Figure 10.4. Water for multifunctional agroecosystem would bring more equity, environmental
sustainability and economic efficiency.

Figure 10.5. Managing water for multifunctional agroecosystems would help a more balanced
provision of provisiong, regulatory, cultural and supporting ecosystem services, as compared to Figure
X (adapted from CA 2007 and Gordon et al. 2010).

More balanced ecosystem services cannot be achieved overnight and changing an agricultural
production system into a multifunctional agroecological landscape will take time, even if
biophysically practicable or socially acceptable. However, the value of ecosystem services
delivered by changes in agriculture practice can increase substantially through measures to
increase water and land productivity and by interventions that support specific ecosystem
functions. These can consist of, for example, the introduction or reintroduction of habitat
corridors and the integration of further tree crops, livestock and aquaculture in conventional
cropping systems, as well as measures to retain freshwater and organic matter in agricultural
soils. In Minnesota, USA, environmental as well as economic benefits increased under
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scenarios that changed agricultural practices towards multifunctional landscape management
(Box 10.2). Ecosystem services as well as farm income increased with the degree to which
more sustainable practices were adopted, while the additional costs for nature conservation
were offset by the reduction in commodity subsidies (Boody et al. 2005). This example
shows how the additional ecosystem services come from within the production system, as
agroecological landscapes provide a wider diversity of supporting services, and from the
enhanced quality of the surrounding ecosystems resulting for instance from reduced pollution.

Box 10.2 - Potential benefits of multifunctional agriculture in Minnesota

Scientists, farmers and other residents of Wells Creek and Chippewa River watersheds in Minnesota,
USA, developed four scenarios to learn how farming policy and practices would lead to various
environmental and economic impacts (Boody et al. 2005). Under scenario A, current practices
continued and a trend towards fewer farms with increased cultivation of corn and soybean was
projected. Scenario B envisages the introduction of Best Management Practices such as conservation
tillage, 30 m riparian buffers alongside streams and no over-application of fertilizers. Scenario C aims
at maximizing diversity as well as profitability, adding to scenario B wetland restoration, increased
crop diversity (including less than 5% organic farming), perennial crops, and rotation of crops as well
as grazing. The five year crop rotation included small grains and alfalfa, leading to a reduction in the
area currently under corn and soybean rotations. Scenario D further extended this by increasing
vegetation cover, especially perennial grassland, extension of the riparian buffer strips to 90 m, and
the use of cover crops (green manure).

In both watersheds, ecosystem services such as erosion control (reduction in sediment and
phosphorus outflow), soil carbon storage, and days without lethal fish effects increased with
increased sustainable practices (Figures 10.6 and 10.7). Interestingly, net farm income was also
highest under the most environmentally sustainable scenario (D). Part of the costs of the transition
from a series of intensive production systems to a multifunctional agroecological landscape, were
envisaged to come from public funds for nature conservation. While the funds were especially high
for scenario D, these were compensated by the reduced need for commodity subsidies for corn and
soy bean that are of a higher level altogether (Table 10.1). In Wells Creek, greenhouse gas emissions
would be higher under scenario D (7,705 MTCE) than the baseline (5,003 MTCE), because of the
higher numbers of livestock. This would largely, but not entirely, be compensated by the increased
carbon storage in the soil (7,258 metric tons/year).
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Box 10.2 (continued)
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Figure 10.6. Projected changes (in %) in selected ecological and environmental indicators as compared to the
baseline (Table 11.1) in Wells Creek watershed under scenario A current practices, B best management
practices, C maximizing diversity and profitability and D increased vegetative cover (adapted from Boody et al.
2005).
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Figure 10.7. Projected changes (in %) in selected ecological and environmental indicators as compared to the
baseline (Table HH) in Chippewa River watershed under scenario A current practices, B best management
practices, C maximizing diversity and profitability and D increased vegetative cover (adapted from Boody et al.
2005).

Table 10.1. Baseline values of the indicators in Figures FF and GG for Wells Creek and Chippewa River watershed
in Minnesota, USA (adapted from Boody et al. 2005; dollars are based on 1999 values).

Indicator unit Wells Creek Chippewa River
Sediment outflow 000 kg/year 36 1.8
Phosphorus outflow kg/year 3,430 2,322
Greenhouse gas metric tons carbon equivalent 5,003 2,065
Soil Organic Carbon metric tons/year 3,902 4,792
Lethal fish effects days/year 6.7 11.2
Production costs 000 USS/year 13,522 9,202
Farm income (net) 000 USS/year 2,089 979
Public funds

- Conservation Reserve Program 000 USS/year 115 306
- Commodity payments 000 USS/year 1,370 1,386
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A major challenge in improving water for ecosystem services is that the role of water in
regulatory and supporting services is poorly understood, both in agroecosystems and other
non-agricultural ecosystems. So even if there is a policy of holistic management, this may not
be sufficient to ensure all ecosystem services are accounted for. This is another reason why it
is so important to encourage adaptive management as part of everyday practice in governance
systems to help take into account the implications of climate change on water resources and
agroecosystems when planning sustainable water management practices. This can be
supported by further identification, evaluation and adoption of applicable tools that help
increase the production of food per unit of water, without harmful trade-offs. Such tools
include the economic valuation and gendered cost benefit analysis of ecosystem services,
assessment of environmental flow, risk and vulnerability assessment, strategic and
environmental impact assessment and probability-based modeling.

Practical approaches to water management in agroecosystems

Regardless of the overall approach, be it IWRM or other, there is growing recognition that
more practical approaches to the fundamental issue of ecosystem management must be
employed. More specific policy options and management approaches can help strike a
balance between increased food production and the preservation of ecosystems (Gordon et al.
2010), e.g. improved management practices on agricultural lands can increase the efficiency
with which water is used to produce food. Shifting from mono-cropping to multifunctional
agroecosystems can create synergies among ecosystem services, meaning that all the services
are valued and cared for rather than just the crop yield output and its associated water
productivity (Nguyen-Khoa and Smith 2008). This better ecosystem management can benefit
agriculture and improve system water productivity in several ways:

e Increased yields in resource-conserving agriculture can go hand in hand with reduced
environmental impacts through increased water use efficiency and productivity, improved
water quality and increased carbon sequestration (e.g. in well-managed grazing lands).

e Biodiversity is important for securing multi-functionality by acting as an insurance
mechanism by increasing the resilience of ecosystems and of the livelihoods of men and
women who rely on them (FAO and PAR 2011).

e Species may seem redundant during some stages of ecosystem development but can be
crucial for ecosystem restoration after disturbance.

Integrated management of agroecosystems directly links environmental sustainability aspects
to other national, sub-regional and local economic and social development aspects. Several
practical approaches which can be used to address ecosystem sustainability and enhance
resilience that are currently receiving a significant amount of attention are payments for
ecosystem services and the management of environmental flows. Often in practice a
combination of various tools and approaches have the best result, as these examples show of
agroecosystem management for climate change.
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River forest action plan in the United States (based on Conservation Fund 2008)

The Garcia River is one of the most important rivers of the Californian Redwood Region. For
decades, logging has been the predominant land use in the watershed. Increased uncertainty
about the timber industry in the California North Coast changed this situation and forced
some timber industrial and non-industrial forestland owners to sell their properties.
Fragmentation of the Garcia River’s forest then started as new rural residential subdivisions
and vineyards were established. The preservation of this forestland through public acquisition
was not viable, thus, a new protection approach was needed, in particular one that included
climate change issues.

In February 2004, The Nature Conservancy and The Conservation Fund (TCF) purchased a
9,623 hectare property along the upper Garcia River Basin in the redwood forest of
Mendocino County, California. The goal of this purchase was to protect significant natural,
ecological, and aesthetic values, and to develop and implement a model of sustainable forestry
practices that would be in accordance with climate change mitigation efforts. Since 2004
various activities are being developed in the Garcia River Forest: restoration and
enhancement, watershed management, and silviculture. Additional management activities
included public use, monitoring and research, and education and demonstration. These
activities are fully described in the Integrated Management Plan for the Garcia River Forest,
which was completed in August 2006.

After implementation, results included the following:

o Silviculture: in early 2007, the first light-touch logging took place on Garcia River. This
method of timber harvesting selects inferior trees for removal, thus promoting the growth
of stronger trees. It is a process that maximizes carbon storage and accelerates the
recovery of the forest ecosystem. As a result of light-touch logging, the local mill
received 826 cubic meters of timber.

e Carbon credit certification: in February 2008, the California Climate Action Registry —
the most prescriptive set of standards for forest management carbon projects in the world
— certified the Garcia River Forest as a source of carbon credits. It is expected that over
its 100 year lifetime, the Garcia River Forest project will absorb and store 4.2 million
metric tons of carbon dioxide by ensuring high forest growth rates and the development of
larger and denser stands of redwood and Douglas fir.

e Challenges: while the first results are encouraging, future challenges include low current
timber volumes, a predominance of hardwoods in many stands, the burden of maintaining
and improving an extensive road system, as well as the uncertain economic, regulatory,
and political environment affecting the timber industry as a whole.

Monitoring glaciers in Nepal (based on WWF 2010b).

The Nepal Himalayas have 3,252 glaciers, covering 5,323 km?with an estimated ice reserved
of 481 km?®. Climate change is already affecting the Himalayas glaciers in Nepal with
noticeable glacial retreat and changes in freshwater flows. As a result, glacial lakes have been
formed, with negative consequences for biodiversity, people, and their livelihoods. In 1985 a
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glacial lake outburst flood from the Dig Tsho (Langmoche) glacial lake destroyed 14 bridges
and caused about US$ 1.5 million of damage to the nearby-completed Namche small
hydropower plant. Forests, farms, and people downstream were also affected. While these
floods may increase in the coming years, there will be a tipping point as glacial runoff begins
a decreasing trend. This situation will also have negative and not well-understood
consequences for Nepal and the Himalayan Region.

In order to manage the current and anticipated impacts of climate change in the Nepal
Himalayas, the WWF-Nepal Program Office started a project to better understand these
impacts and begin the process of planning an appropriate community driven management
response. Implementation follows a four-module approach:

e The first module is focused on developing a model to predict future glaciers behavior
under different climatic scenarios. Climatic and hydrological secondary data are collected
for five glaciers in Nepal and India, selected after consultations with experts. These data
will be combined and validated through primary data collection by the project team on the
representative glaciers.

e The second module involves the development of a freshwater vulnerability assessment for
the selected glaciers. This assessment is conducted in two steps: examination of the
effects of glacier retreat on the downstream freshwater regime, and assessment of the
implications of these changes for the people, economic sectors, and biodiversity in the
downstream areas (for only three glaciers).

e In the third module, Community Driven Management Responses (CDMRs) will be
developed, based on the results of the model and the freshwater vulnerability assessment.
These CDMRs focus on particular community and economic sectors or ecosystems. The
involvement of relevant local stakeholders, including policy-makers, will guarantee that
the CDMRs are integrated into existing planning frameworks and institutions.

e The fourth module involves the dissemination of findings among stakeholders at local,
regional and national levels, this includes, local institutions such as village committees,
grass-root civil society organizations, scientific and research organizations, media (at
local, regional, national and, where appropriate, international levels), the international
community and donors.

Freshwater conservation program for Brazil (based on WWF 2009b)

To support Brazil’s response to the impacts of climate change on inland water ecosystems,
WWE- Brazil has developed a freshwater conservation program focused on climate change,
supported by Brazilian scientific institutions, governmental organizations at the federal and
provincial levels and some representatives of the private sector. The aim is to build river
basins’ resilience to climate change and tackle the root causes of climate change through
basin vulnerability assessments, sustainable river flow assessments, a project to strengthen
Brazil’s basin governance, planning and policy, and projects to influence the activities on the
hydropower and forestry sectors. An information campaign directed to the general public is
also part of the program. By combining water management with reforestation, a wide range
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of ecosystem services can be provided: first and foremost supporting services, notably climate
change mitigation, but also provisioning services such as wood, cultural services such as
tourism, and regulatory services such as water regulation.

The basin vulnerability assessment evaluates the impacts of climate change, including
weather extreme events, as related to water availability within priority river basins and big
cities. It also provides decision makers and authorities with information on risks and
alternatives. Currently, this assessment is being conducted in the Alto Paraguay Basin, where
baseline data are collated and collected in the field in partnership with the Centro de Pesquisas
do Pantanal (CPP) Partnership agreements with federal agencies (Environment Ministry's
Water Secretariat, National Water Agency) and other strategic water users (hydropower
companies) are under negotiation. While mechanisms to assure the functioning of the aquatic
ecosystems on priority basins would be the main result of this project, in addition it
contributes to capacity building as knowledge and expertise on sustainable river flows will be
acquired by local researchers. The results of the vulnerability and river flow assessments will
support further activities in basin governance, planning and policy, such as adaptation of
public policies to freshwater and its vulnerability to climate change, creation of an
institutional basis for water management in the Amazon, and development and
implementation of financing mechanisms that harmonize good productive practices with
conservation of natural resources (e.g. payment for environmental services). In Brazil, the
main source of energy is hydropower. The WWF-Brazil freshwater program expects to
influence the

o National Energy Plan and increase financial resources and goals for energy efficiency

e electric sector to incorporate the World Dams Council's recommendations for building
dams and

e Ministries of Environment, Energy, National Water Resources Council, and National
Water Agency to enforce the use of river basin protection when constructing new
hydroelectric plants.

Mechanisms will be developed to reduce deforestation and GHG emissions in the Amazon by
encouraging sustainable business with forest resources. Work will also be done with financial
institutions to encourage the adoption of sustainable credit lines and the Environmental
Licensing System for Rural Properties as a pre-condition for loans. To raise awareness on
how climate change will affect water resources and Brazilians’ lives, a communication
campaign is currently under development, this is intended to inform 11 million Brazilians
about the threats of climate change and the related impacts on water by 2011.

Water for nature: environmental flows

The concept of environmental flows is closely linked to the concept of ecosystem services.
The Global Environmental Flows Network defines an environmental flow as “the quantity,
quality and timing of water flows required to sustain ecosystem services, in particular those
related to downstream wetlands and aquatic ecosystems and the human livelihoods and well-
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being that depend on these ecosystems” (adapted from eFlowNet 2010). Hence it is more or
less the same as ‘water for nature’ in IWNRM or ‘water for ecosystem services’, including
provisioning and supporting services (for fish and other aquatic food) and regulation of water
quantity and quality. Studying environmental flows is directly related to the ecosystem
services that derive from rivers, wetlands, and coastal regions. Even in arid areas with no
permanent water bodies, the infrequent flow from rainwater runoff is still necessary for proper
ecosystem functioning. While only a few countries have begun to study environmental flows
in their major water infrastructure projects, the concept is gaining international recognition.
Many scientists are integrating the concept into IWRM, thereby increasing the likelihood of
its uptake by other international and state actors.

Environmental flows are seasonal and site-specific. The idea is that consumptive water use
(for provisioning services) should be set at levels that do not undermine other ecosystem
services. Hence it is critically important that in water resources planning a certain volume of
water is reserved for the maintenance of freshwater ecosystem functions and the services they
provide to women and men, also referred to as Environmental (or Ecological) Water
Requirements (EWR: Box 10.3). High flows of different frequencies are important for
channel maintenance and wetlands flooding, while low flows of different magnitudes are
important for algae control, fish spawning, and maintaining the diversity of aquatic habitats.
In arid areas, plants and animals have adapted to depend on infrequent flow for health and
reproduction. In other areas, if flow regimes of water courses are altered due to dams or other
water abstractions upstream, sufficient flow at the right times should be maintained in the
water course for the maintenance of aquatic ecosystem services downstream. Communities in
catchments of dams need to be trained and assisted to come up with agriculture practices that
reduce siltation and thus increase the lifetime of dams, thereby increasing the efficiency of
water use, as the examples below show. It is important to recognize that environmental flows
and EWRs might overlap, as for instance, cultural flows require healthy rivers (Craig, 2007).
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Box 10.3 - Calculation of environmental water requirements (EWR)
The concept of Environmental Water Requirements (EWR) can be illustrated in
the schematic diagram below (Figure 10.8).
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Figure 10.8. A schematic representation of the relationships between total water
resources, total present water withdrawals, and EWR in environmentally safe (a) and
environmentally water scarce (b) river basins (Source: Smakhtin et al. 2004).

The traditional expression for Water Stress Index (WSI) is:

Withdrawal s
MAR

WSI =

WSI by taking into account EWR is:

Withdrawal s

WSl = ——
MAR — EWR

Where
MAR = Mean Annual Runoff
EWR = Environmental Water Requirement

Pangani River Basin Management Project in Kenya and Tanzania (based on Pangani River
Basin Management Project 2010; IUCN 2010a; King et al. 2010)

The Pangani River Basin covers an area of about 43,650 km?, mostly in Tanzania with
approximately 5% in Kenya. Generally, the basin comprises a low elevation slope that drops
gently south and southeastwards towards the Indian Ocean. Flows in the basin have been
reduced from several hundred m*’s to less than 40 m*’s, due to uncontrolled irrigation and
urban water demand. The remaining water is seriously over-allocated. The shortage of water
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is affecting all water users, from the irrigation fields in the center of the basin and the
electricity producers further downstream, to the coastal communities that notice saltwater
moves inland and fish stocks decline. Large and smaller conflicts are on the rise between
waters users from various sectors. The IUCN, through its Water And Nature Initiative
(WANI), started the Pagani River Basin Management Project in 2001 to improve management
of the basin’s water resources and reduce the conflicts that exist between the users. The
project aims to 1) assess environmental flow requirements to effectively conserve the basin’s
natural resources, 2) establish forums for community participation in water management, and
3) raise awareness about climate change impacts and adaptation strategies. After a workshop
with key stakeholders in May 2002, a Situation Analysis Report was commissioned. This
report was based on interviews with a wide variety of stakeholders and the various existing
sources of information about the Pangani Basin and discussed at a second workshop with
stakeholders in May 2003.

The flow assessment component of the project started in 2004 and ended in 2008. Field and
deskwork was completed by a multidisciplinary group of scientists, including experts in
hydrology, water quality, riverine and estuary ecology, socio-economic and geographic
information systems. Fifteen development scenarios and thus 15 flow scenarios related to
each development scenario were tested. A team of Tanzanian specialists were mentored by
the project’s team throughout the process as a means to create capacity building on
environmental flows in the country. Eight technical reports were prepared as a result,
including a State of the Basin Report, a Pangani Flows assessment-scenario evaluation
decision support system (DSS) Report, and a Water Allocation Scenarios Report. The various
scenarios and technical information obtained during the flow assessment are currently being
presented to stakeholders at all levels, with particular emphasis on the Basin Water Board, the
governmental organization responsible for allocating water in the basin. Consultations with
stakeholders are intended to raise awareness of the water issues in the basin, help select the
best development path for the river and eventually facilitate the integration of the selected
environmental flow scenario (out of the 11 tested) into an Integrated Water Resource
Management (IWRM) Plan for the Pangani Basin.

Assessing environmental flows in Honduras (based on TNC 2007; Carcamo et al. no date)
The Patuca River is the second largest river in Central America, flowing from the mountains
of central Honduras eastward to the Caribbean Sea near the Nicaragua border. The area
through which the river flows is part of the largest uninterrupted rainforest north of the
Amazon and it functions as a biological corridor for Central American wildlife. Three
indigenous communities live in this area: Tawahka, Pech, and Miskito, who all rely on the
river and its surrounding landscape to maintain their traditional ways of life. The government
plans for the construction of a hydropower dam to address the increasing energy demands of
the country threaten the intricate link between these indigenous communities and the Patuca
River. The Nature Conservancy (TNC) entered into a unique agreement with Honduras’
National Utility Company (ENEE) to design flow recommendations that would maintain the
rivers’ health and the ecosystems services it provides to indigenous communities. TNC
developed a collaborative process with scientific experts, water managers, and indigenous
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communities to formulate these recommendations, while ENEE showed willingness to
include these recommendations in the design and management plan of the dam.

The first step in the process was to learn more about the river system - the linkages between
its ecology and hydrology - and the people who depend on it. In August 2006, a group of 12
researchers visited local communities during 11 days, and interviewed local individuals and
small groups of fishermen. These interviews helped identify locations for cross-sectional
surveys, such as location of highest flow from past wet seasons; creating a species list and
fish ecology descriptions; and elaborating maps with locations of communities, river features
and resources for agriculture, fisheries etc. These findings and hydrological analyses were
discussed among scientists and developed into preliminary environmental flow and made
recommendations. Indigenous community members then discussed the effects of the flow
recommendations on fish, agriculture, and transportation, contributing their site-specific
expertise. Subsequently, maps were prepared, depicting seasonal flow levels and critical sites
where low flow hinder boat traffic, as well as graphics showing the specific months when
flows are preferred for crops. These outputs helped to make visible what the agreed
environmental flow will do and were integrated into the draft flow recommendations for dam
engineers and operators.

Sustainable Rivers Project USA - Savannah River (based on TNC 2010)

Originating in the Blue Ridge Mountains of North Georgia, the 480 kilometers Savannah
River flows eventually into the Atlantic Ocean. The lower Savannah River watershed
encompasses more than 27,000 square kilometers and supports extremely high species
diversity, including the greatest number of native fish species (108) of any river draining into
the Atlantic. Despite its scenic beauty and natural diversity, the ecological health of the river
system — from the headwaters to the estuary — is declining. The construction of three dams
and reservoir systems just 50 years ago has negatively altered the natural flow patterns that
support the wildlife and natural communities of the Savannah River, its floodplain and its
estuary.

In 2002, the US Army Corps of Engineers (Corps) and The Nature Conservancy (TNC)
launched the Sustainable Rivers Project to restore rivers below the Corps’ dams. One of these
rivers was the Savannah River. The main restoration strategy was to define flow regimes that
restore downstream ecosystem processes and services, while continuing to meet other human
uses of water such as power generation (provisioning service), recreation (cultural), and flood
control (regulatory). The project began in April 2003 with an orientation meeting with more
than 50 leading scientists from the Georgia and South Carolina state governments, federal
agencies, academic institutions and other non-governmental organizations to define the
process. Using historical data, the seasonal water flows needed to support the freshwater,
floodplain and estuary were defined. It was quite difficult to get the participants in the flow
recommendations workshops to suggest any quantitative flow targets. However, by
reminding them that their recommendations were a first approximation that would be refined
over time through an adaptive management process, the targets could be established.
Working with many scientists and agencies can be onerous and time-consuming, but most of
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these constrains were avoided by giving the most time-consuming activities to one research
team. This report became the accepted basic knowledge for the other scientists in the project,
making it easier to reach consensus during the flow recommendations workshop. Costs were
reduced because researchers contributed their time as part of their regular job duties and
because a considerable volume of relevant information already existed for the Savannah
River.

Eventually a flow prescription plan for executing a series of seasonal controlled releases was
designed and tested. For five days, the Corps released the first controlled flood of 450 cubic
meters per second (cms) of water from the Thurmond Dam, a sizable increase from the
existing daily release of 130 cms. Several controlled floods have been conducted since March
2004 to present time. These controlled releases mimic flow conditions prior to the
construction of dams. The ecological effects of the water flow restoration efforts have also
been evaluated through a number of projects. These included monitoring the potential
regenerative benefits to floodplain forest, tracking the movement of shortnose sturgeon,
monitoring floodplain invertebrates and fish, and measuring the effects of the controlled
floods on the salinity of the estuary. Through this process, TNC and its partners have gained
valuable insight to the water flow patterns necessary to support native wildlife. The Savannah
River project is today a model for sustainable dam operations and management worldwide.

Environmental flow assessment in Vietham (based on IUCN Vietnam 2005; IUCN 2007a,
2008c, 2010b)

The Huong (Perfume) River Basin is situated in the Hue Province in central Viet Nam.

Before reaching the sea, the river opens into a lagoon system that extends about 70 km along
the coastline. This system supports a number of livelihood activities and a lucrative
aquaculture industry. The river is characterized by a steep gradient of 28.5%. Rainfall is very
abundant, with an annual rainfall of 2,500 mm in coastal areas to 3,500 mm in the upper part
of the basin. Due to these two physical characteristics, frequent downstream flooding occurs
in the rainy season (September - November) resulting in large losses to crops, regional
infrastructure and life. During the dry season (February till May) reduced flows and salinity
intrusion threatens irrigation and domestic water intake of Hue city. Responses to the various
challenges in the Huong River Basin included structural interventions such as flood protection
dams and a salinity barrage to prevent salinity intrusion. Yet, the devastating floods of 1999,
and the less severe floods of 2000, indicate shortcomings of this approach to flood
management and mitigation. IUCN proposed preparing an integrated river basin management
plan (IRBM) to address water issues in the basin instead.

The first step in the IRBM process was the elaboration of an Environmental Flow Assessment
(EFA). Between 2003 and 2004, IUCN and partners organized three workshops in Hue city
to assess possible models for a river basin organization and to discuss the implementation of
the Environmental Flow Assessment (EFA) process in Huong River. After selecting the EFA
methodology and discussing the institutional and legal framework, a multidisciplinary team of
experts was composed to develop a detailed EFA plan. The workshop participants identified
the sites in the basin where field work should be conducted and what disciplines (such as
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hydrology, aquatic ecology, salinity, fisheries, and socio-economics) should be involved.
After field work, data collection, and analysis, the results were discussed in a workshop and
preliminary EFA assessments were discussed, e.g.:

e A 50% increase in dry season flows in April would enhance the growth of aquatic plants
and decrease phytoplankton density, leading to desired impacts on fish and shrimps. This
would improve water quality, increase seasonal groundwater levels, and have positive
social impacts, such as more depth for floating villages.

e A 50% decrease in wet season flows in October would increase aquatic micro- and
macrophytes, a negative impact as it would reduce the habitat for freshwater fish and
hinder migration of eels. Most other indicators were expected to be negatively affected
too.

e A 50% reduction in intra-annual floods would impede the flushing and refreshing of the
river, with possible negative implications on all kinds of indicators.

e Aremoval of small flow peaks in May and June would have a negative impact on water
quality because of increased salt intrusion, in-stream of aquatic organisms. However, if
the dry season flows could be increased, the impact of removing these peaks would be
low.

The Environmental Flows Assessment (EFA) process in Huong River made clear how
changes in river flow affect both economic returns and ecosystem health. Basin authorities
were able to determine which flow options accommodate economic goals while protecting
downstream ecosystems and their services. As a result of the increasing awareness and
capacity created by the flow assessment, environmental flows have been incorporated into
planning for the Huong Basin by the provincial People’s Committee and, at national level the
government has included environmental flows in the natural resources strategy and in water
sharing plans.

Challenges to environmental flows

Maintaining the full spectrum of naturally occurring flows in a river is normally impossible
due to water resources development and catchment land use changes. Planned environmental
flows can therefore be seen as a compromise between river basin development (for irrigation
as well as for flood control, hydropower, and navigation) on one hand and maintenance of
natural river ecology on the other. Another useful way of thinking about environmental flows
is that of ‘environmental demand’- similar to agricultural, industrial or domestic water
demand (Smakhtin and Eriyagama 2008). These flows aim to maintain an ecosystem in, or
upgrade it to, some prescribed or negotiated condition also referred to as ‘desired future state’,
‘environmental management class (EMC)’, ‘ecological management category’ or ‘level of
environmental protection’ (e.g. DWAF 1997; Acreman and Dunbar 2004). The higher the
EMC, the more water will need to be allocated for ecosystem maintenance or conservation,
and more flow variability will need to be preserved.
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Actual estimation of environmental flows is complicated by the lack of both understanding of,
and quantitative data on, relationships between river flows and the multiple components of
river ecology. Few countries have determined the required environmental flows at the river
basin level and included provision for such flows in national water allocation frameworks. In
most cases, limited information is available at project level, such as for large dam projects.

The major criteria for determining environmental flows should include the maintenance of
flow variability, which affects the structural and functional diversity of rivers and their
floodplains, and which in turn influences the diversity of aquatic species (Bunn and
Arthington 2002). Many environmental flow assessment methods, which directly or
indirectly encompass the above principles, have been developed in recent years (Tharme
2003; Acreman and Dunbar 2004; IWMI 2007). These techniques differ significantly in
required input information and output accuracy. Some of them -like holistic methods of high
confidence- follow a detailed protocol, involve significant fieldwork, multidisciplinary panels
of experts, and take a long time to complete for a single river basin (King and Louw 1998;
King et al. 2003). Other (desktop) methods are based primarily on ecologically relevant
hydrological characteristics, indices, or analysis of hydrological time series (Tennant 1976;
Hughes and Hannart 2003; Smakhtin and Anputhas 2006). The ELOHA (Ecological Limits
of Hydrological Alteration) concept is a framework for broadly assessing environmental flow
needs in a large region when in-depth studies cannot be performed for all rivers in a region
(Arthington et al. 2006). Different techniques are used for different purposes — from general
water resources planning to detailed schedules of managed dam releases, in a context of
adaptive management (Poff et al. 2010).

EWR required for maintaining a fair condition of freshwater ecosystems range globally from
20 to 50 percent of the mean annual river flow in a basin. It is shown that even at estimated
modest levels of EWR, parts of the world are or will soon be environmentally water stressed
(Smakhtin et al. 2004) and some authors even argue that environmental flows could be the
biggest threat to agriculture (Strzepek and Boehlert 2010). Figures 10.9 and 10 show
environmental water requirements in global river basins (as percentage of total available
water), and the environmental water stress index (WSI), respectively. The WSI reflects the
scarcity of water for human use by taking into account EWR.
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Figure 10.9. A global distribution of estimated total EWR expressed as a percentage of long-term
mean annual river runoff (Source: Smakhtin et al. 2004).

Figure 10.10. Map of a water stress indicator which takes into account EWR. Areas shown in red are
those where EWR presented in Figure 18 may not be satisfied under current water use. Most of the
areas with variable flow regimes (and consequently the modest EWR of 20-30% of MAR) fall into the
areas of environmental water scarcity (Source: Smakhtin et al. 2004).

Conclusions
To be completed by lead-author with inputs from co-authors.
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