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Introduction

In 151 countries around the world, electricity is generated at hydropower dams, and 87 countries derive 50% or more of their power from this source
.  Whether the dams are privately owned or operated by public agencies, rather universally, the water resources that are developed for this purpose are regarded as a public asset.  As a consequence, there is an increasing global trend to require that hydropower facilities provide public benefits, beyond simply serving particular customers and generating revenues for particular investors.  At a minimum, national laws and policies generally require hydropower facilities to mitigate the adverse environmental effects on the river.  In other cases, there is a larger responsibility imposed to make the facility “footprint neutral” through off-site compensatory measures.  In other cases, the obligation goes to sharing the revenue benefits of hydropower generation.  In effect, the use of the water to generate power is “taxed”, and the tax revenue is utilized to provide an array of social services.  Finally, in a few cases, hydropower facilities have been required to improve the management of the downstream floodplain by, for example, enhancing wetlands systems that also act as flood retention basins.  Some notable examples are discussed in this paper.  They are arranged geographically since some of them exemplify more than one category. The overall conclusion, however, is that there is a global trend in the direction of hydropower facilities taking responsibility for their environmental performance to assure that the effect of their operations is at least neutral and sometimes confers a net benefit on its river basin or associated watersheds. 
We have not been able to find examples of the “next generation” of potential environmental improvements undertaken by hydropower facilities: those that also improve flood management and power generation operations of the hydropower dam itself.  We may regard these as actions that optimize operations for all purposes of these dams, including environmental performance.  An example is utilizing the natural flood retention capacity of the downstream floodplain in conjunction with flood storage at the hydropower dam to reduce flood risks while increasing seasonal water storage in the reservoir while reintroducing controlled and ecologically beneficial seasonal inundation of the floodplain. Generating value for “environmental services” in this manner through dam reoperation presents an opportunity for global innovation and leadership which has not been heretofore realized by a major hydropower facility.

There are many cases where hydropower dams have been compelled by regulators to release environmental flows that reduce revenues from power sales.  These are not catalogued in this paper even though such dam operators claim ‘sacrificed funds’ as part of their ‘mitigation package’ on balance sheets.  Rather, here we focus more narrowly on payments by hydropower facilities to accomplish environmental mitigation actions or enhancements. In some cases, these are direct purchases of mitigation or enhancement actions, but most often they are indirect payments into a “trust fund” that is set up with strict by-laws, transparency, and a governing council to ensure the funds are used in the manner intended.  The scope of these mitigation/enhancement funds is diverse both in terms of the benefits and the beneficiaries.
Operators and owners of dams now must look ‘downstream’ at the direct and indirect impacts of the dam, not just ‘upstream’ where lands, fish passage, habitats and peoples livelihoods were blocked and flooded and, in some cases, for which compensation was paid at the time of construction. Now mitigation programs recognize the entire floodplain, extending in some cases (Mozambique) well into the estuaries and ocean fisheries.  Whereas in the past revenues from hydropower went to central government treasuries or favored industries (i.e. aluminum smelters), the benefits are now shared first with those individuals and species impacted directly in the watershed, especially those harmed by an altered floodplain, then radiating outward. For instance, the International Hydropower Association has developed its own “Sustainability Protocol for Hydropower Projects:  Provisions for the distribution and sustainability of economic benefits.” IHA’s scores range from the highest (5) where economic benefits are shared across the “affected local communities and broader region” within the watershed; at the other extreme a ‘zero’ indicates no auditing program or benefits beyond shareholders and direct participants.

According to some industry experts in developed countries the level of benefit sharing can approach 20-40% of total monetary benefits (e.g. in Canada).  By contrast, in developing countries, 2-5% is more typical.  This often includes financing of the environment and social management components of the hydropower operations. Foreign donors may match national funds.
Inducements vary from country to country.  Most aim to balance economic, social and environment factors and to advance the “sustainable development of hydropower resources.” In practice this results in response to pressure to share benefits as well as the costs of resource exploitation. Benefit sharing is also stimulated by the desire to garner public acceptance of hydropower development and lower the risk of controversy and costly project delays. In some cases, benefit sharing was necessary to access international financing (World Bank) for hydropower development.
In developing countries, mitigation funds have been used for traditionally local development initiatives involving village scale infrastructure, agricultural extension, rural credit, health services, roads, cell phone towers, etc.  In developed countries, but also some lower income countries like Lesotho and Ecuador, mitigation funds have gone towards water protection, catchment management, headwaters forests, soil conservation, erosion control, and floodplain management. They also may invest in improving local capacity for managing ecosystem services.
Global Examples

ASIA

China
A few years ago the installed capacity for hydropower in China was 79,352 MW, with annual energy production of 243.1 GWh.  China's hydro-energy exploitable potential of 378 GW ‘ranks first in the world.’ By 2010, with Three Gorges Project included, China’s installed hydropower capacity will be 125 million KW, ‘ranking first in the world.’ 

In the case of Danjiangkou dam, hydropower revenue has been placed in a “remaining problems fund” for communities to fund income-generating enterprises.  Likewise, the Zhongda/White Waters River Hydropower Development Project is conducting field work on monitoring water quality, vegetation, fisheries, wildlife, forestry, and land uses. In 2005 it prepared a Resettlement Action Plan to develop a mitigation program for land acquisition.

After a disastrous flood on the Yangtze River in 1998 breached 2,000 embankments, inundated 28,500 square kilometers of agricultural land, and left 2.5 million homeless, the Changjiang Water Resources Commission shifted from dependence on structural flood control to greater use of non-structural measures such as the use of lakes, flood bypasses, and wetlands to absorb high river flow along the middle Yangtze. Beyond flood protection, this approach will improve fisheries, boost migratory birds, and induce wildlife species to return. The program also develops alternative livelihoods for rice farmers who move off their land to aid the restoration. 
Laos

In hydropower circles, Laos means Nam Theun II (NT2). Dam proponents and opponents differ fiercely over whether the NT2 project in fact “has been rigorously examined and prepared, with robust provisions to mitigate all social and environmental risks.”  For purposes of this report, mitigation and compensation measures and approaches are of particular interest. They aim to include specific and ongoing environmental management programs in perpetuity for species of special conservation significance, such as the Asian elephant and the white-winged duck.  The protection of the NT2 watershed comprises forests nine times the size of the proposed reservoir and important ecological habitats.  Community development programs are designed through participatory local consultations for the communities whose livelihoods would be affected by the NT2 project. 
Contingency funds are incorporated into the operation “to provide for uncertainties and unforeseen impacts” to Plateau and downstream communities. That means a range of viable alternative options may be implemented in advance of the actual impacts, for piloting, assessing effectiveness, and retrofitting programs.  These programs are supported by detailed implementation arrangements: timelines, budgets, monitoring and evaluation. Because NT2 funding, implementing, and delivering programs would be beyond the Laos government’s capacity, they are the responsibility of NT2 Power Company, which is contractually bound under the Concession Agreement.

Finally, pro- and anti-NT2 parties agree that the mitigation and contingency fund for benefit sharing is almost entirely due to foreign pressure, based on lessons learned, particularly through the World Commission on Dams.  Demands from World Bank, ADB, European and Nordic investment banks, bilateral donors, and export credit agencies have made it into a mode, a test, and a ‘showcase project.’ Laos PDR is candid that its “commitment to a continuous process for consulting local communities and international stakeholders is critical for international support and understanding.” Its proponents claim “such rigorous analysis and comprehensive risk mitigation and compensation are unprecedented in hydropower development in East Asia.”

UNITED STATES: Public Power Systems
Bonneville Power Administration

Today, the Bonneville Power Administration (BPA) seeks to redress hydro development impacts to ensure healthy salmon populations in the Columbia River Basin. BPA works with other Federal, State, Tribal and private organizations to:
1. Protect, mitigate, and enhance and restore the region’s fish and wildlife affected by the Federal Columbia River Power System (FCRPS) 

2. Implement Biological Opinions issued by National Oceanic and Atmospheric Administration (NOAA) Fisheries and the U.S. Fish & Wildlife Service (FWS), as required by the Endangered Species Act on the operation of the FCRPS; 

3. Fulfill treaty and trust obligations to 13 federally recognized Tribes in Basin; 

Under the Power Act, the Northwest Power and Conservation Council (Washington, Oregon, Idaho and Montana) developed a Columbia Fish and Wildlife Program to guide BPA’s mitigation funding. They solicit projects and submit them to peer-review.

Once recommended by the Council, BPA implements the projects through contracts with Columbia Basin tribes, states, other federal agencies, universities, and private vendors. These projects range from repairing spawning habitat to studying fish diseases and controlling predators. Altogether, BPA funds 600 projects, such as fencing streams to keep cattle out, increasing tributary flows, screening fish from irrigation channels, replacing fish blocking culverts, and funding farmers and ranchers to leave water in a stream when it would benefit fish.  In total, BPA has protected 300,000 acres of prime critical habitat across the Northwest. 

Wildlife Crediting. Federal hydropower impacts to Columbia Basin wildlife have been quantified by the Northwest Power and Conservation Council through the completion of "loss assessments" for each dam. It identifies and tabulates "habitat units" lost, gained acquired, estimated, total and percent complete by dam or area. It accounts for species due to specific dam construction; it also accounts by tracts. And it lists expenditures for individual wildlife tracts. Habitat units are a measurement of both the quantity and quality of habitat, as indicated by its suitability for use by target species that typically rely on a particular kind of habitat. As BPA implements a mitigation activity, it takes credit for its effort. On new projects, the habitat units are measured or estimated and then counted against the loss assessment for the project being mitigated. BPA takes one habitat unit of credit for each habitat unit it mitigates, and claims that more than half wildlife impacts have been mitigated, and completely mitigated for: Hungry Horse, Libby, Dworshak, Bonneville, The Dalles, John Day, McNary, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor dams. BPA continues to work toward mitigation for the construction impacts of other Federal dams both directly, through actions aimed at benefiting wildlife, and indirectly focused on ecosystem improvements. 
Water Transactions. BPA has also expanded an innovative Water Transactions Program, in which it uses funds generated by power to purchase or lease water rights from willing irrigators in the basin. So far, 63 transactions have restored 368 cubic feet per second of flow, with 730,000 acre feet of water and improving 890 stream miles.  
Tennessee Valley Authority

One of the other great federal Depression-era hydropower river basin development projects was the Tennessee Valley Authority (TVA).  TVA is the nation’s largest public power producer, but increasingly recognizes that the environmental consequences of its operations are far-reaching, downstream. So it has been working to improve its environmental performance – beyond ‘clean-energy development’ or ‘environmental flows’ – to fund the safeguarding of natural resources throughout the watershed, especially along the stream banks or shorelines. Specifically: 

· TVA is responsible for managing 293,000 acres of public land and 11,000 miles of public shoreline in the Tennessee Valley, guided by its mandate to consider the effects of its activities in such areas as land reclamation, public recreational use, economic development, and wildlife preservation.

· Land reclamation has been a part of TVA’s activities since the agency’s founding in the 1930s, when the Tennessee Valley suffered severe soil erosion caused by unwise farming practices. Now more than 181,000 acres of TVA land have been set aside for natural resource management, including the enhancement of wildlife habitat.  
· In 1999, TVA’s ‘Shoreline Management Policy’ set out to improve protection of shoreline and aquatic resources while continuing to allow public access to both.

Modified Floodplain Management. Like BPA, TVA’s overriding mandate is to ‘reduce flood damage’, even more than to ‘develop hydropower’.  To date, TVA claims to have prevented nearly $6 billion in flood losses, but how it has done so has changed dramatically over the years.  Early stages were devoted to ‘hard approaches,’ such as building dam infrastructure to “keep floods away from the people.” But TVA quickly discovered, and often at great cost, that it could not prevent all flooding, even with early warning systems, forecasting, alarms, and sophisticated hydrological predictive modeling. 
For this reason, TVA now tries to “keep the people away from floods” by helping to ensure appropriate development in naturally flood-prone areas below TVA dams. It “promotes the wise use of floodplains” and prevents “development that can adversely impact operation of the reservoir system for flood damage reduction purposes.” The focus is on the lands and projects TVA holds in stewardship and on the floodplains along the rivers and streams regulated by TVA dams. TVA uses historic data to determine which areas fall within the 100-year floodplain. People living in these areas have a 1-in-100 chance of being flooded in any given year; so if they choose to build there, they do so at their own risk. Section 26a of the TVA Act gives TVA control over structures built out into the waterway that could impact flood damage reduction, navigation, and public lands, such as docks and marinas. TVA does not have regulatory authority over structures in the floodplain. That zoning responsibility resides with local governments. 
More than 181,000 acres of public land under TVA’s management have been set aside for natural-resource management, which includes the enhancement of wildlife habitat. About 40 percent of this total is administered by other state, federal and private agencies as wildlife management areas or refuges; the rest is managed by TVA.

In 1976, to improve compliance with federal environmental regulations, TVA launched the Natural Heritage Project with The Nature Conservancy to maintain data on threatened and endangered plant and animal species in the TVA power service area: Tennessee and six surrounding states. In managing the publicly owned land and reservations, TVA developed a land-use designation system under which 82 sites on 10,700 acres have been classified as TVA Natural Areas. The sites are identified as Habitat Protection Areas, Small Wild Areas, Ecological Study Areas, or Wildlife Observation Areas. Their management includes restrictions on activities that might endanger significant natural features. 
UNITED STATES: Private Power Systems
A non-federal hydropower project must be built, operated, and maintained in compliance with a license issued by the Federal Energy Regulatory Commission (FERC) under the Federal Power Act.   A license permits the use of public waters for the power generation.  A license specifies the design and operation of the power facilities (dam, powerhouse, and appurtenant works).  It establishes a boundary of lands which the licensee must own and manage for this purpose and includes articles that establish specific obligations for construction, operation, and maintenance of each individual project.  These include measures to protect or enhance water quality, fisheries, lands, and beneficial uses affected by a project.  Such articles specify how, when, and where a licensee will implement each measure, such as release of a minimum flow, or a recreational facility. 
In adopting a license, FERC must assure that a project serves the public interest in a river basin, not just the licensee's interest in power generation. Under Federal Power Act section 10(a)(1), a project must be "…best adapted to a comprehensive plan for improving or developing a waterway or waterways for the use or benefit of interstate or foreign commerce, for the improvement and utilization of water-power development, for the adequate protection, mitigation, and enhancement of fish and wildlife (including related spawning grounds and habitat), and for other beneficial public uses, including irrigation, flood control, water supply, and recreational and other purposes....”  Under Federal Power Act section 4(e), FERC must also give “equal consideration to energy conservation, the protection, mitigation of damage to, and enhancement of, fish and wildlife (including related spawning grounds and habitat), the protection of recreational opportunities, and the preservation of other aspects of environmental quality.”  
A license always addresses a project's impacts on environmental quality within the project boundary.  That boundary includes the lands and waters in the immediate vicinity of project facilities.  FERC will require measures outside of the project boundary, known as off-site mitigation, only in the unusual circumstance where project impacts cannot feasibly be mitigated within the project boundary.  FERC will permit a licensee to establish a trust fund as a substitute for actual mitigation measures, only in the rare circumstance where any feasible mitigation measures cannot be determined at the time of licensing.

The U.S. Army Corps of Engineers regulates flood control operations of each licensed project.  A typical license provides that the licensee will implement the rule curve or other plan required by the Army Corps for this purpose.  FERC does not have authority to regulate flood control operations directly.  In turn, the rule curve or other plan required by the Army Corps is typically designed to limit the maximum release to the hydrologic capacity of the downstream channel.  

New York Power Authority, Niagara Project (FERC No. 2216)

This New York Power Authority (NYPA) project is located on the Niagara River between Lake Erie and Lake Ontario, in the State of New York.  It diverts flow from the Niagara River 2.6 miles upstream of Niagara Falls (Falls) and releases it at the powerhouse about 5 miles downstream.  It is located on boundary waters between the U.S. and Canada.  The project includes the 240 MW Lewiston Pumped Storage Plant and the 2,515 MW Robert Moses Niagara Power Plant.  

Water fluctuations in Lake Erie (above the project) and Lake Ontario (below the project) cause erosion of islands and other shorelines.  Power generation contributes to such fluctuations, along with natural causes including wind, ice conditions, regional and long-term precipitation, and long-term trends in the water levels of the Great Lakes themselves.  
Because of the multiple factors that contribute to shoreline erosion, the new license does not require a direct change in project operations.  Instead, License Article 401 requires that NYPA implement specific Habitat Improvement Projects (HIPs) located outside the project boundary but within the Niagara River basin.  The HIPs include projects to restore small, upstream islands to protect shallow water habitat downstream from the islands, enhance vegetation, remove boat dock facilities, expand existing wetlands, and otherwise reduce shoreline erosion.  NYPA will establish a trust fund of $12 million for this purpose.  It will be responsible for actual construction of the HIPs in accordance with criteria specified by the license.  
NYPA will establish a Parks and Recreation Fund in the amount of $9.3 million for capital improvements to facilities both within and outside of the project boundary.  Improvements will include: new trails and upgrades to existing trails, planting of tree and shrub islands in open areas, upgrades to sports fields and courts, and construction of fishing platforms.  NYPA will be responsible for ensuring that improvements funded by the Parks and Recreation Fund are built and maintained in accordance with the approved Recreation Plan.  In addition, NYPA will establish a State Parks Greenway Fund in the amount of $48.6 million ($3 million annually for the term of the license), to support the construction or rehabilitation of parks, recreation, and related facilities outside of the project boundary.  
Dominion Generation, Roanoke Rapids - Gaston Project (FERC No. P-2009)

The project is located on the Roanoke River in North Carolina.  It has 329 megawatts of capacity and generates 657,800 megawatts of power annually.  The licensee is Dominion Generation, one of the nation's 10 largest investor-owned electric utilities.

The project is operated in coordination with the U.S. Army Corps of Engineers' Kerr Dam, located just upstream.  Kerr Dam is the primary storage capacity for flood control in the Roanoke River Basin.  The licensed project regulates flows released from Kerr during flood-time and other periods.  Roanoke Rapids Dam is the lowermost point of control and is located 159 miles above Albermarle Sound on the Atlantic Ocean.

The licensed project and Kerr Dam cumulatively affect the downstream floodplain, which includes the largest intact bottomland forest ecosystem remaining in the mid-Atlantic region, as well as swamps and other lowlands mostly used for agriculture, timber, and hunting.  Specifically, such regulation has effectively eliminated flows over 35,000 cfs and substantially reduced flows over 20,000 cfs during the flood season, which is May to September.  Instead, peak flood flows are stored and then discharged at rates of less than 20,000 cfs, which is the target maximum.  As a result, the licensed project and Kerr Dam have substantially increased the frequency and duration of flood flows less than 20,000 cfs.  Such flows are now discharged into the growing season for bottomland forests of June - August.  Higher ridges in the floodplain, which historically experienced occasional flooding, are now above the maximum flow stage.

Under the new license, Dominion Generation will operate the Roanoke Rapids Dam under a seasonally variable minimum flow schedule.  This is intended to mitigate peaking operations and to mimic a more natural hydrograph in the lower Roanoke River.  These flows and restrictions will protect and enhance water quality and the biological integrity of the Roanoke River through its lower basin.  Dominion will regulate its peaking operations (e.g., swings from minimum flows to powerhouse capacity to meet peak demands on summer afternoons).  Such operations cause within-day or within-week fluctuation in flow stage that may adversely affect the regeneration of bottomland and swamp vegetation and associated fish and wildlife.  In consultation with other parties to the relicensing settlement, Dominion will first undertake monitoring to test how baseline operations affect such resources and then, through adaptive management which will occur over the term of the new license, moderate peaking operations in a step-wise manner to reduce any adverse impacts.  

California Department of Water Resources - Oroville Project

The Oroville project is located on the Feather River and several tributaries in the Sacramento Valley, in the State of California.  The project has an installed capacity of 762 MW and an average annual generation of 2.4 million MWh per year of energy.  At 770-feet high, Oroville Dam is the tallest in the United States.  It is the main water storage facility for California’s State Water Project, which supplies water to some 23 million municipal and agricultural customers from Redding south to San Diego.   

The project’s flow regulation for power and water supply directly affect the Feather River 50 miles to its confluence with the Sacramento River.  These impacts are largely confined to the wetted channel and the river banks.  The floodplain is largely disconnected from the river, as a result of continuous levees which run from just below Oroville to the Sacramento River.  These levees protect agricultural lands as well as municipalities.  

Under the new license, the California Department of Water Resources (DWR) will undertake a phased program to enhance riparian and other floodplain habitat immediately downstream of Oroville Dam.  DWR will implement cost-effective measures, including possible modifications in flow releases as well as riparian plantings, to enhance the fish and wildlife benefits of the Oroville Wildlife Area, which is floodplain within the project boundary.

Because Oroville Dam is 770-feet tall, a fish ladder is infeasible, and the salmon and steelhead runs which historically reached the mountain origins of the Feather are confined to the valley reach.  Trapping these fish, and trucking them around Lake Oroville to the North Fork Feather, is probably infeasible.  As a result, DWR and the upstream licensee, Pacific Gas and Electric Company, have committed to a Habitat Expansion Agreement.  In a phased program, they will study opportunities to enhance natural fish passage in the entire Sacramento Valley; evaluate which are most cost-effective; obtain regulatory approvals; and then perform measures to enhance such habitat, at a cost of not less than $15 million. 
CANADA

Canada has a rather sophisticated system for sharing of the benefits generated by its hydropower development on the Columbia River. The Columbia Basin Trust was started in 1995; this pie chart shows the funding allocations (note 15% ‘environment; 10% land trust):
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 British Columbia Hydro

British Columbia Hydro was born in 1962 as a ‘crown corporation’ designed for flood control as much as energy generation. Columbia River Treaty Dams built by BC Hydro include Duncan Dam, Hugh Keenleyside Dam, and Mica Dam.  BC Hydro also operates dams on behalf of the Provincial Government including: Aberfeldie, Elko, Kootenay Canal, Revelstoke, Seven Mile, Spillimacheen, Walter Hardman and Whatshan. Some impacts from dam construction, including flooding and the creation of reservoirs, were immediately evident.  For example, Seven Mile dam flooded white-tailed deer habitat in the Pend d’Oreille Valley. Other impacts took decades to notice, such as the decline in lake productivity that occurred when nutrients became trapped upstream by dams; but by 1990, Kokanee stocks in the South Arm of Kootenay Lake were virtually extinct.
In partnership with the Ministry of Water, Land & Air Protection, BC Hydro established compensation and restoration programs in the Columbia Basin, Peace-Williston and Bridge River Coastal areas to conserve and enhance fish and wildlife populations affected by the original creation of BC Hydro dams. These programs deliver a range of fish and wildlife-related projects each year, working in partnership with local communities, governments and environmental groups.

BC Hydro’s Fish & Wildlife Compensation Program (FWCP) works to conserve and enhance fish and wildlife in Canada’s portion of the Columbia.  Since 1995, as part of its water license agreement, and with $3.2 million per year indexed for inflation in perpetuity, the FWCP has invested more than $50 million in fish and wildlife projects, a third of which focus on species-at-risk.  In its first 10 years the FWCP has funded 600 conservation and enhancement projects – from bats to bull trout, badgers and bighorn sheep, mule deer to bobolinks; prescribed burns and selective logging. BC Hydro helped raise and release more than 60,000 endangered upper Columbia River White sturgeon and another 24,500 endangered Northern leopard frogs. The FWCP has helped restore more than 5,000 hectares of habitat in the Columbia Basin. Projects work through FWCP, Ministry of Environment, BC Hydro staff and tribal, local, industrial and environmental partners.
BC Hydro’s habitat restoration and enhancement fall into three categories: 1) offset historic “footprints” 2) mitigate ongoing operations and 3) plan for future impacts. 

Offsetting historic footprint impacts are driven by regulatory requirements. But even strict regulatory compliance can’t always result in sufficient protection of habitat – particularly for older facilities.  Thus, BC Hydro developed programs that go beyond minimal expectations. Water licenses in the Columbia and Peace rivers state that it will carry out programs as directed to protect fish and wildlife.  However, the orders do not specify how.

Programs provide indexed annual funding on a watershed basis for the life of the projects and have established administrative processes: diversified and representative Steering Committees and a Policy Committee define and initiate projects for restoration, set objectives, collect and review proposals, administer resources, and assess results. 
Older coastal dams had no environmental regulatory requirements in licenses, so BC Hydro initiated a parallel, representative program through agencies, public and First Nation Board of Directors. Again, a technical committee provides guidance.
Mitigating ongoing operations. BC Hydro voluntarily established a Water Use Planning process to review its dams’ environmental, social and economic performance in a series of public forums. Of 23 water use plans for 30 facilities (some grouped by watershed) they reached consensus agreements on 22. Water use plans led to new license requirements to protect environmental and social resources, and 211 monitoring programs to improve habitat, fish and wildlife populations and recreational opportunities.

A new long term goal for “no net incremental impact on the environment” from 2004 to 2024 recognizes that with 3% growth BC Hydro must measure, report and fund conservation restoration to offset impacts associated with new developments and capital projects. BC Hydro has not figured out how to measure the goal, but they feel ‘initiatives will … exceed regulatory requirements where it makes sound business sense.’ 
EUROPE

Europe has been one of the first and oldest continents to ‘control’ floods through infrastructure development. Its many nations pulled themselves out of poverty through harnessing the energy of rivers. However, over the last decade it has begun to take what it calls ‘the soft path to flood management,’ which embraces a sophisticated set of tools intended to reduce development in the most flood-prone areas, adapt hydropower operations to work with the forces of nature and improve emergency response. 
Rhine

Since the early 1990s, the five countries through which the Rhine flows have recognized the need to reduce flood risk by restoring floodplain ecosystems. 
"We've paved over too many meadows and straightened too many rivers," said Josef Leinen, a German environment minister, after the severe flooding on the Rhine in 1994. 

In 1998, the International Commission for the Protection of the Rhine adopted a 20-year Action Plan on Flood Defense. Key components of the plan include an increase in flood storage through the removal of embankments, restoration of river and floodplain ecosystems, and improved flood mapping, education, warning and evacuation systems. The full implementation of the plan is estimated to cost at least €12 billion.

Loire

The Loire is France’s longest river, with a watershed that covers a fifth of the country. It has escaped most of the engineering interventions which have so altered other major European rivers, and still supports a remarkable diversity of wildlife and beautiful scenery. 

The main justification for a dam planned on the upper Loire in the 1980s was that it would prevent floods.  In response, activist group SOS Loire Vivante worked with hydrologists and engineers to devise an alternative approach for managing floods. 

This approach encompassed improving the flood warning system, enforcing regulations to prevent construction in areas most at risk, improved protection for the most threatened buildings, minor works to clear the river bed and banks of obstacles to the free flow of water, and creating a committee of local residents, elected officials, NGOs and businesses to oversee implementation of the plan. In 1994, the government shelved the plan to build the dam, and adopted SOS Loire Vivante's flood management strategy. The flood strategy is part of a major plan called Loire Grandeur Nature in which central and local governments are working with environmentalists and landowners to restore, protect, and manage the ecosystems in the Loire basin. 

The Drava

One of Europe's largest river restoration projects is helping bring back natural flood control and better wildlife habitat on Austria's Drava River. 

The river had been straightened decades ago for flood control. World Wildlife Fund Austria reports that a  €6.3 million restoration project has increased natural flood retention by 10 million cubic meters, by setting aside 200 hectares in open space in the floodplain. The flood wave is now estimated to be slowed by as much as an hour downstream. Endangered species have new habitat, and fish populations have doubled.  Furthermore, the project was cheaper than conventional flood control proposals. 
LATIN AMERICA

North America, Australia and Europe are relatively affluent, stable and developed nations. But the creative use of dams, water fees and mitigation for floodplain management is by no means restricted to OECD countries. 
Colombia

Colombia’s national legislation stipulates that 3% of revenues from all hydropower projects are transferred annually to the watershed agency to fund watershed management activities working with the basin communities (income raising). 
In Colombia, the energy sector and hydropower companies have to invest by law between 1-3% of the cost of the project in watershed management. Nearly USD 900 million over the last five years has been invested in watershed management projects.
 
This includes buying land and other sort of projects. Also, companies extracting water from natural sources need to invest 1% of the project cost on watershed projects.  In addition, there is a law that enforces municipalities to invest part of its budget in watershed conservation.

Ecuador

 

Arguably the most advanced and innovative case study in Latin America comes from Ecuador, where the Quito Electric Company (EEQ) has generated hydropower for 40 years. Until recently, the company had a government concession to exploit hydropower in specific locations, and pay nothing for the right to use the water. Now that has changed.

In 1998, TNC and Quito launched ‘FONAG,’ an initiative to collaborate on the design and development of a water fund.  Bylaws established the governance and financial structure as a trust fund, and the contract which created the trust fund defined Quito’s annual contribution of 1% of drinking water profits. EEQ signed the FONAG trust fund contract, committing to an additional annual contribution of 0.5% of profits. By 2003 the Quito Mayor pressured FONAG to finance more projects, and the initiative hired a new Technical Secretary with strong capacity in watershed management. FONAG Board approved new policies, procedures, and criteria for project selection. TNC and FONAG conducted a general technical analysis of the river basins and water demand in Quito’s area of influence.

Why did the EEQ participate in FONAG if it wasn’t required to by law? Three reasons come to mind. First, political exposure and accountability; the Mayor asked them to. Second, long term self-interest; their data show that stream-flow had decreased in the San Pedro River over the past 40 years due to poor watershed management and they sought to secure existing flow levels through watershed management. Third, it brought security and efficiency; EEQ´s regulating entity asked all national power generators to present environmental management plans and EEQ sought FONAG’s help to address minimum base flow. In some locations, EEQ diverts all of the water in the river, leaving stretches of the riverbed completely dry for kilometers at a time. 

The idea is spreading.  In Cuenca, the water and electricity company (ETAPA) uses conservation easements and other incentives to improve the land management practices of private landowners. ETAPA does not have a water fund, but it directly invests a large amount of its resources into integrated watershed management, to co-manage the protected area that provides water to the city. FONAG is defining better land use practices at its watershed in order to make direct payments or compensation to land owners in the watershed with a first focus on sustainable cattle-ranching models. FONAG is also doing investments for improvement of watershed management. TNC is supporting the establishment of two new water funds in Ecuador, two in Colombia and one in Venezuela.
AFRICA

Lesotho and South Africa

The bi-national Lesotho Highlands Water Project (LHWP) involved the complex construction and operation of several of the largest dams and tunnels in the southern Hemisphere, including Katse and Mohale. The objectives of the project are: 

1. to divert and sell high quality water to South Africa’s booming heartland, Gauteng, in one of the largest inter-basin water transfers on earth; 

2. to generate hydro-electric power for Lesotho, to sell on a regional grid and;  

3. to develop mountain regions yet counteract adverse social and ecological impacts.
The third objective of the LHWP recognized that the impacts of the dams were not merely localized, but involved social and environmental impacts in de-watering vast stretches downstream the Senqu-Orange River Basin, turning them into what analysts called ‘giant drainage ditches.” This led LHWP to set up an innovative Lesotho Biodiversity Trust, paid for from funds generated by the vast bi-national hydropower and water diversion scheme.

The first rationale for the Biodiversity Trust grew out of substantial damage downstream due to the diversion of most of the river’s flow.  Impacts include reductions in wetlands habitat, reduction in water available downstream for people and wildlife, reductions in fisheries, and cessation of flooding. When dams ceased the hydrological variability of these floods it altered water quality by lowering sediments, oxygen levels, nutrients and temperature downstream.
An additional rationale for the Biodiversity Trust was the looming extinction of endemic fish and wildlife, including the tiny Maloti Minnow, Pseudobarbus quathlambae, rock catfish, the bearded vulture, the umbraculate frog (an important indicator species for water quality), and a threatened endemic plant, the Spiral Aloe, which is the national flower. The mitigation measures include captive breeding, restocking in appropriate habitat, and setting aside a $1 million annual donation to address the practical steps that need to be taken.

Likewise, Biodiversity Trust funds have also helped set up the 17 ha Katse Botanical Garden as a repository for 149 plants – especially the CITES listed Spiral Aloe – which were removed from the Katse Dam basic floor before it was inundated with water. 
The Biodiversity Trust also promoted expanding and enhancing eco-tourism of the highlands; the Environmental and Social Services Group completed studies to establish and monitor the in-stream flow requirements for river courses downstream of dams.  The studies included long-term monitoring of vegetation, terrestrial fauna, wetlands, and aquatic species in the project area. 

Lastly, four protected areas were developed with Trust funding to partially mitigate for the disruption to certain rural communities by the greater Lesotho Highlands Water Project developments, and loss and damage to certain natural resources: Bokong Nature Reserve, Ts’ehlanyane National Park, Liphofung Cave Cultural Historical Site, and the ‘Muela Environmental Education Center, and Enviro-Park. 

Zambia

The Zambezi River is southern Africa's most important river; its delta is a Ramsar Wetland and its Sofala Banks is a lucrative exporting prawn fishery. More than 30 large dams --including four of Africa's largest hydroelectric dams: Kafue Gorge and Itezhitezhi in Zambia, Kariba in Zambia/Zimbabwe and Cahora Bassa in Mozambique -- constrict its flow of water and sediments. A new dam, Mphanda Nkuwa in Mozambique adds to dam-induced changes with widespread social and ecological consequences throughout the floodplain. 
Thousands have been killed by unscheduled dam releases without warnings, but environmental flow requirements (EFRs) are being scoped to mimic natural flows as a preemptive measure. A 3% reduction in hydropower production at Cahora Bassa could result in economic improvements in fish and farming of downstream residents (similar results were found in the Senegal River floodplain below Manantali Dam). But most dam operators only see foregone income.
One exception, where internalized ‘benefit sharing’ from hydropower seems most promising, lies in Zambia’s floodplains, in the Kafue Flats. This 6,500 km² area is important for fishing, cattle grazing, sugarcane farming, and, of course, hydroelectric power.  The ‘benefit sharing’ source of funds resides largely within the budget of the Ministry of Energy and Water Development, in cooperation with the Zambian Electricity Supply Company.  However, by working with World Wildlife Fund (WWF), these public funds have in recent years been invested in the watershed, and gone a long way toward taking ‘ownership’ of ecological, recreational, agriculture, tourism and wildlife lands in the Kafue Floodplains downstream.
The Kafue Gorge hydro plant, the country’s largest power station, provides half Zambia’s electricity needs. A surplus of 431 MW is exported to neighboring countries, such as Zimbabwe and South Africa.  At the same time, Zambia recognized the dams’ impacts included rise in invasive species, losses to sugar cane agriculture, and eradication of grazing mammals and their charismatic (and profitable to tourists) predators; above all the dam cut down Kafue lechwe, the region’s most famous endemic mammal from 100,000 to 40,000.

In 1998, Zambia initiated ‘Partners for Wetlands’ and later signed agreements with farmers, safari operators, WWF, and the Zambian Wildlife Authority to enhance, protect and rehabilitate 100,000 ha of floodplain wetlands, including the Mwanachingwala Conservation Area. By 2002 Zambia signed a tripartite agreement with WWF, the Ministry of Energy and Water Develop-ment, and the Zambian Electricity Supply Company to rehabilitate facilities and develop ecotourism in 60,000ha of Lochinvar National Park and implement a new water management system for Kafue Flats begins.

The Ministry of Energy and Water Development is developing through the Water Resources Action Programme (WRAP) a national strategy that will improve the management of water resources (surface and groundwater) throughout Zambia, investing or ‘benefit sharing’ from some portion of the funds generated by its hydroelectric dams. The funds are counted either as direct ‘matching’ funds with foreign donors and WWF, or accounted in the project as ‘in kind contributions.  It is hoped that this project will act as an example and catalyst that can be scaled up and magnified in the wider Zambezi Basin.
Findings and Conclusion
· There is a strong global trend in the direction of hydropower facilities paying for initiatives to off set their “footprint.”
· Flood control strategies are increasingly incorporating “floodplain accommodation” strategies.
· There is a large potential for global leadership in advancing these trends to the next level by melding hydropower dams with flood control mission and using power revenues to enhance floodplain storage and accommodation as a way to optimize both functions.
In all cases from governments to industries to non-governmental organizations (NGOs); from multi-lateral banks (e.g. ADB, WB), bilateral donors, export credit agencies and industry associations; and from OECD and developing countries alike, it has become clear that there is a “growing international consensus and support for benefit sharing in power development.” 

Figure 2:   Delivery of benefits program at the basin level – The Columbia Basin         
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� World Commission on Dams, 2000.


� In 1999, TVA trained representatives from the Chinese Ministry of Water Resources in ‘floodplain management’ among other topics.





� This was the focus of BC Hydro’s presentation in Beijing last November.





�  Oral information/data given by the Director of the Hydropower Association in Colombia. 








PAGE  
18

[image: image1]