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13 Major River Basins 

River Basin Area 

River Basin area in Mozambique Total Basin Area 

Rovuma R. 101,160 km2 155,400 km2
 (cross-border river) 

Messalo R. 24,000 km2 24,000 km2 

Lurio R. 60,800 km2 60,800 km2 

Ligonha R. 16,299 km2 16,299 km2 

Licungo R. 27,726 km2 27,726 km2 

Zambeze R. 140,000 km2 1,200,000 km2
 (cross-border river) 

Pungwe R. 28,000 km2 29,500 km2
 (cross-border river) 

Buzi R. 25,600 km2 28,800 km2
 (cross-border river) 

Save R. 4,550 km2 88,395 km2
 (cross-border river) 

Limpopo R. 79,620 km2 412,000 km2
 (cross-border river) 

Incomati R. 14,925 km2 46,246 km2
 (cross-border river) 

Umbeluzi R. 2,356 km2 5,600 km2
 (cross-border river) 

Maputo R. 1,570 km2 29,800 km2
 (cross-border river) 

Maputo 
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1  Introduction 

1.1 Background of the Assistance 

In recent years, development investment aiming toward economic growth is accelerated in 

Mozambique.  On the other hand, natural disaster risk and the disaster damage have been increased 

because of climate change, development activities in domestic/neighboring countries, etc.  

Mozambique suffers from flood, cyclone, shore erosion, draught, etc. every year, and it is 

considered as the high-risk country for natural disaster caused by climate change according to 

UNISDR and World Bank.  About 60% of the population lives in flood and cyclone prone areas 

such as coastal area and low-lying land.  Flood and cyclone caused 1,267 deaths and 6.74 million 

victims in 2000 to 2013 (EM-DAT).  The damage affected to social and economic areas.  In the 

river basin of 9 cross-border rives of 13 major rivers, disaster risk is increased by development 

activities in not only Mozambique but also upstream countries. 

The Mozambican government’s policy and strategy regarding disaster risk management mainly 

focus on emergency response under the leadership of INGC but the implementing progress is 

limited.  However, the national disaster management law was established in June 2014 after the 

long deliberation and the importance of the disaster risk management is increasingly recognized.  

Flood control is conducted by DNGRH and ARAs consisting of 5 regional offices, which are 

established in accordance with decentralization, but the main tasks of the both organizations are 

considered as water resource development, especially, effective water resource utilization, water 

environment management, etc.  Because DNGRH and ARAs don’t have the definite section in 

charge of disaster risk management, the review of the organization including organization reform is 

needed.  In addition, human resources development with essential technical knowledge and skills 

is unsatisfactory.  Mozambique requested the Japanese government “Project for Enhancement of 

Institutional Capacity of the National Directorate of Water Resources Management (DNGRH) and 

the Regional Water Administrations (ARAs) to Mitigate Natural Disaster Risk in Mozambique” 

with the above background and Japanese government adopted it.  JICA and DNGRH discussed the 

component of it and confirmed the necessity of institutional strengthening to counter water related 

disaster.  Finally both of them signed the minutes of discussion changing the project title to 

“Assistance for Enhancement of Institutional Capacity to Manage Water Related Disaster Risks in 

Mozambique” (hereinafter referred to as “Assistance”). 

 

1.2 Outline of the Assistance 

Outline of the Assistance is summarized below. 

Overall Goal 
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Institutional capacity of water related disaster risk management is enhanced in Mozambique. 

Assistance Purpose 

 DNGRH and other related organizations develop water related disaster risk management plan. 

 DNGRH and ARAs enhance river basin management capacity. 

Duration 

From November 2014 to May 2018 

C/P 

Implementing Agency: DNGRH、ARAs 

Related Agency: Ministry of Economy and Finance (MEF), National Institute of Disaster Management 

(INGC), National Institute of Meteorology (INAM), National Road Authority (ANE), National 

Directorate of Housing and Urbanization (DNHU), Directorate of Land Use Planning (DNAPOT), 

Ministry of Land, Environment and Rural Development (MTARD) and Ministry of Agriculture and Food 

Security (MINAG) 
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2  JICA Team 

JICA Team consists of 1 Policy Advisor, 4 Technical Advisors and 1 Project Coordinator as shown 

in Figure 2-1.  The Technical Advisors’ fields are river plan, institutional development plan, river 

management technology and satellite based data.  The assignment schedule is illustrated in Figure 

2-2. 

 

Figure 2-1  JICA Team Formation 

 

 

Figure 2-2  Assignment Schedule 

 

 

 

 

2014 2015 2016 2017 2018

11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
Hitoshi
BABA

Technical Advisor
Team leader/
River plan

Makoto
KODAMA

Institutional
development plan

Noritoshi
MAEHARA

River management
technology

Hideki
ARAKI

Satellite based data
Hiroki
KAI
Ariana
BOBBA

■: activities in Mozambique, □: activities in Japan

Coordinator

Name

Policy Advisor

Position rain season rain season rain season rain season

Technical Advisors Policy Advisor 

Team leader/River plan 
Makoto KODAMA 

Institutional development plan 
Noritoshi MAEHARA 

River management technology 
Hideki ARAKI 

Satellite based data 
Hiroki KAI 

Hitoshi BABA 

JICA Team 

Project Coordinator 

Ariannna BOBBA 
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3  Work Schedule 

Work schedule of the Assistance is illustrated below. 

 

 

Figure 3-1  Work Schedule 

 

2015 2016 2017 2018

Work item 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

(1) Data collection

(2) Preparation of work plan and transfer
technology plan

(3) Submission, explanation and discussion of
work plan, and organizing the management
committee meeting

(4) Base line survey

(5) Advice on the Sendai Framework on
Disaster Risk Reduction

(6) Advice for related organizations on the
implementation of “Master Plan for
Prevention and Mitigation of Natural
Disasters”

(7) Advice for DNA、ARAs and other relevant
organizations on water related disaster
management concentrating on flood control

(8) Advice for DNA on formulation of water
related disaster management plan

(9) Advice for DNA and ARAs on human
resource and institutional development plan
to strengthen the capacity of water related
disaster management

(10) Technology transfer about the utilization
and management of river information,
utilization of satellite global data, flood
forecasting technique and early warning
system, river flow modeling to DNA、
ARAs、INGC、INAM and academic
institutions

(11) Management Committee Meeting (MCM) ●MC1 ●MC2 ●MC3
(12) Study Tour to Japan

Report

2014

△Work Plan
Final Report△

△Progress Report

rain season rain season rain season rain season

Draft Final Report△
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4  Activity 

The Assistance will be implemented for about 41 months from November 2014 to May 2018 as 

shown in following flow chart. 

 
Figure 4-1  Work Flow 
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and organizing the management committee meeting
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ARAs and other related 
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management 
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control

(8) Advice for DNA on 
formulation of water 
related disaster 
management plan

(9) Advice for DNA and 
ARAs on human 
resource and 
institutional 
development plan to 
strengthen the capacity 
of water related disaster 
management

(10) Technology transfer 
about the utilization and 
management of river 
information, utilization of 
satellite global data, 
flood forecasting 
technique and early 
warning system, river 
flow modeling to DNA、
ARAs、INGC、INAM and 
academic institutions

(4) Base line survey (5) Advice on the Sendai 
Framework for Disaster 
Risk Reduction

(6) Advice for related 
organizations on the 
implementation of 
"Master Plan for 
Prevention and 
Mitigation of Natural 
Disasters"

(11) Management committee

(11) Seminar

(12) Study tour to 
Japan (Mar 2015)

Nov.

Recommendation report

Guideline/manual

2015/1

2017

(11) Management Committee (Nov 2015) Progress Report

(11) Management Committee (Dec 2017) Draft Final Report

Work Plan (Jan 2015)

(12) Study tour to 
Japan (Oct 2015)

2014

2015

2016

Mar.
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Jan.

(11) Seminar/workshop

2018

Final ReportMar.

Recommendation report Recommendation report

(11) Seminar/workshop

(11) Seminar/workshop

(11) Seminar/workshop
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4.1 Data collection 

JICA Team collected data and information about water related disaster and clarify them to design 

the detailed activities.  And JICA Team prepared a questionnaire for additional data/information 

regarding the major 13 rivers (Maputo, Umbeluzi, Incomati, Limpopo, Save, Buzi, Pungoe, 

Zambeze, Licungo, Ligonha, Lurio, Messalo, Rovuma), institutions, river modeling. 

Regarding major 13 river basins, following data and information were collected through the 

baseline survey activities.  The details of collected data are described in Appendix 2-3 Baseline 

Survey Report. 

Collected data and information regarding major 13 river basins are; 

・ GIS data, 

・ DEM data, 

・ Hydrological data, and 

・ Related report on major river basin. 

 

4.2 Preparation of work plan and technology transfer plan 

JICA Team prepared Work Plan indicating basic policy, implementation structure, work schedule 

and activities, and technology transfer plan indicating field, item, methodology and schedule.   

 

4.3 Submission, explanation and discussion of work plan, and organizing the 
management committee meeting 

JICA Team held the 1st Management Committee Meeting on February 19, 2015 in Maputo.  The 

Management Committee consists of DNGRH, ARAs, INGC, INAM, MEF and other organizations.  

JICA Team explained and discussed Work Plan to/with Mozambican side in order to reach a 

consensus on it.  As a result of the discussions in the meeting, the contents of Work Plan and some 

issues were agreed by representatives of related agencies.  Minutes of meeting on work plan is 

attached in Appendix 1-1. 

Points of discussion in the meeting were as follows: 

(a) The Assistance mainly focuses on flood disaster as water related disaster.  Therefore, water 

quality issue and groundwater are not dealt with in the Assistance.  However, from the 

viewpoint of the integrated water resource management, JICA Team gives advices on those 

issues if needed. 

(b) The Assistance utilizes free satellite based rainfall as well as ground observed rainfall. 

(c) Based on the results of baseline survey, current activities and necessary activities for water 

related disaster risk management are defined.  And then, institutional development for water 

related disaster risk management is proposed. 
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(d) Six persons participate in Study Tour in Japan conducted in March 2015.  They are 5 persons 

from DNGRH/ARAs and 1 person from INAM. 

(e) Technology transfer regarding river management is conducted through on-the-job training in 

the selected pilot site.  At central level, individual technology is transferred mainly through 

workshops/seminars.  Technology contents are decided based on the results of baseline 

survey. 

(f) Equipment needed for hydrological observation is not provided by the Assistance.  The 

Assistance transfers knowledge and skills regarding to water related disaster risk management.  

However, hydrological data collection is improved in cooperation with other projects. 

(g) An effective dissemination of the transferred technology during the Assistance is discussed in 

collaboration between JICA Team and Mozambican side. 

(h) Mozambican side requested JICA Team to train some persons as trainers, who can disseminate 

the transferred technology to other staffs after completion of the Assistance. 

 

4.4 Baseline survey 

JICA Team conducted baseline survey in order to grasp fundamental information about water 

related disaster risk management in Mozambique.  

(1) Baseline survey Item 

Base line survey was conducted by data collection, interview and workshop.  Survey item is listed 

as shown in Table 4-1.  Capacity assessment in the “4 Organization” in the table is the most critical 

part of base line survey to set the goal of technology transfer.  Capacity assessment was 

implemented holding the workshop described below. 

Table 4-1  Baseline Survey Item 

Item Detail 
1. Major rivers - Natural and social conditions 

- Past disaster 
- Others: water level gauge, river structures, hazard maps 

2. Legal system - National Disaster Management Law 
- National Service for Public Rescue Law 
- The National Water Law 
- Other related law and regulation 

3. Policy - Master Plan for Prevention and Mitigation of Natural Disaster (2006-) 
- Hyogo Framework for Action (2005-2015) 
- Contingency Plan for rainy season and cyclone 
- Water Policy 
- National Strategy for Water Management 

4. Organization Capacity Assessment of related organizations 
- Staff 
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- Structure 
- Budget 
- Governance mechanism 

5. Donor’s projects  

 

(2) Capacity Assessment Workshop 

JICA Team held Capacity Assessment Workshop from May 27 to 29, 2015 in ARA-Central North, 

Nampula.  The workshop had two objectives; i.e. to figure out the capacity and issues of 

ARA-Central North as river management authority and to conducted technology transfer on river 

management, Project Cycle Management (PCM) method, and review of the response to flooding in 

2015.  After JICA Expert explained the objective of the Workshop and outline of PCM Method, 

participants were divided into 4 groups consisting of 6 to 7 persons.  They conducted stakeholder 

analysis, problems analysis and objectives analysis regarding river management  The presentation 

material of the workshop is shown in Appendix 2-2.  Presentation, questions & answers and 

discussions were made at each step for better understanding of the participants.  The result of the 

capacity assessment through the workshop was presented in the meeting held on June 12, 2015 in 

DNGRH and compiled in Baseline Survey Report shown in Appendix 2-3. 

Table 4-2  Program of Seminar/Workshop 

Date Program Participants 
May 27, 2015 
half day 

Seminar on River Management 
Objective: To learn river management in Japan as 
an example and to acquire the basic knowledge for 
following workshops. 
・ History of river management in Japan 
・ River characteristics in Japan 
・ River management in Japan 

27 persons 
DNGRH (2) 
ARA-CN (17) 
ARA-North (4) 
DPOPHRH-Nampula (1) 
FIPAG-Nampula (1) 
INGC-Nampula (1) 
DPA-Nampula (1) May 28 

1 day 
Capacity Assessment Workshop 
Objective: To identify capacity and challenge in 
river management in the pilot area as baseline 
information share them among the participants. 
・ To learn PCM (Project Cycle Management) 

method 
・ To identify the stakeholders for river 

management through stakeholders analysis 
・ To identify problems and prepare problem 

tree through problems analysis 
・ To study suitable ways of river management 

and prepare objective tree through objective 
analysis 

May 29 
1 day 

Review of 2015 Flood Workshop 
・ To lean outline of Table-Top-Exercise (TTX) 
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・ To execute scenario driven TTX based on 
2015 flood in the Licungo River basin 

・ To discuss activities during the flood 

 

 
Guidance of PCM by JICA Expert 

 
Stakeholders analysis 

 
Stakeholders analysis 

 
Problem tree 

 
Group discussion 

 
Presentation of the result 

Photo: Capacity Assessment Workshop 

(3) Baseline Survey Report 

JICA Team prepared a baseline survey report based on the collected data through baseline survey 

and the workshop results.  The report is attached in Appendix 2-3.  Regarding the problems and 

challenges for river management in Mozambique, identified through the baseline survey and the 

workshop, this project assists DNGRH and ARAs through the activities indicated in Table 4-3. 

Table 4-3  Assisting Activities based on the results of the baseline survey 

Item Activities 
1. Hydrological Data Utilization  To overhaul hydrological observation station (especially 

operation status) 
 To do quality control of observation data by the Unit of 

ARAs closed to the station 
 To share hydrological data among DNGRH/ARAs and 

INAM 

2. River Structure Management  To revise river facilities inventory 
 To prepare river facilities inventory using GIS 

3. Flood Risk Management  To develop EWS using satellite based rainfall 
 To construct flood simulation model 
 To develop flood management plan 

4. Human Resource Development  To design the training curriculum for the staff of 
DNGRH and ARAs on integrated flood management. 



Assistance for Enhancement of Institutional Capacity to 
Manage Water Related Disaster Risks in Mozambique 

Final Report 

10 

 
4.5 Advice on the Sendai Framework for Disaster Risk Reduction 2015-2030 

(1) Review of the progress of Hyogo Framework for Action and advice on the advice on the 

Sendai Framework for Disaster Risk Reduction 

JICA Team reviewed the progress of Hyogo Framework for Action (HFA) based on “report on 

implementation of the Hyogo Framework for Action” and advised on preparing Action Plan for 

Post-HFA in Mozambique.  JICA Team held seminar on HFA and post-HFA Zero-draft on 

February 19, 2015.  Topics are (a) Summary of Post-HFA (Zero Draft) and (b) JICA’s 

contributions to HFA and Post-HFA.  The both presentation material are attached in Appendix 3-1 

and 3-2, respectively.   

 “Sendai Framework for Disaster Risk Reduction 2015-2030” was adopted as post-HFA in the 3rd 

World Conference on Disaster Risk Reduction in Sendai, Japan in March 2015.  JICA Team gave 

an explanation of this Sendai Framework for DRR 2015-2030 in the seminar held on June 12, 2015 

in Maputo.  On September 15, 2015 JICA Team held a seminar on “Establishing fundamentals 

for improved flood prevention and mitigation through Integrated Water Resource Management and 

Integrated Flood Management as a systematic process in Mozambique” to promote the activities in 

accordance with the Sendai Framework for DRR.  Content of the seminar is summarized below 

and the presentation material is in Appendix 3-3. 

Table 4-4  Seminars Related to Sendai Framework for DRR 

Topics of Seminar 
Relevant priority for actions in 

Sendai Framework for DRR 
To shift more DRM (Disaster Risk Management) 
activities from Response to risk reduction. 

3. Investing in disaster risk reduction for 
resilience 

Investing in risk reduction can decrease disaster 
damage and cost for emergency response and 
reconstruction 

3. Investing in disaster risk reduction for 
resilience 

To improve institutional capacity in systematic 
integration of DRR into development process of 
different sectors 

2. Strengthening disaster risk governance to 
manage disaster risk 

To understand flood hazard, flood risk, flood impacts 
Flood risk assessment 

1. Understanding disaster risk 

How to decide “target protection levels” 2. Strengthening disaster risk governance to 
manage disaster risk 

 

(2) Inviting C/P for the 3rd World Conference on Disaster Risk Reduction in Sendai, Japan 

The 3rd World Conference on Disaster Risk Reduction (WCDRR) was held in Sendai, Japan on 

March 14 to 18, 2015.  JICA Team conducted the Study Tour to Japan in order to invite 6 C/Ps for 
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the conference.  The objectives of the study tour are to deepen C/Ps’ understanding of future trend 

of DRR in the world, to hear and see Japanese DRR technology and system, and to learn the effort 

to recover from the Great East Japan Earthquake 2011.  The schedule of the study tour and 

participants are tabulated as follows. 

The public forums in WCDRR to be participated were selected in consideration with improvement 

of their capacity on river management and flood risk management.  They eagerly listened to 

lectures and requested the lecturers to provide the presentation material.  At the end of daily 

program, C/P had the review time and tried to get more understanding of what they learned on the 

day. 

In the lecture on river management in Japan presented by Ministry of Land, Infrastructure, 

Transport and Tourism, Japan (MLIT), discussion and questions-and-answers regarding river 

administrator designated according to river class, coordination in river planning among various 

stakeholders, cost sharing, etc. were lively conducted. 

In the lecture by Japan Meteorological Agency (JMA), concerned organizations’ role about warning 

issue/dissemination, legal force for evacuation, cost of observation data, etc. were discussed among 

JMA experts and C/Ps. 

Table 4-5  Schedule of the 1st Study Tour to Japan 

No Date Program 
Accomm
odation 

1 Mar 12, 
2015 

11:30 Leave Maputo (SA 143) ~ 12:40 Arrival to Johannesburg 
17:30 Leave Johannesburg (SA 286) ~ 

in-flight 

2 Mar 13 12:25 Arrival to Hong Kong 
14:25 Leave Hong Kong (SA 7134) ~ 19:15 Arrival to Haneda 

Tokyo 

3 Mar 14 09:40 Leave Tokyo St. ~ 11:34 Arrival to Sendai St. 
World Conference on Disaster Risk Reduction (WCDRR) 
13:00-16:15 Disaster Management Policies – Preparedness against Large 
Tsunamis and Earthquakes etc. 

Sendai 

4 Mar 15 World Conference on Disaster Risk Reduction (WCDRR) 
9:00-16:00  Japan’s Disaster Resilience – sharing its secret and challenge 
with the world 

Sendai 

5 Mar 16 World Conference on Disaster Risk Reduction (WCDRR) 
8:00-18:30 Study Tour Revitalizing Fukushima: Reconstruction from 
Tsunami and efforts of fishing industry 

Sendai 

6 Mar 17 World Conference on Disaster Risk Reduction (WCDRR) 
10:00-16:00  Extreme Flood Measure Symposium focused on low-lying 
urban areas 

Sendai 

7 Mar 18 World Conference on Disaster Risk Reduction (WCDRR) 
10:00-12:00  Adoption of a Post-2015 Framework for DRR 
14:44 Leave Sendai St. ~ 16:48 Arrival to Tokyo St. 

Tokyo 

8 Mar 19 Ministry of Land, Infrastructure, Transport and Tourism (MLIT) 
10:00 – 12:00 Lecture on River management in Japan 
12:00 – 13:00 Lunch 

Tokyo 
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Arakawa first adjustment pond 
14:00 – 16:00 Site inspection 

9 Mar 20 Japan Meteorological Agency (JMA) 
10:00 - 10:40 Weather forecast (lecture) 

- 11:05 Observation activities 
- 11:30 Forecasting activities 
- 12:00 Meteorological Science Center 

Evaluation meeting in JICA 
14:00 – 15:30 Presentation of result of the study tour 

Tokyo 

10 Mar 21 14:33 Leave Tokyo St. ~ 15:27 Arrival to Narita Kuko St. 
18:25 Leave Narita (SA 7139) ~ 22:35 Arrival to Hong Kong 
23:50 Leave Hong Kong (SA 287) ~ 

in-flight 

11 Mar 22 07:15 Arrival to Johannesburg 
09:40 Leave Johannesburg (SA 142) ~ 10:45 Arrival to Maputo 

 

Table 4-6  Participant List of the 1st Study Tour to Japan 

Name Organization Position Age 

Mr. Eduardo Josefa DNGRH Civil Engineer, Head of the Hydraulic Public Works 

Department 

39 

Mr. Crtistovão Xavier DNGRH Geographic Engineer, Focal Point 55 

Mr. Danyvan Levy ARA-S Civil Engineer 35 

Mr. Eurico Saize ARA-Z Hydraulic Engineer 39 

Mr. Sergio Amela ARA-CN Geographic 38 

Mr. Flavio Monjane INAM Weather forecast technician, Focal Point 37 

 

 
WCDRR: The review after daily 
activities 

 
WCDRR site inspection of fishing 
port in Souma City 

 
WCDRR: Interview with people in 
disaster restoration house 

 
MLIT: Lecture on river 
management in Japan 

 
Arakawa Fist Adjustment Pond: 
Discussion in visitor center 

 
JMA: Lecture on meteorological 
observation in Japan 

Photo: The 1st Study Tour to Japan 

4.6 Advice for related organizations on the implementation of “Master Plan for 
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Prevention and Mitigation of Natural Disasters” 

JICA Team planned to review the new Master Plan for Prevention and Mitigation of Natural 

Disasters (2016-).  However, the Parliament had not approved it during the period of the 

Assistance.  

The former version plan (2006-2015) is summarized as below. 

Master Plan for Prevention and Mitigation of Natural Disasters 2006-2015 version 

 Master Plan for Prevention and Mitigation of National Disasters (2006 -) was prepared by 

INGC based on National Policy on Disaster Management (1999) in order to materialize the 

Hyogo Framework of Action.   

 The objectives of the plan are (a) to reduce vulnerability to drought in arid region, (b) to 

mitigate human and property damages caused by natural disasters, (c) to minimize the number 

of affected people by natural disasters and (d) to secure prompt recovery/reconstruction 

process. 

 The plan describes promotion of disaster reduction and preparedness including agricultural 

protection, income increase of non-agricultural sector, water resource conservation, rainwater 

utilization, water resource infrastructures (dam and dike), etc. 

 The plan covers disaster management cycle (prevention, mitigation, response and recovery).  

But it does not clarify each organization’s responsibilities 

 

4.7 Advice for DNGRH, ARAs and other related organizations on water related 
disaster risk management concentrating on flood control 

(1) The 2nd Study Tour to Japan 

The 2nd Study Tour to Japan was conducted from 28 September to 8 October 2015 in order to 

inspect river management and flood risk management in Japan and contribute lessons learned from 

Japan to flood risk management in Mozambique.  4 persons of DNGRH, ARA-North, -Central 

North, and –Central participated.  The schedule of the study tour and participants are tabulated in 

Table 4-7 and 4-8 respectively. 

Table 4-7  Schedule of the 2nd Study Tour to Japan 

No Date Program 
Accomm
odation 

1 Sep 28, 
2015 

11:35 Leave Maputo (SA 143) ~ 12:45 Arrival to Johannesburg 
17:05 Leave Johannesburg (SA 286) ~ 

in-flight 

2 Sep 29 12:25 Arrival to Hong Kong 
16:25 Leave Hong Kong (CX 542) ~ 21:35 Arrival to Haneda 

Tokyo 

3 Sep 30 09:00 Orientation Tokyo 
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Ministry of Land, Infrastructure, Transport and Tourism (MLIT) 
13:00 – 16:00 Lecture on River management in Japan 

4 Oct 1 Tsurumigawa Retarding Basin 
09:00 – 12:00 Lecture on river management of Tsurumigawa and 
observation of flood management facilities in the Tsurumigawa 
Retarding Basin 
14:32 Leave Tokyo St. (Shinkansen bullet train) ~ 16: 44 Arrival to 
Niigata St. 

Niigata 

5 Oct 2 Shinano River Ohkouzu Diversion 
09:00 – 12:00  Lecture on history of flood management in the 
Shinano River basin and observation of flood diversion facilities 
Mitsuke City, Niigata Prefecture 
13:00-16:00 
Courtesy call on the Mayor of Mitsuke City 
Lecture on improvement of flood management measures of Mitsuke 
City and observation of flood retarding basins 

Niigata 

6 Oct 3 Lower Shinano River 
Observation of lower river course from Niigata Furusato-mura ~ 
Sekiya diversion ~ river mouth and historical area in the Niigata City 

Niigata 

7 Oct 4 12:07 Leave Niigata St. (Shinkansen bullet train) ~ 14:20 Arrival to 
Tokyo St. 

Tokyo 

8 Oct 5 Remote Sensing Technology Center of Japan (RESTEC) 
10:00 – 16:00  Lecture on Earth Observation by Satellite and exercise 
for satellite rainfall data processing 

Tokyo 

9 Oct 6 Remote Sensing Technology Center of Japan (RESTEC) 
10:00 – 14:00  Lecture on Earth Observation by Satellite and exercise 
for satellite rainfall data processing 
Evaluation meeting in JICA 
15:30 – 16:30  Discussion of result of the study tour 

Tokyo 

10 Oct 7 Sightseeing in Imperial place and Asakusa 
17:10 Leave Haneda (SQ 633) ~ 23:05 Arrival to Singapore 

in-flight 

11 Oct 8 02:10 Leave Singapore (SQ478) ~ 06:55 Arrival to Johannesburg 
09:45 Leave Johannesburg (SA 142) ~ 10:50 Arrival to Maputo 

 

Table 4-8  Participant List of the 2nd Study Tour to Japan 

Name Organization Position Age 
Mr. Carlos Andre Jopela Nhaca 
 

ARA-N Director General 51 

Mr. Francisco Daniel Do Rosario 
Naene 

DNGRH Chief of Planning and Environmental 
Section 

43 

Mr. Edmilson Calos Moises 
Mahumane 

ARA-CN Technician of Water Resources 
Management 

22 

Mr. Antonio Germano Melembe ARA-C Technician of Water Resources 
Management  

48 

  

In the lecture on river management in Japan by MLIT, C/Ps made notes and repeated questions 

eagerly.  They explained the features of the river basins and climate in Mozambique comparing 

with those in Japan. 

They visited Tsurumigawa retarding basin constructed by MLIT and learned comprehensive flood 
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prevention project in the urban area e.g. river improvement, retarding basin, drainage pump, 

regulating reservoir, conservation of water retention function, rainwater infiltration facility, etc. 

 
Observation of the whole retarding 
basin 

 
Watertight door on the building in 
retarding basin 

 
Explanation on overflow levee 

Photo: Tsurumigawa retarding basin 

In Ohkozu diversion of Shinao River, they learned that Ohkozu diversion was completed after many 

years’ efforts and then flood risk of Niigata City was dramatically decreased.  Fish-pass allowing 

fish to passage was installed at the diversion gate in consideration of biological environment. 

 
Explanation of Ohkozu diversion 
using relief map 

 
Observation of fish-pass 

 
Courtesy call on Mayor of 
Mitsuke City 

Photo: Ohkozu diversion and Courtesy call on Mayor of Mitsuke City 

In Mitsuke City, Niigata Prefecture, the mayor explained that the city has made efforts to improve 

resilience against flood risk with limited budget.  The city has conducted various structural and 

non-structural measures as follows.  Their visit to Mitsuke City was introduced in 2 newspapers 

and the city’s homepage. 

Structural measures: dam operation for flood control, retarding basin, short-cut at river bend, 

drainage pump, etc. 

Non-structural measures: siren, loud speaker, radio, e-mail, disaster guidebook, monitoring 

system, etc. 
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Mitsuke City’s Homepage 

 
Mistuke Shinbun (2015/10/8) 

 

Niigata Nippo (2015/10/6) 

Figure 4-2  Newspapers and Homepage Introducing Study Tour 

In Remote Sensing Technology Center of Japan (RESTEC), the lecture on principle of remote 

sensing and the practical training for utilizing of satellite based data (GSMaP for rainfall and DEM) 

were conducted.  They learned how to get data, display on Google Earth, make river course using 

DEM, etc.  They were strongly eager to disseminate the remote sensing technology for disaster 

risk reduction in Mozambique. 

 
 

 
Practical for utilizing of GSMaP 

 
 

Photo: Practical Training on Satellite-based Data 

 

(2) Seminar on Water Related Disaster Risk Management 

JICA Team held seminars/workshops on water related disaster risk management for DNGRH, ARAs 

and related organizations.  The topics of these seminars/workshops are 2015 Licungo River flood, 

water related disaster risk management in Japan, implementation of water related disaster risk 
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management, etc.   

Table 4-9  Outline of the Seminar on Water Related Disaster Risk Management 

Topic Date/place Contents 
2015 Licungo River flood Feb 6, 2015 

In Maputo 
Report of the result of site inspection conducted from 
Jan.21 to 24 just after the flood in Licungo River basin, 
focusing hydrological situation, structural damages and 
the causes. 

 Feb 26, 2015 
In Maputo 

Report of the Licungo River flood adding the result of 
additional site inspection (Feb. 20-23) in the warp-up 
meeting which the National Director of DNGRH and 
others participated in.  The presentation material is 
shown in Appendix 4-2. 

Water related disaster risk 
management in Japan 

May 27, 2015 
In Nampula 

Objective: 
・ To learn river management for water related disaster 

taking examples in Japan and to acquire basic 
knowledge for workshop following the seminar. 

Contents: 
・ History of river management in Japan 
・ River characteristics in Japan 
・ River Management in Japan 
Participants: DNGRH (2), ARA-CN (17), ARA-N (4), 
DPOPHRH-Nampula, FIPAG-Nampula, 
INGC-Nampula, DPA-Nampula  

 Jun 12, 2015 
In Maputo 

Objective: 
・ To learn river management for water related disaster 

taking examples in Japan and to acquire basic 
knowledge. 

Contents: 
・ History of river management in Japan 
・ River characteristics in Japan 
・ River Management in Japan 
Participants: Management Committee members 

Advice on implementation 
of water related disaster 
risk management 

Aug 26, 2015 
In Mocuba 

・ Workshop on river management facilities: present 
situation survey and inventory 

・ Workshop on easily understandable warning 
message: warning message, communication tool, 
issues for evacuation, etc. 

 Sep 15, 2015 
In Maputo 

・ Workshop on communication of disaster information 
・ Workshop on establishing fundamentals for 

improved flood prevention and mitigation through 
IWRM and IFM 

Seminar on Rainfall 
Measurement 

Nov 26, 2015 
In Mocuba 

・ How to measure rainfall 
・ Problem found in Mocuba Unit 
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(3) Rainfall observation 

JICA Team and C/Ps of Mocuba Unit discussed and defined hydrological observation stations in 

Licungo River basin, e.g. problems, observation system, rainfall distribution, satellite-based rainfall, 

etc. as follows. 

 Staffs of Mocuba Unit and Gurue office observe hydrological data themselves at the stations in 

Mocuba and Gurue, but at other stations people dwelling near the stations observe and record 

daily rainfall amount and water level once a day on consignment from Mocuba Unit. 

 Staffs of Mocuba Unit and Gurue office have difficulties collecting the hydrological data 

recorded by local people because of budget shortage for fuel for travel and reward to observer 

(MT 700/month). 

 Frequency of water level observation at Mocuba Bridge is 3 times per day (6:00, 12:00 and 

17:00) in usual condition and 5 times per day (6:00, 9:00, 12:00, 15:00 and 17:00) during flood.  

In case of severe flood, staff may stay on site. 

 JICA Team introduced satellite-based rainfall, which are GSMaP (Global Satellite Mapping of 

Precipitation) and GFAS (Global Flood Alert System).  C/Ps understood that satellite-based 

rainfall can show rainfall distribution over a wide range.  Rainfall data only observed in 

Mocuba and Gurue are available during flood.  C/Ps also recognized that the data of these two 

stations don’t represent average rainfall over river basin. 

 JICA Team introduced a hydrological observation guidebook which is utilized widely in Japan 

and gave them hard/soft copies. 

 JICA Team gave guidance on hydro-hyetograph, discharge measurement, etc. 

How to draw Hyeto-hydrograph  
Discharge measurement 

 
Measurement record 

Photo: Activities regarding hydrological observation 

 

(4) Inventory of River Management Structures 

For sustainable river management, it is important to grasp the current situation and problems of 

existing river management structures, e.g. dike, slope protection, weir, sluice gate, bridges crossing 
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the river, etc.  And in order to sustain the functions of these river management structures, early 

detection and rehabilitation of damages of them are vital important.  Therefore, JICA Team 

supports DNGRH/ARAs to prepare the inventory of river management structures for maintenance 

of these functions. 

(i) Site Inspection 

JICA Team and C/Ps visited some river management structures in order to discuss and clarify 

the present status, damage, problem on sites as follows. 

Bridge: Insufficient span causes collision of flood wood and lack of riverbank protection 

around bridge abutment brings bank erosion.  ARAs should advise ANE from the viewpoint 

of river management when they plan and design a bridge. 

Dike: Rehabilitation work of dike damaged by 2015 flood has been conducted.  However, 

some sections remain open.  Dike can product the expected effect if it connects continuously.  

Therefore, the rehabilitation work should be completed before next flood season. 

Hydrological station: One rainfall station in Gurue does not have a fence around it.  Other 

rainfall stations are maintained adequately regarding the location, fence, weed, etc.  On the 

other hand, some water level stations are left unrepaired after 2015 flood. 

Because Licungo River basin is very wide (about 28,000 km2), regular revising the inventory is 

not easy for Mocuba Unit and Gurue office.  Sustainable system and method for river 

management using the inventory should be established. 

In addition to the above, JICA Team and C/Ps conducted site inspection in order to grasp 

topography, which affects the flow of inundated water.  Especially, they tried to acquire height 

of dike using portable GPS at Nante in Maganja da Costa district and survey the extent of 

inundation area during 2015 flood.  The result of the survey was utilized for flood simulation 

model of Licungo River described in Chapter 4.10. 

JICA Team held workshop on August 26, 2015 in Mocuba unit to explain the above activities 

and discuss future activities.  The workshop material is shown in Appendix 5-2. 
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Wide erosion at hinter land of left 
abutment in Lugela 

 
Rainfall station without fence in 
Gurue 

 
Guidance for younger staff 

  

Site survey to grasp topography 

 

Photo: Site Inspection 

 

(ii) Inventory of river structures 

JICA Team held the training on preparation of the inventory of river management structures 

based on the above site inspection from May 24 to June 3, 2016 in Mocuba Unit and the 

follow-up training in August 2017. 

Table 4-10  Participant List of Training on Inventory 

Name Organization 
Mr. Sergio Amela ARA-CN, Mocuba Unit 
Ms. Marilu Agostihno ARA-CN, Mocuba Unit 
Mr. Victor Bartolomeu  Muaineo ARA-CN, Mocuba Unit, Gurue office 
Mr. Filimao Armando Muude ARA-CN, Mocuba Unit, Gurue office 
Mr. Cristovao Xavier DNGRH, Water Resource Department 

Through the training, participants obtained the capability to (a) put a mark at the place that a 

structure is located on Google Earth, (b) prepare inventory sheets and (c) link the prepared 

inventory sheets to corresponding mark on Google Earth. 

Regarding this activity, we applied Google Earth as a base map.  C/Ps learned useful 

functions for river management e.g. to put a mark with comment, to draw line, to measure 

length and area.  C/Ps discussed the needed information of inventory sheet.  Decided 

contents to be described on an inventory sheet are name, ID number, jurisdictional office, river 

basin, river, location, coordinates, type of structure, start date of operation, status of operation, 
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alert level, observer (name and contact number), damage history, etc. and the photo. 

After the above training, JICA Team had the other training in ARA Central North Office.  In 

this second training, Mr. Sergio Amela who was a participant in the first training, explained the 

outline and showed procedure using Google Earth. 

Photo: Activities for preparation of inventory 

 

(5) Flood Response 

(i) Flood Response by Mocuba Unit 

JICA Team assisted C/Ps of Mocuba Unit for the following activities regarding flood response. 

 Frequency of water level observation at Mocuba Bridge is 3 times per day (6:00, 12:00 

and 17:00) in usual condition and 5 times per day (6:00, 9:00, 12:00, 15:00 and 17:00) 

during flood.  Response for early warning system using IFAS/Auto-IFAS was studied 

based on these observation frequencies. 

 C/Ps understood the outline of IFAS/Auto-IFAS and the purpose of introducing it, i.e., “to 

reduce flood damage by predicting water level rising and preparing evacuation in 

advance”.  C/Ps examined the flood response plan, time to issue a warning, etc. with the 

purpose in mind. 

 Mocuba unit has issued a flood warning based on observed water level to ARA-CN, 

Mocuba radio station, INGC in Mocuba, Mocuba district office, Maganja da costa district 

office on the left bank of lower Licungo River and Namacurra district on the right bank of 

that.  From next rainy season, Mocuba unit will add the other warning based on predicted 

water level with IFAS/Auto-IFAS by DNGRH.  Therefore, C/Ps prepared two kinds of 

warning message.  One accelerates people to prepare evacuation and the other urges 

them to evacuate.  The former is issued four to six hours before predicted time that water 

level reaches the warning level and the latter is issued one to three hours before that. 

 

Discussion about inventory 

 

Grope working 

 

Site inspection 
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 C/Ps made a briefing material of flood early warning system which will start next rainy 

season.  They visited each organization, which receives a warning from Mocuba unit, 

and explained the new system and message. 

 C/Ps examined and prepared a flow of flood response as a flood response plan. 

 

Briefing material of flood early 
warning system 

 
Explanation of flood early warning 

system to relevant organization 

 

Examination of flood response 

Photo: Study on flood response 

 

(ii) Distribution of Easily Understandable Disaster Information 

The central and northern part of Mozambique, especially the Licungo River basin, suffered 

from severe flood disaster in the middle of January to the end of February 2015.  More than 

130 people were died and approximately 148,000 people were affected by the flood disaster in 

Zambezia Province.  In order to mitigate loss of life and damage to property, it is 

indispensable to distribute "easily understandable disaster information" based on a reliable 

flood forecast with appropriate lead time.   

In May 2015, JICA Team conducted a workshop to review the 2015 flood in ARA-CN.  In the 

workshop, the participants from various organizations stated that communities did not 

understand the meaning of the flood warning issued by DNGRH and ARAs. 

In response to the above circumstances, JICA Team in collaboration with DNGRH and 

ARA-CN conducted field survey to grasp issues of the current routes, means, and messages of 

the disaster information from the central down to the community levels in the Licungo River 

basin from August 10 to September 2, 2015 and from January 20 to 27, 2016.  Based on the 

analysis of the collected information and findings, JICA Team presented the summary of 

recommendations for easily understandable disaster information as attached in Appendix 5-7. 
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DRM Committee in Morla 

 

DRM Committee in Muguloma 

 

Community Radio in Maganja da Costa 

 

Musaya resettlement area 

 

DRM Committee in Furquia 

 

DRM Committee in Brigodo 

Photo: Field survey to grasp issues for disaster information 

 

4.8 Advice for DNGRH on formulation of water related disaster risk management 
plan 

(1) Workshop on water related disaster risk management 

JICA Team has supported DNGRH/ARAs to formulate water related disaster risk management plan.  

On September 15, 2015, JICA Team held the workshop on “Establishing fundamentals for improved 

flood prevention and mitigation through Integrated Water Resource Management (IWRM) and 

Integrated Flood Management (IFM)” in Maputo.  In this seminar, JICA Expert explained concept 

of IWRM and IFM, and process of flood disaster risk management using the presentation attached 

in Appendix 3-3. 

   

Photo: Workshop on establishing fundamentals for improved flood prevention and mitigation 

(2) Water related disaster risk management plan of Licungo River 

JICA Team instructed C/Ps of ARA-CN, which is in charge of river management under the 

jurisdiction, water related disaster risk management plan of Licungo River.  The procedure of this 
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activity was explanation by JICA Expert, examining and presentation by C/Ps and discussion 

among them. 

(i) Base map 

To prepare the base map using Google Earth for study on water related disaster risk 

management plan.  First, put marks, path and polygon for relevant offices, river structures, 

hydrological stations, river, dike lake, etc.  The base map was made as KML file, which can 

be shared other computers.  

(ii) Existing condition of Licungo River and its basin 

C/Ps discussed Licungo River and its basin viewing the above base map.  They recognized the 

difference of river basin shape between upstream and downstream of Mocuba, change of 

longitudinal slope, river course meandering, etc. 

(iii) Flood disaster in 2015 

C/Ps studied and discussed features of flood damage in January 2015 viewing inundation area 

(satellite image and inundation map) by the flood.  It was a little difficult to find something 

from these information but they finally found and discussed the followings. 

 Inundated area mainly spread at downstream of Nante. On the other hand, inundation was 

limited along the river at upstream of Nante. 

 Slight elevation along shoreline deteriorated drainage and prolonged inundation period. 

 Many bridges across the rivers were damaged, etc. 

(iv) Structural measures 

Each C/P examined structural measure in consideration of the above findings and drew the 

countermeasures on the base map.  They presented and discussed their idea one by one, and 

they made up the structural measures for Licungo River.  They learned function of each 

structure, adaptation depending on situation, importance of combination of structural and 

non-structural measures. 

(v) Storage capacity of dam 

JICA Team gave guidance on how to estimate storage capacity at any designed dam sight 

responding to a request of the director of ARA-CN.  The procedure to estimate it is (i) to draw 

contour line base on DEM data on GIS (QGIS), (ii) to measure area at each elevation, and (iii) 

to make elevation-storage curve using EXCEL.  

(vi) Non-structural measures 

C/Ps also examined non-structural measure, e.g. evacuation plan, land use plan, early warning 

system, etc.  JICA Team explained that easily understandable warning message to community 
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is critical for early warning system because the purpose of early warning system is to reduce 

flood damage and save people’s lives.  

(vii) Maintenance of river structures 

C/Ps linked the inventory sheets of river structures to the base map.  If they deal information 

regarding river management on the base map, they can effectively conduct river management.  

 

4.9 Advice for DNGRH and ARAs on human resource and institutional development 
plan to strengthen the capacity of water related disaster risk management 

At the start of the project, the JICA team conducted a baseline survey in order to grasp the current 

situation of human resource development and organizational structure of DNGRH and ARAs.  As 

a result, although training on the topic of water supply and sanitation were conducted, it has been 

found that training related to river or flood management has not been implemented. 

According to the results of the capacity assessment workshop at ARA Central North in May 28, 

2015, insufficiency of technical capacity of the staff in various phases of flood management were 

stated by the participants in the workshop.   

Considering the fact that each ARA should manage the river basins in its territory by itself, and the 

central government institutions are located at the southern tip of the long country from north to 

south, it might be difficult for ARA to get proper support from the central institutions in case of 

 

Training 

 

Presentation about 2015 flood 

 

Preparing of base map 

 
Discussion about structural measures 

 

Instruction of inventory 

 

Presentation about inventory 
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emergency.  It is essential for ARA to have capacity to conduct water related disaster management 

and integrated flood management.  

On the other hand, Training of Hydrological & Hydraulic Trainers and IFAS & Auto IFAS 

Modeling Trainers were implemented and six trainers were cultivated from DNGRH and ARA-Sul 

as one of the main activities of this Project.  It is strongly recommended that the trainers will 

conduct the trainings for other engineers and technicians of DNGRH and ARAs for expansion of the 

knowledge and skills on hydrology and effective usage of IFAS and Auto IFAS. 

JICA team prepared a recommendations report on human resource and organizational development 

for improvement of the water-related disaster risk management capacity of DNGRH and ARAs as 

attached in Appendix 1-5.  It is recommended that DNGRH and ARAs enhance human resource 

and organizational development based on the recommendations presented in the report. 

 

4.10 Technology transfer about the utilization and management of river information, 
utilization of satellite global data, flood forecasting technique and early warning 
system, river flow modeling to DNGRH、ARAs、INGC、INAM and academic 
institutions  

JICA Team transferred basic knowledge and skills, mainly following five subjects, to the personnel 

in DNGRH and relevant agencies. 

 Hydrological Data Management, 

 River Modeling Skill, 

 Technical Training for Flood Analysis and  

 Flood Forecast and Early Warning System 

 Utilization of Satellite Data 

 

(1) Hydrological Data Management 

Available hydrological data (such as rainfall, river water-level, discharge, etc.) which was compiled 

in the different database management systems, are carefully reviewed with DNGRH counterpart 

personnel.  Major activities and outputs are summarized in the following table. 

Activity Method Output 

 
 To clarify the location of 

hydrological station. 

 Review of Excel station list 
(rainfall, water-level and 
discharge)  

 Conversion into Shape file 
format by using GIS 

 Conversion into KML file 
format by using GIS 

 Location map of 
hydrological station 

 Location Shape file for GIS 
 Location KML file for 

Google Earth 



Assistance for Enhancement of Institutional Capacity to 
Manage Water Related Disaster Risks in Mozambique 

Final Report 

27 

Activity Method Output 

 
 To review and clarify the 

status of hydrological 
station and availability of 
hydrological records 

 Interview survey on status  
hydrological database  

 Review of available digital 
hydrological record (text 
file) 

 Summarize statuses in the 
table 

 List of data files 
 List of station with data 

availability 

 

Mainly 4 hydrological data management systems have been operated in DNGRH. 1) PDP system 

(using FORTRAN77) was operated from 1940’s to 1981. PDP system was replaced with new 2) 

HYDRO (water-level) and 3) HYDATA (rainfall, water-level and discharge) systems and all PDP 

data were converted into new systems. 4) Hydstra system was applied in nationwide since 2009. 

However the system was suspended from the beginning of 2015 because of its licensing issues. 

Current HYDATA system is rather old and out-of-date because no software update is applied, 

nevertheless HYDATA system is still used as main hydrological data management system in 

DNGRH. 

Summary of Operating Period of Hydrological Data Management Systems  

 

At the present condition, HYDATA system is applying for main hydrological data management 

system and manages data since 1940’s. 

 

The conditions of existing hydrological data and its accuracy are also reviewed with DNGRH C/Ps 

during the technical trainings. DNGRH C/Ps understood the issues of existing hydrological data, 

such as, especially, importance of hourly rainfall and water-level observation data, water-level 

datum (relationship between staff-reading and elevation), discharge measurement during high flood, 

and discharge estimation methods. DNGRH C/Ps recognized that solution for these issues is also 

important for them. 

 

(2) River Modeling 

Rainfall-runoff model to clarify the magnitude of flood discharge from the rainfall condition and 

flood flow analysis model to estimate the flooding depth and extent are introduced to DNGRH and 

relevant agencies. These models and modeling processes are helpful for understanding the flood 

PDP

HYDRO Data converted from PDP

HYDATA Data converted from PDP

Hydstra

2000's 2010's1940's 1950's 1960's 1970's 1980's 1990's
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phenomena and preparedness against flood event. JICA Team has transferred the knowledge and 

skills on these models and modeling processes through the Project activity.  

(i) Rainfall-runoff analysis model 

IFAS (Integrated Flood Analysis System) developed by ICHARM (International Centre for 

Water Hazard and Risk Management under the auspices of UNESCO) is applied as 

rainfall-runoff analysis model for this Project activity. IFAS is open-source software and also 

defined as a flood forecasting system using Global Satellite Rainfall. Application of Global 

Satellite Rainfall (satellite observed rainfall such as GSMaP) is useful data where ground 

rainfall observation system is not enough and/or running well.  

The Licungo river basin was selected for pilot site of modeling and basic IFAS model for the 

Licungo river basin has been developed through the modeling OJT activity in DNGRH and 

technical training courses in DNGRH and ARA-CN.   

 

IFAS model image 

 

IFAS output at Mocuba 

 

Through the IFAS modeling OJT and technical training course, DNGRH’s C/Ps and trainees 

learned followings; 

 GIS data download from USGS HydroSHEDS 

 DEM data for IFAS model input 

 Land Use data for IFAS model input 

 Rainfall data (ground observed and satellite observed) for IFAF model input 

 IFAS model parameters 

 IFAS modeling 

 IFAS model calibration procedures 

 Discharge hydrograph of IFAS model output 

 Basin average rainfall of IFAS model output 

 Setup of flood forecasting system by using Auto-IFAS model 
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(i) Flood flow analysis model  

iRIC Nays2Dflood developed by iRIC (International River Interface Cooperative) is applied as 

flood flow analysis model for this Project activity. iRIC Nays2Dflood is open-source software 

and defined as flood flow analysis solver that relies on unsteady 2-dimensional plane flow 

simulation.  

iRIC Nays2Dflood models of Lower Licungo flood prone area and around the Mocuba bridge 

area are developed through the modeling OJT activity in DNGRH and technical training 

courses in DNGRH and ARA-CN. 

Flooding situation in Jan. 2015 is simulated by using Lower Licungo iRIC Nays2Dflood model. 

The model output shows consistent results with the actual flood situation. Through these flood 

flow analysis, consequently, DNGRH and ARA-CN understood the availability of flood flow 

analysis model as a tool for flood risk management. 

 

iRIC Nays2Dflood model image 

 

iRIC Nays2Dflood output at Lower Licungo 

 

Mocuba iRIC Nays2Dflood model is applied for the estimation of H-Q relation at Mocuba 

bridge water-level station. However, exact relation with model’s water-level (elevation) and a 

water-level record (staff reading) is additionally required to estimate the actual discharge. 

 

iRIC Nays2Dflood model image 

 

Estimation of H-Q relation 
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Through the modeling OJT and technical training course, DNGRH's C/Ps and trainees learned 

followings; 

 DEM data download from USGS Earth Explorer 

 Preparation of iRIC Nays2Dflood model background images by using GIS 

 Preparation of iRIC Nays2Dflood model elevation data from the raw DEM data by using 

GIS 

 iRIC Nays2Dflood modeling 

 Manning's roughness coefficient for the iRIC Nays2Dflood model 

 Flooding extent of iRIC Nays2Dflood model output 

 Water-level hydrograph of iRIC Nays2Dflood model output 

 Re-estimation of H-Q relation at the station 

 

(3) Technical Training for Flood Analysis 

During the Project period, following 5 Technical Training Courses were organized. 

1: Aug. 2015: Modeling for Flood Analysis (1st) in DNGRH (Maputo) 

2: Aug. 2015: Modeling for Flood Analysis (2nd) in ARA-CN (Nampula) 

3: Oct. 2016: IFAS and Auto IFAS Training (1st) 

4: Nov. 2016: IFAS and Auto IFAS Training (2nd) 

5: Aug. 2017: Trainer’s Training for AutoIFAS Flood Early Warning System 

(i) Aug. 2015: Modeling for Flood Analysis (1st and 2nd) 

Ten (10) days technical training courses on Modeling for Flood Analysis were organized in 

DNGRH (Maputo) and ARA-CN (Nampula). In total 15 trainees from 9 agencies and 22 

trainees from 10 agencies participated the training course in DNGRH and ARA-CN 

respectively.  

Trainees understood basic modeling methods for IFAS model (rainfall-runoff model applying 

satellite observed rainfall) and iRIC Nays2Dflood model (2D flood flow analysis model), 

described in the section above, through the practical modeling lessons. Trainees also learned 

rerated application software, such as GIS (QGIS) and Spreadsheet (Excel), for preparation of 

model input data.  Information on open-source GIS data such as DEM (SRTM-1Arc, ASTER 

GDEM and GMTED2010), watersheds and river systems (USGS HydroSHEDS) were shared 

and applied for the modeling. 
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USGS “Earth Explorer” provide various GIS data 

 

Main training lessens are summarized below; 

 IFAS modeling 

 iRIC Nays2Dflood modeling 

 GIS data download from USGS Earth Explorer and USGS HydroSHEDS 

 Understanding of coordinate system (WGS84, WGS84/UTM36S, WGS84/UTM37S, etc.) 

 Basic operation of GIS software (QGIS) 

 Preparation of model background images by using QGIS 

 Preparation of model elevation data from the raw DEM data by using QGIS 

 Estimation of H-Q formula by using Excel 

 Hydrological data management by using Excel’s “Pivot Table” tool 

 

Training program, photo and attendance list of both training courses in DNGRH and ARA-CN 

are also shown in below; 

Program on Technical Training on Modeling for Flood Analysis in DNGRH (Maputo) 

Day Date Description 
01 10 Aug. (Mon) AM: 

LAN setting 
Orientation 
Outline of Models for flood analysis 

PM: 
PC setting (Internet connection) and installation of modeling software (IFAS, 
iRIC, QGIS, Google Earth Pro, Excel, etc.) 

02 11 Aug. (Tue) Basic IFAS modeling by using sample input data 
03 12 Aug. (Wed) Basic iRIC Nays2Dflood modeling by using sample input data 
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Day Date Description 
04 13 Aug. (Thu) Preparation of input data for the modeling by using GIS 

- Tip on coordinate system (WGS84 WGS84/UTM 36S) 
- Download DEM (USGS Earth Explorer) 
- Base map for QGIS (add. QGIS Plugin) 
- Background satellite images for iRIC 

05 14 Aug. (Fri) Preparation of input data for the modeling by using GIS 
- DEM for iRIC (*.tpo) 
 (Ref. : Nays2D_Flood_Examples_en20150623.pdf) 
- Watershed shape (USGS HydroSHEDS) 
- River network vector data (SHP file) 

06 17 Aug. (Mon) Preparation of input data for the modeling by using GIS 
- River cross-section (add. QGIS Plugin) 
iRIC modeling (estimation of H-Q curve at IFAS calibration point) (1/2) 

07 18 Aug. (Tue) iRIC modeling (estimation of H-Q curve at IFAS calibration point) (2/2) 
IFAS modeling and calibration for Licungo River basin (1/2) 

08 19 Aug. (Wed) IFAS modeling and calibration for Licungo River basin (2/2) 
09 20 Aug. (Thu) iRIC Nays2Dflood modeling and calibration for Licungo River basin 
10 21 Aug. (Fri) Closing technical discussion 

Supplementary session "Hydrological data management" 
- Using Excel's "Pivot Table" 

 

  

Training in DNGRH (Maputo): Modeling lessen 

 

Attendance List (Technical Training on Modeling for Flood Analysis in DNGRH） 

1 Sr. Isac Filimone DNGRH/DGBH 9 Sr. Abu Jamal ARA-SUL 

2 Sr. Armando Cuinhane DNGRH/DGBH 10 Sra. Adalgisa Tinga ARA-SUL 

3 Sr. Valdemiro Escola DNGRH/DGBH 11 Sr. Teodomiro Cabral ARA-SUL 

4 Sr. Agostinho Vilanculo DNGRH/DGBH 12 Sr. Salvador Mamela ARA-Zambeze 

5 Sra. Isabel Fotine DNGRH/DRI 13 Sra. Felisbela Mulaveia ARA-Centro 

6 Sra. Marlen Maciel DNGRH/DP 14 Sr. Manuel Francisco INAM 

7 Sr. Valter Machatine DNGRH/DAS 15 Sr. Dennis Guiamba INGC/CENOE 

8 Sr. Leonel Bila ARA-SUL    
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Program of Technical Training on Modeling for Flood Analysis in ARA-CN (Nampula) 

Day Date Description 
01 27 Aug. (Thu) AM: 

LAN setting 
Orientation 
Outline of Models for flood analysis 
PC setting (Internet connection) and installation of modeling software (IFAS, 
iRIC, QGIS, Google Earth Pro, Excel, etc.) 

PM: 
Basic iRIC Nays2Dflood modeling by using sample input data 

02 28 Aug. (Fri) Basic IFAS modeling by using sample input data 
03 31 Aug. (Mon) - Tip on coordinate system (WGS84, WGS84/UTM 37S) 

Google Earth 
QGIS 

- Base map for QGIS (OpenLayers Plugin) 
- Background satellite images for iRIC 

04 01 Sep. (Tue) Preparation of input data for the modeling by using GIS 
- Watershed shape (USGS HydroSHEDS) 

Licungo river basin shape 
- River network Shape (USGS HydroSHEDS) 

Licungo river basin river network shape 
05 02 Sep. (Wed) Preparation of input data for the modeling by using GIS  

- Download DEM (USGS Earth Explorer) 
Merge DEM 

- Merge DEM (Raster-Miscellaneous-Merge) 
- DEM for iRIC (*.tpo) 

Clip DEM (Raster-Extraction-Clipper) 
Convert to UTM (Raster-Project-Warp) 
Convert to ASCII format (Rater-Conversion-Translate) 
Prepare *.tpo file format by Excel 

06 03 Sep. (Thu) Estimation of H-Q curve 
- iRIC Nays2DFlood 

Nays2DFlood “Mocuba model” 
Input Data: DEM (*.tpo), Background image, Inflow 

- Application of H-Q formula 
( 3⁄ ) = ×( ( )+ )2 

07 04 Sep. (Fri) Hydrological Data Management 
- River water-level => Discharge 
Application of Excel “Pivot Table” tool 
- Example: Daily Rainfall 
River cross-section (QGIS: Profile tool) 

08 08 Sep. (Tue) IFAS modeling and calibration for Licungo River basin 
09 09 Sep. (Wed) Review of IFAS model output 

- Understanding of discharge hydrograph features 
10 10 Sep. (Thu) Closing technical discussion 

Closing Lecture 
Observation of Precipitation from Satellites (by Dr. Baba) 
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Guidance by Dr. Babat 

 

Modeling lessen 

Photos of the Training in ARA-CN (Nampula) 

 

Attendance List (Technical Training on Modeling for Flood Analysis in ARA-CN） 

1 Sr. Ivan Uamusse ARA-CN 12 Sr. Norton Amisse ARA-CN/Mocuba 

2 Sr. Edmilsom Mahumane ARA-CN 13 Sra. Marilu Agostinho ARA-CN/Mocuba 

3 Sr. Paulino Machava ARA-CN 14 Sr. Aristides Bahane ARA-CN/Nacala 

4 Sr. Felix Malala ARA-CN 15 Sr. Meireles Oscar 
Mustafa ARA-CN/Namapa 

5 Sra. Eleonora Saize ARA-CN 16 Sr. Herminio Mario ARA-CN/Namapa 

6 Sr. Isaque Massitela ARA-CN 17 Sr. Constancio Sembe ARA-NORTE 

7 Sr. Eusebio Tomas ARA-CN 18 Sr. Abudo Comecar INGC 

8 Sr. John Gouvindo ARA-CN 19 Sr. Rui Domingos Ramos DPOPH 

9 Sr. Victor Bartolomeu Muacinco ARA-CN/Gurue 20 Sr. Arlindo Issa DPOPH 

10 Sr. Filimao Munde ARA-CN/Gurue 21 Sr. Justino Candido  DPASA - NPL 

11 Sr. Sergio Anela ARA-CN/Mocuba 22 Sr. Hugo Chidengo FIPAG - NPL 

 

(ii) Oct. 2016: IFAS and Auto IFAS Training (1st) 

“IFAS and AutoIFAS (Flood Early Warning System) Training (1st)”, as a technical training on 

river simulation, was held from 17 to 28 October in 2016 at the DNGRH conference room in 

Maputo. 

Following 10 trainees form ARA-Sul (4), ARA-Centro (1), ARA-Norte (2), ARA-Centro Norte 

/ Mocuba Unit (2) and DNGRH / DOH (1) participated in 10 days Technical Training. 

Ms. Adalgisa Tinga ARA Sul Mr. Antonio Cipriano ARA Norte 

Mr. Leonel Bila ARA Sul Mr. Costancio Simbe ARA Norte 

Mr. Abu Jamal ARA Sul Mr. Sergio Anela ARA CN/ Mocuba 

Mr. Roberto Chauque ARA Sul Ms. Marilu Agostinho ARA CN/ Mocuba 

Mr. Delton Nhaia ARA Centro Mr. Belarmino Manuel Chivambo DNGRH/DOH 
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To ensure the understanding and utilizing of rainfall-runoff analysis by using IFAS model and 

AutoIFAS setting, practical exercises and lessons based training were organized.  Firstly, 

IFAS modeling for Licungo river basin was exercised.  After mastering the IFAS modeling for 

Licungo river basin, trainees selected another river basin in each ARAs for their modeling 

self-practice.   

The presentations of developed each ARAs’ model were made on the final day of training 

course.  During the each ARA’s presentation, issues and errors for modelling procedure were 

discussed and sheared by the trainees. 

Training program was flexibly adjusted / changed accordance with the progress of practical 

modeling exercises.  Finally, following training program was adapted for this technical 

training. 

Program on Technical Training on IFAS and Auto IFAS Training (1st) 

Day Date Description 
01 17 Oct. (Mon)  DNGRH LAN (Wi-Fi) setting 

 Programs setup (Google Earth Pro, QGIS, IFAS and AutoIFAS) 
- Basic information of the PC 
- Tips for windows setting and installation  

 Outline of IFAS and Auto IFAS 
 Data preparation for IFAS 

- Shape file of the objective basin (USGS HydroSHEDS) 
- Shape file of the main river course (USGS HydroSHEDS) 
- Data preparation by using QGIS 
- Viewing Shape file by using Google Earth Pro 

02 18 Oct. (Tue)  Review of GSMaP data 
 IFAS modeling (1/2) for Licungo Basin 

03 19 Oct. (Wed)  IFAS modeling (2/2) for Licungo Basin 
04 20 Oct. (Thu)  Application of rating curve (water-level & discharge relation) 

 Model calibration (1/2) for IFAS Licungo model 
05 21 Oct. (Fri)  Model calibration (2/2) for IFAS Licungo model 
06 24 Oct. (Mon)  Auto IFAS settings (1/2) 
07 25 Oct. (Tue)  Auto IFAS settings (2/2) 

 Self-practice of IFAS applying to other basins (1/3) 
08 26 Oct. (Wed)  Self-practice of IFAS applying to other basins (2/3) 
09 27 Oct. (Thu)  Self-practice of IFAS applying to other basins (3/3) 
10 28 Oct. (Fri)  Presentation by each ARA and technical discussion 

 Closing supplementary lecture:  
- "Development of H-Q curve" by using Excel functions 
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Modeling lessen 

 
Guidance by JICA Expert 

 
Presentation by each ARA 

Training on IFAS and Auto IFAS Training (1st) 

The technical training on river simulation conducted in 2015, trainees of various levels of technical 

knowledges and PC skills were participated in the training.  Consequently, achievements of the 

training were also deferent levels and insufficient progress of training was made.  Based on this 

lessons learned, the training was organized with maximum 10 trainees (ex-trainee in 2015 training 

course was welcomed), trainee should have basic technical knowledges and PC skills.  As the 

result, trainees who have necessary technical knowledges and PC skills, participated in the training.  

Significantly, in total 5 trainees, one trainee in each ARA, were evaluated as excellent trainee who 

can well understand training subjects. 

Trainees understood procedures for development of IFAS and AutoIFAS models and learned key 

issues of model application.  Trainees also acquired related technical subjects such as input data 

preparation and verification using GIS (QGIS) and Excel, which are indispensable for model 

development.  In addition, during the each ARA’s river basin modeling practice, some trainees, 

who were quick to understand, achieved the understanding level to teach other trainees.   

On the last day of the training, representatives of each ARA made presentation of their developed 

model.  Then, trainees shared and discussed the technical issues for modeling such as data 

conditions of observed water-level and discharge, frequency of water-level observation, outlier 

rejection for development of H-Q relation, error handling, etc.  

Following 3 manuals of Portuguese version were prepared for trainees and digital data wear also 

sheared with trainees. 

 IFAS Quick Reference 

 IFAS (Ver.2.0) Technical Manual 

 AutoIFAS Operating Manual 
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IFAS Quick Reference 

 
IFAS (Ver.2.0)  

Technical Manual 

 
AutoIFAS Operating Manual 

(iii) Nov. 2016: IFAS and Auto IFAS Training (2nd) 

“IFAS and AutoIFAS (Flood Early Warning System) Training (2nd)”, as a technical training on 

river simulation, was held from 07 to 18 November in 2016 at the DNGRH conference room in 

Maputo.  Trainees different from the 1st training course participate in the 2nd training course. 

Following 9 trainees form DNGRH / DGBH (4), ARA-Centro (1), ARA-Norte (2) and 

ARA-Centro Norte (2) participated in 9 days Technical Training. 

Mr. Agostinho Vilanculo DNGRH 

/DGBH 

Mr. Eurico Filisberto Saize ARA Zambezi  

/Tete 

Ms. Filoca Fondo DNGRH 

/DGBH 

Mr. Nélio Julio Boaventura 

Zunguze 

ARA Zambezi  

/Tete 

Mr. Armando Cuinhane DNGRH 

/DGBH 

Mr. Filimao Armando Munde ARA CN  

/Gurue 

Mr. Jose Alvaro Malanco DNGRH 

/DGBH 

Mr. Paulino Devisse Machava ARA CN  

/Nampula 

Mr. Moises Rosario Napintela ARA Centro  

/Beira 

  

Same as the 1st training course, practical exercises and lessons based training aiming to ensure 

the understanding and utilizing of rainfall-runoff analysis by using IFAS model and AutoIFAS 

setting, were organized. 

The presentations of developed each ARAs’ model were made on the final day of training 

course.  During the each ARA’s presentation, issues and errors for modelling procedure were 

discussed and sheared by the trainees. 

Training program was flexibly adjusted / changed accordance with the progress of practical 

modeling exercises.  Finally, following training program was adapted for this technical 

training. 
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Program of IFAS and Auto IFAS Training (2nd) 

Day Date Description 
01 07 Nov. (Mon)  DNGRH LAN (Wi-Fi) setting 

 Programs setup (Google Earth Pro, QGIS, IFAS and AutoIFAS) 
- Basic information of the PC 
- Tips for windows setting and installation  

 Outline of IFAS and Auto IFAS 
 Data preparation for IFAS 

- Shape file of the objective basin (USGS HydroSHEDS) 
- Shape file of the main river course (USGS HydroSHEDS) 
- Data preparation by using QGIS 
- Viewing Shape file by using Google Earth Pro 

02 08 Nov. (Tue)  Review of GSMaP data 
 IFAS modeling (1/2) for Licungo Basin 

03 09 Nov. (Wed)  IFAS modeling (2/2) for Licungo Basin 
 10 Nov. (Thu) (National Holiday) 
04 11 Nov. (Fri)  Model calibration (2/2) for IFAS Licungo model 
05 14 Nov. (Mon)  Auto IFAS settings (1/2) 
06 15 Nov. (Tue)  Auto IFAS settings (2/2) 

 Self-practice of IFAS applying to other basins (1/3) 
07 16 Nov. (Wed)  Self-practice of IFAS applying to other basins (2/3) 
08 17 Nov. (Thu)  Self-practice of IFAS applying to other basins (3/3) 
09 18 Nov. (Fri)  Presentation by each ARA and technical discussion 

 Closing supplementary lecture:  
- "Development of H-Q curve" by using Excel functions 

In the same way of 1st training course, 3 Portuguese version manuals were delivered to trainees 

and digital data wear also sheared with trainees. 

 IFAS Quick Reference 

 IFAS (Ver.2.0) Technical Manual 

 AutoIFAS Operating Manual 

Same as the 1st training course, the training was organized with maximum 10 trainees 

(ex-trainee in 2015 training course was welcomed), trainee should have basic technical 

knowledges and PC skills.  As the result, trainees who have necessary technical knowledges 

and PC skills, participated in the training.   

In total 5 trainees (at least one trainee in each ARA), were evaluated as excellent trainee who 

can well understand training subjects, like the 1st training course. 

Trainees understood procedures for development of IFAS and AutoIFAS models and learned 

key issues of model application.  Trainees also acquired related technical subjects such as 

input data preparation and verification using GIS (QGIS) and Excel, which are indispensable 

for model development.  In addition, during the each ARA’s river basin modeling practice, 

some trainees, who were quick to understand, achieved the understanding level to teach other 
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trainees.   

On the last day of the training, representatives of each ARA made presentation of their 

developed model.  Then, trainees shared and discussed the technical issues for modeling such 

as data conditions of observed water-level and discharge, frequency of water-level observation, 

outlier rejection for development of H-Q relation, error handling, etc.  

Trainees from DNGRH / DGBH could not complete the course in the second half of the 

training because of their busy tasks.  For this reason, follow up training was organized for 

DNGRH / DGBH staff even after the training course. 

(iv) Aug. 2017: Trainer’s Training for AutoIFAS Flood Early Warning System 

Trainer’s Training in 2017 was organized aiming to achieve more practical and sustainable use 

of AutoIFAS Flood Early Warning System including technical subjects for hydrology and river 

engineering. 

Objective of Training Course: 

To strengthen the capacity of 1) System Manager and 2) System Operation and Maintains 

(O/M) Specialists, for sustainable use of AutoIFAS Flood Early Warning System, and as 

Hydrological and Hydraulic Trainer who can train the staffs in DNGRH and ARAs. 

Target Grope: 

1) AutoIFAS Flood Early Warning System Managers: System Manager organize the overall 

system management including early warning notice. 

2) AutoIFAS Flood Early Warning System O/M Specialists: System O/M Specialist maintain 

the system daily including system troubleshooting. 

Following 6 trainees are selected as target group. 

1) Mr. Agostinho Vilanculo 4) Mr. Armando Cuinhane 

2) Mr. Jose Alvaro Malanco 5) Ms. Filoca Fondo 

3) Mr. Isac Filimone 6) Mr. Leno Gomes 

The following 9 days training program was scheduled and organized for “Trainer’s Training for 

AutoIFAS Flood Early Warning System”. 
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Program of Trainer’s Training for AutoIFAS Flood Early Warning System 

Day Subject Remarks 

Day 1 
08 Aug. (Tu) 

 Guidance of Training course 
 Review of outline of AutoIFAS, 

AutoRainDownload, IFAS, GSMaP, GFAS, 
QGIS, Google Earth Pro, VMware 

 Review of available manuals 
 How to get required free software 
 Self-practice of checking PC’s hardware 

capabilities (CPU, RAM, HDD, OS, Language 
setting) 

 Self-practice of software installation  

Lecture and Self-practice 
 

Day 2 
09 Aug. (We) 

 Review and learn on software installation 
problem 

 Self-practice of software installation and IFAS 
modelling  

 Error handling for IFAS modeling 

Lecture and Self-practice 
 

Day 3 
10 Aug. (Th) 

 Lecture on Hyetograph, Hydrograph, H~Q 
relation, Uniform flow vs Non-uniform flow, 
Steady flow vs Unsteady flow 

 Understanding the hydrological observation 
network and available data (rainfall, water-level 
and discharge) in Mozambique 

 Preparation of H~Q relation at Mocuba Bridge 
(Station E-91) (1/3): using observed data 

 Preparation of H~Q relation at Mocuba Bridge 
(Station E-91) (2/3): using uniform flow 
calculation result 

Lecture and Self-practice 
 

Day 4 
11 Aug. (Fr) 

 Application of MIKE11 for cross-section’s A and 
R 

 Preparation of H~Q relation at Mocuba Bridge 
(Station E-91) (3/3): using 2D flow simulation 
results 

 IFAS calibration (1/2) 

Lecture and Self-practice 
 

Day 5 
14 Aug. (Mo) 

 IFAS calibration (2/2) Self-practice 
 

Day 6 
15 Aug. (Tu) 

 Overall AutoIFAS setup 
 AutoIFAS setting on E-mail alert delivery 
 AutoIFAS test run 

Self-practice 
 

Day 7 
16 Aug. (We) 

 AutoIFAS operation drill using 2015 flood event 
 Discussion and preparation of alarm level 
 Discussion and preparation of alarm delivery 

protocol 
 Practice of alarm delivery protocol 
 Preparation of 1 day Training program (for Day 

09) 

Lecture, Self-practice and 
discussion 
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Day Subject Remarks 

Day 8 
17 Aug. (Th) 

 Case study on Operation and Maintenance of 
AutoIFAS 
 Power failure 
 Network failure 
 Error messages 

 AutoIFAS outputs review 
 LAN setting for GSMaP data download in 

DNGRH 
 Overall review 

Lecture and Self-practice 
 
Trainees will organize 2 
days training as trainer. 

Day 9 
18 Aug. (Fr) 

Training Practice for IFAS and AutoIFAS modelling 
(08:00 ~ 15:00, Venue: DNGRH/DGBH) 

Inviting 4 beginner trainees 
from DGBH and ARA-Sul. 

All the manuals, materials and data used in the training course are saved in Google Drive, so 

that trainees can use it through the Internet at any time when necessary.  

(https://drive.google.com/drive/folders/0B9mP2S0_MYRfY1RpMFpPR0NtbHM) 

On the final day of the training course, the following 4 young staffs were invited from DNGRH 

/ DGBH and ARA - Sul. Then, trainees of "Trainer’s Training", as "Trainer", conducted the "1 

Day Training for IFAS Modeling". 

1) Mr. Ernesto Valente Tivane (DNGRH/DGBH) 

2) Mr. Teodomiro da Silva Pedro Cabral (ARA-Sul) 

3) Ms. Adalgisa Iracema Tinga (ARA-Sul) 

4) Mr. Zacarias Vasco Cossa (ARA-Sul) 

Trainees of "Trainer’s Training" discussed and prepare the schedule and contents for "1 Day 

Training for IFAS Modeling" by themselves, then, organized "1 Day Training for IFAS 

Modeling" effectively. 

 
Training in Hotel Venue 

 
Training in Hotel Venue 
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Training in DNGRH/DGBH 

 
Training in DNGRH/DGBH 

 
"1 Day Training for IFAS Modeling"  

in DNGRH/DGBH 

 
"1 Day Training for IFAS Modeling"  

in DNGRH/DGBH 

Every trainee actively participated in the training, and completed the 9 day training effectively.  

Consequently, trainees understood the following technical subjects during the "Trainer’s 

Training". 

 Hydrological and hydraulic basic skills required for disaster risk management 

 Importance and accuracy of observed hydrological data 

 Meaning of H-Q relation and its development method and usage 

 Development method of IFAS and AutoIFAS model, calibration method 

 Trainer’s skill for IFAS and AutoIFAS modeling 

 Related modeling technical such as application of GIS 

 Importance of alarm level definition 

 Management and operation method of early warning system (AutoIFAS) 

Certification of “Hydrological & Hydraulic Trainer 

Through a comprehensive evaluation of trainee's ability during the "Trainer’s Training" and 

subsequent follow-up OJT, the following certifications were issued to the candidates after 

approved by DNGRH/DGBH. (Issued certificates are shown in Appendix 6-2) 
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Certification Title Certified Person 
 Hydrological & Hydraulic Trainer 
 IFAS & AutoIFAS Modeling Trainer 

1) Mr. Agostinho Vilanculo 
2) Mr. Jose Alvaro Malanco 
3) Mr. Isac Filimone 

 Assistant Hydrological & Hydraulic Trainer 
 IFAS & AutoIFAS Modeling Trainer 

4) Mr. Armando Cuinhane 
5) Ms. Filoca Fondo 
6) Mr. Leno Gomes 

 

(4) Flood Forecast and Early Warning System 

Application and installation of AutoIFAS model (automatic alerting system based on warning level 

at gauging station and IFAS simulation results) had been discussed with DNGRH/DGBH and JICA 

Team. Consequently, it was decided to operate the trial version of AutoIFAS model for Licungo 

river basin.  

Utilizing the training outcomes, DNGRH / DGBH setup the trial version of Licungo river basin 

AutoIFAS system on DGBH’s PC and launched it since 29 November 2016.  The trial version of 

Licungo river basin AutoIFAS system is running 24 hours continually.   

  

Trial version of Licungo river basin AutoIFAS system (output image) 

During the trial operation of Licungo river basin AutoIFAS system, DNGRH / DGBH realized 

following matters to be solved; 

 Network Restriction for FTP connection by DNGRH office network security 

 AutoIFAS system reboot procedures after power failure 

 AutoIFAS system maintenance after network failure 

 Daily maintenance of GSMaP data download 

 Daily maintenance of AutoIFAS system itself 

 Daily checking of AutoIFAS system outputs 

 Unclear person in charge of AutoIFAS system operation & maintenance 

 

Issues mention the above were shared and discussed among DNGRH / DGBH and JICA Team.  
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Aiming to solve and avoid these issues, special subjects were incorporated in the training course of 

“Trainer’s Training for AutoIFAS Flood Early Warning System” and AutoIFAS system daily 

maintenance OJT was also conducted with guidance by JICA Team expert. 

As a final confirmation of the Technical Training and Trainer’s Training outcomes, ex-trainees of 

DNGRH / DGBH redevelop the Licungo River Basin AutoIFAS system and confirmed the 

operation status.  In addition, in preparation for unexpected system failure, remote PC access 

system, that allows JICA Team Experts to access the AutoIFAS system PC remotely, has been 

prepared. 

 sAutoIFAS Flood Early Warning System Manager” and “AutoIFAS Flood Early Warning System 

O/M Specialist” are also assigned in DNGRH / DGBH to ensure the system sustainability and daily 

maintenance of AutoIFAS system. 

Access to GSMaP (satellite observation rainfall) data FTP server, which is input for AutoIFAS 

system, is restricted due to network security setting in DNGRH / DGBH office.  With the 

permission of office network administrator, only one PC, which is installed the AutoIFAS system, 

was able to access GSMaP data.  However, in order to develop the models for other river basin, it 

was desired that other PCs in DNGRH / DGBH could easily access GSMaP data.   

JICA Team proposed to add new network router as 

a practical solution to secure network security.  

Then, DNGRH / DGBH decided to add necessary 

new network router, and purchased a new wireless 

network router with DGBH’s own budget (Refer to 

the photo of AutoIFAS system).   

As of November 2017, Licungo river basin 

AutoIFAS system is running well with DNGRH / 

DGBH daily maintenance. 

 

(5) Utilization of Satellite Data 

(i) Technology Transfer Workshop (Remote Sensing and Rainfall Observation) 

On November 26, 2015, we held a technology transfer workshop for ARA-CN staff (including 

Mocuba unit etc.) at Mocuba unit. The participants are as follows. 

Mr. Sergio Anela Technician, ARA CN/UGBO Mocuba 
Ms. Marilu Agostinho ARA CN/UGBO Mocuba 
Mr. Will Antonio Alfredo Technician, ARA CN Nampula 

AutoIFAS system in DNGRH/DGBH 
(as of 22, August 2017) 
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Mr. Julio Lucas Technician, ARA CN Nampula 
Mr. Heminio Mario Technician, ARA CN Namapa 
Mr. Vasconcelos Lenque Technician, ARA CN/UGBE Nacala 
Mr. Luis Semo Mogeie Technician, ARA CN/UGBO Gurue 

 

Regarding the remote sensing technology, as the first step, we explained the topic focusing on 

the following four points and aimed for finding out the direction of future efforts through 

discussions with the participants. 

 To touch the image 

 To download and analyze data 

 To use heavy rain and flood information on the Internet 

 International framework for emergency observation at the time of large-scale disaster 

Basically these are remote sensing technologies concerning "grasp of rainfall" and "grasp of 

the ground surface condition (flooded area etc.)", but the process until the person in charge 

obtains the information differs each other. As participants' opinions, all of these four were 

interesting, rather than any one, which indicated a high interest in the overall remote sensing 

technology. On the other hand, there were the other opinions that they have no idea to utilize 

these technologies in their tasks, and they expect practical guidance on viewing images, 

downloading data, analyzing with software, etc. 

Remote sensing technology is "means of obtaining information", and it is expected that the 

optimum technology must vary depending on the department to which it belongs and the range 

of tasks in charge. Therefore, based on the results of this workshop and the similar one held in 

DNGRH in December 2, it was considered effective to conduct practical, short term guidance 

for particular person at the next time after clarifying the premise of "who" and "for what" to 

use the technology. Also in some cases, it may be effective to prepare multiple courses for 

people in different positions. 

The presentation material of the workshop is shown in Appendix 6-3. 

(ii) Introducing of Satellite Data Utilization in Management Committee Meeting 

At the management committee meeting on December 4, 2015, we introduced general remote 

sensing technology on water management, regarding the meeting as an opportunity to collect 

opinions on "utilization of satellite data". The contents introduced are as follows. 

 Basic (rainfall, land cover map, digital elevation model) 

 Land water (prediction of outflow, monitoring of rivers and basins, monitoring of lakes) 

 Agriculture (rainfall, soil moisture, drought index) 



Assistance for Enhancement of Institutional Capacity to 
Manage Water Related Disaster Risks in Mozambique 

Final Report 

46 

 Disasters (alert of heavy rain, inundation area extraction and the Disaster Charter, grasp of 

landslide area) 

As there were a wide range of topics introduced, the committee pointed out that it is necessary 

to devote sufficient time to learn them, along with expectations for remote sensing technology. 

There was also an opinion that it should ensure consistency with other support programs. 

As a next step, there was a request to train concrete and practical usage of the remote sensing 

technology. At that time, it was also requested to take into consideration the actual situation of 

the task in DNGRH and ARA, such as unit of rainfall data to be used. 

Based on these requests, we coordinate the contents and methods, and implement technology 

transfer. Regarding the contents, together with the discussion other than this meeting, it seems 

to be high priority that to use satellite rainfall data other than IFAS, and to extract changes of 

river basin including inundation area extraction. 

There were other questions about the availability of predicted rainfall data and the feasibility of 

simulating the impact of heavy rain on communities. Though these cannot be implemented 

with only the remote sensing technology, we should pay attention to the fact that these are 

reflection what DNGRH etc. want to realize. 

The presentation material of the meeting is shown in Appendix 6-3. 

(iii) Training of Remote Sensing for Water Management 

On November 21, 2016 to December 2, JICA Team conducted a training of "Remote Sensing 

for Water Management" in DNGRH aimed at technology transfer concerning satellite data 

utilization. The subjects were staffs of DNGRH / DGBH, and the following 8 parsons 

participated in the training. 

Mr. Agostinho T. F. Vilanculos 
Mr. Armando P. Cuinhane 
Mr. José A. Malanço 
Ms. Filoca A. Fondo 
Mr. Leno Gomes 
Mr. Herminio M. Manhiça 
Mr. Omar S. Coiara 
Ms. Arcina J. Nhavoto 

For the training, we set the time on a daily basis for the convenience of the trainees so that as 

many people as possible can participate. In addition, the time per unit was shortened to about 2 

hours at the maximum, and the rest time was used to individual training, to investigate issues 

appearing on that day, and to revise or complement the training materials. We found solutions 
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for each technical problem and fed back to trainees on the next day's training. Furthermore, in 

order to make it easier to make use of outcomes for their jobs, we used a computer for practical 

training that trainees use in their jobs. 

Initially, only two exercises were planned, "How to Use GSMaP on ArcGIS" and "How to 

Make Flood Map Using Satellite Data", but responding to request to obtain basic and general 

knowledge of satellite remote sensing, we added a lecture on the theme of "Basics of the 

Remote Sensing for Water Management". As a result, the program of the whole training 

became as follows. 

Table 4-11  Training of Remote Sensing for Water Management 
Day Date Description 
01 21 Nov. (Mon)  Practice: How to Use GSMaP on ArcGIS 

- Download GSMaP and preparation to use 
02 22 Nov. (Tue)  Practice: How to Use GSMaP on ArcGIS 

- Extract African region 
03 23 Nov. (Wed)  Practice: How to Use GSMaP on ArcGIS 

- Calculate accumulated rainfall 
04 24 Nov. (Thu)  Practice: How to Use GSMaP on ArcGIS 

- Export the data 
05 25 Nov. (Fri)  Practice: How to Use GSMaP on ArcGIS 

- Self-practice, run through the procedure (1/2) 
06 28 Nov. (Mon)  Practice: How to Use GSMaP on ArcGIS 

- Self-practice, run through the procedure (2/2) 
07 29 Nov. (Tue)  Lecture: Basics of the Remote Sensing for Water Management (1/2) 

- Principle of Remote Sensing 
08 30 Nov. (Wed)  Practice: How to Make Flood Map Using Satellite Data 

- By ArcGIS 
- By Google Earth Engine 

09 1 Dec. (Thu)  Lecture: Basics of the Remote Sensing for Water Management (2/2) 
- Remote sensing technology for water management 
- The first step of remote sensing for water management 
- Important points of applying GSMaP 

10 2 Dec. (Fri)  Q&A, Follow-up 

 

Theme 1: How to Use GSMaP on ArcGIS (practice) 

IFAS/AutoIFAS introduced in this project uses GSMaP as rainfall data, but the effectiveness of 

GSMaP is not necessarily limited to this. Therefore, through practical training we told the 

trainees that the procedures to input and use GSMaP in ArcGIS which is widely used in DGBH 

work. 

When we actually went along in accordance with the way the trainees wanted, some technical 

problems occurred, but in either case we could find a solution. 

The outcome was that the trainees obtained the correct procedure and in the future it will be 
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possible to use GSMaP on ArcGIS according to the content and purpose of their tasks. 

Theme 2: How to Make Flood Map Using Satellite Data (practice) 

As a utilization of satellite remote sensing technology, apart from using GSMaP as rainfall data, 

we taught trainees how to make flood map using satellite data by practical training. The 

satellite data used is the data of synthetic aperture radar (SAR) onboard the Sentinel-1 satellite 

of the European Space Agency (ESA). 

First of all, in order to get the understanding of the theory of extracting the flood area from the 

satellite data, we explained in accordance with the traditional method. That is, to search for 

satellite data before and after the flood, to download it, and to put it into ArcGIS and process it. 

Next, we practiced the method by the Google Earth Engine which seems to be the most 

advanced at the moment. In this method, simply specifying the target place and time on the 

web browser, all processes are performed on the Google side computer and the result is 

displayed. 

The fruit is that the trainees understand the mechanism to extract the flood area and get the 

ability to do it using the Google Earth Engine. Since the script that runs on the Google Earth 

Engine can be written by the user as he/she like, it is also possible to make various applications 

in the future. 

Theme 3: Basics of the Remote Sensing for Water Management (lecture) 

As mentioned above, this was added in response to the request of the trainees. As a result, it 

became a meaning acquisition of knowledge by lecture, making a pair with acquisition of 

ability by practical training. 

Specific contents are as follows. 

 Basics of remote sensing 

 Remote sensing technology for water management 

 First step of remote sensing for water management 

 Notes on using GSMaP 

Of these, a) is a lecture on study tour in Japan in October 2015, b) is based on a presentation at 

the management committee meeting in December 2015, c) is based on workshops in Mocuba 

and Maputo in November 2015. 

In the lecture, there were many questions, and the trainees understood what the observation by 

the satellite including GSMaP and radar data is. This point is the fruit of this lecture. In 
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addition, trainees showed strong interest in information on soil moisture and drought index by 

satellite remote sensing in relation to their tasks. 

About the whole training 

Every trainee is quite busy because they have their regular jobs. There were also many 

meetings that trainees should attend, and it was rare that most of the trainees gathered at the 

time of training. Furthermore, of course, the role and field of responsibility of each trainee in 

the organization is widely varied, as well as their knowledge and ability. Concerning the results 

of this training, it cannot be said that all individual trainees got all the contents of the training, 

but they reached a level that they can utilize their experiences while complementing each other. 

Therefore, it can be judged that the DGBH team as a whole acquired the necessary knowledge 

and ability. 

On December 2 of the final day, we reported to Ms. Rute, the manager of DGBH, that the 

content and results of this training and the judgment as above. Ms. Rute ask a question about 

the person who can become the key parson especially for each theme, and expressed the 

understanding and gratitude to our training. 

On the other hand, for the convenience of trainees, all training materials, satellite data, 

ancillary data, prepared scripts, processing results, reference documents, etc. were prepared in 

a shared folder on the DNGRH intranet. Currently, everybody who is a DNGRH official can 

use these materials. 

The materials for explanation in the training are shown in Appendix 6-3. 

 

4.11 Seminar, workshop, management committee 

JICA Team conducted some seminars/workshops regarding water related disaster risk management 

as shown in the following table.   

Table 4-12  List of Seminars and Workshops 

Date Place Topic 
Feb 06 2015 Maputo Situation of Licungo River Flood 
Feb 19 2015 Maputo Technical Seminar in Management Committee Meeting 

- Summary on Post-HFA (Zero-Draft) 
- JICA’s contributions to HFA and Post-HFA 

Feb 26 2015 Maputo Wrap-up Meeting 
- Licungo River Flood 
- Flood flow analysis 

May 27 2015 Nampula Seminar on River Management 
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Jun 12 2015 Maputo Seminar on River Management and Sendai Framework on DRR 
Aug 08-21 2015 Maputo Technical Training on Modeling for Flood Analysis 
Aug 26 2015 Mocuba Workshop on 

- River management activities in Licungo River 
- Easily understandable disaster message 

Aug 27 - Sep 10 
2015 

Nampula Technical training on modeling for flood analysis 

Sep 15 2015 Maputo Workshop in Maputo 
- Establishing fundamentals for improvement flood prevention 

and mitigation through IWRM and IFM as a systematic 
process in Mozambique 

- Easily understandable disaster message 
Nov 26 2015 Mocuba Seminar on Remote Sensing and Rainfall Measurement 
Dec 04 2015 Maputo Seminar on Remote Sensing, Early Warning System and 

Rainfall Observation 
Jan 29 2016 Nampula Workshop on Dissemination of Warning Message 
Feb 04 2016 Maputo Workshop on Emergency Response and Improvement of 

Warning Message 
May 24 - Jun 03 
2016 

Mocuba Technical Training on Inventory of River Management 
Structures and River Management Plan 

Jun 06 -22 2016 Nampula Technical Training on Flood Management Plan and River 
Management 

Oct 06 2016, 
Oct 10 2016 

Nampula 
Maputo 

Workshop on Training Curriculum of River Administration, 
Economical Assessment for Flood Control Project, Time Line, 
Recent Flood Damage in Japan 

Oct 17 - 28 2016 Maputo Technical Training on Flood Early Warning System 
Nov 07 - 08 2016 Maputo Technical Training on Flood Early Warning System 
Nov 21 - Dec 02 
2016 

Maputo Technical Training on GSMaP, Flood Map and Remote Sensing 

Aug 08 - 18 2017 Maputo Trainer’s Training on hydrology, hydraulics, advanced river 
modeling 

 

JICA Team held Management Committee Meeting 3 times to explain Work Plan, Progress Report 

and Draft Final Report, respectively as shown in the following table. 

Table 4-13  Management Committee Meeting 

Date Topic 
February 19, 2015 Explanation and discussion of Work Plan 
December 4, 2015 Explanation and discussion of Progress Report 
December 8, 2017 Explanation and discussion of Draft Final Report 

 

4.12 Study Tour to Japan 

Study Tour to Japan was scheduled twice in the Assistance.  All two tours were already conducted 
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in March and September-October, 2015.  The details are described in Chapter 4.5 and 4.7, 

respectively. 

Table 4-14  Study Tour to Japan 

Date Purpose Nos. 
March 12 -22, 2015 Participation in The 3rd World 

Conference on Disaster Risk Reduction 
6 persons 

September 28 - October 8, 2015 Inspection of integrated river 
management in Japan 

4 persons 

 

4.13 Procurement 

Necessary equipment for the training on river management technology and other activities in the 

Assistance were procured after discussion on adequate specification with C/Ps.  The procured 

equipment is listed below. 

Table 4-15  Procured Equipment 
Item Specification Remarks 

Computer-1 ・ Notebook HP Probook 450 Ci7 8GB 1 TB, 
Windows 7/8 Pro 

・ Office Home & Business 2013,  
・ Kaspersky 2015 Antivirus 
・ Mouse Verbatim Go Nano Wireless Blue 
・ Mala Targus Back Pack 
・ HDD Externo 1TB WD 2.5” Elements USB 3.0 

Black 

Installed in DNGRH 

Computer-2 ・ Toshiba Tecra Z50-A0445, Ci7 8GB, 500 GB, 
Windows 7 Pro 

・ Office Professional 2013 
・ Kaspersky 2015 Security 
・ HDD Externo 1TB WD 2.5” 
・ Mouse NGS Roly wireless 
・ Mala NGS 15” Black Organizer 

Installed in ARA-CN 

Printer ・ Fotocopiadora Color Konica Minolta 
Bizeub-C224e 

・ Toner TN-321 K(4), Y(2), M(2), Y(2) 
・ Cabos de Alimentacao 
・ Alimentador Duplex DF-624 

Installed in ARA-CN 

Projector ・ EPSON EB-7116W Installed in DNGRH 
DEM data ・ ALOS, Global Digital 3D-5m, On-Demand 

Level2, Mozambique 
・ ALOS, Global Digital 3D-2.5m, On-Demand 

PRISM Panchromatic Ortho 

Installed in DNGRH 
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5  Recommendation 

5.1 Recommendation 

Activities conducted in the Assistance are mainly divided into the following 7 fields. 

A. Hydrological observation/ Hydrological data 

B. Characteristics of river / river basin 

C. Structural measures 

D. Flood early warning system (non-structural measure) 

E. Easily understandable disaster information (non-structural measure) 

F. Inventory of river management structures 

G. Human resource and institutional development 

At the beginning, we conducted baseline survey trough work shop and interview in order to grasp 

the issues/problems regarding flood risk management as described in Section 4.4.  And then we 

designed and conducted a variety of activities based on the defined issues/problems.  Through 

these activities C/P improved/obtained their knowledge and skills about flood risk management.  

However, it remains for C/P to further strengthen even after completion of the Assistance.  Finally, 

JICA Team made recommendations as next actions to be done by C/P after the Assistance. 

Table 5.1 describes the above issues/problems [1], conducted activities [2], improved 

knowledges/skills [3] and next action [4] for each field from A to G. 

 
5.2 Action Plan 

JICA Team prepared the Action Plan for implementation of the necessary measures that should be 

addressed by C/P after the Project ends considering their priority and necessary time flame as 

shown in Figure 5.1.  The Action Plan is scheduled from 2018 until 2030, which is the target year 

of Sendai Framework for DRR.  For the activities that need additional cost, JICA Team and 

DNGRH jointly estimated the cost on preliminary basis.  The cost estimation is presented as 

reference data after Figure 5.1. 

[3] Improved 
knowledge/skills of 
C/P 

[4] Next action to be 
done by C/P after 
the Assistance 

[2] Activities 
conducted in the 
Assistance 

[1] Issues/problems 
clarified by baseline 
survey 

Period of the Assistance After the Assistance 

Based on the  
issues/problems 

Through the activities For further strengthening 
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Table 5.1  Issues/problems – Conducted Activities – Improved Knowledge and Skills – Next Steps 
[1] Issues/problems identified through the baseline 

survey, etc. at the beginning of the Assistance 

[2] Activities regarding the issues/problems conducted 

in the Assistance 

[3] Improved/obtained knowledge or skills of C/P 

through the activities 

[4] Next steps after the Assistance 

A. Hydrological observation/data    

 Hydrological data in database is not updated for last 
several years. 

 Some hydrological databases are used due to 
storage capacity. 

 There is no budget to renew the license of the 
database or to rebuild a database with latest OS. 

 To make a list of hydrological data in database and 
clarify hydrological station with data availability 

 To prepare location map of hydrological station 

 To clarify data availability by stations 
 To understand the problem of data (Ex break in 

continuity of data, unbalanced distribution of 
stations, delay of recent data input, etc.) 

 To establish an integrated hydrological Database in 
consideration of license renewal 

 To integrate the data stored in several data bases 
into the new database 

 To share the data managed by other organization 
(INAM, MINAG, etc.) integrating the data 

 The observer uses mismatched rainfall measuring 
glass for a collector of rainfall gauge  

 JICA Team informed the findings at the seminar. 
 DNGRH instructed ARAs to survey. 

 To learn that inaccurate data is accumulated by 
using unsuitable apparatus or measuring method 

 To survey the way of hydrological observation and 
apparatus for all stations 

 Rainfall stations are few compared with river 
basins’ scale. 

 Rainfall stations which can provide the observed 
data immediately during flood are limited. 

 To held seminars/workshops regarding of satellite 
based data (GSMaP、GFAS、Flood Map、Dem, etc.) 

 To learn various free tools for utilizing satellite data 
and how to use these tools. 

 To frequently visit web-site of satellite based 
rainfall (Ex. GSMaP、GFAS, etc.) that can provide 
actual/predicted rainfall amount or probability and 
to promote understanding of it (rainfall distribution, 
moving of rainfall range, gap between the 
information and existing situation, etc.) 

 Reliability of data is low. 
- C/P don’t believe in data observed by resident. 
- HQ curve has not been revised. 

 To introduce the hydrological observation 
guidebook, which is easily understandable and 
translated to Portuguese 

 To instruct easy cross-section measuring on site, 
which is needed to calculate discharge and how to 
make HQ curve based on hydraulic analysis 

 To understand the points of hydrological 
observation 

 To understand the necessity of HQ curve according 
to river cross-section for accuracy of discharge and 
regular cross-section survey for it 

 To conduct easy cross-section survey using pole and 
tape 

 To instruct importance and a way of hydrological 
observation to resident in charge 

 To do an overhaul of HQ curves for all stations 
 To regularly conduct cross-section survey 
 To check the gaps between observed water 

level/discharge and HQ curve and to evaluate the 
change of cross-section 

 Abnormal values occasionally appear in database.  To instruct that the importance of error check just 
after the observation and the way to check 

 To draw hyeto-hydrograph by hand in order to 
check the error 

 To become accustomed to error check just after the 
observation 

B. Characteristics of river / river basin    

 C/P don’t understand river/river basin 
characteristics so well. 

 To hold the training on understanding the river/river 
basin characteristics using satellite image (Google 
Earth). 

 To know how to grasp the river/river basin 
characteristics using Google Earth, e.g. river 
longitudinal profile, river basin gradient, river 
meandering, rock riverbed, sand hill along shore, 
etc. 

 To deepen understanding river/river basin 
characteristics observing satellite image, 
topographic map or existing condition on site  

 Director General of ARA-CN requested C/P to learn 
how to calculate storage volume at a dam site.  

 To teach how to calculate storage volume using GIS 
and Excel. 

 To draw contour line and measure area by elevation 
on GIS 

 To estimate relation between elevation and storage 
volume 

 

C. Structural measures    

 Work experience about planning of structural 
measures is insufficient. 

 To examine structural measures as a component of 
flood risk management plan 

 To understand the function of each structural 
measure and to propose appropriate structures 
according to expected function 

 To make effort to examine the structural measures 
for other river basin or other flood scale 

 To decide the structural measures based on the 
disaster reduction effect estimated by flood 
simulation, economic evaluation in the future 

D. Flood early warning system    

 People can’t complete evacuation before the 
inundation occurs because they don’t have enough 
time after they receive the flood warning. 

 To establish the flood early warning system 
(Atuto-IFAS) for Licungo River 

 To build IFAS/Auto-IFAS model and operate it 
 To predict water level based using the above model 

 To establish 24-hour operation system 
 To conduct hourly water level observation at 

Mocuba bridge 
 To review the timing of warning issue, alert water 

level, etc. based on the record during flood 
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[1] Issues/problems identified through the baseline 

survey, etc. at the beginning of the Assistance 

[2] Activities regarding the issues/problems conducted 

in the Assistance 

[3] Improved/obtained knowledge or skills of C/P 

through the activities 

[4] Next steps after the Assistance 

  To held training on “Hydrological & Hydraulic 
Trainer” and ”IFAS & Auto-IFAS Modeling 
Trainer” 

 To obtain skills of hydrology & hydraulics and 
modeling as a trainer 

 To conduct training on hydrology/hydraulics and 
river engineering for engineers of DNGRH and 
ARAs by Hydrological & Hydraulic Trainer/ IFAS 
& Auto-IFAS Modeling Trainer 

  To examine flood response by Mocuba Unit under 
operation of flood early warning system 

 To implement appropriate flood response by 
Mocuba Unit e.g. transfer of observed data to 
DNGRH, judge issuing the warning based on the 
simulated result, issue of the warning to relevant 
organizations, etc. 

 To learn gaps between peaks of rainfall and water 
level, time gap of satellite based rainfall, etc. 

 To increase water level observation at Mocuba 
bridge, especially after 17:00 (hopefully hourly 
observation) 

 Not to overestimate the early warning system and to 
collect information and observe data during flood 

E. Easily understandable disaster information    

 People don’t understand the severity and urgency 
from issued warning message. 

 To examine existing disaster information issued by 
relevant organizations and introduce how to express 
the severity or urgency 

 To understand that disaster information must 
encourage people to take prompt and appropriate 
action 

 To make disaster information understandable with 
concise tile, comparison with past severe flood, 
concrete action to be taken 

 To review the expression and revise if necessary 
after flooding 

 Hyeto-Hydrograph in "Bulletin of National 
Hydrology" is unclear because it shows similar 3 
water levels (one is water level in this year and 
others are those in past 2 years). 

 To recommend illustrating water levels of this year, 
last year and highest water level in the past. 

 To revise the graph in the bulletin and hydrological 
information monitor based on the recommendation. 

 

F. Inventory of river management structures    

 River management structures are frequently 
damaged by flood due to insufficient maintenance 
work. 

 To inspect the river management facilities including 
hydrological stations and to give guidance on 
inventory of river management structures 

 To understand the function of each river 
management structure and damage causes 

 To recognize the importance of regular inspection 
and early repair in order to sustain their functions 

 To make inventory of river management structures 
linked base map on Google Earth 

 To continue preparing the inventory sheets and 
revise the contents if necessary 

 To decide the priority of repair works based on the 
inventory 

 To secure stable internet access for base map on 
Google Earth 

G. Human resource and institutional development    

 Tasks of flood management are divided into some 
departments e.g. department of water resources, 
international river basin, etc. in DNGRH. 

 JICA Team recommended creating an independent 
section in charge of flood risk management. 

 To establish new unit of flood & draught 
management 

 To recruit, conduct training, improve the quality and 
quantity of work in order to strengthen the 
institutional capacity of the new unit 

 To establish a department in charge of river 
maintenance in order to lead ARAs for river 
management, spatial control, water usage, etc. 

 DNGRH has annual training plan but it mainly 
focuses on water supply and sewerage not flood risk 
management. 

 To prepare the syllabuses regarding river 
administration , flood risk management and 
hydrology/hydraulics trainer 

 To secure the training syllabus to improve the 
capacity of flood risk management 

 To incorporate the training syllabus about water 
related disaster risk management into the annual 
training plan 

 All the trainings depend on support by donors.    To conduct the training proposed in the Assistance 
on the initiative of DNGRH 
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Activities
Technical
Support

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

A Hydrological Observation / Hydrological Database

A1 To establish an integrated hydrological Database Need

- To design a new hydrological database without necessity of license renewal
- To integrate the some existing database into the new database
- To establish  a system that can share data maintained by other organizations (INAM, MINAG, etc.)

A2 To inspect hydrological observation method and observation apparatus/facilities

A3 To revise H-Q curve
(1) To clarify the years of establishing H-Q curve and cross-section survey, existing condition of cross-section, etc. and
hydrological station necessary to revise H-Q curve
(2) To conduct cross-section survey

(3) To conduct discharge observation during rainy season and flooding

(4) To make H-Q curve with high water rainge

A4 To instruct importance and a way of hydrological observation to resident in charge

A5 To expand hydrological telemetry system (Existing systems are in Limpopo River and Zambeze River basins) Need

A6 To continue to utilize GSMaP or GFAS which provide rainfall distribution or flood probability on the web-site in order to
deepen the understanding of rainfall features.

A7  To check the observed data comparing with the last data or the trend, or evaluate deviation from H-Q curve as a habit

B Characteristics of River/River Basin

B1  To well observe satellite image, topography map, river basin on site and to deepen understandings of river and river basin

C Structural Measures

C1  To try to study water related disaster management plan for other river of other flool scale and to conduct relevant training in
order to improve the capability

Need

D Flood Early Warning System

D1 To keep the records of observed data, simulation result , alert message, etc. and to review timing of alert issue, alert level,
etc. after flood of rainy season.

D2 To conduct hourly water level observation at Mocuba bridge in order to improve the simulation accuracy

D3 To establish 24-hour oepration system during flood

D4  To conduct training on hydrology, hydraulics, river engineering by Auto-IFAS trainers in order to improve the basic
engineering capability

D5 To build the flood early warning system in oher river through the above training

E Easiliy Understandable Disaster Information

E1 To revise the disaster information by review it after flood

F Inventory of River Management Structures

F1 To prepare the inventory for all structures and to continue revising

F2 To conduct maintenance through inspection and early repair using the inventory

G Human Resource and Institutional Development

G1 To improve staff capacity, secure human resource, quality of work of the new unit of flood & draught in order to strengthen
institutional capacity of water related disaster risk management

Need

G2 To establish new department in charge of maintenance in charge of lead of maintenance works by ARAs, river spatial
control, water water use right, ets.

G3 To incorporate the training syllabus about water related disaster risk management, which made in the Assistance, into the
annual training plan of  DNGRH

Figure 5.1  Action Plan 
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Cost Estimation for Action Plan

1. Hydrological Observation / Hydrological Database
1-1 To establish an integrated hydrological Database

(1) To design a new integrated hydrological database without license renewal of software
(2) To integrate the existing database into the new database
(3) To establish  a system that enables to share data with other organizations (INAM, MINAG, etc.)

[Condition of cost estimate]
• This activity is being implemented by DNGRH with financial support by the World Bank.  No additional cost required.

1-2 To inspect actual hydrological observation activities and observation apparatus/ facilities

[Condition of cost estimate]
•
•
• It is assumed that five stations are inspected each day on average.
• It is assumed that the distance of the travel to inspect five stations is 80km each day on average.
• It is assumed that the fuel efficiency of the car is 7 km / liter.

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance of ARAs' staff 1,700 787 person-day 1,337,900 1,968 stations/ 5 x 2 persons =787 person-day
(2) Fuel of vehicles 70 4,503 liter 315,210 80km/ 7km x 394 days =4,503 liter

Total 1,653,110

1-3 To revise H-Q curve

[Condition of cost estimate]
•

• To conduct cross-section survey: 1 time/year x 12 major rivers with 200m river width on average.
• To conduct discharge observation during rainy season by using floats: 2 days/ section x 12 major rivers

Number of stations to be checked: 1,348 rainfall stations and 620 water level stations including 418 discharge measurement stations.

Although DNGRH has some hydrological databases, those databases are not managed in a unified manner.  It is desirable that an integrated hydrological
database be established as a basic resource for water resource management, flood management, river management, etc.

Hydrological observations by residents (readers) are performed upon the entrustment of ARAs at major points throughout the country. This activity covers
inspection and guidance of actual hydrological observation activities by the readers, and inspection of equipment and facilities.

Actual observation activities, equipment and facilities for hydrological observation shall be inspected/guided by a team of two ARA staffs in each ARA.

In order to conduct reliable flood forecast, it is essential to create and update the H-Q relation curve at the water level observation point.

To clarify the years of establishing H-Q curve and cross-section survey, existing condition of cross-section, etc. and hydrological station necessary to
revise H-Q curve
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• To make H-Q curve with high water range: 2 person-day/section x 12 major rivers
Item Unit Price Quantity Amount Remarks

(MT) Qty Unit (MT)   
(1) Clarification of existing HQ curves No cost required.
(2) Cross-section survey 120,000 12 cross-sections 1,440,000 By contract with a surveying company.  Width: 200m
(3) Discharge observation by ARAs No cost required.
(4) Making H-Q curves by DNGRH No cost required.

Total 1,440,000

1-4 To instruct importance and a way of hydrological observation to resident in charge

[Condition of cost estimate]
• Guidance to observers (readers) is done by ARAs' staff with two person teams.
• Inviting nearby observers and conduct group trainings: 150 sites
• Organizing trains at two venues a day.
• It is assumed that the distance of the travel to two training venues is 80km each day on average.
• It is assumed that the fuel efficiency of the car is 7 km / liter.

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance for ARAs' staff 1,700 150 person-day 255,000 150 sites/ 2 sites x 2 persons = 150 person-day
(2) Fuel cost 70 857 liter 59,990 150 sites/ 2 sites x 80km/ 7km/l = 857 liter
(3) Photocopy of training materials 5 4,772 pages 23,860 2,286 stations x 2 pages = 4,772 pages

Total 338,850

1-5

Education of observers is indispensable to obtain sustainably reliable hydrological observation data.

At present, hydrological observations by observers are conducted at 6:00, 9:00, 12:00, 15:00, 18:00 even during time of flooding.  It is not possible to respond to
heavy rain at night.  For important rivers, it is important to construct a remote observation system every hour.

*DNGRH already has hydrological telemetry system in Limpopo and Zambezi River basins.  Please refer to the cost of the existing systems.

To expand hydrological telemetry system (Existing systems are in Limpopo River and Zambezi River basins)
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1-6

* No cost incurred.

1-7

* It is a task to be carried out as a routine and no special expenses will be incurred.

2. Water Related Disaster Risk Management Plan
2-1

[Condition of cost estimate]
•
• Duration of training: Lecture 3 days, Field trip 2 days
• Two DNGRH Trainers visit ARAs' office and provide technical guidance and field investigation.
• Number of ARAs: 5 ARAs
• Train for 2 ARAs every year.
• Training venues are ARAs' facilities. Vehicles for site visits are ARAs' vehicles.
• It is assumed that the distance of the site visit is 80km on average.
• It is assumed that the fuel efficiency of the car is 7 km / liter.

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Allowance for DNGRH trainers 2,500 60 days 150,000 6 days x 2persons x 5 ARAs= 60 days
(2) Accommodation for DNGRH trainers 5,000 40 nights 200,000 5 nights x 2 persons x 4 ARAs = 40 nights
(3) Fuel for field trip 70 114 liter 7,980 80km / 7km x 2days x 5 ARAs= 114 liter
(4) Air fare (Maputo-Beira) 22,000 2 persons 44,000 Economy class, round trip, for DNGRH trainers

Air fare (Maputo-Tete) 27,000 2 persons 54,000 - ditto -
Air fare (Maputo-Nampula) 40,000 2 persons 80,000 - ditto -
Air fare (Maputo-Pemba) 36,000 2 persons 72,000 - ditto -

Engineers and technicians of DNGRH and ARAs should deepen their understanding on the rainfall characteristics and flooding of the area in charge. Therefore,
they should put in the habit of utilizing GSMaP and GFAS which can be used free of charge on the web.

Trainers of DNGRH conduct technical training to deepen the understanding of river basin for ARAs' technical staff.

To continue to utilize GSMaP or GFAS which provide rainfall distribution or flood probability on the web-site in order to deepen the
understanding of rainfall features.

To check the observed data comparing with the last data or the trend, or evaluate deviation from H-Q curve as a habit

To observe satellite image, topography map, river basin on site in detail and to deepen understandings of river and river basin

It is important for the engineers and technicians of DNGRH and ARAs to compare the hydrological observation data with the H-Q relation curve to evaluate the
divergence in order to improve the accuracy of the H-Q relation curve.

In order to develop the capacity of engineers and technicians of ARAs for water-related disaster risk management, the training for utilization of satellite images,
topographical maps and study tour of river basins  to deepen the understanding on rivers should be implemented by the trainers of DNGRH.
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2-2

[Condition of cost estimate]
• It is assumed to be conducted by the consulting experts  as the technical assistance to the DNGRH staff
•
•

Item Unit Price Quantity Amount Remarks
(USD) Qty Unit (USD)   

(1) Remuneration
• River planning expert 20,000 10 person-month 200,000
• River management expert/ Hydrologist 20,000 8.5 person-month 170,000
• Institutional development expert 20,000 6 person-month 120,000
• Environmental expert 20,000 5.5 person-month 110,000

(2) Travel expense 1 lump sum 290,000
(3) Direct expenses 1 lump sum 110,000

Total 1,000,000

3. Flood Early Warning System
3-1

3-2

•
•
•

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance for observer of ARA-CN 3,000 4 person-nights 12,000 1 persons x 2 nights x 2 times a year = 4 person-nights
staff at Mocuba bridge

Total 12,000

Period of the technical assistance: 3 years

* There are no special cost for these activities.

It is assumed that observation of a flood is conducted by three staffs with 3 shifts a day.

Input of foreign experts: 30 person-months in total

In order to improve accuracy of the flood early warning, it is indispensable to keep the records of observed data, simulation result, alert message, etc. and to
review the timing, level, etc., based on the records. These activities should be conducted as one of the routine/responsible works of DNGRH.

In order to improve the accuracy of simulation by IFAS/Auto-IFAS, it is effective and important to calibrate the simulation based on the hourly water level records
of floods.

It is assumed that the hourly water level observation during floods are conducted by the staff of Mocuba Unit of ARA-CN.
It is assumed that duration of a flood is two days and two floods in a year are observed.

It is necessary to support staff of DNGRH to elaborate water-related disaster management plan for other important river basins with different flood scales.
To conduct relevant trainings on study of water related disaster management plan for other rivers with different flood scales

To keep the records of observed data, simulation result, alert message, etc. and to review timing of alert issue, alert level, etc. after every

To conduct hourly water level observation at Mocuba bridge in order to improve the simulation accuracy
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3-3 To establish 24-hour operation system during flood

[Condition of cost estimate]
•

•
*

3-4

[Condition of cost estimate]
•
•
•
•

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance for DNGRH trainer 2,500 60 days 150,000 6 days x 2persons x 5 ARAs= 60 days
(2) Accommodation for DNGRH trainer 5,000 40 nights 200,000 5 nights x 2 persons x 4 ARAs = 40 nights
(3) Photocopy of training materials 5 1,000 pages 5,000 5 ARAs x 5 staffs x 40 pages = 1,000 pages
(4) Air fare (Maputo-Beira) 22,000 2 persons 44,000 Economy class, round trip, for DNGRH trainers

Air fare (Maputo-Tete) 27,000 2 persons 54,000 - ditto -
Air fare (Maputo-Nampula) 40,000 2 persons 80,000 - ditto -
Air fare (Maputo-Pemba) 36,000 2 persons 72,000 - ditto -

Total 605,000

3-5 To build the flood early warning system in other rivers through the above trainings

[Condition of cost estimate]
•
•

Duration of training: 5 days (6 days including travel day)

At present, there are no water level observation during 18:00 to 6:00. However, there is a possible flood during this period. In case of a possibility of flood
occurrence during this period based on tendency of water level and whether forecast by INAM, it is important to be put on full alert on 24 hour schedule and to
observe water level continuously.

To conduct training for ARAs' staff on hydrology, hydraulics, river engineering by Auto-IFAS trainers in order to improve the basic
engineering capability

It is assumed that DNGRH establishes the act or ordinance which stipulates the emergency operation on 24 hour schedule as a official duty of ARAs
when a flood will occur.

It is assumed that DNGRH gives a order to all ARAs.

Through the above trainings, flood early waring systems in other major rivers are established.

It is assumed that the trainers of DNGRH conduct establishment of the system and guidance on calibration of the system to respective ARAs.
It is assumed that the systems are established in two ARAs every year.

No particular expenses will occur.

In order to enhance the knowledge about hydrology, hydraulics and river engineering, the trainers of DNGRH conduct the technical trainings for ARAs' staff.

It is assumed that trainers of DNGRH in a team of 2 staffs conduct technical guidance and field inspection in respective ARAs.
Numbers of ARSs: Five ARAs

It is assumed that the trainings are conducted in two ARAs by use of ARAs facility every year.
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•
•
•

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance for DNGRH trainer 2,500 60 days 150,000 6 days x 2persons x 5 ARAs= 60 days
(2) Accommodation for DNGRH trainer 5,000 40 nights 200,000 5 nights x 2 persons x 4 ARAs = 40 nights
(3) Air fare (Maputo-Beira) 22,000 2 persons 44,000 Economy class, round trip, for DNGRH trainers

Air fare (Maputo-Tete) 27,000 2 persons 54,000 - ditto -
Air fare (Maputo-Nampula) 40,000 2 persons 80,000 - ditto -
Air fare (Maputo-Pemba) 36,000 2 persons 72,000 - ditto -

Total 600,000

4. Easily Understandable Disaster Information
4-1 To improve the disaster information by reviewing it after flood

[Condition of cost estimate]
•
•
• It is assumed that the travel distance for the survey is 80km on average.
•
•

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance ARAs' staff 1,700 10 person-days 17000 2 staff x 5 days = 10 person-days
(2) Fuel of vehicle 70 57 liter 3990 80km/ 7km x 5 days = 57 liter

Total 20990

5. Inventory of River Management Structures
5-1 To prepare the inventory for all structures and to continue update

Numbers of ARSs: Five ARAs

It is assumed that existing PC and network connection in each ARA can be appropriate to the system.
Duration of work: 5 days (6 days including travel day)

Although the flood early warning system is established, it will not lead to voluntary evacuation of residents without easily understandable warning message. It is
important for respective ARAs to improve the warning message based on the review of issued information after flood.

ARAs have the interview survey with related authorities and the leaders of community disaster prevention committees which receive the alarm

Based on the result of interview survey, ARAs improve timing and contents of alarm messages.

Interview survey is conducted by respective ARAs' staffs with a team of 2 staffs

It is assumed that the fuel efficiency of vehicle is 7 km/l

It is important for ARAs to grasp the present condition of all structures and to operate and maintain those structures properly. As basic material of operation and
maintenance activities, respective ARA make the inventory of all structures in their jurisdictional areas.



 

 

62 

 

[Condition of cost estimate]
•
•
•
• It is assumed that the distance of the field training is 80km per day.
• It is assumed that the fuel efficiency of the car is 7 km / liter.
•

Item Unit Price Quantity Amount Remarks
(MT) Qty Unit (MT)   

(1) Site allowance for DNGRH trainer 2,500 110 days 275,000 11 days x 2persons x 5 ARAs= 110 days
(2) Accommodation for DNGRH trainer 5,000 80 nights 400,000 10 nights x 2 persons x 4 ARAs = 80 nights
(3) Photocopy of training materials 5 1,000 pages 5,000 5 ARAs x 5 staffs x 40 pages = 1,000 pages
(4) Air fare (Maputo-Beira) 22,000 2 persons 44,000 Economy class, round trip, for DNGRH trainers

Air fare (Maputo-Tete) 27,000 2 persons 54,000 - ditto -
Air fare (Maputo-Nampula) 40,000 2 persons 80,000 - ditto -
Air fare (Maputo-Pemba) 36,000 2 persons 72,000 - ditto -

(5) Fuel of vehicle 70 57 liter 3,990 80km/ 7km x 5 days = 57 liter

Total 933,990

5-2 To conduct maintenance through inspection and early repair using the inventory

*

6. Human Resource and Institutional Development
6-1

[Condition of cost estimate]
•

•
•
•
•

To conduct training courses in order to strengthen institutional capacity of water related disaster risk management of DNGRH and ARAs.

The trainers of DNGRH conduct trainings of inventory of structures to ARAs' staff.
Trainings are conducted by a team of 2 trainers of DNGRH.

Inventory survey of all structures of respective ARAs is conducted as a routine works of ARAs, and no particular expenses occur.

The staff of ARAs apply the above inventory to routine patrol and proper maintenance of structures.

Duration of training：Lecture: 5 days, Field training: 5 days

Above activities shall be conducted as a routine works of ARAs, and no particular expenses occur.

It is an important challenge to enhance capacity of DNGRH and ARAs staff, who are in charge of water related disaster risk management and river
management.  In order to develop knowledge and skill of the staff, a training on comprehensive river and flood management should be implemented regularly.

Number of training courses / year: 1 training course (17 days)/ year

It is assumed that the training courses on the comprehensive river and flood management are conducted by the lecturers with proven experiences in water
resources and flood management, inviting from universities in South Africa

Numbers of trainees/participants: 25 persons (4 persons x 5 ARAs + 5 DNGRH engineers and technicians)
Number of Lecturers: 3 experts from South Africa

Venue of training courses: Meeting room of DNGRH will be utilized.
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Item Unit Price Quantity Amount Remarks
(USD) Qty Unit (USD)   

(1) Honorarium for experts 250 17 days 4,250
(2) Travel expenses of experts 400 3 lecturers 1,200 Air fare (Johannesburg - Maputo) round trip
(3) Accommodation allowance for experts 100 16 nights 1,600
(4) Per diem allowance for expert 50 17 days 850

Total (USD) 7,900
Item Unit Price Quantity Amount Remarks

(MT) Qty Unit (MT)   
(1) Printing of materials 50 25 sets 1,250 assuming 25 trainees (4 persons x 5 ARAs + 5 DNGRH

engineers and technicians)
(2) Meeting expenses (lunch and coffee) 1,500 476 sets 714,000 Lunch and coffee: 28 persons x 17 days=476 set
(3) Air fare (Maputo-Beira) 22,000 4 trips 88,000 Economy class, round trip
(4) Air fare (Maputo-Tete) 27,000 4 trips 108,000 - ditto -
(5) Air fare (Maputo-Nampula) 40,000 4 trips 160,000 - ditto -
(6) Air fare (Maputo-Pemba) 36,000 4 trips 144,000 - ditto -
(7) Accommodation allowance for trainee 6,000 272 nights 1,632,000 16 persons x 17 nights =272 nights
(8) Per diem allowance for trainee 2,000 288 days 576,000 16 persons x 18 days =288 nights

Total (MT) 3,423,250

6-2

[Condition of cost estimate]
•
• Number of river management experts: 1 short-term expert
•

Item Unit Price Quantity Amount Remarks
(USD) Qty Unit (USD)   

(1) Remuneration
• River planning expert 20,000 6 person-month 120,000 Dispatch of a expert for 6 person-month to DNGRH

(2) Travel expense 1 lump sum 34,000 Traveling cost, accommodation and daily allowance
(3) Direct expenses 1 lump sum 10,000 Other direct cost

Total 164,000

To establish a new department that oversee operation and maintenance of the river facilities, river spatial control, water use right, etc.
Although the river management in Mozambique is in charge of ARAs, it is required to establish new department in DNGRH to superintend not only the river
management activities, but also spatial management of rivers and water use rights, from the policy aspect.

It is assumed that the on-the-job training is conducted by river management experts.

Duration of training: 6 months
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6-3

* The cost of the training is included in the above item 6-1.

Note: This cost estimate of the Action Plan has been jointly prepared by DNGRH and JICA team on a preliminary basis.  
The JICA team does not assume any responsibility for the estimated cost. 

The training syllabus on water related disaster risk management prepared in the Assistance should be incorporated into the annual training plan of DNGRH in
order to develop the capacity of the engineers and technicians of DNGRH and ARAs.

To incorporate the training syllabus about water related disaster risk management, which made in the Assistance, into the annual training
plan of  DNGRH
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MINISTÉRIO DAS OBRAS PÚBLICAS, HABITAÇÃO E RECURSOS HÍDRICOS 
DIRECÇÃO NACIONAL DE GESTÃO DE RECURSOS HÍDRICOS 
DEPARTAMENTO DE GESTÃO DE BACIAS HIDROGRÁFICAS 

 
 
 

Projecto para o Fortalecimento da Capacidade Institucional na Gestão dos Riscos de 
Desastres Relacionados com Água em Moçambique 

 
Última Reunião do Comité de Acompanhamento do Projecto da JICA  

 
Dia 8 de Dezembro de 2017 

 
 

Horário Actividade 
Responsável 

 

8:30-8:45 Notas Introdutórias e Abertura do Encontro 

 
Representante da JICA 

 
Director Nacional 

8:45 – 9:00 Apresentação dos Participantes Todos 

9:00– 9:45 
Apresentação do Relatório Final 

 
Assistência Técnica da JICA 

(Sr. KODAMA) 
9:45 – 10:00 Discussão e Debate Todos 

10 :00 -10:30 Transferência de Tecnologias na Gestão de Rios Assistência Técnica da JICA 
(Sr.  ARAKI) 

10:30 – 10:45 Discussão e Debate Todos 

10:45 – 11:00 Intervalo para Café Todos 

11-00 -11:20 
 

11:20- 11:40 

Modelo Hidrológico do Sistema de Aviso de 
Cheias IFAS & AUTO-IFA 

     a) Técnico do DGBH 
 

b) Técnica da ARA Centro-Norte 

11:40 – 12:00 
Importância da Promoção da Redução dos 

Riscos de Desastres pelas Instituições Nacionais 
Assistência Técnica da JICA 

(Sr. MAEHARA) 

12:00- 12:15 
Discussão e Debate Todos 
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Director Nacional 

12:30 Almoço Todos 
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13 Major River Basins 

River Basin Area 

River Basin area in Mozambique Total Basin Area 

Rovuma R. 101,160 km2 155,400 km2
 (cross-border river) 

Messalo R. 24,000 km2 24,000 km2 

Lurio R. 60,800 km2 60,800 km2 

Ligonha R. 16,299 km2 16,299 km2 

Licungo R. 27,726 km2 27,726 km2 

Zambeze R. 140,000 km2 1,200,000 km2
 (cross-border river) 

Pungwe R. 28,000 km2 29,500 km2
 (cross-border river) 

Buzi R. 25,600 km2 28,800 km2
 (cross-border river) 

Save R. 4,550 km2 88,395 km2
 (cross-border river) 

Limpopo R. 79,620 km2 412,000 km2
 (cross-border river) 

Incomati R. 14,925 km2 46,246 km2
 (cross-border river) 

Umbeluzi R. 2,356 km2 5,600 km2
 (cross-border river) 

Maputo R. 1,570 km2 29,800 km2
 (cross-border river) 

Maputo 
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1 Introduction 

1.1 Background of the Assistance 

In recent years, development investment aiming toward economic growth is accelerated in 

Mozambique.  On the other hand, natural disaster risk and the disaster damage have been increased 

because of climate change, development activities in domestic/neighboring countries, etc.  

Mozambique suffers from flood, cyclone, shore erosion, draught, etc. every year, and it is 

considered as the high-risk country for natural disaster caused by climate change according to 

UNISDR and World Bank.  About 60% of the population lives in flood and cyclone prone areas 

such as coastal area and low-lying land.  Flood and cyclone caused 1,267 deaths and 6.74 million 

victims in 2000 to 2013 (EM-DAT).  The damage affected to social and economic areas.  In the 

river basin of 9 cross-border rives of 13 major rivers, disaster risk is increased by development 

activities in not only Mozambique but also upstream countries. 

The Mozambican government’s policy and strategy regarding disaster management mainly focus on 

emergency response under the leadership of INGC but the implementing progress is limited.  

However, the national disaster management law was established in June 2014 after the long 

deliberation and the importance of the disaster management is increasingly recognized.  Flood 

control is conducted by DNGRH and ARAs consisting of 5 regional offices, which are established 

in accordance with decentralization, but the main tasks of the both organizations are considered as 

water resource development, especially, effective water resource utilization, water environment 

management, etc.  Because DNGRH and ARAs don’t have the definite section in charge of 

disaster management, the review of the organization including organization reform is needed.  In 

addition, human resources development with essential technical knowledge and skills is 

unsatisfactory.  Mozambique requested the Japanese government “Project for Enhancement of 

Institutional Capacity of the National Directorate of Water Resources Management (DNGRH) and 

the Regional Water Administrations (ARAs) to Mitigate Natural Disaster Risk in Mozambique” 

with the above background and Japanese government adopted it.  JICA and DNGRH discussed the 

component of it and confirmed the necessity of institutional strengthening to counter water related 

disaster.  Finally both of them signed the minutes of discussion (MD) changing the project title to 

“Assistance for Enhancement of Institutional Capacity to Manage Water Related Disaster Risks in 

Mozambique” 

 

AP - 101



Assistance for Enhancement of Institutional Capacity to Manage 
Water Related Disaster Risks in Mozambique 

Recommendation Report 
 

2 

1.2 Outline of the Assistance 

Outline of the Assistance is summarized below. 

Overall Goal 

Institutional capacity of water related disaster risk management is enhanced in Mozambique. 

Assistance Purpose 

 DNGRH and other related organizations develop water related disaster management plan. 

 DNGRH and ARAs enhance river basin management capacity. 

Duration 

From November 2014 to May 2018 

Counter Part 

 Implementing Agency: DNGRH、ARAs 

 Related Agency: Ministry of Economy and Finance (MEF), National Institute of Disaster 

Management (INGC), National Institute of Meteorology (INAM), National Road Authority 

(ANE), National Directorate of Housing and Urbanization (DNHU), Directorate of Land Use 

Planning (DNAPOT), Ministry of Land, Environment and Rural Development (MTARD) and 

Ministry of Agriculture and Food Security (MINAG) 

 

1.3 Work Flow 

The Assistance was implemented for about 41 months from November 2014 to May 2018 as shown in 

the following work flow. 
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Figure 1.1  Work Flow 
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(1) Data collection

(2) Preparation of work plan and technology transfer plan

(3) Submission, explanation and discussion of work plan, 
and organizing the management committee meeting

(7) Advice for DNA、
ARAs and other related 
organizations on water 
related disaster 
management 
concentrating on flood 
control

(8) Advice for DNA on 
formulation of water 
related disaster 
management plan

(9) Advice for DNA and 
ARAs on human 
resource and 
institutional 
development plan to 
strengthen the capacity 
of water related disaster 
management

(10) Technology transfer 
about the utilization and 
management of river 
information, utilization of 
satellite global data, 
flood forecasting 
technique and early 
warning system, river 
flow modeling to DNA、
ARAs、INGC、INAM and 
academic institutions

(4) Base line survey (5) Advice on the Post 
Hyogo Framework for 
Action

(6) Advice for related 
organizations on the 
implementation of 
"Master Plan for 
Prevention and 
Mitigation of Natural 
Disasters"

(11) Management committee

(11) Seminar

(12) Study tour to 
Japan (Mar 2015)

Nov.

Recommendation report

Guideline/manual

2015/1

2017

(11) Management Committee (Nov 2015) Progress Report

(11) Management Committee (Dec 2017) Draft Final Report

Work Plan (Jan 2015)

(12) Study tour to 
Japan (Oct 2015)

2014

2015

2016

Mar.

Nov.

Dec.

Jan.

(11) Seminar/workshop

2018

Final ReportMar.

Recommendation report Recommendation report

(11) Seminar/workshop

(11) Seminar/workshop

(11) Seminar/workshop
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2 Recommendation on Water Related Disaster Management  

In the Assistance, JICA Team advised C/Ps on water related disaster management through study 

tour to Japan, seminar, On-the-Job-Training, etc.   

JICA Team conducted the above activities and made recommendation on water related disaster 

management in this report. 

 

2.1 Water Related Disaster Management in Japan 

(1) River Law 

Change of River Law 

1896 Birth of modern river management system focusing on flood control 

 Flood Control  

1964 Establishing systematic management for flood control and water use 

 Flood Control  +  Water Use  

1896 Development of comprehensive river management system for flood control, water use 

and environment  

 Flood Control  +  Water Use  +  Environment  

 

(2) River Management Policy and River Improvement Plan 

Each river has a long-term river management policy, and mid-term river improvement plan is 

established based on the policy. 

Long-term river management policy 

 Fundamental policy, return period of design flood, unregulated peak discharge, design 

flood discharge, etc. 

Mid-term river improvement plan 

 River management projects, details of river maintenance, etc. 

 

(3) Roles of MLIT (Ministry of Land, Infrastructure, Transport and Tourism) in Disaster 

Management Cycle 

Ministry of Land, Infrastructure, Transport and Tourism plays the following roles in disaster 

management cycle. 

Disaster prevention: 

 To improve and manage disaster management facilities 

 To improve and manage disaster resilient facilities 

Emergency response: 

 To establish the system that enables immediate response to a disaster 
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 To provide prefectural governments and municipalities necessary supports by 

TEC-FORCE system 

Disaster Recovery: 

 To raise funding and implement various projects 

 To manage disaster recovery system 

Rehabilitation: 

 To raise funding and implement various projects 

 To provide assistance for construction of resilient 

towns against disaster 

 

(4) River Classifications for Management 

Class 1 Rivers (managed by MLIT): 

 River water systems deemed of particular importance to national land conservation and the 

national economy.  Designated by MLIT Minister. 

Class 2 Rivers (managed by Prefectural Governor or Mayor of Designated Cities): 

 Non-Class 1 River systems and water systems deemed important to the public interest.  

Designated by Prefectural Governor. 

Secondary Rivers (managed by municipalities): 

 Non-Class 1 or Class 2 rivers, designated by the Mayor. 

Standard Rivers (managed by municipalities): 

 Non-Class 1 or Class 2 or Secondary Rivers managed as public property. 

 

(5) Comprehensive Flood Control 

Comprehensive flood control is applied for urbanizing river basin to deal with flood by not only 

river but also river basin.  Comprehensive flood control consists of river improvement, measures 

in river basin and measures to alleviate damage as follows. 

Comprehensive flood control measures 
River improvement River channel improvement 

Dams, retarding basins, discharge channels, etc. 
Measures in river basin Urbanization control areas 

Conservation of fields 
Reservoirs 
Rainwater tanks 
Permeable pavements and seepage pits 

Measures to alleviate damage Evacuation warning system 
Flood-fighting, flood damage prevention activities 
Awareness of local residents 

Prevention 
Preparedness 

Response 
Recovery 

Disaster Risk Management Cycle 
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(6) Rainfall 

 Annual rainfall in Japan is approximately twice as 

much as the world average, 800 mm.  Its volume 

per person of Japan is a third of the world average 

because of population and area.  Volume of the 

precipitation of Japan is concentrated in Plum Rain 

and Typhoon season. 

 

 

(7) Recent Flood Disaster 

 Heavy rainfall on September 10, 2015 caused inundation disaster in Jyoso City. 

 The Great East Japan Earthquake 2011 caused devastating tsunami disaster. 

 Enormous sediment disasters occurred in Hiroshima City in August 2014.  Debris flows 

occurred simultaneously from numerous streams and destroyed 255 houses. 

 

(8) Economic Analysis of Flood Management Project 

 There are some aspects to evaluate project feasibility, e.g. technical aspect, social and 

natural environmental aspect, economic aspect, financial aspect and institutional & 

managerial aspect.  Economic analysis is one of the tools for project evaluation. 

 Economic analysis; 

- brings a better allocation of resources, 

- examines the viability of the projects from the economic view point, 

- compares the benefit and the cost under with and without project conditions, and 

- provides information for decision making and selection of more appropriate measures. 

 Indicators used for economic analysis 

- Internal Rate of Return (IRR): The IRR is a discount rate that makes the project’s net 

present value of costs and benefits equal to zero. 

- Net Present Value (NPV): The NPV is difference between the present value of the 

benefits and the amount of investment expressed in discounted present values. 

- Benefit Cost Ratio (BCR): The BCR is the ratio of the benefits of a project relative to 

its costs expressed in discounted present values. 

 

(9) Study Tour to Japan 

Study Tour to Japan was conducted from 28 September to 8 October 2015 in order to learn 

river management and disaster management in Japan.  Participants visited the following sites 

Annual Rainfall in the World 
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in Japan. 

 
Figure 2.1  Location Map of Study Tour to Japan 

(i) Tsurumigawa Retarding Basin 

Tsurumi River has long been known as a raging river prone to repetitive flooding. In 

order to protect the surrounding communities as well as the communities further down 

the river from flood disaster, Tsurumigawa retarding basin takes flood water from the 

river during high water level and releases stored water after flood.  During normal time, 

the retarding basin is open to the public as a park. 

(i) Tsurumigawa Retarding Basin 

Observation of the whole 
retarding basin 

 
Watertight door on the building in 
retarding basin 

 
Explanation on overflow levee 

 

(ii) Shinano River Ohkouzu Diversion Channel 

Construction of Ohkouzu Diversion Channel in Shinao River was commenced in 1909 

and completed in 1922.  It is man-made river and is 10 km in length.  The function of 

the diversion channel is to control water flow and to divert flood water of Shinano River 

to the sea to protect the downstream area. 

(i) Tsurumigawa Retarding Basin 

(iii) Paddy Field Retarding 
Basin 

(ii) Shinano River Ohkouzu 
Diversion Channel 
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(ii) Shinano River Ohkouzu Diversion Channel 

Mobable weir 
 

Explanation of Ohkozu diversion 
using relief map 

 
Observation port for fish-pass 

 

(iii) Paddy Field Retarding Basin 

Mitsuke City, Niigata Prefecture has promoted utilizing paddy field as emergency 

retarding basin during flood.  An apparatus installed at the outlet of paddy field can 

control discharge and store water in paddy field at any height.  The visit to paddy filed 

was introduced in local newspapers and city’s web site. 

(iii) Paddy Field Retarding Basin 

 

 

Niigata Nippo (2015/10/6) 
 

Courtesy call on Mayor of 
Mitsuke City 

 

(10) Recommendation 

It is important to pursue on disaster reduction before disaster strikes in order to 

prevent/reduce damages caused by water disasters. 

To deal with water related disasters, the followings need to be implemented in an integrated 

manner.  The implementation will take long time, much budget and man power, and need 

hard coordination among various stakeholders.  However, the organization in charge has to 

try to implement the countermeasures continuously and steadily. 

 Cooperation among national and reginal governments, flood fighters, fire fighters and 

residents 

 River improvement, construction of water reservoir, dam, dike, etc. 

 Land use regulation and building codes 
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 Preparation of evacuation warning procedures, enhancement of disaster prevention 

trainings and education, and development of information dissemination mechanisms in 

disaster situations 

 

2.2 Hydrological Observation 

Hydrological data is fundamental information for water related disaster management, river basin 

management, water resources management, etc.  Therefore, JICA Team made seminars regarding 

rainfall and inspected hydrological stations in Licungo River basin with C/Ps of Mocuba Unit. 

 

(1) Observation System 

 (i) Rainfall observation 

Staffs of Mocuba Unit and Gurue office observe hydrological data themselves at the 

stations in Mocuba and Gurue.  On the other hand, at other stations people dwelling 

near the stations observe and record daily rainfall amount and water level once a day on 

consignment from Mocuba Unit. 

Item Description 

Person in charge Mr. Carlos Oreste Cugaguiua in Mocuba Unit 

Resident dwelling near a station 

Observation frequency & time Daily / 9:00 

Frequency of collected data Strategic stations: daily in strategic station 

Other stations: once 3 months at the moment 

(*) Strategic station: Mocuba and Gurue 

Remuneration for observer (resident) 700 MT/month 

Submit collected data to ARA-CN 

Frequency of submitting Every day in rain season, every 2 day in non-rainy season 

by phone 

Type of record (paper/electric file) Electric file & paper 

Problem Budget, accuracy, maintenance 

(ii) Water level observation 

Staffs of Mocuba Unit and Gurue office observe hydrological data themselves at the 

stations in Mocuba and Gurue, respectively.  On the other hand, at other stations people 

dwelling near the stations observe and record on consignment from Mocuba Unit. 

Item Description 

Person in charge Mr. Carlos Oreste Cugaguiua in Mocuba Unit 

Resident dwelling near a station 

Observation frequency & time 1) 6:00, 12:00, 17:00 

2) 6:00, 9:00, 12:00, 15:00, 17:00 (*) 

(*) During they predict high water level 

Frequency of collected data Strategic stations: daily in strategic station 
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Item Description 

Other stations: once 3 months at the moment 

(*) Strategic station: Mocuba and Gurue 

Remuneration for observer (resident) 700 MT/month 

Submit collected data to ARA-CN 

Type of record (paper/electric file) Electric file & paper 

Problem Budget, accuracy, maintenance 

(iii) Discharge observation 

Item Description 

Person in charge Personnel of Mocuba-unit and Gurue office 

Observation frequency Daily / 9:00 

Frequency of collected data 2 -3 times in a month 

They don’t observe during flood due to high water level 

Submit collected data to ARA-CN 

Frequency of submitting When ARA-CN requests 

Type of record (paper/electric file) Electric file & paper 

Problem Maintenance of measurement equipment 

 

(2) Problems of Hydrological Observation 

 Mocuba Unit has difficulties in collecting the hydrological data recorded by local resident 

because of budget shortage for fuel for travel, reward to observer (MT 700/month). 

 One rainfall station in Gurue is not surrounded by fence.  Other rainfall stations are well 

maintained, e.g. adequate location, surrounding fence, weeding, etc.  Some water level 

stations are left unrepaired after 2015 flood. 

 Size of rainfall measuring glass used in Mocuba Unit is not adequate.  The rainfall 

measuring glass is for a collector with 200 cm2 of opening area but the collector actually 

has 127 cm2 of opening area. 

 
Rainfall station without fence 

 

Size of measuring glass is not fit for rainfall gauge. 

 

(3) Guidance by JICA Team 

 Satellite-based rainfall, e.g. GSMaP, GFAS can provide rainfall distribution over a wide 

range.  It is very helpful tools to obtain average rainfall over river basin especially for the 

“Rain measure for 200cm2 collector” 

Opening area is 127cm2 
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river basin with limited number of hydrological stations. 

- GSMaP (Global Satellite Mapping of Precipitation): 

http://sharaku.eorc.jaxa.jp/GSMaP/index_zenkyu.html?date=NaNNaNNaNNaN&timec

ode=9 

- GFAS: http://gfas.internationalfloodnetwork.org/n-gfas-web/PC/frmMain.aspx 

 “Hydrological Observation Guidebook (Portuguese version)” which is utilized widely in 

Japan was introduced and its hard/soft copy was provided.  The guidebook 

understandably explains hydrological observation with many illustrations. 

 Hyeto-hydrograph shows rainfall and water level (or discharge) in chronological order.  

The graph indicates time lag between peak rainfall and peak water level (or discharge), 

trend of fluctuation of water level, necessary time to evacuation, etc. 

Satellite rainfall (GSMAP) 

Exercise to draw hyeto-hydrograph  Hydrological Observation Guidebook 

 

2.3 Inventory of River Management Structures 

For water related disaster risk management, it is indispensable to grasp the current situation and 

problems of existing river management structures, e.g. dike, slope protection, weir, sluice gate, 

bridges crossing the river, etc.  In order to sustain the functions of these river management 

structures, early detection and repair of the damages are also vitally important.  Inventory of river 

management structures is helpful for these activities.  Therefore, the inventory should describe 

structure’s type, dimension, damage situation, influence by damage, urgency of repair, etc. 

The purpose of the inventory of river management structures is neither preparing inventory sheets 

nor making base map.  It is maintaining river management structures though early detection and 

repair utilizing the inventory.  So, it is strongly recommended that C/Ps make efforts to prepare 

inventory sheets for all structures as soon as possible and start regular inspection in parallel. 
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(1) Site Inspection 

JICA Team and C/Ps visited some river management structures in order to discuss and clarify 

the present status, damage, problem on sites as follows. 

Bridge: Insufficient span causes collision of flood wood and insufficient length of riverbank 

protection around a bridge abutment brings bank erosion.  ARAs should give ANE 

appropriate advices for planning and designing a bridge from the viewpoint of river 

management. 

Dike: Rehabilitation work of dike damaged by 2015 flood has been conducted.  However, 

some sections remain open.  Dike can produce an expected effect only if it connects 

continuously.  Therefore, the rehabilitation work of dike should be completed without any 

opening. 

Hydrological station: Hydrological station is mentioned in section 2.3. 

 
Erosion at hinter land of abutment 

 
Collapse of a bridge 

 
Bridge without guardrail 

 
Dike erosion by overtopping flow 

 
Bank protection (gabion mattress) 

 
Newly constructed dike 

 
Rainfall station without a fence 

 
Water level gauge 

 
Hydrological observation record 
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(2) Inventory of River Management Structures 

Inventory of river management structures consists of inventory sheets and a base map. 

(i) Inventory sheet 

 Objective structures for inventory sheet are rainfall station, water level station, dike, 

bridge, weir, etc. 

 Inventory sheet is prepared as one file (PDF) for each river management structure. 

 Contents to be described on an inventory sheet are name, ID number, jurisdictional 

office, river basin, river, location, coordinates, type of structure, start date of 

operation, status of operation, alert level, observer (name and contact number), 

damage history, etc. and the photo. 

(ii) Base map 

 Base map is prepared using Google Earth. 

 Symbol or object expressing each structure is put on Google Earth.  For example, 

dike is expressed as a line; a bridge is shown as an alphabet “B”; rainfall station is 

illustrated as a star symbol. 

 Each symbol or object is linked to a corresponding inventory sheet.  The inventory 

sheet appears by clicking the symbol or object. 

 
Inventory sheet 

      
 
Base map shows an inventory by clicking a symbol or an object. 

 

2.4 Flood Response 

The central and northern part of Mozambique, especially Licungo River basin suffered from 

severe flood disaster in the middle of January to the end of February 2015.  More than 130 people 

were died and approximately 148,000 people were affected by the flood in Zambezia Province.  

In order to mitigate loss of life and damage to property, it is indispensable to distribute "easily 

understandable disaster information" based on a reliable flood forecast with appropriate lead time.   

In May 2015, JICA Team conducted a workshop to review the 2015-flood in ARA-CN.  In the 

workshop, the participants from various organizations stated that communities did not understand 
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the meaning of the flood forecast issued by DNGRH and ARAs. 

In response to the above circumstances, JICA Team in collaboration with DNGRH and ARA-CN 

conducted field survey to grasp issues of the current routes, means, and messages of the disaster 

information from the central down to the community levels in the Licungo River Basin.  Based 

on the analysis of the collected information and findings, JICA Team has presents the summary of 

recommendations for easily understandable disaster information as follows. 

(1) Rationale 

Issuance of disaster early warning and evacuation order is one of the effective non-structural 

measures to mitigate loss of life and property damages.  Establishment of early warning 

system and role of relevant agencies are defined in "Disaster Management Law No.15/2014" 

and the guideline "Procedures and Rules of Information Flow of Disaster Early Warning" in 

Mozambique as discussed below: 

(i) Disaster Management Law No.15/2014 (20 June 2014) 

It is defined by Article 6 of the Disaster Management Law No.15/2014 (20 June 2014) 

that the Government regulates the monitoring of water catchment areas and effective 

early warning system that enables monitoring and prevention of hydro-meteorological 

phenomena that may cause disasters. 

Article 15 of the Disaster Management Law defines early warning system as follows: 

a.  Early warning system is coordinated centrally by the coordinating institution of 

disaster management and integrates the different institutions responsible for 

forecasting and monitoring of phenomena likely to cause disasters. 

b.  Early warning can be local or national levels depending on the areas with risk of 

occurrence of disasters. 

c.  The Government defines responsibility for issuing early warning for disasters. 

 

About compulsory evacuation of the people and properties in high risk areas, Article 39 

of the Disaster Management Law defines as follows: 

a.  The Council of Ministers determines the compulsory evacuation, temporary or 

permanent, of persons and property situated in high-risk areas. 

b.  In a situation of imminent danger, the temporary compulsory evacuation of people 

and goods can be determined by the provincial governor, district director or chairman 

of the relevant city council because the territory. 

(ii) Guideline on Information Flow of Disaster Early Warning 
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Authorities in charge of the risk assessment and the disaster management should be 

clearly differentiated.  This demarcation of roles of organizations is defined in the 

guideline "Procedures and Rules of Information Flow of Disaster Early Warning in 

Mozambique" prepared by INGC.  The guideline says that DNGRH, INAM, DNG and 

MOA have competencies for issuing warning on flood, drought, cyclone, weather, 

tsunami, earthquake, and 

agrometeorological drought from the 

technical viewpoint.  INGC issues 

additional specific warning about 

impact, measures, preparedness and 

response including evacuation order 

based on the technical disaster warning 

issued by the relevant agencies.  

Figure 2.2 shows image of authorities 

of issuances of flood warning and evacuation order. 

 

Figure 2.2  Authorities of Issuances of Flood Warning and Evacuation Order 

  

(2) Flood Response by Mocuba Unit 

Mocuba Unit has issued a flood warning based on observed water level so far.  It may not 

give community people enough time to evacuate or to protect their property before flood 

reaches.  In order to early evacuate and surly mitigate damage, DNGRH will commence 

operating a new flood early warning system using Auto-IFAS (Integrated Flood Alert System) 

for Licungo River basin in rainy season 2017-2018.  Auto-IFAS can predict future water 

level using actual rainfall (satellite-based rainfall).  Therefore, Mocuba Unit can issue a 

flood warning based on predicted water level.  JICA Team and C/Ps examined flood 

response corresponding to the new flood early warning system so that community people can 

Demarcation of Roles in Issuance of Warning 

Competencies for Issuing Warning

DNA Flood and drought along the river basin
INAM Cyclone, weather and tsunami
DNG Earthquake
MOA Agrometeorological drought

INGC Additional specific warning about impact, 
measures and action for preparedness & 
response
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understand a received flood warning without fail and evacuate to safe place in advance. 

(i) Flood warning dissemination route 

Mcouba Unit has issued a flood warning so far when observed water level reaches a 

designated alert level.  The existing dissemination route for the flood warning is shown 

below.  For the new flood warning system, this dissemination route will be also utilized.  

 

Figure 2.3  Dissemination Route of Flood Early Warning 

(ii) Flood response plan 

JICA Team and C/Ps examined flood response corresponding to the new flood warning 

system and explained it to the organizations which receive a flood warning from Mocuba 

Unit.  And they finally established flood response flow as a plan. 

 Mcouba Unit observes water level at Mocuba Bridge three times per day (at 6:00, 

12:00 and 17:00) during normal time and 5 times per day (at 6:00, 9:00, 12:00, 15:00 

and 17:00) during flood.  Mocuba Unit informs the observed value to DNGRH 

which operates Auto-IFAS. 

 Two kinds of warning message were prepared.  One accelerates people to prepare 

evacuation and the other urges them to evacuate.  The former is issued four to six 

hours before predicted time that water level reaches the alert level and the latter is 

issued one to three hours before that.  Both of them clearly mention that the warning 

is issued based on predicted water level. 

Mocuba unit

ARA‐CN

DNGRH
Others

Mocuba district office
Maganja da costa district office
Namacurra district office
Media in Mocuba (Radio and TV)
INGC in Mocuba

Technical department officer inform the 
followings by telephone and letter officially.
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 C/Ps of Mocuba Unit and JICA Team visited relevant organization, which are Mocuba 

radio station, INGC in Mocuba, Mocuba district office, Maganja da Costa district 

office, Namacurra district office to explain the new early warning system.  C/Ps 

prepared a briefing material for the explanation as shown below and translated into 

Portuguese. 

Flood Early Warning System & Flood Prediction Information 

August 2017 

Mocuba unit of ARA-CN 

1. General 

DNGRH will launch Flood early warning system in next rainy season. Mocuba unit will issue 

flood prediction information in addition to existing flood warning. 

2. Flood Early Warning System 

Flood early warning system simulates future water level using rainfall observed by satellite and 

enables earlier response and evacuation in order to reduce flood damage.  DNGRH simulates 

future water level using rainfall observed satellite. Based on the simulation result, Mocuba unit 

provides flood prediction information for media, INGC, districts before flood warning based on 

observed water level. 

Before 6 – 4 hours 

Flood Warning Message 

Before 3 – 0 hours 
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3. Flood Prediction Information 

Mocuba unit issues “Flood Prediction Information” to you.  

This information includes predicted water level and the time, and preparation/execution of 

evacuation as follows. 

Example 1: DNGRH simulou niveis de agua na estacao hidrometrica  do rio Licungo em 

Mocuba com base nos dados de precipitacao. De acordo com os resultados obtidos, o nivel de 

agua as 6:00 horas estara a cima do nivel de alerta. Apela-se a populacao que vive nas 

margens dos rios e zonas baixas susceptiveis a inundacao para iniciar a preparacao para 

evacuacao e dirigirem-se para zonas altas e seguras. 

Example 2: DNGRH simulou niveis de agua na estacao hidrometrica  do rio Licungo em 

Mocuba com base nos dados de precipitacao. De acordo com os resultados obtidos, o nivel de 

agua as 6:00 horas estara a cima do nivel de alerta. A populacao que vive nas margens dos 

rios e zonas baixas susceptiveis a inundacao  deve-se retirar  imediatamente para  zonas 

altas e seguras. 

 C/Ps finally prepared a flow chart for flood response as a flood response plan as 

shown bellow. 

Image of flood early warning system 
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Figure 2.4  Flood Response Flow 

 

(3) Distribution of Easily Understandable Disaster Information 

In order to mitigate flood damage surly, people receiving the warning message must 

understand the urgency and take the correct action.  Disaster information flow and contents 

are shown and easily understandable disaster information of each organization is described 

below. 

(i) Flow and Contents of Disaster Information 

Flow of disaster information dissemination is illustrated in Figure 2.5.  And means and 

kind of the information of each organization are summarized in Table 2.1. 

 

Mocuba unit observes water level at 6, 9, 12, 15, 17:00 
at Mocuba Bridge station.

O.W.L < A.W.L

Yes

Mocuba unit infrom relevant 
organization of it.

No

Mocuba unit inform DNGRH/DGBH of O.W.L

DNGRH/DGBH runs IFAS/Auto‐IFAS hourly.

S.W.L < A.W.L

Yes

No

DNGRH/DGBH inform Mocuba unit of S.W.L and time

Time that S.W.L > A.W.L is 
whithin the next XX hours.

Yes

Mocuba unit infrom relevant 
organization of it.

No
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(ii) Easily understandable disaster information 

C/Ps and JICA Team reviewed disaster information issued by each organization and 

prepared recommendation to make it more easily understandable for receiver.  The 

recommendation on disaster information issued by each organization is as follows. 

a) ARA-CN Mocuba Unit 

ARA-CN Mocuba Unit plays the most important role in issuing flood early warning in 

the Licungo River basin.  Mocuba Unit is responsible for management of the Licungo 

River Basin and it receives hydrological reports from the observers in the upstream, 

midstream and downstream.  Therefore, it knows the likelihood of flooding in the first 

place.  In case of flooding is anticipated, ARA-CN Mocuba Unit issues flood warning 

to Provincial Gov., District Gov. Provincial and Community Radios, and other 

predetermined recipients.  The evacuation orders by District COEs are issued based on 

the ARA-CN Mocuba Unit's flood warning. 

Observation of water level had been performed three times a day at 6:00, 12:00 and 

18:00 in normal time and another two times at 9:00 and 15:00 when water level have 

exceeded the alert level.  Absence of the observation for 12 hours in night time had 

been a serious problem for issuing flood early warning.  However, hydrological 

observation in night time will be started at Gurue, Lugela, Mocuba and Nante in case 

flooding is anticipated.  This effective approach has become possible because 

employment status of the observers have been changed.   

According to the Review Report on the Contingency Plan for Flood and Cyclone Season 

2014/2015, there are considerable 

number of flood victims in the 

middle to upstream reaches of the 

Licungo River such as Gurue, 

Lugela, Namarroi, Ile districts (total 

deaths: 56 persons in 4 districts).  It 

is necessary to clarify the cause of 

deaths but if they are due to flash 

flood and/or debris flow, early 

warning for those areas should be 

enhanced. 

An example of flood warning issued 

by ARA-CN Mocuba Unit is Death Toll by the 2015-Flood in Zambezia Prov. 
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presented in Figure 2.6.  DNGRH, ARAs and their Units use almost same format.  It 

has issuer's letter head, release number, narrative description of the current situation of 

rainfall and water level comparing with alert level.  Based on the rainfall forecast for 

next 48 hours, recommendations are given such as “keep away from the riverine areas”, 

“don't across the river”, “keep properties away from risk areas”, and “keep on monitoring 

information of ARA, DNGRH and other authorities”.  

 
Figure 2.6  Example of flood warning issued by ARA-CN Mocuba Unit 

Recommendations 

The flood warning of ARA-CN Mocuba Unit includes necessary message and is easy to 

understand but it can be enhanced by including these messages.  For example, ARA-CN 

Mocuba Unit does not have authority to issue evacuation order, but it should recommend 

local authorities to issue evacuation order for the risk area from the technical viewpoint. 

 

Even though the forecasted flood is very strong, if it is not explained, the people think it 

will be normal flood that occurs every year.  Therefore, if the forecasted phenomenon is 

very severe, these kinds of easily understandable expression should be used comparing 

with the past severe events. 

Example 1 

ARA ‐ Centro Norte recommends AAA and BBB Districts to issue evacuation order for 

the people reside in the riverine flood risk areas.   
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Also if the release has a short title such as "Flood Warning for the Licungo River Basin" 

or "Flood Warning for the riverine areas of Maganja da Costa and Namacurra Districts", 

the recipient can easily find the importance of the document. 

 

Since almost all the flood information relies on the observation data of ARAs’ Units.  

Reliable information should be issued by ARAs’ Units to establish credibility of the 

recipients (cross-check figures and units). 

b) ARA-CN HQ in Nampla 

ARA-CN Nampla receives flood information from its Units, DNGRH and INAM.  

ARA-CN also use satellite imaginary of SADC to analyze flooding.  In case flooding is 

predicted, ARA-CN issues flood warning to Provincial Gov., INGC, ANE, Provincial and 

Community Radios, and other predetermined recipients as shown in Table 2.1 and 

illustrated in Figure 2.5.  Basically composition of the flood warning of ARA-CN is the 

same as that of ARA-CN Mocuba Unit. 

Example 3 

Short Title of the Document (Release) 

  ‐ " Flood Warning for the Downstream Areas of the Licungo River Basin" 

  ‐ " Flood Warning for the riverine areas of Maganja da Costa and Namacurra Districts" 

Example 2 

  ‐ "the massive flood we have never experienced recent years" 

  ‐ "the severe flood that is comparable to the Flood 2015" 

  ‐ "the heavy rainfall we have never experienced recent years" 

  ‐ "the strong cyclone that is stronger than the cyclone Funso in 2012" 
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 Figure 2.7  Example of flood warning issued by ARA-CN Nampula 

Recommendations 

The flood warning of ARA-CN also includes necessary message and easy to understand, 

but it can be enhanced by including these messages.  For example, ARA-CN should 

recommend Provincial COE to issue evacuation order for the risk area from the technical 

viewpoint. 

 

Also, if the phenomenon is very severe, the easily understandable expression should be 

used comparing with the past severe disasters as presented in Example 2.  These kinds of 

expression have been used in Japan in order to make people understand the severity of the 

hazard.  Also a short tile will help the recipients to see what kind of release immediately 

as presented in Example 3. 

c) DNGRH 

DNGRH receives flood information from ARAs, INAM, sometimes directly from the 

Units of ARAs.  DNGRH disseminates flood warning based on the received information 

and on the result of flood simulation analysis to ARAs, INCG, media and other relevant 

agencies as presented in Table 2.1 and illustrated in Figure 2.5. 

Example 4 

ARA ‐ Centro Norte recommends AAA Provincial COE to issue evacuation order for the 

people reside in the flood risk areas of the Licungo River Basin.   
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Figure 2.8 shows an example of press release of flood warning issued by DNGRH.  

Composition of the warning is almost same as those of ARAs and Units.  Based on the 

current situation, DNGRH recommends to withdraw from the riverine areas and to follow 

the instruction of authorities. 

 

Figure 2.8  Example of flood warning issued by DNGRH 

Recommendations 

It is recommended that DNGRH recommends CENOE to issue evacuation order for the 

specific risk areas as shown below:   

 

Also if there is the threat of severe flood disaster, DNGRH should recommend CENOE to 

deploy the National Civil Protection Unit (UNAPROC) for disaster relief mission.  Also 

international call should be recommended from the technical view point. 

 

Example 6 

‐ DNGRH  recommends  CENOE  to  deploy  the  National  Civil  Protection  Unit 

(UNAPROC) for disaster relief mission in AAA and BBB Districts. 

‐ DNGRH recommends CENOE to call support for donor community. 

Example 5 

DNGRH  recommends CENOE  to  issue evacuation order  for  the people  reside  in  the 

flood risk areas of the Licungo River Basin. 
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Also the title of the release (Example 3) and expression of severity (Example 2) should be 

used for easily understandable disaster information. 

d) INGC/ CENOE 

INGC/ CENOE receive flood warning and/or weather warning from DNGRH and INAM.  

Then the flood warning is evaluated by CTGC.  The measures to cope with the hazard 

are proposed by CENOE and the measures including evacuation order is determined by 

the Council of Ministers. 

The evacuation order is implemented through administrative line from Central, Province, 

District, Administrative Post, down to Locality.  At the same time evacuation order is 

broadcasted through TV, National, Provincial and community radios, and other medias 

like newspapers. 

e) Provincial COE/ INGC 

Same like INGC/ CENOE, the Provincial COE/ INGC receive flood warning from ARAs, 

the Units and INAM in provincial level.  If the disaster is imminent, evacuation order is 

issued by decision of Provincial Governor without waiting for decision of the Council of 

Ministers.  The Evacuation order is disseminated to the people through District COE/ 

INGC and Provincial and community radios as shown in Table 2.1 and illustrated in 

Figure 2.5. 

INGC has delegates in district level and they report hydrological and meteorological 

information at Gurue, Lugela, Mocuba, Namacurra and Maganja da Costa everyday by the 

radio communication in the Licungo River Basin.  If water levels exceed the alert levels, 

they convey the information to the delegates in downstream and also to INGC Provincial 

delegation.  In case of emergency, INGC Zambezia Province elaborates flood warning 

including evacuation order (bulletin) based on the delegates’ report, ARA and INAM's 

bulletin, etc.  INGC’s flood warning and evacuation order are sent to local government 

and all the related agencies including Provincial and community radios for dissemination. 

Recommendations 

Provincial COE/ INGC’s flood warning and evacuation order should also use expression 

of severity (Example 2) based on the flood warning of DNGRH and ARAs, if the 

imminent hazard is very severe. 

f) District COE/ INGC 
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District COE/ INGC receive weather information from INAM, flood warning from ARA's 

Unit and water level information from observers in the District.  District COE/ INGC 

receive evacuation order from Provincial COE/ INGC.   

District COE/ INGC elaborates evacuation order based on the received flood warning 

from ARA-CN or its Unit and issues the evacuation order by Administrator.  The 

evacuation order is disseminated through Administrative Posts, Localities, Provincial and 

community radios as shown in Table 2.1 and Figure 2.5.  District works with INGC 

delegate to collect and disseminate disaster information. 

Figure 2.9 shows an example of evacuation order issued by Namacurra District.  It urges 

people in risk area to move to safer and higher areas.  It also indicates specific names of 

the safe resettlement areas. 

 

Figure 2.9  Example of evacuation order issued by Namacurra District 

Recommendations 

Based on the information from ARAs and DNGRH, it is recommended to use expression 

of sense of emergency as shown in Example 2.  Also the following message is 

recommended to be included in order to disseminate the evacuation order to the people 

surely and widely:  
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Also the short title of the release should be clearly stated as shown in Example 3. 

g) Administrative Post 

Administrative post receives flood warning from ARA's Unit and evacuation order from 

Provincial and District COE.  Administrative post disseminate the flood warning and 

evacuation order through Regulo, community leaders, church and mosque and local 

committee for disaster risk management (CLGRC). 

h) Locality 

Localities receive flood warning and evacuation orders from Administrative Post, TV and 

radios.  Localities disseminate flood warning and evacuation orders through community 

leaders and local committee for disaster risk management (CLGRC). 

i) Local Committee for Disaster Risk Management (CLGRC) 

Local committee for disaster risk management (CLGRC) receives flood warning and 

evacuation order from locality and through the radios.  There are two members of the 

committee in charge of communication, who collect disaster information by listening 

radios.  Two radios are provided by INGC with rechargeable batteries and solar panel.  

CLGRCs are well organized.  CLGRC is volunteers consist of 18 members who received 

trainings from INGC and Red Cross.  Dissemination of flood warning and evacuation 

order in community has been well established by using loud speakers, whistles, drums, 

flags, etc. 

Provincial radio is the source of information for remote community (community radio 

cannot cover whole district).  Basically CLGRC does not use cell-phone due to its cost.  

Disaster warning is received in local languages from radios.  The message is clear and 

easy for them to understand. 

Example 7 

If  you  listen  to  this  disaster  information,  please  disseminate  it  to  your  community 

leaders and neighbors.     
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DRM Committee in Morla 

 

DRM Committee in Muguloma 

 

Community Radio in Maganja da Costa 

 

Musaya resettlement area 

 

DRM Committee in Furquia 

 

DRM Committee in Brigodo 

j) Radio Mozambique (Provincial Radio) 

Radios play very important role in disseminating disaster information especially for 

remote communities in Maganja da Costa and Namacurra Districts.  Radio Mozambique 

(Provincial Radio) receives both flood warning and evacuation orders from various 

agencies such as INAM, ARA-CN, ARA's Unit, Provincial and District COE/INGC and 

its reporters at sites.  The Provincial radio disseminates flood warning and evacuation 

order immediately by interrupting normal program in case of emergency. 

The Provincial Radio broadcast radio through FM and AM.  Although listening area of 

FM is limited within ±50 km, that of AM can cover whole Zambezia Province.  It 

broadcasts flood warning and evacuation order in Portuguese and other 3 local languages.  

Radio Mozambique Zambezia Province has MOU with government agencies and 

broadcast warning information free of charge. 

k) Community Radio 

Community radio also plays very important role for disseminating specific disaster 

information including the name of safe place for evacuation.   

Figure 2.10 shows an example of message of evacuation order broadcasted through 

community radio.  Community radio uses easy and simple word comparing with official 

announcement and the message is broadcasted in Portuguese and other local languages.  
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Figure 2.10  Example of Announcement by Community Radio of Namacurra 

Community radio is a member of District's COE.  Community radio translates the flood 

warning of District's COE, INGC, ARA, etc. into easily understandable short message in 

Portuguese and local languages.  The warning message is repeated every 15 minutes in 

all the languages during emergency.   

Listening area of community radio is area of a circle with radius 50km or less.  Remote 

communities in Maganja da Costa and Namacurra cannot listen to community radio.   

Recommendations 

Community radio's message include that Namacurra District issued a red alert for 

immediate evacuation but it is not sure if all the people understand the meaning of red 

alert.  If some people do not understand the meaning of the red alert, such technical term 

should not be used. 

If the imminent hazard is large one, the easily understandable expressions should be used 

for people's better understanding of the magnitude of imminent hazard as shown in 

Example 2. 

The message from the radio should include such message as "Please disseminate this 

information to your community leaders and neighbors" as presented in Example 7.  

 

2.5 Challenges 

Other than recommendations discussed above, the following matters should be taken into 

consideration: 

Devido a fortes corrente das águas 
que tem se registrado sobre o Rio 
Licungo, desde a tarde de ontem, 
segundo a previsão metereologica, o 
Governo do Distrito de Namacurra 
emite um alerta vermelho para a 
retirada imediata das populações que 
se encontram a residir nas margens 
do Rio Licungo, com vista a evitar a 
perda de bens e vidas humanas, são 
chamados atenção os mesmos para 
se derigirem nas zonas altas e seguras, 
criadas pelas autoridades do Governo 
em parceria com a INGC como o caso 
de Brigado, Ronda, Micoa e Escola 
Primaria de Furquia.

Explanation of the situation 

Evacuation order for the riparian 
population.
Giving information of the safe areas 
such as resettlement areas and 
name of school.

Issuance of Red alert by the District 
Government.
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a) People in remote communities need time to protect families and properties (at least 3 days in 

case of remote community).  Flood information should be issued within the earliest 

possible time. 

b) Radios are the most common means of information for communities.  It is important to 

utilize community and Provincial radios preferentially. 

c) Hydrological observations after 18:00 PM should be continued in case of emergency in all 

the river basins with high flood risk. 

d) All the records of hydrological data and issuance of flood warning should be properly 

maintained. 

e) All the list of contact name, phone, fax, email should be clearly indicated on paper and 

always updated for emergency.  In case of emergency, contact list is critically important.  

If the list is stored in PC, it is not able to be used in case of power outage. 

f) Radio communication system (such as Motorola, icom, etc.) of ARAs should be properly 

maintained as an alternative communication means. 

g) Roles of Province and Districts are also very important to decide and issue evacuation order 

for the people in risk areas.  Such decision should be made in short time.  
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3 Recommendation on Formulation of Water Related Disaster 
Management Plan 

3.1 Concept of Integrated Water Resource Management and Integrated Flood 
Management 

(1) Concept of Integrated Water Resource Management (IWRM) 

Integrated Water Resource Management (IWRM) is the process to promote coordinated 

development and management of water, land and related resources in river basins, to maximize 

the economic benefits and social welfare in an equitable manner without compromising the 

sustainability of vital ecosystems. 

Integration of water resources management at river basin scale, in 

 Spatial of integration: Geographical / Environmental interaction 

 Water use and flood protection in consideration of correlation between upstream and 

downstream, beneficial areas of river right and left, impact between main stream and 

tributaries. 

 Sector Integration : One administration 

 Disaster prevention, water use, environmental protection, industry, forestry, etc. 

 Stakeholder integration: Optimized benefit 

 Government at national and local, water users, private and public organization, 

communities, individuals, etc. 

 

Principles in IWRM 

 To understand society, history and culture 

 To respect and to help other water users 

 To promote public welfare 

 To manage water resources based on science and technology 

 To consider environmental function of water 

 To strengthen government capacity 

 To integrate flood management into water resources management 

 

Water, 

 Moving in the globe, re-circulating eternally 

 Resourceful when it flows, not in stock 

 Sustainable flow, to sustainable use 

 Local resource, mal-distributed, fluctuating 

 The use of water can take the other people’s opportunity to use by means of quantity and 
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quality 

 Lack of water, not by environment nor climate, but mostly because of social discrepancy, 

uneven resource management and poverty 

 

(2) Integrated Flood Management (IFM) 

Integrated Flood Management (IFM) is the most important component of IWRM. 

IFM requires: 

 Clear and objective policies supported with legislation and regulations 

 The need for a basin approach 

 Institutional structure through appropriate linkage 

 Community-based institutions 

 Multidisciplinary approach 

 Adaptive management 

 Information management and exchange 

 Appropriate economic instruments 

 

Comprehensive flood control measures consist of: 

 In-stream measures 

 Channel normalization 

 Flood way, diversion, polder 

 Dam, reservoir 

 Watershed measures 

 Storm water retention 

 Surface water infiltration 

 Land use regulation 

 Flood proofed building 

 Information measures 

 Flood forecasting, early warning 

 Public response 

 

The general process and contents of flood disaster risk management process are as follows. 

Process Contents 

1. Understanding Flood Hazard 1. Type and cause 

2. Probability 

3. Flood hazard assessment 
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2. Understanding Flood Impact 1. Direct impact 

2. Indirect impact 

3. Vulnerability and Risk assessment 

3. Considering structural options 1. Conveyance 

2. Flood storage 

3. Drainage systems 

4. Infiltration 

5. Wetland and environmental buffers 

6. Flood proofing, resilience/resistance 

7. Flood defense 

4. Considering non-structural options 1. Flood zoning, land use planning 

2. Flood awareness campaigns 

3. Health awareness 

4. Solid and liquid waste management 

5. Community based resilience improvement 

6. Flood insurance 

7. Early warning 

8. Evacuation 

9. Emergency response 

10. Flood recovery and reconstruction 

5. Evaluating alternative risk reduction options 1. Evaluating cost and benefit 

2. Defining “target protection level” 

6. Implementing and managing 1. Implementation 

2. Sustainable maintenance 

3. Community engagement 

7. Reviewing and improving the management 

system 

1. Benchmarking and monitoring 

2. Reviewing and improving 

 

3.2 2015 Licungo River Flood 

In the middle of January 2015 Licungo River basin had heavy rainfall and suffered from severe 

flood damage.  JICA Team and C/Ps conducted site survey to grasp damage situation and 

emergency response from 21 to 24 January in Licungo River basin.  After the survey JICA Team 

explained the findings for future reference of water related disaster management. 

(1) Rainfall and Water Level 

Because hydrological stations in Mocuba and Gurue are operated by Mocuba Unit and Gurue 

office, C/Ps can get these data immediately.  For three days from 11 to 13 January 2015, 

rainfall station in Mocuba recorded 233.4 mm and that in Gurue recorded 354.7 mm.  Both 

rainfall amounts were equivalent to 20-year return period. 

Water level stations in Mocuba and Gurue had some trouble and couldn’t record peak water 
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level unfortunately. 

 

Figure 3.1  Hyeto-Hydrograph on January 2015 

Table 3.1  Probability of Rainfall 

Station n-day Rainfall Return period 

Mocuba 1-day 102.2 mm 2-5 year 

 3-day 234.4 mm 20 year 

Gurue 1-day 224.0 mm 25 year 

 3-day 354.7 mm 20 year 

 

(2) Flooded Area 

Flooded area spread over Maganja da Costa district and Namacurra district.  Because the river 

longitudinal profile in the downstream is very gentle, flooding flow from upstream was 

stagnant and overflowed there. 

 

Figure 3.2  Flood Map 
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(3) Damage of River Structures 

Rivers and river structures were damaged as follows. 

Intake facility for water supply on outer bank of 

curve reach was damaged. (Lugela River) 

Riverbank erosion at upstream of intake facility. 

(Lugela River)  

Lugela R. Br: Some railings were washed away 

due to overflow but traffic is secured after cleaning 

the debris on the bridge. 

Right bank of Lugela R. at the bridge: Some 

houses were destroyed due to flood flow. 

Right bank of Lugela R. at the bridge: People 

waiting for a boat to cross to left bank of Licungo 

R.  

Licungo R. Br: Right bank was eroded but bridge 

body is remained. 
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Licungo R. Br: Embankment work was started at 

eroded right bank. 
Licungo R. Br: Embankment at left bank side was 

washed away and a culvert is remained. 

Malei Bridge before Flood 

Approach road to Br-1: Crown of embankment was 

eroded due to overflow  

Approach road to Br-1: Crown of embankment 

was eroded due to overflow  
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Br-1: Main body is remained but approach roads of 

the both side were washed away  

Br-1: Eroded approach road on right bank side  

Br-2: Abutments are remained but other portions 

were washed away  

Br-2: Dropped bridge beam  

Br-3: 6 spans of right bank side are remained but 

beams and piers of other 3 spans were washed 

away. 

Br-3: Bank on right bank side was eroded  
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Br-3: Abutment on right bank side  Br-4: Portions except abutments were washed 

away and embankment between Br-3 and Br-4 

was also washed away  

Inundated area widely spreads between Licungo 

River and relatively higher land, where Nante post 

office is located  

Extensive paddy field are under water  

 

(4) Response of Community and Emergency Operation Center 

According to interview with resident in Furquia and Namacurra district office, their response 

during flood is as follows. 

 Flood warning and evacuation instruction were issued to residents but many residents did 

not evacuate because they thought that the flood was usual or the warning was not 

credible. 

 Some people evacuated on the trees for 4 days. 

 Flood damage this time was the severest since 1971.  This flood was severer than one in 

1971. 

 District Disaster Risk Council has been organized every day since 12 January to collect 

and share information for disaster response. 

 Time series of events and activities are summarized as follows. 
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Date Events/Activities 

Jan.10/11 Namacurra District received information of heavy rains at Gurue and 

Dorocue 

Jan.12 06:00 Water level of Malei was already high.  Flood warning was disseminated 

to the risk communities. 

Jan.12 15:00 Inundation was already started in Muiribere, Furquia, and Bawa. 

 Emergency Operation Center (EOC) in Quelimane was established in the Government 

Office of Zambezia Province based on the guideline on establishment and functioning of 

CENOE. 

 The Director General of INGC was assigned as the Service Officer of EOC and under the 

Service Officer, five groups were formed, i.e. 1) information and planning, 2) 

communication, 3) infrastructure, 4) procurement and logistics, and 5) social affairs. 

 

Figure 3.3  Structure of Emergency Operation Center 

 

3.3 Water Related Disaster Risk Management Plan 

JICA Team instructed C/Ps of ARA-CN, which is in charge of river management under the jurisdiction, 

how to examine water related disaster risk management plan.  The flow of formulation of integrated 

flood management plan is illustrated in Figure 3.4.  For each component, JICA Team explained it, C/Ps 

examined and made presentation, and all of them discussed. 

Service Officer 

Infrastructure 
Information and 

Planning Communication Social Affairs 
Procurement and 

Logistic 
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Figure 3.4  Flow of Formulation of Integrated Flood Management 

(1) To Understand the Present Condition of a River Basin 

(i) Base map 

To prepare the base map using Google Earth for study on water related disaster 

management plan.  First, put marks, path and polygon for relevant offices, river 

structures, hydrological stations, river, dike lake, etc.  The base map was made as KML 

file, which can be shared among other computers.  

(ii) Present condition of Licungo River basin 

• Licungo River has main tributary named Lugela River, which joins Licungo River in 

Mocuba.  The river basin widely spreads in the upstream of Mocuba.  On the other 

hand, the river basin is confined along the river. 

• In the lower reach, the river meanders and forms sandbar on riverbed. 

• There are a lot of bridges across Licungo River and the tributaries.  Many of them 

were damaged due to 2015 Flood. 

• River bank erosion occurs in many places. 

• The stretch from 2 to 8 km downstream from Mocuba Bridge consists of rock riverbed. 

• The highest altitude of the river basin is more than 1,500 m in northern area of the 

basin. 

• The upstream of Mocuba is mountainous area.  So river must flow much fast.  

Sediment disaster often occurs at this area. 

• During flood Licungo River transports so much sediment from the upper basin to the 

sea. 

1. To understand the present condition of a river basin 

2. To study structural measures 

3. To consider non-structural measures 

4. To establish determine flood risk management plan 

5. To maintain river management structures 
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• Hilly area lies along the coastline.  It hinders inundated water from smoothly draining 

to the sea. 

(iii) 2015 Flood in Licungo River (Findings from the flood map) 

• Licungo River overflowed in the downstream where the river forms meandering 

course. 

• Overflowed water at Nante, Maganja da Costa district partially flowed into Tantamela 

Lake through small channel.  It meant Tantamela rolled a natural retarding pond. 

• Malei Bridge was washed away.  The causes were lack 

of clearance from water level, river bank erosion, 

riverbed scouring, etc. 

• The upstream from Nante did not suffer from inundation.  

Because the ground elevation was relatively high 

compared with riverbed. 

 

(2) To Study structural Measures 

C/Ps examined structural measures considering situation/damage by the 2015 flood, presented 

the idea individually, and finally united one structural plan. 

 Dams in upstream of Licungo and Lugera rivers 

 Inlet and outlet channels connecting Licungo River and Tanta-mera (lake) 

 Extension of dike in Nante 

 Drainage system in irrigation area in Nante 

 Bank protection works around the bridges 

 

Location Map of Structural Measures on Base Map 

 

(3) To Consider Non-structural Measures 
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C/Ps also examined non-structural measure, e.g. evacuation plan, land use plan, early warning 

system, etc.  JICA Team explained that easily understandable warning message to community 

is critical for early warning system because the purpose of early warning system is to reduce 

flood damage and save people’s lives.  

 Evacuation plan 

 Evacuation exercise in schools 

 Building restriction near the river bank 

 Efficient communication systems 

 Flood early warning 

 Disaster education 

 Flood hazard map 

 

(4) To Establish Determine Flood Risk Management Plan 

C/Ps integrated flood risk management plan for Licungo River uniting the above structural and 

non-structural measures.  In the future, it is recommended to make a plan adding the 

following studies. 

 This plan was examined as countermeasures against 2015 flood.  It is recommended to 

consider other flood of different scale, e.g. 100-year or 200-year return period floods. 

 Best mix of structural measures and non-structural measures is examined by economic 

analysis. 

 Hydraulic analysis will applied for decision of structural measures. 
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(5) To Maintain River Management Structures 

River structures should be maintained properly and the function of each structure must be kept.  

For this maintenance activity, inventory of river structures is indispensable.  The inventory 

consists of inventory sheets and base map. 

 Inventory sheet is prepared as one PDF file for each river management structures. 

 Contents to be described in an inventory sheet are name, ID number, jurisdictional office, 

river basin, river, location, coordinates, type of structure, start date of operation, status of 

operation, alert level, observer (name and contact number), damage history, etc. 

 Base map is prepared using Google Earth. 

 Symbol or object expressing each structure is put on Google Earth.  For example, dike is 

expressed as a line; a bridge is shown as an alphabet "B"; rainfall station is illustrated as a 

star symbol. 

 Each symbol or object is linked to a corresponding inventory sheet.  The inventory sheet 

appears by clicking the symbol or object. 

The purpose of the inventory of river management structures is neither preparing inventory 

sheets nor making base map.  It is maintaining river management structures though early 

detection and repair utilizing the inventory.  So, it is strongly recommended that C/Ps make 

efforts to prepare inventory sheets for all structures as soon as possible and start regular 

inspection in parallel. 
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4 Recommendation on Human Resources and Institutional 
Development 

This chapter provides recommendations on human resource and organizational development for 

improvement of the water-related disaster management capacity of DNGRH and ARAs, the central 

institutions of water resources management in Mozambique. 

At the start of the project, the JICA team conducted a baseline survey in order to grasp the current 

situation of human resource development and organizational structure of DNGRH and ARAs.  As 

a result, although training on the topic of water supply and sanitation were conducted, it has been 

found that training related to river administration or flood risk management has not been 

implemented.  Regarding the organizational system, it can be considered that there is room for 

improvement as a central institution responsible for river administration and flood management. 

It is recommended that DNGRH and ARAs enhance human resource and organizational 

development based on the recommendations presented here. 

 

4.1 Human Resources Development 

The JICA Team has grasped the current training courses of the Human Resources Division of 

DNGRH during the baseline survey.  Almost all the trainings conducted by the Division were on 

the topic of water supply and sanitation.  The trainings do not include the subject on flood 

management topic.   

Department of Water Resources has been receiving trainings supported by World Bank since 2012 

through the framework of the Pilot Program for Climate Resilience (PPCR) and the National Water 

Development Program (PNDRH).  The proposed trainings include some flood management topics 

but most of them are on some specific topics of flood management, not comprehensive one.  

 

According to the results of the capacity assessment workshop at ARA Central North in May 28, 

2015, insufficiency of technical capacity of the staff in various phases of flood management were 

stated by the participants in the workshop.  It is essential for the engineers and technicians of 

DNGRH and ARAs to have comprehensive knowledge on river administration and integrated flood 

Major Proposed Trainings of DNGRH relating to Flood Management 
supported by World Bank 

• Hydrological data collection and processing 
• Urban flood management 
• Hydro-Mechanics 
• GIS and remote sensing for water resources management 
• Dam safety 
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management.   

On the other hand, Training of Hydrological & Hydraulic Trainers and IFAS & Auto IFAS 

Modeling Trainers were implemented and six trainers were cultivated from DNGRH and ARA-Sul 

as one of the main activities of the Project.  It is strongly recommended that the trainers will 

conduct the trainings for other engineers and technicians of DNGRH and ARAs for expansion of the 

knowledge and skills on hydrology and effective usage of IFAS and Auto IFAS. 

Therefore, regarding human resources development, this recommendations report discuss about the 

following two kinds of trainings: 

 

(1) Training on River Administration and Integrated Flood Risk Management 

(i) Concept of the Training 

This training on river administration and integrated flood risk management has been 

designed so that engineers and technicians of DNGRH and ARAs can acquire 

comprehensive knowledge on basic of river administration and integrated flood risk 

management.  The training plan has been prepared to cover understanding basic of river 

administration, flood hazard, flood impact, structural measures, non-structural measures, 

evaluation of the project, determination of target protection level, implementation of 

integrated flood risk management, and reviewing and improvement of the management 

system.  Based on this training plan, DNGRH and ARAs can plan and implement 

training on basic river administration and integrated flood risk management.   

Since the training institution or financial source of this training program has not been 

decided yet, the concept, syllabus and contents of the training should be clearly 

understood by any institution that implements this training.  And it is also very important 

to secure the quality of training.  Therefore, the part of integrated flood risk management 

of this training plan is prepared based on one of the standard guides of integrated flood 

risk management, "Cities and Flooding", a Guide to Integrated Urban Flood Risk 

Management for the 21st Century, Abhas K Jha/ Robin Bloch/ Jessica Lamond, the World 

Bank".  Although the guide focuses partly on urban flood risks but the basic concept is 

applicable for both urban and non-urban flood risks.  By referring the guide, the contents 

of the training can be standardized. 

Since the training plan has been prepared to acquire comprehensive knowledge on 

integrated flood risk management, for learning in depth specific techniques such as river 

modeling, GIS, etc., a separate training should be implemented. 

• Training on River Administration and Integrated Flood Risk Management 

• Training of Hydrological & Hydraulic Trainers and IFAS & Auto IFAS Modeling Trainers 
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According to the official in charge of human resources development of the Administrative 

Division of DNGRH and another official in charge of the training project supported by the 

World Bank Project, there is no training institution that can conduct training on flood risk 

management in Mozambique.  But there are several universities such as Kwazul Natal 

University, Rhodes University, etc. in South Africa, which has specialty in hydrology and 

can conduct the such trainings  

Flow of the training program is as shown in Figure 4.1. 

 

Figure 4.1  Flow of Training Program for Integrated Flood Risk Management 

(ii) Proposed Training Program 

The training program has been prepared as shown in Table 4.1.  The training hours are 

proposed temporarily as indicated in the table, but it can be properly adjusted at the time 

of actual implementation.  The program should be implemented not only by lectures but 

also by exercise and group discussions. 

  

(2)    Understanding Flood Impact 

(3)    Integrated Flood Risk Management: Structural Measures 

(4)    Integrated Flood Risk Management: Non‐structural Measures 

(5)    Evaluating and Determine Appropriate Flood Risk Management Options 

(6)    Implementing Integrated Flood Risk Management   

(7)    Reviewing and Improving the Integrated Flood Risk Management System 

(1)    Understanding Flood Hazard 

1.    Understanding Basic River Administration 

2.    Integrated Flood Risk Management 
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Table 4.1  Training Program on River Administration and Integrated Flood Risk Management 

 Module Program Hours 

A  Understanding River Administration 12 hours  
(2 days)  0.1 Social engineering knowledge 

 0.2 Engineering knowledge 

B  Integrated Flood Risk Management 12 hours 
(2 days) B-1  Understanding Flood Hazard 

 1.1 Type and cause 

 1.2 Probability of flooding 

 1.3 Flood hazard assessment 

 1.4 Climate change and sea level rise 

B-2  Understanding Flood Impact 12 hours 
(2 days)  2.1 Direct impact 

 2.2 Indirect impact 

 2.3 Vulnerability and Risk assessment 

B-3  Integrated Flood Risk Management: Structural Measures 12 hours 
(2 days)  3.1 Conveyance 

 3.2 Flood storage 

 3.3 Drainage systems 

 3.4 Infiltration 

 3.5 Wetland and environmental buffers 

 3.6 Flood proofing, resilience/ resistance 

 3.7 Flood defense 

B-4  Integrated Flood Risk Management: Non-structural Measures 18 hours 
(3 days)  4.1 Flood zoning, land use planning 

 4.2 Flood awareness campaigns 

 4.3 Health awareness 

 4.4 Solid and liquid waste management 

 4.5 Flood insurance 

 4.6 Early warning system 

 4.7 Evacuation 

 4.8 Emergency response 

 4.9 Flood recovery and reconstruction 

B-5  Evaluating and Determine Appropriate Flood Risk Management 
Options 

12 hours 
(2 days) 

 5.1 Evaluating cost and benefit 

 5.2 Defining "target protection level" 

B-6  Implementing Integrated Flood Risk Management 18 hours 
(3 days)  6.1 Implementation 

 6.2 Community engagement 

 6.3 Community-based measures to increase resilience 

 6.4 Financing flood risk management measures 
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 6.5 Sustainable maintenance system 

 6.6 Preventing failure: effective monitoring systems and protocols 

 6.7 Evaluation 

B-7  Reviewing and Improving the Integrated Flood Risk Management 
System 

6 hours 
(1 day) 

 7.1 Twelve key principles for integrated flood risk management 

 7.2 Integrated flood risk management process 

 7.3 Benchmarking and monitoring 

 7.4 Reviewing and improving 

  Total: 102 hours 
(17 days) 

 

(iii) Proposed Syllabus of the Training Program 

Syllabus of the training has been prepared so that engineers and technicians of DNGRH 

and ARAs can acquire comprehensive knowledge on basic of river administration and 

integrated flood risk management as presented below: 

 

A.  Understanding River Administration 

Title 1.  Understanding River Administration 

Description of 
the Program 

In recent years, flood disasters have occurred more frequently and been more 
enormous because of climate change, land development, urbanization, etc.  In 
order to tackle such flood disasters caused by uncertain factor, administrative 
officers have to consider legal, administrative, social and engineering aspects. 
The Program deals wide and basic knowledge of river administration for future 
training.   

Objective - To understand social engineering knowledge for integrated flood 
management, e.g. policy of disaster mitigation, disaster management, reginal 
disaster management plan, etc.  

- To understand engineering knowledge for integrated flood management, e.g. 
hydrological cycle, river morphology, climate change, etc.  

Duration 12 hours (2 days) 

Program 1) Social engineering knowledge 
 Social system against flood disasters 
 Policy and regal for flood management 
 Policy making process 
 Conflict management for international rivers 
 Consensus building (Project Cycle Management) 

2)  Engineering knowledge 
 Basic concept of Integrated Flood Risk Management 
 Disaster management cycle 
 Hydrological cycle 
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 River morphology 
 Climate change and effect for flood 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

B.  Integrated Flood Risk Management 

 B-1  Understanding Flood Hazard 

Title 1.  Understanding Flood Hazard 

Description of 
the Program 

Floods are natural phenomena, but they become a cause for serious concern when 
they exceed the coping capacities of affected communities, damaging lives and 
property.  It is necessary to understand flood hazards in order to perform proper 
prevention, mitigation, preparation and damage reduction activities.  
The Program deals the types and sources of flooding, and their frequency and 
probability. Ways of quantifying and assessing the flood hazard are then 
highlighted. The issue of dealing with changing flood hazard due to anticipated 
climate change is discussed.  

Objective - To understand flood hazard which is essential for prevention, mitigation, 
preparation and damage reduction activities   

- To acquire knowledge of the types and causes of flooding, probability of 
occurrence, flood hazard modeling and mapping, and influence of anticipated 
climate change  

Duration 12 hours (2 days) 

Program 1) Type and cause 
 River floods, urban floods, flash floods, etc. 
2)  Probability of flooding 
 Probability of occurrence of floods, uncertainties in flood probability 

estimations. 
3)  Flood hazard assessment 
 Data requirements for flood hazard assessment, preparation of flood hazard 

map. 
4) Climate change and sea level rise 
 Potential impacts of climate change, incorporating climate change scenarios 

in probability analysis and flood risk management. 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 B-2  Understanding Flood Impact 

Title 2.  Understanding Flood Impact 

Description of 
the Program 

In this program, risks to life, health, buildings, infrastructure and other properties 
caused directly or indirectly by flood water are discussed. How to perform a 
damage assessment is also discussed. Other effects of flooding, including the 
impacts on the natural environment and longer-term human and social impacts 
(including effects on demography, economic, political and institutional impacts), 
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psychological and mental effects of flooding on people are also discussed. 
Various options for assessment of risk and vulnerability, together with approaches 
to mapping, and includes discussion of the types and sources of data required are 
also discussed. Categories of vulnerability and the factors affecting their rate of 
exposure are presented. How to undertake a vulnerability assessment is explained. 

Objective - To understand the direct and indirect impact of floods 
- To acquire knowledge how to conduct flood damage assessment, 

vulnerability assessment, vulnerability mapping, flood risk mapping, etc. 

Duration 12 hours (2 days) 

Program 1) Direct impact 
 Impact to residents, buildings and contents, crops and animals, cascading 

impact, flood damage assessment. 
2) Indirect impact 
 Natural environment, human and social impacts, economic and financial 

impacts, others. 
3) Vulnerability and Risk assessment 
 Assessing vulnerability, vulnerability map, flood risk map 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

 B-3  Integrated Flood Risk Management: Structural Measures 

Title 3.  Integrated Flood Risk Management: Structural Measures 

Description of 
the Program 

Integrated flood risk management, which includes both structural and 
non-structural management measures, is required to reduce flood risk. This 
program focuses on structural measures that are used to control the flow of water, 
within the context of an integrated approach for flood risk management. The 
measures include structural solutions such as river improvement, retarding basin, 
drainage channels, wetlands and natural buffers, etc.  
The program gives an overview of integrated flood risk management options by 
both structural and non-structural measures. Then the program explains structural 
measures in detail. It describes the purpose of conveyance, which is the provision 
of a route to take potential floodwater away from areas at risk. Flood storage 
measures aimed at reducing the peak of flood flows are discussed.  Drainage 
systems and infiltration are also discussed.  Utilization of wetlands and 
environmental buffers are also considered as measures to reduce the amount and 
speed of rainwater runoff in areas. Flood proofing by the design of buildings that 
can reduce their vulnerability to flood impact is discussed.  Then, flood defense 
measures that aim at reducing the risk from flooding of people and the developed 
and natural environment are discussed. 

Objective - To acquire knowledge on various structural measures those are used to 
control the flow of water, within the context of an integrated approach for 
flood risk management.  

- To understand effectiveness of wetlands and environmental buffers 
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- To understand flood proofing and flood defense to reduce flood risks 

Duration 12 hours (2 days) 

Program 1) Conveyance 
 Modification of river, flood relief channel, floodplain restoration, other 
2) Flood storage 
 On-line and off-line storage, temporary storage in urban area, other 
3) Drainage systems 
 Sewers and drains, major and minor drainage systems, interface with river 

system, semi-natural system, surface water management plan, etc. 
4) Infiltration 
5) Wetland and environmental buffers 
6) Flood proofing, resilience/resistance 
7) Flood defense 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

 B-4  Integrated Flood Risk Management: Non-structural Measures 

Title 4.  Integrated Flood Risk Management: Non-structural Measures 

Description of 
the Program 

The Program focuses on non-structural measures applied for flood risk 
management.  The measures do not require large investment for infrastructures, 
but rely instead on a good understanding of flood hazard and adequate forecasting 
systems.  
The program discusses non-structural measures in terms of four principal 
purposes: preparing for flooding, avoiding flooding, planning for and managing 
flood emergencies, and recovering from flooding. Awareness rising of flooding 
through campaigns which minimize the impacts of floods and health awareness 
campaigns to reduce harmful impact on public health contributes to enhance 
preparedness. The program also discusses land use planning for avoidance of 
flood risk and reduction of impacts, and incorporation of flood zoning into land 
use planning procedures. Then we discuss flood insurance, risk financing, 
compensation and tax relief which serve to reduce or transfer risk and damage 
through risk assessment. The program also covers the crucial practice of solid and 
liquid waste management. The program then discusses emergency planning, 
rescue and temporary shelter measures. Business including government continuity 
planning, early warning systems; evacuation planning, flood recovery and 
reconstruction methods and processes are also dealt in the Program. 

Objective - To understand non-structural measures such as flood zoning and land use 
planning, flood awareness campaigns, health awareness, solid and liquid 
waste management, flood insurance, early warning system, BCP, evacuation, 
emergency response, flood recovery and reconstruction, etc. for flood risk 
management 

Duration 18 hours (3 days) 

Program 1) Flood zoning, land use planning 
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 Land use planning and flood risk management, integrating land use planning 
and flood risk management, how to produce land use plans that incorporate 
flood risk management 

2) Flood awareness campaigns 
 Awareness campaign design, communication channel, monitoring awareness 
3) Health awareness 
 Necessity of health awareness campaigns, key components of health 

awareness campaigns, benefits, how to conduct a health awareness campaign 
4) Solid and liquid waste management 
 Management of solid waste, management of liquid waste and drainage,  
5) Flood insurance 
 Level of insurance coverage, requirements for market-based insurability, 

danger of adverse selection and moral hazard, micro-insurance, risk financing 
mechanism, compensation and tax relief schemes, essential considerations to 
support the introduction of effective flood insurance 

6) Early warning system (EWS) 
 Effective early warning system, flood warning dissemination, appropriate 

message content 
7) Evacuation 
 Organizational aspects of evacuation planning, provision of flood shelters and 

refuges, location and size of shelters and refuges, water supply and sanitation 
facilities, stockpiles of materials, communication system,  

8) Emergency response 
 Emergency planning, damage avoidance, flood emergency preparedness 

activities, evacuation and rescue, business and government continuity 
planning (BCP) 

9) Flood recovery and reconstruction 
 Access and solid waste clearance, mitigating damage, assessment and 

prioritization of needs, post-disaster reconstruction and resettlement, how to 
restore flood damaged buildings,  

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

 B-5  Evaluating and Determine Appropriate Flood Risk Management Options  

Title 5.  Evaluating and Determine Appropriate Flood Risk Management Options  

Description of 
the Program 

The impacts of flooding can be devastating and deadly, resulting in the need to 
manage the risks of flooding by governments, municipalities, communities and 
individuals. The various measures or solutions which are available to manage 
flood risks.  Government decisions about implementation of flood risk 
management need to be balanced against other national priorities.  
This program focuses on evaluating costs and benefits in monetary terms using 
Cost Benefit Analysis (CBA). It is also important to take a broader view and 
consider the effect of flood risk management that cannot be quantified. This need 
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can be addressed by the use of Multi-Criteria Analysis (MCA). 
It is also necessary to determine the acceptable level of flood risk and to decide 
between alternatives, while taking account of wider policy, equity, social issues, 
and uncertainties. 

Objective - To acquire knowledge on Cost Benefit Analysis (CBA), Multi-Criteria 
Analysis (MCA) and consideration of Operation and Maintenance (O&M) 
cost, which are all important for decision making of a project implementation. 

- To acquire knowledge on how to define "target protection level". 

Duration 12 hours (2 days) 

Program 1) Evaluating cost and benefit 
 Cost benefit analysis, multi-criteria analysis (MCA) of cost benefit and 

socio-environmental issues, operation and maintenance cost 
2) Defining "target protection level" 
 Acceptance of risk ‘As Low As Reasonably Practical’ principle, opportunity 

cost, the value of a life, demands of insurability, benchmarking and regional 
cross-cooperation, decisions under uncertainty, no regret solutions, flexible 
solutions, decision trees 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

 B-6  Implementing Integrated Flood Risk Management 

Title 6.  Implementing Integrated Flood Risk Management 

Description of 
the Program 

This program discusses the process of implementing integrated flood risk 
management which combines structural and non-structural measures. In 
implementing an integrated approach, the role of well-functioning institutions, the 
participation of stakeholders, and the engagement of communities are vital. 
Implementation also requires sustainable arrangements for financing. 
Maintenance of the implemented measures, preventing their failure, and 
evaluating their utility are also keys for successful implementation.   
The program covers the role of formal and informal institutions, involvement of 
stakeholders, and public-private cooperation for flood risk management.  It 
discusses the important role of community engagement in flood preparedness and 
mitigation, the application of community-based measures to enhance resilience. 
It also deals the financing for flood risk management, operation and maintenance 
of both structural and non-structural measures, the monitoring of projects and 
processes to prevent failure, and the evaluation of flood risk management 
measures. 

Objective - To acquire basic knowledge for implementation of integrated flood risk 
management measures such as role of institutions and stakeholders, 
community engagement, financing, operation and maintenance system, 
monitoring system to prevent failures, and evaluation system. 

Duration 18 hours (3 days) 

Program 1) Implementation 
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 Role of institutions, how to perform institutional mapping, linking flood risk 
management with urban governance and management, allocation of 
stakeholder responsibilities for flood risk management, public-private 
cooperation 

2) Community engagement 
 Importance of community involvement, stakeholders involved in community 

engagement, understanding local knowledge and capacities, sharing of 
information and knowledge, how to engage local communities in flood risk 
management 

3) Community-based measures to increase resilience 
 Key components, when and where to use Community-Based Measures, 

benefits and drawbacks of the Community-Based Measures 
4) Financing flood risk management measures 
 Financing integrated flood risk management, grants and Loans from 

international development funds, climate change adaptation schemes, 
insurance measures including government, private and micro-insurance 
schemes, foreign direct investment, Public-Private-Partnerships (PPP), 
incentives for individual private investment, integration of policies and 
activities, charitable funding, market-based loans, and microfinance 

5) Sustainable maintenance system 
 Operation and maintenance considerations for structural works, maintenance 

of flood prevention infrastructure, waste management and drain cleaning, 
planning regulation, enforcement and integration of policies and activities, 
financing operations and maintenance 

6) Preventing failure: effective monitoring systems and protocols 
 Failure routes, hard engineered defenses, drainage systems, forecasting and 

early warning systems, emergency procedures, land use planning regulations, 
and environmental monitoring 

7) Evaluation 
 Design of evaluations, measuring and analyzing impact, Benefit-Cost Ratio, 

distribution of benefits (gender and cultural aspects), evaluation feedback for 
improving future project design and implementation. 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

 B-7  Reviewing and Improving the Integrated Flood Risk Management System 

Title 7.  Reviewing and Improving the Integrated Flood Risk Management System 

Description of 
the Program 

This program summarizes the essential considerations for the integrated flood risk 
management discussed so far.  It addresses the questions of how to initiate 
integrated flood risk management and how to calculate progress towards an 
effective integrated flood risk management framework. Evaluation and 
benchmarking are important steps in improving the design and implementation of 
flood risk management measures, both structural and non-structural. 
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This program starts with 12 principles for integrated flood risk management. 
Then it focuses on a five-step process to integrate flood risk management. The 
benchmarks are set out for the 12 principles of integrated flood risk management. 
The benchmarks are designed to test progress towards the full integration of 
structural and non-structural measures, involving multiple stakeholders and 
within wider management in the longer term. This is helpful for discussions 
regarding the setting of future targets for the improvement of the integrated flood 
risk management.  

Objective - To understand how to monitor the progress of the integrated flood risk 
management by applying benchmarks and identify what is required to 
advance towards a more integrated solution for improvement of the flood risk 
management. 

Duration 6 hours (1 day) 

Program 1) Twelve key principles for integrated flood risk management 
 Remind of the principles for integrated flood risk management. 
2) Integrated flood risk management process 
 Five-step process to integrate flood risk management 
3) Benchmarking and monitoring 
 Benchmarks in the development of better flood risk management, in 

alignment with the twelve principles and the five stages of delivery 
4) Reviewing and improving 
 Based on the benchmark table discussed above, review the work that has been 

done in a particular area, identify how far they have met the principles at that 
stage, and thereby establish what is required to advance towards a more 
integrated solution. 

Profile of 
Participants 

Engineers and technicians of DNGRH, ARAs and concerned institutions in 
charge of flood risk management. 

 

(2) Training of Hydrological & Hydraulic Trainers and IFAS & Auto IFAS Modeling 

Trainers  

 

(i) Concept of the Training 

The training of hydrological & hydraulic trainers and IFAS & Auto IFAS modeling 

trainers were implemented by JICA Expert in charge of river management technology as 

one of the key project activities.  Six engineers of DNGRH and ARA-Sul were trained as 

trainers. 

The main objectives of the training were improvement of understanding of hydrological 

and hydraulic phenomena and development of knowledge and skill to utilize satellite 

rainfall data, IFAS, Auto IFAS, and improvement of early alert system.   

IFAS (Integrated Flood Analysis System): IFAS is a concise flood-runoff analysis system 
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as a toolkit for more effective and efficient flood forecasting in developing countries 

developed by ICHARM - Japan.  IFAS can utilize both ground-based and satellite 

rainfall data.  Therefore, it is suitable for the developing countries which usually have 

very limited ground-based rainfall observations.  Auto IFAS enables to display useful 

information for early warning system such information as hydrograph, dynamic maps and 

disseminating alert emails. 

Trainees can acquire the following knowledge and skills: 

• Basics of hydrology and hydraulics necessary for flood management, 

• Characteristics and importance of hydrological observation data, 

• Methodology to elaborate and utilize a discharge rating curve and its importance, 

• Methodology to utilize satellite-based rainfall data, 

• Establishment and calibration of IFAS and Auto IFAS model, and instruction method, 

• Related techniques of establishment of the model including GIS application, 

• Methodology to set alert level and its importance, and 

• Operation and maintenance of the early warning system (Auto IFAS) 

 

(ii) Proposed Training Program 

The training program has been actually applied for the training of the trainers during the 

Project and had a good reputation from the participants.  The training program is as 

shown in Table 4.2. 

 

Table 4.2 Training Program (Training of Hydrological & Hydraulic Trainers and 
IFAS & Auto IFAS Modeling Trainers) 

Day Subject Remarks 
Day 1 
 

 Guidance of Training course 
 Outline of Auto IFAS, Auto Rain 

Download , IFAS, GSMaP, GFAS, QGIS, 
Google Earth Pro, VMware 

 Review of available manuals 
 How to get required free software 
 Self-practice of checking PC’s hardware 

capabilities (CPU, RAM, HDD, OS, 
Language setting) 

 Self-practice of software installation  

Lecture and 
Self-practice 
 

Day 2 
 

 Review and learn on software installation 
problem 

 Self-practice of software installation and 
IFAS modelling  

 Error handling for IFAS modeling 

Lecture and 
Self-practice 
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Day Subject Remarks 
Day 3 
 

 Lecture on Hyetograph, Hydrograph, H~Q 
relation, Uniform flow vs Non-uniform flow, 
Steady flow vs Unsteady flow 

 Understanding the hydrological 
observation network and available data 
(rainfall, water-level and discharge) in 
Mozambique 

 Preparation of H~Q relation at Mocuba 
Bridge (Station E-91) (1/3): using observed 
data 

 Preparation of H~Q relation at Mocuba 
Bridge (Station E-91) (2/3): using uniform 
flow calculation result 

Lecture and 
Self-practice 
 

Day 4 
 

 Application of MIKE11 for cross-section’s A 
and R 

 Preparation of H~Q relation at Mocuba 
Bridge (Station E-91) (3/3): using 2D flow 
simulation results 

 IFAS calibration (1/2) 

Lecture and 
Self-practice 
 

Day 5 
 

 IFAS calibration (2/2) Self-practice 
 

Day 6 
 

 Overall Auto IFAS setup 
 Auto IFAS setting on E-mail alert delivery 
 Auto IFAS test run 

Self-practice 
 

Day 7 
 

 Auto IFAS operation drill using 2015 flood 
event 

 Discussion and preparation of alarm level 
 Discussion and preparation of alarm 

delivery protocol 
 Practice of alarm delivery protocol 
 Preparation of 1 day Training program (for 

Day 09) 

Lecture, Self-practice 
and discussion 
 

Day 8 
 

 Case study on Operation and Maintenance 
of Auto IFAS 
 Power failure 
 Network failure 
 Error messages 

 Auto IFAS outputs review 
 LAN setting for GSMaP data download in 

DNGRH 
 Overall review 

Lecture and 
Self-practice 
 
Trainees will organize 2 
days training as trainer. 

Day 9 
 

Training Practice for IFAS and Auto IFAS 
modelling 
 

Inviting 4 beginner 
trainees from DGBH 
and ARA-Sul. 

 

All the manuals, materials and data used for the Training of Hydrological & Hydraulic 

Trainers and IFAS & Auto IFAS Modeling Trainers are stored on Google Drive so that all 

the trainers can utilize the materials any time through internet. 

(https://drive.google.com/drive/folders/0B9mP2S0_MYRfY1RpMFpPR0NtbHM) 
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It is strongly recommended that the trainers conduct the trainings for other engineers and 

technicians of DNGRH and ARAs for expansion of the knowledge and skills on hydrology, 

hydraulics and effective use of IFAS and Auto IFAS. 

 

4.2 Organizational Development 

(1) New Organization of the Ministry of Public Works, Housing and Water Resources 

In July 2015, the new organization of the Ministry of Public Works, Housing and Water 

Resources was officially decided by the Resolution No.19/2015.   

According to the Resolution, the duties of the Ministry are described as follows: 

a) Direction and planning of the public works, ensuring the effectiveness of the investments; 

b) Quality control of the public works, to ensure safety and durability;  

c) Construction, rehabilitation and maintenance of the public infrastructures, namely roads and 

bridges, water supply system, sanitation, retention, protection and storage of water; 

d) Definition of the system of design, execution and supervision of the public works; 

e) Regulation of the use of the quality control of materials and construction elements; 

f) Promotion of the construction industry; 

g) Management of the public network of roads and bridges; 

h) Guarantee of the sustainable development, unity and complementarity of the national road 

network; 
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i) Creation and development of the normative conditions and infrastructures of housing 

access; 

J) Promotion and support of the construction programs for social housing; 

k) Implementation of policies and strategies for exploitation, rational use and 

sustainability of water resources; 

l) Evaluation of water resources, determination of the needs at river basin level; 

m) Availability of water in quantity and quality for responding the challenge for 

socio-economic development; 

n) Management of water resources, ensuring its best use and exploitation in a rational 

and sustainable way, as well as for prevention and mitigation of the impacts of floods 

and droughts; 

o) Implementation of policies and strategies for better use of services of water supply and 

sanitation; and 

p) Guarantee universal access to water supply and sanitation. 

The new structure of the Ministry of Public Works, Housing and Water Resources is as shown 

Figure 4.2: 

Figure 4.2  New structure of the Ministry of Public Works, Housing and Water Resources 
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As seen in the above b) and c), the functions of the former DNA were transferred to the two 

new directorates, i.e. National Directorate of Water Resources Management and National 

Directorate of Water Supply and Sanitation.  The National Directorate of Water Resources 

Management is responsible for water related disaster risk management as one of its tasks and is 

the main counterpart of this JICA assistance.  The National Directorate of Water Resources 

Management has the following mandates according to the Resolution: 

Table 4.3  Mandate of the National Directorate of Water Resources Management (DNGRH) 

Mandate of the National Directorate of Water Resources Management (DNGRH) 

a) Propose policies and strategies of development, conservation, appropriate use and 
exploitation of water resources of river basins; 

b) Ensure availability of water resources in quantity and quality for different uses; 
c)  Coordinate cooperation actions in the domain of shared water resources, ensuring the 

participation of the cooperative organizations in water control; 
d) Assess the achievement of international agreements about the use of shared water resources; 
e) Periodically assess water resources of the river basins and the water needs at national and 

regional levels; 
f)  Establish a cadaster of the use and exploitation and operate in national information system 

about water resources; 
g) Elaborate and monitoring the implementation of the river basin plans to support at short, 

middle and long term, the use and exploitation, conservation and development of water 
resources following the principle of unity and consistency of the management of river basin; 

h) Promote investments for the construction and maintenance of a strategic exploitation for 
management, storage, protection, transportation of water, as well as the regulation of the river 
mouth, ensuring its sustainable use; 

i)  Realize strategic studies for conservation, protection and development of water resources; 
J)  Elaborate legislative proposal and regulation about water resources and ensure its inspection 

and accomplishment; 
k)  Maintain updated cadaster with aim to ensure the conservation of the heritage of the public 

water domain; 
l)  Ensure the integrated and rational management of the water resources of the administration 

system of water resources, in the base of the river basins; 
m)  Ensure the strategic planning for the management of the water resources; 
n)  Ensure the establishment of the flood forecasting and early warning system; 
o) Elaborate, update and monitoring the implementation of the national plan for the construction 

of hydraulic infrastructure; 
p) Promote investments for the construction, maintenance and expansion of infrastructure for 

management, protection and storage of water; 
q) Propose definition of the risk area prone to floods and droughts; 
r)  Realize other activities which are superiorly determined in the terms of the present Statute 

and by the applicable low. 
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Organizational structure of the National Directorate of Water Resources Management is as 

indicated in Figure 4.3. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3  Organizational Structure of the National Directorate of Water Resources Management 

 

(2) Advise of JICA Team for Organizational Plan 

 From the technical viewpoint, a river management authority like DNGRH should have 

three major functions, i.e. 1) strategic planning, 2) implementation of the planned 

measures, and 3) operation and maintenance (O&M). 

 Strategic planning is very important role for river management authority.  DNGRH 

should have strategic plan for the river basins to flow flood water safely in coordination 

with all development sectors such as structural development, bridge construction, 

irrigation development, etc.   

 In Mozambique, operation and maintenance of the river facilities are mandate of ARAs.  

However DNGRH should have a department in charge of O&M at national level that 

formulates policy and strategies of O&M and oversees all the O&M activities of ARAs.   

 Monitoring of hydrological data, data compiling and archiving, management of the river 

space, management of the water use lights, approval of water usage are also the important 

tasks of the department of O&M.  The department of O&M should be separated from the 

department of implementation, because it should have a strong administrative power to 

oversee and control utilization of water, river space, etc.  Water use administration and 

river space administration are very important function of the department of O&M. 

 The task of the Division of Human Resources should be specialized in technical training 

and capacity development of human resources.  Administrative works relating to human 
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resources such as contracting, recruitment, retirement, salary adjustment, etc. should be 

implemented by other administrative division. 

 It was a good development that the River Basin Management Department was newly 

established. 
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5 Overall Recommendations and Action Plan 

Chapter 2, 3 and 4 present recommendations regarding water related disaster management, 

formulation of water related disaster management plan and human resources and institutional 

development.  This chapter clarifies issues/problems at the beginning of the Assistance, activities 

in the Assistance, improved/obtained knowledge and skills, and next actions.  And then it 

illustrates Action Plan for implementation of next actions. 

 

5.1 Issues/Problems, Activities, Improved/Obtained Knowledge and Skills, and Next 
Actions 

Activities conducted in the Assistance are mainly divided into the following 7 fields. 

A. Hydrological observation/ Hydrological data 

B. Characteristics of river / river basin 

C. Structural measures 

D. Flood early warning system (non-structural measure) 

E. Easily understandable disaster information (non-structural measure) 

F. Inventory of river management structures 

G. Human resource and institutional development 

 

At the beginning, we conducted baseline survey trough work shop and interview in order to grasp 

the issues/problems regarding flood risk management.  And then we designed and conducted a 

variety of activities based on the defined issues/problems.  Through these activities C/P 

improved/obtained their knowledge and skills about flood risk management.  However, it remains 

for C/P to further strengthen even after completion of the Assistance.  Finally, JICA Team made 

recommendations as next actions to be done by C/P after the Assistance. 

Table 5.1 describes the above issues/problems [1], conducted activities [2], improved 

knowledges/skills [3] and next action [4] for each field from A to G. 

 

 

[3] Improved 
knowledge/skills of 
C/P 

[4] Next action to be 
done by C/P after the 
Assistance 

[2] Activities 
conducted in the 
Assistance 

[1] Issues/problems 
clarified by baseline 
survey 

Period of the Assistance After the Assistance 

Based on the  
issues/problems 

Through the activities For further strengthening 
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5.2 Action Plan 

JICA Team prepared the Action Plan for implementation of the above next actions in consideration 

of the priority and needed period as shown in Figure 5.1.  Action Plan is scheduled from 2018 until 

2030, which is the target year of Sendai Framework for DRR. 
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