Key Messages
•

•

•

•

•

Agriculture depends on ecosystem functions such as
pollination. This means it is closely linked with the health
of surrounding ecosystems and should be considered an
agro-ecosystem.
Crop production systems have been managed as though
they were disconnected from the landscape in general.
Since the complex systems that make up the landscape
are interconnected, this approach threatens the processes
that make agriculture sustainable.
Past agricultural management has caused wide scale
changes in land cover, streamﬂow, and groundwater
systems. This has undermined the processes that support
ecosystems and the services that they provide.
Agriculture will continue to be a key driver of ecosystem
change in the future. In fact, demands for food and for
water for food production could double over the next 50
years.
Taking action now could repair damage and lessen future
impacts. It could also help to lessen the damage caused
by climate change. But, we have to change the way agri-

culture and ecosystems are managed. Necessary actions
currently not factored into decision making include

managing agricultural areas as part of the larger
landscape,

adaptive management at a variety of levels,

managing agro-ecosystems to enhance multiple
ecosystem services,

valuing agro-ecosystem services for more than just
crop production,

being aware of trade offs between services.
•
•

•

Water will be a useful entry point for ecosystem management.
Long-term sustainability will depend on agro-ecosystem
resilience to change through beneﬁcial feedback, the
protection of species diversity, and the use of crop-complementary resources and alternative income options, etc.
Future management of agro-ecosystems has to include
innovations, and should deal with uncertainty and facilitate
multiscale linkages by striking trade offs and recognising
the roles of local actors – particularly state institutions.
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AGRICULTURE, WATER
AND ECOSYSTEMS

Note to the Reader:
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production is the impact of climate change. New approaches
and coping techniques must be found to prevent vulnerable regions and poor people from even further damage from changed
hydrological patterns and decreased quantity and quality of water, a necessity for livelihoods and sustainable development.
This policy brief, Agriculture, Water and Ecosystems, is the
result of a joint collaboration between two Swedish Water House
cluster groups: The Resilience and Freshwater Initiative and the
Swedish Network for the Comprehensive Assessment of Water
Management in Agriculture (CAWMA). The main authors are
Prof. Malin Falkenmark, Stockholm International Water Institute,
and Dr. Victor Galaz, Stockholm University. Contributing authors
and reviewers are Dr. David Molden, International Water Management Institute; Dr. Line Gordon, Stockholm University; and
Mr. Michael Moore, Mr. Anders Berntell and Dr. Håkan Tropp,
Stockholm International Water Institute.
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Over the next few decades, agricultural production is expected
to expand in order to feed a growing global population. Since
the amount of food needed is expected to roughly double by
2050, this is a real cause for concern in terms of water use.
Increases in populations and incomes, and shifts in markets and
people’s preferences for particular foods, will mean that more
water will be needed for food production. And, almost every
increase in water used in agriculture will affect water availability for other uses – including that needed to keep ecosystems
healthy and resilient in the face of change and perturbation.
Loss of resilience leads to more vulnerable systems, and possible ecosystem shifts to undesired states that provide fewer
ecosystem services. So, in the future, agriculture will have to
strike a balance between the water required for food and the
water needed to keep ecosystems healthy.
An additional factor to be considered for future agricultural
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Why We Need to Examine the
Agriculture, Water and Ecosystems Nexus
The last 50 years

Over the past 50 years, crop production systems have been
managed as though they were separate from the landscapes
they sit in, an attitude that neglects the natural ecological processes that ensure that agricultural production is sustainable. Irrigation, drainage, the clearance of natural vegetation, and the
construction of water storage facilities have all altered the timing
and natural variability of water ﬂows, damaging groundwater
recharge and waterscapes like wetlands. Similarly, fertiliser
and pesticide use has increased the concentrations of nutrients,
trace elements, and agrochemicals in the environment. All of
this has altered the key eco-hydrological processes of rivers,
lakes, ﬂoodplains and groundwater-fed wetlands, damaging
their ecosystems and the services that they provide.
Regulation of rivers and the consumptive use of river water for
irrigation have greatly lowered the amount of water discharged
into the ocean in many cases. In fact, a recent study of 145 major
rivers worldwide showed that the amount of water discharged had

declined in one-ﬁfth of cases (Falkenmark and Molden 2007).
This can cause saline intrusion at river mouths and reduce, and
in some cases completely cut off, the ﬂow of water and nutrients
to wetlands, lakes and coastal ecosystems.
There are actually many examples of downstream ecosystems being severely degraded by water diversions, ﬂow
control schemes and consumptive water use. Probably the most
extreme is the Aral Sea, which has shrunk hugely because
the rivers that feed it are being used for large-scale irrigation.
But, it isn’t the only example. Once the water requirements of
ecosystems are factored in, it’s clear that too much water is
being extracted from many of the world’s river basins. Indeed,
streamﬂow depletion in rivers is widespread in tropical and
subtropical regions where irrigation is large-scale. Areas affected include the Pangani, Incomati and Nile river basins in
Africa; the Aral Sea tributaries, Ganges, Indus, Yellow and
Chao Phraya rivers in Asia; the Rio Grande and Colorado in
North America; and the Murray–Darling in Australia.

Policy Recommendations
•
•
•

•
•
•

•

Policy needs to ensure that ecosystems are healthy enough
to cope with change without losing their crucial functions.
Policy must balance socio-economic activities with action to protect vital ecosystem services.
Policy makers should work to protect biodiversity to
ensure that ecosystems can cope with change without
degrading suddenly. Alternative income options in
drought and ﬂood prone areas should be promoted to
increase livelihood resilience.
Policy should encourage water users to work together
to more efﬁciently address their needs.
More effort should be made to manage ecosystems on a
catchment scale and recognize the links between them.
Policy should ensure that sufﬁcient water is allocated
to provide for the needs of ecosystems and keep them
healthy.
Care needs to be taken to ensure that appropriate
institutions are in place to protect ecosystems and manage water resources equitably.

•

•

•

•

•

Stakeholders should be involved in ecosystem and water
resource management and educated to improve their
understanding of systems that affect their everyday lives.
Monitoring efforts should be put in place to help
communities and decision makers react to changes
that might damage ecosystems and the livelihoods that
depend on them.
Because ecosystems are complex and the changes
that can occur are difﬁcult to predict, decision makers
should plan for various scenarios and use these to
structure their management efforts.
Adaptive co-management, which involves the public
and is based on ’learning by doing’, can be a practical way to deal with change.
Management efforts need to build on the experience
and knowledge of actors at all levels. Local stakeholders, for example, are constantly observing their
environment and are often best positioned to note
changes in the ecosystems around them.
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Box 1. Ways of meeting future demand for water for food
There are three main ways in which food water requirements could be met:
1. increasing the amount of water used on current
agricultural lands;
2. increasing water productivity in both irrigated and
rainfed agriculture – which means producing more
per unit of water with fewer water losses; and
3. expanding the area of cropland available.
In addition, reducing food wastage, including post-harvest
losses, and reducing the demand for foods that require a lot
of water, like red meat, will also go some way to ensuring
sufﬁcient water is available for food in the future.
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Many other things also degrade water quality, including agrochemicals, siltation and excessive nutrient loads – which have
been identiﬁed as “one of the most important drivers of ecosystem change in freshwater and coastal ecosystems” (Millennium
Ecosystem Assessment 2005). This is because too many nutrients
in freshwater and coastal ecosystems lead to algal blooms that
use up the oxygen in the water. This process (eutrophication) kills
other organisms that depend on oxygen – as has been seen in
the Baltic and Adriatic Seas and the Gulf of Mexico.
Wide scale use of agrochemicals also leads to chemical
concentrations building up in organisms over time (bioaccumulation). This badly affects many species living in wetlands
and lakes, as these systems replace their water slowly and
pesticide residues can build up over many years.
Around the world, water tables are also changing, and
soils and groundwater are becoming more saline. Though
irrigation is often the cause of these kinds of changes, it isn’t
the only culprit. In dryland areas, clearing deep-rooted woody
vegetation to make pastures and grow crops can also lead to
soil salinisation and rising water tables.
Modern agriculture has also killed off many pollinators
and animals that prey on pest species. In fact, as the Living
Planet Index shows, it has had a direct effect on biodiversity in
general, and on freshwater biodiversity in particular, which is
declining much faster than in other systems (Loh et al. 2005).
This is the result of habitat transformation and fragmentation,
the modiﬁcation of water regimes, nutrient loading, and the
spread of invasive alien species.
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Food demand, markets and ecosystems
Growing
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Intensiﬁed crop
production
Rising diet
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Climate
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alterations
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Figure 1. Simpliﬁed causal chain linking food demands and market forces to impacts on ecosystems. Further, the resilience of
many ecosystems is likely to be exceeded during this century due to an unprecedented combination of climate change and
associated disturbances like ﬂooding, drought, wildﬁre, insects, etc., and other drivers like land use change, pollution and
resource exploitation. Catchment scale approaches, improved governance, and other solutions do exist (see page 7).
At the continental scale, in both the Sahel and Amazon
regions, vapour ﬂows to the atmosphere have decreased in
response to large-scale alterations in land cover, and this has
often led to changed rainfall patterns.

The next 50 years
As populations and incomes rise, the demand for food will
also grow – probably roughly doubling by 2050 and shifting
towards more water-demanding diets (Figure 1). This will increase the amounts of water consumed. The process is already
occurring in some countries, as demand is increasing rapidly
for meat in China and for dairy products in India.
Considering the damage that agriculture has already done to
natural ecosystems, it’s clear that the issue of rising food production
poses enormous challenges. There are a number of approaches
that could be used to meet these needs, some of which will cause
more environmental damage than others (see Box 1).
Analyses by the International Water Management Institute
(IWMI) show that, at today’s levels of water productivity, some
13,000 km³ of water per year will be required to feed the world’s
population by 2050 (Comprehensive Assessment 2007). This is
almost 6000 km³ more than is being consumed by agricultural
production today. In addition, cropland will need to expand by
some 500 million hectares (Rockström et al. 2007). Increased water
use on this scale would have a severe impact on ecosystems.
Aquatic ecosystems, both freshwater and coastal, will
suffer as a result of reduced ﬂow, altered ﬂow variability,
the increased use of agrochemicals, and the fact that some
ecosystems will be cut off from others because of the building
of additional water infrastructure for irrigation.
Terrestrial ecosystems will suffer as a result of clearance
to open more land for crop production, as well as because of
land cover changes and hydroclimatic moisture feedbacks.

However, despite the above estimates, the amount of water
used by agriculture does not have to double. The increase can
be limited by changing the agricultural practices used today,
and by introducing innovative techniques and management
methods. This would reduce the effects of future agricultural
production on ecosystems.
The need for new irrigation investments could, for example,
be substantially reduced by improving crop productivity in
rainfed areas. In fact, increasing water productivity (the amount
of water used to produce a given amount of crop) could reduce
future requirements considerably, by making the most of every
drop of water used. Altering our consumption patterns would
also go a long way to reducing demand (for instance eating
less red meat), as would minimising post-harvest losses, which
are quite large in many poor countries (Swedish Environmental
Advisory Council, MVB 2007).
The goal ought to be to increase crop production by as
much as possible without increasing water consumption. This
will require the smarter application of technologies and the
development of synergistic links such as those used to meld irrigation and ﬁsheries – an example being the use of irrigation
reservoirs to raise ﬁsh. Plus, it will have to be recognised that
damage to aquatic ecosystems can only be limited by allowing
them sufﬁcient amounts of water (so-called environmental ﬂows),
limiting water pollution and designing water infrastructure that
ensures that ecosystems are not isolated from each other.
A critical aspect not to be forgotten is that increased water
demands affect not just ecosystems, but also the important
services that they provide. For example, landscape alterations
lead to increased eutrophication and potential loss of marine
biodiversity and ﬁsh stock. Or in another example, drained
or altered water bodies or wetlands can greatly affect the
cultural, religious, aesthetic, ethical or recreational services
provided in different societies around the world.
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Irreversible shifts and critical thresholds
Agricultural landscapes provide a range of ecosystem services
besides producing crops. These landscapes are made up of
a number of poorly understood interlinked biophysical systems
– so tinkering with one element can cause vast changes throughout the connected systems. Decision makers have to realize
that these systems can undergo damaging and irreversible
shifts. What this means, basically, is that once they’re broken
they can’t be ﬁxed. They therefore need to be aware of the
critical thresholds which exist in these systems and which, once
crossed, can quickly lead to degradation. Several examples
of such are dealt with in Box 2.
Ecosystems do not respond to gradual change and disturbances in a linear manner. On the contrary, small changes can have
vast negative outcomes. This is one key insight from decades of
research on interconnected complex socio-ecological systems.
(Reynolds et al. 2007). Practically irreversible shifts to degraded
states in ecosystems such as coral reefs, freshwater ecosystems,
coastal seas, forest systems, savannas and grasslands, and
the climate regime all illustrate the real-world implications of
this insight (Folke et al. 2004, Scheffer and Carpenter 2003,
Schneider 2004; see also the Resilience Alliance database).
It also needs to be recognized that agricultural systems
display an economic threshold level of soil degradation be-
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yond which a conservation investment is simply not worthwhile
economically. Once a parcel of land crosses this productivity
threshold, soil degradation becomes irreversible in economic
terms even though the degradation may be technically reversible. Global surveys suggest that 9% of agricultural land is
already so badly degraded that it cannot be reclaimed for
productive use by farm-level measures, while 40% of agricultural
land is degraded to the point that crop yields are reduced
(Wood, Sebastian and Scherr 2000 ).

Interacting thresholds and cascades
Thresholds in one ecosystem may be affected by a threshold
being crossed in another. This may lead to a cascade effect.
Projections of the social, economic and ecological state of
the Australian wheat-belt, for example, reveal a number of
interacting thresholds. Abrupt shifts from sufﬁcient soil humidity
to saline soils and from freshwater to saline ecosystems, could
make agriculture a non-viable activity at a regional scale and
trigger migration, unemployment and the weakening of social
capital. These effects illustrate the possibility of one disturbance
propagating through spatial scales, and ecological, social and
economic systems. Kinzig and others (2006) give a number
of examples of the management challenges posed by such
cascade effects.
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Irreversible Shifts, Critical Thresholds and
Cascading Effects

Box 2. Irreversible shifts in different systems: some examples
Shifts in soils and water tables: A good example of an irreversible shift is provided by those areas in which productive
non-saline soils have become unproductive salt-drenched and
waterlogged. This happened in southwestern Australia, when the
native perennial vegetation was replaced with shallow-rooted
agricultural plants. These new plants did not take up and consume (evapotranspire) as much water as the native plants. Long
term, this caused the water table to rise, bringing stored salt to
the surface and badly damaging the area’s ability to support
ecosystem services (Clarke et al. 2002, Kinzig et al. 2006).

Shifts in biodiversity: Modifying a landscape on a large
scale also changes the amount of plant and animal biodiversity
found in that area. This risks the loss of organisms that perform
crucial activities, like recycling nutrients, suppressing undesirable organisms and breaking down poisonous chemicals
(Altieri 1999). Loss of biodiversity can also make ecological
systems more fragile (Elmqvist et al. 2003), which means that
a disturbance that the system could previously have coped
with instead sparks off a practically irreversible shift.
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Shifts in lakes: Phosphorus can accumulate in soils and in
sediments in lakes. In combination with other factors, like
nitrogen levels and ﬁsheries activities, the amount of phosphorous in the water in the lake will determine the degree
of eutrophication occurring in the lake. Once a threshold
of eutrophication is reached, oxygen levels can decrease
and trigger the release of extra phosphorus from sediments
– essentially ‘trapping’ the system in a state of eutrophication
(Scheffer and Carpenter 2003, Carpenter et al. 1999).

Shifts in precipitation dynamics: Deforesting areas can
reduce the recycling of water which may alter the precipitation pattern elsewhere (Foley et al. 2003, c.f. Steffen et al.
2004, Scheffer and Carpenter 2003, Cramer et al. 2001).
A good example of this is the large scale deforestation seen
in the Amazon, which has turned areas of rainforest into dry
savannah.
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Solutions and Recommendations
Recommendations

Such unavoidable manipulations include the following:

To ensure that agricultural systems are sustainable, we have to
protect crucial ecosystem functions in the natural landscape.
These include the provision of safe habitats for birds, insects,
and ﬁsh, and the production of food, timber and fuelwood.
We also have to ensure that ecosystems remain resilient, so that
they can cope with unexpected changes without collapsing.
When considering what countermeasures we can take
against ecosystem degradation, it is useful to decide whether
the manipulations taking place are avoidable or unavoidable.
Environmental manipulations which are usually avoidable
include incautious land use changes and the use of toxic
chemicals that can spread through ecosystems. An example
of an unavoidable manipulation of the environment is the
consumptive/depletive use of water that occurs as a result
of photosynthesis during crop production (Falkenmark & Lannerstad 2005). Unavoidable manipulations will require trade
offs to be balanced against vital ecological services.

•
•
•
•
•

shifting the distribution of plants and animals
measures to cope with rainfall variability to secure
water for crops
securing enough air for the roots by draining waterlogged land
the use of manure or chemical fertilisers to replenish the
nutrients consumed by earlier harvests
the disturbance of landscape-scale connectivity – which
damages species mobility and subsurface water ﬂows.

What can be done?
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In order to ensure that socio-economic activities do not undermine the life support system on which we all depend, new
and revised policy must reﬂect our improved understanding
of the interactions that link agricultural activities. Decision
makers need to be aware of the very real dangers, as well
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as of the socio-economic costs we face if our ecosystems are
seriously undermined by destructive actions. So, we must ask
(1) what can be done to protect ecosystems, (2) how can this
be achieved and (3) what ﬁnancial and institutional means
need to be used.
The solutions and recommendations dealt with here will be
considered by looking at (1) local scale ecosystem-oriented
approaches, (2) catchment-scale approaches, and (3) strategic
management.

The focus of recent debates has moved away from the need to
conserve ecosystem functions and attributes, and towards the
need to protect the ecological services that ecosystems provide.
Emphasis is also now being placed on the need for trade offs
that consider both the beneﬁciaries of agricultural production
and the beneﬁciaries of other ecological services.
Decision makers also need to be aware that people often
mean different things when they refer to an ‘ecosystem approach’. The ecosystem concept referred to in international
legislation and treaties is fairly diffuse. It is a negotiated,
politically based, environmentally oriented concept which is
more strongly linked to natural resources and environmental
impact issues than to ecosystems in the biophysical sense of
the term (Falkenmark and Tropp 2005). In this context, for
example, the term has been used in debates over salinity intrusion, overexploitation of groundwater, and ecotourism-based
economies.
As a result, decision makers might interpret an ecosystem
approach as either a biophysical approach (which focuses
on ecological phenomena) or as a broader socio-ecological
approach (which focuses on the economic potential of natural
resources). In the former, humans are often seen as disturbing
agents. In the latter, they are viewed as part of the natural
system, dependent on its resources which in turn inﬂuence the
development potential (Falkenmark and Tropp 2005).
Agro-ecosystem resilience to change
Biophysically, an ecosystem’s resilience (its ability to deal with
change and continue to function) depends upon species diversity. This is because having many different organisms performing different functions (like predators, pollinators, herbivores and
decomposers) means that the ecosystem can reorganise itself
after a disturbance such as a dry spell, drought or ﬂood.
Looking at agro-ecosystems from a socio-ecological point
of view, however, requires us to see people and their activities as part of the system. So, resilience to change in the face
of disturbances in smallholder agriculture can be seen to
depend on the resources available to complement cropping
and agricultural activities. In dryland agriculture, for example,
such crop-complementary resources might include grazing land
or emergency food storage in case harvests fail (Enfors and
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Local ecosystem-oriented approaches

Gordon 2007). The required buffering can also be provided
using resources for alternative income options, such as fuelwood, wood for charcoal making, and ﬁbre for ropes and
handicrafts (Enford and Gordon 2007).
Considering the scale of an ecosystem
An ecosystem approach can focus either on ensuring the functioning of individual local ecosystems within a landscape, or
on addressing the whole catchment as a composite ecosystem
(Falkenmark 2003).
Local-scale ecosystems have to be protected by addressing
their key water determinants. Protection of catchment-scale
ecosystems, on the other hand, has to focus on protecting
catchment-speciﬁc interactions like groundwater recharge. This
type of management can beneﬁt from the fact that the need for
water can drive people to work together. This allows governments and communities to manipulate the catchment in ways
that lead to activities within the system being compatible.
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Catchment-scale approaches
Water as an entry point
Currently ecosystems are rarely managed on a catchment
scale. As water plays an extremely important role in ecosystem
functioning (see Figure 2), water management can be used to
introduce integrated and holistic approaches for managing a
whole range of other natural resources as well (Falkenmark
2003). One way to do this is to incorporate the protection of
vital ecosystems into integrated water resource management
(IWRM) efforts.
A catchment can be seen as a grouping of interconnected
nested ecosystems. Because of this, changes in one part of a
basin will affect both water availability and ecosystem health
in other parts of the basin (see Figure 3). So, paying adequate
attention to hydrological–ecological linkages and dependencies
is one way to approach water management. Examples would
include the links between a forest and groundwater recharge,
or between a grazed ﬂoodplain and the periodic ﬂooding and
grass production that occurs there.
Striking trade offs and stakeholder participation
Catchment-scale approaches involve work to strike trade offs
and balance different interests. They demand both well-organised stakeholder participation, and the deﬁnition of bottom
lines and resilience criteria to protect key ecosystems (Falkenmark 2007). A good example of this is the establishment of
environmental ﬂows. This involves deﬁning the quantity, timing

and quality of the water ﬂows considered necessary to protect
the structure and function of an aquatic ecosystem and the
services and species that depend on it.
Environmental ﬂows can be assessed and applied in both
open and closed basins. In open basins, where development
is planned, an environmental ﬂow assessment should be undertaken as part of IWRM. This will ensure that the ecosystem
services dependent on the ﬂow regime are maintained and
can continue to support the livelihoods and incomes of the
people who rely on them. In closed basins, allocating water
to ecosystems will help to restore them, but will require existing
water allocations to be renegotiated.
Environmental ﬂow assessments have been undertaken
in many systems around the world, and can take many different forms depending on the resources available and how
comprehensive the assessment should be. One example can
be found in the Huong River Basin in Vietnam, where a rapid
environmental ﬂows assessment was undertaken. This was used
to guide planning processes in the basin and ensure that both
existing and planned dams would continue to meet the needs
of the stakeholders and the ecosystems in the basin.
When incorporating environmental ﬂows into water allocation frameworks, it is critical to recognize that water availability
varies between areas and years. This means clearly deﬁning
how water will be allocated during times of shortage and
agreeing how to share scarcity – for example, by planning
mechanisms to compensate farmers so that irrigation water
can be released for other uses during times of drought.

aquatic
ecosystems

health

body
functions

income
raising

socioeconomic
production

habitat

water
functions
biomass
production

food, timber
Figure 2. Water’s many parallel functions.
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Figure 3. Links between direct water use and ecosystems in a catchment.

Strategic management
As well as identifying what to govern (for example, people’s
agricultural activities), decision makers must also identify the
best way to govern. This involves an array of consecutive
steps: fact ﬁnding and problem analysis; production of a
strategic plan of action; the use of tools to put that plan into
action (legislation, ﬁnancing, competent institutions, stakeholder participation, etc.); and the use of tools to secure its
implementation (incentives/sanctions, capacity building, media
campaigns, etc.).
When working to protect ecosystems, decision makers
need to consider (1) what issues should be included in water
management, and (2) what institutions are needed to make
protection possible. The ﬁrst question can be clariﬁed by using
diagnostic analysis to identify the major ecological issues in
a catchment, the root causes of ecosystem degradation, and
the causal chains involved (Duda 2003). Such an analysis
has to identify the key water determinants that will have to
be secured using integrated water management and work
to protect water quality and land cover. The strategic action
plans developed should incorporate standards for minimum
residual streamﬂows (environmental ﬂows), maximum contaminant concentrations, protected areas of forest in the recharge
areas of key aquifers, ﬂood-ﬂow mimicking through dam-based
ﬂow-regulation, etc.

Addressing problems that have already manifested themselves will involve efforts to minimise whatever is perceived
to be the cause of the degradation. One example would be
work to manage demand or to buy back water from irrigators
in order to reduce streamﬂow depletion. Another would be
ﬁnding better ways to manage agricultural fertilisers in order to
reduce the eutrophication of lakes and coastal waters, etc.
Managing uncertainty
In agro-ecosystem management, it is necessary to be prepared
to cope with uncertainty and surprises. The vast uncertainties
associated with global climate change, and the possibilities
of threshold behaviour and surprises linked to agricultural landscapes, all call for innovative approaches in ecosystem-oriented
water management. So, a very important part of any strategic
approach to agro-ecosystem planning and management is
to promote ecosystems resilience (Walker et al. 2002), the
capacity of a system, like a society or an ecosystem, to deal
with change and continue to develop.
At the same time, it should also be remembered that agroecosystems are dynamic socio-ecological systems. So good
management also needs to promote social learning, in order
to improve users’ understanding of the dynamics of the system.
Decision makers also need to ensure that links exist between
users and managers at different levels, to ensure prompt and
effective responses to socio-economic or ecological changes.
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Four management options
The main management approaches that should be used differ
according to whether one is dealing with controllable situations
or situations involving uncertain information, an inadequate
understanding and outcomes that vary in terms of their controllability (Figure 5). In controllable situations, decision making is
more straightforward than in uncontrollable situations, where the
use of scenarios is one way to build a structured approach.
Scenario planning involves using a few contrasting scenarios
to explore the uncertainty and thresholds associated with the
future consequences of a certain decision. Combining scenario
planning with repeated stakeholder dialogues can improve
decision makers’ understanding and management of ecological
and social processes. It also increases the likelihood that it will
be possible to enhance the resilience of an agro-ecosystem
in the face of global environmental change.
Flexibility through adaptive co-management
In controllable but uncertain situations, good ecosystem management needs to be ﬂexible. Those involved should experiment with different management strategies, while being aware
of, and respecting, existing uncertainties in the functioning of
particular agro-ecosystems. Management according to this
perspective can be seen as a continuous learning-by-doing
process, beneﬁting from public participation and joint learning (Schluster et al. 2003, Folke et al. 2005). Examples of

Photo: Getty Images

Ensuring that ecosystems show resilience to change
A good example of such management for resilience can be found
in the Kruger Park – a protected area in South Africa. There,
management is built around monitoring activities which are used
to identify social, economic or biophysical changes that might
push freshwater systems beyond critical thresholds. Monitoring
of these thresholds of potential concern, enhances the ability of
communities and water and land managers to respond quickly
to changing circumstances (Rogers and Biggs 1999).
So, in this protected area managers do not only monitor for
changes in the factors determining water quantity and quality
and ecosystem-relevant parameters linked to soil characteristics.
They also assess the major social, ecological and economic
drivers that might cause “surprises” – work which involves
roughly estimating potential thresholds.
In fact, looking for thresholds and surprises is an important
activity when trying to grasp the dynamics of any ecosystem.
Without a thorough understanding of these dynamics, monitoring activities could simply miss the possibility that a system
is becoming more vulnerable to the impacts of intensiﬁed
agricultural production, and climate variability and change.
One way to increase the resilience of agro-ecological systems is to introduce a multifunctional agro-ecosystem. As well
as increasing the diversity of organisms in the system (which
can help in times of disturbance) such a system also provides
alternative income options for local people (Figure 4).
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Figure 4. Comparison of intensive agricultural systems managed for the generation of one ecosystem and
multi-functionality in agri-ecosystems (Comprehensive Assessment 2007).

Figure 5. Different management approaches for dealing with uncertainty in information and the controllability of outcomes (Comprehensive Assessment 2007).

its use can be found in the Northern Highlands Lake District,
Wisconsin (USA) (Peterson et al. 2003), and the Gariep River
Basin (South Africa) (Bohensky et al. 2006).
Successful adaptive co-management depends on the use of
organisational rules that are ﬂexible and fairly easy to adapt
as our understanding increases with time. Fixed organizational rules that are difﬁcult to change over time will act as
obstacles.

Multilevel interaction
The social, economic and ecological effects of events like ﬂash
ﬂoods, droughts, inﬂuxes of invasive species and large-scale
abrupt shifts in landscapes, surpass the scale of even catchment-based management. Organisational rules therefore have
to allow for the development of strong multilevel cooperation
between local actors and central administration and policy
makers. These linkages are important in two ways.

First, the involvement of local actors is crucial, as they can
detect environmental change and surprises in agro-ecosystems.
While conventional water monitoring certainly is important,
local communities’ observations about changes in their local
environment can provide an important complement in the face
of surprising changes.
Second, decision-making by central actors remains crucial
in securing a fast response to large-scale shocks and disturbances in agro-ecosystems. While community participation
is important, central government must also be able to detect
large-scale patterns of change, and coordinate mitigation
measures before critical thresholds are crossed. For example,
the option to migrate in times of drought or ﬂooding, and
strategies to diversify incomes are all risk-reducing policy
initiatives that require multilevel collaboration between local
communities, non-state actors and central agencies (Moench
and Dixit 2004, Downing et al. 2005).
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