ASSESSMENT TOOL / MODEL PROBFLO: Probability based model for determination of
environmental flows (e-flows) for rivers
Chris Dickens
Principal Researcher /IWMI
Introduction to the PROBFLO model, that can be used to evaluate the socio-ecological consequences of
historical, current and future water resource use scenarios. The case-study, Sustainable floodplains: Linking
e-flows to floodplain management, ecosystems, and livelihoods in the Sahel of North Africa, gives an
overview of how the model can be used.
NOTE An example of this tool in use is included as a case study at the end of this learning material.

Overview
This is a transparent model that uses common methods such as Bayesian Networks and probability
modelling. PROBFLO has been developed to evaluate the socio-ecological consequences of historical,
current and future water resource use scenarios and generate E-flow requirements on regional spatial
scales. This model can be used to model the relationship between river flow and sustainable agricultural
practice as will be shown in the case study below.

Relevance of the level of analysis
This is a holistic model that includes all aspects of the drivers of change (stressors) and all components of
the ecosystem that are impacted by river flow including the river channel, riparian zone and floodplains.
The relationship of all of these aspects to the beneficiaries of ecosystem services produced by the river are
evaluated as risks.
The model uses variable levels of evidence (made possible by Bayesian Networks) ranging from expert
opinion to validated causal relationships.

Model/tool description
PROBFLO is a scenario-based E-flow assessment tool that allows for the evaluation of the socio-ecological
consequences of altered river flows with consideration of the synergistic effects of non-flow drivers of
ecosystem impairment. It adheres to the regional-scale ecological risk assessment exposure and effects, or
sources of multiple stressors, habitats and ranked ecological impacts relationship.
PROBFLO evaluates the socio-ecological effects of altered flow and non-flow stressors and developments
made in any case study situation.
Main outputs are defined e-flows for different scenarios, as well as the risk of failure to achieve any
"endpoints" that accrue from the production of ecosystem services by the river.
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The figure below describes the full PROBFLO process as carried out during a project:
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Details for potential users
Proposed users - River basin developers, water resource managers, major water users
Key actors/stakeholders/beneficiaries - Government water, land-use managers
Model input - Key drivers of change (hydrology, hydraulic habitat, sediment movement and channel
morphology, water quality, riparian vegetation, state of the fish, invertebrates)
Model output - Table of e-flows or recommended river flows per month for each development scenario.
Risks to the achievement of "endpoints" that are supported by the ecosystem services from the river.
Time period for different steps of model use and analysis - Overall time-frame usually approx 18
months so ensure that all seasons are understood. Quick assessments are however possible.
Key terms
○ Environmental flows (e-flows) - These describe the quantity, timing, and quality of freshwater
flows and levels necessary to sustain aquatic ecosystems which, in turn, support human cultures,
economies, sustainable livelihoods, and well-being
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Case Study

- Sustainable Floodplains: Linking E-Flows to Floodplain Management, Ecosystems, and

Livelihoods in the Sahel of North Africa (Mali)
Time period (or an indication): 2017-2019
Key actors/stakeholders/beneficiaries: Dutch Embassy, Wetlands International, the Niger Basin Authority,
rural people living on the Inner Niger Delta floodplain.
Applying the model: Floodplains are particularly important in the semi-arid region of the Sub-Sahelian
Africa. In this region, water governance is still being developed, often without adequate information and
technical capacity for good, sustainable water resource management. However, water resources are being
allocated for use with minimal sustainability considerations. Environmental flows (e-flows) include the
quantity and timing of flows or water levels needed to meet the sustainable requirements of freshwater
and estuarine ecosystems. Holistic regional scale e-flows linked to floodplain management can make a
noticeable contribution to sustainable floodplain management.
The Inner Niger Delta (IND) in Mali is an example of a vulnerable, socio-ecologically important floodplain
in the Sahel region of North Africa that is being developed with little understanding of sustainability
requirements. Although integrally linked to the Upper Niger River catchment, the IND sustains a million and
half people within the region and exports food to surrounding areas. The flooding of the Delta is the
engine of the socio-economic development as well as its ecological integrity.
This study aims to demonstrate the contribution that holistic regional e-flow assessment using the PROBFLO
approach has to achieving floodplain sustainability. This can be achieved through the determining the
e-flow requirements to maintain critical requirements of the ecosystems and associated services used by
local vulnerable human communities for subsistence and describing the socio-ecological consequences of
altered flows. These outcomes can contribute to the management of the IND.
In this study, the socio-ecological consequences of altered flows have been evaluated by assessing the risk
of alterations in the volume, duration, and timing of flows, to a number of ecological and social endpoints.
Based on the risk posed to these endpoints by each scenario of change, an e-flow of 58% (26,685 million
cubic meters (MCM) of water annually) was determined that would protect the ecosystem and maintain
indicator components at a sustainable level. These e-flows also provide sustainable services to local
communities including products for subsistence and limit any abnormal increases in diseases to the
vulnerable African communities who live in the basin. Relative risk outputs for the development scenarios
result in low-to-high-risk probabilities for most endpoints. The probable future development scenario that
includes upstream dam development will not allow sufficient flows to maintain sustainability during dry or
low-flow periods with an increase in zero flow possibilities. However, sufficient water is available through
storage in the basin to meet the e-flows if the e-flows are considered for implementation. The IND is more
vulnerable to changes in flows compared to the rivers upstream of the IND. The e-flow outcomes and
consequences of altered flow scenarios has contributed to the management of vulnerable IND floodplains
and the requirements and trade-off considerations to achieve sustainability.
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In summary:
● The Inner Niger Delta presently has sufficient water to maintain the ecosystem and support
livelihoods, however,
● There is serious overpopulation on the floodplain leading to resource overuse and threatening
sustainability.
● Upstream irrigation developments are threatening the livelihoods of up to 2 million people on the
floodplain, while at the same time providing country-level food security through formal agricultural
channels. Floodplain residents are less likely to benefit from that security. The trade-offs are stark
and need to be carefully managed.
● Careful management of river flows (e-flows) is imperative for the vulnerable people living on the
floodplain as they have no alternative to the resources provided by that river flow.
● Careful management of the trade-off of irrigation offtakes on the one hand and floodplain
livelihoods on the other would make both possible. Regulation of river flow through provision of
e-flows is the means.

Literature for further reading and details:
● Zwarts, L.; Beuering, V.B.; Kone, B.;Wymenga, E. The Niger, a Lifeline: Effective Water
Management in the Upper Niger Basin; Mali/the Netherlands: Amsterdam, The Netherlands, 2005
https://africa.wetlands.org/wp-content/uploads/sites/4/dlm_uploads/2017/07/Niger-1.pdf
●

Liggitt, B. Inner Niger Delta Threatened by Fomi Dam Construction. 2017. Available online:
http://www.rspb.org.uk/community/getinvolved/b/specialplaces/archive/2017/08/03/inner-nig
er-deltathreatened-by-fomi-dam-construction.aspx#qvGY4doEVUJFpiz2.99

5

