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Abstract

Water storage dams worldwide are ageing, and many will reach the end of
their designed lifespan by the middle of the 21st century. Some of these dams
will likely need to be removed. While dam construction impacts have been
widely discussed, dam removal impacts on society and the economy need to
be synthesized and considered in the ageing dams’ decision-making process.
This paper summarizes dam removal impacts on the local economy and in-
dustry, culture, history and heritage, property value, recreation, aesthetics,
and disaster avoidance from identified studies worldwide. It demonstrates
that these impacts may vary depending on geography and between developed
and developing countries. It concludes that dam removal should consider the
cost, environmental, and the socio-economic impacts while including all stake-
holders who could be positively and negatively impacted by dam removal.
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1. Introduction

Water storage infrastructure, particularly large dams, has traditionally been used
to regulate river flows globally, benefiting countries by fulfilling water and ener-
gy needs. By 2020, the global large dam count was over 58,000 (>15 m height; or
5 - 15 m height and impounding > 3 million m® of storage as defined by the In-
ternational Commission on Large Dams—ICOLD—

https://www.icold-cigb.org/GB/icold/icold.asp). Cumulatively, dams store ap-

proximately 16% of global surface water resources (Hanasaki et al., 2006).

Around 93% of the world’s large dams are built in 25 countries, with China and
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the USA leading with the greatest number of large dams (23,841 & 9263, respec-
tively). By continent, Asia has the majority (~55%) of the large dams globally,
while Africa has the fewest (~2000; ICOLD WRD, 2020).

The main dam functions are irrigation, hydropower, water supply, and flood
control, while other functions include recreation, navigation, and fish farming
(ICOLD WRD, 2020). Irrigated agriculture ensured largely by dams, contributes
about 40% of world agricultural production (Shah & Kumar, 2008), while hy-
dropower dams generate around 20% of global electricity production (IHA,
2020). Dams store large volumes of water during extreme rainfall events, reduc-
ing the likelihood of downstream flood disasters (Berga, 2009). Additionally,
most of the world’s urban, agricultural, and industrial regions’ water security is
sustained by these large storages (Vorosmarty et al., 2010).

Building of large dams was upsurged in the mid-20th century, and its peak
was in 1960-1980s, and declined afterward (Perera et al., 2021) due to a range of
factors, including environmental and social costs, lack of transparency, low stake-
holder participation, and reduced finances and investments (Grigg, 2019). Like
any infrastructure, large dams are constructed with a design life, and as they age,
they become more expensive to repair and maintain and increasingly vulnerable
to failure. Ageing is understood to be the gradual deterioration beyond the initial
five years of operation (Zamarrén-Mieza et al., 2017). In general, dams con-
structed between 1930-1970 have an average design life ranging from 50 to 100
years (Mahmood, 1987; Ho et al., 2017). Consequently, many large dams world-
wide have reached or are approaching the 50 years mark, which may be seen as
the lower boundary of their design lifespan. Regular inspection and repair with a
sound management plan can significantly extend a dam’s life span, yet many
ageing dams will likely be considered for re-operation or complete removal. Dam
removal, and particularly large dam removal, is not yet a common practice nor
an easy process. There are many factors, including the cost of repair, cost of re-
moval, socio-economic impacts, public safety, environmental impacts, and gov-
ernment policies for water, energy, and food production, amongst others, that
need to be considered to make informed decisions on dam removal. While the
cost of removal, loss of dam function, and environmental impacts are key con-
siderations in the removal process, there is a range of important socio-economic
impacts that are important to distill from global emerging practices and should
be considered as well. This paper aims to identify such socio-economic impacts

of dam removal as reported in the global literature.

2. Dam Ageing and Removal: A Global Snapshot

Dam ageing is gradually appearing as a global development challenge experienced
by many countries. Perera et al. (2021) carried out the first global synthesis of
ageing water storage infrastructure, illustrating the magnitude of the problem by
major geographical region, country, and dam function, quantifying emerging trends

of dam removal, and identifying the key considerations for decision-making on
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1

Number of Large Dams

aged-dam removal. Figure 1 provides a snapshot of the current knowledge of
dam age by major region and dam function.

In North America and Asia, ~16,000 large dams are between 50 and 100 years
old, and over 2000 dams were constructed over a century ago. In Europe, ~10%
of large dams are over 100 years old, while in the United Kingdom, large dams’
average age is greater than 100 years (Perera et al.,, 2021). In the USA, over 85%
of dams exceed their design life expectancy (FEMA, 1999). Dam ageing poses a
threat poses a threat to public safety and has potentially dramatic impacts on
both the economy and the environment.

The risks linked with ageing large dams are extreme and can result in loss of
life, property, and livelihoods. For example, in March 2009 the Situ Gintung
Dam failed in Indonesia’s Tangerang District, killing over 100 individuals. Built-in
1933, little maintenance had been done for 76 years (USBR, 2015). Unfortunate-
ly, this is not an isolated case and ageing dam failures threaten lives across the
globe (e.g., Ivanovo Dam, 2012; Kantale Dam, 1986; Kelly Barnes Dam, 1977;
Table 1). Over 30,000 dams in China are ageing and at high risk of failure (Yang
et al., 2011), while in the USA approximately 15% of dams are considered a high
hazard (Ho et al., 2017). By 2050, the predicted world total population will be
nearly 10 billion (UN Water, 2019). The majority of the population will reside
downstream of large dams (Ferre et al., 2014), primarily constructed in the 20th
century or the early 21st century. Therefore, informed decision-making regarding
ageing dams will be paramount to protect growing downstream communities.
The impacts of dam ageing can be local, national, or international (e.g., dams in
transboundary rivers). The unique characteristics of each dam (location, age,
function, capacity, etc.) make the ageing issue very diverse. Thus, the problems
arising from ageing dams will manifest themselves in different ways and at dif-
ferent times. Additionally, other risk factors such as climate change-induced ex-
treme events, sedimentation, environmental impacts, and security threats will

lead stakeholders to decide on each dam’s fate in the 21st century.
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Figure 1. Average age (circles) and number of large dams (bars) in main geographic regions by their
functions (graph source: Perera et al., 2021 based on ICOLD data).
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Table 1. Examples of dam failures from ageing infrastructure.

Year of
Dam Name Country  Age ) Fatalities Reason for Failure
Failure
Brumadinho Dam .
. Brazil 43 2019 270 Structural flaws
(Zimmermann, 2019)
Panjshir Valley Dam . Structural flaws,
) Afghanistan  >50 2018 10 i
(Associated Press, 2018) heavy rain
Ivanovo Dam Structural flaws,

Bulgaria 75 2012

(Cooper & Gleeson, 2012) heavy snowmelt

Kantale Dam
(Jayathilaka & SriLanka  >100 1986 180
Munasinghe, 2014)

Structural flaws,
poor maintenance

Kelly Barnes Dam Elevated
USA 78 1977 36 .
(USBR, 2015) reservoir levels

Dam managers can consider three potential solutions to manage ageing dams.
The first is repair, which involves restoring dam function and safety to remain
operational. Re-operationalization is another option that modifies the original
dam operation to recover social and ecological benefits by implementing inte-
grative management approaches (Watts et al., 2011). This could include target-
ing water releases from the reservoir to mimic the inflow rate, creating plans to
minimize consumptive water losses from the reservoir, amongst other approach-
es, and can incorporate multiple dams (Watts et al., 2011). The third solution,
dam removal, includes dismantling the dam completely and allowing free river
flow. Thus far, most removals have occurred at small dams (<5 m) in the USA
and Europe, and removals of large dams are still limited (Perera et al., 2021).
Among the three available solutions, selecting the best option is case-specific and
requires an in-depth decision-making process covering technical, social, and eco-
nomic elements related to the dam.

In recent years, dam removal has gained attention as a potential solution to
managing ageing infrastructure while also repairing the environmental integrity
of riverine ecosystems. While dam repair preserves dam function, maintenance
is often expensive and ongoing and can be 10 - 30 times costlier than removal
(Grabowski et al., 2018). Similarly, while re-operationalization has been demon-
strated to improve the ecological (Bednarek & Hart, 2005) and social (Vonk et
al., 2014) impacts of dams, optimizing dam operations is complex and many
dams no longer provide the benefits that once justified their development (La-
badie, 2004). Alternatively, dam removal may involve the full or partial removal
of dam infrastructure. Removal may be a feasible alternative if economic, social,
and practical limitations prevent the dam from being renovated or its expected
function is now outdated (Doyle et al.,, 2003). Removal allows rivers to flow
freely again, benefitting migratory fish and aquatic ecosystems (Grant & Lewis,
2015). However, dam removal can have consequences as well. Functionally, there

may be a loss of services provided by the dam, such as hydropower generation,
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irrigation, or flood control, which may need to be replaced or recovered. This
may not be advantageous for some countries, communities, and individuals that
rely on dam services. Environmentally, sediments in the upstream reservoir can
adsorb contaminants which may be released when the dam is removed (Grant,
2001). In these cases, repair or re-operationalization is likely a more suitable op-
tion to maintain safe dam functioning. Additionally, the lack of dam removal
policies means that removal is not regulated (Doyle et al., 2003). Given this di-
chotomy, understanding the socio-economic impacts of dam removal remains a
critical gap in ensuring the proper management of ageing infrastructure (Bell-
more et al., 2017).

3. Socio-Economic Impacts of Dam Removal

3.1. Local Economy and Industry

Dam removal is becoming an accepted approach to mitigate the risks associated
with ageing infrastructure. After dam removal, a shift in the industry is expected
as the immediate environment and resources change. Dam removal affects the
industries such as fisheries, agriculture, tourism, and hydropower and impacts
livelihoods and employment opportunities.

Fisheries commonly contribute to regional economies across the globe, and
particularly for low-income individuals, fish represents a major source of protein
(Kent, 1997). Rivers are rarely dammed for fish harvesting as the only purpose;
however, in some cases, the secondary importance of the fishery may exceed that
of the reservoir’s primary function (Fernando, 1980). In developed countries,
reservoir fisheries often serve recreational needs, while in developing countries,
reservoir fisheries provide a critical source of protein and employment often in
rural communities (Sugunan, 1995). In addition, high yields in reservoirs are of-
ten a result of stocking programs where exotic fish species are introduced (Jack-
son & Marmulla, 2001). Overall, reservoir ecosystems are repeatedly stressed due
to the high levels of nutrient input and unidirectional flow and are not condu-
cive to support fish populations. As a result, damming rivers may cause signifi-
cant losses of riverine fish harvests (Jackson & Marmulla, 2001). Therefore, dam
removal may be beneficial to increase fishery yields.

In the USA, restoring rivers has significantly improved the quality and quan-
tity of fish habitat and salmon migration which is both ecologically and eco-
nomically beneficial (Witze, 2014). Mapes (2016) mentioned that during the first
season after the Elwha Dam was removed in the USA, over 4000 spawning Chi-
nook were observed. Several other studies conducted in the USA point to an in-
crease in fish population after dam removal (e.g., Hardiman & Allen, 2015; Allen
et al., 2016). Likewise, after the removal of the Arase Dam in Japan, fishermen
reported increased seaweed cultivation and shrimp harvesting and the return of
sweetfish, a highly sought-after species (Ohno, 2019). In Sweden, after removing
the Storsjo-Kapell dam in the Storsjo fisheries conservation area, fishermen ex-

pected to double the value of large fish and quadruple the fish stocks (Lejon et
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al., 2009). Since dam removal restores both terrestrial and aquatic ecological
functioning, it is likely that river fisheries are more sustainable and will provide
higher yields than reservoir fisheries. However, this may not be the case in more
arid regions.

Dam removal can be beneficial or disastrous to the agricultural sector. Glo-
bally, nearly 50% of single-use dams were built to provide water for irrigation,
and these dams supply water to over 1 million km* of land (ICOLD WRD, 2020).
The dependency on dams for irrigation is dictated primarily by climatic condi-
tions. In temperate zones, agriculture can be conducted without a water man-
agement system, while in arid or semi-arid zones, agriculture without irrigation
can be impossible (Schultz, 2002). Therefore, the impact of dam removal on
agricultural production will be primarily influenced by the regional climate and
water availability. Particularly for countries with emerging economies, dams, ir-
rigation systems, and hydropower play a critical role in fighting against poverty
(Barker, 2004). By increasing water availability in arid regions, more irrigable
land will be used for food production, improving rural livelihoods (Hasnip et al.,
2001). For example, in India, water availability for irrigation significantly reduc-
es poverty in rural areas (Lipton & Litchfield, 2003). However, although poverty
is reduced downstream of dams providing irrigation, poverty may be increased
in the dam’s immediate vicinity (Duflo & Pande, 2007). Therefore, in regions
that rely on dams to supply water for irrigation, removal could have detrimental
consequences to the surrounding community’s livelihoods. The extent of these
impacts likely varies with the vicinity of the dam.

In many regions, dam removal may benefit individuals who previously relied
on the reservoir footprint for their livelihoods, such as pastoral communities or
those who partake in subsistence farming. For example, after the Senegal River was
dammed in the 1980s, over 300,000 individuals lost their traditional flood-recession
farming land and practices (Adams, 2000). If the dam was removed, these individ-
uals could reclaim their land and traditions. In Alberta, Canada, the construc-
tion of the Bighorn Dam on the North Saskatchewan River in the 1970s flooded
the entire land claim of the Bighorn First Nation, which prevented hunting,
guiding, and fur trapping and forced 95% of the population onto welfare
(Notzke, 1994).

In addition to agriculture and fisheries, tourism is another sector that can be
stimulated by dam removal in a local/regional economy. For example, after the
Arase Dam removal in Japan, the village saw a boom in local job opportunities.
Riverboat and rafting companies began offering tours along the river, sweetfish
restaurants opened, and fishing weirs were installed as tourist attractions (Ohno,
2019). The increase in tourism and the accompanying infrastructure led to the
revitalization of the Sakamoto Village (Ohno, 2019). Likewise, a cost-benefit anal-
ysis regarding the removal of dams along the Snake River, USA, demonstrated
that after removal, the largest long-term increase in employment would occur
because of increased tourism (Whitelaw & Macmullan, 2002). However, these

dams were never removed.
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Twenty percent of the world’s electricity is generated by hydropower, the
primary renewable energy source (WWAP, 2017). Although access to electricity
has increased from 71% in 1990 to 87% in 2016, nearly one billion people still
lack access to electricity, predominately in Africa and South Asia (Ritchie &
Roser, 2020). According to the National Inventory of Dams (USA), hydroelectric
dams are more often removed than dams that provide other functions, primarily
due to relicensing requirements (Grabowski et al., 2018). Additionally, some fa-
cilities may be rendered obsolete when regional power grids can use more effi-
cient electricity sources (Baish et al., 2002). For example, the Woolen Mills dam
in Wisconsin was built in 1919 for hydroelectricity generation but fell out of use
by the 1950s. After showing structural flaws, it was removed in 1988 at 38 times
cheaper than the replacement cost (Baish et al., 2002). In France, two dams along
the Sélune River were considered for removal in 2009. Opponents of removal
argued that the dams provided green energy (27 GWh/year) to help meet France’s
renewable energy targets. In contrast, the proponents argued that the two dams
provided merely 0.04% of France’s total hydropower production and signifi-
cantly less electricity than the nuclear power generation station nearby (Ger-
maine & Lespez, 2017). The dams were not removed.

These cases reflect two contrasting decisions on hydroelectric dam removal.
However, each was contentious and had stakeholders that represented both sides
of the debate. It is important to note that both cases above originate from devel-
oped countries where access to electricity is nearly universal. In countries where
individuals have limited access to electricity in their homes and workplaces, hy-
dropower dams may be integral to closing the electricity access gap and improv-
ing livelihoods. Therefore, in developing regions that rely significantly on hy-
droelectricity for their power supply, dam removal may have far-reaching nega-
tive consequences and may not be a feasible alternative to overcome the issue of
ageing dams. Case studies that explicitly support this statement are, however,

currently lacking.

3.2. Culture, History, and Heritage

Regional heritage and cultural history can be impacted by removing a dam in
that particular region. Dams may still hold value to residents because of their
longstanding history and ties to past industries even though they no longer serve
their intended function. In New England, USA, dams are often associated with
old mill sites (Lenhart, 2003), while in Sweden, many dams historically served
industrial communities, mills, and factories (Lejon et al., 2009). These dams are
considered essential aspects of the environment. In fact, many old mill sites in
New England were revitalized to preserve their historical importance to the econ-
omy in the 19th century (Kotval & Mullin, 2009).

The commemoration of a dam’s history may be essential to maintain the dam
location’s historical and cultural integrity post-removal. The inclusion of mu-
seums, plaques, or commemorative statues may be used to honor the history of a
since-removed dam. In New Hampshire, USA, the timber cribbed McGoldrick
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Dam built in the 1850s was removed on the Ashuelot River in 2001 for ecological
restoration purposes (NHDES, 2017). The dam’s original use was rendered ob-
solete. However, the dam retained historical value as it allowed the nearby town
to expand from an agricultural village to a manufacturing town in the 1800s. The
State Historical Societies and State Historic Preservation Offices were involved
in taking photographs to create a historical inventory. Then, plaques and inter-
pretive signs were installed to commemorate the dam and educate the public on
the river’s rich history (Goddard-Bowman, 2014). The effort to create a histori-
cal inventory that can be shared with the public can lessen the negative impacts
of dam removal on cultural history and heritage.

Conversely, dam removal may turn previously impacted areas to their original
state. In North America, many Indigenous communities have deep spiritual ties
to their land, rivers, and the resources they support. Many dams have negatively
impacted these resources and were installed with little regard for and input from
Indigenous communities (Guarino, 2013). For example, when the Glen Canyon
Dam was built in Arizona, USA, hundreds of archaeological sites important to
the Navajo Nation were lost (Baish et al., 2002). Similarly, in New Brunswick,
Canada, the decision to repair an ageing dam disappointed Kingsclear First Na-
tion, whose land rights, fishing grounds, and spiritual connection to the river
were all diminished when the dam was built (White, 2016). The Mactaquac dam
was estimated to cost CAD $3.6 billion and CAD $4.3 billion for repair and re-
moval, respectively (White, 2016). Dam removal may allow the renewal of sacred

land and increase the cultural and historical value in an area.

3.3. Property Value

A common fear of dam removal is the impact it will have on property value. In-
dividuals living along reservoirs tend to believe that lakefront properties are
more attractive to buyers in the real estate market than riverfront properties
(Born et al., 1998; Bohlen & Lewis, 2009; Nicholls & Crompton, 2017). However,
reports indicate that the river frontage is as much if not more valuable than the
original lake frontage (Haberman, 1995). After the removal of a small dam in
Wisconsin, USA, there was no significant change in property value when the
residence was on the shore of the impoundment than along the free-flowing riv-
er. Additionally, housing value in the vicinity of the free-flowing river was high-
er than properties in the vicinity of the impoundment (Provencher et al., 2008).
However, this study looked only at small dams where recreational value was li-
mited. In Maine, USA, the removal of a large dam increased local property value,
in part because of dam removal itself, but also due to improving water quality
after dam removal (Lewis et al., 2008). Overall, the literature suggests that prop-
erty values are unlikely to drop and may even improve when dams are removed,

and rivers can flow naturally.

3.4. Recreation

Over 4000 dams globally registered in the ICOLD database serve recreational
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purposes (ICOLD WRD, 2020). Dam reservoirs may be used for watersports,
fishing, swimming, camping, and hunting. Recreation is not a strictly decisive
factor in dam building or removal of a dam; however, recreation often becomes
an important secondary factor (Pohl, 2002). In addition, recreation attached to a
dam is significantly weighted by the public as leisure activities (Wyrick et al.,
2009). Therefore, dam removal is two-fold in recreational activities that can ac-
count for either gains or losses.

The recreational value of dams is challenging to quantify, as is after removal.
Born et al. (1998) examined 30 small dams in Wisconsin, USA, and the public’s
opinion on their removal. They found that the main perceived deterrent of dam
removal was the loss of recreation. However, those who supported dam removal
cited an increase in recreation as one of their main arguments (Born et al., 1998).
In addition, in the Pacific Northwest of the USA, removing four dams along the
Snake River was projected to increase the river’s recreational value by six to ten
times (Loomis, 2002). Dam removal will eliminate the reservoir, which may de-
crease opportunities for watersports, boating, and swimming, but conversely, it
may also improve recreational opportunities. After a dam is removed and the
natural shoreline begins to re-establish, other recreational opportunities could
be created, including whitewater rafting, canoeing, and kayaking (Loomis &
Walsh, 1997). Boat launches, recreational trails, and greenspace are also essential
to facilitate recreation after dam removal. Given this dichotomy, it is vital to
work with community members to optimize recreational uses after dam remov-
al, and by implementing innovative alternatives, the loss of recreation from dam

removal can be rectified.

3.5. Aesthetics

When considering dam removal, engineers and policymakers prioritize safety
and economics while residents tend to prioritize aesthetics and recreation (Wy-
rick et al., 2009). As an essential group in the stakeholders of dam removal
projects, considerations of community’s perspectives are crucial to mitigate the
potential loss of aesthetics after dam removal. In 2009, 17 dams in Sweden were
in consideration for removal (Lejon et al., 2009). For stakeholders, aesthetic rea-
sons against dam removal included muddy stream banks, loss of reflection ponds,
and changing views. Proponents of dam removal stated the aesthetic value of
free-flowing water (Jorgensen & Rendfdlt, 2013). Aesthetics is an exceptionally
subjective and polarizing topic. The preference for still or running water is the
central anchoring point for both sides of the dam removal controversy (Jorgen-
sen & Renofilt, 2013). Likewise, one of a misconception that prevails is that dam
removal will damage the scenery by resulting muddy, waterlogged, and unplea-
sant reservoir footprint (Sarakinos & Johnson, 2003). While this may be true in-
itially, studies post-removal indicate that vegetation grows back rapidly, and
bare sediment is rare as soon as one year after removal (Lejon et al., 2009). Addi-
tionally, the nutrient-rich sediment and access to sunlight may improve growing

conditions (Hornstrom, 2009). In many cases, dam removal enhances aesthetics
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by increasing wildlife and water quality. Creating green space and riverfront re-
vitalization during or after the removal processes can improve aesthetics and

appease residents and users (Baish et al., 2002).

3.6. Disaster Avoidance

Even when structurally sound, large dams are considered “high hazard” forms of
infrastructure because of the possible loss of human life resulting from failure
(USBR, 2015). Urban development downstream of dams is persistent and thus
elevates the magnitude of dam failure. Dam failures may result from seepage,
cracking, overtopping or structural failure. Several failures have occurred in dams
over 50 years old (Foster et al., 2000; Zhang et al., 2009). When combined with
poor maintenance and infrequent inspection, older dams present a high risk to
public safety. Dam failure can lead to extensive loss of life and property damage.
For example, 1 billion USD in property losses were estimated as a result of the
Teton Dam collapse in Idaho, USA. A small dam failure in West Virginia, USA,
took the lives of 125 individuals (Ellingwood et al., 1993). Removing ageing
dams that are vulnerable to failure is an effective and proactive way to prevent

loss of life and to protect property.

3.7.Socio-Economic Impacts of Dam Removal in Different Settings

The extent of the impacts of dam removal may vary based on geographic loca-
tion and socio-economic conditions. In developed nations where water availabil-
ity is high, many ageing dams have been rendered obsolete. In these cases, re-
moval may be the ideal choice to manage ageing infrastructure because of the
cost-benefit and positive ecological impacts of regaining a free-flowing river. In
countries such as the USA and Sweden, the primary concern for residents when
considering dam removal is a loss of recreation, aesthetics, and property value.
These impacts can largely be mitigated through education, commemoration, and
the creation of greenspace surrounding the reservoir. In fact, these variables may
increase after dam removal because of improved water quality and ecosystem
health. However, dams are critical infrastructure for low-income countries for
water supply, irrigation, and electricity generation. In these cases, dam removal
may be impractical and not a viable option. Thus, implementing one-size-fits-all
criteria to assess and prioritize dam removal projects in the global context is at
least useless, and may be dangerous. Setting dam removal in the correct social,
economic, and geographic context is critical to ensure sustainable development.
Climate projections estimate that global mean temperature will increase if green-
house gas emissions continue at their current rate (Collins et al., 2013). Howev-
er, the increase in temperature will not be uniform (Collins et al., 2013) nor will
it impact all regions equally (Mendelsohn et al., 2006). Developing nations and
those located in the global south are likely to suffer the most from a warming
climate (Mendelsohn et al., 2006). Additionally, global water use has increased
six-fold in the past century (Wada et al., 2016). As the climate becomes hotter
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and drier, increased pressure will be placed on governments and community
leaders to supply water to growing populations. The global population is ex-
pected to increase to between 9.4 and 10 billion by 2050, with most of the growth
occurring in Africa and Asia (UN Water, 2019). Therefore, innovative technolo-
gies and collaborative efforts will be required to provide safe, sufficient water to
regions that are particularly vulnerable to climate change.

For the successful management of ageing dams, the dam removal process should
be incorporated as a critical component in a dam’s planning phase. The process
should include all stakeholders who are positively and negatively impacted by an
existing dam and consist of up-and-down-stream communities, engineers, dam
managers, and policymakers. Additional considerations should consist of steps
to rectify dam removal impacts, replace the existing benefits of a dam, and syn-
chronize the environment and the communities with the dam removal. These
should be considered critical in developing a framework for dam removal. Fur-
thermore, scenario analysis for the risk and costs involved in a dam removal
process should be required. Among others, Baecher et al., 1980; Boardman et al.,
1996; Whitelaw & Macmullan, 2002; Headwaters Economics, 2016; have discussed
various concepts and methodologies of cost-benefit analysis for dam-removal based

on case studies of various dam removal projects.

4. Conclusion

Dams have traditionally been used to secure water and electricity needs and pro-
vide a wealth of benefits, including irrigation, water supply, flood control, and
recreation. However, thousands of large dams built in the middle of the previous
century have already or will exceed their intended lifespan. As a result, their
structural integrity or functional ability may become sub-optimal, and they will
incur more significant maintenance costs while posing threats to the environ-
ment and human safety. Such issues lead to questions of dam repair, removal, or
re-operationalization. Dam removal is a relatively recent phenomenon and has
become common in the USA and Europe. Socio-economically, dam removal
impacts aesthetic, recreational, historical, and property values and affects jobs
and livelihoods. Developing and developed countries perceive dam removal in
different contexts due to their technical and economic strengths. Therefore, it is
unlikely to define unique combinations of socio-economic benefits in developing
and developed worlds. Decisions regarding dam removal should incorporate so-
cial, economic, and geographic considerations in regionally explicit contexts. Over-
all, dam removal should be seen as equally important as dam building in the

overall planning process on water storage infrastructure developments.
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