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What is the environmental effect of imposing ambient regulations on hydropower producers? 
 

Motivation and Background 
Hydroelectric power is an attractive alternative for energy generation; it is a flexible source of 
electricity, it has relatively low operational and maintenance costs, and after construction is 
completed, a hydropower project produces no direct waste and has lower levels of 
greenhouse gas emissions than fossil-fuel-powered energy plants. In addition, hydroelectric 
facilities can directly provide social benefits through flood control, storage and release of 
irrigation water, and sustenance of recreational areas. Finally, at least in in the U.S., states that 
generate a large percentage of their electricity from hydroelectric power sources have some of 
the lowest residential electricity prices.1 
 
Today, hydroelectric power is the most widely used form of renewable energy. Recent 
estimates suggest it accounts for 16% of global electricity generation and is expected to 
increase at an annual rate of 3% for the next 25 years (Worldwatch Institute, 2013).2 Within 
the hydropower industry, small and micro-hydropower (plants with an installed capacity of up 
to 10 MW and 100 KW, respectively) has been postulated as an effective tool to meet 
renewable energy targets and provide energy to remote, rural communities.3 Small-scale, well-
sited, run-of-river hydropower projects can be developed with minimal environmental impacts 
and are therefore likely to become increasingly important instruments in the development, 
energy and environmental debate (the perfect ménage à trois).4 
 
Energy security, economic growth and environmental conservation are pressing issues for 
policy-makers all over the world. Very often, there are tradeoffs in meeting all three 
objectives. In the context of hydroelectric power generation, the further damming and 
development of rivers can generate more and cleaner power and sustain new economic 
activity but at the cost of permanently impacting the visual landscape, interrupting natural 
river flow and harming aquatic resources and local ecosystems.5  

                                                           
1
 EIA data from 1990 to 2010 show that Idaho and Washington had the lowest prices of residential 

electricity in the U.S., hydroelectric power accounted for 76% and 66% of their total energy production, 
respectively (Institute for Energy Research, 2014). 
2
 In the U.S., hydroelectric power is the second most significant source of renewable energy. It accounts 
for almost 8% of the country’s electricity. Also, relative to other renewable sources, it is highly efficient, 
generating over 50% more electricity than all other renewable energy sources combined (Institute for 
Energy Research, 2014). 
3
 Although well-sited, small-scale, run-of river hydropower development projects can be designed to 

have minimal environmental impact, their popularity is in part based on the fact that they are exempt 
from costly regulations that apply to larger projects. 
4
 There are two main types of hydropower plants (ignoring pumped storage facilities): Run-of-river 

(ROR) and peaking plants. ROR plants typically have limited water storage capability and electricity 
generation is therefore proportional to natural stream flow and varies little during the day. Peaking 
plants, on the other hand, often have significant water storage capacity and are designed to maximize 
flow through the turbines by rapidly change water releases during periods of high demand.  
5 The building of dams and impoundments often involves displacing people and wildlife. Once 

construction is complete, the operational flexibility of hydroelectric power plants means they rapidly 
and frequently alter in-stream flow rates, pool levels, water temperatures, and change the chemical and 
physical composition of water released from the facility. The artificially volatile flow fluctuations can 
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To mitigate negative environmental impacts caused by existing hydroelectric power plants, 
direct restrictions on hydropower operations are often imposed. Although environmental 
constraints on minimum flows, ramping rates and hours of operation protect river ecosystems 
and favor consumers of ecosystem services, they also inflict additional costs to hydropower 
producers. 
 
In general, the imposition of environmental constraints reduces the value of a river to power 
producer by increasing operation and licensing (or relicensing) costs.6 An increase in costs may 
be sufficient to encourage a shift towards dirtier sources of power and to discourage private 
investment on costly environmentally friendly technologies. Thus, it is possible that well-
intended environmental constraints may actually have an overall negative impact on the 
environment via reduced air quality from increased use of dirtier sources of power and 
unrealized prevention of further environmental damages. 
 
It is evident from this short discussion that to adequately study the environmental impacts of 
ambient regulations on hydropower generation, one must take into consideration the direct 
benefits to natural habitats and users of ecosystem services as well as the indirect costs that 
result from changes in producer behavior after an increase in operation and relicensing costs. 
 
Answering the Question 
To answer the question of measuring the net benefit of environmental constraints on the 
hydropower industry, it will be adequate to consider two independent questions: 
 

1. How do environmental regulations affect behavior of hydropower producers?   
2. What is the net environmental impact of improved river ecosystems after accounting 

for behavioral changes of hydropower producers and how can it be measured? 
 

Literature Review 
The following literature review is organized in two general sections that intend to shed light on 
the approaches used to answer the two questions listed above. The first section explores the 
theoretical framework used to model a power plant’s problem to account for environmental 
externalities. The second section is concerned with findings and methodologies used in the 
economics literature to measure the total economic value ecosystem goods and services. The 
latter section is further divided into the revealed preferences literature, and the use stated 
preference literature. 
 
After the literature review, I will present in detail a case study in which to test the theoretical 
hypothesis of negative net environmental impacts of ambient regulations. The description of 
the application will be followed by a theoretical representation of the scenario and the 
identification of relevant comparative statics. Then I will include a section that identifies and 
classifies the data requirements for the completion of the empirical study. The section 
following the data discussion is a short exploration of econometric methods that can be used 
to estimate the relations of interest. Finally, I will conclude this project with some new ideas 
for further research that appeared during the development of this project. 

 

                                                                                                                                                                          
affect beach and bank erosion as well as structure formations, which can affect shore areas that provide 
critical habitat for wildlife. 
6 For example, in a study of the Glen Canyon Dam on the Colorado River, Harpman (1999) found a 

reduction of 8.8% in the short-run economic value of the hydroelectricity generated at the dam after the 
imposition of new flow regulations in 1996. 
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(1) Hydropower Generation Under Environmental Constraints: Constructing the Correct 
Optimization Model  

Environmental constraints reduce operational flexibility of hydropower facilities, reducing the 
economic value of the water body for the power manager. Sometimes, the costs imposed on 
power operators are be substantial.7 Faced with increased costs, the power producer has new 
incentives to change its modus operandi: the producer may look for alternative technological 
innovations to stay profitable, delay adoption or repair of physical capital, limit private 
investment in environmentally-friendly technologies that are of secondary importance for the 
power production objective, limit hydropower generation and switch to alternative sources of 
power, or shut the plant down altogether.  
 
Given the nature of the problem, it is not surprising to find that a bulky share of the literature 
studying producer behavior is in fact comprised by engineering studies. Although the 
engineering question is not the focal point of this research, the optimization methods used in 
the discipline offer a useful framework to model the position of the power plant manager. 
Therefore, I will briefly mention some relevant design practices from this literature. 

 
The common approach in the water resource literature to study producers’ responses to newly 
imposed environmental constraints, is to model the producer’s problem as a dynamic decision. 
It is normally framed as constrained profit maximization or cost minimization problem, where 
the constraint reflects the pertinent environmental requirements. The general finding from 
this literature is that there are unintended consequences of environmental constraints as 
operators do respond to regulations by changing their mix of production and market actions. 
For instance, Edwards et al. (1999) find that operators try to mitigate increases in costs after 
the imposition of environmental regulations by relying more heavily on replacement power 
during on-peak periods (when power is more expensive) than they otherwise would.8  
 
In a comprehensive study, Olivares (2008) incorporates into the modeling the adoption of 
innovative technologies as an option for mitigating increase in costs that comes from newly 
imposed regulations. The results show that companies can find it lucrative to invest in costly 
technologies in order to offset the costs from environmental regulations. Additionally, the 
author highlights the need in the water resource literature to appropriately represent energy 
prices in planning models. Thus, an interesting option to contribute to this literature is to 
incorporate insights from actual price data into the design of a dynamic optimization problem. 
Additionally, given that there may be spillover effects of environmental constraints on 
untargeted areas of hydropower operation, this model can be further improved if it 
incorporates technology innovation into the producer’s problem, either as an input variable or 
as a separate decision. 
 

(2) Measuring Total Economic Value of Ecosystem Goods and Services  
There are multiple final uses to a single river; commercial fisheries maintenance, provision of 
irrigation water, recreational use, aesthetic concerns, protection of endangered species, and 
conservation of tribal/cultural traditions. The overall change in social welfare from regulating 

                                                           
7
 For example, in Sweden for example, operational changes involving production losses up to 5% are 

enforced without compensation to the operators (Olivares, 2008).  
8
 Replacement power is fossil-fuel-generated energy purchased for resale. Replacement power is 

purchased in spot markets. 
“On-peak periods” are those when electricity demand, or “load”, is highest—when people are awake 
and when industry and businesses are operating. The on-peak period is defined as the hours from 7:00 
to 23:00, Monday through Saturday. All other hours are considered to be off-peak. 
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hydropower activity largely depends on how many of these activities are imperiled by a 
particular facility and how their value is defined and measured.  
 
Perhaps unsurprisingly, conducting economic valuation of environmental impacts is difficult, 
expensive and time-consuming (Hanley et al., 2006). Furthermore, the tool of analysis that is 
favored by political agencies, the familiar Cost-Benefit Analysis, takes years to conduct and 
remains largely unable to monetize potential impacts—particularly in the face of long time 
horizons and uncertainty.  
 
Given the limitations and controversy over using CBA as an auxiliary tool for environmental 
policy, economic researchers have had to develop creative valuation methods to measure the 
Total Economic Value (TEV) of an environmental initiative.  The TEV framework provides a 
guide for identifying factors and attributes that are relevant for evaluating and assessing 
environmental policy. 
 
There are two main components of total economic value: use values and non-use values. Use 
values can be direct, like increased employment or revenues from increased operation of 
hydropower plants or projected net revenues, or indirect, such as loss of biodiversity and 
changes in recreational services like fishing, canoeing and kayaking. Alternatively, non-use 
values are largely defined by ethical, cultural and psychological considerations that are often 
unobserved. Non-use values are derived from a passive enjoyment of ecosystem goods and 
services that might provide scenic beauty and other aesthetic values. Non-use values include 
legacy values, existence values, option values and altruistic values. 
 
To infer and monetize use and non-use values, researchers have a choice between revealed 
preference methods or stated preference methods. Revealed preference techniques draws on 
prices in markets related to the good under evaluation; for example using econometric 
techniques, economists find that home prices might reflect the value of local environmental 
attributes. Types of revealed preference methods include production function, conservation or 
recovery cost, hedonic pricing, and travel-costs methods. Conversely, stated preference 
methods seek to elicit willingness-to-pay values from respondents of a form of survey. The 
more popular formats of survey-based methods are contingent valuation, choice-experiments, 
and contingent ranking or conjoint analyses (                            ). 
 
Revealed preference data is generally more readily available because it utilizes actual market 
data and information from observed behavior. However, it is does not inform the researcher 
on any of the non-use values. To elicit these values, it is necessary to rely on stated preference 
methods. Although the history of research in alternative stated methods is longer for the 
contingent valuation (CV) techniques, in recent years, the use of choice experiments (CE) has 
grown in popularity, particularly in the water-management literature. A third technique that is 
closely related to both CV and CE is contingent ranking (CR)—yet, CR is rarely used. 
 
What remains of this literature review presents the findings from valuation studies in the 
water-management context, whether the estimation of economic value is done through 
revealed or stated preference methods. 
 
Measuring TEV in a hydropower context 
Revealed Preferences Methods 
Dam removal is controversial and river restoration efforts are generally expensive. Thus, 
various studies have addressed the issue of obtaining credible estimates of the alleged benefits 
of improving river conditions. In their study of hydropower dams on the Kennebec River in 
Maine, Lewis et al. (2008) examine the effect of presence and removal of various dams using 
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hedonic pricing techniques.9 The authors estimate the economic value of improved river 
ecology by deriving relative change in consumer’s marginal willingness-to-pay to be near or far 
from a dam site. They conclude that dam removal was valuable in the magnitude of relative 
changes in house values near the river. 
 
Travel-cost models are a common valuation method in the agricultural and environmental 
economics literature. In a different study of dam removal, Loomis (2002) uses this method to 
estimate the economic value of dam removal and river restoration at the Lower Snake River in 
Washington. The author finds that the economic benefit of restoration efforts was just 16% 
less than the economic cost of removing the dams.  
 
In their study of the relicensing of dams in the Michigan, Kotchen et al. (2006) use a random-
utility travel cost model of recreational fishing and approximations of greenhouse gas 
emissions to find that the social benefits of changing flow conditions from peak-flow to run-of-
river flow more than doubled the producer costs. Their work is of particular interest as they 
integrate ecological and economic analyses to translate riverine ecosystem functions into an 
ecosystem service value, which is how they estimate recreational fishing benefits. For the 
purpose of this project it will be helpful to closely follow this research project as a template for 
analyzing hydroelectric dam relicensing. 
 
Stated Choice methods 
Contingent valuation is perhaps the most commonly known stated preference technique used 
in the estimation of values of ecological changes in river quality. A technique that is closely-
related to it is contingent ranking.10 Yet, choice experiments are an increasingly popular 
valuation technique to study improvements in river ecology.11  
 
The list of CE researchers continues to expand as the method gains popularity and credibility. 
In a study advocating the external validity of CE, Hanley et al. (2006) test the methodology’s 
suitability for benefits transfer by comparing two similar rivers.12 The authors conclude that 
choice experiments are an attractive policy tool for setting up regional benefits transfer 

                                                           
9 The hedonic property value method uses market transactions to estimate the marginal prices of the 

various attributes of housing choice, including environmental quality. While there are limitations with 
hedonic models, they are useful in determining whether environmental variables are reflected in the 
housing market.  
10 In a contingent ranking (CR) study, respondents are asked to rank or rate a series of “product 
profiles”, a spectrum of possible variations of the same product with specific attribute levels. The 
expressed trade-offs between respondents are used to estimate the marginal utility of each attribute. 
While CR methods are attractive as they avoid explicit elicitation of WTP from respondents (as is the 
case in CV studies), the process of ranking is complicated and imposes a significant cognitive burden on 
respondents. In fact, some evidence suggests that ranked data are unreliable (Georgiou et al., 2006). 
11

 Choice experiments are becoming a popular means of environmental valuation (Hanley et al. 2006). 
The technique involves eliciting responses from individuals in constructed, hypothetical markets; it is 
based on random utility theory and the characteristics theory of value: it parts from the assumption that 
environmental goods are valued in terms of their attributes. By making one of these attributes a price or 
cost term, the application of probabilistic models to choices between different bundles of attributes 
allows marginal utility estimates to be converted into willingness-to-pay measures for changes in 
attribute levels, and welfare measures corresponding to different combinations of attribute changes. 
12 Benefits transfer is the process of taking estimates from one context and adjusting and applying them 

to another. Given that valuation exercises are expensive and time consuming, it is unlikely to find 
funding for original valuation studies for every desired project. Thus, benefits transfer is an important 
resource for researchers and regulators. 
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systems since they can incorporate variations in both environmental quality and socio-
economic features across sites. 
 
Given the recent explosion in published environmental research using CE and their potential to 
be used for the development of benefit transfer systems, I will devote the remainder of this 
literature review to the presentation of studies that focus on this methodology. I will focus on 
studies that specifically deal with the problem of tradeoffs between hydropower objectives 
and environmental quality.  
 
The Use of CE in the context of tradeoffs between Hydropower and Environmental Services  
Hydropower offers a partial solution to the problem of reducing greenhouse gas emissions 
whilst meeting energy needs. However, there are additional costs (and benefits) that arise 
from such projects. In the context of renewable energy sources, Bergmann et al. (2006) use 
choice experiments to estimate welfare changes from externalities associated with various 
renewable energy investments in Scotland. The results suggest significant landscape impacts 
only for rural households and only for projects that have a high impact (households show no 
WTP to reduce landscape impacts if projects were designed to have moderate or low effects 
on the landscape). Maintaining wildlife habitat and avoiding air pollution are also significant 
for all households.13  
 
In a study that implicitly addresses preferences for regulation of hydropower operations, 
Mitesh (2009) uses choice experiments to estimate how Swedish households value river 
improvements under hydropower regulation. The objective of this study is to identify whether 
Swedish households are willing to pay higher electricity prices to obtain energy from “cleaner” 
sources: sources with reduced negative environmental impacts.14 The study finds that Swedish 
households preferred environmental improvements (measured by improved fish stock, bird 
habitat, invertebrate biodiversity and composition and extent of vegetation along the river 
shore) when the cost of remedial measures is low.15  
 
Future Steps 
Hydroelectric power generation is an attractive alternative for meeting increased energy 
demands generation and renewable energy target. However, the damming and development 
of rivers interrupts natural river flow and harms aquatic resources and local ecosystems. Even 
after construction is complete, the operational flexibility of hydroelectric power plants means 
they can affect shore areas that provide critical habitat for wildlife and economic activity. 
Policy-makers concerned with mitigating negative environmental effects from water 
management projects tend to regulate operators through the costly imposition of 
environmental constraints. These constraints may be costly enough to incentivize energy 
producers to engage in less environmentally desirable practices. Thus, it is possible that well-

                                                           
13

 The interaction of these two findings may have important implications for implementing biomass 
projects. Biomass for use in energy production is thought to create greater biodiversity on farmland and 
to have additional benefits from carbon sequestration. However, the burning of biomass for power will 
harm air quality. 
14

 Swedish households are an interesting group to examine. By law, electricity suppliers in Sweden must 
inform consumers of the source of the electricity being delivered. Thus, environmentally conscious 
consumers can discriminate among electricity sources and directly determine the aggregate demand for 
energy from different sources. 
15

 There are around 1900 hydroelectric power stations in Sweden of which 700 have a productive 
capacity above 1.5 MW (they are large-scale plants). Furthermore, about 50% of the electricity 
produced in Sweden comes from hydropower generation (Hovsenius, 2002). Thus, the energy sector in 
Sweden as a whole is sensitive to changes in policies that affect the operation of hydropower stations. 
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intended environmental policies end with overall negative impacts for natural habitats and 
ecosystems.  
 
In this literature review, the methods and findings relevant for the design and application of a 
study measuring effects of environmental regulations on the production costs of hydropower 
and identifying the economic value of threatened or endangered aquatic species are 
summarized. Various broad themes within the water management literature (from engineering 
design, to ecology, to public policy) were carefully explored in this document.  
 
Key points indicate there are opportunities to contribute to the non-market valuation 
literature. For instance, not much work (if any) has been done in the valuation of rare species 
that are not yet officially listed as endangered. To get at the valuation of these species, data 
can be pooled from in situ surveys and choice experiments to mitigate the problem of 
endogenous stratification (Hynes and Hanley, 2006). Additionally, the use of CE can be 
designed to set up a regional benefits transfer mechanism (Hanley et al., 2006). Finally, a key 
issue in assessing values for environmental protection with stated preference techniques is the 
identification of the relevant population base (Rolfe and Windle, 2012). A novel approach to 
measuring the economic value of protecting charismatic or special species that would allow 
me to circumvent the problem of demographic and spatial heterogeneity in the distribution of 
impacts from environmental preservation or restoration is to combine stated preference 
methods and spatial demand models. 
 

Empirical Study: The Case Study of Change in Costs on Hydropower Operators in the 
Shenandoah River by Imposition of Environmental Regulations to Protect American Eels  

Hydropower dam operation in the Shenandoah River is regulated to reduce turbine-related 
mortality of adult American eels that migrate towards the Atlantic Ocean. For certain dams 
owned by LS Power Group, an energy company, the Federal Energy Regulatory Commission’s 
(FERC) relicensing conditions prescribe a shutdown of turbines from September 15 to 
December 15 during the hours between dusk and dawn (when the Eels are believed to be 
moving).  
 
Power companies generating along the Shenandoah River maximize the value of power by 
optimizing across multiple actions: they can store water when electricity demand is low and 
release water through the turbines when demand is high; they may buy and sell energy in spot 
markets;  or, if a company owns other generating facilities powered by fossil-fuels, the 
operator can strategically choose its energy-generation activities to take advantage of existing 
institutional arrangements such as Renewable Energy Certificates (REC).16 
 
The cost to power companies from environmental regulations restricting hours of operation to 
protect the American Eel come in multiple flavors. There are unavoidable costs which can be 
divided into the direct costs of changing turbine operation from on to off (such as additional 
labor costs and depreciation of the structure) and the costs of forgone power production (such 

                                                           
16

 RECs are artificially created tradable commodities that represent proof that 1000 kilowatt-hours (or 1 
megawatt-hour) of electricity placed on the grid was generated from an eligible renewable energy 
resource (such as low-impact hydropower, wind, biomass and geothermal). The owner of a REC can 
claim to have purchased renewable energy; yet, the owner of the REC is not necessarily the consumer of 
the electricity associated with that REC. There are two main markets for RECs in the U.S., voluntary and 
compliance markets. Voluntary markets are ones where consumers purchase renewable power to 
match their preferences for green energy over fuel-generated energy. In turn, compliance markets are 
used to meet requirements under a state Renewable Portfolio Standard (RPS). An RPS forces energy 
suppliers to produce a specific fraction of their electricity from renewable sources. The supply 
companies must present their RECs to an agent to demonstrate their compliance with their obligation. 
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as lower electricity revenues and lower REC-revenues).17 Additionally, there are potential costs 
to the power plants that will realize if federal efforts to recover the eel population fail. If the 
environmental regulations are inadequate, the American Eel is likely to become listed as an 
endangered species which would potentially trigger additional costs in the form of 
environmental requirements to remain licensed.18 Under this scenario, it may be optimal for 
power companies to invest in protective technologies such as fish-friendly turbines, bar racks, 
lights or trap and transport mechanisms to reduce the chance of the species becoming listed.  
 
The motivating research question of this project can be tailored to meet the scenario 
presented above: What are the net environmental effects of imposing conservation policies 
seeking to protect populations of American Eels in the Shenandoah River? How can these 
effects be measured? 
 
To answer this question, an empirical study would have to resolve the following unknowns: 

1. Does placing a limit on the hours of operation of a hydropower producer influence the 
company’s generation of fossil-fuel-powered energy? If so, what is the impact of the 
shift in power-generating activities on air quality? 

2. Does the same policy encourage (or discourage) adoption of fish-friendly technologies 
at hydropower facilities? If so, to what extent do these technologies prevent (fail to 
prevent) eel mortality?19 

3. What is the net benefit of the policy in terms of reduced eel mortality? 
 

Theoretical Model: A Production Problem 
Consider a power producer that uses hydraulic and thermal capacity jointly to meet deliveries 
of energy is specified long-term contracts (qT and qH). The producer chooses to generate power 
to supply peak periods and off-peak periods of electricity demand (qP and qo). Additionally, the 
power company can purchase replacement power for resale in sport markets (qspot). Absent 
any restriction, a cost minimization objective encourages the hydropower operator to 
purchase power for resale during off-peak periods (when electricity price is low) and 
concentrate energy generation in the peak-periods. Notice that, by the very nature of run-of-
river facilities, the cost of producing hydroelectricity does not vary between peak and off-peak 
periods. Additionally, companies can make investments (alter their input mix) to expand 
capacity, reach efficiency or reduce environmental impacts. Hence, output levels depend on 
the choice of inputs and these two are related through a production technology.  
 
The general cost function of the producer is depends on output and input levels. Thus, cost 
terms are read as c=c(qi(x)), where x is a vector of inputs and includes abatement technologies. 

 
Now introduce two policy instruments into the model: the Renewable Portfolio Standard and 
the Renewable Energy Certificates system. Under the RPS the producer must present enough 
RECs to the regulatory agency to certify legality of its thermal operations. However, as a low-
impact hydropower generator, the energy producer is eligible for RECs.20 The producer can 

                                                           
17

 A small, run-of-river hydroelectric power plant may not be a significant source of revenue for a power 
provider; however, since low-impact hydropower generators are eligible to receive 1 REC per 1 MWh of 
electricity produced, it may be beneficial for the power provider to maintain the facility in operation 
when there are profitable uses for those RECs. For instance, the energy provider may choose to increase 
activity in a more profitable coal-fueled plant or may be able to sell those RECs at an attractive margin. 
18

 This potential cost appears imminent based on recent biological studies of eel migration (Eyler, 2014). 
19

 Other possible metrics to use for measuring success of preventive policies/efforts are changes in the 
likelihood of long term population survival or changes in the likelihood of extinction. 
20

 Low impact hydropower refers to small run-of-river facilities, not large projects requiring large dams 
and reservoirs, or affecting river flows adversely. 
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transfer those RECs to meet RPS requirements at its thermal facilities or he can sell those RECs 
in the compliance and voluntary markets. 
 
The next step is to add the environmental damages into the problem. Assume the power 
producer generates environmental damage via air pollution from thermal-powered energy 
generation and by harming migratory fish populations. Describe the externalities generating 
function as ε=μqH(x)+ ρqT(x), where μ is a rate of eel mortality and ρ is a rate of air pollution.  
Notice the externality generating function does not depend on whether energy was produced 
during peak or off-peak periods. Keep in mind there is a fish-friendly input, xj, and increases of 
this input lead to reductions in μqH(x). Thus, μqH(x) is decreasing in xj. 
 
Finally, add the environmental constraint that limits hours of operation to protect downstream 
migratory eels. Identify a maximum level of hydropower-generated energy that can be 
produced by a power plant daily. The constraint limits daily energy production to be less or 
equal to half of that maximum level. 
 
Now that all the pieces of the competitive model are ready, the producer’s profit maximization 
problem can be expressed as follows: 
 

For the sake of simplicity I have expressed costs as a linear function of output; however, they 
are general functions of output levels and the technologies used by the power plant. 

Something of the form   
 
   

 
      

 
Use Facts to Simplify the Problem 
The hydropower plants that will be analyzed in the empirical study are situated in the states of 
Virginia and West Virginia. These states do not have an RPS (however, they have renewable 
portfolio goals). Absent a RPS requirement or a compliance market, produced RECs are likely 
to be sold in voluntary markets rather than used to ramp up electricity production at fuel-
powered generating facilities.  
 
Also, based on other dams’ experience with various fish-friendly technologies, it seems these 
methods are not cost-effective. Experts of eel migration and implementation of eel-aiding 
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technologies suggest power companies are not likely to consider alternative methods like 
lights, bar racks, or trap and transport mechanisms due to their expense and uncertain 
performance. Thus, for modeling purposes, the cost of the abatement input is so high that it is 
modeled as a corner solution. 
 
The problem can be simplified as follows: 
 

 
 
Comparative Statics 
The relation of interest is the following: 
 

 
 
 
Assuming qH*= qH*(xj=0), the relation becomes: 
 

 
 
The first term in the first comparative static is negative. Also, the pollution parameter is 
presumable positive. Thus, we are really just interested in the sign of the second term: 
 

 
 
Once the signs of these relations are established, the task is to measure the economic value of 
the overall environmental impact of the limited-hours-of operation policy. The total economic 
value will have two components: the value of reduced eel mortality, which is purely a non-use 
value, and the value of increased/reduced air pollution. 

 
 Estimating Methods 
The analysis will consider three categories of costs and benefits related to the change in 
turbine operation schedule: (1) energy production costs, (2) air quality costs, and (3) ecological 
conservation benefits. 
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The first step is to develop a model to estimate the costs of replacement power that the 
electric utility must generate to compensate for the change in hydropower production at the 
dams. The model can also account for forgone REC-revenue. 
 
Change in air quality 
The second step is to determine emission rates for thermal generation by fuel sources used in 
other power generating facilities owned/operated by LS Power Group (mostly natural gas). 
These parameters can be obtained from other studies. For instance, Kotchen et al. (2006) use 
1996 data from an engineering firm. For natural gas, they report emissions of carbon dioxide, 
lead, mercury, methane, nitrogen oxides, nitrous oxide, particulates and sulfur dioxide are 
reported in tons per MWh of generation.  
 
The next step is to determine the company’s use of natural gas for thermal generation. I would 
ideally collect historical data from LS Power directly. With this data, I will compute total annual 
BTUs from natural gas. Using total energy generation and the emission rate I will have an 
estimate of annual pollution. 
 
Then, I will find the difference in annual pollution between years before and after the policy 
was implemented (the turbine shutdown policy was put in place in 1995). This difference will 
be regressed on pertinent controls such as regional income, overall financial situation of the 
power company and stochastic weather variables (hydropower plants do not operate when 
flow levels are too low or too high, thus possibly affecting whether or not the power producer 
chose to increase energy production at the thermal stations). 
 
The final step for calculating the benefits/costs of the change in emissions is to quantify the 
marginal damage of each pollutant. 
  
Change in mortality rates or likelihood of long-term survival of the American Eel 
The last component of this study is the estimation of ecological conservation benefits 
associated with the policy-induced reduction of eel mortality. This step will likely be the most 
problematic part of the study. 
 
I only observe ex-post data on eel mortality. 
It will be difficult to estimate mortality rates (or likelihood of long-term survival) absent the 
turbine-shutdown policy. Also, it will also be difficult to estimate the value of a decrease in 
mortality rates. 
I will have to construct a counterfactual from the observed data and use it to estimate the 
change in mortality rates. 
Because the only agency actually worried about the survival of the eel is the U.S. Fish and 
Wildlife Service, I think it would be possible to estimate the reduction in mortality rates by 
transforming that into a reduction in possibility of extinction over a certain period of time and 
therefore a reduction in the possibility of the fish becoming listed as endangered or 
threatened under the ESA. 
If the eel were to be listed as endangered, the power company would have to undergo 
substantial increases in relicensing costs. Therefore, the value of the reduction in mortality 
would be derived from the reduction in the probability of relicensing costs increasing due to 
the listing of the eel. 
 
Estimating the value of net environmental impact of the turbine-shutdown policy 
Once I have retrieved estimates of changes in air quality and eel mortality rates, I can take a 
benefits transfer approach or directly conduct a stated preference study to determine the 
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marginal willingness-to-pay for improved air quality and for eel conservation. Having these two 
MWTPs, I can infer the net environmental impact of the turbine-shutdown policy. 
 
Given that valuation exercises are expensive and time consuming, it is unlikely to find funding 
for original valuation studies for every desired project. Thus, it is likely that I have to take 
estimates from another context, adjust and apply them to context of LS Power and the 
American Eel in the Shenandoah River. 
 
Estimates of the marginal damage costs of conventional pollutants and GHG emissions can be 
found in the literature on the environmental costs of electricity generation and the literature 
on the economics of climate change.  
 

Data 
The empirical part of this project will be based on at least two important datasets: one with 
data relevant to the hydropower operator and another one with ecological data. The dataset 
with information on hydropower will be used to estimate changes in air pollution from the 
power company’s responses to the limited-hours-of-hydropower-operation policy. In turn, the 
dataset with ecological information will be used to estimate changes in mortality rates after 
the turbine shutdown requirement is in place and to calculate the chance of the eel becoming 
listed as an endangered species under the Endangered Species Act.   
 
Power-Producer Data 
To identify whether or not the constraint on hours of operation caused a shift of thermal 
electricity from off-peak to peak times of day I will need to find information about the 
company’s other facilities. 
 
The company compromised in this study, LS Power Group, mainly develops, owns or operates 
hydroelectric, solar and natural gas facilities. Therefore, to measure the air quality 
benefits/costs that arise from the change in the profile of thermal electricity production I will 
have to examine changes in the burning of natural gas. 
 
A consequence of the change in the mix of power-generating sources is change in air pollution 
and greenhouse-gas emissions. I will consider conventional pollutants (nitrogen oxides, 
particulates, sulfur dioxide, lead or mercury) and GHGs (carbon dioxide, methane, or nitrous 
oxide). After quantifying changes in emissions, I will apply benefit transfer methodology to 
estimate the social benefits. 
 

For a thorough work, I will also need historical data by facility on energy production, 
technological upgrades, and turbine shutdowns. Price data of electricity, RECs and fish-friendly 
technologies may come in handy. Possible data sources include the U.S. Energy Information 
Administration, the Federal Energy Regulatory Commission, the U.S. Environmental Protection 
Agency, the National Renewable Energy Laboratory, the Interstate Renewable Energy Council, 
and (ideally) the private records of LS Power Group. 
 
Biophysical Data 
I have a dataset from which to model eel movement and turbine-related rates of mortality. 
Also, this dataset allows me to compare tracking records with historical behavior of the power 
producer. Finally, from this data I can derive a predictive ecological model for the Shenandoah 
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River System to estimate the chance of the American Eel becoming listed as an endangered 
species.21 
 
Regarding the data on eel behavior, I have daily data from a study tracking the downstream 
migration of 102 eels in the Shenandoah River System.22 The eels were electro-fished, radio-
tagged and released back into the system. Between the fall of 2007 and 2010, five dams were 
equipped with radio telemetry monitoring systems to determine the time of arrival, passage 
and, when applicable, death of eels at each dam. The technology also allowed the biologists to 
determine the method of passage: swimming through the turbines or slithering over the 
spillway. The stations compromised in the study are the following: Shenandoah (860 kW) and 
Newport (860 kW) in Shenandoah, Va.; Luray (1.6 MW) in Luray, Va.; Warren (750 kW) in Front 
Royal, Va.; and Millville (2.4 MW) in Millville, W. Va. 
 
With this dataset, I observe tagging dates and locations, dates in which each eel passed a dam, 
station passed, time of passage, method of passage and whether the passage was successful or 
not. I also observe color of the eel at each date, which allows me to differentiate between 
young and silver eels. The period of time contemplated is October, 2007 to October, 2010. 
 
The complementary environmental data includes information from the USGS gauge at the 
Luray Station and the Astronomical Applications Department. I have daily data on water 
temperature, total and relative water discharge and lunar phase. 
 

Plan B: if and when it all fails 
Change setting: 
The results of hydroelectric development are generally unique to specific projects. Landscape 
destruction and impacts on riparian habitats tend to differ depending on the types of 
landforms involved, which are highly idiosyncratic. The scope of the contemplated empirical 
study is very restricted; yet, the scenario can be easily modified to represent the situation of 
other power companies operating in other rivers and facing other forms of regulation on their 
hydropower generating activities. However, it is important to keep in mind that whatever 
study is done regarding impacts of hydropower development on riparian habitats will likely 
depend on the availability of independent biological and ecological research projects, mostly 
due to the fact that there is no other source of data. In general, there is a lack of interest in 
pursuing costly follow-up studies and monitoring programs downstream of the project 
because these areas are often out of the jurisdiction of the agency responsible for the project.  
 
Aggregate up: 
It would be interesting, and perhaps a messy task, to conduct a more aggregated study of 
environmental impacts from hydropower regulation by examining regional changes in 
environmental conditions since the enactment of the Electric Consumers’ Protection Act in 
1986.23 

                                                           
21

 The Shenandoah River System will be defined as the stretch of the Shenandoah River extending 
before the Shenandoah Dam on the South Fork Shenandoah, VA., and the Millville Dam in Millville, W. 
VA. The Millville Dam is the last dam before the confluence of the Shenandoah and the Potomac rivers. 
The distance covered between the first and the fifth dam in the defined stretch is roughly 195 km. 
22

 The data comes from a 2014 study conducted by Sheila Eyler at West Virginia University for the 
Division of Forestry and Natural Resources in Morganstown, West Virginia. Dr. Eyler is also a leader 
biologist at the Mid-Atlantic Fishery Resources Office of the USFWS. 
23

 The Electric Consumers’ Protection Act (ECPA) was introduced as a legal amendment to the existing 
Federal Power Act. It was intended to balance out the power development and river preservations 
objectives. The act contained provisions requiring the FERC to consider the non-market values of 
environmental goods and services when making hydroelectric licensing fees decisions. Another 
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Another option to conduct a more aggregate study is using data from the Bureau of 
Reclamation. The Bureau of Reclamation conducts projects designed to develop water 
resources in compliance with federal mandates, and the agency participates in riparian habitat 
and species-management programs.  
The Bureau of Reclamation is the second largest producer of hydropower in the U.S. with 58 
hydroelectric power plants producing on average 44 billion KWh annually between 1998 and 
2008. There may be useful available data on power plants in the West of the U.S. The West is 
divided into 5 regions: Pacific Northwest, Mid-Pacific, Lower Colorado, Upper Colorado and 
Great Plains. I am skeptical of the actual data publicly available. But there appears to be some 
data on generation and production costs (from operation, maintenance, and general 
functionality activities). 
 
Another interesting question to explore is how the introduction of RPS and RECs has impacted 
air quality and whether the impact is different for states with an RPS and those without one.24  
Also, there may be a relation between the price of RECs and overall air quality. I can start the 
search for price data on RECs at the U.S. Department of Energy. 
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