and indicators

Informationrelevantto dam decision making oftenspecific to individual dams or river
systemsthus data necessaryitdorm decisioamaking processes may differ among
potential scenariosFor this reason, the IDAM tool offers maximum flexibility to users
in determining relevant and available informatiobe included in evaluations.
However,deciding whichdamimpactsto considerand how to evaluate magnitudes of
these effects can ladifficult task The metrics selected may greatly affewidel
outcomesthus we recommend theareful consideration is given selection ofmetrics
In developing and testing the IDAM model, sgent considerable time and resources
compiling a suite of metrics that comprehensively syeiply describe potential dam
impacts. We offer our selected metrics (Talld-1.3) and the process that mave
undertikento arrive at this assemblage asgesgions for information to include, or

methods tapplyin determining appropriate metrics.

Thesuggestedmpacts included in thiDAM tool areinformed by an extensive review of

the existing literature, including evaluations of environmental effeas @unn and



Arthington 2002 Goldsmith and Hildyard 198®&/cAllister et al. 2000Rosenberg et al.
200Q WCD 2000), sociakffects (e.g., Bartolome et &00Q Egre and Senecal 2003
Lerer and Scudder1998adler et al2000,Scudder 1997), arithe geoplitics (e.qg.,
Bakker 1999McCully 2001, Ribeiro 1994 Scudder 2009Naterbury 1979) of large
dams. Following this initial literature review,rgups of experts with expgence
evaluating dam impactgthered for structured discussisagardingthe spedic impacts
to be includednd to deliberate potential indicaténatdescribemagnitudes othese
impacts. These discussions were facilitatsithg the Delphi Technique (Gordon and
Helmer, 1964)a method enabling interdisciplinary dialog among expertievelop
consensus on the key components for analysis and providing process techniques to
resolve differences as they arisehe Delphi Technique has proven effective in
facilitating water resource planning (Meedham and de Loe 19903tone and Turdf
(1975) and Rowe and Wright (1999) provide thorough summaries of the strengths and
weaknesses of thmethodology. We conductedhtese discusonsduringinternational
symposiaand dter threesuch consultationwith expert focal groups, had reached

cons@susregarding the resultadamimpactsincluded in the model

Although we do not intend that our chosen suite of metrics (Tableks 3).br approaches

to evaluation are the definitive impacts and indicators relevant to all dam decision
scenarios, comsering the potential for selected impacts and methods of evaluation to
influence model outcomes, we do suggest that users conduct no less thorough of a review

and consultation with expert groups when selecting dam impacts and indicators.

We asked that experts consider how any one impact may be evaluated as both a benefit
and a cost to the system, or as a posdivenegative impacfseeTables 1.1-1.3). For
example, in evaluating changes to income @agisiom a new dam, researchers may
discover that new jobs brought by the dam increesges creating an income benefit,

while inundation of agricultural land may decrease incooiéarmers However,both

positive and negativealuations of ammpact maynot apply to all dams, and it is possible

for either benefit or cost magnitudassociated with an impact be zero.



Additionally, in formulating methods for evaluating dam impauts,asked experts to

reflect upon sources of information that are generally available to decision makers before
a dam is built and to design indicators timaty be evaluated using available informatjon
evenin datapoor scenarios. Balancing competing reeeftomprehensivenformation

and simplicity, the suggested metrics are designed to be useful even in situations where

detailed information is unavailable.

Often,two or morediscrete pieces of information are combined to evaloagedam
impact. For example, watershedale effects to sediment transport are evaluated as a
combination of dam siting within the basin and trap efficiency of the resefloicreate
onecompositampact magnitude hese two pieces of information, teedsubindicators
are mathematically combined to provide an index of effects to sediment transport
processesTo combine subindicators with similar units, such as categorical or binary
data, we calculate the mean impact across subindicators. &vhdiming subindicators
with different unitssuch as trap efficiency (percent) and basin af@dt(is necessary to
nondimensionalize subindicator values before combinivg. oftennondimensionalize
variables bycomparing values to the sample, for instatcesample maximum, mean and
standard deviation {gcore), or to a cumulative distribution function (percentif)r
example, to nondimensionalize with respect to sample maximemeferencehe
population of dams under comparismmdnormalizeeachsubndicatorvalue by the
maximumsubindicatowvalue within our population of damgansformingeach
subindicator to a nondimensional value between 0 aid then combined the values
for each subindicator uftiplicatively. See equation 1.1
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Table 11: Socioeconomitmpacts of damand indicators of effect

IDAM SOCIOECONOMIC IMPACTS AND INDICATORS

IMPACT NAME

POSITIVE SCOPE OF IMPACT

NEGATIVE SCOPE OHRMPACT

INDICATOR

SE1: Social Cohesior

Dams may facilitate transportation

across rivers, integrating less

accessible portions of communities

with the rest of the community

People from one community

may be resettled into multiple
new communities, disrupting

social cohesion

Index of community trust and
cohesiveness; participation in
village activities; borrowing and
lending networks; labor sharing
networks

SEZ2: Cultural
Knowledge and
Behavior

Dams may increase ethnic diversity

and increase access to eduasio
opportunities

Dams may decrease cultural
knowledge of the local
ecosystem and decrease
educational opportunities

Index of impacts on ethnic
composition of community;
middle school enrollment rates

SE3: Material Culture

Dams may contribute to the

presrvation or protection of sites of

cultural significance

Inundation of tombs, religious
sites, and other areas of culture
significance; loss of access to
importance resources

Index of impacts on material
culture, including tombs and oths
sites of cultual significance

SE4: Infrastructure

Communities that were once isolate

or that relied on small hydro or
alternative forms of electricity

generation may be connected to the
grid; water treatment facilities may

improve the quality of drinking

water; damdacilitate infrastructural

development

Prices of electricity may rise as
the source of power may be
farther away; the prevalence of
waterborne diseases may
increase

Index of access to roads,
electricity and potable water

SES5: Income

Incomes may risas offfarm
opportunities working on dam
construction arise; government
transfers may stimulate local
economy

Inundation of agricultural land
may result in decreased income
for farmers

Household income compared to
watershed average from
household surveysommunity
surveys

10



Table 11 (continued)Socioeconomitmpacts of damand indicators of effect

IDAM SOCIOECONOMIC IMPACTS AND INDICATORS (continued)

IMPACT NAME

POSITIVE SCOPE OF IMPACT

NEGATIVE SCOPE OF IMPACT INDICATOR

SEG6: Wealth

The qualityof housing and/or land ir
resettlement communities may
exceed that in the affected area

Resettlers may deplete resourc Housing values compared to

in resettlement communities;  watershed average from

land and other resources in household surveys, community
resettled communities may be surveys

inferior to affected area;

resettlement compensgatt may

be inadequate

SE7: Macro Impacts

New roads and other forms of
infrastructure for dam development
may have positive spillovers for
tourism and otheindustries; money
spent on dam construction may
dramatically increase local econom
activity; commercial value of
hydropower contributes to national
economy

Resettlement of displaced Index of the cost of resettlement

peoples may be costly costs of infragucture, and
present commercial value of
hydropower produced from
community surveys, State
Statistical Bureau data, and
industry estimates

11



Tablel1.2: Geopoliticalimpacts of damand indicators of effect

IDAM GEOPOLITICAL IMPACTS AND INDICATORS

IMPACT NAME POSITIVE SCOPE OF IMPACT NEGATIVE SCOPE OF IMPACT INDICATOR

GP1: DomestiShock Dams provide three main benefits: Resettlement and associated Magnitude of installed electrical
hydropower, irrigation, and flood  costs capacity,irrigation provided,
control flood control, and resettled

population relative to other dams
in the country

GP2: International Treaties or river basin organizations Dam construction causes Treaty coding for specific water
Institutional (RBOs) that enable riparian nations negative impacts (e.g. damage management capacities and
Resilience to jointly manage international river. fisheries, property, or people in basin
have the potential to attenuate stre¢ livelihoods) for individuals and
and distribute costs and benefits =~ communities outside the
resulting from dam construction immediate aga of the dam
GP3: Political As impacts cross a greater number As impacts cross a greater Number and type of boundaries
Complexity boundaries, and boundaries of number of boundaries, and crossed by the river: county,
increasing complexity, dam boundaries of increasing national, international
development creates opportunities complexity, dam development
for regiond cooperation. may lead to greater tensions
among riparians.
GP4:Legal Strong laws help mitigate the impac Laws and other institutions are Administrative level of highest
Framework of change; existing basin agreemer weak or nonexistent, and legal framework governing dam
and associated River Basin insufficient tomitigate negative site

Organizations (RBOs) help reduce impacts or reduce vulnerability
vulnerability throughout basin

12



Table1.2 (continued)Geopoliticalimpacts of damand indicators of effect

IDAM GEOPOLITICAL IMPACTS AND INDICATORS

IMPACT NAME POSITIVE SCOPE OF IMPACT NEGATIVE SCOPE OF IMPACT INDICATOR

GP5: Domestic Decision processes are open and Decisions processes are closec Democracy Index relative to
Governance transparent; governmental and obfuscated; governmental countries worlewide
Transparency management capacity is robust; civ management capacity is limited

dialogue is open and active

civil dialogue is
limited/constrained

GP6: Domestic
Political Stability

Cooperation during planning,
construction, operation, and
management phas leads to the
establishment or strengthening of
institutional arrangements and
promotes improved relations amon
relevant administrative areas
(internal)

Lack of cooperation during Domestic water event intensity
planning, construction, and scale

operation, and management

phases, or other néicts related

to project, increases tensions ir

relations among relevant

administrative areas (internal)

GP7: International
Political Sability

Cooperation during planning,
construction, and operation, and
managemenphases leads to the
establishment or strengthening of
institutional arrangements and
promotes improved relations amon
relevant administrative areas
(international)

Lack of cooperation during International water event intensil
planning, construction, and scale

operation, and management

phases, oother conflicts related

to project, increases tensions ir

relations among relevant

administrative areas

(international)

13



Table1.3: Biophysicalimpacts of damand indicators of effect

IDAM BIOPHYSICAL IMPACTS AND INDICATORS

IMPACT NAME

POSITIVE SCOPE OF IMPACT

NEGATIVE SCOPE OF IMPACT INDICATOR

BP1: Impact Area

Reservoir may create potential
habitat for rare/endemic species

Aquatic, riparian, and terrestrial Indices of habitat quantity
habitats for endemic aare surface area of the reservaoir,
species may be disturbed or  length of river impounded
destroyed

BP2: Habitat
Diversity

Reservoir may create potential
habitat for rare/endemic species

Lotic and terrestrial habitats of Indices of habitat qualityhabitat

rare or endemic species may bt diversity of affected areas,

destroyed; migration routes ma amount of conservation land

be interrupted inundated, conservation area
proximity index

BP3: Carbon
Emission Reduction

Generation of hydropower may
reduce emissions of GHG, may
improve local air quality

Emissions from reservoir may Amount of GHG emitted from

offset a portion of GHG saved equivalent MW of coal power

by hydropower production generation, energy density
(MW/unit area of reservoir)

BP4: Landscape
Stability

NA

Reservoir may induce seismicit Seismic potential: Depth and

road construction and reservoir volume of reservoir, distance to

may increase landslide potentie active faults; Landslide hazard:
slope, egetation, precipitation,
proximity to roads
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Table1.3 (continued)Biophysicalimpacts of damand indicators of effect

IDAM BIOPHYSICAL IMPACTS AND INDICATORS

IMPACT NAME POSITIVE SCOPE OF IMPACT NEGATIVE SCOPE OF IMPACT INDICATOR
BP5: Sediment Reservoir may store anthropogenic Reservoir may disrupt natural Trap efficiency of dam, percentag
Modification sources of sediment, decrease longitudinal sediment of basin that contributes to the da
turbidity and sediment aggradation movement; downstream
downstream channel and bank stabilization
infrastructwe may erode;
downstream grain size
distribution may change;
depositional features (bars,
islands, deltas), and channel
morphology (width, depth,
sinuosity) may change
BP6: Hydrologic Dam may reregulate altered flows ( Dam may change historic Storage potential of reservoir:
Modification dam is most downstream of a serie: hydrograph magnitude, percent of annual runoff stored in
of dams) duration, timing, and frequenc' reservoir

of high and low flows; may
cause downstream changes tc
channel morpholgy, migration
or spawning cues, substrate
conditions, condition of
riparian vegetation

BP7: Water Quality Reservoir may store heavy metals,
pesticides, PCBs, preventing
downsteam contamination

Reservoir may change cycling Percent change in residence time
of nutrients and carbon, through reservoir reach

decrease DO, TSS, and

turbidity, alter diel and season.

temperature patterns, affect

growth of periphyton
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1.2.3 Stakeholder participation

Project stakeholders play an active and vital role in the IDAM procdss.IDAM tool is

intended to hold a heuristic mirror up to decision makers by providing a visual representation of
both the magnitude and valuation of dam impakh® values of participating project

stakeholders, as expressed in salience datevey impotance of various dam impactsitgorm
decision making. Thereforty ensure a truly transparent and balanced process, selection of
project participants must follow methodologies proven to creatmbiased group of

stakeholders. Mdel users mustsuee that participating stakeholders represent a true-cross
section of people likely to experience effects of the proposed dam and that each group is equally
representedThegroup of stakeholdersontributing tolDAM analysis willideally include

experts rpresenting the broad spectrum of interests, from those trairesdeéss and make
decisions about the impacts of dams through socioecongeupplitica] and biophysical
frameworks taitizensaffectedby decisions about the damé/e anticipate that thignalysis

will involve negotiation and consenshailding through a process similar to the Delphi Method,

thereby improving thé&ransparency of the decision making process.

In order tocontributeinformation that accurately reflects their position andies) poject
stakeholders mustilly understandhe potential impacts of the proposed development projects.
Additionally, outside groups evaluating the decision process must also understand how impact
magnitudes were evaluated and how salience data wkeeted. For these reasons,
documentation is an important element of IDAM methodology. Practitioners shrmudeahat
clear, accurataunbiasednformation is provided tall project stakeholders. Evaluation of each
impactmagnitudeshould be carefiy documented and disseminated to participaaitsng with
detailed descriptions of each potential impdebr example, dtaand equationgsed to evaluate
indicatorsmust be citedand methods of data collection must be clearly outlined if IDAM

practitioners developed their own data to inform impact magnitudes.

1.2.4 Data visualization

Although the IDAM processutlines andyreatly streamlines information used in decision

making, the information provided is nevertheless oftetiensive reflecting thecomplexity of
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dam development impacts. Becausievantinformation may be vastindintricate lucid

presentation of dataill help project stakeholders comprehend information used in determining
salience of impactandwill also allowdecision makerto easilyabsorb the foremost
conclusions.Below we suggest specific ways that IDAM data may be processed and presented

in order to enhance clarity.

Within the IDAM tool, manyindicatoss representingmpact magrtude havelimension, or units.
For examplethethird geopolitical indicator (GP3,dftical Complexity) is assessely the
number of political boundaries the river crosses, wsolme socioeconomic indicators (SE4 to
SE6) measurehanges to income and atthin dollars. Various units are used to illustrate
impact magnitudes, y#DAM comparsimpacts across unitsSuchapples and oranges
comparisonfor instanceyaluing dollars against number of boundaries crgsseibjective and
thusproblematic. Therefore, wearansform quantitative, continuous data into qualitative,
categorical data, nondimensionalizvayiablesin the modelwhich allows comparison across
indicators and disciplines (socioeconomic, geopolitical, biophysical). We nondimengonaliz
variabkes bycategorizingmpact magnitudemto discrete bins Rather than presenting actual
impact magnitudet project stakeholders with the expectation that they should compare across
disparate unitsdaa appeabinned into categories ®fo Impact,Small ImpactModeratelmpact,

Largelmpact

There are several methololg whichIDAM practitioners maydetermire breaks or thresholds in
continuoudatathat differentiate Small frorMloderateandModeratefrom Large impacts |t has
been our exp@nce that different methodd categorizatiorare appropriate for different types of
data. Some data leidemselvegasily to qualitative categories. For exampld, fourth
Geopolitical indicator (GP 4, Legal Framewodgptures the highest level adrainistrative law
governinga dam. With respect to this informationpglitative thresholds (e.g. local, state,
national)areintuitive and appropriateEach respective threshold is meaningful in an absolute

sense.

Conversely, it is often appropriai@categorizeguantitative data using mathematical or

statisticalmethods These methods often require thaés define areferencegopulation
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encompasng a range of small to large impacts, within which comparisons are made, and then
define bins basednanathematical ostatistical rules. For instanagyr fifth Geopolitical

indicator (GP5, Governmental Tansparencycaptureslegreeof transparencin the government

of the host countryBecause this measure is meaningful only in relation to othetroesithe
reference population comprissesvereign natiosiof the world. In this casewe create a

cumulative distribution function of transparency of all sovereign nations and define bins
statistically usingpercentilethresholds We therclassifyimpact magnitudes of dams in question

according to the following decision rules:

IF impACTe zero, THENNO IMPACT
IF 0 < imPACT <= 33 percentile, THENSMALLIMPACT
IF 33 percentile ampacT <= 66" percentile, THENVODERATEIMPACT

IF IMPACT > 66" percentile, THEN.ARGEIMPACT

Percentile lning of z-score is useful when data derive from socioeconomic household surveys.
To create bins based ofrszore, ve define a populatioconsisting of responses from all

surveyed household$Ve calculatez-saoresaccording to Equation 1ahd then apply percentile
binningaccording to the empirical distribution of hobs&ls or villages in the samplén Eq.

1.2 individualis the mean of the displaced or to be displaced popul@titege), the sample

meanis the mean of the entire samydd villages), and sample stdev is the standard deviation of

the entire sample (all villages)

OI)%T AE OEDAG A IAMT

U OAI GAT DIORAD YRR
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Finally, definhg bins of equal measure is useful when populations are small, with low n such
that cumulative distribution functions are not supportétk defnethreeequalbinswith

reference tahe maximum value withithe populationand classifympactsas follows:

IF imPACT = zero, THEN NO IMPACT
IF O <impACT <= (maximpact3), THEN SMALLIMPACT
IF (maximpact/3) <IMPACT <= (2*(max impadt3)), THENMODERATEIMPACT

IF imPACT > (2*(maximpact3)), THEN LARGEIMPACT

The IDAM modelis, at its core, a data visualization tool, allowing stakeholders and decision
makers to observeow dans affectsocioeconomic, geopolitical, and biophysisgstems By
combining impacts from multipleealmsinto one analysis, IDAMexceeds capabilities of
discrete disciplinary evaluations that often inform dam decision makiogvever, simultaneous
consideration omany and variabldam impacts creates a complex daigputthat can easily
overwhelm practitioners and decision makdfarthermore, bcausdDAM fundamentally
requires cooperation across disciplinary boundaries, and bguamysie of different backgrounds
often process and absorb information in different ways critical thatDAM informationis
presented isuchaway thatpractitiones of variedbackgroundnay easily extract information
The primary challenge to effective presentation of IDAM data is to convey as much specific
information to decision makers as possiblearly highlighting salient features of tdata while

minimizing confusion

In design of IDAM visualization tools, @consulteda computer scientist and visualization
expert andconductedsurveys to assess how easily and accurately people across disciplines
acquire information from figureswith the visualization expert, waeveloped a survey,

identifying questionghattesedboth people's preferences and accuraaxtracting information.

We implemented this survey among groups of social science, natural science, and engineering

students.We first assesed demographics (e.g. gender, age, highest level of education, discipline,

highest level of math, color blindness) of the survey particigamdsxplained how to read two

figure options (amoebdiagrans and color saturation bahartg. Wethenprovidedinformation
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on competing dam design alternatives as a narrativeglaasummarizedmpactdatain two

figure options and as a table of numbéFs. evaluate the accuracy with which students interpret
different figureswe asked students to find specific information from the figsirandto interpret
patterrs that they se We also askeahich figurefelt mostcomfortable anadvhatwas
pleasing/displeasing about tlayouts Our survey indicated that students initially found llae

charts easy to understand, likely because most students had ample past experience reading bar
charts. However, once students gained more experience with the amoeba diagram, students
found the amoeba to l@amore informativepresentation of IDAM datthan the bar charts.
Regardless of figure layoutusients with experience in abstractions (matttjacted

information fromgraphical displays more accurately

1.2.5 Model limitations and ¢ onsiderations for implementation

The indicators of impact suggedtin Tabls 1.1-1.3 balance competing needs for completeness
of information, yet simplicity of data requirements. In general, the more specific information
that is included inmpactevaluaton will lead to a more complete and accutreateessmerf a
dan6s I mpact . H o \Wneitodhe returh diegcess data satueatiahus it is
necessary to define boundaries to our analysiiss is not a uniqgue conundrum, asation of

system boundaries is a question inhereminy modeling effort.Within our final compendium

of dam impacts and indicators (Tablel-1.3) is an implicit statement of system boundaries,
driven by our goal to create a model thawidely applicable, even in daaoor scenariosThe
boundaries of analysis anecessaly malleable, fluctuating according tequirements of

specific impacts.For example, in assessing socioeconomic and biophysical impacts, we evaluate
mostlylocal effectsdefiningmodelboundaries close to the dam siglthough it is likely that
socioeconomic and biophysical impacts travel downstream to affect areas that are far from the
dam sitedata requirements and uncertainty related to expression of downstream or tertiary
impacts are often prohibitive to assessment outside of a limitedalazal Converselas
geopoliticaleffectsby definitiontranscend national boundaries, we measure geopolitical impacts

at the regional, national, or international scale.

Informationused to evaluate IDAM indicators of impagtsometimesorrelated, oralinear.

For examplewe evaluate changes to water retention time in the reservoir reach (BP7, Water
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Quiality) and sediment trap efficiency of the reservoir (BP5, Sediment Transport). Reservoir trap
efficiency is directly correlated to change in wateeméibn time thus these two indicators of
impact magnitude are colineadimilarly, informationmay be duplicated in the model such that
similar datainforms more than one indicator of impacagnitude For instance, costs of
resettlement are evaluatedde- once inour seventh socioeconomic indicator (SE7
Macroeconont Impac}, an economic codtenefit analysisand againn our first geopolitical
indicator (GP1, Domestic Shoc&$ an estimate afisturbanceo the domestic hydropolitical
system.Becatse a single dam impact may influence multiple system attribueegstify
duplicationori d ou b | e ¢ o u pravidedthabtheanipacts aval@ated are discrete.
Indeed, the ability to visualize how dam impacts affect multiple spheres is a umangttsto

the IDAM approach.

The IDAM model is intended to foster transparency in decision making. If implemented
correctly, according to the guidelines outlined above, the IDAM process documents information
used in decision making and fostengepeatable, transparent, and participatory decisiaking
process. However, as with any process that facilitates decision making, IDAM outcomes are
only as sound as implementation. Without adequate documentation of data used in decision
making and tranmarency of process, it would be possiblenanipulate the IDAM toolo justify

a premade decisiorfor that reason, decision makers and stakeholders must have absolute
access to alflata on potential impacgdIDAM practitioners must carefully adhere t

guidelines for correct implementation of the IDAM tool. Practical details concerning model
implementation may vastly influence outcome of the IDAM process, therefore, clear
communication between project stakeholders and practitioners implementingAietdbl is

imperative.
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2.0 IDAM IN PRACTICEA CASE
STUDY FROM SOUTHWESTERN
CHINA

2.1 DAMS OF THE LANCAN@GPPER MEKONG)
AND NU (SALWEEN) RI¥2RS

We illustrate application of the IDAM framework in the following case study of proposed
and existing hydropower dams on two international rivers in Yunnan Province, China.
The Nu (Salween) and Lancang (Mekong) Rivers both arise on the Qifigletan

plateauof western China and flow through Yunnan Province before crossing
international boundaries into Myanm@urma)and Laos, respectivelylhe following
analysis of Chinese Lancang and Nu Rivainstendams $ an example of how the

IDAM tool may be usedo informsuchresearch questions as:

D How will proposed mainstem dams affect socioeconomic, geopolitical, and
biophysical systems in the Salween River basin, and how do these effects
compare to those projected and observed on the Mekong River, in temsot
magnitude and stakeholder salience? Specifically, how does regional physical

and social geography influence impact magnitudes?

D To what degree are socioeconomic, geopolitical, and biophysical systems of the

Nu River vulnerable to mainstem hydropowdevelopment?
D How does stakeholder salience vary across sectors (academia, industry,

government, social and environmental NGOs) and disciplines (physical, social,

political sciences)?
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For our case study, we have selected eight existing and proposetbddetsiled
analysis; four on the mainstem of the Lancang River and four on the mainstem of the Nu

River (Figure 2.). See Table 2.fbr details of dams analyzed in this study.

Figure2.1: Study dams of the Nu and Lancang Rivers
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Table2.1. Hydraulc andsocioeconomicharacteristics of the Nand Lancang
River study projects.

Reservoir Area
Modeled or
Dam Installed Observed People
River Height Capacity (Reported)* displaced
Basin DamSite | (m)} (Mw)? (km?) (number)
Xiaowan | 300 4200 93('371)95 32,737
Manwan | 126 1500 241 27 3,513
Lancang (4)
RIVEr  hachaoshal 110 1350 19('8)33 6,100
Nuozhadu | 254 5500 16%45?10 23.826
- 287 66
Maji 300 4200 17) 19,830
37 11
NU Lumadeng| 165 2000 @) 6,092
RIVEr  Vaniluo 133 1800 5('2)9 3,082
Lushui 175 2400 8 E 4)19 6,190

1 Nu River damsDore and Yyu2004 Lancang River dams: Plinston and He, 1999
2 Manwan and Dachaoshan observed; others made€ibkér, 2012 (this report)

3 Lancang damdvlagee and McDonald 2009; He et2007: 147148 Nu dams: Dore and Yu,
2004

*A s the biophysicallata suggesthere is considerable uncertainty about reservair sizes, which
could affect the figures for displaced population.

2.2 STUDY SITE

2.2.1 Lancang River Basin

The Lancang (upper Mekong) River has its sou
Nationality Autonomous Countpver5500 m above sea level in the Qinghiéet

Plateau.lt then flows roughly 2400 km through Qinghai, Tibet, and Yunnan before
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leaving China and inding its way through portions of Myanmar, Thailand, Cambodia,

Laos, and VietnamHalf oft he r i ver 6s | enThelancaniRees wi t hi n C
basinrangesfrom arctic to tropicalencompasag glacial, riverineand lentic

environments Within Yunnan, theeancangbasin is home to approximately 5 million

people, many of whom are members of ethnic minority groups who have yet to see many

of the benefits of the rapid economic development withessed by China in recent years.

ThelLancang Rivedrops1780 mas it flows throughyunnanProvince which has long
attracted the attention of Chinads hydropowe
GW of theoretical capacity (100 TWh annual output) on that stretch of the river.

However, he remotedcation, distance from load centers, and challenging tdreaia
delayeddetailed planningnd implementation of hydropower developmentecent

decades Of a proposed cascade of seven daxisowan, Manwan, Dachaoshan, and

Jinghong are either complete very near completionyhile theremainingthreeare

expected to be completed within the next decadeo of th Lancanglams, Xiaowan

and Nuozhadu, are among the worl dos tallest
reservoirs, inundating vast traatf land Magee, 2006 From the proposed cascade of

seven dams, we have selected four da¢i@mowan, Manwan, Dachaoshamd Nuozhadu,

for detailed study

2.2.2 Nu River Basin

The Nu (upper Salween) River is one of the most remote and least devélepsth

China. The riverd6s name in Chinese means fan
route it takes from its headwaters at 4840 m above sea level in the QligtialPlateau

to its mouth at the Andaman Sea off southern Myanmar. On the wayutttaverses

some 2000 km in Tibet and Yunnan before winding its way through Myanmar for another

800 km, where it briefly forms the border between Nyar and Thailand. Over its 621

km course in Yunnan, the river drops 1116 m, yielding a theoretical ey capacity

of some 21 GWrpughly 103 TWh annual output).
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The Nu is a watershed of superlatives. In addition to being one of the most remote, it is

al so one of the deepest gorges on the planet

biologicaldv er si ty, and the site of some of the

Even more remote than the Lancang, the Nu has yet to seetaigedevelopment of its
hydropower, in part due to concern that such development would impinge upon
internatiorally recognized sites of cultural and biological importance. In March,20684
projects were officially halted by Premier Wen Jiabao, allegedly for failure to comply
with environmental impact assessment reporting requirements. While none of the 13
projecs planned for the Nu has yet been officially approved, preliminary work, including
construction of resettlement villages and relocation of villagers away from planned
reservoir sites, is underwayf the thirteen dams proposed for the Chinese Nu River, we
have selected four dams, Maji, Lumadeng, Yabiluo, and Lushui, for detailed study.

Application of IDAM to dams of the Nu and Lancang Rivers is challenging because
hydropower development in these two international basins is an extremely sensitive
researchdpic, all but oftlimits for foreign and often Chinese researchers alikee
heightened sensitivity surrounding the Nu and Lancang dams, and the region as a whole
make data collection and access to even the most basic information probléfoatic.
instarce, research tools such as GI*& forbidden, as is access to potential dam sites or
resettlement villages and impact assessment repbhis challengingareais an ideal

place totestthe performance of th®AM tool in datapoor scenarias

2.3 GEOPOLITICAL DATA

The ensemble ajeopolitical GP) indicators seeks to measussilience of the

geopolitical systento the construction of one or more dams. We assume that identical
dams built at Site A and Site B will have different impacts due toitfereht contexts in
which they are buijtasdifferences ingeopolitical contexinay mitigate or exacerbate
those impactsGiven that the principal actors in geopolitics are generally considered to
be nationstates, some of the indicators below havénas teference other natiestates
around the world. At the same time, suditional actors (e.g., provincial or county

governments, negovernmental organizations) may also play important roles in defining
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the geopolitical context (e.g., in terms of stépibr openness to outside influences); for

this reason, other indicatarsfer todomesticorganizations

2.3.1 GP1:Domestic Shock

Hydropower, irrigation, and flood protection are three benefits of large dams

potential to influence domestic output or to shock the domestic hydropolitical system.

We evaluatehe magnitude of these benefitsing statistics of installed capac{iMw),

hectares of irrigated lands, and reservoir volume, respectiVégcategorize

magnituds of thesebenefitsby comparingenefitsof Lancang and Nu River dans

those ofotherlargedams in the countryln the case o€hina, we use the International

Commi ssion on Large Damsé (I COLD) database o
irrigation, and flood control data for each dam in questMe use percentiles to assign

bins, calculatinghe percentile rank of all Chineslams, and thestefiningthreshold

values for each subindicator based on vahighe 33rd and 66th percentil€helargest

subindicator value defines the overall s follows

IF bam provides no hydroelectricity OR flood control OR irrigation
THEN NO IMPACT
IF bam is 1st to 33rd percentile for hydroelectricity OR flood control OR

irrigation, THEN SMALLIMPACT

IF bam is 34th to 66th percentile for hydroelectricity OR flood control OR

irrigation, THEN MODERATEIMPACT

IF DAM is over66th percentile for hydroelectricity OR flood control OR irrigatjon

THEN LARGEIMPACT

For example, if a dam provides irrigation or food protection, butsiin at the 40th

percentile of installed hydroelectric capacity, the daoategorizedModerateimpact
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Resettlement is a wetlocumented cost of large damseople settle around rivers
because they provide utilitpndpeople who currently live near rivers depénd
knowingly or nod on the ecosystem services theer provides.We assume that alse
number ofpeople forcibly resettleshcreasesshock to the domestic hydropolitical
systemalso increases Therefore, we evaluate the magnitude of domestic shock due to
resettlement as the number of people resetiféd.evaluated the number of people
resettled by each proje@@linston and He 1999, Dore and Yu 2084y calculated
percentiles relative to theumber of people displaced by other dams in Grasaeported
in the ICOLD databaseFor unbuilt dams without displacement numbers, we estimate
displaced population based on the intersectianadeledreservoir polygon§See BP1)
and a population grid.

Table2.2 Hydropower potential, irrigated land, flood protection (reservoir
volume), and resettlement cosfsLancang and Nu River dams

Flood
Protection
Hydropower Irrigated (reservoir
Potential Land volume) Resettlement
Dam Name (MW) (ha) (m°) (people
Xiaowan 4200 unknown unknown 26,880
Manwan 1500 unknown unknown 3,513
Dachaoshan 1350 unknown unknown 6,100
Nuozhadu 5850 unknown unknown 23,826
Maji 4200 unknown  unknown 19,830
Lumadeng 2000 unknown unknown 6,092
Yabiluo 1800 unknown unknown 3,982
Lushui 2400 unknown unknown 6,190

data source ICOLD World Register of Damd®ore and YW2004 Plinston and He 1999

2.3.2 GP2:International Institutional Resilience

New dam construction has the potential to strain international relations within a river

basin. Treaties or river basin organizations (RBOs) that enable riparian nations to jointly
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manage international rivers have potential to attenuate stress and distgtatand

benefits resulting from dam constructibtthat is, robust transboundary institutions foster
hydropolitical resilience. We follow De Stefano et[201Q in evaluating transboundary
hydropolitical governance by measuring specific aspects ofdseatiRBOs.For rivers

that lie completely within one country, the benefit value is z&®.Stefano et a]201q

code international basins on a scale of zero through four. Each cbastryunit within

an international basin receives one point foheafcthe following attributes: 1) an
international water treaty exists 2) a mechanism for allocating water among parties exists
3) a mechanism for managing flow variability exists, and 4) a mechanism for managing
conflict exists. We then calculate the mé&#BO/treaty score and percentile rank for each
international basin and identify scores that correspond to the 33rd and 66th perdentiles.
no treaty or RBO existshe benefit value is zero

While the treaty/RBGcore captures the ability of countries to cope with the shock of a
dam on an international river, we define the number of people who live in the river basin
as an indicator of those potentially exposed to negative effects of dam construction. We
use thenumber of people in the basin, relative to all other international basins, as an

indicator of transboundary hydropolitical vulnerability.
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Table2.3: RBO/treaty score and basin population for Lancang and Nu River. dams

RBO/Treaty Basin

Score Population
Dam Name | River Basin (number) (people)
Xiaowan
Manwan

Mekon 1.27

Dachaoshan ekong 59,000,000
Nuozhadu
Maji
Lumadeng Salween no treaty 6,000,000
Yabiluo
Lushui

data sourceDe Stefancet al., 201qRBO/treaty scorgs

2.3.3 GP3:Political C omplexity

Basinwide management may increase and induce dialtigt fosters improved inter
jurisdictional relations.Integrated Watershed Management (IWM) may lead to greater
efficiencies in water allocation and use, as well as in other related areas such as forestry,
irrigated agriculture, and transportation/e assuméhat the more boundaries a river
crosses, the mercomplex the governance processst be to facilitate dialogue and

decision makingWe assume that decision makers view political complexity as a cost.

We quantifyboth benefits and costs pblitical complexity based on the number and type

of boundaresthat the rivercrosse and defineampact thresholdbased orthe following

gualitativedecision rules:
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Benefit Scale
IF multiple national boundaries cross8HENNOBENEFIT
IF one national boundary crosseltHEN SMALLBENEFIT

IF boundaries of admistrative unit below the natiestate crossefk.g. states, provinces)
THEN MODERATEBENEFIT

IF no administrative boundaries cross@&tHEN LARGEBENEFIT

Cost Scale
IF no administrative boundaries cross@tHENNocoST

IF boundaries of administrative urbelow the natiosrstate crossed (e.g. states, provinces)
THEN smALLCOST

IF one national boundary crosseéitHEN MODERATECOST

IF multiple national boundaries crossGMHENLARGECOST

Table2.4: Political complexity oMekong and SalweeRiver Basins

Political

Dam Name | River Basin | Complexity
Xiaowan Multiple
Manwan Mekong national
Dachaoshan boundaries
Nuozhadu crossed
Maji Multiple
Lumadeng Salween national
Yabiluo boundaries
Lushui crossed

2.3.4 GP4:Legal Framework

Strong lawswork to mitigatepotentialimpacts of changehile existing basin agreements

and associate@BOsreduce vulnerability throughothe basin. Accordingly, if laws and
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other institutions are weak or nonexistehgy may havénsufficientpowerto mitigate
negative impacts or reduce vulnerabiliye indicate robustness of the legal framework
with respect to each dam bye highest administratiarisdictiongovernng the dam.In
China, the Lancangand RRiverd ams ar e consi Her daeddaBaati onal
result are subjeétin principle, at leagt to nationallevel oversight based on laws and
regulations governingrivironmentalmpactAssessment (EIAyesettlement
compensation, and the like. We recognize that existence of laws@uldtions doesot
necessarilyensurehat lawsare enforced, a phenomenon that should be at least partially
captured by GP5Iransparency of DomestidovernmentWe defineimpact thresholds

of benefits and costs of legal framewartcording tahe following qualitativedecision

rules:

Benefit Scale

IF no relevant laws exist to govern the dam,SIltEdENNOBENEFIT

IF locatlevel (country, province, state) governan€elEN SMALLBENEFIT

IF nationatlevel governanGeTHEN MODERATEBENEFIT

IF multi-nationalgovernanceTHEN LARGEBENEFIT

Cost Scale

IF multi-national governancd HENNocosT
IF national governanGefHEN SMALLCOST
IF locaklevel (county, province, state) governantelEN MODERATECOST

IF no laws exist to govern the dam siféHENLARGECOST
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Table2.5: Greatest administrative level of oversight for Lancang and Nu River

dams.
Greatest
Administrative
Dam Name Level

Xiaowan National
Manwan National
Dachaoshan National
Nuozhadu National
Mayji National
Lumadeng National
Yabiluo National
Lushui National

2.3.5 GP5: Transparency of Domestic Government

A high level of democracy, as reflected by the Democracy Index, suggestedisabral
processes are open and transpagovernmental management capacity is robarsd

civil dialogue is open and active€€onversely, when this is not the casegidion

processes amftenclosed and obfuscategovernmental management capacitgfien

limited, and civil dialogue is limited aronstrained.We useThe Economig$ts d ecyno cr a
index as an indicatasf transparency, referencing the transparency of all nasiods
definingthresholdf impactat the 33rd and 66th percentilds. this case¢oss of low

transparency are computedths inverse of the benefit.
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Table2.6: Democacy index for Lancang and Nu River dams.

Democracy
Dam Name Index
Xiaowan 3.04
Manwan 3.04
Dachaoshan 3.04
Nuozhadu 3.04
Maji 3.04
Lumadeng 3.04
Yabiluo 3.04
Lushui 3.04
datasourccEc onomi st I ntel |l i genc &eBtononisi?608.1 ndex of

2.3.6 GP6: Domestic Political Stability

Cooperation during planning, construction, operation, and management phdses
developmenteads to the establishment or strengthening of institutional arrangements and
promotes improved relations among domestic actors such as advocacy groups,
administrative agencies, or individual®n the other hand, lack of cooperation

surrounding these presse®r other conflicts related tihe projectincreasdensions in
relations among domestigoups. We assume that basins exhifnitmore cooperation

than the rest of the world are more likely to be stable after dam construction; conversely,
basins thaexhibit more conflict than the rest of the world are more vulnerable to conflict

in the wake of dam construction.

To evaluate domestic political stabilityevuse an event chronology and domestic event
intensity scal€Yoffe 2001, Yoffee et al. 20030 identify instances of cooperation and
conflict at the national levelWe collected dtaon domestic events in China by searching
Chinese newspapers, academic articles, and online soltsegjthe Basins at Risk
event intensity scale (Yoffe 2001, Yo##¢ al. 2003), w code these events, associating
benefits with cooperative everdad costs with conflict. Specificallwe code

cooperative events with intensities ranging froto 8, andconflicts withevent

intensities in the rang® to-1.
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To properly categorize impacts related to event intensiyefer to the average intensity
of all domesticcooperativeand conflictingevents prior to dam constructioBecause
information regarding@ventintensityis availableonly at thescale ofinternationalriver
basins and not at the domestic scaleuse distributior of international event intensities
(TFDD 2010 to categorize domestic political stabilityefining impact thresholdat the
33rd and 66th percentiles of averagiernationalcoopeativeand conflictive event

intensity.

In categorizing domestic events usphigtributionsof international event intensity, we
make the assumption that international and domes#éatsare qualitatively similar.

This islikely untrue, asresearch by A@n Wolf has shown that violence is mdikely to
occur at the local levéhan the international level. Because of this discrepangy, o
evaluation of domestic political stability likelynderestimatesue potential for political
instability. However, event intensity at the international level is the best available proxy
for event intensity in China, thuge feel confident that data categorized using
international distributionprovides the best possible evaluation of potential for political
stability in China.
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Table2.7: Domestic event intensity for Lancang and Nu Rever

Domestic Domestic
Event Event
Intensity Intensity
Dam Name | River Basin | -Cooperation -Conflict-
Xiaowan
Manwan Mekong
Dachaoshan 1.33 -1.43
Nuozhadu
Maji
Lumadeng | g4een 0.98 -1.55
Yabiluo
Lushui

2.3.7 GP7: International Political Stability

Instances of cooperation or conflict among riparian nations before dam construction
reflect the potential for future cooperation or conflichck of cooperation during

planning, construction, and operation, and management phases, or other conflicts related
to project, increases tensions in relations among actors at the international\level.

assume that basins that exhibit more cooperatiam tifte rest of the world are more

likely to be stable after dam construction; conversely, basins that exhibit more conflict
than the rest of the world are more vulnerable to conflict in the wake of dam

construction.

To evaluate international politicaladtility, we use an event chronologgd the

international event intensity scale to identafyd codenstances of cooperation and

conflict. Usingeventdata from the Transboundary Freshwater Dispute Database (TFDD,
2010), ve computethe average intensityf cooperative and conflictive eventsthe
international Mekong and Salween River basv& associate benefits with cooperative
events, which have event intensities in the range zerpandassociate costs with
conflictive events, which have eventeénsities in the rangé to-7. We use thelobal

distribution of mean event intensitigem all international river basins to categorize
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international political stability, defining impact thresholds at3Bed and 66th

percentiles of averageternatonal cooperativeand conflictive event intensity

Table2.8 International event intensity fdlekongandSalweerRivers.

International | International
Event Event
Intensity Intensity
Dam Name | River Basin | -Cooperation -Conflict-
Xiaowan
Manwan Mekong
Dachaoshan 2.17 -1.07
Nuozhadu
Maji
Lumadeng Salween 2.60 -1.42
Yabiluo
Lushui
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2.4 SOCIOECONOMIC DATA

The suite of socioeconomic (SE) indicators are informed by detailed data from household
surveys implemented in the Nu Rivmasin(July-October 2009) and Lancamiver basin
(July-October 2010Q)

To understand the perspectivdadal community members on hydropower development
and conservation in the Nu River basin, a group of U.S. and Chinese researchers
conducted household surveys within the Nujiang Lisu Autonomous Prefecture in 2009.
Surveys took place in two counties (Fug@amgl Lushui) encompassing 13 townships and
20 villages. Our sampling frame was established to include both upstream and
downstream communities related to four proposed dam sites: Maji, Lumadeng, Yabiluo
and Lushui. The total sample size was 405 househdtsseholds were asked to

provide information on a range of issues related to income, livelihood activities, ethnic
and cultural identity, community participation, and education. In addition, the research
team conducted qualitative interviews with a randmisample of 48 households that
participated in the surveys, asking questions about the perceived benefits and costs of
dam construction, and the means available to villagers for coping with potential changes
to their lives and livelihoods.

We implemented household surveys in 2010 from the Lancang River valley in central
and southern Yunnan, China. In total, 843 households were surveyed. Specific topics of
inquiry ranged from age, gender, health, ethnicity, education ieasly aspects of
agricultural production, participation in village activities, and many other variables.

Sample sites were stratified by dam location and resettlement status (resettled, planned
for resettlement, and no resettlement planned). We sampiesgholds within four

counties. In Yun County, households were surveyed under the resettlement implemented
and resettlement planned categories at both the Manwan and Dachaoshan Dam sites. In

Fengging County, households in these same two categoriesuveeyed at the
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Xiaowan Dam site, which was completed in 2010. In Lancang County, at the Nuozhadu
Dam construction site, households under all three categories of resettlement were
surveyed. Lastly, in Jingdong County, only households with resettlenaemeaal and
households with no planned resettlement were surveyed. In total, households were

sampled from 42 natural villages across all four counties.

The IDAM model fundamentallgssessesnpacts of dams, which impligkat our
measurements convey potahfor change.As SE indicators are evaluated by
examination otrosssectional (i.e., snapshot) datee assume that socioeconomic

characteristics are relatively similar across different sampling sites.

2.4.1 Categoriz ing impact magnitude using z-score

We process responses from surveys at the village levetf@rtcompare each location
to the empirical distribution ddll villages in the sample, using statisticezefcore(EQ.
2.1) to standardize each measuhe Eg. 2.1 individualis the mean ofe displaced or to
be displaced populatiothe samplemean is the mean of the entire sanfplévillages
surveyedl, and sample stdev is the standard deviation of the entire sample
0 OAT Ol AECEMIAIARI
OAl WIOAAOD

%RD
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Z-score conveys how a particular village compares to the entire safpkgative z

score indicates thain attribute of amdividual village is lower than the meanhall
househtds or all villageswhile a positive zscore indicates that the village is greater than
the mean Negative and positivegcores arenterpreted asespective costs armenefis

to the systemWe categorize-score according to the followirgdgcision rués, where
thresholdsn z-scorecorrespond t&™", 33 and 66" percentiles ofhe empirical

distributionof villages surveyed

IF z-SCORK -0.06 0OR z-scORE> 0.06 THEN NOIMPACT

IF z-scoORHs -0.07to -0.42 OR z-scorHs 0.07to 0.42 THEN SMALLIMPACT

IF z-scoOREHs -0.43 t0-0.96 ORz-scorHs 043 to 0.96 THEN MODERATEIMPACT

IF z-sCORK -0.97 ORz-scorE> 0.97, THEN LARGEIMPACT

Lower z-scorevaluestranslate to lower benefits and greater costs, suclbéiag poorer,
less networked, less educated, #tan the meaimdicates greater potential for negative
effects and less potential benef@@ften,more than one attributer subindicators
examinedo inform one indicatqifor exampleas in the casef GE1 Social Cohesion
where networks of borrowin¢ending and laborattitudes about the village, and
participation in village activitieare combined We compute &core at the level of each
individual subindicatoy and theraveragepositive and negate z-scoes to determine

final benefit and cosnagnituds.

2.4.2 SE1 Social Cohesion

Social cohesion refers to the degree to which community members maintain

interdependence with one another through relationships of trust and recip&gity.
relationships reinforce a soostresseditieyepabls abi | it
people to cooperate for mutual advantaggisting literature suggests that displacement

and resettlement alter social cohesiés. a measurement of social colwsithe

socioeconomic surveyueriesvillagers about agricultural lab@haring activities with
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their neighborsfeelings about village lifegnd their level of participation in organizations

such as village committees.

Villagersareaskedwhether theyhave ever borrowed or lent money to fellow villagers
and whether they have participated in labor sharing activities with members of their
community. Both questions return hity responsesjes or no answers corresponding to
1 and 0, respectively, which we averad¥e compute mean response of the displaced or
to-be-displaced villages and compare to the sample population by computiscpaez

Villagers are read a series of 17 statements describing attitudes towards the village, to
which they may strongly disagree (0), feel neutrally (0.5), or strongly agree (1). We
average responses to these 17 statements andaimgite mearessponse of the

displaced or tde-displaced villages and compare to the sample population by computing

a zZscore.

Villagers are read a series of 5 statemedetribingparticipationin village activties, to
which they may strongly disagree (0), feel neutrally (0.5), or strongly agree (1). We
average responses to théss#atements and th@ompute mean response of the displaced

or to-be-displaced villages and compare to the sample population byutmmg@ zscore.
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Table 2.9 Social cohesion in villages near Lancang and Nu River dams

Community Community Community
Networks Attitudes  Participation
Dam Name (z-score) (z-score) (z-score)

Xiaowan 0.366 -0.074 -0.147
Manwan 0.323 0.074 -0.027
Dachaoshan 0.294 0.684 0.067
Nuozhadu -0.726 0.240 0.309
Maji -0.368 0.356 -0.266
Lumadeng 0.386 -0.468 0.293
Yabiluo -0.013 0.331 -0.297
Lushui -0.287 -0.456 0.326

2.4.3 SE2 Cultural Knowledge a nd Behavior

Cultural knowledge and behavior refer to the things people know awthidb allow
them to function effectively in a given culture. We measuttural knowledge and

behavioras an index of ethnic diversity and middle school enroliment rates.

We compute an index of ethnic diversity for each village using?Etywhere p is the
proportion of individuals in a village who identify themselves as a particular ethnic group,

and N is the number of total ethnicitiesthevillage.

S P N

AEOAOGEOU n %R

We then compute village diversityscore, comparingdiversity ofthe displaced or tbe-

displaced villages to the diversity of the sampled population.

We calculate percentages of middle sckaxged children who are enrolled in school and

compute zscores for school enrollment in each village.
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Table2.10. Cultural knowledge and behavior in villages near Lancang and Nu

Riverdams

Middle

Ethnic School

Diversity Enrollment
Dam Name (z-score) (z-score)

Xiaowan -1.589 0.439
Manwan -0.165 0.084
Dachaoshan -1.247 -2.49
Nuozhadu 0.157 0.439
Maiji 0.3 0.554
Lumadeng -0.858 0.554
Yabiluo 0.321 0.554
Lushui 0.059 -0.042

2.4.4 SE3 Loss of Material Culture

Material culture refers to thtbings people use as a part of their subsistence, ritual, or
other cultural activitiesLiterature suggests that one of the most important social impacts
of dams relates to loss of cultural resources by inundation. We méassicé material

cultureby damage twillage resources and family tombs.

Villagers are asked whether they hawstor will lose village resourcesuch as schools,
clinics and religious sitesy family tombsas a direct result of dam constructiddoth
guestions return binary responses, yes or no answers corresponding to 1 and 0,
respectively, which we averagg@/e thencompute mean respongtthe displaced or to
be-displaced villageandcategorize meadantlevel impact into three equal bins, using

the following decision rules:

IF iMPACTe zero, THENNO IMPACT
IF O < impPAacT<= 0.33, THENSMALLIMPACT
IF 0.33< iMpACT <= 0.66, THENMODERATEIMPACT

IF iIMmPACT > 0.66, THENLARGEIMPACT
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Table2.11 Loss of material culture from villages near Lancang and Nu River

dams

Loss of

Material

Culture

Dam Name (mean)
Xiaowan 0.500
Manwan 0.869
Dachaoshan 0.500
Nuozhadu 0.500
Maiji 0.000
Lumadeng 0.642
Yabiluo 0.167
Lushui 0.500

2.4.5 SE4 Infrastructure

Dams may alter access to supportive infrastructure, including water, electricity, and
transportationand may affect both availability and price. We evaluate potential effects
to infrastructure by considering the Chinese

electricity, and roads.

Villagers are asked how many days in the preceding month their water supply was
contaminated (unsafe to drink). We compute mean respbrise displaced or tbe-

displaced villages and compare to the sample population by computisgpaez

Villagers are asked how many hours of electricity they are able to access in a given week.
We compute mean respordethe displaced or tbe-displaced villages and compare to

the sample population by computing-acore
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Villagers are asked to approximate their travel time (on foot) to the nearest road. We
compute mean respongkthe displaced or tbe-displaced villages and compare to the
sample population by computing a&eore

Table2.12: Infrastructure in villages near Lancang and Nu River dams

Water Electricity Roads
Dam Name | (z-score) (z-score) (z-score)

Xiaowan 0.000 0.041 1.000
Manwan 0.000 0.083 -0.772
Dachaoshan 0.000 -0.723 0.152
Nuozhadu 0.000 2.245 1.00
Maji 0.000 -1.274 -0.562
Lumadeng 0.000 0.222 -0.335
Yabiluo 0.000 0.222 -0.551
Lushui 0.000 0.222 0.680

2.4.6 SE5 Income

Income represents a basic measure of-bxgithg for rural households. Dams may alter

the incomes of a study population. For instance, incomes may risefagoff

opportunities for labor on dam construction become available, or government subsidies
takeeffect. However, incomes may decrease with inundation of agricultural land and
decreased crop yields. We compute mean household irafaime displaced or tbe-

displaced villages and compare to the sample population by computisgpeez
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Table2.13 Household income in villages near Lancang and Nu River dams

Household
Income
Dam Name (z-score)

Xiaowan 0.065
Manwan -0.160
Dachaoshan -0.043
Nuozhadu 0.542
Maiji -0.173
Lumadeng 0.430
Yabiluo -0.292
Lushui -0.145

2.4.7 SEG Wealth

Wealth is the accumulated assets of a household that allow them to support themselves

and plan for the future. I'n rur al Chi na, t h
measure housing values as a proxy for wealth. Housing values may increase with

relocation as people move into more modern houses. Alternatively, housing values may

decrease if compensation levels are not adeqVsteask yvlagers to approximatthe

size of their house, and compliteng space per person in each household, which we us

as a proxy of housing value. We compute mean housing atdlisplaced or the-

displaced villages and compare to the sample population by computisgpaez
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Table2.14 Housing value in villages near Lancang and Nu River dams

Housing
Value

Dam Name | (z-score)
Xiaowan -0.156
Manwan -0.282
Dachaoshan -0.233
Nuozhadu 1.133
Maiji -0.055
Lumadeng 0.007
Yabiluo -0.289
Lushui 0.282

2.4.8 SE7. Macroeconomic | mpact

The commercial value of hydropower is a major impetus for building dawhsnpacts

to infrastructure, tourism, and related industries may@isar However, economic

costs of resettlement for displaced people may be considerable. This indicator is meant
to measure the economic impact of a dam on a regional or natiateliscluding both
economic benefits and losses. We measure macroeconomic impact by commercial value

of hydropower and spending on related infrastructure; and resettlement costs.

We compute total positive macroeconomic impact as the sum of total pnvjestment

and a 106year net present value of hydropower output. Projected annual electricity
production statistics reported by are multiplied by grid price set by the Yunnan Province
Development and Reform Commission (2006), and are discounted abé3%ie

annually. We assume no depreciation in hydropower output and no change in real price
of electricity. We categorize the magnitude of impact into three equal bins by comparing

to the sample maximum and following these rules:
IF imPACT = zero, THENNOIMPACT
IF O <iMPACT <= (maximpact3), THEN SMALLIMPACT

IF (maximpact/3) <iMpPACT <= (2*(max impact/3)), THENIODERATEIMPACT

IF iIMPACT > (2*(maximpact3)), THENLARGEIMPACT
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Total resettlement costs are estimadiganultiplying the number resettled by 60,000
RMB. We categorize the magnitude of impetb three equal bins with reference to the

sample maximunaccording to the followingules:

IF iIMPACT = zero, THENNO IMPACT
IF O <impACT <= (maximpact3), THEN SMALL IMPACT
IF (maximpact/3) <IMPACT <= (2*(max impact/3)), THENIODERATEIMPACT

IF imPACT > (2*(maximpact3)), THENLARGEIMPACT

Table2.15 Macroeconomic impacts of Lancang and Nu River dams

Commercial Resettlement

Value Cost
(Billion (Billion

Dam Name RMB) RMB)
Xiaowan 1033 1.964
Manwan 38.02 0.211
Dachaoshan 38.83 0.366
Nuozhadu 1414 1.429
Maiji 97.13 1.190
Lumadeng 3160 0.239
Yabiluo 48.14 0.366
Lushui 46.25 0.371
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2.5 BIOPHYSICAL DATA

IDAM biophysical(BP) indicatorsassess potential folams tachange the physical
landscapend affeciecological integrity.EvaluatingBP impacts of Nu and Lancang
Riverdams is challenging, primarily because access to robust and accurate information
these basins extemely limited Hydropower development in both basias sensitive
topic, thusdatanecessary to evaluate biophysical effects withighdegree of confidence

is severely restricted.

Both the Nu and Lancang Rivers are international rivers, originati@pinaand

crossing international borders from Yunnan Provjrii@einainto Burma and Lao,
respectively.The Chinese government has an official policy of secrecy regarding
hydrologic information of international rivers, thus basic information such esgiage,
discharge, and sediment transport parameters are classified under the Chinese State
Secrets Act and therefore unavailab&milarly, Environmental Impact Assessment
(EIA) reports contaimgv al uabl e i nformation r eppaned i ng eac
operations schedules, among other pertinent information, are also classified and not
available to inform this study. IDAM impacts and indicators are designed to utilize
information readily available in EIAs, therefore, in this particularly ghatar situation
where fundamental information is classified, we rely heavily on modeling to provide

information used in evaluation of biophysical dam impacts.

Given access restrictions to hydrologic and dam operations information, much
uncertainty is assaated with modeling potential biophysical effects of hydropower
stationson theLancang and Nu Rivers. We characterize uncertainty in our estimates of
impact magnitudes by modeling maximum and minimum possible effatita) which

we are confidentrue \aluesare contained For example, uncertainty associated with an
estimated reservoir surface area comes from ambiguity in true dam location, fluctuations
between minimum and maximum operational pool elevations, and differences in
projected and actual mamum pool elevations. We address this uncertainty by modeling
and reporting a minimum reservoir size, modeled at the most upstream location, and

minimum pool, and a maximum reservoir size, modeled at the most downstream location
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with a maximum pool. We arconfident that this range of minimum and maximum
values captures possible configurations, considering uncertainty in final dam placement

and seasonal variability of pool elevation.

2.5.1 Use ofofficial and published values

In our evaluation of Bihdicators, ve refer to a suite of published, publically available
statistics about proposed and existing dams on the Lancang and Nu Rwklished

metrics regarding Lancang dams source from one report, published in 1993 by the
Yunnan Provincial Sciemcand Technology Commission, Yunnan Institute of Geography,
but are reprinted by many authars;luding Plinston and He [1999], the Mekong River
Commission [2008], and the Asian Development Bank [2003]. Alabdataregarding

Nu damsoriginally sourcérom areport by Dore and Yu [2004]. Dore and Yu issue the

following caveats to using this data as the letter of the law:

Details of dams remain subject to negotiation, redesign and variation. Different

figures are used by sources for many variablepeeially total energy and

di spl aced people; but also for dam height
example, the developer of Jinghong is seeking approval to increase the installed

capacity from 1,500 MW to 2,000 MW. The information has been piecddd@nge

from multiple sources, including developer proposals, researchers documents and

media reports. The foundations are: for Nu data, the Huadian proposal; for

Lancang, the published work of Plinston and He Daming (1999) and McCormack

(2001); for Jinsha,lte Three Gorges and Huaneng development company

documents.

Where possibleye modelor further investigatenfluential reservoir parameters that
significantly affeciDAM impact magnitudem order to provide more accurate estimates
of total effect. Formnstance, we modeéservoir surface areand volums of proposed
reservoirs.In the casef reservoirs that have been completed omae#into the process

of completion we analyzeaerialimageryin order to validate the accuracy of our

reservoir moding.
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2.5.2 Categorizing impact magnitude using equal bins

Defining bins of equal measure is useful when populations are small, with low n such that
cumulative distribution functions are not supported. In order to classify biophysical data
into equal ms, we reference the maximum impact magnitude of each indicator within the
population of the eight dams that comprise our study populatidnategorize impacts
according to the following decision rules:

IF iIMPACT = zero, THENNO IMPACT
IF O <impACT <= (maximpact3), THEN SMALLIMPACT
IF (maximpact/3) <IMPACT <= (2*(max impact/3)), THENIODERATEIMPACT

IF imPACT > (2*(maximpact3)), THEN LARGEIMPACT

2.5.3 Modeling

Many IDAM biophysical indicators reference reserdoration and size parameters
(surface area, volume), therefore we model the Nu and Lancang Riverdrasins
drainage networks, and then model reservoirs by integrating dams mibdeled terrain
and drainage networkdVe modeldrainage networks within hNu and Lancang River
basins using the ArcHydro model in ArcGIS 9.3.1 (ESRI, Redlands, @&&jgan
Advanced Spaceborne Thermal Emission Radiometer (ASTER)e3€r Digital
Elevation Model (DEM) (ASTER, 2009) as topographic data input to the ArcHydro
mocel. The ASTER 3@neter DEM is the most detailed terrain model available for

research in the Nu and Lancang Basins, as higismiutionterrainmodels are classified.

To ensure accuracy of modelgtleamswe definedseveral possibldrainage networks
characterized by a range of minimum drainage ar@ésthen confirmed locations of
modeled rivers in sitand found that drainage modekefined by cells to which at least
2000 cells (0.06 kA) drained created a satisfactory approximation of the true drainage
network.
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We abstracted proposeédmlocations from two published maps; one, a 1:3,55G,000

scal e map e nNekand SekiRegiornMap af Bcorgpmy and

Communc ati ono, published insa@lD8, mapeeskeiconed
Province Transportation and Communications N
associated witimterpretingmapped dam locations was within 2000 m. As potential dam

locations mg vary in two dimensions (up and downstream), we were able to isolate

proposed dam locations to a 2000 m stretch of river.

In addition to mapping uncertainty, actual built locations of dams may clséiglyy
from proposed locations as designs evpirgoducing uncertainty that proposed dam
locations are where the dams are actually biMi.assepotential ambiguities between
proposed and final dam locations by comparing proposed locations of dams in the
Lancang River basin with actuaiilt locationsof four dams, Xiaowan, Manwan,
Dachaoshan, and Jinghong derived from 2002, 2003, andL.2dti83atsatellite imagery.
Comparison omappeddroposed and actublilt dam sites indicated that final dam
locations were within 5000 m of proposeddbons. Tlerefore, we evaluatetal

uncertainty with regard tlargedam locations to £5000 m from proposed locations.

We modelcharacteristics of proposed reservoirs by integrating published information

about dam design and operatioithhan ASTER 30 m DEM. Modelddrgereservoir

parameters of interest such as surface area and volume are subject to a number of sources
of uncertaintyincluding uncertainty in dam location, variability in operational pool

elevation, and differences beten proposed (before constructed) maximum pool

elevations and actual (after constructed) maximum pool elevations.

Minimum pool elevationgarenot reported for proposddrgedams on thé&lu River,

therefore we assepstential variations in operatiolnaool elevation by analyzing

patterns of operational pool range from six dams operating or under construction in the
neighboring Lancang basin. Plinston and He [1999] report both maximum and minimum
operational pool elevations for dam®posedn the LacangRiver, allowing for
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calculation of the possible operational range of these reservoirs @aB)le However,
asmore recent data obtained after several of the LanRaregy dams had been
constructed is also available, although not published (He ixarpers. comm., January

2010) we include this most recent information in our modeling

Table 2.16 Operational range reported for $&tgedamson the Lancang River

mainstem.
MAX pool MIN pool  operational
Station elevatio  elevation range

Name (m) (m) (m)
Gongguogiag 1319 1311 8
Xiaowan 1240 1162 78
Manwan 994 982 12
Dachaoshan 899 860 39
Nuozhadu 812 756 56
Jinghong 602 595 7

1 Plinston and He [1999]
2 He Daming, pers. commlanuary 2010

We use the relationship between operational range and dam heightaofstkams on

the Lancang River to estimate potential minimum pool elevatdodsperational ranges

of reservoirs on the Nu River, implicitly assuming that the relationship between dam
height and operational range is equivalent in both basins. Heights of the six dams
selected in the Lancang Rivencompasthe range of dam heights pased in the Nu

River. However, the morphology of the Lancang basin differs from that of the Nu basin
and it is possible that the dam heigiperational range relationship in the Nu River is
different from the Lancang River. Nonetheless, the relatiorstipeen dam height and
operational range of dams on the Lancéfigure2.2) are the best available proxy for

this relationship in the Nu River.
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Figure2.2 Relationship between operational range and dam height for dams on
the Lancang RiverWe usethis relationship to predict minimum pool elevations
of dams on the Nu Rivéiable2.17).

Table2,17. Estimated operational range for dams on the Nu River.

MAX pool MIN pool operational
Station elevatiorf elevation' range"
Name (m) (m) (m)
Maji 1570 1494 76
Lumadeng 1325 1300 25
Yabiluo 1060 1047 13
Lushui 955 926 29

1 Dore and Yu [2004]
2 estimated from relationship of operational range and dam height of six dams on the Lancang
River (Figure 1).

Finally, there is some uncertainty in the projection of maximum operational elevation of
the reservoirs. Data from dams that have already been built in the Lancang basin indicate
that projected maximum pool elevation tended to vary +4 m from the elevegiorted

after the reservoirs had been built. To accounttisrambiguity, we incorporatmn

additional £4 m to both the maximum and minimum pool elevations.

We modelreservoirausingan ASTER 30 m DEM within ArcHydro tosifor ArcGIS
9.3.1 evaluatng uncertainty in reservoir size by modeling reservoirs at thet extreme

possible conditionsatthe most upstream and downstrgaossible dantocations and at
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the maximum and minimum possible pool elevations, resulting in a range of reservoir
sizes wihin which the true size likely exist8Ve evaluateeservoir size parameters of

area and volume using the maximum and minimum modeled reservoirs.

Because Manwan and Dachaoshamd were built before the ASTEREM data were
collected, the reservoiudaces interact with data sensors so as to obscure true ground
elevations. As inland water mask®not applied to ASTER DEM data, veamot
accuratelynodel Manvan and Dachaoshan reservoirs. M&tead report reservoir areas
for these two sites derived from analysis of satellite images (United States Geological
Survey) of the Manwan and Dachaoshan reservoirs, taken on February @ana002
October 5, 2002vhen poat would have been at respectivenimum and maximum

elevations

Xiaowanreservoir was constructed after ASTER DEM data had been collected, allowing
us to modethe Xiaowanreservoir using the topography modélowever asthe
Xiaowanreservoir was filled in 202Q@011,we also analyzLandsatsatellite imageryo
determine the fitruedo reservoir Vgeifidé¢hatand
the observed area of Xiaowan reservoir, determined by satellite image analysis, is within
the bounds of modeled areas. Both obsearsimodeled areas of Xiaowan reservoir are
many times the official estimates. This model validation indidatg®ur reservoir

modeling maypredict true reservoir areaore accuratg than government projections.

2.5.4 BP1: Impact area

As a reservoir is filled, terrestrial and ripariecotonesvithin the impoundment are
transformed (Lewke and Buss, 1977; Oliver, 1974), and lotic aquatic habitats within the
former channel become lentic environments (Petts, 1984), changing the habitat and
resource base of local and regional ecosystems. To estimate the quantity of habitat
disturbed by impoundments, wealuatehe area of land (kfand length of channel

(km) inundated by the reservoir.
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We model reservoirs usirapn ASTER 30 m DEM within ArcHydro tools for ArcGIS
9.3.1, evaluating uncertainty in reservoir modeling by reporting results at the most
extreme possible conditions: at the most upstream and downstream possaible da
locations and at the maximum and minimum possible pool elevati@ns modeling
resuls includea range of reservoir sizegich likely encompassedriereservoirarea and

seasonal variability

Often our modelingndicates that reservoir sizegabsantially larger tharhatprojected
by official estimategTable 2.18) In addition to modeling, @analyzelLandsatsatellite
images (United States Geological Survieyjeportreservoir areas for Manwan,
Dachaoshan, and Xiaowagservoirs. We analyze ages oManwan and Dachaoshan
reservoirs taken on February 7, 2002 @uatober 5, 2002imes when the pools would
have been at respective minimum and maximum elevatiomsges taken on September
9, 2010 were digitized to assess the extetiabwan resrvoir, however as Xiaowan
reservoir was still in the process of being filled at that time, this snapshot does not

necessarily represent the maximum possible extent of the reservoir.

Because filling of Xiaowan reservoir commenced after data comprisirigEMewere

taken, we are able to model Xiaowan reservoir area and validate results by comparing to
Landsat image analysisVe find that he observed area of Xiaowan reservoir,

determined by aerial image analysis, is within the bounds of modeled arehs. Bot
observed and modeled areas of Xiaowan reservoir are many times the official estimates.
This model validation indicateékatour reservoimodeling maypredict true reservoir

areamore accuratg than government projections.
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Table2.18: Areaof terrestrial and riparian haht inundated by maximum and
minimum reservoirs on the Lancang and Nu Rivers.

MAX MIN Landsat Landsat
modeled modeled reported MAX MIN
reservoir reservoir reservoir reservoir  reservoir

area area area’ area area

Dam Name | (km? (km?) (km?) (km?) (km?)
Xiaowan 195 93 37.1 144 Na
Manwan Na Na 4.2 27 24
Dachaoshan Na Na 8.3 33 19
Nuozhadu 310 161 45.1 Na Na
Maji 66 28 16.54 Na Na
Lumadeng 11 3 4.41 Na Na
Yabiluo 9 5 1.78 Na Na
Lushui 18 7 3.95 Na Na

1 data sourcd:ancang River dams: Plinston and He, 1999;River damsDore and Yu, 2004;

We compargositions ofminimum and maximurmodeled reservoirs with modeled
drainage networksvaluating the lengths of tributaries and river mainstems inundated by

the reservoirs.
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Table2.19 Lengths ofriver channelgquatic habitgtinundated by maximum
and minimum reservoirs on the Lancang and Nu Rivers.

MAX channel MIN channel

length length

Dam Name (km) (km)
Xiaowan 456 137
Manwan 108 99
Dachaoshan 168 112
Nuozhadu 688 360
Maji 156 65
Lumadeng 40 13
Yabiluo 34 19
Lushui 50 23

2.5.5 BP2: Habitat Diversity

Habitats transformed by inundation may vary in quality from the perspective of
biodiversity conservation. Tevaluated quality of disturbdthbitats, weyuery the
diversity of habitats inundated, as well as relationship of inundated areas to lands

design#ed as priority areas for conservation.

In order to determine thdiversity of habitats inundated by reservoinge integrate
modekdor observeanaximum and minimumeservoir footprints (see Bpwith land
cover data.We usel-km? land cover data from the Global Land Cover Facility (Hansen
et al.,2000 to characterize inundated habitatle tNu and Lancang Basins. We
calculatethe numberof habitas classified as one of fourteen potential larse classés

that may be lost as the reservoirs are filléa our analysis, we include Cropland and

Settlements as potentially disturbed habitat types, but do not include Water.

® Global Land Cover categories: Water, Conifer Forest, Evergreen Broadleaf Forest, Deciduous
Needleleaf Forest, Deciduous Broadleaf Forest, Mixed Forest, Woodland, Wooded Grassland,
Closed Shrubland, Open Shrubland, Grassland, Cropland, Bare Ground
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Table2.20 Number of habitats inundated by maximum and minimum reservoirs
on the Lancang and Nu Rivers.

MAX habitats  MIN habitats

affected affected

Dam Name (number) (number)
Xiaowan 8 7
Manwan 7 7
Dachaoshan 6 6
Nuozhadu 7 7
Maji 6 6
Lumadeng 4 4
Yabiluo 4 3
Lushui 4 3

Portions of the Nu and Lancang River basins are established priority areas for
conservation of biodiversity and are protected or recognized at multiple institutional
scales.To assess the potential fdams to affeckands dsignated as valuable for

biodiversity, we look to designations of global, regional, and local conservation priorities
that occur near or within the footprints of the reservoirs. At the global scale the United
Nations Educational, Scientific, and Cultu@iganization (UNESCO) has designated the
Three Parallel Rivers of Yunnan as a World Heritage Site under the criteria of i) unique
geological history, ii) dramatic expression of ecological processes, iii) superlative natural
phenomena or natural beauty aebthetic importance, and iv) biodiversity and

threatened species (UNESCO, 2003). Additionally, The Nature Conservancy (TNC) and
Conservation International (Cl) have delineated areas of global importance for preserving
biodiversity, Biodiversity Hotspofsvithin the Nu and Lancang basinBortions of three

Cl Biodiversity Hotspots, the Himalaya, Mountains of Southwest China, aneBuadoa

Biodiversity Hotspots fall within the Nu and Lancang basins.

At the regional scale, comprehensive assessmentadineation of sitescale locations
within our study area that possess global value as conservation priorities, termed Key
Biodiversity Areas (KBAs) has been undertaken by a partnership consisting of

Conservation International (Cl), the International Covatgon Union (IUCN), and the
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Critical Ecosystems Partnerships Fund (CEPF) (Langhammer et al., 2007). KBAs are

identified and delineated according to criteria of vulnerability and/or irreplaceability of

species that are supported by the specific geogrégtaton. Specifically, to be

considered for KBA status, a site must contain or support globally significant numbers of

at least one species listed as Critically Endangered, Endangered, or Vulnerable on the
International Conservation Union (IUCN) Red tLig Threatened and Endangered

Species (Il UCN, 2001), or support a globally
population at any stage of life history (Langhammer et al., 2007). Globally significant

numbers are defined based upon the IUNC Retddeasignationa single individual of a

Critically Endangered or Endangered species constitutes a globally significant number

while 30 individuals or 10 breeding pairs of a Vulnerable species must be present to

achieve globally significant numbers and tlgquslify the site for KBA designation.

Gl obally significant proportions of a specie

speciesd6 unique situat i-580rfthe blabél populaton.ge ner al | vy

To assess potential for damgdicectly affect UNESCO World Heritage lands, TNC and
ClI Biodiversity HotspotskKBAs and Nature Reservese calculatéhe area of designated

landinundated bynaximum and minimurmmeservoirfootprints

Table2.21: Area of designated conservation land inundated dximum and
minimum reservoirs on the Lancang and Nu Rivers.

MAX MIN
conservation conservation
Dam area inundated area inundated
Name (km?) (km?)
Xiaowan 94 24
Manwan 13 13
Dachaoshan 33 19
Nuozhadu 310 161
Maji 83 28
Lumadeng 11 3
Yabiluo 9 5
Lushui 19 7

60



In addition to directly inundating designated conservation areas, dams may influence
conservation lands indirectly by altering flows and habitat within the reservoir and
downstream.To assess the potential floancang and Nu Rivetams tandirectly affed
designated global or regional conservation prioritiescorrelate proximity with

intensity of effect, assuming that areas located closer to reservoirs are more likely to
experience more severe effects e ivereforeestimatethe cumulativgoroximity of each
project to designated conservation areas withirMtkong andSalween River Bsirs,
creatinganindex of proximitycomputed by EquatioB.3where RqexiS the proximity
index, dis the minimum distance between the footprint of the ith projecaand

conservation area (km), givanpopulation oh conservation areas.

% % R &
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Table2.22 Proximity index indicating cumulative proximitjo designated
conservatiotands for maximum and minimum reservoirs on the Lancang and Nu

Rivers.
MAX score MIN score
Dam Name (index) (index)
Xiaowan 0.48 0.34
Manwan 0.30 0.30
Dachaoshan 0.29 0.27
Nuozhadu 0.27 0.26
Maiji 1.04 0.36
Lumadeng 0.35 0.23
Yabiluo 0.50 0.45
Lushui 0.29 0.22

Among the many challenges presented by the harsh data environment of the Nu and Lancang
basins, thealtry supplyof data to determine potential effects of dams to biodiversity warrants
particular mention.Global Biodiversity Hotspots, UNESCO boundaries, and KBA delineations
are all subject to one common limitation which confines their utility in ptediconservation

value of sites in the Mekong and Salween basins, which is that the priorities are delineated with
minimal consideration of freshwater species (Langhammer &08l7; Long pers. comm., 2009
Although methods of site assessment and prioritizatterstablished to incorporate

considerations of the freshwater environment (Darwall and Vie, 2005), practitagressthat

the general lack of species data has hampered the extent to whicinétlesds may be applied
(Abell, 2002; Langhammer et al., 2007To achieve transparency and justify conservation

action based on Red List status, the IUCN mandates standards for adequacy of data used to
designate a species as Threatened (Langhammer22@f), which many freshwater species fail

to meet. The lack of freshwater species data confounds the delineation of adequate priorities for
conservation of freshwater life as species that lack comprehensive data are unlikely to be
assessed for status Hsreatened and thus sites that contain these species do not fit criteria for

KBA designation.
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Because little informatiois available regarding freshwater ecology in the Lancang, but

especially in the Nu basin, freshwater conservation targets and co@sy protected areas do

not exist, biasing analyses such as the one we have undertaken. For instance, in NW Yunnan,
conservation areas (including toNESCO Three Parallel River World Heritage Site) are
delineated above 2000 m a.s.l. as a matter ofipea(@ers. comm. Long, 2009). It is unclear to
what extent this practice is reactionary to plans for mainstem darfe parallel rivers, but the

effect is to undervalue aquatic habitats in favor of montane habitats favored by more charismatic
terrestral species for which data are in supply to justify protection, such as the Yunnan Golden

Monkey.

2.5.6 BP3: Carbon Emission Reduction

The primary environmental benefit providedtpydropowelprojects is generation of renewable

energy with few emissionsf greenhouse gases. We used the United Nations Framework

Convention on Climate Change (UNFCC) and Conven@iadre des Nations Unies sur les
Changements Climatiqgues (CCNUCC)O6s AConsolida
Connected Electricity Generationb m Renewabl e Sourceso (UNFCC a
estimate potential emission reductionsawfeandsmall hydropoweprojects. Annual emission
reductions are calculated according to Egwhere ER is the total emission reduction of project,

BE is thebaseline emission, PE is the project emission, and L is the project leakage, all measured

in metric tons of carbon.

%2 " % 0 % , %8

Hydropower projects requiring constructionsofew reservoir determine their need to estimate
project emissions of C{and methane (ChHibased upon an index of power density, determined
by ratios of installed capacity and reservoir area.

Table2.23 Thresholds opowerdensityfor calculating Cerfied Emissions Reductions
(CERSs) for hydropower projects including reservoir construationd er UNFCCC6 s
ACMO0002.
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Power den st Powerdensity410Wm* Power density > 10 Wih

project not eligible for projecteligible with project eligible and
emission reduction credits emission factor of 90g project emissions
CO,eq/kWh assumed negligible

Leakage from hydropower plants is assumed negligible under UNFCCC methodology, thus the
total emission reduction of a new hydropower plant wittower density greater than 10 W/is
equal to the baseline emissionstetimined according to Equation 2vshere ER is the total
emission reduction of project and BE is the baseline emission, both measured in metric tons of
carbon, EG is the annual elecity generated by project in MWh, and EF is the emission factor

of baseline energy production in metric tons of CO2 per MWh.

%2 " % %' %& %R

In calculating of the total emissioaduction, we used emission factors of baseline energy
production in Yunnan Province reported in a recent (September 2009) CDM PDD for the
Labuluosmall hydropowestation (UNFCCC and CCNUCC, 2009), a hydropower project in the

Nu River basin, and one ofdlprojects analyzed in this investigation. Baseline emission factors
are estimates of emissions generated by power production supplied by the local grid, in this case
the China Southern Power Grid, which theoretically will be displaced by the proposed
hydropower project. The emission factor of the China Southern Power Grid is 0.8712 tons
CO/kWh (UNFCCC and CCNUCC, 2009).

Table 2.24 Certified emissions reductions from hydropower dams on the Lancang and
Nu Rivers.
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Annual CER

Dam Name | (tons COeq)
Xiaowan 16.5E+06
Manwan 6.8E+06
Dachaoshan 6.1E+06
Nuozhadu 20.7E+06
Maji 16.5E+06
Lumadeng 8.8E+06
Yabiluo 7.9E+06
Lushui 12.0E+06

2.5.7 BP4: Landscape Stability

Construction of hydropower facilities often entails expansion of power transmission routes and
roads to the dam and power generation sites, increasing probabilities of land disturbance and
landslides in the vicinity of the projecAdditionally, filling of reservoirs is often associated

with intensified seismicity near hydropower facilities (Gupta, 2002; Talwani, 1997). Empirical
data suggests that parameters of reservoir depth, volume, and proximity to active faults are
associated with increased prob#piof reservoirtriggered seismicity, with most documented

cases occurring near reservoirs over 92 m in depth and 12E8voiume (Baecher and Keeney,
1982). Zipingpu Reservoir, believed to have exacerbated seismic conditions leading to the 2008
Wencluan earthquake in Western Sichuan Province, has a maximum depth and volume of 155 m,
and 320x1® m® and was located within a kilometer of the ruptured Beichaat {Klose, 2008;
Moore, 2009).However, seismic events have also been triggered by mudleisreaervoirs

(Chen and Talwani, 1998).

In order to assess potential for exacerbation of local landslide hazards, we integrated project
footprints with landslide risk information, derived from statistical analysis of landslide
occurrence and slope, vegetation cover, precipitation, and proxomibads (Li, 2010) and

computed areas of high and severe landslide risk affected by each project.

Table2.25 Area characterized as severe and high landsidlenundated by maximum
and minimum reservoirs on the Lancang and Nu Rivers.
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MAX MIN
Dam landslide risk landslide risk

Name (km?) (km?)
Xiaowan 9.70 4,55
Manwan 0.02 <0.01
Dachaoshan 0.18 0.02
Nuozhadu 24.69 6.27
Maji 56.60 20.71
Lumadeng 11.36 2.82
Yabiluo 8.97 4.28
Lushui 16.49 6.49

To evaluate potential for reservoirs tmuce seismic events, we creatseismic index for each

project (Eq. ) with respect to maximum reservoir depth{hed and volume (Volax red, and

minimum dstance (1/d) to active faul{sle and Tsukuda, 2003).

Of 1

P
%

%R ®

Table2.26 Parameters of reserveairduced seismicity and seismicity index

maximum and minimum resvoirs on the Lancang and Nu Rivers.

Reservoir | Reservoir storage | Distance to active
depth volume faults
(m) (mcm) (km) Seismicity index
Dam Name MAX MIN MAX MIN MAX MIN

Xiaowan 300 16,400 5,000 1 1 12.29 3.77
Manwan 126 900 700 1 1 0.42 0.34
Dachaoshan 110 900 700 18 18 0.01 0.01
Nuozhadu 254 23,700 8,500 1 1 15.00 5.39
Maiji 300 6,100 1,600 1 1 4.54 1.16
Lumadeng 165 400 20 3 1 0.16 0.00
Yabiluo 133 400 100 1 1 0.14 0.04
Lushui 175 1,100 200 1 1 0.50 0.07
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2.5.8 BP5: Sediment Flux

Dams disrupt natural fluxes of water and sediments through river systems (Poff et al., 1997;
Bunn and Arthington, 2002; Vorosmarty, 2003; Petts and Gurnell, 2005), alterirgy ¢iest
determinants of the physical riverine environment that cascade toraflgomorphology and

ecology (Schmidt and Wilcock, 2008; Poff et al., 2007; Lytle and Poff, 20Rdjention of

sedimens in reservoiranay affect geomorphic processes in the downstream channel and delta,

as well as the life of the reservoir. Trap @fncy of the reservoir and percentage of basin
contributing to the dam may indicate the degree to which sediment transport processes will be
disrupted by the dam. We index these two subindicators (reservoir trap efficiency and percent of
basin upstreamfa@lam) to indicate the extent to which the dam potentially disrupts sediment

transport processes.

We estimateediment trap efficiency of proposed reservoirs usigg2.7af t er Br uneds
trappingefficiency curve:

e g om oag o s o o~ . o~ HBLU .

O/:\O/:\OOIAEDIEAEJAI—AS# % R &
Z

w h e r s chabge in residence time, as calculated for the reservoireaitbiving reach, as

in Eq 2.8

Y7z z OAOAOQG] EOART xORATAR E % R &

We evaluate residence time change by compaatigs of reservoir volumandvolume offree-
flowing reacheso meandaily dischargecalculaing the residence time of water throutjie
reach( dJdays) using Equation 2wherevol.eachis the volume of the reservoir or free flowing
reach (mcm) an@ is meanflow in mday™.

Ol 1

T % I 8o
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We compute reservoir volunisee table 1 and table u¥ing the 3D Analyst extensiam

ArcGIS 9.3.1 (ESRI, Redlands, CA), using an ASTER&fier DEM (ASTER, 2009) as
topographic data inpuflo estimate volumef undistubed reaches, we estima@ximum and
minimumreservoirlengths by overlaying modeled maximum and minimum reservoir footprints
andmodeled hydrologic netwosk We calculataverage channel gradients between the most
upstream and downstream points of the reservoirs and determinasectispal channel area at
the reported average flow condition using channel esestions extracted from an ASTER-B0
DEM. We select channel crossectional area correspondingstage athe mean annual flow

by optimizing hydraulic radius, crosectional area, and dischasgighin the reservoir reach

usi ng Manni g 2.5 Kdadpli andPiégan20®), using a default value of 0.025

to represent Manningbés roughness (Chow, 1959)
pgrm, -
1 T—:JZS %R T
Where Qisflow (') , n i s Manni ngds r o-segibnaléovarea(Mni t | es

R is hydraulic radius (m), and S is channel gradient inm

Plinston and He [1999] arldlore and Yu [204] provide estimates of average flows entering
Lancang andNu River reservoirsrespectively Aslargereservoirs have potential to store water,
it is desirable t@alculate residence timesingdatadescribingoutflows fromreservois rather
than flowsentering reservoirsHowever, information about operationslafgedams on
transboundary waters, such as tth@cang andNu Rivels, are classified under Chinese State
Secret regulations. Therefore, we asstimat thelargedams are operated as fofariver

projects and that outflow from the reservoiay be approximated bgflows. Thisis likely an
incorrect assumptiomnd mayreault in underprediction of residence times throuiginge
reservoirs.Therefore, it is likely that the changes in residetimes and reservoir trap

efficiencies reported herein are conservative and that more extreme changes may be expected.

Additionally, flow out of reservogmay vary considerably around the average numbers reported,
again depending on flood patterns aasnoperatiors. For instance fiapower station were run
to produce greater amounts of power during times of peak demand relative to baseloads (hydro

peakirg), the maximum outflow from the reservoir may be much higher than the average outflow.
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The differential timing of peak and baseflow releasesmacessaryo compute residence tirme

through the reservoitbat capture variability of flows

Table2.27. Reported inflows t@eservoirs on the Lancang and Nu Rivers.

mean

dischargée
Dam Name (m3s™)
Xiaowan 1220
Manwan 1230
Dachaoshan 1340
Nuozhadu 1750
Maji 1270
Lumadeng 1330
Yabiluo 1430
Lushui 1500

Table2.28 Trap efficiency olmaximum and minimum reservoirs on the Lancang and

Nu Rivers.

MAX trap MIN trap

Dam Name efficiency efficiency
Xiaowan 0.92 0.86
Manwan 0.67 0.63
Dachaoshan 0.66 0.62
Nuozhadu 0.92 0.87
Maji 0.87 0.75
Lumadeng 0.48 0.01
Yabiluo 0.48 0.05
Lushui 0.68 0.24

We mapped dam locations (see BP 1) and used an ASTHR®&D) DEM (ASTER, 2009) to
model contributing basin areas to each dam, using the ArcHydro model (ESRI) for ArcGIS 9.3.1.
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Table 229. Percentage of basin contributingnb@ximum and minimum reserveion the

Lancang and Nu Rivers.

MAX

catchment MIN catchment

above dam above dam
Dam Name (%) (%)
Xiaowan 13 13
Manwan 14 14
Dachaoshan 14 14
Nuozhadu 17 17
Maji 34 34
Lumadeng 34 34
Yabiluo 35 35
Lushui 35 35

2.5.9 BP6: Hydrologic Modification

Dams disrupt natural fllesof water and sediments through river systems (Poff et al., 1997;
Bunn and Arthington, 2002; Vorosmarty, 2003; Petts and Gurnell, 2005), alterirgy ¢iest
determinants of the physical riverine environment that cascade to affect river morphology and
ecobgy (Schmidt and Wilcock, 2008; Poff et al., 2007; Lytle and Poff, 200d)evaluate the
potential forLancang and Nu Rivatams to modify river flows, we consider the fraction of
annual runoff controlled by each projeaicording to Eq 2.11
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Table2.30 Fraction of annual runoff stored by maximum and minimum reservoirs on
the Lancang and Nu Rivers.

MAX storage MIN storage
Dam Name coefficient coeficient
Xiaowan 0.43 0.13
Manwan 0.02 0.02
Dachaoshan 0.02 0.02
Nuozhadu 0.43 0.15
Maiji 0.15 0.04
Lumadeng 0.01 <0.01
Yabiluo 0.01 <0.01
Lushui 0.02 <0.01

2.5.10 BP7: Water Quality

Processes affecting water quality such as biogeochespaling and energy fluxes can change
as flows are stored in the reserv@tgnley and Doyle, 2002 To estimate potential fdrancang
and Nu Rivehydropowerstations to inflence water quality, we evalugiercentchange in
residence time of water thmgh the reservoreach(See BP5 for methods related to residence

time calculation)
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Table2.31: Percent change in residence time through reaches inundated by maximum
and minimum reservoirs on the Lancang and Nu Rivers.

MAX residence

MIN residence

time change time change
Dam Name (%) (%)
Xiaowan 30,000 26,400
Manwan 10,000 10,000
Dachaoshan 9,500 9,500
Nuozhadu 41,700 18,700
Maji 24,400 13,400
Lumadeng 17,400 2,600
Yabiluo 13,300 7,700
Lushui 32,000 10,500
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Figure2.3: Impacts of Lancang River dams

IMPACT MAGNITUDE
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Figure2.4: Impacts of Nu River dams

IMPACT MAGNITUDE
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2.6 SALIENCEOF IMPACTS

On July 26 and 27, 2011, a group of dam and energy experts met at the Woodrow Wilson
International Center for Scholars to participata a n e vDeamsiormiaking Areudd A

Dams: Data, Discussion, and Decision Theater The objectives of this

D bring together dam and power sector experts and individuals engaged in hydro

development for a discussion around how decsere made on the development of

dams;

D present data on impacts of hydropower development in western China (Lancang and Nu

River, Yunnan Province) and demonstrate IDAM tool to participating experts; and,

Dexpl ore participant s 0 psactsand svestigate etigonsul@d i e n c

influencing st akehol-dwlopgméntsgenadriasr i t i zati on o

In a decision theater settinganticipants were briefed on impacts of Lancang and Nu River dams
and asked to contribute their opinions regardmgortanceof impacts. In the role of the
stakehol der group, these expert fistakehol ders

form of salience.
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Figure2.5 Mean slience ofsocioeconomicgeopolitical, and biophysical dam impact
Error barsare one standard deviation.
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