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ABSTRACT
Cost-Benefit Analysis of the Mei-Nong Dam Project: A Case Study
By
Yuan Yao Lee
The question of whether hydro-electric or irrigation dam projects are an efficient,
long-term option in managing public water resources is increasingly controversial.
Although dams serve many functions, they also drastically change the hydrological
landscape, leading to significant environmental and social impacts. Therefore, sound
investigation and objective analysis are needed to identify real cost and estimate future
benefits. However, dam feasibility studies are usually limited for many reasons, and
analyses and results do not necessarily reflect real impacts. Several issues impede a
realistic Cost-Benefit Analysis (CBA) of dam projects, including 1) the complexity of
factors, 2) the influence of temporal factors on future benefits and cost, and 3) the
existence of uncertainty. Consequently, these factors often lead to estimates that are
overly optimistic. This study aims to address these issues by identifying the potential
effects of dam, estimating their monetary value, and discounting cost and benefits to
present time values. Furthermore, sensitivity analysis is applied to recognize the potential
effects of uncertainty. In this case study, the Net Present Value (NPV), using a 6 percent
discount rate, of the Mei-Nong Dam (MND) in Taiwan is estimated to be a negative
15.778 billion New Taiwan Dollar (NTD) Further analysis indicates that the Internal Rate
of Return (IRR), the interest rate at which the cost of a public investment results in a
positive benefit, is estimated at 3.49% which is lower than interest rate (6%) in 1992.

These results suggest that the project is undesirable and should not be carried out.
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CHAPTER I: INTRODUCTION

Dams have been used to manage water resources for a long time. Although large
irrigation and hydro-electric dam projects can effectively stimulate economic
development, and specifically increase performance of the agricultural, manufacturing
and tourism sectors, many negative dam impacts are easily ignored. Increasingly various
environmental groups, government institutions and the public-at-large are beginning to
question their real long-term public utility. Some countries such as Taiwan, still focus on
the positive effects of dams and keep using them to address water and energy needs. This
clearly shows the rationale for a more objective project evaluation that involves all
stakeholders’ concerns as well as comprehensive project impacts.

The official assessment for the MND project is a classical case that ignored
comprehensive dam impacts. Most intangible impacts were glanced over without further
analyses or evaluations, and most opinions of those possibly affected were not taken into
consideration. As a result, an over-optimistic and limited report was presented without
considering some possible societal impacts. To prevent this biased evaluation, this study
re-evaluates the overall impacts of the dam on society by applying an extended cost-
benefit analysis (CBA). It includes more comprehensive impacts of the dam and by the
application of extended CBA seeks to provide better information for the public decision
making and the selection of dam construction alternatives.

1. Problem Statement

The question of how to evaluate the potential impacts of dams is always a

complicated issue. There are many direct and indirect factors to consider and the impacts

of these factors and their economic value is difficult to quantify. For many of the non-



market goods and services associated with dam projects no value or price exists, because
they are not formally traded in the market place. Therefore, many evaluations of public
dam projects focus on the tangible expenditures and incomes, and may define the dam as
a public necessity with positive net benefits. In addition, these assessments fail to account
for the uncertainties (e.g. the long-term capacity of the dam reservoir that may be reduced
by increased sedimentation rates due to lack of soil conservation practices) and risk (e.g.
the possibility of dam failure as a result of earth quakes), both reducing the validity of
benefit estimation.

These concerns are especially important for dam projects with an estimated long
project time. For example, almost all dams in Taiwan have not achieved their best
performance due to sedimentation problems while the negative impacts still exist (Cheng,
2004). Unfortunately, project analyses often put little emphasis on this issue and lead to a
mistaken expectation on dam performance when significant uncertainties are
misrepresented. By disregarding these issues, the assessment results become overly
optimistic and undesirable. Therefore, it is necessary to provide a closer review of the
MND project to ensure that it will indeed bring more benefits to society than costs.

2. Study Background

Limited access to water resources is a critical restriction to economic
development and industrial output in Taiwan. Even though typhoons and monsoons
generate large amounts of precipitation each year, Taiwan’s mountainous geography
makes it difficult to retain water. To effectively utilize water, more than a hundred dams
have been constructed and approximately 12% of Taiwan is covered by reservoirs (Cheng,

2004). In the early 1990s, Taiwan planned the construction of another large dam, the



Mei-Nong Dam (MND) on the Lau-Nong River, to prevent water loss by run-off and
provide water for irrigation and industrial growth. The construction for the MND project
was completed in seven years and sold sell water to Kaohsiung for industrial and
municipal use. Although the Taiwanese government claimed the project as multi-purpose
and environmentally friendly (WRA, 1984), the dam project significantly altered the
landscape and prevents people from accessing natural resources. These drastic changes
not only affected local people’s lives, but also lead to the displacement and/or extinction
of many species over a wide geographical area, primarily within the watershed. Since the
dam bring both positive and negative impacts, whether the project should have been
executed should depend on an integrated investigation and evaluation.

In Chapter II, previous research and studies related to the dams advantages and
disadvantages are presented. The principle indices of CBA and the selection of a proper
discount rate are also discussed in this chapter. Chapter III describes the MND project
area and provides background information including the history, the purpose of MND
project and the potential impacts. The analysis method and the results presentation are
discussed in Chapter IV and V. Chapter VI provides a conclusion about the feasibility of

MND and suggestion for more efficient water management.



CHAPTER II: LITERATURE REVIEW

This Chapter focuses on the impacts of dam projects and how they affect the
environment and people. Using information provided by a series of thematic reviews
conducted by the World Commission on Dams (WCD), dams all over the world, as well
as relevant research in Taiwan, provided the boundaries for this analysis. This chapter
also discusses the application of cost-benefit analysis by taking another look at its basic
principles and criteria used to judge the acceptability of a project. Consequently, this
chapter also examines why CBA is important in project evaluation and reviews scholarly
opinions regarding its pros and cons (Adler, 2006; Boardman, et al., 2001; Hanley &
Spash, 1993).

Last but not least, the final part of this chapter emphasizes the selection of
discount factors. The methods by which the discount factor is chosen as well as the issue
of whether future events should even be discounted all directly influence the credibility
of CBA. A close review of the opinions of scholars from different perspectives is needed
in order to ensure the best outcome for the study site.

1. Positive Impacts of Dams

One of the fundamental requirements for socio-economic development is the
availability of water of appropriate quality. Historically, the main sources of domestic and
industrial water are aquifers or rivers (Adams, 2000; Wang, 2003). Today, many of these
sources are overused and no longer provide a consistent supply. Consequently, other
options such as reservoirs are pursued to satisfy the demand for water. The reservoirs
formed by dams can effectively collect rainfall during wet seasons for use during periods

of drought. This is especially critical in arid regions of the world (Adams, 2000; ICOLD,



1999).

In addition to providing clean water, dam projects can also provide multiple
benefits. First, dams can adjust the river flow and prevent flooding downstream, reducing
the loss to people’s properties and assets. Second, the cascade created can be used to
generate power. Moreover, the newly created reservoir can provide a setting for various
recreational activities such as fishing, boating, jogging, hiking, or camping (ICOLD,
1999).

Additionally, some positive externalities but not easily observed are also
considered as the benefits. For instance, hydropower reduces the emission of greenhouse
gas emission and lowers the concentration of carbon dioxide in the atmosphere. It is the
multipurpose appeal that makes dams a popular option for water and energy management
policies (ICOLD, 1999). One famous example is the abundant power provided by the
Three Gorges Dam in southwestern China. This huge dam provides massive amounts of
power for industry and improves the standard of living of its local residents (Cheng, 2004;
ICOLD, 1999; Pong, 1994; Morimoto, 2004).

2. Impact of Dams on Society

Although dams are often seen as an effective tool for national economic
development, their macroeconomic benefits tend to be highlighted while their local
economic and social consequences often remain inadequately evaluated. The thematic
reviews of the World Commission on Dams (WCD) point out that the emergence of large
dams has drastically changed the landscapes within the watershed and poses serious
problems to both society and the environment (Adams, 2000; Bartolome, et al., 2000).

Rosenberg’s review on dams in Canada concludes that while local residents may



benefit from some developments, dams often cause serious interruptions to activities such
as harvesting, hunting, and fishing, and consequently, the livelihoods of many of these
people (Rosenberg, et al., 1995). Additionally, the construction of large dams has
inevitably resulted in the displacement and resettlement of several millions of people
across the world.

While a number of those dams may appear to have achieved their main goals,
such as the provision of hydro-electricity or irrigation, they have also caused severe
socio-economic hardship for those forced to move (Bartolome & Danklmaier, 1999).
These displaced persons experience higher levels of homelessness, unemployment, debt,
and hunger (Adams, 2000; Bartolome, et al., 2000).

Dams do not just have consequences for people living upstream. Adverse effects
of dams also take place downstream. The riverside communities who rely on the natural
resources provided by the rivers are also affected to varying degrees by altered river
flows and ecosystem degradation. A great number of residents use the water from the
rivers to irrigate their farms. A dam would limit their access to water and other resources
(Berkamp, et al., 2000; Wang, 2003).

In addition to the changes in the landscape of the watershed, dams pose a serious
threat to the success of cultural heritage. For example, the Three Gorges Dam in China
inundated the large number of historical and cultural sites within Si-Chun province, and
consequently led to a huge loss in recreational value (WCD, 2000). However, those who

are most adversely affected often remain ignored (Pong, 1994; Wang, 2003; WCD, 2000).



3. Impacts of Dams on Environment

Society and the environment are very closely related; a change in one can cause a
change in the other. Studies have indicated that dams dramatically change the
environment upstream, downstream, in the floodplain, delta, and even in the coastal
regions (ADB, 2002; WCD, 2000; IDRC, 2001). These changes usually lead to loss of
flora and fauna and interrupt the natural balance of the ecosystem.

During the dam’s construction, a reservoir is created and turns the terrestrial
ecosystem upstream into lake. Large-scale impoundment eliminates unique wildlife
habitats and leads to the extinction and/or displacement of species which used to live in
this ecosystem (Berkamp, et al., 2000; Nilsson & Dynesius, 1994; WRA, 1984).

Dams also significantly change the ecosystem downstream by altering the river
flow. Since the temperature and nutrient concentrations change with the river flow
volume, aquatic creatures are significantly affected by any change in the flow pattern. For
example, the construction of the Glen Canyon Dam on the Colorado River reduced daily
average flows during the annual September peak from about 2000 m*/sec to 700 m’/s
(Berkamp, et al., 2000; WCD, 2000). This change in flow has fundamentally altered the
water temperature, threatening the livelihood of some aquatic creatures.

Additionally, the fluctuation of sediment and nutrient concentration within the
watershed alter the aquatic animals and reduce their population (ICOLD, 1999; WCD,
2000). A reduction in sediment moving downstream from the dam invariably results in an
increased rate of erosion to the coastal deltas. The slow accretion of the Nile Delta was
reversed with the construction of the Delta barrage in 1868. Today, other dams on the

Nile, including the Aswan High Dam, have further reduced the amount of sediment



reaching the delta. As a result, much of the delta coastline is eroding by up to 5-8 meters
per year (WCD, 2000).

However, it is not just the presence of the dam that damages the environment; the
physical impact by transmission cords and access roads during construction are often
overlooked. Roads leading to the dam increase the depletion of natural resource by
providing passage to previously remote areas to settlers and hunters. By clearing land and
changing the habitat, access roads disrupt the lives of animals in the watershed affected.
Its effects are even more acutely felt during crucial developmental periods in the life
cycle such as calving, mating, and gestation (WCD, 2000).

In addition, the installation of power transmission lines, through the use of
chemical substances, pollutes the dam site. In order to set up the power cords, shrubs and
trees are typically cleared off by cutting or herbicides. The residual herbicide will either
penetrate into groundwater aquifers or discharge into runoff and flow into the rivers. The
polluted body of water consequently results in the death of aquatic creatures and even
causes health problems in people (WCD, 2000).

Last but not least, while the combustion of coal, oil, or natural gas in thermal
power plants yields mainly carbon dioxide (CO,), bacterial decomposition (both aerobic
and anaerobic) of organic matter and other processes in tropical water reservoirs produces
both CO; and methane (CHy). An increase of methane in the atmosphere will lead to
more serious greenhouse effects (Rosa & dos Santos, 2000). Table 1 describes the

potential impacts based on experience from different dam projects around the world.



Table 1 Positive and Negative Impacts of Dams

Positive Impact

Negative Impacts

Social Aspect e Provide water and
power
Prevent flood
Create tourism value

Environmental e Replace the thermal

Aspect power plant and reduce
the emission of carbon
dioxide

Displace and Resettle
indigenous people

Destroy domestic culture and
reduce the recreation value
Prevent access to the river by
indigenous people

Damage the grazing
industries and fishery

Destroy the habitats of animal
Clear the land

Change the temperature and
nutrient contents of the
stream

Block the movement of fish
Emit methane due to the
decomposition of bacteria in
reservoir

Erode the river bank

Source: WCD, 2000

4. Relevant Research in Taiwan

Previous research had mainly focused on two categories: 1) the life cycle of dams,

and 2) the potential effects on Taiwan’s environment and society.

Considering that the average annual soil deposit problem, Cheng (2004) indicates

that the average life span of a dam in Taiwan is mainly decided by the soil deposit rate.

Considering that the average annual soil deposit rate, in Taiwan, is between 0.1% and 1%,

the average life is about 70 years.

Pong (1992) tried to use the Contingent Valuation Method (CVM)1 to estimate the

1
The Contingent Valuation Method is survey-based and estimates people’s intended future

behavior in constructed markets. Through an appropriately designed questionnaire, a hypothetical
market is described where the good in question can be traded at an estimated price.



opportunity cost2 of the MND project’s selected site. Based on her study, the willingness
to accept compensation (WTA)3 for constructing the dam project, or opportunity cost, is

899.4 New Taiwan Dollars (NTD)4 per person every month. The population of Mei-Nong
Township is approximately fifty thousand, and therefore the opportunity cost for the dam
project will be 54 million NTD, around 1.8 million USD, per year by multiplying the
WTA to the population of Mei-Nong town.

Despite the social and environmental effects, Wang (2003), in his dissertation
proposal about the social movement opposing the dam project, mentioned that there are
two issues raised by the dam project in Taiwan.

First, Dams designed to deliver irrigation services or other consumption uses have
typically fallen short of physical targets, did not recover their costs, and have been less
profitable in financial terms than expected. As for the dams which were built to deliver
hydropower, they tend to perform close to but still below the target for power generation.

Second, in the past, dam proponents have rarely invited the participation in
decision making. Proponents and opponents alike argue that participation is essential for
democracy, and that participation greatly improves project selection and design. However,
the most affected stakeholders remain excluded from most large scale projects and are
usually informed of the project at the last minute before they were implemented. By

disregarding the opinions of the stakeholders the dam project draws a lot of resistance,

Opportunity cost or economic opportunity loss is the value of the next best alternative foregone
as the result of making a decision.

WTA is the amount that a person is willing to accept to abandon a good. It is the minimum
monetary amount required for purchase to be accepted by an individual. WTP, which is the
maximum amount an individual is willing to sacrifice to procure a good.

4 The 2006 exchange rate is approximately 1 US dollar for 30.695 NTD
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and consequently, a lot of controversy. The earlier the stakeholders step in, the easier a
consensus will take place. It is an essential process to reduce any possible conflict among
stakeholders.

5. Costs-Benefit Analysis

CBA is an important tool in examining the efficiency of public projects as well as
in the decision making process itself (Adler, 2006; Boardman, et al., 2001; Hanley &
Spash, 1993). CBA was first applied by the U.S. Army Corps of Engineers, the U.S.
federal water agencies, and the Bureau of Land Reclamation. In 1936, the Flood Control
Act required the U.S. Army Corps of Engineers to evaluate the benefits and costs of all
water resource projects. Since then, federal water projects involving public investment
have been required to go under formal economic assessments (Hanley & Spash, 1993).
The use of CBA received increased attention and consequently spread to other countries.
The application of CBA also expanded into the transportation industry, urban planning,
and even heath programs. Nearly all Western countries have widely implemented the use
of CBA as a decision making approach to judge the feasibility of public projects
(Boardman, et al., 2001).

However, the extent of monetary evaluation sometimes has been limited
especially when some non-market benefits and costs present such as environmental
impacts, cultural loss or human health. In order to prevent an inaccurate calculation of
CBA, many international funded projects involving external impacts are required to
incorporate the non-market benefits and costs in the analysis or to undergo additional
non-monetary assessment of these impacts (ADB, 2002; Hanley & Sapsh, 1993; UNEP,

2007).
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6. Structure of CBA

Welfare economics assumes that individuals have preferences, and that an
individual’s welfare or utility increases when preferences are satisfied. A project that
benefits one without hindering another is, thus, considered socially desirable (Adler,
2006). However, a project may be accepted if it fulfills the potential Pareto improvement
criteria, which is, as long as the gains are more and can compensate for the losses of
those affected, only then is a project considered feasible to the whole society.

Based on this assumption, CBA is used to decide if a project can contribute to
economic efficiency. In fact, the steps of CBA can be defined based on previous studies:
1) net benefits with or without the project are compared, 2) different alternatives are
compared 3) all possible impacts are expressed in present values and 4) all the impacts
are measured in monetary terms (Belli, 2001, Hanley & Spash, 1993).

Other studies point out that certain steps need to take place in any CBA including:
1) define the project, 2) identify the change of welfare if the project were to proceed or
not, 3) determine the impacts caused by the project, 4) conduct monetary valuation of
relevant effects, 5) compare the project to potential alternatives, 6) assess of the risk and
uncertainty involved, and finally, 7) make a decision based on the selection criterion
(ADB, 2002; Belli, 2001; Hanley & Spash, 1993; UNEP, 2007).

Once the above procedures have been completed, the results are examined to
determine if the project is feasible. Three common measures are used in cost-benefit

“analysis: Net Present Value (NPV), Benefit-Cost ratio (B/C ratio), and Internal Rate of

Return.
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Net Present Value (NPV). NPV is defined as the total present value (PV) of a time
series of cash flows. It is a standard method for using the time value of money to appraise
long-term project. The NPV has been the most frequently used of all economic measures
of efficiency. NPV can be defined as:

N (Bi-cn
=0 Q+f

NPV =

(Source: ADB, 2002)

Where Bt = Benefit at time t; Ct = Cost at time t; i = Discount rate; n = Number of years

A project is acceptable to the government if the NPV is larger than zero. Similar
to the B/C ratio, the magnitude of the NPV cannot be used to rank projects, because the
NPV does not provide direct information about the costs of the project.

Benefit-Cost Ratio (B/C ratio). Benefit-cost ratio is an indicator, used in cost-
benefit analysis, which attempts to summarize the overall value for money of a project or
proposal. B/C ratio is the ratio of the benefits of a project or proposal, expressed in

monetary terms, relative to its costs, also expressed in monetary terms. The B/C ratio can

be defined as:
n BI
N
B/C Ratio=1=00*+9
n Ct
=01+

(Source: ADB, 2002 )
Where Bt= Benefit at time t; Ct= Cost at time t; i = Discount rate; n = Number of years

B/C ratio has often been used as a measurement of economic feasibility for

government projects in the water resource field. The B/C ratio shows the ratio between

13



present benefits and present costs. A project is acceptable to the government if the B/C
ratio is equal or higher than one.

Internal Rate of Return (IRR). The IRR is the discount rate at which the net
present value is equal to zero. It can be defined as r:

N Bi-cn _
=0 A+

NPV = 0

(Source: ADB, 2002 )

Where Bt = Benefit at time t; Ct = Cost at time t; i = Discount rate; n = Number of years

A project is acceptable if its IRR exceeds some specified interest or discount rate.
In terms of two mutually exclusive projects, this criterion indicates that the project with
the highest IRR should be selected.

7. Reasons to Use CBA

When a project is proposed to the public, the question of how to decide whether
the project should be implemented is always a controversial issue. The decision is often a
difficult one because the project will inevitably involve many aspects and there,
currently, lacks a standard method to evaluate and account for all of them (Boardman, et
al., 2001).

A good way to solve this problem is to evaluate based on market values. Although
the value of many goods or service may not be easily deduced, monetary evaluation is
still a widely accepted method in the decision making process.

8. Externalities
One problem of CBA is that it seldom considers the external effects of a project,

such as the environmental and social effects. It is because several factors, particularly the

14



project’s externalities, do not have any trading market. Thus, the results of a CBA are
often overly optimistic by ignoring certain intangible costs.

Some practical methods can be applied for different categories of factors. The
valuation methods depend on the nature of each individual factor and the availability of
information. The following are the most common ways used to evaluate non-market
benefits and costs (Boardman, et al., 2001; Hanley & Spash, 1993; Pearce, et al., 2006).

Hedonic Price Method. The Hedonic Price Method (HPM) estimates the value of
non-market goods by observing behavior in the market for a related good. Specifically,
the HPM uses a market good in which the non-market good is implicitly traded (ADB,
2001; Farber et al., 2002; OECD, 2006).

Contingent Valuation Method. The Contingent Valuation Method is survey-based
and estimates people’s intended future behavior in constructed markets. Through an
appropriately designed questionnaire, a hypothetical market is described where the
good(s) in question can be traded (Farber et al., 2002; OECD, 2006).

Travel Cost Method. Service demand may require travel, whose costs can reflect
the implied value of the service; recreation areas attract distant visitors whose value
placed on that area must be at least what they were willing to pay to travel to it (ADB,
2001; Farber et al., 2002; OECD, 2006).

Replacement Cost Method. Services could be replaced with man-made systems;
natural waste treatment can be replaced with costly treatment systems (ADB, 2001;
Farber et al., 2002; OECD, 2006).

9. Discount Future Events.

As mentioned, some impacts of dams on the environment and society are long-

15



term and not easily observed as to how to determine their present value in CBA. In fact,
the debate about the selection of discount rate has not ceased because philosophers,
economists, environmentalists, policy-makers and others view this question in different
ways. Therefore, this section reviews relevant studies in order to find a reasonable
discount factor and properly reflect the value of future events.

A dollar now is worth more than that same dollar several years from now and
consequently, people would rather to use their money now than save it unless certain
amount of compensation is granted (Aylward, et al. 2000; Belli, 2001; Hanley & Spash,
1993). Therefore, a discount factor is used to reduce the value of future benefits and costs
to their present values. In Gittinger’s (1982) opinion, there are two rates that are
commonly chosen as a discount rate: 1) the opportunity cost of capital, and 2) the interest
rate.

The opportunity cost of capital is the most ideal rate. Under the perfect market
without distortion, if the opportunity cost of capital can be determined and all possible
investments yield a reasonable amount of return, all of the capital in the economy can be
more efficiently utilized. However, this rate is sometimes hard to apply because no one
knows what the true opportunity cost of capital is (Gittinger, 1982).

The prevailing interest loan rate used in public projects is the most common
discount rate used in project analysis. It is the interest rate that closely reflects the
consumption rate of return. However, this rate can also be affected by the available
financial funds and other factors irrelevant to the project, and sometimes cannot truly

reflect the effect of time (Aylward, et al. 2000; Gittinger, 1982).



The discounts from 6% to 8% are commonly used in the public project in
developed countries and it is usually the interest rate. In most developing countries, 8% to
15% percent is applied in the project because the relative higher inflation rate and is
considered the appropriate discount rate in developing countries (Gittinger, 1982).

On the other hand, the issue of whether future benefits and costs should be
discounted in CBA is another important controversy in much need of review. In fact,
some scholars suggest that choosing a discount rate for future generations is unethical
and will damage the environmental sustainability in the future (Markandya & Pearce,
1988). For example, Cline (1999) and Weitzman (1998) suggest that the necessity of a
discount rate in the far future is uncertain. Therefore, future events need not to be
discounted and the discount rate in the future should be very low or zero (Weitzman,
1999). Hanley and Spash (1993) note that a zero discount rate means that future
generation is involved in the decision process, and can prevent the future damage to
environment.

10. Summary

Past studies suggest that the incorporation of the effects of environmental
degradation into public decision-making is not only an essential step towards achieving
more economically efficient management of natural resources, but it also encourages
practical strategies for sustainable development. As a result, an extended economic
analysis of projects and policies can help a country with scarce resources make the best
investments and contribute most to its overall public objectives.

In addition, evaluators also indicated that non-market goods and services which

should be internalized to the largest extent have been frequently neglected in the past. In
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this regard, rough qualitative assessments early in the project cycle can generate valuable
returns by identifying environmentally unsound options and focusing on those that are

sounder overall.
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CHAPTER III: CASE STUDY: MEI-NONG DAM (MND) PROJECT

In this section, more detailed information about the region affected by the MND
project is discussed. The history, characteristics, and the impacts of the project are
reviewed in turn.

1. Socio-Economic and Environmental Status

Kaohsiung City. Kaohsiung City harbor, once the second largest container
transport station in the world, is at the center of well-developed transportation networks
and prosperous industrial and commercial sectors in southern Taiwan.

According to the 2007 census, there were approximately 1.5 million people living
in Kaohsiung City and the population is expected to continue to grow. The current major
industries in Kaohsiung are steel, petrochemical, ship building, cement, and two export
industrial zones in Kaohsiung and Nan-Tse. These industries have made Kaohsiung the
most productive city in Taiwan for the past few decades (Kaohsiung City Government,
2009).

Currently, Kaohsiung City intends to develop the high value industry featuring
advanced technology, automation, high return and low pollution. Once the MND project
is completed, most of the water produced will be for the industrial and municipal uses in
Kaohsiung City (WRA, 1984).

Mei-Nong Township. Mei-Nong Township is located in the southern part of
Taiwan. It is 3 kilometers away from the large city, Kaohsiung City, where the economic,
political, and industrial center of southern Taiwan is located. The total area of Mei-Nong
County is 120.0316 km? and the population of Mei-Nong, approximately 50,000 people,

has not changed much since 1990 (Mei-Nong Township Administration, 2004).
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Figure 1 Map of Mei-Nong Dam Project
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Since Japanese colonial rule, tobacco cultivation has dominated Mei-Nong’s
economy. This area is currently the most important tobacco plantation in Taiwan.
Although tobacco production has gradually decreased since 1987, when the Taiwan
government permitted the import of tobacco products, the small township continues to
grow tobacco and preserve it as one of its local traditions (WRA, 1984).

The selected dam site, right in the Yellow Butterfly Valley (YBV), lies in the
northeast corner of Mei-Nong Township and would be submerged under water once the
project begins. The YBV is the only completely intact, low-elevation forest and river
valley near the populated western part of Taiwan. It is home to many assorted wild flora
and fauna, such as the Maroon Oriole, Hodgson's hawk-eagle, and the Hundred-pace
snake, all categorized as the most endangered species and are protected by the Wildlife
Conservation Law in Taiwan (MPA, 1999; WRA, 1984). Other protected species in this
area include the precious and rare Crested Goshawk, Honey Buzzard, Serpent Eagle,
Emerald Dove, Black-napped oriole, Formosan blue magpie, Banded Krait, Turtle-
designed Snake, and the Brown tree frog (MPA, 1999). In addition, the valley floor
contains over 90 species of birds and 110 species of butterflies. Such a variety and
abundance of wildlife forms a precious and rare ecosystem.

Moreover, the Twin Creek Tropical Plant Nursery, next to Mei-Nong Township,
was built in 1935 by the Japanese Taiwan Forestry Administration for an experimental
species plantation. They imported 270 species of plants from the world's tropical areas,
such as Southeast Asia, Australia, the Indian Subcontinent, South America, and Africa.
These plants were mainly sold to Japanese for horticultural uses (MPA, 1999). Today,

their collection includes 96 surviving species; 28 of which only exist in this nursery, and
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some are the only plants of their species in Taiwan (MPA, 1999).

Geography of the Project Area. The climates of Kaohsiung city and Mei-Nong
Township are very similar and both are affected by monsoons, as well as their topography.
Kaohsiung is located south of the Tropic of Cancer. The climate is tropical with average
temperatures ranging from between 18.6 and 28.7 Celsius degrees, and average humidity
between 60 and 81%. Average annual rainfall is 1134 mm. The topographies in these two
areas are dominated by hills and mountains. The dry season typically lasts from October
to April. In general, this area has a wet tropical climate with high temperatures and a
relatively high humidity in the summer, followed by a dry climate in the winter
(Kaohsiung City Government, 2009).

2. Purpose of the MND project

Since the 1960’s, Taiwan has become an important processing and manufacturing
location for world products. More recently, the growing industries have gradually
expanded from northern Taiwan into the south. In order to make Kaohsiung become the
industrial center of Taiwan, several important infrastructures were proposed since the
1980°s (WRA, 1984). One of these projects was to build a large scale water storage dam
to satisfy the demand for water from industries and municipal uses. The dam project was
planned both to supply increasing water demands as well as to solve the water shortage
problem in the southern region.

As the second largest city in Taiwan, Kaohsiung is not only the center of the oil
refinery and shipbuilding industries, but it is also one of the busiest ports in Southeast
Asia. Since 1960, the expansion of these industries has led to a gradually increasing

population and a higher water demand. According to the water resource management
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report of southern Taiwan by the Water Resource Agency in 1990, water demands will

increase from approximately 613.2 million m3 per year, in 2001 to 730 million m3, in

2021. Current water supply systems can only provide 1.66 million tons of water per day5
that is 605.9 m3 per year. If the goal has to be met in 2021, either the government has to

find a new water source or the rest of the demand will be met by transferring water from
agricultural use. However, if water is transferred from the agricultural sector, it will only
temporarily fill the gap. Satisfying the future water needs will rely on new water sources

and on more effective water conservation policies and regulations.
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Figure 2 Estimated Increasing Demand in Kaohsiung City. (Source: WRA, 1990)

In response to the loss of water in the agricultural sector, as well as to meet the
projection for water demand in 2021, the MND project was proposed by the Taiwanese
government in 1984. The dam project was designed to hold 406 million cubic meters of
water at its full capacity. It is expected to supply 378 million m3 of water annually to

meet the expected water supply goal in 2021 and to satisfy the domestic and industrial

The estimate water increase is calculated by population increase times the daily water use per
person. According to the census of Kaohsiung City, the populations will slowly grow from 1.52
million people in 2001 to 1.76 million people in 2021. As for the industrial water increase, the
amount consumed by industries is projected by the increased percentage of industries in southern
Taiwan.
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needs of Kaohsiung City, Tainan and Ping-Dong Counties in the next two decades. The
MND project will also be expected to provide power and higher quality water to people
and industries in Kaohsiung City (WRA, 1990).

The MND project was expected to begin in 1992 and start to supply water and
electricity in 1999 after seven years of construction. However, the project was suspended
in 1999, due to strong opposition from the people in Mei-Nong Township, environmental
organizations, and political parties. Since the project has been suspended, Taiwan
government decides to intake water from the Nan-Hua Dam in Tainan County to satisfy
the growth demand of water (WRA, 1984).

3. Potential Impacts of the MND Project

One of the positive impacts of MND project is to provide clean water and to
reduce the consumption of packaged water in Kaohsiung City. As many heavy industries,
such as oil-refineries and steel mills, are located in this area, the residents in Kaohsiung
have complained about the water quality for a long time (Tse, 2004). Almost all the major
water sources near Kaohsiung city have been polluted by the wastewater discharged by
these factories. After such long-term pollution, the water’s odor and color are abnormal
and still one of the concerns of the residents even after treatment. As a result, the majority
of their daily drinking water is from consumption of bottled water (Wu, 2007).

The MND project is expected to solve this problem by using a water source in a
remote area where there is not much pollution. The goal is for people in Kaohsiung to
have clean tap water and save money from buying bottled water.

In addition to providing water for municipal use, the other important task of the

MND project is to maintain a consistent supply of water for the water consuming
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industries during the dry season. The drought season adds further strain to the insufficient
water supply, and water consuming industries are often forced to shut down factories
temporarily. To protect these high technology industries, the government asks some
farmers to stop irrigation in order to transfer water to the necessary sectors. In return,
these farmers receive compensation from the government. As the water consuming
industries continue to expand, more farmers are asked to stop irrigating for one or two
seasons a year. This difference in demand left by these farms can be temporarily replaced
by cheaper imports such as rice, sugar cane and fruits. However, this strategy can only
temporarily solve the problem, and will inevitably cause unforeseeable damage to local
agricultural productivity in the long run. If the MND was built, it could meet the
increasing demand without interrupting the agricultural sectors (Ke, 2005).

While the construction of MND project might contribute to the improvement of
water quality and the growth of industries in Kaohsiung City, there will also be important
social and environmental costs. First, if the MND were built, a minimum of five hundred
local people upstream will be displaced. Large portions of these people rely heavily on
natural resources. They earn their livings planting agricultural products in the proposed
flood zone, such as mangoes and papayas. The dam project will take away their source of
revenue and limit their rights to access natural resources such as fish or timber. Therefore,
in order to proceed with the MND, the project holders will have to compensate these
displaced individuals based on the law for the loss of their farms and help them to resettle.
This will inevitably increase the cost of the project as well as create unnecessary social
problems.

Second, there is fear that potential dam failure will cause huge casualties and
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destroy the traditional Hakka culture; as a result, the local community has joined forces
the opposition party and several environmental groups to resist the execution of the MND
project. They believe the dam site is located in the cross area of several faults where
several large scale earthquakes have occurred. There are, on average, 214 earthquakes a

year in Taiwan (Central Weather Bureau, 2008). The most recent large scale earthquake

occurred in September 215t, 2000 claiming more than 2,000 lives. The people of Mei-

Nong worry that the 147-meter tall dam, located just 1.5 km away, will bring devastating
consequences once it collapse due to earthquakes.

The local people are also worried that the dam will destroy the nearby landscape
where much of their traditional cultural customs take place. The balance between Mei-
Nong, a small village famous for making umbrellas and tobacco, and the harmony
between the people and the environment will be broken by the MND project because of
the large mechanical equipment entering, disrupting people’s daily lives. Moreover, the
dam damages the holy place of the local people. The YBV, known to the Mei-Nong
people as Twin Creeks, has strong cultural connections and connotations to Mei-Nong
society since its first settlement in 1763. The people of Mei-Nong view the Twin Creeks
and the YBYV as the origin of their cultural and economic being. The construction of the
MND project will flood over the entire YBV, and permanently change the lives of Mei-
Nong’s people.

In addition to the social impacts, the MND project is expected to have serious
impacts on the environment 863 hectares of the land upstream from the dam will be
flooded; 725.72 hectare of this flood area is tropical forest, 100.92 hectare is rangeland,

35 hectare is a wild field or grassland, and 3 hectare is residential land. In other words,
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the reservoir will lead to massive deforestation (WRA, 1984). The forest currently
provides food and shelter for a variety of flora and fauna, regulates climate, reduces soil
erosion, and provides recreational and aesthetic values.

Consequently, large dam construction projects have continuously led to public
controversy in Taiwan. Despite the Taiwanese government’s insistence of the projects’
economic benefits, more and more people have started to question the efficiency of large
dams and wonder if the economic benefits are enough to justify the environmental

damage.

27



CHAPTER IV: ANALYTICAL METHOD

The main goal of CBA is to estimate the net present value (NPV) of this project.
The previous chapters have discussed and identified the most significant costs and
benefits involved in this study. Therefore, in this chapter, the focal point is how to
calculate and estimate the costs and benefits based on available references. As the
selection of a discount rate has direct influence on the NPV, an appropriate discount rate
for this study will be discussed referring to the common discount rate used in
international projects. Finally, this study will apply sensitivity analysis which give us a
big picture of the magnitude of the potential uncertainties and offer a reference for
decision makers.
1. Valuation of Dam project

In CBA, some effects can be valued through their market prices, such as
construction costs. However, the non-market costs such as the environmental impacts of
the dam and the tourism losses created by the reservoir cannot be determined simply
through a market valuation study; therefore, a non;market valuation study is required to
assess these values. While original data is best in a situation like this, when there are time
and budget constraints, environmental values may be éstimated from existing studies or
secondary data (ADB, 2001). When using secondary data, information from relevant
studies is used to estimate the costs and benefits of similar projects in a specific area. The
transferred values must be used for the same kind of environmental conditions, and the

same terms of value must also be used.
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2. Measure Benefits and Costs

This section will exz;mine the economic valuations of each impact of the MND
project and provide details for the appropriate valuation methods that are practical and
consistent with economic appraisal principles. The benefit and costs of MND and their
corresponding measurement approaches are shown in Table 2.

Income from Water Supply. The main task of MND is to offer a consistent supply
of water. Most of the water from MND will be sold for industrial and municipal uses in
Kaohsiung City, and the revenue will be used to cover the water production costs.

The benefit can be calculated by the water price times the quantity of water sold
to public and industries.

Income from Power Sale. In addition to supplying water, the MND can also
generate power by using the differenrce in height of upstream and downstream. This
benefit is estimated through the market price of power times the power amounts actually
provided to users.

Savings from Bottled Water. The construction of the MND can provide better-
quality water to people who live in the metropolitan area, and therefore save them from
purchasing bottled drinking water. According to Tse’s survey (2004) of 500 people living
in Kaohsiung, 68% of Kaohsiung residents use bottled water as their main source for
drinking and 30.2% of these respondents would like to stop buying drinking water as

long as they get improved quality of tap water.
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Table 2 Appropriate Valuation Methods for the Impacts of Dam Construction.

Physical Measurement Valuation method
impacts
Benefits
Income for water sale Incremental  water price x quantity Market price
productivity  sold
Income from power  Electricity Power price x the Market price
sale generated quantity sold
Saving from reducing Saving on Drinking water price x Market price,
use of packaged buying the quantity of municipal Shadow
water drinking water use x percentage of Prices
water use in drinking
Tourism gain Gain of Reveal preference
upstream tourism (TCM)
Value
Costs
Construction cost Labor, Capital Market price
Operation and
Maintenance cost
Property loss  Physical property Market price
Resettlement cost
Forest land, = Product prices x quantity Market Price
Land Acquisition commercial
products
Tourism loss Loss of Reducing tourists number Reveal preference
downstream tourism x the average expenditure (TCM)
Value per person

Source: ADB, 2001
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The total savings can be calculated through the following formula6:

Annual The amount The price of Number of
savings on of water each bottled water people stop 365
buying = persondrinks % per million X using bottled days
bottled water daily tons water

Construction Cost. The MND project consists of the dam, the power system, and
the spillway. The total construction period is estimated to take seven years, and the year
before the project begins, year zero, is used to resettle the local residents and acquire land.
The construction cost is estimated based on the 1992 report of Sino-Tech Engineering
Consultants, Ltd.

Operation and Maintenance (O&M). O & M covers all services and materials
required in MND construction. The maintenance fee refers to the costs of maintaining
and replacing the engineering part of the facilities, and is estimated at 10% of the total
construction cost’. The operation costs are referring to the personnel expenditure and the
basic water treatment fee when the water is supplied. O & M costs will emerge in year
eight.

Replacement Costs. 1t is estimated that the MND project will continue to supply
water and power for 70 years. During the project analysis period, some parts of this
facility need to be replaced in order to keep both water and power system running well.
Two most important parts need to be replaced are the pipelines and the water gates. The

pipeline will need to be changed every twenty five years and the water gate has to be

According to the public construction regulation in Taiwan, the operation and maintenance costs
are estimated as 10% of total construction costs, total construction costs include the design,
investigation, and construction costs which are shown in Table 7 and Table 8.
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changed every fifty years. The cost of replacing these two facilities is estimated based on
their constructing cost in 1992.

Resettlement Costs and Land Acquisition. Resettlement costs are composed of
two parts: compensation and assistance expenses. Compensation can be calculated
directly from physical property losses of the people located in the MND area. Analysts
may use the market price method to arrive at the value of property losses. The assistance
expenses are the costs of the government programs implemented to help the displaced
residents, and are determined accordingly. In the MND project, the estimated total cost of
resettlement, in 1992, is 1.388 billion NTD, and should be accounted for in year zero of
the project (WRA, 1992).

Opportunity Cost of Land. The opportunity cost of land will be estimated through
the value of ecosystem services per kilometer times the affected areas. The inundated
area includes forest, agricultural, and residential lands.

In fact, Pong (1992) uses CVM to estimate Mei-Nong people’s WTA for
constructing the MND and the results can be used in the analysis to represent the
opportunity cost of land. Consequently, Costanza (1997) use the social surplus to
calculate the values of ecosystem services in the world and the results are also used in the
calculation. This cost will be further addressed by using the data from Pong (1992) and
Costanza (1997) in the analysis section.

Tourism Gain and Loss. The Mei-Nong Township is famous for its good
preservation of Hakka culture and beautiful surrounding. Every year the Hakka Festival

attracts many tourists into the town for its exhibition of domestic culture and art. Most
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tourists also come here to enjoy the fresh air and clean water and some parents or
teachers bring their children here to introduce them to the plentiful flora and fauna.

However, once the MND begins to provide water, the whole region will be
changed and replaced by different ecosystem and the expected reduction of tourists will
lead to obvious impacts on the local economy. Therefore, this study estimates the loss of
tourism through the reducing number of these tourists and their expenditure.

Although the landscape will be changed when the project starts, the new reservoir
also will provide a new feature to attract people. There are famous examples about dams
providing tourism value for people including the Bedok reservoir park in Singapore. The
new reservoir can provide people with a boating, camping jogging and hiking area. These
new benefits could be calculated through its average value per hector multiple the area of
reservoir.

Inflation Adjustment. Almost all the costs in MND project are estimated based on
1992 consumer basis and the inflation factor should be taken into account in the analysis.
Table 3 shows the Consumer Price Index between 1991 and 2006.

3. Discount Factor

Two major discount rates are used in this study. First, Gittinger (1982) pointed
out that the common discount rate used in financial analysis is the rate at which the
enterprise is able to borrow money. A thematic review of WCD also suggests that a
discount rate of 6% is applied in a developed country, and consequently, a discount rate
in public projects ranged anywhere from eight to twelve percent is used in developing

countries considering the higher inflation rate (WCD, 2000).
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Table 3 Consumer Price Index and Adjustment Factors

Year Consumer Price Index Adjustment Factor
1991 77.18 1.29
1992 80.63 1.24
1993 83.0 1.20
1994 86.41 1.15
1995 89.58 1.11
1996 ' 92.33 1.08
1997 93.17 1.07
1998 94.73 1.05
1999 94.90 1.05
2000 96.09 1.04
2001 96.08 1.04
2002 95.89 1.04
2003 95.62 1.04
2004 97.17 1.02
2005 99.41 1.01
2006 100 1

Source: National Statistic, Taiwan, 1991-2006

Second, some scholars suggest future generations should have the same weight to
use the resource as current generation and a zero discount rate means that future
generations are involved in the decision process, and can prevent future environmental
damage. Therefore, this study also applies a zero discount factor as a reference and
intends to realize the profitability of MND project after considering the equity issue.

Lastly, in order to estimate the Internal Rate of Return (IRR) the discount rate of
3% is used. The IRR is a rate of return used in capital budgeting to measure and compare
the profitability of investments. It is also called the discounted cash flow rate of return or
simply the rate of return (ROR).

4. Sensitivity Analysis
In order to better evaluate the potential impacts of uncertainty and risk. Sensitivity

analysis refers to an analytical technique used to test the potential earning capacity of a
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project if actual events differ from the initial estimation made during the planning stage
(Gittinger, 1982). This type of analysis is useful as it provides flexibility in results. It can
be assumed that an actual event will not materialize exactly as planned because of
unexpected changes in factors over time or the use of faulty or limited data in the initial
projection. In forecasting any occurrence over time, an analyst may encounter two types
of situations: risk and uncertainty. Risk refers to a situation where the probability of an
outcome’s occurrence is available. In contrast, uncertainty refers to a situation where
such information is not available.

According to the cross check of WCD (2000), this study concerns following three
factors causing uncertainty: 1) the efficiency of dam, 2) overrun of construction costs,
and 3) schedule delays.

The Efficiency of MND. The dam site is located in a relative high area, and the
high slope will increase the chance of soil being brought into the reservoir and reducing
the capacity of the dam, as well as the amount of water and power available to the public
and industries. Therefore scenario one in Chapter V, accounts for the effect of reduced
water yield on the NPV due to more serious sedimentation problems.

The Overrun of the Construction Cost. Sedimentation isn’t the only factor capable
of affecting the NPV, the overrun of construction costs commonly leads to a different
result of the NPV. According to the crosscheck by Bacon and Besant-Jones in 1998, over
seventy dam projects financed by the World Bank between 1915 and 1986 show average
cost overruns of about 30%. Therefore scenario two will simulate the effects of

construction cost overruns on the NPV.
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Delay of the Construction Period. Another potential source of uncertainty is a
delay in the project schedule. The WCD crosscheck shows 40% of projects with one year
delays, and 5% with five or more years. The impact of delays is discussed in the scenario
three.

3. Data Collection

The study area is located in the southern part of Taiwan. For full details of the
study area, please refer to Chapter III. The area of unit of analysis is the hectare. Data
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