Africa-RIMS
Human Water Security and Environmental Trade-Offs—
A tool for guiding policy recommendations on river projects

Why Is There a Need
for a Trade-Off Toolkit?
Fresh water plays a central role in environmental and
economic systems. It is essential for alleviating long-term
poverty, improving human health, effectively adapting to
climate changes, and protecting biodiversity. Broad-scale
impairment of this critical strategic resource arises through
mismanagement of watersheds, urbanization, industrialization, and pollution. Many otherwise well-intentioned
hydraulic engineering schemes—reservoirs, irrigation, and
interbasin transfers—can stimulate overuse, yielding impacts
that propagate far downstream of their local benefits.
African development provides an ideal opportunity to craft
economically viable pathways deploying an optimal mix of
installed water infrastructure and well-managed upland,
wetland, and aquatic ecosystems. Water development
scenarios help to design these pathways by identifying potential upstream-downstream conflicts between humans, and
between humans and nature. Optimal investment trade-offs
are constrained by the spatially complex costs and benefits
defined by river networks, their natural discharges, and their
continual redefinition through allocation, consumption,
storage, flow stabilization, and treatment arising from the
operation of installed water infrastructure.

An Initial Study to Develop Environmental Trade-Off Software Supported by
the World Bank and Funded by the Water Partnership Program

How Does Africa-RIMS

Background
A first set of trade-off experiments employing A-RIMS was
designed to address decision-maker needs associated with water
use sectors in Africa. The Niger Basin was chosen as a study area
for the preliminary analysis because of the great capacity for water
resource development in this region as well as the potential for
exploitation and overuse due to competition across economic
sectors and national borders.

The Africa-Rapid Integrated Monitoring System (A-RIMS) is a
spatial accounting, forecasting, and trade-off assessment tool for
evaluating alternative development pathways toward human water
security through (a) high-quality geospatial databases depicting
the condition of water resources and infrastructure across national
and international drainage basins, (b) a “scenario builder” to
intercompare investment strategies for water infrastructure, linked
to accounting systems for evaluating contributions of ecosystem
services to long-term sustainability of water supply systems, and
(c) capacity building for improved planning.

Improve

The Africa-Rapid Integrated Monitoring System (A-RIMS)
toolkit is designed to assist decision makers in formulating
and taking ownership of sound policy recommendations that
strengthen the analytical base for infrastructure investment
decisions across Africa. The current tool and supporting
data bank map biogeophysical and engineered infrastructure
in a prototype study of the Niger Basin, providing a webbased platform for assessments of alternative development
pathways. A-RIMS comprises four primary components to
facilitate improved planning and decision making.

Wetland-Reservoir Trade-Offs
A prototype trade-off study assessed the role of ecosystem services
provided by Inner Niger Delta wetlands in conveying downstream
flood protection. This first experiment converted all wetlands of the
Inner Delta to irrigated cropland and then explored the use of a large
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River height simulations show flood
season increases when wetlands are converted into irrigation and decreases when
a flood reservoir (20 km3) becomes operational. River heights can be translated into
assets-at-risk to show the reduction of
potential downstream asset loss by wetlands and reservoirs. Evaluation of losses
of ecosystem services can also be made.
During the dry season, reservoir storage
increases access to water of potential
benefit to irrigation.
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reservoir to offset the increase in flood hazard. With baseline maps of
population and assets-at-risk, allied economic assessments can be used
to quantify the benefits of irrigation against the cost of constructing
dual-purpose dams for irrigation and flood protection.
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A-RIMS Software
• Web-based interface provides universal access
• Open source, interactive, with the ability to zoom
and turn data layers on/off
• Customized data bundles and analysis tools can be
created for particular applications
• All data sets conform to well-accepted
metadata standards
• Online training will be provided as required for
particular projects
• All computations will have a “birth-to-execution”
lineage that can be used to recreate any
set of computations

Irrigation: Clear Benefits But A Price Paid in Water Quality
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Baseline Mapping. Geospatial inventories of biogeophysical and contemporary human system assets
to yield queryable human-natural system characterization maps.
Indicator Mapping. User-defined metrics of system
state determined by recursive calculations in the
downstream direction, illuminating key drainage
basin attributes such as upstream-downstream
contrasts in water availability, populations served per
unit upstream source area, and at-risk populations
due to overuse or pollution loading.
Economy-Environment Assessment Metrics. Inputoutput tables produced by national statistical offices
can be ingested into the A-RIMS framework to
organize quantitative information about production and consumption activities and to analyze
scenarios about alternate investment strategies
for development.
Scenario Analysis and Tradeoff Studies. A capacity
to evaluate regional investment strategies aimed at
promoting economic development, while jointly
assessing their capacity to create sustainable water
resource systems and to preserve beneficial ecosystems services and aquatic biodiversity.

Numerical experiments in A-RIMS
explore “what if” questions and trade-offs
on investments aimed, for example, at
expanding upstream cropland irrigation.
Irrigation consumes water available
to downstream users and affects the
dilution and assimilation capacity of
rivers receiving wastewaters. A trade-off
assessment was formulated to match these
biophysical realities, linking irrigationmodified flows to a concurrent analysis
of potential investments in wastewater
treatment upgrades of potential benefit to
downstream urban populations.
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Niger River biochemical oxygen
demand (BOD) concentration,
an indicator of organic matter
pollution, immediately after
receiving sewage discharge from
the city of Niamey during low flow
season under three irrigation and
five wastewater treatment upgrade
scenarios. Water quality deteriorates
substantially as upstream irrigation
increases. Investments to counteract
this impact show best immediate
benefits when treatment plants
are upgraded from primary to
secondary levels.

Africa-RIMS: Existing and Planned Functionality
A-RIMS has been designed to provide easy
access to an analysis of otherwise cumbersome geospatial data sets depicting river
networks, watersheds, and engineered infrastructure. The tool has interactive pan and
zoom navigation capabilities and there is
an option to turn on and off different data
layers for display. Among other features, a
calculation engine that enables user-defined
metrics is linked to the A-RIMS front-end
spatial display tool. This integrated system
allows the user to select any point along the
river network, configure specific quantitative relationships, and retrieve the results
from these queries.

Why a Spatial Planning Tool
for Water Resources Allocation?

Photo Credits
Front Cover (Clockwise from top left)
(1) iStockphoto
(2) Arne Hoel, The World Bank
(3) iStockphoto
(4) Arne Hoel, The World Bank
“Why There Is A Need” Flap
(Left) Arne Hoel, The World Bank
(Right) UN Photo/Jeffrey Foxx
“Why A Spatial Planning Tool” Flap
(Left) UN Photo
(Right) UN Photo

Acknowledgements
An initial study to develop environmental trade-off
software supported by the World Bank and funded by
the Water Partnership Program.

Footnote
World Bank, 2005. Climate Variability and Water
Resources Degradation in Kenya. Working paper. World
Bank. Washington, DC.
1

When it comes to water resources management, lack of
planning and the associated cost of inaction can be high.
A 2005 World Bank report1 for Kenya estimated that the cost
of reduced hydropower generation and industrial production, and crop, livestock, and fishery losses during a drought
totaled US$ 3 billion, while in times of floods, damage to
infrastructure approximated US$ 900 million. As the population in Africa grows and economies evolve, and the impact
of climate change makes water resource availability difficult
to predict, modeling the trade-offs between different water
allocation scenarios can help decision makers anticipate the
need for structural and nonstructural planning, and evaluate their institutional, economic, environmental, and social
implications. Tools like Africa-RIMS can help optimize financial resource allocation to water infrastructure by providing
multiple scenarios showing the trade-offs among power
generation, agricultural production, ecosystem functions, or
other planned economic and social development.

FOR MORE INFORMATION
To access the A-RIMS software and database, go to
http://asrc.cuny.edu/crossroads/arims/map.html

