Chapter 5

Neglected Values of Major Water Engineering
Projects: Ecosystem Services, Social Impacts,
and Economic Valuation

Bernd Hansjiirgens, Nils Droste, and Klement Tockner

Abstract Major water infrastructure projects like dams can provide substantial
benefits such as food and drinking water security, hydropower generation, and flood
control. But these benefits may come at a (too) high cost of large scale ecological
alterations or adverse social impacts such as involuntary resettlements. If these costs
are neglected, an investment decision will hardly be efficient. In this chapter, we
will stress the necessity to make these “neglected values™ visible and demonstrate
how this can be achieved through economic valuation.
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5.1 Controversial Discussions About Benefits and Costs
of Major Water Engineering Projects

The main challenge for water and energy resource developers in the 21st century will be to
improve options assessment and the performance of existing assets. This will require open,
accountable and comprehensive planning and decision-making procedures for assessing
and selecting from the available options (World Commission on Dams 2000, p. 166).

Major water engineering projects (MWEPs) such as dams are subject to a
controversial debate about their role for development. Especially where water is
scarce and poverty widespread, water infrastructure can improve the livelihood of
people. Large dams can facilitate access to water in water-scarce regions by
improved ground water levels and increased flows in downstream areas during
water scarce periods; thereby increasing food security (Shah and Kumar 2008). In
addition to irrigation, water supply and flood control, electricity generation by
hydropower has been a major driver for many large-scale water infrastructure proj-
ects (Biswas and Tortajada 2001). These large-scale projects are often co-financed
by international organisations such as the World Bank and increasingly by private
investors (Moore et al. 2010; Zarfl et al. 2015).

To assess the performance of such investments, the World Bank jointly with the
International Union for Conservation of Nature (IUCN) initiated a multi-stakeholder
dialogue in 1997. The final report of the World Commission on Dams (WCD) con-
cluded that “dams have made an important and significant contribution to human
development, and the benefits derived from them have been considerable. In too
many cases an unacceptable and often unnecessary price has been paid to secure
those benefits, especially in social and environmental terms, by people displaced, by
communities downstream, by taxpayers and by the natural environment” (World
Commission on Dams 2000, p. xxviii). While the core principles and strategic pri-
orities of the report were broadly accepted, the guidelines for practical implementa-
tion resulted in dissent (Moore et al. 2010). Especially professional associations
such as the International Commission on Large Dams (ICOLD) criticised the report
for omitting benefits of large-scale dam constructions and calling for procedures
that would deter large dam investments (Varma 2001).

The ongoing debate on large-scale water infrastructure remains controversial.
Shah and Kumar (2008) analyse large dams in 145 countries and find that the
main arguments for large dams are food and drinking water security, hydropower
generation, and flood control. The criticism against large dams generally focuses
on environmental, financial, economic, and human rights issues (ibid.). A very
recent study finds (1) on average large cost and schedule overruns in the construc-
tion of large dams and (2) that risks are not sufficiently taken into account; there-
fore, smaller scale projects with less associated risks are strongly recommended
(Ansar et al. 2014).

Whether a dam (or any similar large water infrastructure project) yields societal
welfare gains or losses mainly depends on its specific characteristics. But as a
general principle any assessment aiming towards a comprehensive analysis has to
include all related costs and benefits of different infrastructure options.
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Along this basic principle, we will give an overview of large dams that have
emerged worldwide during recent years. We will then focus on the costs and bene-
fits of MWEPs with special attention to the often neglected values of ecosystem
services and distributional effects for society.

5.2 The Emergence of Major Water Engineering Projects
Worldwide: Large Dams on the Advance

Hydropower production is a very well-established technique of the electricity sys-
tem. Worldwide, out of 37,600 dams higher than 15 m more than 8,600 dams for
hydropower generation are in operation, contributing about 20 % to the global elec-
tricity production. A period of intense dam building has been observed from the
1930s to the 1970s in North America, Japan and Western Europe. Major hydro-
power dam building in industrialised countries has now slowed, partly because the
best sites have already been exploited within these countries, but also due to a
greater understanding of the often unexpected social, economic, and environmental
costs (Poff and Hart 2002; Lehner et al. 2011; ICOLD 2014).

Large dams mean high risks. Indeed, on average, the construction of large dams took
much longer than planned and the expenses were twice as high as calculated. Furthermore,
social and ecological costs were often not included because they are difficult to be cal-
culated. Therefore, large dams, as well as other large infrastructure projects, are consid-
ered economically ineffective and should not be favoured (Ansar et al. 2014).

Despite the expected risks, we actually face an unprecedented boom in hydro-
power dam construction worldwide, primarily in developing countries and emerg-
ing economies (Zarfl et al. 2015, Fig. 5.1). While the expected construction of
more than 3700 major dams may almost double the global electricity production
from hydropower, it also may reduce the number of the last remaining large free-
flowing rivers by about 20 %, in particular in South America. Many of the future
dams are planned in areas with an exceptional high freshwater biodiversity. The
Mekong, Amazon, and Congo basins are biodiversity hot spots that together con-
tain about 1/5 of the global freshwater fish diversity. In particular, these basins
will be heavily impacted by future hydropower development. Similarly, the
Balkan area and Turkey face a major boom in dam construction; both regions are
major centres of freshwater biodiversity.

Dam construction is becoming more and more a global business. A recent analy-
sis on involved investors demonstrates that an increasing number of dam projects
are financed by internationally operating companies (Zarfl et al. 2015). The con-
struction costs of the 3700 dams planned or under construction may amount up to
USD 2 trillion within the coming 10-20 years, excluding running and maintenance
costs. Considering the fact that the costs and the construction timelines are system-
atically underestimated, we may expect costs that are at least twice as high. This is
in line with Ansar et al. (2014) who find a mean cost overrun of 96 % in the con-
struction of dams. At the same time, there are doubts that the projected increase in
hydropower production will close the so-called electricity gap, i.e. providing access
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to 1.4 billion people who still remain disconnected from electricity supply. Large
dams will primarily provide energy for industry and the mining sector, while the
establishment of a extensive grid network would be required to serve rural human
communities. Therefore, small, decentralised systems might probably be more
effective to close the electricity gap.

Water management has historically emphasised services that depend on infra-
structure such as navigation, irrigation, and hydropower (Auerbach et al. 2014).
However, infrastructure projects create trade-offs and affect the services provided
by natural ecosystems such as fishery yield, floodplain agriculture, cultural aspects,
and the intrinsic values of biodiversity (ibid.). Indeed, one needs to be very careful
in considering the trade-offs of maximising only a particular set of services. Today,
navigation or hydropower production are considered as ecosystem services,
although they impose major trade-offs with the service provided by a healthy eco-
system, e.g. a free-flowing river (Auerbach et al. 2014). Therefore, evaluating the
benefits and trade-offs of large water infrastructure projects needs to consider both
the ecosystem services provided by free-flowing rivers as well as the services
provided by technical and engineered structures.

Mitigation of the impacts of large dams and other infrastructure projects may
be very expensive. Because most future large dams will be constructed in devel-
oping countries and emerging economies, it will be particularly difficult to
cover the associated costs. The question is not, however, if we should build new
dams or not. The questions are where to build dams, how to construct them, and
how to operate them. Therefore, there is an urgent need to further develop exist-
ing standards such as the Hydropower Sustainability Assessment Protocol
(International Hydropower Association 2010), which must consider the eco-
nomic, social, and ecological consequences of future dams. Furthermore, pres-
ent dams are primarily evaluated individually, while ignoring the cumulative
effects of multiple dams.

5.3 Making Ecosystem Services and Distributional Concerns
Visible and Incorporating Them into Decision Making

5.3.1 The Concept of Total Economic Value

Although water resources are vital for the functioning of any economy, they continue to be
depleted and degraded at an unsustainable rate (Birol et al. 2006, p. 106).

With arising world population, the demand for water, food, and energy increases.
The so-called “water-food-energy nexus” is a fundamental and increasing challenge
for society (Russi et al. 2013). Water is a source of life for humans and nature.
Without drinking water humans cannot survive. Without water any production of
food or biomass becomes impossible. It is a resource that can be used for multiple
purposes such as health and sanitation, agriculture and aquaculture, renewable
energy generation and storage, among others.
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To some extent, the different options in water uses are mutually exclusive and
constitute a potential for conflicting interests. For example, water consumed for
drinking is no longer available for other uses or users. It is economically rational to
minimise trade-offs and maximise net gains, particularly through the application of
multifunctional management approaches.! Management decisions on water
resources therefore have to consider these trade-offs (Falkenmark and Rockstrém
2006). Assessments that provide reliable data can help to inform decisions on effi-
cient resource use (Poff et al. 2003). In this respect, it is decisive to include all
water-related services into consideration. To account for all associated costs and
benefits of different uses, an overarching value framework is required.

Economics can provide such an overarching framework.? The concept of total
economic value (TEV) represents a general framework to assess all values water
delivers to humans. It is an anthropocentric view? where values go far beyond direct
use values. Economic values do not consider just the (market) values of directly
used goods and services (e.g. drinking water, water for irrigation), but also those
subject to an indirect use, such as ground or surface water regulating services for
agricultural production or flood control (e.g. high water tables, providing wetlands
for a protection against flooding). In addition to these use-values, the TEV covers
values assigned to a non-use of the resource such as bequest, altruistic, or existence
values. Bequest values point to the fact that people have a benefit if certain water
services are important for future generations (their children and grandchildren).
Altruistic values are benefits people obtain from the fact that other people have
water resources sufficiently at hand. And existence values point to the fact that
people have a benefit just from the existence of water resources, e.g. certain species,
irrespective of whether they see and enjoy this species. Between the use values and
non-use values, there is the “option value” that points to the fact that keeping an
option might be beneficial for humans (e.g. the option of future water benefits
obtained from water tables where the benefits are not yet known). Figure 5.2 pro-
vides an overview of the TEV framework.

'Dams often serve a single goal. According to ICOLD Data (2014) over 70 % of the world’s large
dams are single purpose dams and half of them are constructed for irrigation.

2We see such an economic approach, which is based on a comprehensive understanding of advan-
tages and disadvantages of a MWEDP, in line with the framework developed in Sect. 3.1 of this
volume. The economic valuation approach, as we see it, can serve as a comprehensive method
taking the assessment principles derived in Sect. 3.1 into account.

3As will be shown below, we are fully aware that there exist also holistic approaches of water
values where intrinsic values and additional ethical issues are considered, too (Young 2005a, b).
These approaches include the aspect that water is not primarily considered as a resource for
humans (“water as a means”), but also as a living entity with a non-economic value (“‘water as an
end”). Freshwaters are among the most diverse, complex and dynamic ecosystems globally, at the
same time they are more threatened than many other systems (e.g., Living Planet Index 2014).
Therefore, many argue that there is an urgent need to balance the needs for humans (anthropocen-
tric view) and nature (non-anthropocentric view) (e.g. Pahl-Wostl et al. 2013).
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Total Economic

Value
Use value Non-use value
Actual value Option value Philanthropic value
Direct use Indirect use Bequest value Altruist value

Consumptive Non-

consumptive

fishery, amenity, watgr potential natural, others’ ecosystem
N regulation, cultural g 8
aquaculture education filteri future use . benefit existence
iltering heritage

Fig. 5.2 Value types within the TEV approach (Adapted from TEEB 2010, p. 195)

Two remarks are worth mentioning here:

1. The economic approach of values of large water infrastructure projects is an
anthropocentric one; benefits are derived from people’s preferences (“water as a
means” ). This means that “intrinsic values” of water are not covered. If for exam-
ple water infrastructure projects are rejected because people think that water has a
value in itself (“water as an end”), this cannot be captured by economic valuation.
Also values that a society as a whole might consider important (i.e. values that go
beyond the aggregation of individuals’ preferences) are not included.*

2. Nevertheless the economic valuation approach captures a rather broad set of
values. The decisive point here is that all affected humans and all services of
major infrastructure projects are to be included. Thus, ecological services (ben-
efits) are integral part of this concept. This allows in particular to conceptually
address ecological trade-offs, which are induced by major water engineering
projects, and the identification of people who are negatively impacted by large
projects through re-settlements or other forms of disadvantages (costs).

4Sometimes it is difficult to distinguish between “self-interested” economic preferences and “com-
mon-interested” societal values. The distinction by Vatn (2009) might be helpful here, who speaks
of “I-preferences” (people value, act, and decide as self-interested entities) and “We-preferences”
(where people value, act, and decide as members of society, setting aside their self-interest and
focusing more on the joint production of common goods).
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5.3.2 Ecological Trade-Offs

Natural biogeochemical processes and diverse communities of aquatic biota regulate fresh-
water quantity and quality in ways that are not sufficiently acknowledged nor appreciated
by the water resources management community (Arthington and Naiman 2010, p. 1).

In a majority of MWEPs, environmental impacts and consequences for ecosys-
tem services and human well-being are underestimated (World Commission on
Dams 2000; Russi et al. 2013). The Three Gorges Project (Gleick 2009; Fu et al.
2010) or the Aral Sea basin (Cai et al. 2003) are examples of large scale environ-
mental impacts that have been underestimated at early planning stages. Ecological
costs are difficult to estimate since they partly become apparent only in the longer
run. Nevertheless, it has become obvious (especially in the Aral Sea basin case) that
these ecological impacts have destroyed an entire landscape, with severe conse-
quences not only for environmental but also for human health.

The conceptual framework of ecosystem services accounts for four categories of
services that people derive from ecosystem functions (Millennium Ecosystem
Assessment 2005a, b; Russi et al. 2013).

* Provisioning services are water for consumptive uses (drinking water, irrigation), non-
consumptive uses (hydropower, navigation), and food, medicine, and genetic resources.

* Regulating services are maintenance by water (filtration), climate (carbon
sequestration), or natural hazard regulation (flood and erosion).

* Cultural services are nonmaterial benefits such as recreation, learning, cultural
heritage, tourism, or existence values.

* Supporting services are those services required to maintain the overall function-
ing of ecosystems such as primary production and ecosystem resilience that
often have long-term effects on people’s benefits (Russi et al. 2013).

While in the past provisioning services have regularly been captured by eco-
nomic analysis, it is the long-term impacts on ecosystems that have long been
neglected in economic assessment methods for costs and benefits. Nevertheless,
these ecosystem services are important for people’s welfare. The Millennium
Ecosystem Assessment (2005a) clearly showed how much people’s well-being
depends on functioning ecosystems and their services, and that many ecosystems
are not managed sustainably. Management decisions that omit effects on the func-
tioning of ecosystems and losses in their (provisioning, regulating, cultural, and
supporting) services are therefore incomplete and likely have deteriorating conse-
quences for ecosystem service provision and human well-being.

One illustrative example might be the greenhouse gas emissions from creating
large reservoirs. While hydropower generally is considered a renewable source of
energy, newly created reservoirs emit substantial amounts of greenhouse gases
due to organic matter decomposition (World Commission on Dams 2000;
Fearnside 2002; Mikinen and Khan 2010). Emission rates are highly site specific
and depend, for example, on reservoir age and latitude (Barros et al. 2011).
Indeed, emissions from reservoirs may even outnumber the emissions by a com-
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parable fossil-fuel station by a factor of up to four (Giles 2006). Energy policies
that do not take such emissions into account may cause external effects to the
global climate and affected communities.

Another example is the loss of natural floodplains. In Germany, around 70 %
of originally natural floodplains have been disconnected from rivers or lost by
built infrastructure (Brunotte et al. 2009). This has led to severe — also eco-
nomic — damages. Especially in rural areas, the ecosystem services of nutrient
retention and carbon sequestration in restored natural floodplains often exceed
the value of built infrastructure (Scholz et al. 2012). MWEPs that do not take
into account these ecosystem services and only look at costs of man-made flood
protection vs. costs of ecological restoration are hardly efficient in
cost-benefit-considerations.

These are only selected examples. Costs and benefits are always project-specific
and site-dependent. But in general, it can be concluded that any comprehensive
assessment has to account for all ecosystem services (including ecological impacts)
and the costs of their deterioration or the benefits that they may provide for humans.
Any policy that is based on an incomplete assessment of costs and benefits (because
it focuses only on tangible costs and benefits or on costs and benefits that merely
affect the business sector) is likely to be incomplete. If MEWP shall be sustainable
in the long run (meaning that the decision for the MEWP is not considered as a fault
after a few years), comprehensive economic valuation is not only required, but
essential for choosing the right decisions.

5.3.3 Social Conflicts

Our language reflects [...] ancient roots: ‘rivalry’ comes from the Latin rivalis, or ‘one
using the same river as another.’” Riparians — countries or provinces bordering the same
river — are often rivals for the water they share (Wolf et al. 2005, p. 80).

Social conflicts are often closely related to the distribution of benefits and costs
(Bernauer et al. 2012). In the real world, most MWEPs that generate benefits only
to some groups in society and losses to others are subject to a potential conflict.
These benefits and losses are very often associated with power relations. Ohlsson
(2000) argues that the source of MWEPs conflict is not water scarcity itself but the
required institutional change following large scale engineering to govern the scarce
resource. The Human Development Report (UNDP 2006, p. 2) also states that the
“scarcity at the heart of the global water crisis is rooted in power, poverty and
inequality, not in physical availability”.

Here, one important step to avoid or reduce conflicts is to explicitly address dis-
tributive impacts in decision support schemes. Who are the individuals or societal
groups affected by the MWEPs? Are indigenous people or vulnerable groups par-
ticularly affected? What are alternatives? How can people be compensated? Thus it
is decisive to include distributive aspects into (economic) analysis of major water
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infrastructure projects. Such distributive effects can be assessed quantitatively and
qualitatively to build up a knowledge base for potential solutions (TEEB 2012,
p. 31). In case distributional effects are not sufficiently taken into account potential
conflicts may incur substantial economic (welfare) losses.

Involuntary or uncompensated re-settlements and losses of heritage sites may
provide an example. Creation of large reservoirs for hydropower often requires that
farmers and settlements are to be relocated. This entails not just the loss of nutrient
rich high-yield marsh soils for farming, but often historically important settlement
areas, cultural heritage sites, and aesthetic and recreational services. Some of these
values may never be recovered — such as the loss of cultural heritage. Other values
may be recovered such as the value of agricultural production. It is basically an ethi-
cal and often a political question of whether these values can be offset, compensated
for or outweighed by benefits.

Another example may be provided by trans-boundary water conflicts caused by
different goals and needs in different countries along the same river. Water is rival
in its use — meaning that water used for a specific purpose is often not available for
other uses. These trade-offs occur over space and time when hydropower is required
upstream in winter, but downstream agricultural irrigation is required in summer
like in the Syrdarya basin (see Chap. 7).

Economically speaking these “social costs” (impacts on ecosystem services,
vulnerable groups or indigenous people that are not covered in market relations)
have to be accounted for — otherwise an infrastructure investment decision like a
dam might constitute a decision that turns out to be inefficient in terms of welfare.
Whether this is practically feasible is not just a question of a proper assessment but
also political will, power, and (democratic) institutions.

5.3.4 Potential and Limits of Economic Analysis

An informed decision on whether to build or not to build e.g. a large dam is not just
a question of “yes” or “no” but also about different options to realise a certain goal,
let it be flood control, food security, or electricity generation. Such a decision
involves inevitable trade-offs. A well-designed analysis of different options and
their associated costs and benefits can show which alternative actually yields the
largest positive net benefit.

Figure 5.3 exemplifies hypothetical use scenarios for fresh water bodies. Optimising
a single service or benefit dimension such as hydropower or ecosystem services does
not necessarily yield an overall optimum. Finding balanced solutions that take into
account multiple value dimensions may create the largest net benefits.

A comprehensive analysis that compares the advantages (benefits) and disadvan-
tages (costs) of different scenarios for the use of water and wetland resources among
multiple value dimensions can identify the best choice option. One policy goal could
be secure water access and availability for a certain region. Another policy goal might
be renewable energy production by hydropower. A third policy goal might be
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sustaining a healthy environment. The decisive point here is that all impacts should be
considered — and not only a single one. We see this as a major fault in past decisions
on dam building where in many cases the focus was merely on energy production.

The actual management options to realise a single or multiple of these goals can
look quite different and can incur different costs and benefits. It could be nature-
based or technical, decentralised or centralised, small- or large-scale. After an iden-
tification of potential approaches, different options could be compared by
cost-benefit-analysis (Hansjiirgens 2004), multi-criteria-analysis (Hansjlirgens
2011), or other methods (TEEB 2010, 2012).

If properly designed an economic analysis can thus be an important source for
decision-making and can ideally ensure that all relevant costs and benefits are taken
into account.

5.4 Concluding Remarks

Major water engineering projects (MWEPs) can have both substantial benefits and
costs. Which one prevails is not just a question of the project but also of the assess-
ment. If substantial trade-offs such as irreversible losses in ecosystem services or
social costs are neglected, it will be perceived as beneficial, while the extent of
losses remains hidden. Hence, based on such an incomplete informational basis, no
large-scale investment decisions should be made. By already taking the neglected
values of water into account during the planning phase of MWEPs, the faults of the
past could be avoided.

We have presented an economic framework, namely the Total Economic Value
(TEV), to assess the often neglected costs and benefits; and there is a range of
potential valuation methods that can be used to assess the related costs and benefits
of various options (TEEB 2010).

However, a definition of what values, stakeholders, and effects are relevant can
never be an exclusively scientific task. The realisation of projects fundamentally
depends on political and societal actors and embedding institutional structures. It
therefore also requires approaches and engagement beyond science — one could call
them transdisciplinary. To comprehensively assess the outcomes of water-related
investment decisions, our key recommendation is to integrate science, stakeholders,
and political decision makers within an integrative, participatory, and process-based
assessment approach — especially if large-scale outcomes are to be expected.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.
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