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Abstract 

The assessment and application of environmental flows has advanced considerably in the 
last ten years. To coincide with the emergence and expansion of the environmental flows 
concept, a survey study was undertaken aiming to identify perceptions and interpretations. 
The study also aimed to determine the extent to which the concept is being applied and 
translated into policy and practice, and the major challenges and opportunities that exist. A 
total of 272 responses representing 64 countries in the six major regions of the world was 
received. The ways in which people define and interpret the concept varied widely. The 
degree of application shows the growing recognition around the world of the need to consider 
the environmental water requirements when making decisions on water allocations. The 
survey allowed the opportunity for respondents to highlight what they perceived as the major 
obstacles and difficulties for the concept. Lack of understanding among stakeholders of the 
socio-economic costs and benefits associated with concept implementation, and a lack of 
political will were the two most common obstacles for continued application of the concept 
around the world. Overall, the survey delivered promising signs for the continued evolution of 
environmental flows within water management. 

Key words: environmental flows, water allocations, river basin management, global survey, 
perceptions, ecological water requirements, flow methodology 

Introduction 

The twentieth-century saw unprecedented growth in the development and management of 
earth's freshwater resources. The dominant approach was to construct infrastructure in the 
form of dams and other impoundments. diversions, pipelines, canals and groundwater wells 
(Gleick 2003; Tharme 2003). This approach provided direct benefits to humans by securing a 
stable supply of freshwater for irrigated agriculture, hydropower generation, flood and drought 
protection, and domestic purposes. Combined with the increasing availability of fertilizers and 
pesticides and new high-yield varieties of grains, the increased supply of water fueled the so
called Green Revolution (Rijsberman, Molden 2001). Many countries were able to provide 
food and water security while keeping pace with rapidly growing populations. 

Hydrologic alteration from dams, diversions, canals and other water developments invariably 
manipulates to some extent the natural flows of rivers. Awareness continues to grow of the 
impacts on river ecosystems and the connected floodplains, wetlands and aquifers from the 
~hard path" approach to water development so dominant in the twentieth-century (Gleick 
2003). In response to this rising awareness, researchers, water managers, policy-makers, 
and other concerned groups have attempted to understand and measure the impacts, and 
propose ways of providing for the environmental needs of freshwater resources, alongside 
the human needs. These efforts have spawned a new field of scientific research that has its 
origins in the mid-1900s, but has only recently started to gain momentum. This field is 
centered on the concept commonly referred to as "environmental flows" (Tharme 2003). 

The understanding that flows are critical for maintaining biodiversity and ensuring ecosystem 
integrity has led to a new paradigm of water resource management based on the natural flow 
regime (Postel, Richter 2003; Poff et al. 1997). The last decade has seen a transition from 
the narrow objective of prescribing minimum acceptable flows to protect valued fish species, 
to more comprehensive objectives that consider the spatial and temporal patterns of the 
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entire flow regime and the interrelationships between river flows. floodplains, estuaries and 
aquifers. Recent efforts have also incorporated social and economic as::J8cts :r. 
environmental flow assessments, particularly in terms of the effects on subsistence users of 
rivers and floodplains (King, Tharme, Brown 1999; Brown, r<ing 2003). 

Despite advances in the recognition and understanding of the environmental needs of water 
systems, water resources continue to be depleted, rivers continue to show signs of '..'0, 

and inefficient water use practices perSist in agricultural, industrial and domestic sectors. In a 
recent study that provided the first giobal picture of environmental water scarcity, S:T'2k~t;n et 
al. (2004) estimated that 1.4 billion people live in river basir.s where current water use is in 
conflict with environmental water requirements. The basic dilemma that exists is how to 
continue to provide water for human needs in the face of increasing population pressures, 
while at the same time taking into account and ailowing for the environmental needs of water. 
If water is reserved in some way for the environment. the availability of water for other :~'.;m8n 
uses is reduced, thereby increasing competition and potentially leading to disputes and 
conflict. 

Aims 
This study is the first known attempt to gather global data on people's perceptions and 
interpretations of the environmental flows concept. The stL!dy aims to capture current views. 
definitions and interpretations of the environmental flows concept. It also aims to add tc the 
growing volume of information regarding the extent to which the concept is recognized, 
im;::!emented and being translated into water resource policy throughout the worid. To 
encompass ail views, the survey attempts to reach those areas where the concept is not 
recognized or applied and to examine the underlying reasons for why the concept is r.::::~ 
being used. The study concludes by looking at people's perceptions of the major challenges 
and opportunities for the concept in the future. 

Methods 
The method that was seen as most suitable for accomplishing these aims was a weo-based 
questionnaire, distributed to people involved in various water and food-related sectors from 
all regions of the world. The questionnaire was prepared in association with researci.ers [fOiT. 

Linkoping Univers;ty, Stockholm International Water Institute (SIWI), International Water 
Management Institute (IWMI) and the World Conservation Union (IUCN). The survey \/;'23 

distributed from May to July 2004 to contacts provided by the above organizations and 
through other networks and mailing lists. 

It was intended that respondents should not be restricted to experts in environmental flows, 
but be extended to people within all water-related fields who mayor may not view the: 
concept of environmental flows as applicable or valid \;vlthin t::eir area. Therefore, the survey 
population consisted of people that were involved in a professional capacity in v/ater 
manaqement water use and water research. A further air., was to collect responses from all 
region~s of the wOi-Id, with adequate representation according to country, re~:on and 
development status. 

Despite the enormous potential for web-based surveys, the advantages must be balanced 
against significant weaknesses. Varying levels of respondent computer 3>:d 

literacy have the potential to affect the response rate and bias the results, particularly in a 
survey of this type which targeted a wide range of wete; sectors and regions. Other survey 
limitations include the inability to reach on-the-ground at local community and farm;% 
organization levels, and to gather responses from those not actively involvec ,-"ith or aware of 
the concept. 
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Overview of survey respondents 

A total of 272 responses was received over the survey period. The response rate was 
roughly calculated by using the number of individual email addresses provided in the mailing 
lists. This number was estimated to be at least 1350 addresses resulting in a response rate 
no greater than 20%. Respondents represented a range of organisational types and 
countries. Respondents from scientific, research and academic organisations comprised the 
largest proportion (43% or respondents), followed by government agency representatives 
(28%) and NGOs (14%). Low representation from the private sector (10%). inter
governmental agencies (4%) and the media «0.1%) were encountered. 

A total of 64 countries were represented in the survey. It is important to note that responses 
from five countries were considerably higher than all other countries. The proportion of 
responses from USA (31 responses), South Africa (29), Australia (26), India (25) and Sri 
Lanka (22), together accounted for almost half of all responses. No other country received 
more than 10 responses. Figure 1 shows the breakdown of respondents by the major world 
regions. 

Figure 1. Breakdown of survey respondents according to region of the world 
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Concept definition 
"There is no universally agreed definition of environmental flows," Smakhtin et al. (2004, p1) 
stated in their global-scale assessment of environmental water requirements. Results of the 
survey confirmed that a variety of different terms are used around the world. The most 
commonly used terms include environmental flows, minimum flows, and instream flows; 
however, a total of 57 terms were recorded across all regions. The 57 terms identified in the 
survey relate to the concept of environmental flows; however, the terms are not all defined in 
the same way. In fact. there are crucial distinctions to be made between how several terms 
are defined and interpreted. The reason behind the diversity of terms most likely lies in the 
original context in which concern over hydrological alterations was raised around the world 
and the subsequent evolution in research and practice. 

A common view within water management over the last century has been that any water 
allowed to flow to downstream wetlands, floodplains and the sea, or seep into underground 
aquifers was a wasted resource. The terms wasted water, surplus water, spare water and 
residual water are legacies of these views and continue to be used to a limited extent today, 
as the survey showed. A shift in the conceptual view began in the USA in response to the 
decline in economically important fish species due to reduced flows in many major rivers. The 
recognition of the need for a minimum amount of water to remain in a river for the benefit of 
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important game-fish species gave rise to terms such as rr;inimum flo'/'/s, ir.-stream floV:ls end 
fish flows (Postel, Richter 2003, Acreman 2001). 

A second conceptual shift beginning in the 1980s in South J--,frica and Australia resulted in the 
expansion of the concept from focussing on a single feature of river systems to i:!f:or;;:T?ti'i::J 
multiple aspects (Hirji, Panella 2003). This expar:s:c:, accompanied the increasing 
recognition of the vital role of the entire natura! flow regime in ecosystem s~ructure a::d 
functioning. Environmental flow, ecological reserve, environmental water aliccation or 
requirement, environmental demand and compensation flo,'.' are terms used across different 
regions and by different groups to broadly define the ',v&~er that is set aside or reiec:ss:J ~o 
:-neet the environmental needs of flowing water systems. The variety of terms reflects the 
variety of ways that awareness of the flow regime and its influence on ecosystems ant :;:ot3 
has been raised in different regions. It also reflects t:,e rapid!:! developing nature of this field 
of research. 

Environmental flows can be considered as the definitive term for describing the direction in 
which this branch of science is currently heading. The r.oiistic approach to environmental flow 
assessment is not just restricted to in-stream processes, but encompasses all aspects of a 
flowing water system, including floodplains, groundwater aquifers, and downstre3m receivi;- ~ 
waters such as wetlands, terminal lakes and estuaries. -:-:,:s approach also considers all 
facets of the flow regime (quantity, frequency, duration, timing, and rate c;f chc:,-,ge), H~2 
dynamic nature of rivers, water quality aspects, and social and economic implications 
(Brown, King 2003; Arthington, Pusey 2003). 

Concept interpretation 
To explore how people involved in water managemsn: cu~:?n~ly interpret the environmental 
flows concept, the respondents were asked which aspects they considered the C'JilCS:::'~ to 
encompass. A total of 103 respondents, or 38% of the total, selected all five components of 
the fiow regime (quantity, timing, duration, frequency, ;::00-,,<:? of change) as being P2 rf c~ :!~S 
environmental flows concept. These five components comprise the elements of the natural 
flow regime that Poff et a!. (1997) drew attention to as the fundamental scien~ific princi,:>'e 
behind the ecological integrity of flowing water syste:T's. I:: their 1997 article, Poff et al. 
(p769) stated that the recognition of the importance cf the flow regime in maintaining 
ecosystems had been virtually ignored in a management context. The evidence from the 
survey suggests that progress has been made over the iast few years in the acceptance of 
the role that the entire flow regime plays in water management. 

Social aspects related to environmental flows highli£ht the link between river flaws ano 
livelihoods and the direction in which the concept is currentiy headed. The human dimension 
is increasingly being considered as part of the holistic approach to the env;ronmental flow 
assessment. Holistic methods of flow assessment are attem::,ting to incorporate and estimate 
the effect of different flow regimes on issues such as aesthetics, social dependence on 
riverine ecosystems, economic costs and benefits, protection of important cultural features 
and recreation (King, Tharme, Brown 1999). Over h2if o~ t[~e respondents in the survey 
indicated that they considered social aspects as part of environmentai flow asseSS~2ill and 
implementation. 

A related interpretation of the concept surfaced through a reference provided by one survey 
respondent, and was mentioned as part of a stakeholder workshop conrj~1ctsd on 
environmental flows in Tanzania. The interpretation inc!udec the concern that the concept of 
environmental flows would be considered by m8:lY as purely aimed at saving endangered 
aquatic species for their own sake. Outcomes of the workshop mentioned the diffic:..;;,:",' i:l 

convincing people that environmental flows also encomp2ssed socio-economic benefits to 
people, by providing ecosystem goods and services 8:lG iive'iiJood security to ic,::;a; 
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communities. The participants in the workshop suggested that the term environmental flows 
should be changed to the more appropriate flows for people and the environment (IUCN 
2003). 

The various aspects that were identified by respondents in their interpretation of 
environmental flows, show that the concept continues to evolve and is shifting from the 
traditional view of minimum quantities of water to a more comprehensive and holistic 
interpretation. As this field of research continues to evolve and spread into new areas, it is 
expected that different interpretations will continue to surface and new aspects will continue 
to be integrated. 

Challenges and opportunities for environmental flows in water management 
In this section, focus will be given to several key issues that emerged from the responses to 
the survey: the major difficulties and obstacles for further understanding and implementing 
the concept of environmental flows; areas of common concern; and potential opportunities for 
the future. The survey generated considerable interest and it appears that it provided an ideal 
opportunity for respondents to voice their opinions on various issues related to the concept 
and also the state of water resource management within their area. This aspect of the survey 
allowed for a unique insight into what people involved in water management considered as 
the most urgent needs and fundamental problems associated with the concept. 

Major obstacles for further understanding and implementing the concept 
Environmental degradation of water resources continues due to limited awareness and 
capacity, population growth, and lack of funds. 1 

Identifying the key difficulties and obstacles for assessing and implementing the 
environmental flows concept constituted a major aim of this survey study. By calling attention 
to what people involved in water management believed to be the most pressing needs and 
concerns related to the subject, it was hoped that this information could then be used in water 
management and planning, as well as decision- and policy-making. One particular question 
asked respondents to identify the three most critical difficulties in understanding and 
implementing environmental flows in their area. A list of 10 options was provided, including 
an option for respondents to list alternative answers. A significant number of respondents 
also provided further details in the additional comments section on what they perceived to be 
the major difficulties as well as major needs in terms of the concept. 

Figure 2 presents the results of the question aimed at identifying the major difficulties and 
obstacles for the concept. The two obstacles identified by respondents to be most critical 
were the lack of understanding of the socio-economic costs and benefits and lack of political 
will. Other obstacles that were commonly identified by the respondents included legal, 
institutional and monitoring arrangements, effective stakeholder involvement, and expertise 
and technical support. 

Figure 2. The major difficulties and obstacles for understanding and implementing the 
environmental flows concept according to the survey respondents. 

1 Quote from respondent 134 

5 



I ~ 

I Understanding of socio-economc costs and benefi~s r-====--"=--===~=--.-.---, 143 

Legal, inslltutional and ITDnitoring arrangerrents .'--_--=~-'---'-'---''-'-'-'-'--....;...;,..=..;;._.:.:._=_...;.;.;.~ 113 

Effective stakeholder invo1verrent r-:-:==,..,."........,..-;------.,.."..,.-~~ 106 

Financial reSO\.Jfces pL:::::::~::=::::;:ES:=I=~2=:::J 101 

Expertise! technical support ~E~m~~L2':=3!~a 

Public acceptance r-c;--;--="""","_..,..,.."....,.--::-=..., 68 

Capacity for ITDdelling and scenario developrrent b:-;-=:-=-~===,...., 63 

Hydrologica! data ;--."...,."~,......,..,.....",.,..,,,...--: 59 

Other r-:-:--:==--, 39 

o 20 40 80 100 120 140 

Num be,' of times se!ec!ed 

-~.------.-. - ..--~-..--.--..~-..---~•.--.---~~.....-~~ 

While much research has focussed on the ecological benefits associated with implementing 
an environmental flows program, it appears many stakeholders remain unaW3r(::) or 
unconvinced of the associated social and econorr.ic cos:s and benefits. Maintaining or 
restoring ecosystem integrity was the main i:npetu3 behind the establishment Of t"e 
environmental flow concept and there are many examples of improved ecosystem heaith 
foliowing the implementation of an environmental flaw r:mg".?m (King, Th2rme, Brown 1999). 
The holistic approach to environmental flow assessment I-,as started to integrate the sociai 
and economic implications of different environmental flow scenarios, while more information 
on the range of benefits and costs is being generated. Hirji and Panella (2003, pE C,B ill 

that "understanding the range of benefits and services provi~ed by the ecosystems supported 
by the various environmental flows is the fundamental development concern '.vith 
environmental flows." The ecosystems dependent on environmental flows provide many vital 
social and economic services and benefits, such as fisheries, nutrient removal, W8:e;- suoply, 
and forest products with a direct link between environmental flows and human well-being. 

Identifying and then communicating the direct and indirect benefits of implemen,;rg 
environmental flows to people is a critical requirement at present. The ability to demonstrate 
to key stakeholders and decision-makers the benefits ',hat their community wiH recei'le :::.S a 
result of taking into account the environmental water requirements, was identified by many 
respondents as essential in their area. This was particular'y the case where W2.~er sca~city 
existed and over-allocation for consumptive uses was occL:rring. A clearly defined list of the 
costs and benefits, both short- and long-term, associated with implem8:lting envlio"r:;ent 2' 

flows and a list of the possible consequences if flows are not established may indeed provide 
a good start. As one respondent recommended, an intensive j;'1format::.'n c2mo2:gn should be 
undertaken on the benefits associated with environmental flows. 

Lack of political will in implementing flows was one wa'2 0; the most comrrl:J:1 obsicc:es 
highiighted in the survey. The issue of politica! will was no~ restricted to particular areas, but 
was identified equally across developing and developec regions. Political 2 
concept such as environmental flows is critlcal for its acceptance and successful 
imp'ementation. UltimatelY, the level of river health tha~ will be sus-tainec is ;;:; soc:s,:al ;:;'1'::::ice~ 
driven by the values that the society places on goods and services and ethical considerations 
(Acreman 2001; Dyson et al. 2003). Brown and King (2003) call attention to the v if2i role of 
policy and legislation in giving legitimacy to the assessme!lt of environmental fiows in water 
management. By establishing a structured and transparent decision-making process that 
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incorporates environmental, social and economic costs and benefits, more informed tradeoffs 
can be made. Assessing environmental flows allows for the ecological needs to be 
considered alongside the social and economic needs in the decisions regarding water 
allocation and water use. 

Common concerns regarding environmental flows 
Policy making is easy, but personal sacrifice in the face of water scarcity is difficult. 2 

A concern raised frequently in the survey related to water allocations for environmental 
needs, and the implication that the amount of water available for human needs would be less, 
thereby increasing competition and the propensity for conflict. In many river systems around 
the world, allocating water to the environment will appear to many people as a threat to their 
water usage and livelihood security (Acreman 2001). How does one try to convince a farmer 
dependent on irrigation agriculture that water needs to be left in the river for the 
environment? Furthermore, how does one approach elected officials whose constituency is 
comprised of poor rural communities dependent on scarce water resources for their 
livelihoods? These types of questions are at the heart of the water for food and water for 
nature dilemma discussed in the introduction. They are also related to what many 
respondents saw as one of the biggest roadblocks for implementation of environmental flows 
- the propensity for escalating conflicts over water. 

While it is recognised that providing water for ecological purposes also benefits humans 
directly and indirectly, the idea that water should be re-allocated away from human uses was 
flagged by many respondents as difficult, if not impossible, to introduce into their respective 
areas. This was particularly the case for water scarce regions and those respondents 
representing river basins where water stress is already high. In many of these areas, water is 
being allocated to higher valued industry and urban uses, leaving agriculture and the 
environment to compete for decreasing amounts of water. As a result, Molden et al. (2001, 
p15) predict, "the area of water stress and conflict that is likely to intensify the most is - not 
between cities and agriculture 7 but rather between nature and agriculture." 

Figure 3 shows the results of a question that asked whether the likelihood of conflict would 
rise as a result of introducing the environmental flows concept into new areas. As the figure 
indicates, a high proportion of people agreed with the statement that environmental flows 
indeed would lead to an increase in conflict over water. This concern over increasing conflict 
was also raised by many respondents when providing additional comments at the end of the 
survey. Some blamed the perception that environmental needs were in competition with what 
was considered the "beneficial uses" of water, such as for irrigation agriculture, power 
generation and industrial development. This perception pitted human consumption against 
the environmental needs - one would benefit while the other would suffer. 
Figure 3. Level of agreement with the given statement: environmental flows will be a cause of 
further conflict in dealing with water scarcity. 

2 Quote from respondent 23 
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"Estimation and implementation of environmontal flows '.'Iii! be a 
cause of further problems and conflicts h dealing wi:~ 'N~~er 

scarcity" 

Strongly agree Somaw hat 
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nor disagree 

What opportunities exist for the concept? 

S0m9Wh8t 

disagree 
Strongly 
disagree 

It is an opportune moment to provide assistance to those countries willing to take the process 
forward, but without the understanding or capacity to do SO. 3 

Despite the acknowledgement of major difficulties and several key concerns, the strong 
interest and support shown for the concept of environmental flows by an ove.rvvhe;"""rg 
majority of the survey respondents was a promising sign. Almost all respondents indicated 
that they would support the establishment or continued expansion of the con,::::ept withir. tt"eir 
areas (97%). 

The importance of public acceptance and effective stakeholder involvement for the 
successful adoption and implementation of the concep~ V\fas raised by many respondents. 
Allowing the public and particularly the relevant stakeholders within an area to pa:i:icjpa~9 in 
an open forum was a key recommendation from many people. As Smakhtin et al. (2004) 
stipulate, the first step in overcoming the challenge of institutional b2rriers ;s to esteJ1i5h 
basin-level dialogues between users, in order to negotiate and agree on how waier is to be 
allocated. The need to invite all stakeholders affected by water d'3cis'ons, 
including upstream and downstream users and csuntries. was identified as essential for 
effective dialogue on environmental flows. 

To complement these public forums, it was recommended that scientists, policy-makers, 
NGOs, and relevant international development agencies also engage ;n disCL:ssic:'";s and 
debates to determine the most effective ways of continuing research, policy making and 
implementation of the concept. The lack of suitably qualified scientists anc:echnice! 
was identified as a major impediment to the establishment of flows particularly in developing 
countries. Many of the people who answered the survey represented sc:enUfic 
and were actively involved in research prJjects assoc!ated with flows. Many other 
respondents expressed interest in developing the concept, but vIere l'nable to due to a 
confessed lack of technical experience, insufficient funds, lack of hydrological dala or even 
the knowledge of where to begin. According to a slg;"\i;;:;2r:~ :lur::ber of respondents, open 
sharing of information and experiences !S 8[; essentiai element for t~,e instigation and 
advancement of environmental flows in their region. "Exchange of information and 
experience is key" according to one respondent. 

3 Quote from respondent 60 
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The need for stakeholders ,-. recognise the inherent complexities and uncertainties of 
assessing and implementing t;vironmental flows was identified by many respondents from 
research backgrounds. Awareness is needed from all sides of the constraints of water 
management and the complexities of aquatic systems (King, Brown, Sabet 2003). There is 
no one simple answer, m~thod or guide to providing for the environment::'!1 nnnds of rivers 
Alongside the human needs. Each river system is differpnt r' 's sitllation is 

"" .'"." ,_ ,. 'I""'" CJI,,J ";'"'IJl''' ,,-,,,,,,1'4ut: lv, Ut:l\;;;lillilllilg IIUW ITIuch 
water should be left in any river is not possible at present Until more research is conducted 
and a greater understanding is obtained of the links between flow regimes and complex 
aquatic ecosystems, the implementation of environmental flows will continue largely on a trial 
and error basis. 

Conclusions 

It is the need of the hour to educate everyone of the importance of environmental flows in 
water management so that progress can be made towards a sustainable society. 4 

This study looked primarily at how people perceive the concept of environmental flows. The 
results of the survey clearly demonstrate that considerable interest in the concept exists 
around the world and within all water-related sectors of society. The survey itself provided an 
opportunity and a medium for many people to voice their opinions about the concept, as it 
continues to evolve and develop around the world. Allowing people to e;· yeo.;;5 and articulate 
their hopes and concerns for what is commonly seen as a central component in IWRM, is key 
to the success of any developing concept. The survey coincides with what appears to be an 
opportune moment for the concept. Efforts to assess, experiment, apply and translate the 
concept into policy and practice have increased significantly over the last five years. 

The overall aim here is to manage water sustainably. As water scarcity increases and 
populations grow in many parts of the world the ability to manage water resources effectively 
and equitably and without jeopardising the resource base on which society depends, 
becomes more difficult and complex. By basing the environmental needs of rivers, wetlands, 
estuaries and other hydrological systems on sound science, these needs can be legitimately 
recognised and addressed within water management (Baron et al. 2002). Environmental 
flows allow the ecological requirements of rivers and other water courses to be included in 
the debates over sustainable water resource allocation. The concept of environmental flows 
can be an effective tool for identifying the wider costs of current and past water management 
practices. It can also be an effective tool for identifying the values to society associated with 
maintaining and restoring ecosystems. Environmental flows have been shown to be 
important not only for maintaining biodiversity and ecosystem health, but also for providing 
many economically valuable services and long-term benefits to society. 
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