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Introduction 
Provision of flows for the environment, ecological or environmental flows, is a means to mitigate 

negative impacts of river regulation and improve the ecological status of surface water bodies (Box 1).  

The increasing importance of providing environmental flows is reflected in the increasing number of 

countries and regions developing laws and policies regarding environmental flows. Maintaining 

environmental flows to sustain aquatic ecosystems in regulated rivers often requires re-operating 

reservoirs, which is challenging. Guidance Document No. 31 from the European Commission describes 

environmental flows in the context of the European Union (EU) Water Framework Directive (WFD) but 

does not include guidance on the re-operation of reservoirs to provide them (European Commission, 

2015). The present guidelines are tailored to bridge the knowledge gap in the implementation of 

improved reservoir operation for environmental flows. The evidence for the guidelines is wider than 

the EU, but the lessons are of value to EU member countries working toward the WFD goals. 

Box 1: Definition 

Environmental or ecological flows are the “quantity, timing, and quality of 

freshwater flows and levels  required to sustain aquatic ecosystems which in turn 

support human cultures, economies, sustainable livelihoods, and well-being” 

(Brisbane Declaration, 2018)  

Within the context of the WFD, environmental flows or ecological flows are referred 

to as a “hydrological regime consistent with the achievement of the environmental 

objectives of the WFD in natural surface water bodies as mentioned in Article 4(1)” 

(European Commission, 2015) 

Who are these guidelines for? 
These guidelines are principally aimed at policy makers, water managers, scientists and dam operators 

looking to include environmental flows in the operation of reservoirs. We anticipate that these 

guidelines could also be useful to river basin authorities and other water users with a stake in the 

operation of reservoirs. It is hoped that the guidelines will be made broadly accessible to the general 

public so that water managers can be held accountable for the management of water in their 

jurisdictions. 

Readers’ Guide 
The guidelines begin with a brief overview of the Water Framework Directive of the European Union 

and how environmental flows fit within the objective of the framework. This is followed by a review 

of the approaches taken to change the operations of reservoirs to accommodate environmental flows 

as reported in the literature. Subsequently five guidelines are presented that aim to improve reservoir 

operations.  

The guidelines recommended here are based on evidence gathered through research on real-world 

cases of how the operations of dams/reservoirs have been changed to accommodate environmental 

flows worldwide. They assume that necessary environmental flow requirements have been properly 

assessed and that the dam is technically capable of releasing the recommended environmental flows. 

This research was carried out to answer the question: despite significant advances in the science of e-

flows, why is actual implementation minimal particularly in dam dominated rivers? Based on a 

systematic literature review of successful cases of dam re-operation, as well as a survey of water 

managers with first-hand experience in attempts to change the operations of dams to release 
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environmental flows, important triggers and activities in successful cases of reservoir re-operation 

were identified. The literature review also revealed that conditions for stalled attempts at 

incorporating environmental flows in reservoir operations differed significantly from the successful 

cases. The evidence-based key guidelines presented in this document are complementary to other 

guidelines on water allocation (Speed et al., 2013), environmental flows (European Commission, 2015; 

WMO, 2019) and the Hydropower Sustainability Assessment Protocol (International Hydropower 

Association, 2018) . 

Water Framework Directive and environmental flows 
The Water Framework Directive of the European Union came into force in December 2000. The aim 

of the directive is to harmonize the approach of EU member states to water management (European 

Commission, 2000). It is an ecologically based water directive, meaning that the health of aquatic 

ecosystems serves as an indicator of the water quality status of the aquatic body. Per the WFD, the 

goal of EU member states should be to achieve ‘Good Ecological Status’ (GES) such that there is only 

a minimal deviation from the water quality and biology of that water body under natural conditions 

(European Commission, 2000). Table 1 details the classification and required actions based on the 

status of water bodies. For waterbodies with significant anthropogenic modifications (designated as 

heavily modified waterbodies (HMWB)), such as, for example, those severely and profoundly 

impacted by channelization, dams or embankments, the WFD allows for an alternative objective, 

‘Good Ecological Potential’ (GEP). GEP is defined as the best ecological conditions that can be obtained 

in the relevant water body if all the efficient mitigation measures, which do not impair the legitimate 

water uses which are the cause of heavy modifications, are implemented (EC, 2019).  

Table 1: Classification of water bodies in the Water Framework Directive (Acreman & Ferguson, 2010) 

Ecological 
Status 

Description Actions 

High Undisturbed, pristine waterbody, with natural flow regime, morphological 
conditions and continuity, water quality and biology equal to reference 
conditions. Healthy stands of water plants, dominated by several different 
underwater species. Abundant plants at the water’s edge, emerging from the 
water. Water clear, except in flood. Diverse common and rare insects, 
amphibians, reptiles, fish and birds 

Maintain as 
high 

Good Water quality and biology deviate only slightly from reference conditions. 
Predominantly natural species. Healthy stands of water plants, dominated by 
several different species that lie in the water close to the surface. Abundant 
plants at the water’s edge, emerging from the water. Water clear, except in 
flood. Common and occasional rare species of insects, amphibians, reptiles, fish 
and birds present 

Maintain as 
good 

Moderate Moderate deviations in biology and water quality from reference conditions. 
Luxuriant growth of plants, but mainly of a single species; growth may almost 
block the channel. Emergent plant growth at the banks is present but not very 
extensive. Water can be turbid with a green or brown tinge, particularly during 
spring. Only widespread and common species of insects, amphibians, reptiles, 
fish and birds present. Some wetland species showing signs of stress. Some 
invasion by terrestrial species 

Measures 
needed to 
improve 
status to good 

Poor Major deviation in biology from reference conditions. Significant pollution, a 
few sickly looking plants covered in green slime or with long trailing fronds of 
blanket weed (filamentous algae). Emergent plants at the water’s edge either 
very sparse or absent. A few sickly looking plants within a dominant single 
species. Very turbid, green or brown coloured water for much of the summer. 
Few species of fish, invertebrates present 
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Bad Heavily polluted with very few or no natural animals present. No plants visible 
at all. Either bare bottom sediments or a covering of green or brown slime on 
the bottom. Very turbid, green or brown coloured water for most of the 
summer 

 

WFD classification  
In classifying the status of water bodies, the EU WFD considers the biology of a waterbody and its 

coherence with the physiochemical and hydromorphological conditions. Supporting elements enter 

the classification scheme under different conditions. As illustrated in Figure 1, except for pristine water 

bodies that must be maintained at High Ecological Status (HES), the hydrology of a body does not 

come into play "per sé" in the classification and required actions for a given water body although WFD 

Annex V states that hydromorphological conditions have to be consistent with the biological one. 

However, it is indeed well established that the hydrology of waterbodies impacts physical habitats, 

sediment fluctuation and temperature of water bodies and therefore necessarily the hydrology of a 

waterbody also impacts the biology and physio-chemical quality of waterbodies (Parasiewicz et al., 

1998; Hancock & Boulton, 2005; Muehlbauer et al., 2009; Robinson, 2012). As such, GES or GEP are 

unlikely to be met without considering the hydromorphology of a waterbody. Therefore the 

establishment and implementation of environmental flows is one of the means to meet the goal of 

the WFD (European Commission, 2015). 

 

Figure 1: Steps in the classification of water bodies, according to the WFD (Acreman & Ferguson, 2010) 

Improving reservoir operations – Approach 
Three main approaches to implementing environmental flows in reservoir operations have been 

identified in the literature: Blanket Operation, Episodic implementation and Adaptive Management 

(Warner et al., 2014). These are defined below with respect to dam/reservoir operation: 

Blanket Operation – Available knowledge on ecology and management is used to make broad changes 

in reservoir operations to release environmental flows. 
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Episodic Implementation – Opportunities to modify reservoir operations to release environmental 

flows are taken depending on prevailing hydrological conditions. 

Adaptive Management – Changes in reservoir operations to release environmental flows are 

considered experimental and the short-term and long term effects of flow releases are monitored and 

regularly refined. 

Table 2: Advantages and disadvantages of different approaches to reservoir re-operation for environmental 
flows 

Approach Advantages Disadvantages 

Blanket 
operation 

Modifications to reservoir operations are 
decided and made based on best available 
knowledge on flow-ecology relationships. 
Therefore a formal modification to 
reservoir operations is made to release 
environmental flows. 

No established route to take into account 
of new knowledge that becomes available 
later 

Episodic 
implementation 

Ad-hoc approach, which Identifies 
opportunities for the release of 
environmental flows. A relatively dynamic 
approach which can take new knowledge 
into account 

No formal commitment to modify reservoir 
operations to release environmental flows.  

Adaptive 
management 

Allows for learning and continuous 
modification of reservoir operations as 
new knowledge on flow-ecology 
relationships becomes available. 

Requires time and money for monitoring 
and continuous modification of reservoir 
operations based on new findings. 

Guidelines to deliver improved reservoir operation 

Guideline 1: Create an enabling legal and/or regulatory environment at the local and/or 

basin level 
In improving reservoir operations to accommodate environmental flows, an enabling legal and/or 

regulatory environment is crucial to guide activities of reservoir operators, water managers and 

riverine communities. Legislation, policy and regulations on environmental flows legitimize any 

changes in reservoir operations and other activities associated with implementing environmental 

flows. Specifically, the purpose of legislation, policy and regulations on environmental flows is 

threefold, namely:  

• to state the goal or identify target reference ecological conditions of waterbodies (Box 2),  

• to identify or set up the agencies responsible for activities to meet the goal, and 

• to provide a basis for challenging those parties, including responsible agencies, that engage 

in activities counter to the stated goals in the legal or regulatory framework (Box 3). 

The Water Framework Directive, in itself, is a policy that creates an enabling environment for 

improved ecological quality and provision of environmental flows in member states. It identifies the 

goal of “good ecological status for all waters” (i.e. GES or in the case of highly modified water bodies, 

GEP) at the regional level for EU member states. Such regional level policies and even international 

agreements such as the Sustainable Development Goal (SDG 6) provide a blueprint for improved 

ecological quality, thereby harmonizing the broad objectives of several nations. However, the details 

of how these objectives are met are best determined at the local and basin levels where issues and 

interests unique to the river basin and local communities can be considered. This is recognized in the 

WFD, which defines the River Basin Districts as the territorial unit for river management, calls for 
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national legislation transposing its principles and the establishment of River Basin District Authorities  

to implement the required work ( Acreman & Ferguson, 2010). The effectiveness of local and basin-

level regulations and legislation is borne out in a review of the literature on successful reservoir re-

operation globally (Owusu et al., 2020). In cases where legislation, policy or regulation regarding 

environmental flows served as a driver to the change in reservoir operations, approximately 70% of 

the reviewed cases were arranged at the local or basin level (Owusu et al., 2020). The operation of 

reservoirs should not be considered in isolation as each reservoir sits within a river basin and the 

operation of all reservoirs and water abstraction points can be coordinated and optimized to provide 

the highest benefits to the riverine ecosystem as well as other users. 

Box 2: Murray-Darling Basin 

One of the best known examples of a basin-level legislative and regulatory approach 

to environmental flows implementation is found in the Murray-Darling basin which 

cuts across four federal states in Australia. The 2012 Murray-Darling Water Act aims 

to ensure water for the environment while also safeguarding water for other users 

(Bischoff-Mattson & Lynch, 2016, 2017). To achieve this goal, the Murray-Darling 

Basin Plan (MDBP) and the Murray-Darling Basin Authority (MDBA) were 

established. The MDBA serves as an independent regulator to enforce the basin plan, 

regulate the different state water agencies and act as an agency to which the 

general public can report water misuse, theft or other activities contrary to the 

MDBP.  

 

Box 3: Nueces estuary 

Changing reservoir operations within a regulatory and legislative framework holds 

the enforcing agencies accountable. In the Nueces River Basin in Texas, USA, the 

operation of the Wesley Seale (1958) and Choke Canyon (1982) reservoirs decreased 

downstream flow and resulted in fewer overbank flow events to the Rincon Bayou 

despite the fact that there was a legislative requirement for water to be supplied to 

the estuary. The decreased downstream flow not only resulted in increased salinity 

in the Nueces Estuary but a reversal in the salinity gradient (Montagna et al., 2018). 

The result was a decline in the shrimp population in the estuary. There was a public 

outcry and a local shrimper organization filed a complaint with the Texas Water 

Commission (TWC), the body in charge of overseeing the Texas Water Planning Act. 

Consequently, in May 1990 the TWC issued orders requiring the City of Corpus 

Christie to meet water requirements for freshwater flows to the estuary. 

(Montagna et al., 2009) 

 

Guideline 2: Carefully design stakeholder engagement to overcome obstacles to 

implementation 
The WFD specifically mentions the need for stakeholder involvement but previously, this was largely 

in the form of information dissemination by government agencies (Acreman et al., 2009). The result 

was that local communities and other stakeholders were largely absent in the planning process and in 

https://www.mdba.gov.au/basin-plan/plan-murray-darling-basin
https://www.mdba.gov.au/basin-plan/plan-murray-darling-basin
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some cases became frustrated when they realized that there is little chance of their views being 

incorporated into implementation plans (Acreman & Ferguson, 2010). Subsequently some member 

states have built in improved formal and informal routes for stakeholder involvement. This is in line 

with best practice, since carefully designed collaboration between different stakeholders such as 

government agencies, dam operators and scientists during the planning process is crucial to 

environmental flows implementation (Owusu et al., 2020; Box 4). A survey of reservoir operators, 

scientists and water managers with first-hand experience at managing reservoirs revealed that a lack 

of stakeholder consensus was the major hurdle that caused the process to stop in the majority of 

stalled cases. Stakeholder engagement from the start and throughout the reservoir re-operation 

process helps identify and prioritise the interests and concerns of stakeholders; ensure relevance of 

the approach and the alternatives considered; and also ensure the buy-in and endorsement of the 

people affected by the operation of reservoirs. 

There are numerous approaches to stakeholder identification and engagement that can be applied to 

improving reservoir operations for the release of environmental flows (Bryson, 2004; Enserink et al., 

2010; Reed et al., 2018). We highlight here, verbatim, the recommendations made by Reed et al. 

(2018, p. 15) after a review on why stakeholder engagement in environmental management works in 

some cases but not in others: 

1. Take time to fully understand local context to determine the appropriate type of 

engagement approach and adapt its design to the context. 

2. Get all affected parties involved in dialogue as soon as possible, to develop shared goals and 

coproduce outcomes based on the most relevant sources of knowledge. 

3. As much as possible, manage power dynamics, so every participant’s contribution is valued 

and all have an equal opportunity to contribute. 

4. Match the length and frequency of engagement to the goals of the process, recognizing that 

changes in deeply held values (that may be at the root of a conflict) are likely to take longer 

than changes in preferences. 

5. Match the representation of stakeholder interests and decision-making power to the spatial 

scale of the issues being considered.  

Box 4: Tennessee Valley Authority 

The number of stakeholders that have been involved in changing reservoir 

operations to accommodate environmental flows has been very large in some 

basins. Take for instance the Tennessee Valley Authority (TVA) in the USA, which 

undertook a comprehensive review of the operating priorities of its reservoirs in 

1987. This review was in response to several requests from the public, one of the 

goals being to improve aquatic habitat and water quality in reservoir tail waters. 

TVA organized eleven initial scoping meetings attended by over 800 people, two 

intensive planning meetings with 60 government, technical and private groups and 

twelve meetings to review the environmental impact statement. Close to 1,200 

people attended the review meetings and provided 627 written and 196 verbal 

responses. This huge stakeholder process enabled TVA first and foremost to define 

the issues and also develop alternatives to address them. 

(Higgins & Brock, 1999). 
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Guideline 3: Scientific studies should support the implementation process, not drive it 
Knowledge on environmental flows has significantly advanced since the 1990s. Scientific research has 

played an important role in pushing environmental flows to the forefront in water resources 

management. With regard to the WFD, provision of environmental flows is fully aligned with the goal 

of good ecological status for all waters (European Commission, 2015).  

Scientific studies such as environmental impact assessments (EIS) or assessment of environmental 

flow requirements to meet specific ecological goals are important activities in the process of changing 

reservoir operations. However scientific studies in themselves do not necessarily result in actual 

change in the operation of reservoirs for environmental flows without the support of local 

stakeholders as well as supporting policies (Box 5). When scientific studies are used in an expert-driven 

approach which is mostly focuses on biophysical and technical impacts, as opposed to a 

communicative approach where the knowledge, concerns and expectations of local stakeholders are 

taken seriously, this does not support the actual implementation of environmental flows (Dosi, 1988; 

Vreugdenhil et al., 2010).  

Box 5: Zambezi River 

The flow of the Zambezi River in southern Africa has been heavily modified due to 

the construction and operation of four dams; the Kariba and Cahora Bassa dams on 

the main river and the Kafue Gorge and Itezhi Tezhi dams on a tributary, the Kafue 

River. The main purpose of these dams is hydropower generation. A number of 

scientific studies have been carried out (e.g. Fanaian et al., 2015; Nyatsanza et al., 

2015) with the support of the World Wide Fund for Nature (WWF). The dam 

operators cooperated by making available necessary data, including historical series 

of dam releases and electricity produced. The results were presented at appropriate 

fora, including the Joint Operations Technical Committee of the dam operators, in 

the period 2014-2016. WWF Zambia is continuing to promote the cause for 

environmental flows in the Zambezi with a focus on local capacity building in 

recognition of the fact that local skills and knowledge must be harnessed for 

environmental flows assessment and implementation. WWF is therefore partnering 

with local government, universities and Zambia’s Water Resources Management 

Authority. 

 

Guideline 4: Carry out flow experiments  
A distinguishing feature in many cases where the operations of reservoirs have been changed to 

provide environmental flows is that flow experiments were undertaken and/or the changes made to 

reservoir operations were seen as ‘adaptable’. This approach, termed Adaptive Management, allows 

water managers to be more confident in making recommendations with the knowledge that these 

recommendations are going to be tested and adjusted, if necessary. Flow experiments and the 

adaptive management approach thus support an incremental learning process where stakeholders 

learn together.  

Box 6: Glen Canyon dam 

In 1996, the first high flow experiment on the Glen Canyon dam, USA, occurred. The 

experimental artificial flood was designed to suspend and transport sediment and 
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silt upstream on the Colorado River and deposit it in eroded areas downstream, 

thereby rebuilding ecological habitats that had been lost since the construction of 

the dam in 1963. Initial observations after the 1996 experiment were positive but 

with time it became clear that one of the initial hypotheses; i.e. sediment from Paria 

and Little Colorado Rivers accumulated on the riverbed, was wrong. The flow 

experiment showed that high flow experiments without significant new sediment 

input were actually counterproductive. Subsequent flow experiments in 2004 and 

2008 were therefore adjusted accordingly based on observations from the preceding 

ones. Although there is, as yet, little long-term restoration of ecological habitats, a 

significant amount of insight into the ecological functioning of the river has been 

gained. Rice (2013) argues that the 1996 high flow experiment, and the subsequent 

experiments that followed, represents a shift from a “command and control” 

disposition to a “give and take” attitude between man and nature. 

 

Box 7: Spöl River 

The experimental flood program on the Spöl River which flows through Italy and 

Switzerland also illustrates the importance of flow experiments in enabling 

environmental flows implementation. The river is regulated by the Punt dal Gall and 

Ova Spin dams and previously this regulation had reduced flow rates from an annual 

average of 8.6 to 1.0 m3/s thereby causing siltation of the riverbed and growth of 

extensive algae mats and moss beds. In 2000, an experimental flow program begun 

and this showed that an ecosystem regime shift can be triggered by regular floods. 

Specifically in the case of the Spöl River, the moss beds were eliminated and low 

benthic organic matter and periphyton biomass were maintained after the third year 

of flooding. In addition, newly established macroinvertebrates were found to be 

more resilient to subsequent floods. Based on the results of the associated ecological 

monitoring, the program has been adopted in the regulatory framework of the 

reservoirs.  

(Robinson & Uehlinger, 2008) 

Informed by two well-known experimental flow programs, the controlled flood program from the Glen 

Canyon Dam on the Colorado River in the USA (Marzolf et al., 1999; Andrews & Pizzi, 2000; Rice, 2013; 

Box 6) and the experimental flood program for the Ova Spin and Punt dal Gall dams on the Spöl River 

in Switzerland and Italy (Scheurer & Molinari, 2003; Robinson & Uehlinger, 2008; Robinson, 2012, Box 

7), a successful environmental flow experimental program should include the following: 

• Collect baseline data by monitoring the reach downstream of the reservoir as well as control 

reaches to establish the base water chemistry, hydromorphology and ecology. 

• Formulate a hypothesis on a flow-geomorphology- ecology relationship that also takes into 

consideration temperature and sedimentation. It should be possible to test this hypothesis in 

the study reach using flow releases from the reservoir. 

• Establish well-defined flow magnitudes, duration and rates of changes for the experimental 

flow releases. 

• Define the number, duration and spacing of experimental flow releases. 

• Conduct an intense short term sampling program during each experimental flow release 
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• Make a longer term monitoring plan taking into consideration that some ecological elements 

may take longer to respond; map the physical habitats and keep on monitoring. 

• Develop a protocol on responding to unplanned natural events (e.g. natural floods) and 

unforeseen accidents (e.g. pollution events) in the environmental flow experimental program. 

 

Guideline 5: Periodically review learning and reiterate the learning cycle 
The relationship between river flow, geomorphology, water temperature and riverine ecology is 

complex (Boxes 6, 7 & 8). Past experience has shown that the full effect of changes to the flow 

regime takes time to manifest. This is true for when reservoirs are built as well as when changes 

to reservoir operations aimed at restoring flow and downstream ecology are implemented. 

Therefore, while a hypothesis and plan for accommodating environmental flows can be made 

based on best available knowledge and guidance at any time, it is important to periodically review 

local as well as international learning and reiterate the learning cycle. The WFD six-year 

management cycle, during which river basin management plans (RBMP) are developed, 

implemented and then reviewed, provides an avenue for incorporating learning in the process of 

improving reservoir operations (Table 3). 

Table 3: Cyclical process of improving reservoir operations (adapted from Watts et al., (2010)) 

Start of WFD 6-year management cycle – 
Planning (Adjusting) stage 
 
Develop (adjust) hypothesis on flow-
geomorphology- ecology relationship based on 
available knowledge on downstream reach of 
reservoir and its evolution since its 
construction. 

Activity stage 
 
Define environmental flows, the associated 
reservoir operating rules and a monitoring plan. 
 

End of WFD management cycle - 
Learning stage 
 
Review original flow-geomorphology-ecology 
relationship based on learning from monitoring. 
 

Monitoring stage 
 
Keep on monitoring the downstream reach to 
assess response to modified reservoir 
operations. 

Box 8: Mitta Mitta River 

In the Mitta Mitta River, a sub-catchment of the Murray-Darling basin in Australia, a 

continuous learning approach was adopted to inform environmental flow releases from 

the Dartmouth Reservoir based on four flow trials. At the start of each flow trial, 

stakeholders were consulted so that important local knowledge could be incorporated 

into the upcoming trial. A priori hypotheses on different ecological indicators were thus 

developed. During the flow trials, there was monitoring of these indicators as well as 

constant communication of any changes to discharge. At the end of each trial period the 

results were shared and discussed among stakeholders to develop future direction. As 

such, each flow trial was built upon the preceding one and the collaboration between 

stakeholders over time led to the establishment of an adaptive management approach in 

the management of the reservoir. 
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 (Watts et al., 2010) 

Conclusion 
Accommodating environmental flows in the operation of reservoirs is an important approach to meet 

the European Union’s Water Framework Directive goal of achieving Good Ecological Status (GES) or 

Good Ecological Potential (GEP) of water bodies. The guidelines provided here were developed based 

on evidence of actual cases of managing reservoir to accommodate environmental flows. The aim of 

the guidelines is to assist water managers in delivering improved reservoir operation based on the 

practices and lessons learnt in other attempts, successful or otherwise, to accommodate 

environmental flows. Five main guidelines are advanced, covering the role of legislation, stakeholder 

engagement, scientific studies and flow experiments. These guidelines are not meant to be 

comprehensive, but are meant to complement other water management guidelines. 
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