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Although the benefits of dam construction are numerous, particularly in the context of climate change
and growing global demand for electricity, recent experience has shown that many dams have serious
negative environmental, human, and political consequences. Despite an extensive literature doc-
umenting the benefits and costs of dams from a single disciplinary perspective, few studies have
simultaneously evaluated the distribution of biophysical, socio-economic, and geopolitical implications
of dams. To meet the simultaneous demands for water, energy, and environmental protection well into
the future, a broader view of dams is needed. We thus propose a new tool for evaluating the relative costs
and benefits of dam construction based on multi-objective planning techniques.

The Integrative Dam Assessment Modeling (IDAM) tool is designed to integrate biophysical, socio-
economic, and geopolitical perspectives into a single cost/benefit analysis of dam construction. Each of
27 different impacts of dam construction is evaluated both objectively (e.g., flood protection, as
measured by RYI years) and subjectively (i.e., the valuation of said flood protection) by a team of deci-
sion-makers. By providing a visual representation of the various costs and benefits associated with two
or more dams, the IDAM tool allows decision-makers to evaluate alternatives and to articulate priorities
associated with a dam project, making the decision process about dams more informed and more
transparent. For all of these reasons, we believe that the IDAM tool represents an important evolutionary
step in dam evaluation.
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1. Introduction

Dams have contributed to human development by providing
reliable sources of drinking water and irrigation, hydropower,
recreation, navigation, income, and other important benefits
(World Commission on Dams (WCD), 2000). Further, in the pres-
ence of climate change, dams may play an increasingly important
role in protecting water resources. For example, areas affected by
severe drought and those subject to high vulnerability from
flooding due to heavy precipitation will likely increase in coming
decades (Intergovernmental Panel on Climate Change, 2007), the
negative consequences of which may be ameliorated by dams.
Similarly, increased melting of snow packs resulting from climate
change may lead to renewed interest in dams as a means of pro-
tecting drinking water supplies. Thus, although the National
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Environmental Protection Act of 1969, the Endangered Species Act
of 1973, and the burgeoning national debt have led to a decrease in
the number of new dams, the next generation may witness
a renewed intensity in large dam development in the U.S. More-
over, new dams continue to be planned and constructed in many
developing countries.

The checkered history of large dams offers considerable insight
into the risks associated with renewed interest in dam construc-
tion. For example, the adverse effects of dams on ecosystems,
hydrology, and water quality (e.g., Petts, 1984; Poff et al., 1997; Poff
and Hart, 2002; Ward and Stanford, 1979) often disrupt existing
cultural and economic institutions (Cernea, 1999; Goldsmith and
Hildyard, 1986) and impact relationships between the dam
community and communities both up- and downstream, which
may include people in other political jurisdictions (Giordano et al.,
2005). Dams also have displaced up to 80 million people worldwide
(WCD, 2000), resulting in increased landlessness and unemploy-
ment as well as social disarticulation (Cernea, 1999). Risks associ-
ated with large dams also go beyond the immediate ecological and
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social impacts; for example, 46 large dams catastrophically failed
between 1860 and 1995, eight of which resulted in the deaths of at
least 1000 people (McCully, 2001).

Analogously, concerns regarding the safety and passage barrier
presented by older dams and culverts have contributed to a surge in
dam removal (Doyle et al., 2008; Hart et al., 2002) despite the
outstanding uncertainties regarding this emerging practices (Doyle
et al.,, 2003; Pizzuto, 2002; Riggsbee et al., 2007; Walter and Mer-
ritts, 2008). Similarly, dam removal may have negative conse-
quences for electricity generation, tax revenues, recreation
opportunities, and housing values (Acharya and Lewis, 2001;
Bohlen et al., 2007; Wyrick et al., 2009). Dam removal also has
political implications as disparate constituencies organize in
support of or opposition to dam removal (Graf, 2003). Finally, as in
dam construction scenarios, decisions about dam removal are often
made under asymmetric information (Born et al., 1998), leading to
dissention in affected communities.

The 1992 United Nations Conference on Environment and
Development identified biophysics, socio-economics, and geopoli-
tics as the primary areas of concern for environmental and social
sustainability in development (United Nations Committee on
Economic Development, 1993). As noted above, the impact of dam
construction may be felt across each of these areas (Bocking, 1998).
For example, relocation efforts associated with dam building often
lead to higher population densities and thus to greater struggles
over land access (Webber and McDonald, 2004). Similarly, higher
levels of siltation and evapotranspiration associated with new dam
construction (Phadke, 1999) may exacerbate water and land
conflicts among affected river populations (WCD, 2000).

The renewed interest in large dams and the uncertainty
surrounding dam removal provide opportunities for improved
understanding of the interaction between environmental and
social systems. However, despite an extensive literature doc-
umenting the benefits and costs of dams, few studies have
systematically evaluated the effects of dams from multiple disci-
plinary perspectives (Whitelaw and MacMullan, 2002, but see
WCD, 2000), and important synergistic relationships between
biophysics, socio-economics, and geopolitics are not well under-
stood as a result. In this paper, we develop an interdisciplinary
approach to evaluate dams in affected communities. Specifically,
we propose a new Integrative Dam Assessment Modeling (IDAM)
tool for evaluating the relative costs and benefits of dam
construction while accounting for biophysical, socio-economic, and
geopolitical effects.

The conceptual foundation for this tool is based on existing
approaches in multi-objective planning, including amoeba
diagrams (ten Brink, 1991; Wall and Marzall, 2006), radar charts
(Connell and Wall, 2004), sustainability polygons (Steiner et al.,
2000), and wellness appraisal index graphs (Dever, 1991) for
illustrating environmental, economic, and human health assess-
ments (Sadler et al., 2000). By further developing these concepts to
incorporate analysis of costs and benefits and by adapting the
indicators to the context of dam building, we have developed this
tool as a unique and potentially valuable instrument for informing
dam siting and design, increasing the transparency of decision-
making, encouraging public participation in the process, and doc-
umenting the process for selecting among various sites and designs
in dam development.

In this paper, we introduce the IDAM tool, a conceptual model
that explicitly calls for a variety of disciplinary perspectives in
evaluating the positive and negative implications of dam
construction and removal. This tool also overtly acknowledges both
objective and subjective valuations for a transparent consensus-
building evaluation of dams. After explaining the mechanics of the
tool, we offer an illustrative example of how two alterative dam
construction projects would be evaluated using this tool. Next, we

provide context for the use of the tool by discussing its generaliz-
ability to different settings. We then compare the IDAM tool with
other interdisciplinary approaches, commenting on the advantages
and disadvantages of each, and we conclude by reflecting on the
practical applications of the tool.

2. The integrative dam assessment modeling tool

The Integrative Dam Assessment Modeling (IDAM) tool is
designed to combine the three themes identified by the 1992
United Nations Conference on Environment and Development into
two circle diagrams, one measuring the costs associated with
proposed dam development and the other measuring the benefits.
Each of the two diagrams consists of 27 individual “impacts,” or
effects of dam construction, nine of which represent the biophysical
theme, nine of which represent the socio-economic theme, and
nine of which represent the geopolitical theme (Fig. 1). The same
impacts appear on both the cost and benefit circles, and each
impact comprises an equal portion (13'/3 ©) of the circle diagram.

The impacts included in the model were informed by an
extensive review of the existing literature, including evaluations of
environmental effects (e.g., Bunn and Arthington, 2002; Goldsmith
and Hildyard, 1986; McAllister et al., 2000; Rosenberg et al., 2000;
WCD, 2000), social effects (e.g., Bartolome et al., 2000; Egré and
Senécal, 2003; Lerer and Scudder, 1999; Sadler et al., 2000; Scudder,
1997), and the geopolitics (e.g., Bakker, 1999; McCully, 2001;
Ribeiro, 1994; Scudder, 2005; Waterbury, 1979) of large dams.
Groups of experts with experience in evaluating dam impacts
(including the authors) then gathered for semi-structured discus-
sions on the specific indicators to be included using the Delphi
Technique (Gordon and Helmer, 1964).! This method enables
interdisciplinary dialog to develop consensus on the key compo-
nents for analysis and provides process techniques to resolve
differences as they arise.”> The biophysical impacts identified
through this process are water retention time; natural value;
downstream tributaries; biodiversity’ distance of river left dry
downstream of the dam; CO, equivalent to coal; flood protection;
site stability; and reservoir surface (see Table 1 for more detail). The
socio-economic impacts of primary concern are social change;
cultural change; non-agricultural economic activity; health; agri-
cultural economic activity; displacement; hydropower and infra-
structure; housing values; and transportation (see Table 2 for more
detail). The geopolitical indicators include downstream riparian
population; downstream irrigation; political boundaries; existing
dams; agreements and institutions; political participation; histor-
ical stability/tensions; domestic governance; and socio-economic
impacts for non-constituents (see Table 3 for more detail).

Within the context of the IDAM tool, each of these 27 impacts
includes both an objective evaluation of the magnitude of the effect
of dam construction (called a “metric”) and a subjective evaluation
of its biophysical, socio-economic, or geopolitical effect (called
a “valuation”). That is, each impact is broken into five sub-sections
(each representing 22/; ° of the circle) that classify the objective
magnitude of the effect on a six-point scale (Likert, 1932), ranging
from O for “no impact” to 5 for “extreme impact”; Table 4 provides
three detailed examples. These categories are normalized so the
model may be used in evaluating the costs and benefits of small
dams such as those in New Jersey (Wyrick et al., 2009) and

! These discussions were held as part of the International Symposium on the
Modeling of Dams in Washington on April 11-13th, 2007 and the symposium on
Damming the Nu: Evaluating Hydropower on China’s Angry River in Maine on
October 6-7, 2007.

2 Linstone and Turoff (1975) and Rowe and Wright (1999) provide thorough
summaries of the strengths and weaknesses of the Delphi Technique and Meedham
and de Loé (1990) describe its applicability to water resources planning.



PH. Brown et al. / Journal of Environmental Management 90 (2009) S303-S311

GP7

W 1T

S
Sz

GPS \.§\\\\\\ %///////////

I
e

\

\\
\l
- N\

N\

\\\., "3
IR, =
LY,

SE6  SES SE4

Social-economic
Panel A: Costs

100%

Biophysical

S305

Geopolitical

N
S
W
3

N

AN

! 77777k, BF
%;
il

\

1l
/] N
TN

/
]
Wi

N
NN

/)
7

\

\
///Jm\\\\\

\

7
7

\
\

7
%)

\
i \\g‘\\
TLCRS
) WS
SE6 | SEs SE¢
Social-economic

Panel B: Benefits

0% 100%

—

overall cost

overall benefit

Fig. 1. IDAM tool. The sum of the shaded area for a completed IDAM characterizes the aggregated costs and benefits. The proportion of the costs and benefits is displayed on the

scale below. The scale runs from 0 to 100 on both the costs and benefits.

Maine (Bohlen and Lewis, 2009) as well as massive hydropower
development projects such as those in China (McNally et al., 2009;
Tullos, 2009), Lesotho (Tilt et al., 2009), and the American West
(Burke et al., 2009). Given this objective impact of a proposed dam,
decision-makers are asked to evaluate the benefits and costs
associated with the objective impact of proposed dams on the
following scale: “none,” “very small,” “small,” “moderate,” “large,”
or “very large.”

The objective metric of the costs and benefits of dam
construction is measured along the circumference of the IDAM
circle and the subjective valuation of this outcome is measured
along the radius. Given these data, the IDAM figure is shaded to
provide a visual comparison of the magnitude of the effects and the
decision-makers’ valuation thereof (see Fig. 2 for a detailed account
of this process for a single indicator, and note that an impact
without shading does not imply a lack of data, but rather no
objective impact, no subjective cost or benefit, or both). The IDAM
tool thus provides an opportunity for heuristic decision-making.*

In an ideal setting, the decision-making team will include
experts who are trained to assess the impacts of dams through the
various disciplinary frameworks as well as stakeholders with local
knowledge and experience. We anticipate that this process will
involve negotiation and consensus-building through a process
similar to the Delphi Technique, thereby improving the trans-
parency of the decision-making process.

3 It is important to acknowledge that while some effects of dam construction on
human and natural systems can be felt immediately, others are dynamic and
cumulative, becoming apparent over many years. Decision-makers should thus
keep the “life cycle” of a given dam project in mind when assigning objective
metrics and subjective valuations (Sadler et al., 2000).

4 As currently implemented, the IDAM tool assigns an equal area of the decision
circle to each impact. We believe that such an approach accommodates weighting
through the subjective valuation of each impact, although it may nevertheless be
worth experimenting with a model which allows for a more flexibility in weighting
impacts.

3. Ilustrative example - low vs. high-impact dams

In what follows, we offer two hypothetical examples of how
dam construction projects may be evaluated using the IDAM tool,
one for a relatively high-impact dam site and one for a low-impact
dam site.

Table 1

Biophysical impacts.

Label Impact Description Metric
BP1 Water retention time Time water is stored in Time

reservoir as indicator of
ecological impact
Potential gain or loss
associated with dam
activity

Number of tributaries for
supplying sediment and
organic material, buffering
hydrology, and providing
habitat
Threatened/endangered
plants and animals

UNESCO “natural”
selection criteria

BP2  Natural value

BP3  Downstream tributaries Number

BP4  Biodiversity % of known species
that are threatened
or endangered

In scenarios where flow is Length
diverted for irrigation
Benefit of producing
hydropower as opposed

to coal as alternative
energy source

The magnitude of flooding
event captured by the
dam in Return Year
Interval (RYI)

Presence of geologic
hazards, e.g. landslides,
site stability, distance

to faults, and reservoir-
induced seismicity
Surface area of reservoir
at full storage

BP5  Distance of river left
dry downstream of dam

BP6  CO, equivalent to coal Pounds per MW

BP7  Flood protection

RYI year

BP8  Site stability None to very large

BP9  Reservoir surface Area
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Table 2

Socio-economic impacts.

Label Impact Description Metric
SE1 Social cohesion Change in social networks and perceived Buckner

social cohesion scale

SE2  Cultural change Sites of cultural significance Number

SE3  Non-agricultural Aggregate change in total income, less Dollars
economic activity ~ government transfers

SE4 Health Frequency and severity of contamination Days per

year

SE5 Agricultural Aggregate change in total income, less Dollars
economic activity ~ government transfers

SE6 Displacement Relocation costs associated with changing Dollars

water levels

SE7 Hydropower/ Value of hydropower consumed locally or Dollars
infrastructure sold

SE8 Housing values Hedonic value of recreation and landscape  Dollars

SE9 Transportation Value of change in economic activity Dollars

3.1. High-impact dam site

This hypothetical new dam site is located on the main stem of
a large river in the Unites States, with the primary objective of
providing a reliable source of irrigation water and a secondary
objective of producing hydropower. It is a wide (820 m) and rela-
tively short (21 m) structure, blocking passage for three species of
endangered salmon as listed under the Endangered Species Act
(ESA) to an 88 km spawning habitat and leaving 18 km dry
downstream during very dry years.

Because of the generally low slope of the river valley, the
reservoir will have a high surface area and will inundate two Native
American reservation communities comprising nearly 1000 people
in total. Archaeological digs have recently discovered artifacts of
a community dating back to 2200 years within the inundated area,
and sites of spiritual importance will be submerged. The residents
of the affected communities will be relocated outside of the valley
to a reservation in the dry grassland 200 km away. Water is not
immediately accessible at the relocation site, but the U.S. govern-
ment has agreed to dig wells for the displaced communities.
However, no agreements have yet been signed between the
communities and the federal government because the residents are
concerned that the wells will be insufficient to meet their water
needs. Employment opportunities will exist at the new reservation
in the form of a newly constructed casino. Educational programs
will be developed at the new site for the relocated residents.

The benefits and costs of this high-impact dam are described in
the IDAM circles presented in Fig. 3. Note that the objective metrics
and subjective valuations have been estimated for this hypothetical
dam for illustrative purposes (see Table 5 for detail); for a true
IDAM evaluation, a decision-making team must provide the data
for metrics and valuations. In addition, recall that an impact
without shading implies that there is no objective impact and/or
that the subjective valuation associated with that impact is zero.

Subtracting the total cost (Panel B) from the total benefit (Panel A)
in the IDAM tool indicates a net cost of 10 units as follows: net cost
of 58 units to biophysical impacts; net benefit of 23 units to socio-
economic indicators; and net benefit of 25 units to geopolitical
indicators. This outcome is compared to the net benefit (or cost) of
a low-impact dam built on a tributary of the dam below.

3.2. Low-impact dam site

This hypothetical new dam site is located on a steeper tributary
to the main stem river proposed above, with similar objectives of
developing irrigation resources and producing hydropower. This
structure would be narrower (120 m) and taller (47 m) than the
dam on the main stem of the river, with a small, but deep reservoir
with 23 km? in surface area. The low surface area of the reservoir
blocks only 21 km of spawning habitat for two ESA-listed salmon.
This facility generates a similar amount of electricity (23 MW per
year), but the electricity will need to be transmitted farther to the
transfer facility. Furthermore, the structure will only store enough
water for irrigating only 423 ha of farmland for corn production.
There are numerous downstream tributaries that regularly supply
sediment and runoff to the main stem. However, because all of the
flow is diverted, the river will be left dry most years 6 km down to
the next tributary. By storing and diverting all of the flood water in
this river, this facility offers the benefit of downstream flood
protection. The value of this protection is quite limited, however,
because the habitat between the dam and the main stem is
industrial forest that was harvested just prior to construction. As
such, no communities will be displaced and no cultural or
anthropological artifacts will be inundated.

The benefits and costs of this low-impact dam are described in
the IDAM circles presented in Fig. 4. Subtracting the total cost
(Panel B) from the total benefit (Panel A) in the IDAM tool indicates
a net benefit of 10 units as follows: net cost of 24 units to
biophysical impacts; net benefit of 19 units to socio-economic
indicators; and net benefit of 15 units to geopolitical indicators.
Although the benefits of dam building at the high-impact site are
significantly larger than the benefits of building at the low-impact
site, the costs of dam building are also disproportionately larger in
the former case. Indeed, the IDAM tool indicates that the net benefit
to dam construction in the tributary of the river outweighs that of
dam construction in the main stem.

4. Applicability and generalizability of the IDAM tool

WCD (2000) calls for social, environmental, and technical
monitoring and assessment for proposed dam projects. Further, the
“Five Key Decision Points” described in the WCD report propose
that decisions about dams should be rooted in careful discussions of
needs assessment, selecting alternatives and investigative studies,
project preparation, project implementation, and project operation.

Table 3

Geopolitical impacts.

Label Impact Description Metric
GP1 Downstream riparian population People in downstream communities potentially affected by upstream dams Number

GP2 Downstream irrigation
GP3  Political boundaries

GP4  Existing dams

GP5 Agreements/institutions
GP6 Political participation

GP7 Historical stability/tensions
GP8 Domestic governance

Downstream irrigated area potentially affected by upstream dams Area
Number of national and sub-national political boundaries crossed by waterway
Regulatory/storage capacity of existing dams on waterway

Number of inter-governmental institutions devoted to management of shared waterway Number
Plurality of decision-making processes in country where dam will be sited

Degree of interstate and intra-state stability versus tension among riparian countries
“Durability” of state government, including its ability to anticipate and, where

Number
Capacity

Democracy index
Internal Basins at Risk (BAR) Scale
International Basins at Risk (BAR) Scale

necessary, appropriately respond to domestic challenges

GP9  Socio-economic impacts

for non-constituents communities in other riparian countries)

Estimate of the magnitude of impacts for non-constituents (e.g. downstream

Low-high
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Table 4

Example metrics for objective measurement of dam impacts. The objective metrics
associated with each of the 27 indicators in the IDAM tool are evaluated on a 6-point
scale in which 0 indicates no effect and 5 indicates a very large effect. In the interest
of space, three detailed examples (one each from the biophysical, socio-economic,
and geopolitical perspective) are provided; as noted in the text, these metrics should
be adapted to local circumstances.

BP7: Flood protection, relative to historical record for the same river

None

Flood protection for only small storms (1-10 RYI)

Flood protection for modest events (10-25 RYI)

Flood protection for large but regular events (25-100 RYI)
Flood protection for large and irregular events (100-1000 RYI)
Flood protection for events >1000 RYI

A WN = O

SE1: Resettlement cost, as a share of watershed GDP

No displacement

Less than 0.5% of total watershed GDP
0.5-1.5% of total watershed GDP

1.5-3.0% of total watershed GDP
3.0-5.0% of total watershed GDP

Greater than 5.0% of total watershed GDP

b W= O

GP4: Capacity of existing dams to regulate annual flow

No existing dams on the main trunk of the river

Existing dams have capacity to regulate <10% of mean annual flow
Existing dams have capacity to regulate <20% of mean annual flow
Existing dams have capacity to regulate <30% of mean annual flow
Existing dams have capacity to regulate <40% of mean annual flow
Existing dams have capacity to regulate >40% of mean annual flow

bk WN = O

The proposed IDAM tool may therefore be useful in operationaliz-
ing these recommendations, offering a systematic and transparent
approach for evaluating dam siting to meet the development and
sustainability needs of affected communities.

The IDAM tool is comprehensive in its evaluation of dam
construction from multiple disciplinary perspectives. Moreover,
because simple steps may be taken to adapt the model to local
conditions (such as adjusting or changing specific indicators
included the tool) and because it explicitly incorporates both
objective metrics and subjective valuations of dam impacts, the tool
is extremely flexible. By providing a visual representation of the
various costs and benefits associated with two or more dams, the
tool also allows decision-makers to evaluate alternatives and to

¥ .

f}" ‘;,“c‘,}‘,’g Metrie low level of flood protection,
1 Protection for small storms (1-10RYI) high subjective valuation
2 Protection for modest events (10-25RYI) of the flood protection:
3 Protection for large but regular events objective = 1

(25-100RYI) : 0{5/' subjective = “very high”
4 Protection for large and irregular events GC?Q ¥

(100-1000RYI) 0?@{ -’I"@
5 Protection for events >1000 RYI !'10
Subjective Valuation
0 “none” -
1 “verylow” high level of flood protection,
2 Clow? low subjective valuation
3 “E":igﬁgrate of the flood protection:
£ “vesyhigh” objective = 5
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articulate priorities associated with a dam project, making the
decision process about dams more informed and transparent. For
all of these reasons, we believe that the IDAM tool represents an
important evolutionary step in dam evaluation.

Thus, the IDAM tool is currently being used to evaluate dam
removal in Oregon, where the need to better understand the
integrated biophysical, socio-economic, and geopolitical advan-
tages and disadvantages of dam removal is great (Bowman, 2002).
Specifically, impacts identified in Tables 1-3 were adapted based on
current literature of dam removal (e.g., Graf, 2003), replacing
contextually inappropriate impacts (e.g., “distance of river left dry
downstream of dam”) with more appropriate alternatives (e.g.,
“predicted distance of downstream sediment deposition”) while
retaining those that remained relevant (e.g., “biodiversity”). We
then solicited feedback on the proposed impacts during facilitated
meetings with stakeholders, including representatives of federal
agencies, experts on environmental monitoring, and local land-
owners. We are now applying the IDAM tool to document and
analyze decision-making and environmental outcomes associated
with two economically, politically, and environmentally dissimilar
small dam removals. The results will include an evaluation of the
indicators for use in decision-making about dam removals beyond
these two case studies.

5. Other interdisciplinary approaches to modeling dams

Other approaches exist for performing interdisciplinary assess-
ments on “coupled human-environment systems” (Global Land
Project, 2005; Turner et al, 2003). For example, economic
approaches such as hedonic analysis and contingent valuation have
been used to value the impact of dam construction and removal on
water quality and fish biodiversity (e.g., Bohlen and Lewis, 2009).
Similarly, micro- and macroeconomic factors have been included in
biophysical simulation models (e.g., Benstead et al., 1999; Costanza
and Ruth, 1998; Haberl et al., 2006; Simonovic and Fahmy, 1999).
However, using economics to value socio-cultural and ecological
indicators is a source of debate due to difficulties in accounting for
variability in interpretation and positions on metrics and values
(McCauley, 2006; Sullivan, 2001).

subjective = “low”

moderate flood protection,
high subjective valuation
of the flood protection:
objective = 3
su]l)je(:tive = “high”

Fig. 2. Sample evaluation of the benefits of flood protection. Experts characterize the benefits of dam construction according to an objective metric. In the case of flood protection,
this metric describes protection relative to the historical record for the same river. Decision-makers assign a subjective valuation to these quantified benefits based on a scale
ranging from “none” to “very high.” The IDAM figure is then shaded in order to provide a visual representation of both the objective metric and the subjective valuation.
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Fig. 3. Illustrative example, high-impact dam. A dam on the main stem of a large river would block passage for salmon and sometimes leave downstream reaches dry. However, it
would also produce a modest amount of electricity and irrigate and for corn production. The reservoir would displace 1000 Native Americans, and compensation is still under
negotiation. Although important heritage sites would be lost, economic opportunities exist at the relocation site. See Table 5 for objective metrics and subjective valuations of these

impacts.

Table 5

Illustrative example: high- versus low-impact dams. A decision-making team comprised of experts and stakeholders will participate in a consensus-building process such as
the Delphi Technique to identify and evaluate the objective and subjective costs and benefits of dam construction at different sites. Based on the information provided in the
illustrative example, a decision-making team might arrive at the following objective metrics and subjective valuations. These values were used in constructing Figs. 3 and 4.

Key Impact High-impact dams Low-impact dam

Benefits Costs Benefits Costs

Obj. metric Subj. valuation Obj. metric Subj. valuation Obj. metric Subj. valuation Obj. metric Subj. valuation
Biophysical (BP) impacts
BP1 Water retention 0 0 4 4 0 0 2 4
BP2 Natural value 0 0 4 5 0 0 3 5
BP3 Downstream tributaries 0 4 3 0 3 4 0 0
BP4 Species of concern 0 0 2 5 0 0 1 5
BP5 Dry river 0 0 2 3 0 0 3 3
BP6 CO, equivalent to coal 3 2 0 0 2 2 0 0
BP7 Flood protection 2 0 0 0 1 0 0 0
BP8 Site stability 0 0 0 0 0 0 0 1]
BP9 Reservoir surface 0 0 4 3 0 0 1 3
Socio-economic (SE) impacts
SE1 Social cohesion 0 2 4 3 0 2 0 3
SE2 Cultural change 0 0 4 1 0 0 0 1
SE3 Non-agr. economic activity 3 4 4 0 0 4 0 0
SE4 Health 5 0 0 4 3 0 0 4
SE5 Ag. economic activity 5 5 0 0 3 5 0 0
SE6 Displacement 3 0 0 0 1 0 0 0
SE7 Hydropower/infrastructure 3 4 0 5 1 4 0 5
SE8 Housing values 0 0 3 0 0 0 0 0
SE9 Transportation 0 3 5 2 0 3 0 2
Geopolitical (GP) impacts
GP1 Downstream riparian pop. 0 0 4 0 0 0 0 0
GP2 Downstream irrigation 5 5 0 0 3 5 0 0
GP3 Political boundaries 0 0 0 0 0 0 0 0
GP4 Existing dams 1 3 0 0 0 3 0 0
GP5 Agreements/institutions 1 5 4 0 0 5 0 0
GP6 Political participation 1 3 3 0 0 3 0 0
GP7 Historical stability/tensions 0 0 3 2 0 0 0 2
GP8 Domestic governance 0 1 4 0 0 1 0 0
GP9 Socio-economic impacts for non-constituents 0 0 5 1 0 0 0 1
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Fig. 4. lllustrative example, low-impact dam. This dam is taller and narrower than the high-impact dam, yet it blocks less spawning habitat for salmon and no communities would
be displaced by its construction. This dam would provide some flood protection, but only to industrial forest land. The small amount of electricity generated from this facility would
be transported farther away, and the dam would irrigate far less land. See Table 5 for objective metrics and subjective valuations of these impacts.

In another approach, Haberl et al. (2006) propose the use of
social-ecological metabolism measures drawn from the ecological
economics, industrial ecology, and human ecology literatures to
integrate biophysical and socio-economic processes through
a common currency (e.g., carbon and water). Such analyses
combine field data with statistical social data and use historical
sources to reconstruct past states of the system, thereby contrib-
uting to socio-ecological models that integrate economic and
ecological dynamics (Ayres, 2001; Ibernholt, 2002) in river systems
such as the Hudson (Ayres and Ayres, 1988; Ayres and Tarr, 1990)
and the Rhine (Stigliani et al., 1993). However, this approach is
limited in that it requires a rigid spatial scale over which systems
are compared, which is difficult to define for socio-economic
systems (Liverman and National Research Council (U.S.) Committee
on the Human Dimensions of Global Change, 1998).

Finally, agent-based models have also been used to study
complex social and environmental systems by attempting to
replicate the behavior of individuals and groups. The complex
dynamics within and between biophysical and human systems are
linked in such models as each disciplinary perspective is treated as
an agent that interacts with other agents. One advantage of agent-
based models over other types of interdisciplinary models is that
they are based on the underlying framework of each discipline,
rather than trying to meld disciplines under a single framework and
set of assumptions (McConnell et al., 2001). Moreover, by sepa-
rating policy questions from data, agent-based modeling increases
the transparency of decision-making in water resources planning
(Simonovic and Fahmy, 1999). However, agent-based models are
limited by the requirement to develop deterministic rules by which
agents drive system change. Furthermore, agent-based models
assume that agents have decision-making autonomy, and this
assumption may not be appropriate for large-scale public works
projects such as dams.

In light of the availability and limitations of these tools, the
IDAM tool offers at least five distinct advantages. First, and perhaps
most importantly, the tool renders explicitly the need for decision-
makers to simultaneously consider the biophysical, socio-

economic, and geopolitical implications of dams. We believe that
identifying data needs in this way will help decision-makers to
produce comprehensive and empirically valid policy decisions.
Second, it combines both objective measurements and subjective
valuations of dam building into a single model. Third, neither the
model nor the authors of this study arbitrarily assign subjective
weights to the various impacts; instead, the importance of each
impact is left up to the decision team. We feel this is a vital
component in the development and functioning of this model, and
one that increases its applicability across different socio-cultural
and geographic contexts. Fourth, this work benefits from and
contributes to the perspectives of individual disciplines. Similar to
agent-based models, this approach does not require disciplines to
conform to a single framework for assessing impacts, but it does
integrate the various disciplinary perspectives into a single model.
Finally, the IDAM tool is visually accessible: costs and benefits of the
proposed project are clearly shown in figures, and conclusions
regarding dam impacts can be easily drawn by comparing the
shaded area of the two circles.

One disadvantage of the IDAM tool is the considerable up-front
data requirements for the objective assessments of dam impacts.
Still, any thorough evaluation of dams (e.g., environmental and
social impact assessments) is based on nearly identical information,
yet the IDAM tool makes the data needs clear at the outset. A
second potential limitation of the tool is that the 27 individual
impacts may not be appropriate to every setting; although we have
endeavored to make these categories widely applicable, we expect
that some decision-makers may find utility in adapting them to the
local context. Third, the value of the IDAM tool depends on
a balanced treatment of each disciplinary perspective: if natural
scientists or environmentalists comprise a disproportionate share
of the decision-making team, for example, the socio-economic and
geopolitical costs and benefits of dams may be undervalued,
leading to biased evaluations. Finally, the tool requires consensus-
building among interested constituencies. Again, we view this as an
advantage of the model, although some decision-makers may
disagree.
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6. Conclusions

With the growing demand for water and energy, a concurrent
rise in the need for water storage and hydropower projects may be
expected, particularly in developing countries. At the same time,
aging hydropower stations are being removed with increasing
frequency in developed countries. The literature rooted in bio-
physiology, socio-economics, and geopolitics may inform decision-
makers’ decisions about the siting and sizing of new dams and
about the costs and benefits of removing existing dams, albeit often
from a single disciplinary perspective that may miss other impor-
tant outcomes associated with dam construction or removal.
Unfortunately, past attempts to integrate the biophysical, socio-
economic, and geopolitical effects in a coherent way have been
stymied by the disparate vocabularies and concepts under which
individual disciplines operate.

Nevertheless, this paper and others in this issue (e.g., Tullos
etal., 2009; Wyrick et al., 2009) have highlighted the importance of
assessing the impacts of dams from a multidisciplinary perspective.
To facilitate such evaluation, we have introduced the IDAM tool,
which allows decision-makers to assign objective metrics and
subjective valuations to a range of biophysical, socio-economic and
geopolitical effects of dam construction and removal. Properly
implemented, this tool encourages consensus-building and affords
an opportunity for heuristic decision-making. As such, it will
advance our understanding of how dams affect human and
ecological systems.

Recognizing that the credibility of a model depends on the
validity of underlying assumptions and on stakeholder buy-in, we
advocate a careful data collection process to verify the selection of
impacts, documented procedures for data quality and control, and
a deliberate attempt to include the breadth of stakeholders in the
evaluation process. Data needs are likely to involve analysis of
primary literature, household surveys, hydrologic and GIS analyses,
and public participation activities. While such data collection needs
are not trivial, they are no more cumbersome than those associated
with well-designed social and environmental impact assessments.
Developing stakeholder buy-in is likely to entail demonstration of
the IDAM tool, mechanism analysis, and opportunities for public
discussion, all of which contribute to the transparency of the deci-
sion-making process. Further, while true validation of the IDAM tool
is difficult in the absence of a natural experiment, the tool will
accommodate sensitivity validation (Schneider, 1997) by allowing
researchers to simulate changes in objective metrics and subjective
valuations to better understand the effect of each impact on high-
priority state variables. Finally, this approach facilitates an evalua-
tion of the relative importance of biophysical, socio-economic, and
geopolitical indicators in assessing dam impacts. These techniques
can be valuable in evaluating the credibility of the IDAM tool as well
as the currently held assumptions regarding the impacts of dam
construction and removal.
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