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Abstract

This paper analyzes ownership trends of nonfederal hydropower generating assets from 1980–2003.
Previous research has shown that the overall electricity industry is unique in that, because of the extreme
inelasticity of demand for power, even small sectors of the industry have the potential to exhibit substantial
price setting behavior. Hydropower assets especially, with their unique ability to “shift” electricity between
time periods, have the potential to be used to exhibit horizontal market power. For this reason, an analysis
of consolidation trends of hydropower assets is important. Our empirical results show that from 1980–
2003, while transfer rates of nonfederal hydropower dams have been substantial (at 46%), there is little
evidence of consolidation leading to the potential exercise of horizontal market power as a result of this. A
detailed look at the data reveals that it is smaller dams, with less power production capacity, that have
tended to be transferred more than other dams over this time period, and that it is private industrial owners
and private utilities that are selling dams to private non-utility generation companies. This suggests that a
realignment of hydropower assets, most likely in response to state-and federal-level regulatory initiatives, is
taking place, but that increasing consolidation along with this is currently not a threat.
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1. Introduction

Hydroelectricity, or electricity generated by large turbines located at the bottom of reservoirs
created from large dams, has been a viable technology since the late nineteenth century (Edwards,
2003). In the early 1900s hydropower accounted for more than 40% of total U.S. electricity
supply (and more than 75% of electricity supplied in the West and Pacific Northwest), but since
World War II hydropower's dominant role in the nation's overall electricity supply has
diminished. Today, hydropower generates about 7–12% of total U.S. energy supply.1 This small
market share, however, masks hydroelectricity's fundamental importance in the U.S. electricity
industry. Recent research has shown that even such a small share can have a disproportionately
large effect on electricity prices, and on the ability to set electricity prices (Forsund and Hoel,
2005; Edwards, 2003; Borenstein et al., 2002; Coupal and Holland, 2002; Wilson, 2002; Edwards
et al., 1999; EIA, 1999; Bushnell, 2003). Knowing who owns private hydropower generating
assets and how concentration of them is changing is fundamental to any sound analysis of the
market power issue in the national electricity industry. A prominent concern in the electricity
deregulation debate, for example, has been horizontal market power. This is especially true after
abuse of such power appears to have aggravated the electricity crisis in California in 2001
(Borenstein et al., 2002; Krugman, 2001). Other papers have looked into hydroelectricity's price
setting role in particular geographic areas (Coupal and Holland, 2002; Bushnell, 2003); the
unique contribution of this paper is to investigate consolidation trends of nonfederal hydropower
generating assets nationally, to see if the potential for the exercise of horizontal market power with
these assets is growing.

We begin in the next section with a description of hydropower's importance to the nation's
overall electricity supply, including an explanation of the distinction between federal and
nonfederal dams. Next, we focus on an empirical analysis of ownership trends of nonfederal
hydropower dams from 1980–2003. Some interesting results are that nearly half (46%) of all
nonfederal hydropower dams have been transferred between 1980–2003, and that there have been
two spikes in the transfer rate, in 1987 and in 1999. This implies that hydropower dam ownership
is more fluid than traditionally assumed and that, because of the timing of the spikes in transfer
dates, hydropower ownership appears to be highly responsive to regulation. This is a heartening
result, in that it implies that as our national energy priorities shift, we can be confident that any
future regulatory initiatives we employ will be effective at altering the ownership structure of
hydropower generating assets. The story our empirical analysis paints is that of an evolving
ownership structure where, over the last twenty years, smaller dams with less power production
capacity have tended to be transferred more than other dams, and where private industrial owners
(and, since 1999, private utility companies) have been selling their dams to private non-utility
generation companies. An analysis of the specific owners suggests that hydropower assets are not
being consolidated; if anything, ownership of hydropower assets seems to be becoming more
competitive.

2. Hydropower's role in the electricity industry

The electricity produced by hydropower is an important linchpin in the nation's electricity
supply for a number of reasons. First, hydropower is the only currently viable way to “store”
significant amounts of electricity. Technically, electric energy must be consumed as it is
1 Energy Information Administration (www.eia.doe.gov).
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generated, but water stored behind a dam gets around this constraint by storing kinetic energy
embodied in the pent-up water, which at the flip of a switch can be turned into electrical energy as
the water falls through mechanical turbines. This has important implications for “moving” energy
between time periods, and so smoothing overall electricity supply and keeping prices from
spiking to meet demand. It is this “shifting” characteristic of hydropower assets alone that has led
some to conclude (Borenstein and Bushnell, 1999, pp. 285) that one of the “most important
factors in determining the extent and severity of market power [is] the level of available
hydroelectric production.”

Second, hydroelectric power generation is both instantaneous and flexible; it requires only
seconds to open a flood gate and release water into a turbine for generation. Fossil fuel
production, meanwhile, (whether based on coal, oil, or natural gas) requires relatively long lag
times between startup and viable electricity produced, which impairs its ability to satisfy sudden
(and frequent) increases in peak electricity demand. Other sources of energy, including
renewables such as wind or solar power, also have flexibility and reliability problems as they
only generate electricity intermittently and, perhaps even worse, unpredictably. It has been
suggested that if hydroelectric power were reduced (due, perhaps, to market power) in certain
regions of the country, no other source of generation would be able to immediately replace that
output. This could lead to substantial price spikes during peak demand periods (Borenstein and
Bushnell, 1999).

Third, hydroelectric power has nearly zero operating costs, it is extremely efficient, and it is
quite reliable. The main cost of hydroelectric power is the initial construction costs of building a
large dam and reservoir. Once a dam exists, its maintenance and operation costs are minimal.
Compared to other forms of generating power, where conversion rates of energy into electricity
average 50 per cent or less, hydroelectricity has an efficiency conversion rate of 90 percent,
better than any other form of generation. Existing hydroelectric power plants are therefore
extremely cost effective.

Finally, hydropower is an important component of our nation's renewable energy portfolio.
Nationally, two-thirds of all electric energy that is produced from renewables comes from
hydropower. Hydropower does of course have its own set of environmental implications (mainly
to the rivers and aquatic resources it directly impacts) but hydropower is considered a renewable
because its fuel source is not depleted in the production of energy, and because it displaces fossil
fuel generation which would release approximately 77 million metric tons of carbon emissions
equivalent into the atmosphere every year.2 With another energy crisis seemingly always on the
horizon, efforts at increasing the nation's production and use of renewables continues to gain
attention. Hydropower is both the most abundant, and the cheapest, source of renewable electric
power currently available. For states which legislatively require minimum amounts of renewables
in their electricity portfolios, hydropower has a particularly significant role.

3. Federal vs nonfederal dams

Hydropower dams in the United States have one of six types of owner: the federal government,
a non-federal public municipality, a private utility, a private generation company (also called a
“non-utility”), a private industrial owner, and a cooperative (for example, an Indian tribe). In this
2 “Hydropower Fact Sheets,” produced by the National Hydropower Association (http://www.hydro.org).
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Fig. 1. Nonfederal hydroelectric dams in the conterminous United States.
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paper we will be looking at the ownership trends of all hydropower dams except for those owned
by the federal government. There are approximately 2000 of these nonfederal hydroelectric dams
in the United States (Fig. 1),3 and they have a generating capacity of approximately 42,000 MW.4

We focus on nonfederal dams for two reasons, first, federally-owned dams are not subject to
sale and thus are not a part of any potential consolidation trends in the industry.5 And second,
federally-owned dams are not subject to the extensive regulatory environment of nonfederal
dams. This regulatory environment is embodied primarily in the licensing process that all
nonfederal hydropower dams must go through in order to legally operate. Begun with the passage
of the Federal Power Act (FPA) by Congress in 1935, hydropower dam licensing was originally a
benign process designed to encourage hydropower production at a time in our history when
growth was prominent. But over the last number of decades this licensing process has come under
an increasingly heavy regulatory burden. In large part this has been a response to the growing
environmental movement in the United States; with a greater concern for the environmental
implications of hydropower and large dams has come increased legislative hurdles in complying
3 There are more than 76,000 dams nationwide (as reported in the National Inventory of Dams, maintained since 1972
by the U.S. Army Corps of Engineers), but the vast majority of these dams are for purposes other than hydroelectric
production, including irrigation, recreation, navigation, and flood control.
4 Roughly, 1 MW of power satisfies the energy needs of 1000 homes.
5 In 1996 Congress did debate privatization of some federally owned hydropower dams, but the proposal never went

anywhere, and 64 senators instead voted for a non-binding resolution opposing federal hydropower privatization. The
issue is unlikely to be brought up again anytime soon.
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with any hydropower licensing application. 6 It is probable that the demands of complying with
this licensing process, applicable only to nonfederal dams, has affected the net returns to dam
ownership, and subsequently affected turnover rates of hydropower generating assets (Lubben,
1997).7

We distinguish between federal and nonfederal dams in this analysis, therefore, not just
because federal dams are not subject to sale and ownership consolidation, but because his-
torically, their regulatory environment has been so different from the rest of the industry.
Additionally, while it is true that federal hydropower dams, if managed correctly, could play their
own role in damping market power nationally, a recent GAO report (GAO, 1999) suggests that
widespread inefficiencies, stemming from a lack of repair and maintenance funding, has reduced
any ability to do so.

4. Measuring market power

Definitively measuring market power in the electricity industry is notoriously difficult
(Schmalensee and Golub, 1984).8 Traditional methods, including the price-cost margin markup
and size measurements such as the Herfindahl–Hirschman Index, suffer from important
deficiencies when applied to the electricity industry. The price-cost margin markup, for example,
can not be accurately measured either from the cost, or the price, side of the equation. FERC used
to gather cost data from dams applying for regulatory licenses, but they stopped doing so on any
sort of a consistent basis in the early 1980s, and most nonfederal dam owners do not make
proprietary cost data automatically available to the public. The price side of the price-cost margin
markup is also difficult to discern with any sort of informational accuracy in the electric industry
because electricity prices are not uniform across the United States (although electricity itself is a
rather homogenous good); instead they are often reflective of various kinds of federal and state
regulatory oversight.9 As electricity prices are rarely generated naturally, the useful market
information they imply is limited.

Market size indicators such as the Herfindahl–Hirschman Index at first appear to be better
candidates for measurements of market power, but upon closer inspection they too are rife with
difficulties in application. One of the biggest problems is that market share measurements are not
reflective of the price elasticity of demand. This is particularly significant in the electricity
industry, which is characterized by an extreme inelasticity of demand (Borenstein et al., 2002;
Wilson, 2002; Borenstein et al., 1999; Bushnell, 2003; Cardell et al., 1997; Joskow, 1997; Pierce,
1996), made worse by regulation that keeps consumers largely immune to marginal cost pricing.
This extreme price inelasticity, when matched with the on-peak/off-peak nature of demand for
6 Prominent among the applicable legislation is the National Environmental Policy Act (1969), the National Historic
Preservation Act (1966), the Wild and Scenic Rivers Act (1968), the Clean Water Act (1972), the Endangered Species
Act (1973), and the Electric Consumers Protection Act (1986), all of which acted to increase the regulatory burden of
receiving a hydropower license by increasing the number of environmental studies, filings, and assessments required in
order to adequately complete a licensing application.
7 Electricity deregulation legislation is also important to the net returns from hydropower resources, but it has so far

been driven by heterogeneous state-level initiatives.
8 It is especially difficult with hydropower, because the exercise of market power with a hydroelectric dam is exhibited

not through a reduction in total supply, but through a shift in water release rates to times of less inelastic demand.
9 This situation is a leftover from the historical tradition of electricity being regulated as a natural monopoly, and

provided essentially by vertically-integrated geographic franchises.
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electricity consumption,10 can lead to large price spikes at particular times of day. In such a
context even small producers, as measured by market share, can influence prices by manipulating
their production supply. The potential to affect prices is only heightened by the technical fact that
electricity supply, except for that which is produced from hydropower, cannot be instantaneously
shifted across time periods. Only hydropower has the unique ability to flexibly smooth electricity
supply throughout the day, so it wields important control over any ability to exercise market
power over electricity prices.11

Another problem with market size measurements of market power is that they do not reflect
transmission capabilities. In the electricity industry, the ability to transmit electricity across secure
and reliable grids is at least as important as the ability to generate the power itself. Congress
recognized the competitive significance of this in 1992 when passage of the Energy Policy Act
(EPACT) included authority by FERC to grant greater transmission access to nonutility
producers. It was hoped this would stimulate competition in electricity generation, but
transmission bottlenecks are still considered a potential determinant of market power in the
electricity industry today (Bushnell, 2003; Joskow, 1997).

In the electricity industry, therefore, to truly measure market power, accurate information not
just on market share, but also on price elasticity of demand and transmission capabilities are all
required. This is a tall order.12 This study, therefore, will not focus on market power per se, but on
the general ownership consolidation and turnover rates of hydropower assets since 1980. This
approach limits the specific usefulness of this study, but at the same time it presents an important
first step. If an investigation of hydropower generating assets' ownership structure reveals that
concentration rates have been increasing, while not a definitive determinant of market power
itself, such a piece of information would indicate the potential for market power and would signal
the need to gather additional information on demand elasticities and transmission capabilities, in
order to more accurately determine the state of the industry. If, on the other hand, an investigation
of ownership concentration rates of hydropower generating assets showed that they have been
decreasing, such an outcome would signal less of a need to worry about the potential for the
exercise of horizontal market power on electricity prices.

5. New dam construction

Before we proceed to the empirical analysis it is worthwhile mentioning that new construction
(as well as retirement) of hydropower dams has essentially stalled in the United States. Fig. 2
shows the annual figures for total dam storage capacity in the United States from 1880 until 2000;
this graph makes clear the history of dam construction from its initial viability and take-off around
the turn of the twentieth century, until its stagnation around the early 1980s. Since that time there
have been very few new dams (of any type) constructed anywhere in the United States. This has
occurred for two primary reasons: first, there simply are no more viable sites which contain the
necessary technical requirements (ground strength and narrow river bank, for example) for sound
dam construction, and second, even in the few areas along our nation's navigable rivers where
10 Electricity demand during “peak” hours (i.e. 9–5, M–F) can be more than double that during “off-peak” hours.
11 And market power can lead, not just to increased electricity prices, but to manipulated ancillary services such as load
following and spinning reserve.
12 Borenstein et al. (2002) instead took a novel route to estimating market power in the electricity industry by
constructing competitive market counterfactuals, which they then compared to actual market outcomes. The authors
repeatedly stress, however, the limitations of even this approach.
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new dams might conceivably be built, environmental constraints and regulations have limited the
political viability of any new construction. This is particularly true for hydropower dams which
cause harm not just from the interruption of river flow, but from the mechanized turbines that
generate the electricity and entrap and kill most fish attempting to pass through them. Even the
National Hydropower Association (NHA), the official trade group for the nonfederal hydropower
industry, admits that any future increase in hydropower production in the U.S. can only come
from technological improvements to existing hydropower stock, not from the construction of any
new dams.13 Since the 1980s, the stock of nonfederal hydropower dams has been fundamentally
static. For our empirical results, this will imply that the observation set is roughly constant and
that there will not be any truncation bias in the regression results.

6. Data analysis

The Federal Energy Regulatory Commission (FERC) maintains a database of all nonfederal
hydroelectric projects that are under commission license.14 It includes variables on the physical
and technical characteristics of each of the dams, as well as ownership characteristics on the
corresponding licensees. A separate internal FERC database of all transfers of ownership of
FERC-licensed projects is also kept. It is these two datasets that are used in the analysis section
which follows.
13 Although technical improvements to the existing hydropower stock, called “uprating,” could potentially yield as
much as 50% more capacity (U.S. DOE, 2006; Veltrop, 1997).
14 All nonfederal hydroelectric dams that produce more than 5 MW of power must be licensed by FERC in order to
operate legally. Excluded from this analysis are those dams that are so tiny (generally, those which produce less than
5 MW annually) so as to be exempted from the licensing process and most government-collected hydropower databases.
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Our goal is to examine what has been happening to the ownership structure of nonfederal
hydropower dams since 1980, the earliest date for which consistent records on hydropower asset
ownership are available. Have there been any substantial changes in turnover rates of hydropower
projects among owners? If so, which types of dams are being sold, and who in particular is buying
them? Finally, what does this analysis say about any consolidation of hydropower assets and the
potential for the exercise of market power in the electricity industry?

The data on transfers of ownership of FERC-licensed projects tells us that from 1980–2003,
46% of all nonfederal hydropower projects were transferred to new owners.15 This is a striking
result as the traditional “wisdom” in the industry is that hydropower dams are big bulky
investments that no one ever gets rid of, while in fact, ownership of hydropower dams appears to
be somewhat fluid. Fig. 3 displays a graph of the ownership transfer rates of hydropower dam
projects. What stands out in this period (1980–2003) is the two distinct spikes in ownership
transfers in 1987 and 1999. In the next section we explore the likely causes of these spikes in the
transfer rate, but for now note that with these spikes comes the possibility of increased
consolidation in the industry. Fig. 4, therefore, presents a breakdown of who exactly is behind the
buying and selling of these nonfederal hydropower dams. It is a graph of the dam owners,
categorized by ownership type, over time. The results show that aggregate numbers of municipal-
and cooperative-owned dams have remained roughly stable over time, but that the number of
industrial-owned dams have been consistently declining (losing nearly a third over the two-
decade time span) and that since 1999, private utilities have also been steady sellers. The big
15 This includes full as well as partial sales of hydropower projects and it includes transfers to distinct subsidiaries
within larger corporations.
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buyers over this time span have been the private non-utilities, essentially, the pure generation
companies.16

The next question is, which dams in particular are being sold? Table 1 provides a descriptive
summary of the nonfederal hydropower dams in our dataset, and Table 2 is a statistical analysis of
which types of dams, specifically, were sold. The dependent variable in Table 2, Transfer, is a
dummy variable coded with a one if a particular dam project was transferred during the time
period under study. Table 2 is a probit analysis of this Transfer variable on descriptive physical,
technical, and ownership characteristics of the projects.17, 18 The independent variables have been
chosen in an effort to discover whether there are categories of dams that have tended to be
transferred more than others.

The most likely hypothesis for why dams are transferred has to do with their environmental
“footprint.” In the early days of hydropower generation at the turn of the 20th century, economic
development of the nation was at center stage and energy generation was the primary goal of
hydropower dams. Over the last number of decades, however, priorities have shifted and
environmental protection and concern over the environmental impact of large dams has gained
salience. This increasing environmental awareness has led to increased environmental
regulations, making the net returns to dam ownership fall.19 As awareness of the environmental
impact of a dam increases, the dam owner has to balance managing the regulatory effects of this
footprint with any profitable returns to hydropower generation. The framework for interpreting
any changes in the ownership structure of hydropower assets over the last couple of decades is
this environmental footprint versus power generating potential tradeoff.
16 This coincides with the results of an Energy Information Administration report which notes that the number of
nonutilities in the electricity industry overall is growing. “The traditional role of the electric utility as provider of electric
power is giving way to the expanding role of nonutilities as providers of electric power.” (EIA, 2000, p. xi).
17 An OLS regression was also run, with similar results.
18 In the (rare) instance where a project was transferred more than once between 1980 and 2003, it was included more
than once.
19 Especially as complying with many environmental regulations requires generating less hydroelectric power (Kosnik, 2007).
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Table 1
Summary statistics nonfederal hydroelectric dam projects a

n=1277

Variable Mean Std. Dev. Min. Max.

Transfer 0.46 0.50 0 1
Plant type

Run-of-river 0.67 0.47 0 1
Diversion 0.15 0.36 0 1
Storage 0.18 0.38 0 1
Reservoir 0.03 0.18 0 1
Pump 0.02 0.12 0 1
Combined 0.01 0.07 0 1
Other 0.00 0.07 0 1

Length of license (years) 40.36 9.34 2 62
Regional regulatory office

New York 0.35 0.48 0 1
Atlanta 0.12 0.33 0 1
Chicago 0.18 0.38 0 1
San Francisco 0.17 0.38 0 1
Portland 0.18 0.38 0 1

NERC power area

West 0.33 0.47 0 1
Texas 0.00 0.07 0 1
East 0.64 0.48 0 1
Other 0.03 0.16 0 1

Project purpose — power only 0.54 0.50 0 1
Nameplate capacity (kW) 53,759 202,401 7 2,755,000
Maximum dam height (ft) 64.15 92.43 0 730
Average reservoir storage (af) 88,105 321,366 0 5,097,500
Ownership type

Municipal 0.22 0.41 0 1
Private utility 0.32 0.47 0 1
Private non-utility 0.29 0.46 0 1
Industrial 0.14 0.34 0 1
Cooperative 0.03 0.17 0 1
a Note that a single hydroelectric project (as defined and regulated by the Federal Energy Regulatory Commission) can

consist of more than one dam.
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The first set of descriptive variables speak directly to this tradeoff. Run-of-River, Diversion,
Storage, Reservoir, Pump, Combined and Other indicate the mode of operation of a particular
hydroelectric project. Run-of-river is the most environmentally sensitive (and perhaps the least
electrically valuable) method of generating electricity because the river-water, while having to
pass through a man-made dam, is otherwise unconstrained. Diversion, Storage and Reservoir dam
types have bigger environmental footprints than Run-of-River dams, because they not only
generate electricity but also interrupt water-flow by diverting it and/or storing it in a man-made
reservoir, but neither of these are as environmentally harmful as Pump (or, pumped storage) dams,
which not only generate electricity and divert water-flow, but also employ significant ramp-up
and ramp-down rates by pumping water up to a reservoir when electricity demand is smallest, in
order to release it when electricity demand is highest. Highly variable ramping rates, while
enormously useful for maximizing high-priced electricity production, have important
consequences on shoreline erosion, nesting habitat, and other water quality measures.
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Table 2
Determinants of hydropower project transfers 1980–2003

Dependent variable: transfer n=1277

Variable Coefficient Std. Error

Constant −5.473 3.647
Plant Type:

Run-of-River 0.147 0.214
Diversion −0.561⁎⁎⁎ 0.216
Storage 0.213 0.221
Pump 0.784 0.494

Length of license (years) 0.014⁎⁎ 0.006
Regional regulatory office:

New York 0.741⁎⁎⁎ 0.125
Atlanta 0.182 0.170
San Francisco 5.587⁎⁎⁎ 0.505
Portland 5.945⁎⁎⁎ 0.484

NERC power area:

West −0.683⁎⁎ 0.288
East 4.609⁎⁎⁎ 0.416

Project purpose — power only −0.278⁎⁎⁎ 0.102
Nameplate capacity (kW) −0.000 0.000
Maximum dam height (ft) 0.000 0.001
Average reservoir storage (af) −0.000⁎⁎ 0.000
Ownership type

Municipal −0.879⁎⁎⁎ 0.293
Private utility 0.127 0.284
Private non-utility 0.322 0.288
Industrial 0.675⁎⁎ 0.302

Note: Multicollinearity between the two sets of geographic indicators (Regional Regulatory Office and NERC Power
Area) does not appear to be a problem because auxiliary texts show low correlations between the variables and because
when one set of geographic indicators are dropped, the remaining parameter estimates do not change much.
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When FERC issues a hydropower license, it has the discretion to issue it for anywhere from 30
to 50 years. Length of License is a measure of the license duration of a project at the time it is
transferred (or, if it has never been transferred, its official license length). A positively significant
coefficient on this variable in Table 2 indicates that longer licensed dams are transferred more than
shorter licensed ones. If a potential buyer is worried about the licensing process, most likely
because the environmental “footprint” of a dam may make it difficult and contentious, then they
may prefer to buy a dam that has a longer license duration.

All hydroelectric projects licensed by FERC are associated with one of five regional regulatory
offices: New York, Atlanta, Chicago, San Francisco and Portland. Hydroelectric projects have
been built across the country and these variables proxy for geographic region. The environmental
effects/power generation tradeoff is heterogeneous across regions of the country (implying
heterogeneous rates of transfer of asset ownership) because both environmental sensibilities differ
across the nation and because electricity deregulation is proceeding at a non-uniform pace across
the U.S. Currently, there are 24 states (plus the District of Columbia) which have either enacted
enabling legislation or issued a regulatory order to implement electricity deregulation. It is these
states (located primarily in the West and Northeast) where the exercise of market power is of
greatest concern and where hydropower generating assets may be most valuable to generation
companies as they respond to the competitive marketplace and the premium hydropower can offer
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for its unique supply-shifting capabilities. Due to varying levels of electricity deregulation and
environmental activism across the country, we would expect to see significant coefficients for the
regional proxy variables in Table 2 that are associated with the West and the Northeast.

The next set of variables,West, Texas, East and Other are dummy variables indicating whether
the power produced at a dam is transmitted through the Western U.S. power grid, the Texas power
grid, the Eastern U.S. power grid, or some other grid (for example in Alaska or Hawaii). These
power grids are distinct and have limited interconnections with each other. Significant coefficients
in Table 2 could be indicating heterogeneous supply bottlenecks for power per region.

All of the dams in FERC's database are also associated with certain project purposes,
including: power production, flood control, irrigation, navigation, recreation, and water
treatment. Any particular dam can be associated with one, or more, project purposes but we
have included in our empirical section a dummy variable, Power Only, for those dams which are
intended for the purpose of power production only. This will act as a proxy for those dams where
power production is prominent.

A few other physical characteristic variables are included in the table which indicate the size
and power production potential of any dam. Nameplate Capacity is a measure of the available kW
production capacity of a particular project, and indicates the electricity generating potential of a
particular dam. Maximum Dam Height, measured in feet, and Average Reservoir Storage,
measured in acre-feet, are size indicators of the relevant projects, which also tend to imply relative
power production.

Also included in the regression analysis are variables on ownership type of the projects at the
time of transfer. Municipal indicates a non-federal public municipality, Private Utility indicates
ownership by a private utility, Private Non-Utility, indicates ownership by a private generation
company, and Industrial indicates ownership by a private industrial owner. Environmental
pressures tend to be higher on industrial than on non-industrial sources, so we would expect
Industrial to be the most active sellers of hydropower dams.

The results in Table 2 imply that it is smaller dams, the ones with alternative purposes besides
just power production, that are most likely to be transferred. Additionally, geography matters,
with dams located in the West and the Northeast the most likely to be transferred relative to dams
in other regions of the country. Regarding ownership type, the most significant owners in the time
period under study are municipal owners, whose coefficient is negative and so who are least likely
of all the dam owners to transfer their dam assets, and industrial owners, whose coefficient is
positive and so who appear to be the most likely type of dam owner to transfer a hydropower
facility. All of these results reinforce the interpretation that it is the relative tradeoff between the
environmental consequences of large dams and the profitable electric power they produce that is
driving the recorded changes in ownership of nonfederal hydropower assets.

While Table 2 illustrates aggregate ownership patterns, it doesn't identify whether the new
owners are unique or consolidated players in the overall industry. Such information speaks more
directly to our primary concern, consolidation and potential horizontal market power. Fig. 5,
therefore, is a graph of multiple ownership rates in the hydroelectric power industry over time.
Every year, every dam project's owner is coded as a multiple owner if they own more than one
project, or as a single owner if they do not.20 If the number of multiple players were growing, this
would imply increasing consolidation in the industry and perhaps a greater tendency towards
market power. We find, however, that consolidation in the hydroelectricity industry is, if anything,
20 The total number of hydroelectric projects in the dataset is roughly constant over this time period (See “New Dam
Construction”).
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decreasing. This result is consistent with Kamerschen et al.'s (2005) result for the entire U.S.
electricity industry - that since the early 1980s, concentration has been gradually and consistently
falling.21

7. An evolving market

A review of the empirical data from 1980–2003 tells us that ownership of nonfederal
hydropower generating assets is more nimble than traditionally assumed, with almost half of all
dams undergoing an ownership change during that time period. The data also reveal that it is
smaller dams that are most likely to be shed, and from more ancillary owners (i.e. the industrial
owners where electricity generation is often secondary) to pivotal players in the electricity
generation industry (i.e. the nonutility companies). During the time span under study there have
also been two significant spikes in the ownership transfer rate, in 1987 and in 1999, which might
have implied increased consolidation of hydropower assets, but detailed analysis of the data finds
that ownership is, if anything, becoming less consolidated.

An obvious concomitant question to ask is what is driving the trends in hydropower dam
turnover rates that we observe in the data, both in terms of timing (i.e. the spikes in 1987 and
1999) and in terms of type (i.e. the smaller dams). Similar spikes are not apparent in the
generating assets of other fuel types. The Energy Information Administration (2005, 2000, 1999)
documents an up-tick in sales of fossil-fuel based electricity generating assets since late 1997, as
electricity deregulation proceeded across the country, but that increase in divestiture rate has been
a constant trend since 1997, not an isolated spike in 1 year. Similarly, there is no record of any sort
of spike in sales of other electricity generating assets in earlier years, such as 1987. The spikes in
Fig. 3, therefore, are unique to hydropower.
21 Their result, however, is based on sales data, not generation data.
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The most complete explanation for what is behind the spikes in transfers of hydropower
generating assets in 1987 and 1999, is federal-level licensing regulation. Forced state-level
electricity deregulation initiatives might plausibly explain part of the 1999 spike for those regions
of the country that implemented such legislation, but it can not explain the 1987 spike, nor can it
explain why neither spike was not just a regional phenomenon.22 A more consistent explanation
is regulation at the federal level, stemming from changes to the hydropower dam licensing process
that affected all nonfederal hydroelectric dams across the nation.

1987 and 1999 were the two years when the biggest changes to the federal licensing process,
since its inception in 1935, were both formally implemented. In 1986 Congress passed the
Electric Consumers Protection Act (ECPA), the first piece of legislation since 1935 to directly
amend FERC's hydropower licensing mandate.23 The ECPA established an official role for
resource-management agency recommendations in the licensing process, and also modified
FERC's regulatory objective so that it was now required to give “equal consideration to
developmental and environmental values.”24 This legislation changed the expected net benefits to
dam ownership.25 Now environmental concerns and the ability to manage involvement by
environmental resource agencies, became absolutely fundamental to success in the licensing
process.

In the late 1990s, a second major change to the federal licensing process took place. In 1996
FERC issued a Notice of Proposed Rulemaking and held regional workshops across the nation to
seek input on how to, for the first time in its seventy year history, reform the procedural steps
involved in the traditional licensing process. After two years of input and discussion, in 1998
FERC officially introduced what is now called the Alternative Licensing Procedure (ALP) — a
new process for hydropower license applicants which involves extensive pre-negotiation
consultations with the dam owner and environmental interest groups and early environmental
assessments and filings. Essentially, creation of the ALP was another fundamental reform to the
nonfederal hydroelectric dam regulatory process, and a likely shock to the expectations that dam
owners had until then held towards the returns from the licensing process.

That these regulatory changes are a leading cause in the spikes in the transfer rates also
addresses the second empirical fact from the data analysis, which is that it was smaller dams that
tended to be sold. As the expected net benefits to hydropower dam ownership decreased due to an
increasingly complex federal-level regulatory process (which stemmed, ultimately, from
increasing environmental pressures), the smaller, less marginally productive hydropower dams
became less cost-effective to ancillary hydropower owners, such as industrial owners.

8. Hydropower in context

To put the experience of hydropower generating assets in context, it is worthwhile
remembering that hydropower is just one component of the overall electricity industry.
Electricity generation can also come from coal, nuclear power, natural gas, and oil. The ability to
exercise market power in the electricity industry in practice will depend on the total generating
22 The 1987 spike included transfers from 19 different states and the 1999 spike included transfers from 15 different
states, including many which were not active in electricity restructuring.
23 The National Environmental Policy Act, the Endangered Species Act, the Clean Water Act, etc., only indirectly
affected FERC's licensing mandate.
24 Section 4(e) of the FPA as amended by the ECPA.
25 The National Hydropower Association estimates (based on Department of Energy data) that nearly 2/3 of all
hydropower projects lost generating capability in 1986 due to mandatory relicensing requirements.
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Table 3
Top owners of nonfederal hydropower assets 2003

Name Location of
hydropower

Hydorpower
capacity '95
(MW)

Hydropower
capacity '03
(MW)

Total '03
capacity
(MW)

Total as % of '03
statewide generation
capacity√

New York Power Authority ⁎NY 4700 4700 6671 16.67
Pacific Gas & Electric Co. ⁎CA 3677 3703 6573 10.59
Duke Energy Corporation NC, SC 2678 2795 21,079 40.85
California Department of Water

Resources

⁎CA 2442 2441 2441 3.93

Virginia Electric & Power Co. ⁎VA, NC 2386 2387 17,612 33.62
Consumers Energy Company ⁎MI 1757 2108 7781 23.38
Public Utility District (PUD) No. 2

of Grant County

WA 1755 2010 2042 7.42

Public Utility District (PUD) No. 1

of Chelan County

WA 1907 1951 1951 7.09

City of Seattle WA 1693 1799 1799 6.54
Idaho Power Company ⁎OR, ID 2316 1707 1812 11.27
Georgia Power Company GA 1647 1660 20,271 53.87
Alabama Power Company AL 1594 1582 14,259 43.43
Southern California Edison Co. ⁎CA 1123 1174 5073 8.17
Northeast Generation Co. ⁎MA, ⁎CT 0 1157 1479 6.18
Pacificorp ⁎OR, ID, UT ⁎CA,

⁎MT, WA
974 1141 8617 7.36

USGen New England, Inc. ⁎NH, ⁎MA, VT 0 1100 • •
Avista Corporation ID, WA 0 899 1497 4.85
Exelon Generation Co. ⁎PA 0 800 22,922 49.16
Public Utility District (PUD) No. 1

of Douglas County

WA 774 774 774 2.81

Appalachian Power Co. ⁎VA, WV 756 771 7599 18.99

Data sources: Federal Energy Regulatory Commission, HPRA Database.Energy Information Administration, Form EIA-860.
⁎ Indicates states involved in electricity deregulation.
√ If there is more than one state, total '03 capacity is divided into all of the states combined total generation capacity.
° Operates as Dominion Power.
• USGen New England, Inc. filed for chapter 11 bankruptcy in July, 2003, and immediately began putting its assets up for
sale. This makes it difficult to accurately determine 2003 total capacity.
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capacity of any owner. Considering this larger context, Table 3 gives an indication as to whether
the emerging owners of hydropower assets are also large generation players in general or not.

Table 3 lists the top twenty (as ranked by capacity) owners of hydropower assets in 2003, their
hydropower capacity relative to their total 2003 portfolio (as well as to previous 1995 hydropower
capacity), and their capacity as a percentage of statewide generation.26 This information tells us a
number of things. First, it reinforces the earlier conclusion that there is a lack of evidence of
consolidation of hydropower assets in the electricity industry. The total hydropower capacity of
these owners from 1995 (if they existed at all back then) to 2003 hardly changed; most gained or
lost only a fraction of their total hydropower capacity. Second, it highlights the fact that these
owners are indeed significant players in the electricity industry. The New York Power Authority,
for example, in 2003 generated 16.67% of all power within the state of New York; Pacific Gas &
Electric more than 10% of California power, and Exelon Generation almost 50% of Pennsylvania
26 With the caveat that the market for electricity is not necessarily bound at the state level.
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power. These are substantial shares, more than enough to both motivate and enable price-setting
behavior. Granted, statewide generation percentages are not adequate measures of market size, as
they fail to account for transmission capabilities and elasticities of demand (see section on
“Measuring Market Power”), but they still make apparent the larger point that top hydropower
owners are also substantial players in the electricity industry overall. The table also illustrates how
hydropower's share of these owners' total portfolio capacity can be substantial. For half of the
owners listed in Table 3, hydropower accounted for more than 50% of their total 2003 generation
capacity, making it that much easier to manipulate market prices by controlling these unique
supply-shifting assets. Finally, Table 3 highlights the fact that many (12/20) top hydropower
owners have capacity in states undergoing electricity deregulation. Again, while the exercise of
actual market power may or may not be constrained geographically at the state level, it is at least
worth noting that the assets most likely to contribute to the exercise of market power are
frequently located in these areas of greatest concern.

Table 3 documents the top twenty owners of hydropower generating assets, but there are, of
course, many other owners, some of whom may have smaller capacity numbers, but who could
exist in tighter transmission bottlenecks and so have even greater ability to exercise market
power.27 This table, therefore, highlights the importance of hydropower assets to many
contemporary large owners in the electricity industry, and in many of the states currently
undergoing electricity deregulation, but it may be just the tip of the iceberg.

9. Conclusion

In sum, an increasingly complex and uncertain federal-level regulatory environment is steadily
altering the net benefits to nonfederal hydropower dam ownership.28 First to fall victim are the
smaller dams, sold off by the ancillary owners, leading to growth in the number of pure generation
companies entering the game, additionally spurred on by sporadic state-level electricity dereg-
ulation initiatives giving generation companies added incentives to buymore electricity generating
capacity. If the federal-level regulatory licensing process continues to grow in complexity, this
trend is only likely to continue, with more experienced owners buying more dams. So far this does
not appear to be simultaneously leading to consolidation, but there is no reason to assume the
potential market power threat will necessarily remain benign, particularly as hydropower assets
have a significant presence in many top company's overall electricity portfolio, and as hydropower
is frequently located in states involved in electricity deregulation where the threat of the exercise of
market power is most severe. As low electricity prices are fundamental to the long-term health of
any economy, it is worth keeping an eye on both the regulatory environment of hydroelectric
power and any future consolidation trends in the industry.
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