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1 Background and Rationale

Ethiopia is highly vulnerable to hydrometeorological hazards, particularly floods, due to its
complex topography, climatic variability, rapid population growth, and increasing exposure of
settlements and infrastructure in flood-prone areas. Flooding in Ethiopia manifests in multiple
forms, including flash floods in highland and urban catchments, fluvial flooding along major
river systems, and lake-related flooding in closed basins. These hazards frequently result in loss
of life, displacement, disruption of livelihoods, and damage to critical infrastructure.

Flood risk management and early warning responsibilities in Ethiopia are distributed among
multiple national institutions. The Ministry of Water and Energy (MoWE) is mandated to
manage water resources and lead fluvial flood forecasting activities. The Ethiopian
Meteorological Institute (EMI) is responsible for meteorological observations, weather
forecasting, and numerical weather prediction. The Ethiopian Disaster Risk Management
Commission (EDRMC) is responsible for disaster preparedness, early warning dissemination,
and emergency response coordination.

Substantial investments are being made to strengthen Ethiopia’s hydrometeorological
observation and forecasting infrastructure. These include the procurement and installation of
automated weather stations (AWS) and weather radar systems by EMI, ongoing enhancement of
numerical weather prediction (NWP) capabilities, and the procurement and installation by
MoWE of approximately 100 automated river gauging stations in priority river basins. These
investments provide the foundational data streams required for operational flood forecasting and
early warning.

2 Project Context and Upstream DesignWork

This consultancy is implemented under the Ethiopia Flood Management Project (EFMP),
financed by the World Bank. EFMP aims to strengthen flood risk management capacity and
reduce flood impacts in selected river basins, with a focus on the Awash Basin, Omo Basin, and
Rift Valley Lakes Basin.

Significant upstream analytical and system design work has already been undertaken under
World Bank financing to define the national framework for impact-based flood forecasting and
early warning systems in Ethiopia. In particular, the study:

“Support for Ethiopia Operational Flood Forecasting and Early Warning Systems in
Three Priority Basins” (Final Report, FWR7070-01 R03-00, December 23 2024).

establishes the agreed technical architecture, forecasting methodologies, institutional roles, data
flows, warning concepts, and phased implementation roadmap for IBF-EWS across Ethiopia’s
priority basins.

This consultancy is explicitly intended to build upon, refine, and operationalize the upstream HR
Wallingford design. The Consultant shall not re-design or re-conceptualize the IBF-EWS
framework, but shall use it as the authoritative technical basis for detailed implementation,
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system integration, testing, and operationalization, allowing only limited refinement where
technically justified.

Figure 1: Locations of the three priority basins in Ethiopia (Source: World Bank)

3 Objectives

3.1 Overall Objective

To design, implement, and operationalize impact-based fluvial and flash flood forecasting and
early warning systems for the three priority river basins in Ethiopia, in line with WMO IBF-EWS
principles and World Bank good practice.

3.2 Specific Objectives
 Implement operational fluvial flood forecasting systems using water-level-to-water-level

(WL2WL) and hydrological modeling approaches, including model calibration,
validation, and performance assessment;

 Develop and operationalize an Extreme Rainfall Alert (ERA) system for flash flood early
warning;
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 Integrate meteorological, hydrological, and exposure data into a unified IBF-FEWS
platform;

 Define impact-based warning thresholds, products, and response guidance;
 Strengthen institutional coordination, operational capacity, and sustainability of flood

early warning services.

4 Conceptual Framework for IBF-FEWS

The IBF-FEWS shall follow the WMO end-to-end early warning system model, linking hazard
monitoring, forecasting, impact assessment, warning generation, dissemination, and response.

4.1 Fluvial Flood Forecasting Approach

Two complementary forecasting approaches shall be implemented:

a) Water-Level-to-Water-Level (WL2WL) Forecasting
Based on the HR Wallingford upstream study, WL2WL forecasting has been identified as
a robust and operationally efficient approach in data-constrained environments. It enables
rapid forecasting using observed upstream water levels and statistically derived
relationships, particularly where discharge measurements and rating curves are uncertain
or unstable.

b) Hydrological Modeling
Rainfall-runoff and flow-routing models shall be implemented to support longer lead
times, scenario analysis, and system redundancy. These models shall integrate observed
and forecast meteorological inputs and be consistent with basin hydrology and data
availability.

Forecasting shall cover the Awash, Omo, and Rift Valley Lakes basins, including key tributaries,
floodplains, and downstream population centers, as illustrated in the referenced figures.

4.2 Flash Flood Forecasting

An Extreme Rainfall Alert (ERA) system shall be developed to identify rainfall conditions likely
to trigger flash flooding. ERA development shall be based on historical rainfall-impact
relationships, terrain characteristics, land use, soil conditions, and drainage capacity, particularly
in urban and peri-urban areas.

4.3 Impact-Based Warning Concept

Warnings shall move beyond hazard thresholds and explicitly describe expected impacts and
recommended actions, in accordance with the WMO 5W principle (who is affected, what is
expected, when and where it will occur, and why action is required).
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5 Scope of Work

The consultancy comprises nine interrelated tasks, consistent with the upstream the HR
Wallingford recommendations.

Task 1: Inception, Review of Upstream Design, and User Needs Assessment

The Consultant shall review the HR Wallingford upstream study and other relevant background
documents including;

 Assess operational user needs across MoWE, EMI, and EDRMC;
 Review data availability and data-sharing arrangements;
 Collect and assess existing hydrometeorological and historical flood data, including

assessment of data quality, completeness, continuity, and suitability for operational
forecasting;

 Identify and review available upstream and downstream hydrometric stations relevant for
WL2WL forecasting and flood routing;

 Compile and review key catchment characteristics, including topography (DEM), river
network and geometry, land use, soil characteristics, and floodplain features, using
existing datasets and remote sensing products;

 Confirm availability and applicability of existing models and datasets developed under
the upstream HR Wallingford study;

 Prepare an inception report outlining the detailed IBFFEWS design confirmation and
work plan.

 This task is intended to confirm and apply the agreed upstream technical design and does
not include re-assessment of strategic system options or redevelopment of foundational
methodologies.

Task 2: Development and Implementation of Fluvial Flood Forecasting Systems
Wherever available, primary observed hydrological and meteorological data shall be used as the
primary input for model development, calibration, and validation. Secondary or remotely sensed
data shall be used only to supplement gaps or support validation, in accordance with good
practice and data availability.

This task involves detailed technical implementation of fluvial flood forecasting components.

Model selection shall be based on data availability, basin characteristics, transparency,
computational efficiency, operational sustainability, and consistency with WMO guidance, with
preference for open-source solutions.

No new river cross-section or bathymetric surveys are included; existing survey data, remotely
sensed information, and secondary datasets shall be used.

Task 2.1 WL2WL Forecasting
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 Derivation of WL2WL relationships for selected river reaches;
 Statistical validation using historical flood events across multiple lead times;
 Evaluation of model performance using standard metrics such as RMSE, NSE, MAE, and

lead-time-dependent accuracy;
 Definition of operational procedures, update frequency, uncertainty handling, and

forecast confidence communication.
Task 2.2 Hydrological Modeling

 Configuration and calibration of rainfall–runoff and river routing models for each basin,
including catchment delineation, parameter estimation, and linkage with river network
representations;

 Integration of observed and forecast rainfall inputs;
 Validation against historical flood events and comparison with WL2WL outputs.

 Figures (2-4) illustrating basin coverage, Priority River reaches, and warning locations
are referenced to support the forecasting framework described in this
section.

Figure 2: Recommended locations for water level-to-water level / hydrological forecasting
in the Awash Basin. (Source: Google Maps, MoWE)
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Figure 3: Recommended locations for water level-to-water level / hydrological forecasting
in the Omo Basin. (Source: Google Maps, MoWE)
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Figure 4: Recommended locations for water level-to-water level / hydrological forecasting
in the Rift Valley Lakes Basin (Source: Google Maps, MoWE)

Task 3: Implementation of Extreme Rainfall Alert (ERA) System

The consultant will:

 Analysis of historical rainfall and flood impact data;
 Definition of rainfall thresholds for different flood response categories;
 Identification and mapping of flash flood hotspots;
 Integration of ERA outputs into the operational IBF-FEWS platform.

Task 4: Warning Criteria, Content, and Dissemination
 Development of impact matrices linking flood intensity to expected impacts;
 Definition of warning levels, color codes, and trigger thresholds;
 Preparation of standardized warning messages and response guidance;
 Alignment with EDRMC dissemination protocols and contingency planning.

Task 5: System Integration, ICT Architecture, and Data Management

 Design and configuration of data ingestion pipelines (e.g. APIs, WMS/WFS);
 Integration of forecasting, ERA, and impact modules;
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 Implementation of quality assurance, data validation, and system resilience measures;
 Deployment on agreed hosting infrastructure.

Task 6: End-to-End Testing and User Acceptance

 Conduct scenario-based end-to-end testing of the full IBF-FEWS chain;
 User Acceptance Testing (UAT) involving MoWE, EMI, and EDRMC;
 Refinement of the system based on testing outcomes.

Task 7: Capacity Building and Knowledge Transfer

 Development of training materials and operational manuals;
 Delivery of hands-on training for technical and operational staff;
 Formal handover of system, source code, and documentation.

Task 8: Operation, Maintenance, and Warranty Support

The Consultant shall provide operation and maintenance support for a minimum of six (6)
months following system commissioning, covering at least one rainy season. Support shall
include system stabilization, defect correction, and technical assistance, in line with World Bank
procurement requirements.

Task 9: Project Management and Reporting

 Preparation of periodic progress reports;
 Participation in coordination and review meetings;
 Submission of a final completion report documenting lessons learned.

6 Institutional Arrangements

A Technical Steering Committee, chaired by MoWE and comprising EMI and EDRMC
representatives, shall provide strategic oversight, review deliverables, and approve system
acceptance. The World Bank may provide technical input as part of project supervision but shall
not have an implementation role.

7 Deliverables and Payment Schedule

All deliverables shall be reviewed and approved by the Technical Steering Committee prior to
payment authorization.

Payments shall be linked to the satisfactory completion and approval of deliverables and
expressed as percentages of the total contract value, in accordance with World Bank procurement
guidelines.
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No. Deliverable Description Timing Payment
(%)

D1 Inception Report Review of upstream studies, confirmed
methodology, detailed work plan

Month 1 10

D2 User Needs and Data
Assessment Report

Institutional needs assessment, data
inventory, gap analysis

Month 2 10

D3 Fluvial IBFFEWS Design
and Configuration

WL2WL and hydrological model setup
and validation

Month 6 20

D4 Extreme Rainfall Alert
(ERA) System

ERA thresholds, validation, and
integration

Month 8 10

D5 Impact-Based Warning
Framework

Warning thresholds, templates, SOPs Month 9 10

D6 Integrated IBFFEWS
Platform

Fully configured and tested system Month
11

15

D7 User Acceptance and
Handover

End-to-end testing, training, handover Month
12

15

D8 O&M and Warranty
Completion Report

Completion of O&M support period Month
18

10

Total 100

8 Team Composition and Qualifications

The Consultant shall propose a multidisciplinary team with demonstrated experience in flood
forecasting, impact-based warning systems, and operational hydrometeorological services. The
proposed team composition is indicative; bidders may propose alternative staffing arrangements
provided all tasks are adequately covered.

Position Minimum Qualifications Minimum Experience

Team Leader / Senior Flood
Risk Specialist

MSc or PhD in Hydrology,
Water Resources, or related field

15 years in flood forecasting and
early warning systems; prior WB
projects

Senior Hydrologist (WL2WL
& Fluvial Forecasting)

MSc or PhD in Hydrology 10 years; experience with WL2WL
and river flood modeling

Hydrological Modeler MSc in Hydrology or Water
Resources

8 years; rainfall-runoff and routing
models

Meteorologist / ERA
Specialist

MSc in Meteorology or
Atmospheric Sciences

8 years; extreme rainfall analysis
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Impact-Based Warning
Specialist

MSc in DRM, Geography, or
related

8 years; IBF-EWS and impact
assessment

GIS & Remote Sensing
Specialist

MSc in GIS/RS or related 7 years; flood mapping and spatial
analysis

ICT / Systems Integration
Specialist

MSc in Computer Science, IT, or
related

8 years; system integration, APIs,
operational platforms

Capacity Building &
Training Expert

MSc in relevant field 7 years; training for operational
agencies

9 Environmental and Social Safeguards

This consultancy is classified as low environmental and social risk, as it involves analytical work,
system development, and capacity building without physical construction activities.

Nevertheless, the Consultant shall ensure that:

 IBF-FEWS products are inclusive and accessible, considering gender, disability,
language, and literacy;

 Warning dissemination approaches align with national disaster risk management
practices and avoid causing undue alarm;

 Data use and communication respect ethical standards and confidentiality.

All activities shall comply with applicable national regulations and relevant provisions of the
World Bank Environmental and Social Framework (ESF).

10 Intellectual Property and Ownership

All software, models, source code, documentation, datasets, and materials developed under this
consultancy shall be the exclusive property of the Government of Ethiopia, represented by the
Ministry of Water and Energy.

The Consultant shall:

 Transfer full system ownership, including administrative access and source code;
 Ensure no proprietary restrictions limit future use, modification, or expansion;
 Use open-source tools where feasible and clearly document any third-party components.

11 Risks and Mitigation Measures

The successful implementation of IBFFEWS involves technical, institutional, and operational
risks. The Consultant shall proactively identify, monitor, and manage risks throughout the
assignment. Key anticipated risks and mitigation measures include:
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Risk Category Description Mitigation Measures

Data availability
and quality

Gaps or inconsistencies in
historical hydrological and
meteorological data

Use of WL2WL approaches; cross-validation
using multiple data sources; transparent data
quality screening; use of remotely sensed data
where appropriate

Institutional
coordination

Delays or inefficiencies due
to multi-agency
responsibilities

Establishment of a Technical Steering Committee;
clear SOPs; regular coordination meetings;
documented data-sharing protocols

Data-sharing
arrangements

Delays in formalizing inter-
agency data access and
exchange

Early agreement on data-sharing protocols;
endorsement through the Technical Steering
Committee; escalation procedures where required

System
sustainability

Risk that systems are not
maintained post-handover

Use of open-source tools; capacity building; full
transfer of source code and documentation; defined
O&M and warranty period

Technical
complexity

Overly complex models not
suited to operational context

Model selection guided by HR Wallingford
recommendations; preference for robust,
computationally efficient approaches

User adoption Limited uptake or trust in
forecasts and warnings

Early user engagement; joint testing; structured
user acceptance procedures; training and
simulation exercises

Cybersecurity and
system reliability

Data loss or system
downtime

Secure hosting arrangements; redundancy; access
controls; backup and recovery procedures
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Acronyms

Acronym Definition

AWS Automated Weather Station

ERA Extreme Rainfall Alert

EDRMC Ethiopian Disaster Risk Management Commission

EMI Ethiopian Meteorological Institute

EFMP Ethiopia Flood Management Project

IBF-EWS Impact-Based Flood Early Warning System

ICT Information and Communication Technology

MoWE Ministry of Water and Energy

NWP Numerical Weather Prediction

O&M Operation and Maintenance

TOR Terms of Reference

UAT User Acceptance Testing

WB World Bank

WL2WL Water-Level-to-Water-Level
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