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Introduction 
 
The Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) and the Water, Peace and Security 
(WPS) partnership collaborate in the Frexus project in Mali, Chad and Niger. The aim of this project is 
to improve security and climate resilience in a fragile context through the Water-Energy-Food Security 
Nexus. ¢Ƙƛǎ ǊŜǇƻǊǘ ƎƛǾŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ²t{Ω ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǘƘŜ CǊŜȄǳǎ ǇǊƻƧŜŎǘ ŀƴŘ ƛŘŜƴtifies lessons 
learned, which can be of use in the further implementation of the project. 
 

Overview 
The vicious cycle of scarcity, competition, conflict and instability can be turned into a virtuous cycle of 
resilience, sustainable resources management, cooperation and security. The Frexus project, based in 
Mali, Chad and Niger aims to support the peaceful resolution of social tensions and conflicts between 
population groups that are caused or exacerbated by climate change in fragile areas. The project uses 
an integrated approach ς Water-Energy-Food (WEF) security Nexus ς to create and foster new 
opportunities ensuring long term sustainable development and peace. A Nexus approach entails 
considering the totality of the available sources for food, energy and water security and planning 
holistically how they can most efficiently together serve humans and conservation needs. Taking a 
Nexus approach to resource use and project planning in a basin allows to: 1) avoid undesired impacts 
on other sectors and conflicts between them, and 2) improve efficiency in use of natural resources for 
human livelihoods ensuring ecosystem conservation.  
 
The involvement of the three sectors takes place on an equal footing and the intersectoral discussion 
of relevant issues and joint development of solutions leads to win-win solutions or, where this is not 
possible, at least to jointly accepted trade-offs. 
 

Activities 
Throughout the different phases of the project a number of key activities were/will be carried out. 
WPS specifically collaborated with GIZ on the activities of the action development phase. This 
document solely reports ƻƴ ²t{Ω contribution to- and lessons learned from these activities.  
 
The action plan development phase aims to develop conflict-sensitive and climate-sensitive action 
plans via inclusive community workshops for the integrated management of land and natural 
resources considering the water-energy-food security nexus approach. In this phase, GIZ and WPS 
collaborate on: 
 
Á The extension of the Global hotspot identification and early warning tool with increased 

indicators to capture food and energy security dimensions. This enables the analysis of areas 

of potential conflicts over water, food and energy resources, as a starting point for 

developing climate sensitive and nexus-based responses to resources challenges, ultimately 

enabling sustainable and peaceful development under climate change conditions. 

Á The co-development of a local analytical tool, in a participatory manner with key local 

stakeholders, to assess the key drivers of conflict and assess local intervention options. 
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Global Early Warning Tool extension 
 

Introduction  
 
The Global Tool is an early warning and conflict identification tool that aims to identify areas that may 
suffer from natural resource conflicts in the future. The identification is based on the combination of 
several different indicators (based on open access data) which generally determine whether the 
challenges related to natural resources lead to conflicts. This allows early identification of potential 
conflicts (over a 12-month horizon) and therefore sufficient warning time for policy makers and other 
relevant actors to take action ς ideally preventing or at least mitigating these conflicts. At the same 
time, it allows finer spatial resolution (at the second-order administrative level, i.e. sub-provincial or 
district level) and therefore a better understanding of local dynamics on natural resources.  
 
Overall, the tool captures 86% of future conflicts, successfully predicting more than 9 out of 10 
ongoing conflicts and 6 out of 10 emerging conflicts. The trade-off for this high recall is poor accuracy 
for emerging conflicts. About 80% of all emerging conflict predictions represent false positives, that 
is, cases where a conflict was predicted but did not occur. 
 
With GIZ funding, we tested additional indicators capturing the food-energy-water nexus to 
understand if these indicators could improve the performance of the model.  Though we did not see 
ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ƳƻŘŜƭΩǎ ǇǊŜŘƛŎǘƛǾŜ ǇƻǿŜǊΣ ǿŜ ǿŜǊŜ ŀōƭŜ ǘƻ ǳǎŜ ǘƘŜǎŜ ŀŘŘƛǘƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊǎ ƛƴ Ŏŀǳǎŀƭ 
model and on the tool for users to better understand the local context. 
 
Global tool team members under GIZ: Charles Iceland, Samantha Kuzma, Liz Saccoccia, Alberto 
Pallecchi, Ninoslav Malekovic 
 

Process 
 
Data Preparation and Processing 
Data preparation and processing is typically the most time-consuming part of any data project. This is 
especially true for the WPS quarterly conflict forecast since our data must be kept up to date. Every 
step of our data journey is written in Python code so that it can be replicated into the future. We also 
make these scripts publicly accessible, so we take time to write comments and make sure the code is 
legible. 
The process included: 
Á Access the data 

Á Clean the data 

Á Create a timeseries of the data 

Á Create a data cube to access the data for the causal models 

Á Test data in the models 

Á Add relevant data to the website 

Detailed steps on this process are described in the appendix.  
 
Data Cube  
We also embarked on a time intensive process to convert our data storage into data cubes. The data 
cubes are structured to accommodate very different types of modeling, in a way that the simpler table 
could not, and these allow for the multiple modeling tracks to proceed independently while always 
utilizing identical data. 

https://github.com/wri/WPSI
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Detailed steps on this process are described in the appendix.  
 
Predictive Model 
As new data became available, we retrained the Random Forest (RF) model to see if model 
performance improved, and to test if any new indicators proved to be important. Here, importance 
ǊŜŦŜǊǎ ǘƻ Ƙƻǿ ǳǎŜŦǳƭ ŀ ƎƛǾŜƴ ƛƴŘƛŎŀǘƻǊ ǿŀǎ ŀǘ ƘŜƭǇƛƴƎ ǘƘŜ ƳƻŘŜƭ ƳŀƪŜ ŘŜŎƛǎƛƻƴǎΦ LǘΩǎ ƳŜŀǎǳǊŜŘ ǳǎƛƴƎ 
the Recursive Feature Elimination (RFE) process, which identifies the variables most effective for 
predicting conflict. As stated in the technical note, RFE starts with the full set of features, and 
repeatedly retrains the model, in each iteration eliminating the least important feature (defined by a 
coefficient attribute of feature importance) until only one feature remainsτin theory, the most 
important one. 
We found no noticeable improvement in the conflict forecasts. Despite testing almost 100 new 
indicators in the model, performance stayed stagnate compared to the pilot. Our original plan was to 
ǳǇƭƻŀŘ ǘƘŜ ƴŜǿ ƳƻŘŜƭ ǘƻ ǘƘŜ ƻƴƭƛƴŜ ǘƻƻƭ ƛŦ ƛǘ ǎǳǊǇŀǎǎŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭΦ LƴǎǘŜŀŘΣ ǿŜΩǾŜ ǇƛǾƻǘŜŘ ǘƻ ŦƻŎǳǎ 
on creating higher-performing models. We will train new types of algorithms using models that have 
better memory than the random forest approach. This means we can squeeze more information out 
ƻŦ ƻǳǊ ŜȄƛǎǘƛƴƎ ŘŀǘŀΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭ Ŏŀƴ ǊŜƳŜƳōŜǊ ŀƴŘ ǳǎŜ ŀ ŘƛǎǘǊƛŎǘΩǎ Ŧull history 
of conflict, rather than just the prior 12 months. We are using other streams of funding to pursue 
these types of models.  
Although model performance did not improve, we did find several new food-related indicators ranked 
in the top in terms of feature importance. We can study the structure of these indicators to learn how 
we can engineer better-performing inputs for our new models.  
 

Top ranked indicators added during GIZ work 

Annual evapotranspiration anomaly (standard deviation) 

Cropland (%) 

Livestock density: chickens 

Livestock density: pigs 

Pastureland (%) 

Surface water extent (area) 

Water consumption segment for highest income households (% of all consumption) 

 
Causal Model 
The objective of the causal model was to identify and estimate causal effects of variables that pertain 
to water, food, and energy insecurity on conflict outcomes. This objective required from us to 
benchmark such estimates using different causal models. Starting with a static causal model that does 
not account for mediating effects, the benchmarking was intended to compare such estimates (a) in 
isolation against such estimates after considering (b) structure of mediators and (c) passage of time. 
Given the resolution of data, we developed two static causal models (i.e., a and b). These models 
enable us to benchmark static causal effects of water and food on conflict outcomes (i.e., conflict 
events and reported fatalities) under demographic and conflict-related mediators. The dynamic causal 
model (i.e., c) remains an issue for reason that are explained below. 
 

https://www.wri.org/research/leveraging-water-data-machine-learning-based-model-forecasting-violent-conflict
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As we developed the static causal models, the key challenge has been and remains data. Some 
statistical challenges that we faced had to do with the sample sizes. One of the models consumes 
many more observations. Hence, we had to focus on districts to secure sufficiently numerous 
ƻōǎŜǊǾŀǘƛƻƴǎΦ aƻǊŜƻǾŜǊΣ ǎƻƳŜ ŎƘŀƭƭŜƴƎŜǎ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ōŜŜƴ ƻǾŜǊŎƻƳŜΥ bƻǘ ŀƭƭ ǘƘŜ ǾŀǊƛŀōƭŜǎΣ ǘƘŀǘ 
were made available to us, are available across all the resolutions (i.e., countries, provinces, districts): 
Energy-related variables are not available for districts. Hence, we had to drop them from our 
consideration until they become available for districts.  
 
As we delved into developing the dynamic causal models, absence of conflicts across time precluded 
extraction of time-series causal graphs. More than two thirds of analytical units have timeseries that 
follow this pattern. When it comes to the remaining analytical units where conflict outcomes vary 
across time, associations between time-series for different variables did not lend themselves to 
extraction of time-series causal graphs, despite several techniques that we applied to this end. 
Additional, social science and political variables should be made available to inform causal pathways 
behind conflict dynamics, as induced by water and food insecurity. 
 
In line with earlier studies, we showed that water insecurity causes conflict outcomes. Like findings of 
the earlier studies, ours hold in terms of anomalous evapotranspiration. Unlike earlier studies, our 
findings also hold in terms of standard precipitation and actual evapotranspiration. Unlike earlier 
findings that relied on data sourced from natural experiments, our findings rest on observational data 
alone. Finally, via causal graphs, we could also specify, identify, and estimate mediating effects of 
food-related variables and demographics on conflict outcomes. In short, the proof of concept is such 
that causal modeling can be used for extracting, transferring, and consuming domain knowledge in 
water-induced conflict research. The causal model will be launched at our anniversary event in 
December 2022 in Washington, D.C.  
 
Tool Updates 
 
New Datasets 
We worked with our partners to develop new datasets to assist users in understanding the on-the-
ground information about certain regions.  These datasets provide important contextual information 
about a location of interest including the status of local reservoirs and forecasted precipitation trends. 
²ŜΩǾŜ ŀŘŘŜŘ ǘƘŜǎŜ ŘŀǘŀǎŜǘǎ ǘƻ ǘƘŜ ǘƻƻƭ ƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅ-ǊŜƭŀǘŜŘ ƛƴŘƛŎŀǘƻǊǎ ǎǳŎƘ ŀǎ ΨtƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ 
ōȅ CǳŜƭ ¢ȅǇŜΩ ŀƴŘ ŦƻƻŘ-ǊŜƭŀǘŜŘ ƛƴŘƛŎŀǘƻǊǎ ǎǳŎƘ ŀǎ Ψ[ƛǾŜǎǘƻŎƪ 5ŜƴǎƛǘȅΩ ŦƻǊ ŀ ǾŀǊƛŜǘȅ ƻŦ ŀƴƛƳŀƭǎΦ Lƴ 
addition, ǿŜΩǾŜ ƘŀŘ ǘƻ ƳƻŘƛŦȅ ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜ ŘŀǘŀǎŜǘǎ ǘƻ Ŧƛǘ ƴŜǿ ǊŜǎǘǊƛŎǘƛƻƴǎΦ  LƴǎǘŜŀŘ ƻŦ ǎƘƻǿƛƴƎ 
the Armed Conflict Events and Locations Database raw values on the Water, Peace and Security tool, 
ǿŜΩǾŜ ǿƻǊƪŜŘ ǿƛǘƘ ǘƘŜ wŜǎƻǳǊŎŜ ²ŀǘŎƘ 5ŀǘŀ ¢ŜŀƳ ǘƻ ŀƎƎǊŜƎŀǘŜ ǘƘŜ data to the number of events per 
type per district.  See the appendix for the list of food and energy data sets.  
 
Functionality 
¢ƘŜ Ǝƭƻōŀƭ ǘƻƻƭ Ƙŀǎ ŀ ǿŜŀƭǘƘ ƻŦ Řŀǘŀ ǘƻ ŜȄǇƭƻǊŜ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘΣ ōǳǘ ǿŜΩǾŜ ŎƻƳŜ ǘƻ ƭŜŀǊƴ ǘƘŀǘ ŦŜǿ 
users are comfortable enough with data to take advantage of these functionalities. Therefore, we 
ǊŜƭŜŀǎŜŘ  ǾƛŘŜƻ ƭŜǎǎƻƴǎ ƻƴ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ǘƘŜ ǘƻƻƭΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǿŜΩǾŜ ƛƴŎƻǊǇƻǊŀǘŜŘ Řŀǘŀ ƻƴ ǘƘŜ ǘƻƻƭ 
into our quarterly updates to demonstrate how to include it in analyses.  
 
On the tooƭΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ŜȄǇƭƻǊŜ ŎƻƴǘŜȄǘǳŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŀ ŘƛǎǘǊƛŎǘ ƻŦ ƛƴǘŜǊŜǎǘΦ  .ȅ ŎƭƛŎƪƛƴƎ ƻƴ 
a district in the global tool, the side bar shows timeseries or descriptions of the conditions of that 
district (see below).  We increased the number of datasets that show this information in the side bar 
if those datasets are relevant at the district level, including the new food and energy related datasets.  
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Results 

Funding from GIZ allowed us to improve our data infrastructure, test additional indicators in the 
model, create a causal model, and improve the tool.  Though the additional indicators did not 
ƛƳǇǊƻǾŜ ƻǳǊ ƳƻŘŜƭΩǎ ǇŜǊŦƻǊƳŀƴŎŜΣ ŀŘŘƛƴƎ ǘƘŜƳ ǘƻ ǘƘŜ ǘƻƻƭ ŘƻŜǎ ŀƭƭƻǿ ǳǎŜǊǎ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ 
the food-energy-water-security nexus in a location of interest.  In addition, we created causal 
models that gave us insights to the causal relationships between water and conflict.  We found that 
anomalous evapotranspiration, standard precipitation, and actual evapotranspiration all have causal 
relations to conflict events.   
 

This valuable information has extended knowledge on causal relationships of water, food, 
and energy to insecurity, and has informed our future research.  We plan to create policy 
interventions built on the causal model, and are pivoting to a predictive model type that is 
stronger in time series analysis.   

 
Local analytical tool 
 

Approach and methodology  
 

The Frexus project in Chad, Mali and Niger 
The Frexus project in Chad, Mali and Niger, was designed to support the peaceful resolution of social 

tensions and conflicts between population groups that are exacerbated by climate change in fragile 

areas. The Sahelian region has experienced a convergence of different challenges in recent years and 

the security situation has deteriorated considerably. Community conflicts, for example between 

farmers and herders, have increased over time, and latent tensions have become open conflicts, even 

leading to the emergence of militias. In addition to this, the region is considered one of the most 

vulnerable to climate change globally and experiences a high fluctuation in rainfall leading to more 

unpredictable floods and droughts. As most livelihoods depend on the natural resources of these 

basins, scarcity and competition over these resources are increasing.  

Three specific areas of intervention (see Figure 1) were identified by GIZ in close collaboration with 

the EU/BMZ, the main partners and stakeholders on the ground, following the desk study and various 

missions in the three countries. The project, divided into three phases, aims to develop and test an 

assessment tool and methods to examine the links between resource use, climate change and conflict 

risk, and subsequently identify and implement activities to address the challenges that arise within 

this nexus, particularly in fragile contexts. The development of the local tool constitutes the 

finalization of phase 1 (Understanding/Diagnostic) and should feed into phases 2 (Action plans) and 3 

(Implementation). 
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Figure 1 - Zone of intervention of the Frexus project in Mali, Niger and Chad (Source: Frexus, 2022b). 

A local analytical tool 
The Water, Peace & Security Partnership, via Deltares, has worked with the Frexus project to facilitate 

the development of a local analytical tool to examine the links between resource use, climate change 

and conflict and assess the water resources situation. The final objective was the co-development of 

a local analytical tool, in a participatory manner with key local stakeholders, to assess the key drivers 

of conflict and assess local intervention options. The development of the local tool is illustrated in 

Figure 2. It follows three phases which will be detailed below: 1. Understanding of the system through 

the Causal Loop Diagram; 2. Definition of the usersΩ needs; 3. Data collection and integration into a 

policy dashboard. The dashboard as local analytical tool is an interactive platform for exploring and 

visualizing development and natural resource management scenarios and their potential impact on 

security and conflict risk. Eventually it should facilitate the dialogue and inform decisions on resource 

allocation and conflict prevention. 
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Figure 2 - Development phases of the local analytical tool 

 
Throughout the process, Deltares is responsible for the development of the tool and methodologies. 

The development of a dashboard fitting the local needs is, however, not possible without a clear 

consultation with key local stakeholders. This last aspect is executed by the country teams of GIZ that 

were responsible for the stakeholder consultation process, the identification of the users of the 

dashboard and the facilitation of local data collection (complementing online sources or global 

datasets identified by Deltares).  

 

Joint development and participative approach  
The tool development process is based on the approach illustrated in Figure 3. An iterative process is 

set up jointly with the stakeholders: the Ψco-developersΩ, representatives of government authorities 

and civil society organizations at national and local level. It is coordinated locally by a team of Ψco-

moderatorsΩ trained in the preliminary phase of the project (described in section 3.2.), who ensure an 

ongoing discussion with stakeholders and future users. The process has feedback loops between the 

different steps. Data, both quantitative and qualitative, and information are identified, discussed and 

enriched during different consultations with the stakeholders, during workshops, trainings and 

bilateral or group discussions. In this sense, the policy dashboard development process is just as 

important as the tool in its final version. This participatory process supports the defining of a common 

understanding of the situation and the links between natural resources and security. It also aims to 

achieve the development of a tool for which the users feel ownership, namely a tool that meets their  

needs and that includes the interventions they want to visualize. In addition, by opening the dialogue 

amongst different groups of stakeholders, this process makes it possible to strengthen reflections on 

governance systems and possibly to (re)build trust between stakeholders. 
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A common understanding of the links between natural resources and the 
risk of conflict 
The first phase of the approach consists of understanding the system. When designing solutions in 

fragile contexts, it is important to take into consideration the interrelationships between different 

realities in order to avoid solutions that create new problems. The system analysis suggests adopting 

a global view of the system in which we want to intervene and to consider the interdependence of the 

different aspects of the system rather than addressing only one aspect of this system. It considers how 

changes in one factor in a system propagate throughout the system. For each of the three regions, the 

analysis focused on the links between climate change, natural resources and the impact on the risk of 

conflict. It aims to better understand how the resources linked to the Water-Energy and Food Security 

Nexus play a direct or indirect role in the emergence of conflict. 

 

Using models ς as representations of the reality ς 

offers a communicable representation of the system 

complexity. In this case, άƎǊƻǳǇ ƳƻŘŜƭ ōǳƛƭŘƛƴƎέ ŀƴŘ 

more specifically the Causal Loop Diagram (CLD) is 

used as a methodology to jointly identify the 

interactions between the factors of the system. Group 

model building is an interesting methodology as it 

makes mental models (how we see the world) explicit 

and allows to discuss and understand how others 

perceive the world. Eventually, it aims at combining the understanding of the system of different 

actors into ŀ ΨŎƻƳƳƻƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩΦ A Causal Loop Diagram provides a visualization 

of the interconnections within the system. It is open to whatever is considered an important factor 

that influences the functioning of the system. In each of the three countries, a CLD is developed with 

the co-developers. Initially, the co-moderators conducted bilateral meetings which allowed the 

Figure 3 - Illustration of the process for the joint development of the local analytical tool 

 Group Model Building is a method in 
which a system is visually represented 
using System Dynamics to support a 
group in decision-making in complex 
problems. The aim is to structure a group 
process in which reaching consensus 
about and involvement in the decision is 
central. The model that is created is the 
means to achieve this goal (Vennix, 1996). 
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development of small diagrams, which were then integrated into a single diagram reviewed and 

discussed during a stakeholder workshop. 

 

 

Figure 4 ς The development of the Causal Loop Diagram for the case of Mali (Inner Niger Delta) 

From understanding to visualizing scenarios 
Joint analysis aims to create a common understanding not only of how the system works, but also of 

how to influence the system. The Causal Loop Diagram is therefore used to identify the main factors 

of interest for the different stakeholders, as well as the factors that could be modified most effectively 

to influence these factors of interest. Based on the diagram, the co-developers thus described the 

mechanisms of influence of the factors on each other. The factors considered most relevant were used 

for further discussion on the information that users would like to receive from- and visualize in a policy 

dashboard. Stakeholder dialogues and discussions can benefit from information and analysis, provided 

that this information is tailored to the information needs expressed by the stakeholders, or to the 

possible misunderstandings or disagreements on the functioning of the system identified during the 

first phase. In a second phase of the project, so-called dashboard user cases were collected. This 

means that the stakeholders have reflected on the users (who will use the policy dashboard?), the 

user needs (what information is useful?), and user objectives (why do they need this information?). 

These user cases (Who? What? Why?) allow us to tailor the dashboard to the local user needs. 

Tailoring in this case means the selection of indicators, the visualization elements, and adjusting the 

level of complexity. Since in most cases a large number of user cases have been collected, these were 

reviewed and grouped to reach the priority user cases. 

 

 

 

  

The data collection process is different in each country because it depends primarily on the requests 

from the stakeholders, but also on the available data and available resources to collect and develop 

new data and simulate scenarios. The scope of the project differed between the three countries, as 

Mali benefited from other activities developed by the Water, Peace and Security Partnership. In the 

case of Mali, a hydrological model was available and an agent-based model (see section 3.3.4.) was 

already in development. These products have contributed to the data and scenarios integrated in the 

policy dashboard. On the other hand, for Niger and Chad there were no data production tools at our 

disposal. In Niger, local data gathering of drought indicators took place, conducted by local partners, 

parallel to the implementation of the semi-quantitative approach. Finally, in Chad the semi-

Depending on the user needs for information, certain factors (elements of the Causal Loop Diagram) 

can then be quantified on the basis of (1) existing data (measured or modelled by external parties 

such as global data and projections), (2) through a local hydrological model, (3) using Agent Based 

Modelling (see section 0), or (4) using a semi-quantitative approach in which weights are given to 

factors of the Causal Loop Diagram by the local stakeholders (see section 0), in order to be able to 

visualize different scenarios in a dashboard.  
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quantitative approach was also adopted, and this was complemented by regional and global data 

accessible through open databases. 

In parallel with the data collection, the development of the dashboard has followed an iterative 

process, using several prototypes as illustrated in figure 5. Such a process is implemented through 

several cycles in which stakeholders provide feedback on new versions of the dashboard leading to 

the final version, which is used for training. The result of local analytical tool development is a product, 

although the development process, that is the means towards this objective, is equally important. It 

contributes to a shared system understanding that may not have existed before and can support trust 

building amongst the stakeholders. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5 - The development of the policy dashboard is based on the user cases.  
Several prototypes are made and discussed with the stakeholders, in parallel to the data 
collection. In the final phase, the users are trained to enable them to use the dashboard 
for their own cases. 

Although each region followed its own process and development, some key features have been 

commonly agreed upon, in order to have consistency amongst the final products. This makes it also 

easier to use for those stakeholders who are active in the different countries. 

Á The dashboard is developed with Microsoft Power BI software (free license) 

Á The dashboard is developed offline, but it is published online. Users only need a web 
browser and an internet connection to use it. The data is protected, hence it cannot be 
downloaded from the publicly published web version. 

Á Users do not need advanced computer skills to use the dashboard. 

Á The dashboard is interactive 

o Clickable buttons allow you to change indicators / scenarios / interventions  

o ¦ǎŜǊǎ Ŏŀƴ ŦƛƴŘ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ΨƛƴŦƻǊƳŀǘƛƻƴΩ ƛŎƻƴǎ 

Á The language of the dashboards is French 

Á The style/layout of the dashboards is standardized 

DŜƴŜǊŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ǇƻƭƛŎȅ ŘŀǎƘōƻŀǊŘ 
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Preliminary training of the co-moderators 
 

Introduction 
For the development of strategies to address security challenges related to resources, it is important 

that all involved actors have a shared perspective regarding the link between resources and security. 

This understanding helps identifying the factors that can be acted upon to influence resources and 

conflicts links: a first step in making decisions and implementing solutions. Several workshops are 

needed to develop this understanding in a participatory manner, as well as an interactive tool through 

which information is summarized and visualized. To obtain the information to be incorporated into 

the tool and to get feedback from participants, a series of 3-5 interactive workshops is foreseen. These 

workshops will be facilitated by local staff of GIZ and/or affiliated organizations. To enable the staff in 

doing so, a Train-the-Trainers session for the moderators is organized. 

 

Training objectives 
The main objective of the Training is to train co-moderators in facilitating and moderating 

participatory analysis workshops using interactive information tools to support the process of co-

development of the analytical tool. 

The learning objectives assigned to this training workshop are: 

1. Understand and apprehend the links between the Water-Energy and Food Security Nexus and 

security; 

2. Be able to explain the concepts of system thinking and policy analysis, as well as the role of 

qualitative and quantitative methods in analyzing systems and the impacts of policy actions; 

3. Be able to identify causal relationships between water and security in their countries; 

4. Be able to explain the role of the tool to be developed 

5. Be able to specify the use case and information needs as a basis for the development of the 

tool; 

6. Be able to co-facilitate and moderate participatory sessions in which participants jointly 

analyze systems qualitatively and, based on this, identify key policy issues. 

7. Optional: Become familiar with the use of the Vensim program and be able to train other users 

(depending on the time needed for other objectives); 

8. Understand the objectives of the Frexus project, define the roles of moderators, co-

developers (stakeholders), and the international team. 

 

Overview of the training 
Participants from Mali, Niger and Chad all travelled to Niamey, Niger where the training was delivered 

in a conference venue. The 20 participants of the three countries all came from different institutions. 

For three days, they were trained in the content and process they will facilitate in their own countries. 

The process and the role division were explained and discussed, and the participants also took part in 

group work and implemented exercises that they would later use in their workshops. Most of the 

exercises were done in groups per country. The program and results are summarized in the report of 

the workshop shared previously with Frexus (ΨCw9·¦{-participatory system analysis 

ǿƻǊƪǎƘƻǇψнлнмммлмέ).  
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With the skills and experiences developed through the training, the groups of co-moderators per 

country will be able to develop, together with GIZ and with feedback from Deltares, workshop 

programs and objectives for their respective countries. Through this process, they collect input for the 

development of an information tool and will later use the tool to support the discussion among the 

stakeholders. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

The country groups working on the group exercises. 
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Key achievements 
 

1. Generate ownership of the process 
An additional purpose of the training was to generate ownership of the process amongst the co-

moderators and allow them to understand, discuss and agree on their role. During the last day of the 

training, the roles were extensively discussed before being validated with all participants. This was a 

key step to create trust between the co-moderators and with the international team. The figure below 

summarizes the role division as agreed at the end of the training.  

 
Figure 6 - Role division as agreed with the comoderators at the end of the Train-the-Trainer 

session 

 

The final evaluation of the training highlighted that the roles and role division were understood and 

endorsed1 by the co-moderators. They also indicated to be confident in using their skills and 

experience, in combination with their local knowledge, to contribute to a successful implementation 

of the process (see figure 6).  

 
1 Tƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ΨǿƘŀǘ ǊƻƭŜ Řƻ ȅƻǳ ŜȄǇŜŎǘ ǘƻ ƘŀǾŜ ŘǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎƘƻǇǎ ?ΩΣ the participants answered with clear ideas that 
their role for the workshops will be co-moderator and facilitator of the process. 
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Figure 7 ς Question 3 of the final evaluation of the Train-the-Trainers : Which personal 
skills do you bring into the training and moderation process ? 

 
2. Capacity-building ς knowledge and methods 

The training is a crucial step in allowing the participants to become more familiar with the tools and 

methods suggested for the project. It is especially important not only that they become familiar with 

those methods, but also that they are able to use them in their own process. The training allowed to 

review some aspects of the methodology and adapt them to the needs and requirements of the local 

context. This has not only been done during the training but also throughout the process itself.  From 

the evaluation of the training, it appeared that:  

 

Á The training was mainly perceived as interactive, effective and useful. 

# category Detailed answers 

6x Interactive  Participative (2x), Interactive (2x), together 

with the others, common action 

6x Effective  Effective (2x), impactful, knowledge sharing, 
methodology 

5x Useful  Informative, relevant, useful, adapted 

Á All objectives, except the one on Vensim (see point 3), score between 3,6 and 4,0 on a 5 

point scale, indicating that the respondents feel these objectives are sufficiently reached. 

Á The objectives with the highest achievement status are: 

Á f. [participants] will be able to better understand the objectives of the Frexus project, define 

the roles of moderators, co-developers (stakeholders), and the international EPS team; 

Á g. [participants will] be able to co-facilitate participatory sessions in which participants 

jointly analyze systems qualitatively and, based on this, identify key policy issues and related 

information needs.  

 
Throughout the process of the development of the dashboard, the co-moderators were able to use 

and adapt the methods and tools which were presented during the training. Furthermore, some 
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participants also indicate that those methods are relevant and useful in other contexts and show some 

willingness to replicate the process in other settings. 

3. ¢ƘŜ ǳǎŜ ƻŦ ǘƘŜ ΨVensimΩ ǎƻŦǘǿŀǊŜ 
The evaluation and comments at the end of the training indicated that some confusion remained on 

the difference between Vensim, as useful software for the design of causal loop diagrams, and the 

tool to be developed as outcome of the Frexus project. In order to ensure a clear process, the team of 

GIZ re-addressed this aspect when designing the program of the first workshop with the co-

moderators. They clarified for each country the role of the tool and the difference with the Vensim 

software. Deltares also shared a document clarifying the use of Vensim. The confusion did not appear 

anymore in the next steps and development of the tool with the stakeholders.  

It also appeared that some co-moderators quickly felt able to use Vensim and voluntarily decided to 

use it when developing the preliminary CLD as outcome of bilateral discussions. Not only has the tool 

facilitated the development of the causal loop diagram, but it also seemed to be a tool that the co-

moderators can now successfully use, in a basic manner, for other projects.   

Mali 
 

Introduction 
In central Mali lies the Inner Niger Delta (IND), a unique ecosystem that is the largest wetland in West 

Africa. Formed by the meeting of the Niger River with the sandy Sahelian plains, this wide network of 

channels, swamps and lakes mitigates an arid climate and constitutes the second largest inland delta 

in Africa. The Delta, a vast flood plain stretching along 300 km over an area of 41,195 km2 is an area 

of ecological interest classified as a Ramsar site2. From July, the river floods the region during an 

annual flood that can reach up to 6 meters. This flood allows the development of a rich ecosystem, 

which is an important water source for cattle, the reproduction of fish, and food cultivation. As a place 

conducive to rice growing, fishing and livestock farming, the delta is also of importance to the 

country's economy: it provides 15% of the country's cereals, represents 80% of the national fish trade, 

30% of rice production, and 60% of the livestock stays there during the dry season. The ecosystem 

 
2 A Ramsar site is a wetland site designated to be of international importance under the Ramsar Convention, 
aiming at άǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ǿƛǎŜ ǳǎŜ ƻŦ ŀƭƭ ǿŜǘƭŀƴŘǎ ǘƘǊƻǳƎƘ ƭƻŎŀƭ ŀƴŘ ƴŀǘƛƻƴŀƭ ŀŎǘƛƻƴǎ and international 
ŎƻƻǇŜǊŀǘƛƻƴΣ ŀǎ ŀ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻǿŀǊŘǎ ŀŎƘƛŜǾƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿƻǊƭŘέ (Ramsar.org) 
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value of the services provided by the Inner Niger Delta is estimated at US$500 million (Wetlands 

International, 2020).  

 

Figure 8 - A year in the Niger Delta (developed by International Alert. Source: Water, Peace and 
Security Partnership, 2022) 

The diversity of uses of these same hydraulic spaces by communities throughout the year in a cyclical 

manner leads to conflicts related to the use of water resources. Moreover, the expansion of 

agriculture to meet the needs for food of a rapidly growing population contributes to heightening 

tensions between different population groups. According to Zwarts et al. (2009), the area of cultivated 

areas increased 2.3 times between 1975 and 2013, and irrigated areas almost quadrupled. 

Research in the Inner Niger Delta has shown that a decline in flooding resulted in overfishing, 

overgrazing and reduced cooperation between different ethnic groups (Wetlands International, 

2017). As an example, Morand (2016) indicated that conflicts can appear when water scarcity pushes 

farmers to crop fields in the lower flood plains, which are also used as grazing fields by herders. The 

pressure on this land can lead to conflicts between herders and farmers. In turn, these conflicts over 

land and scarcity of natural resources can be one of the reasons for rent-seeking by government 

officials, leading to an increase in anti-state and anti-elite sentiments among pastoralists (Benjaminsen 

& Boubacar, 2018). These sentiments can facilitate the support of jihadist groups in the region. The 

extent to which pressure on natural resources contributes to intra- and inter-community conflicts 
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needs to be better understood to identify possible ways to reduce conflict risks over natural resources 

or prevent further escalation. 

The Water, Peace and Security Partnership has been engaged since 2018 in the Inner Niger Delta in 

Mali, especially through local representations of Wetlands International Sahel Office (WISO) and 

International Alert. In 2021, it was decided to join forces with GIZ on the Frexus project. In Mali, the 

project focused on three communities spread around the Inner Niger Delta: Bellen (Segou), Konna 

(Mopti) and Soboumdou (Tombouctou).  

Joint development process 
The joint development process for the project in the Inner Niger Delta envisioned establishing vertical 

and horizontal links between government entities, researchers, academics, media, development 

NGOs and donors, integrating them in a close cooperation. The process, illustrated in figure 9) formally 

started in July 2021 and has taken place through five key activities which are briefly described here 

below.  

1. Bilateral meetings ς July 2021 

The bilateral meetings were conducted by WISO and International Alert local teams with a group of 

11 stakeholders. These meetings have been articulated around three key objectives: 1. (Further) 

introduce WPS activities in Mali; 2. Assess the perception of the stakeholders regarding main water-

security issues in the Inner Niger Delta, and related information needs; 3. Assess the perception of the 

stakeholders on the causes, effects, policies and relevant actors related to their perceived main issues. 

The results have been translated in several individual causal loop diagrams. These individual diagrams 

have afterwards been integrated into a single model.  

2. First workshop ς December 2021 

This workshop represented the start of the formal collaboration of the WPS and Frexus projects in 

Mali. To facilitate the integration of new participants from the Frexus project and ensure the same 

level of information for all at the start of the workshop, WISO has conducted six additional bilateral 

meetings with new participants.  

During the workshop, participants from both projects joined in a merging of the projects. After 

introductory presentations, three participatory activities took place in which participants were asked 

to validate the results of the bilateral meetings and actively share their ideas and perceptions in a 

structured, moderated session. The first participatory activity concerned the identification of key 

issues and possible causes and impacts. Based on this analysis, the second participatory activity 

identified ǿƘƛŎƘ ƻŦ ǘƘŜ ƛǎǎǳŜǎΣ ŎŀǳǎŜǎ ŀƴŘ ƛƳǇŀŎǘǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ƳŀƧƻǊ ΨƻǳǘŎƻƳŜǎ ƻŦ ƛƴǘŜǊŜǎǘǎΩ ǘƻ 

different groups of stakeholders, which of these are external factors, i.e. beyond the sphere of 

influence of the participants and their organisations, and which of these could be considered within 

the sphere of influence and thus possible (connection points for) policy actions. These insights formed 

the basis for formulating information needs in the third participatory activity. Finally, in the session on 

Ψnext stepsΩ the connection was made between the results of this workshop and the activities of the 

next workshop.  

The outcome of the workshop was the validated Causal Loop Diagram based on the findings from the 

bilateral meetings. Furthermore, the user cases and key indicators to be integrated in the policy 
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dashboard were formulated. Based on those outcomes, the WPS team started the development of a 

first version of the dashboard. 

3. Second workshop ς February 2022 

From February 15-16, 2022, the WPS and Frexus projects held another workshop with the aim of 

allowing participants to discuss the first version of the local tool and to identify additional questions 

that the research team could examine. The implementation of the recommendations from the 

participants made it possible (1) to improve the dashboard of the tool through the adjustments 

proposed by the participants, (2) followed by the updating of the necessary data. 

4. Bilateral meetings ς May 2022 

In May 2022, the WISO and International Alert teams in Mali organized bilateral meetings with 

potential users of the local tool. Organized in Bamako, Mopti and Ségou from May 11 to 20, 2022, 

these meetings made it possible to (1) further strengthen the knowledge of potential users of the local 

tool, (2) collect their observations/comments on the dashboard, and (3) obtain suggestions for 

possible improvement of the local tool. In addition, the WISO and International Alert teams had a 

meeting with the Niger Basin Authority (NBA) to present the local tool and collect opinions. This 

meeting resulted in recommendations on (1) the sharing of the terms of reference for the 

development of the tool, (2) the confrontation of the results of the tool with reality within the 

framework of its validation; (3) closely involve the NBA focal structure in the tool development 

process; and (4) the organizing of a workshop with NBA experts on the conceptual details of the tool 

and its operation. 

5. Third workshop ς June 2022 

The Ψfinal prototypeΩ version of the policy dashboard was presented and discussed with local 

stakeholders during a workshop in June 2022. Following this workshop, some modifications (limited 

and final) were still made to the tool by the team of Deltares. This finalized the development phase of 

the tool, allowing the partners to begin the next phases of stakeholder engagement and dialogue at 

the local level. 

Besides engagement activities with the stakeholders, the team of co-moderators has regularly 

gathered with Deltares to discuss progress and developments.  
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Phase 1 - The Causal Loop Diagram 
 
The Causal Loop Diagram (see figure 12) for Mali has been developed in three phases summarized in 

the figure 10. 

 
Figure 10 - Different phases in developing the Causal Loop Diagram (the processus started with 
small individual models developed during bilateral meetings; those models were integrated in one 
model which has been reviewed, discussed and validated with the stakeholders during the second 
workshop. 

The final diagram reviewed and validated by all stakeholders reveals four different groupings of 

dynamics, which can be identified as follows: 

A. Ecosystem functioning and resource availability  

B. Resource exploitation and livelihoods  

C. Competition, governance and conflicts  

D. Violence, displacement and social cohesion  

Each of these groupings is presented in more detail in a document (Annex 1) describing the factors 

and their interrelations in the local situation. This document is based on information received during 

stakeholder consultations. In this sense, the descriptions presented must be considered as a working 

basis and not as the only possible representation of reality.  

Figure 9 - The joint process development for the Mali case 
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Based on bilateral meetings and workshop discussions in December 2021, the following factors were 

identified as the key problems: 

Á Decrease in the ecosystem functioning (disappearance of water-related ecosystem services) 

Á Limited access to resources 

Á Conflict between users 

Á Disorganization of delta communities/ decrease in social cohesion 

Á Degradation of livelihoods in IND όάǇƻǾŜǊǘȅέ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ŎƻƴǎŜǉǳŜƴŎŜύ 

Á Absence of the State  

These have been included in a simplified version of the Causal Loop Diagram (see figure 11): 

 

 
 

Figure 11- Simplified Causal Loop Diagram for the case of Mali 
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Figure 12 - Causal Loop Diagram for the case of Mali 
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Phase 2 - User needs and data collection 
 
Using the Causal Loop Diagram as a basis, the user cases have been discussed to identify the related 

information needs. As a result of the workshop, fifteen user cases have been collected (see figure 13).  

 

Figure 13 - User cases identified during the second workshop 

These cases cover a broad diversity of users and topics. Some of the most important information needs 

were the causes of inter-community conflicts, the evolution of flood levels, and the security status of 

pastures in conflict zones. Requested indicators of these information needs included flooded area and 

duration, water level, and discharge. Identified external influencing factors (scenarios, see figure 14) 

that impact the system are climate change and its impact on hydrology, as well as demographic 

growth. In addition, possible interventions were also proposed (see figure 15) and can be gathered in 

four categories: early warning systems, improved dam management, improved spatial planning, and 

improved legislation. Scenarios are considered as factors beyond the reach of decision-makers (e.g. 

climate change, drought, economic evolution), while the interventions are the factors on which 

political decision-makers or other actors can have a direct influence. For example, the construction of 

a well, improvement of governance, or the securing of pastoral areas. 

Figure 14 - Scenarios identified by the stakeholders 
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The data collection is based on the information needs expressed by the stakeholders and the data 

available, or possible to develop, as part of the project. All data are detailed in the user manual 

attached to the dashboard. A few key aspects are presented here below and illustrated in figure 16.  

 

Figure 16 ς The results from different tools and models are used to develop the dashboard 

Á In discussion with the partners and based on feedback from the bilateral meetings (July 

2021), the period June 1984 - June 1985 has been taken as reference year (year of drought). 

Á The data integrated in the dashboard comes from numerical models (hydrological and 

climatic data) and from an agent-based model (human responses).  

o The hydrological model helps us to quantify the relationships between the different 

factors dealing with the water system. It includes aspects such as river flow 

simulation, water allocation, dam management, and also calculates the flooded area 

in the Inner Niger Delta. It is based on a previous study (Autorité du Bassin du Niger, 

2019) conducted by Deltares and partners for the Niger Basin Agency. For the case of 

the Upper Niger Basin in Mali, we combined a hydrological model (wflow) with a water 

allocation model (Ribasim). The wflow model was developed from watershed maps 

Figure 15 - Interventions identified and analyzed by the stakeholders 
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and precipitation and evaporation data, resulting in natural river flows. The water 

allocation model (Ribasim) uses these flows as input data and calculates the 

regulation of the river by dams and weirs and the allocation to various water users, 

based on information on the presence of infrastructure, population and irrigated 

areas. The combined model provides insight into how water is available to different 

water users in different parts of the basin, and can be used to assess how these are 

changing with possible future developments, such as climate change, population 

growth. 

o The agent-based model, as a tool to simulate the (simplified) behavior of different 

agents in order to assess the impact of scenarios and interventions on conflict risk. 

Three agents are considered in the ABM for Mali: the farmers, the herders and the 

fishers.  

 

 
Á Different scenarios and interventions have been simulated from both models (see figure 17) 

and the results are included in the policy dashboard to show how they influence the conflict 

risk over time. Three hydrologic, three demographic scenarios and a resource management 

system intervention were run and analyzed. Figure 18 summarizes the different scenarios 

and interventions. This provides a total of 18 scenarios included in the dashboard.   

 

Figure 18 - Scenarios and interventions 

Using agent-based modelling, the results of the simulated scenarios have been assessed with three 

types of indicators ǊŜƭŀǘŜŘ ǘƻ ŎƻƴŦƭƛŎǘ Ǌƛǎƪ ŀƴŘ ǊŜǎŜƴǘƳŜƴǘΦ ά/ƻƴŦƭƛŎǘ Ǌƛǎƪέ ƛƴ ǘƘŜ !.a ŎƻƴǎƛŘŜǊǎ ŀ ōǊƻŀŘ 

Figure 17 ς The results for interventions and 
scenarios are calculated with a hydrological model 

and the agent-based model. 
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definition of conflict, including non-violent and violent conflict. When households experience risk of 

conflict they have a heightened chance of being involved in a non-violent or violent conflict. 

άwŜǎŜƴǘƳŜƴǘέ ƛƴ ǘƘŜ !.a ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƘƻǳǎŜƘƻƭŘǎ ŦŜŜƭƛƴƎ ƳƛǎǘǊŜŀǘŜŘ ŀŦǘŜǊ ǘƘŜ ŀŎǘƛƻƴǎ ƻŦ ƻǘƘŜǊǎΦ 

The three indicators are: 

Á Conflict risk: the percentage of households that experience risk of conflict; 

Á Resentment to a certain socio-professional group [shown in the dashboard as annual 

maximum values]: the percentage of households that experience resentment towards a 

certain group (e.g. 20% of fishers and herders feel resentment towards farmers); and 

Á Resentment from a certain socio-professional group: the percentage of households that 

experience resentment towards any group (e.g. 20% of the farmers feel resentment towards 

fishers or herders). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Agent-Based Model (ABM) 

Human behavior is an important component in the link between natural resources and security. The 

ƘǳƳŀƴ ōŜƘŀǾƛƻǊ ŜƴŎƻƳǇŀǎǎŜǎ άǘƘŜ ƘǳƳŀƴ ǊŜǎǇƻƴǎŜǎ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜƛǊ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ǘƻ ǘƘŜ ŀŎǘƛƻƴǎ ƻŦ 

other actors, while considering institutional, political, historical and other factorsέΦ 

Agent-baǎŜŘ ƳƻŘŜƭƛƴƎ ƛǎ ŀ ǘƻƻƭ ǘƻ ǎƛƳǳƭŀǘŜ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳǎ ǿƘƛŎƘ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ŘƛŦŦŜǊŜƴǘ ΨŀƎŜƴǘǎΩ ƛƴ 

interaction. The agents adapt and evolve over time. ¢ƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŀƎŜƴǘǎΩ ōŜƘŀǾƛƻǊ ƭŜŀŘǎ ǘƻ ƛƴǘŜǊŀŎǘƛƻƴǎ 

and certain trends might appear (e.g. migration from a certain area when the water availability decreases 

under a certain threshold). An ABM can simulate the (trends in the) responses of various actor groups to 

changes in their environment (physical, institutional, social). With this simulation, the agent-based model 

allows exploration of different scenarios and measures for situations which cannot be tested in reality. 

Agent-based modeling is used as a research method to formalize, test and adapt our understanding of the 

behavior of actors in a specific region (e.g. the Inner Niger Delta), when they react to changes in resources 

availability, regulation (e.g. access to resources, conflict resolution mechanisms), demography, etc. Agent-

based modelling helps to fill in the links toward the right-hand side of the causal loop diagram, related to 

livelihoods and conflicts. 

It is important to notice that it is not possible to simulate human behavior as we can simulate hydrology, 

since human behavior does not follow strict laws, like the flow of water does.  Therefore, the outcomes 

of the agent-based model should be interpreted with care. However, if the important linkages have been 

included correctly from the causal-loop diagram and if the quantification of the linkages shows sufficient 

relation with reality, it should be able to use the agent-based model to quantify the impact of scenarios 

and measures on water-related conflict likelihood, to identify the most probable areas of conflict in space 

in time and to describe the impact on intermediate variables such as resource availability and use and 

livelihoods.  
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Phase 3 - The policy dashboard 
 
This section briefly presents the most updated version of the Mali policy dashboard, which integrates 

all comments of the stakeholders, as far as possible. A full description of the dashboard and data can 

be found in the manual attached to the policy dashboard.  

 

Introduction page  

The introductory page (figure 19) describes the purpose and background of the dashboard, including 

the problem definition, data, and models. It also includes a link towards a manual with a description 

of the dashboard and some exercises to guide users in their utilization of the tool.   

 

 
Figure 19 - Introduction page of the Mali dashboard 

 

Scenarios 

The scenarios page (figure 20) is the main results interface. It is built around the activities of three 

groups (fishers, farmers and herders) in the delta and the seasonal flow of the Niger River. The page 

visualizes conflict risk and resentment, calculated based on hydrological, demographic and 

governance scenarios. The visualization of these links was inspired by an infographic produced by 

International Alert: Figure 2 of the report titled Ψ²ŀǘŜǊ ŀƴŘ ŎƻƴŦƭict in the Inner Niger Delta: a 

ƎƻǾŜǊƴŀƴŎŜ ŎƘŀƭƭŜƴƎŜΩ, 2022). 

 

https://app.powerbi.com/view?r=eyJrIjoiMTMzYjkzNjktMDczNC00YThkLWFhNTktYzRjM2RlN2RkNmZhIiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectiond4103a4b98981952e180
https://app.powerbi.com/view?r=eyJrIjoiMTMzYjkzNjktMDczNC00YThkLWFhNTktYzRjM2RlN2RkNmZhIiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectiond4103a4b98981952e180
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Figure 20 ς tŀƎŜ Ψ{ŎŜƴŀǊƛƻǎΩ ƻŦ ǘƘŜ aŀƭƛ ŘŀǎƘōƻŀǊŘ 

 

 

Comparison 

The comparison page (figure 21) allows a detailed analysis of the different scenarios in the form of 

tables and diagrams (numerical and graphical visualization). In this way, the different scenarios can be 

better compared. 

Forestry as a separate agent 

Three agents are considered in the ABM for Mali: the farmers, the herders and the fishers. Some 

stakeholders requested to add forestry as an agent. Forestry is currently taken into account in the 

agriculture activity. The inclusion of forestry as a new agent in the agent-based model has not been 

possible so far for the following reasons: (1) Previous research, including the WPS conflict analysis 

(Water, Peace and Security Partnership, 2022), considers three socio-economic groups (farmers, 

herders, fishermen) and the data collection for the dashboard followed this distribution. Therefore, 

the addition of forestry would require some adjustments in the previous analysis. (2) The dashboard 

is based on a detailed analysis of agent behavior of the three socio-economic groups. At this stage, 

specific behaviors for forestry have not been studied in previous reports, therefore no data is 

available to use in the agent-based model. While we acknowledge the relevance of the suggestion, 

we must conclude that forestry is taken into account in the results visible in the dashboard but not 

as a separate agent. This development can be considered for future developments of the ABM. 
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Figure 21 - Page 'Comparison' of the Mali dashboard 

Inundation map 

The inundation map page (figure 22) shows the maximum water depth, measured in meter over a 

year. Users can select a hydrologic scenario that changes the inundation map. Two indicators are 

displayed: the total flooded area and the average water depth. The map is interactive and allows users 

to zoom in and out. 

 
Figure 22 - Interactive inundation map included in the Mali dashboard 

Results 
 

1. On the joint development process 

The joint development process seems to have led to positive results in the system understanding 

locally. The causal loop diagram has been used by the local partners in their local fora and they indicate 
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that it has facilitated the dialogue around the numerous factors impacting the link between the natural 

resources and the conflicts.  

The iterative process has also allowed to go step by step in the development of the Causal Loop 

Diagram and therefore to give stakeholders time to think about their own case and perceptions. There 

has been a noticeable evolution in the system understanding regarding the following aspects:  

1. Taking distance from the problem itself: at the start of the process, it seemed difficult for the 

participants to take some distance from the problem itself and to zoom out on the system and 

its interactions. Using more neutral terminology in the formulation of the factors (disconnect 

it from the emotions and judgements to understand the mechanism) has been a challenging 

step but during the second workshop, we noticed an evolution as the discussion was much 

more on the system mechanisms than on the problems.  

2. The causes and the consequences: the Causal Loop Diagram has illustrated the fact that a 

problem does not only have causes and consequences. Consequences become the causes of 

other factors and there are retroaction loops which can reinforce or attenuate each other. 

During the workshop, the variation between causes and consequences has been extensively 

discussed.  

3. Deconstruction of the model: at the start of the process, many of the factors mentioned were 

still difficult to really grasp in their essence. Especially for the factors related to the 

governance, much of the terminology was relatively vague, e.g. ΨDƻƻŘ ƎƻǾŜǊƴŀƴŎŜΩΣ 

ΨƭŜƎƛǎƭŀǘƛƻƴΩΣ ΨƧǳǎǘƛŎŜΩ. Much attention has been given to the understanding what those terms 

and how to deconstruct them. This step is important for the participants to realize that they 

do not necessarily give the same meaning to such terminologies. Numerous factors have been 

added in the diagram when deconstructing those factors. The table here below provides 

examples on how the factors have been deconstructed.  

Governance Trust in the state institutions 
Acceptation of the conflict resolution mechanisms 

Legislation Juxtaposition of the traditional and state law 
Ignorance and non-application of the legislative texts 

 

4. Do not overlook the all system. Looking at the overall system can provide new entry points to 

solve the problems. It can help identifying interventions which are less directly related to the 

problem we encounter. Those possible interventions may be overlooked when we consider 

only one part of the system. During the workshop, some alternative interventions have been 

discussed and the participants have looked at their impact on the overall system. The exercise 

also helps participants to suggest actions which are more operational as they have to explain 

not only the intervention but also how it evolves throughout the system. It is here illustrated 

by two interventions discussed during the group works: capacity-building amongst young 

people (figure 23) and the improvement in the management of the bourgou fields (figure 24). 
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Figure 23 - Analysis of the intervention 'capacity-building amongst young people' and its impact on 
the conflict 

 

Figure 24- Analysis of the ƛƴǘŜǊǾŜƴǘƛƻƴ ΨLƳǇǊƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ōƻǳǊƎƻǳ ŦƛŜƭŘǎΩ ŀƴŘ 
its impact on the conflict 

2. On the users of the dashboard 

The development of the dashboard has been hampered by the plain question: ΨǿƘƻ ǿƛƭƭ ǳǎŜ ƛǘ ŀŦǘŜǊ ƛǘ 

Ƙŀǎ ōŜŜƴ ŘŜƭƛǾŜǊŜŘΩΚ CƻǳǊ ƎǊƻǳǇǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ǳǎŜǊǎ were identified:  

1. Policy makers and their senior policy development staff at the local and national level who 1) 

have become aware of the importance of conflict-sensitive water allocation decisions, 2) have 

the power to make those decisions and 3) are willing to make them. They will probably be able 

to use the results of the dashboard, but not able to operate the dashboard or to attend 

meetings in which the dashboard is operated. They will also probably need someone to 

present and explain the dashboard results. 

2. Champions ς this may be the most important target group. These are people from different 

levels and roles in society, ranging from informal community leaders to university professors 

who are able to influence local communities, the national public and/or local and national 

policy makers. They will also be able to use the results of the dashboard and in some cases be 

able to operate the dashboard and present and explain the results.  
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3. Local communities. It is unlikely that the local communities will use the dashboard ς that is, 

without help. They might greatly benefit from using the dashboard in their dialogues and 

disputes, ōǳǘ ǿƛƭƭ ǇǊƻōŀōƭȅ ƘŀǾŜ ǘƻ ōŜ ŀǎǎƛǎǘŜŘ ƛƴ ǳǎƛƴƎ ǘƘŜ ŘŀǎƘōƻŀǊŘ ōȅ άŎƘŀƳǇƛƻƴǎέΦ 

4. WPS and GIZ project teams in Mali - they are able to operate the dashboard, understand the 

different components in the dashboard, and identify situations where the dashboard can be 

beneficial. 

 

The participatory approach has been beneficial to develop a dashboard that can be used by a diversity 

of stakeholders, but it also presents the risk to tackle too many different user cases. When defining 

the user cases with the stakeholders it appeared that the stakeholders had different uses and different 

information needs. It is therefore recommended to further identify key users and to continue some 

trainings and presentations with them so that the policy dashboard can be owned by those 

organisations. If needed, the dashboard should be further adapted to their needs. During the final 

workshop, the participants and co-moderators have identified some actions in this sense:  

Á Set up a monitoring committee for the dashboard; 

Á Organize advocacy training for members of dialogue forums; 

Á Present and discuss the dashboard with key future users of the tool (ABN, National 

Directorate of Hydraulics and Universities); 

Á Present the approach to the Directorate General of Territorial Communities (which has a 

guide for the development of Communal Development Plans) and to national NGOs, 

especially those involved in the formation of development plans. 

 

3. On the policy dashboard 

Using the dashboard, complemented by the results of the ABM, some results can be presented. Those 

results have been verified with a team of local experts. However, it is strongly recommended that the 

co-moderators and the users of the dashboard can draw their own results and conclusions as they are 

more familiar with the local situation and as it would also guide them in their use of the dashboard. 

The results presented below provide some examples of what can be learned from the local tool.  

Key findings 
Á Under the driest hydrological scenario, 1) the peak flow at Diré station is half of the 

reference hydrology, 2) the flooded area shrinks almost to its third and 3) the average water 

depth drops with almost 40%. 

 

 
Figure 25. Table comparing peak flow, flooded area, and average water depth between case 1 
(reference case) and case 13 (driest hydrological scenario) 
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Á Considering a baseline climate, but an extreme population growth and a no commonly 

accepted resource management system, farmers will experience the greatest growth in 

resentment against them. 

 
Figure 26. Resentment towards socio-economic groups under a baseline climate with extreme 
population growth and a no commonly accepted resource management system 

 

Á Without accepted resource management system and assuming a moderate demographic 

growth, a future dry climate doubles the number of months (from 4 to 8) with elevated 

conflict risk, while a very dry future climate triples it, making the entire year high conflict 

risk. 

 

 
Figure 27. Conflict likelihood in a situation where there is no accepted resource management 
system and assuming a moderate demographic growth, under three hydrological conditions 
(reference, future dry, and future very dry) 

 
Á Considering the worst-case combination of driest climate and extreme population growth, 

adopting accepted resource management help mitigate the risk of conflict at or below the 

reference case level. 
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Figure 28. Conflict likelihood under a future very dry climate, extreme population growth, and 
with accepted resource management  

 

Á Fishermen benefit the most from adopting an accepted resource management system. This 

results in the largest decrease in resentment towards them. 

 

 
Figure 29. Resentment towards socio-economic groups under reference climate and population 
but with commonly accepted resource management system 

 

Á With drier inundation patterns, i.e. comparing the reference climate with a future dry or 

very dry climate, an overall higher risk of conflict is observed in the modelled results.  

 

 
Figure 30. Diagram comparing conflict likelihood between case 1 (reference case), case 7 (future 
dry hydrological scenario) and case 13 (future very dry hydrological scenario) 

 
Á With both interventions and without intervention, the order of the conflict risk patterns over 

the climate and population scenarios is the same. From lowest to highest conflict risk, this is: 

(1) reference population and reference climate, (2) reference population and future dry 

climate, (3) moderate population increase and reference climate, (4) reference population 
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and future very dry climate, (5) moderate population increase and future dry climate, (6) 

extreme population increase and reference climate, (7) extreme population increase and 

future dry climate, (8), moderate population increase and future very dry climate, and (9) 

extreme population increase and future very dry climate. 

Á The policy dashboard allows to draw two key messages regarding the natural resources 

management in Mali: 

1. Although models exist regarding the impact of climate change on drought and flood risk 

in the region, the exact impact on the full water-energy-food security nexus is still 

uncertain. Climate change impacts require to be reflected in the governance system to 

keep the flexibility in the interventions in the future.  

2. The accepted natural resource management and conflict resolution system has the largest 

influence, decreasing the conflict risk with 50% on average. The dashboard visualizes that 

governance seems to have more influence on the conflict risk than the climate.  

 

 
 

    

Illustration of the use of the dashboard 
The exercise below was given during the final workshop and it illustrates how the dashboard can be 
used to analyse and discuss future scenarios.   
 

мύ .ŀǎŜ ȅƻǳǊǎŜƭŦ ƻƴ ŀ ǎǘŀǊǘƛƴƎ ΨǎŎŜƴŀǊƛƻΩ όŎƭƛƳŀǘŜ ŎƘŀƴƎŜύΣ ǿƘƛŎƘ ȅƻǳ Ŏŀƴ ŜȄǇƭƻǊŜΦ 
The dashboard offers two future scenarios, to be compared to the situation in 1984. The 
scenario you start with is irrelevant for the exercise, you can explore the other scenario 
later. Your group will work on: 
Select your scenario in the dashboard. 

 
2) What happens if there is a demographic change? What is the impact on the risk of 
conflicts?  
Using the dashboard, explore the changes that are taking place: - If you change the 
demographics (select from the dashboard):  
o Which demographics most increase the risk of conflict? How to explain 
o How does extreme population growth impact resentments towards different 
communities? 

 
3) What if there is the introduction of a commonly accepted natural resource management 
system? What is the impact on conflict risks? 
Using the dashboard, explore the changes that are taking place if you are introducing a 
commonly accepted natural resource management system (select from dashboard): 
o What is the impact on the risk of conflict with a commonly accepted natural resource 
management system? 
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Figure 31 ς Stakeholders using the dashboard during the workshop 

Niger 
 

Introduction 
With an area of 31,000 km², the Dosso region is the smallest of the seven regions of Niger. 

Nevertheless, it is densely populated since it has more than 2.4 million inhabitants. The essential 

particularity of the region is that it is classified exclusively as an agricultural zone in due to heavy 

rainfall. It is not bordering the pastoral zone bounded to the north, yet due to its strategically 

important geographical location for transhumance from northern Niger to Benin and Burkina Faso to 

the south, Dosso is characterized by numerous transhumance corridors, numerous pastures and a 

pastoral infrastructure making it possible for pastoralists to travel with their herds. 

 

Conflicts of interest are multiplying between pastoralists (mainly nomads) and farmers. Many projects, 

national and international, have made it their mission to find appropriate approaches and build long-

lasting relationships that contribute to the transformation of resource-based conflicts between 

farmers and pastoralists, and that improve resource management in the face of general conditions 

conducive to aggravating these conflicts. Given the complexity of conflict dynamics in Niger, above all 

a global and systematic approach is necessary to break the lines of conflict and contribute to a positive 

spiral in favor of peace (Frexus, 2022). The GIZ-led conflict resolution process in Niger started in 2021 

with three municipalities in the Dosso region: Farray, Falmaye and Sambera, with in total 51 villages 

surrounding the shared pastoral areas between the three municipalities. 

 

Joint development process 
 
The joint development process for the project in the region of Dosso envisioned establishing vertical 

and horizontal links between local and national government entities, researchers, academics, media, 

development NGOs and donors, integrating them in close cooperation. The process has formally 

started in January 2022 and has taken place around five key activities. Deltares has been supporting 

these activities in their preparation and in the processing of key results for the development of the 
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tools. Because the local process has been led by a local team of co-moderators, this report will only 

present the key objectives of each activity.   

Á In January 2022, bilateral meetings were conducted by the co-moderators ς under the lead 

of GIZ ς with a group of 16 stakeholders. The bilateral meetings have been articulated 

around three key objectives: 1) (Further) introduce the Frexus project and approach; 2) 

Assess the perceptions of the stakeholders regarding main water-security issues in the 

region of Dosso, and related information needs; 3) Assess the perceptions of the 

stakeholders on the causes, effects, policies, and relevant actors related to their perceived 

main issues. 

The results of the bilateral meetings have been translated in 16 individual causal loop 

diagrams. With support of Deltares, these individual diagrams have afterwards been 

integrated in a single model.  

 

Á In February 2022, the first workshop has 

amended and validated the findings 

from the bilateral meetings with the 

larger group. This allows for better 

integration and builds on the work 

already done during the training, as well 

as in the workshops and other activities 

in the past years. Furthermore, the 

objectives and user cases of the 

dashboard and the key indicators to be 

integrated were formulated. Participants 

also indicated which factors they found 

important and for what kind of decisions 

they could use the Causal Loop Diagram 

and the subsequent dashboard.  

 

Based on the questions and information needs identified during the first workshop, Deltares 

developed a first version of the dashboard.  

Á When developing the dashboard, regular team meetings took place between the team of 

co-moderators and Deltares/WPS Partnership. Those meetings especially focused on: 1) 

Developing a simplified Causal Loop Diagram to be used in the dashboard; 2) Defining the 

content of the dashboard, test and validate it for the data collection; 3) Developing a 

methodology to weigh factors from the Causal Loop Diagram (see section 3.3.10).  

Á In July 2022, the co-moderators conducted bilateral meetings in order to collect semi-

quantitative data and define the weight of the factors of the Causal Loop Diagram 

(simplified). These meetings also allowed to already collect observations and comments on 

the dashboard, as well as suggestions for possible improvement of the local tool.  

Á In August 2022, the second workshop was organized, with the aim of enabling participants 

to discuss the prototype version of the local tool and to identify additional questions for the 

research team to examine. The dashboard was validated and, using the dashboard, 

participants identified actions to influence the relations between natural resources and 

Figure 32 ς During the workshop, the participants 
have discussed and improved the Causal Loop 
Diagram (here a picture for the group working on 
ǘƘŜ ΨƎƻǾŜǊƴŀƴŎŜΩ 
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conflicts. Following the workshop, Deltares has further improved the dashboard by 

integrating the few recommendations and adjustments proposed by the participants. 

These activities have taken place in parallel to the local dialogue process in the three pilot 

municipalities and have led to the official signing ceremony of the local convention on Nexus action 

plans for the positive transformation of conflicts and strengthening of social cohesion (September 

2022).  

 

Phase 1 ï The Causal Loop Diagram 
 
The Causal Loop Diagram (figure 28) for Niger has been developed in three phases summarized in 

figure 26. 

 
Figure 33 - Development phases of the Causal Loop Diagram 

The final diagram was reviewed and validated by all stakeholders and reveals four different groupings 

of dynamics, which can be identified as follows: 

A. Availability of resources and quality of the environment 

B. Access to water and use of natural resources 

C. Conflicts 

D. Land Governance 

 

Each of these groupings is presented in more detail in a separate document (Annex 2), by describing 

the aspects that have been drawn from the stakeholder consultation. This is based on the information 

received during stakeholder consultations. In this sense, the descriptions presented must be 

considered as a working basis and not as the only possible representation of reality.  

Based on discussions in bilateral and group meetings, some factors were identified as the key 

problems. They have been included in a simplified version of the Causal Loop Diagram (figure 27): 
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Figure 34- Simplified Causal Loop Diagram for the case of Niger 
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Figure 35 - Causal Loop Diagram for the case of Niger 
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Phase 2 ï User needs and data collection 
 
Using the Causal Loop Diagram as basis, the user cases have been discussed to identify the related 

information needs. As a result of the workshop, 18 user cases have been collected (see figure 29). 

 

 

 
Figure 36 - User cases defined for the case of Niger 

From the above listed use cases, number 1, 4, 6, 11, and 17 have been specifically important for the 

development of the dashboard. Cases 1, 4, 6, and 17 strongly relate to the visualization of pastoral 

areas, transhumance corridors, and water wells that are impacted by land grabbing. This led to the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ Ψ/ŀǊǘŜΩ ǇŀƎŜ ƻŦ ǘƘŜ ŘŀǎƘōƻŀǊŘ where the increasing intensity of land grabbing is 

visualized together with the pastoral areas, corridors and water wells in the three communes of 

interest. Use case 11, on the other hand, is related to the availability of water resources considering 

external factors such as demographic growth. Although the impact of such scenarios is not 

quantitatively modelled in this project, the semi-quantitative approach still allows us to visualize 

stakeholdersΩ perceived impact of demographic growth on water availability and the rest of the 
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system. Since other user cases (nr 2, 10, 13, 14) also mention rainfall and drought indicators, a specific 

ǇŀƎŜ Ƙŀǎ ōŜŜƴ ŘŜǾƻǘŜŘ ǘƻ ǘƘƛǎΣ ŎŀƭƭŜŘ ΨLƴŘƛŎŀǘƻǊǎΩΦ ²ƘƛƭŜ ƭƻƴƎ ǘŜǊƳ ŎƭƛƳŀǘŜ ǇǊƻƧŜŎǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ 

mentioned in the use cases, during the co-design process it became clear that local historical data that 

better describes the region is more useful. It was therefore decided to include the drought and 

Potential Climatic Land Conflict indicators calculated based on locally measured data. It is also 

important to mention that the drought indicators are calculated based on daily data. Using observed 

local climate data at a daily granularity is however not sensible, as such climate models are designed 

to simulate long term changes and trends rather than daily variations.  

 
The data collection was based on the information needs expressed by the stakeholders and the data 

available or possible to develop as part of the project. The next section briefly presents the data that 

has been collected and the semi-quantitative analysis which has been developed for data collection. 

Details of the local datasets and Potential Climatic Land Conflict (PCCF) calculation can be found in the 

Frexus ǊŜǇƻǊǘ Ψ!ƴŀƭȅǎŜ ŘƛŀƎƴƻǎǘƛǉǳŜ ŘŜ ǘǊƻƛǎ ŞǾŀƭǳŀǘƛƻƴǎ ǎǳǊ ƭΩŀƴŀƭȅǎŜ ŘŜ ŎƻƴŦƭƛǘǎΣ ƭΩŞǘǳŘŜ ŘŜ ǊŞŦŞǊŜƴŎŜ 

Ŝǘ ƭΩŞǘǳŘŜ ƭƻŎŀƭŜ ŘŜǎ ǊƛǎǉǳŜǎ ŎƭƛƳŀǘƛǉǳŜǎ Řŀƴǎ ƭŀ ǊŞƎƛƻƴ ŘŜ 5ƻǎǎƻΨ όWǳƴŜ нлннύΦ 

 

Drought indicators 
We used observation data from the synoptic stations of Gaya and Dosso which are the closest to the 

study area and have collected data over long periods. These data come from the database of the 

National Meteorological Department of Niger (DMN). In addition to these data, the local project team 

provided derived drought indicators over the period of 1960-2020:  

Á End of Season  

Á Cumulative Seasonal Rainfall  

Á Length of Season  

Á Rainy Days  

Á Beginning of Season  

Á Total Number of Dry Days  

Á Frequency of Drought Events 

Methodological Approach for Potential Climatic Land Conflict (PCCF) 
In this part we try to introduce a new concept, which is based on the risks and perceptions of climatic 

risks, to characterize the possibilities of occurrence of land conflicts called PCCF. The choice of climatic 

parameters used, takes into account the results of the principal component analysis (PCA) and the 

collinearity between the variables. Also, the occurrence of one or all three parameters increases the 

probability of conflict occurrence. The parameters used are: 

Á The Standardized Precipitation Index (SPI) which allows to assess the perception of the risk 

of flooding or drought. Thus, we consider that there is a risk of drought if the SPI indicates at 

least a deficit situation. This will have consequences both on crop yields and on the filling of 

water points. As for the risk of flooding, it corresponds to an increased surplus situation and 

can lead to waterlogging of the soil and loss of crops; 

Á The intra-seasonal distribution of rain, which is determined based on the number of rainy 

days and the frequency of intra-seasonal rainfall breaks ς at least six consecutive dry days. 

This indicator allows us to distinguish between years with favorable/unfavorable rain 

distribution, which can be translated into good/poor agricultural and fodder yields as well as 

a good/poor filling of the water points. This parameter can also lead to a delay in 

transhumance. A good distribution is obtained when the number of rainy days is higher than 
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the average and the frequency of rainfall breaks longer than five days is lower than the 

average. Otherwise, there is a bad distribution of rain; 

Á The third index used is based on the start and end dates of the season. In terms of climate-

land conflict analysis, this index can be considered as the potential trigger for conflict 

because it combines the perception of the risk of poor agricultural season and early 

transhumance due to poor replenishment of water points and pasture. This index assumes 

an above average (late) season start date and an early or late season end. This leads us to 

define a situation favorable or unfavorable to the conflict. 

The occurrence of these three situations at the same time and place gives the PCCF the value one (01) 

synonymous with an almost certain conflict situation. This leads us to weigh these perceptions of 

climate risks. Thus, the observation of the first two situations/indices counts for half (0.5 or 0.25 each) 

and the third for the other half (0.5) of the PCCF. 

 

Semi quantitative analysis and weighting system 
Quantitative data available is limited for the case of Dosso and it was therefore decided to gather 

semi-quantitative data by asking stakeholders to weight different causing factors leading to a resulting 

factor. In the example in figure 30 ǘƘŜ ǊŜǎǳƭǘƛƴƎ ŦŀŎǘƻǊ άŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛǾƛǘȅέ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ 

άŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘέΣ άƻǾŜǊŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀƴŘέΣ ŀƴŘ ǘƘŜ άǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ 

ƛƴǎǳŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǊŀƛƴǎέΦ Local experts were asked to make an informed deduction as to what 

percentage of the change in agricultural productivity would be caused by the different factors. As 

ǘƘŜǊŜ ŀǊŜ ǇǊƻōŀōƭȅ ŀƭǎƻ ŦŀŎǘƻǊǎ ǘƘŀǘ ƘŀǾŜ ƴƻǘ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘΣ ǘƘŜ ŦŀŎǘƻǊ άƻǘƘŜǊκǳƴƪƴƻǿƴ ŦŀŎǘƻǊǎέ was 

added. The weighting of the influence of the factors in this way is of course subjective, but the idea is 

that 1) when this is done by multiple stakeholders with different perspectives, the average result 

would be somewhere close to the reality; 2) even without being very accurate, the methodology will 

provide a rough indication of which factors are the most decisive towards possible solutions. 

 

 

 

 

 

 

 

 

Figure 37 - Example of weighting the causing factors 

In June 2022, the co-moderators visited stakeholders in bilateral meetings to discuss the relative 

weight of causing factors influencing a resulting factor. The stakeholders were asked to estimate the 

weights of the factors. In total, 11 stakeholders/organisations have shared their input. Most filled in 

weights for all factors; some stakeholders skipped the factors they knew the least about. The answers 

did not differ too much amongst the stakeholders. The averaged results (see table 1) of these weights 
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are presented in the simplified overall causal loop in figure 31. These weighted causal relations were 

translated by Deltares into the policy dashboard. 

Table 1: the average weights of the causing factors. 

Facteur Résultant Facteurs causant 
aŜǎǳǊŜ ŘŜ ƭΩƛƴŦƭǳŜƴŎŜ 

relative (%) 

Productivité agricole 

Dégradation de ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ 0,34 

Surexploitation des terres 0,21 

Variabilité et insuffisances des pluies 0,39 

Autres facteurs/inconnu 0,06 

Dégât champêtres 

Descente précoce des animaux 0,54 

Charge pastorale 0,21 

Accaparement des Terres 0,20 

Autres facteurs/inconnu 0,05 

Descente précoce des animaux 

Variabilité et insuffisances des pluies 0,53 

Insécurité Alimentaire 0,27 

Autres facteurs/inconnu 0,20 

Accaparement des terres 

Sécurisation des espaces pastoraux 0,28 

Dysfonctionnement des COFO 0,50 

Autres facteurs/inconnu 0,21 

Charge pastorale 
Accaparement des terres 0,57 

Autres facteurs/inconnu 0,43 

Compéǘƛǘƛƻƴ ǇƻǳǊ ƭΩŀŎŎŝǎ Ŝǘ 

ƭΩŜȄǇƭƻƛǘŀǘƛƻƴ ŘŜǎ ǊŜǎǎƻǳǊŎŜǎ 

Charge pastorale 0,29 

Accaparement des terres 0,61 

Autres facteurs/inconnu 0,05 

/ƻƴŦƭƛǘǎ ǇƻǳǊ ƭΩŀŎŎŝǎ Ŝǘ 

ƭΩŜȄǇƭƻƛǘŀǘƛƻƴ ŘŜǎ ǊŜǎǎƻǳǊŎŜǎ 

naturelles 

Dysfonctionnement des COFO 0,25 

Dégât Champêtre 0,35 

Accaparement des terres 0,18 

/ƻƳǇŞǘƛǘƛƻƴ ǇƻǳǊ ƭΩŀŎŎŝǎ Ŝǘ ƭΩŜȄǇƭƻƛǘŀǘƛƻƴ ŘŜǎ 

ressources 

0,24 
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Figure 38 ς Simplified Causal Loop Diagram with weights per causing factor. The weights indicate 
which percentage a causing factor is perceived to determine a change in the resulting factor. 

 

Phase 3 ï The policy dashboard 
 
Several discussions were needed with the co-moderators in order to align the first ideas based on the 

information needs formulated by the stakeholders. As outcomes of those discussions, a dashboard 

mock-up was developed with the three content pages based on the initial workshop and bilateral 

meetings. This mock-up (see figure 32) was static  and just for demonstration purposes and included 

three pages: page 1) with the simplified Causal Loop Diagram incorporating the weights obtained from 

the semi-quantitative approach; page 2) with the visualization of indicators and drought risk for two 

regions, and page 3) with the map of pastoral zones and corridors as well as water points. 
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Figure 39 - Mock-up of the Niger dashboard 

The mock-up was implemented into the first prototype, which was evaluated in Workshop 2. Based 

on the feedback received, an Introduction page has been added and several other modifications were 

carried out.  

 

The final Niger policy dashboard has the following pages: 

 

Introduction page 

This introduction page (figure 33) outlines the objective of the tool and explains how to use it. The 

page also introduces the three main dashboard elements: simplified and semi-quantified causal loop 

diagram, indicators, maps. The user can navigate to the other pages form this introduction page. 

 
Figure 40 - Page 'Introduction' of the Niger dashboard 

https://app.powerbi.com/view?r=eyJrIjoiY2ZmM2NhM2EtN2QyYy00NmI0LTkzMTctNTgxZjAzODJjYTBmIiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectione8f83a6aa4561e019154
https://app.powerbi.com/view?r=eyJrIjoiY2ZmM2NhM2EtN2QyYy00NmI0LTkzMTctNTgxZjAzODJjYTBmIiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectione8f83a6aa4561e019154
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Causality page 

The second dashboard page (figure 34) presents an easy to understand representation of the 

ǎƛƳǇƭƛŦƛŜŘ Ŏŀǳǎŀƭ ƭƻƻǇ ŘƛŀƎǊŀƳΦ IŜǊŜ ǘƘŜ ǳǎŜǊ Ŏŀƴ ƳŀƪŜ ŎƘŀƴƎŜǎ ǘƻ ŎŜǊǘŀƛƴ άŎŀǳǎƛƴƎέ ŦŀŎǘƻǊǎ ǿƛǘƘ ǘƘŜ 

help of a slider (between 0-мύΦ ¢ƘŜ ŎƘŀƴƎŜǎ ƻŦ ǘƘŜǎŜ ŎŀǳǎƛƴƎ ŦŀŎǘƻǊǎ ƘŀǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ άǊŜǎǳƭǘƛƴƎέ 

factors, the second layer. The values of the resulting factors are visualized as probabilities between 0 

and 1. Finally, the conflict likelihood is calculated based on the resulting factors. Apart from manual 

changes to the causing factors, the users can also investigate the impact of certain pre-defines 

scenarios and interventions.  

 

Scenarios include external factors such as: 

Á drought,  

Á soil degradation,  

Á and population growth.  

 

The interventions include potential measures that stakeholders can take locally: 

Á increase in agricultural productivity,  

Á increase in pastoral productivity,  

Á securitization of pastoral zones,  

Á and enhanced governance. 

 

Each of these scenarios and interventions modifies a set of causing factors in the causal loop. Values 

Ŏŀƴ ōŜ ǎŜǘ ŘŜŦŀǳƭǘ ǿƛǘƘ ǘƘŜ Ψ{ŀƴǎ ǎŎŜƴŀǊƛƻǎΩ Ŝǘ Ψ!ǳŎǳƴŜ ƛƴǘŜǊǾŜƴǘƛƻƴΩ ōǳǘǘƻƴǎΦ ¢ƘŜ ǳǎŜǊǎ ŀǊŜ ǇǊƻǾƛŘŜŘ 

with additional information that can be accessed by clicking on the info buttons next to each factor. 

 

 
Figure 41 - Page 'Causalité' of the Niger dashboard 



 

 47 

Indicators page 

Since the causality page (figure 35) provides a locally perceived stakeholder understanding of the 

system and the strength of interconnections between factors, an additional page has been added 

that displays factual, locally measured (historical) data-based information. This data-based 

information helps to understand the co-evolution of drought indicators and conflict risk. This page 

displays three aspects: 

Á Drought indicators: the selected drought indicators are cumulative seasonal rainfall, total 

number of dry days, and frequency of drought events.  

Á Intermediate risk indicators: Drought/flood risk, risk of poor intra-seasonal rainfall 

distribution, and the risk perception of bad crop year and early transhumance. The risks are 

calculated based on the drought indicators and are available yearly. The gauges display the 

average risk within the selected period. 

Á Climatic potential for land conflict: The calculation of this indicator is explained in the 

previous section. 

 

The time series and long term (linear) trends of these indicators can be visualized and analyzed, 

covering 60 years. The user can select a time interval with the slider on the top left corner. The user 

can also choose between the two regions for which locally measured data could be obtained. 

 

 
Figure 42 - Page 'Indicators' of the Niger dashboard 

 

Map page 

Similarly, to the Indicators page (figure 36), the Map page of the dashboard also aims at 

complementing the semi-quantitative Causal Loop Diagram approach with factual data, in this case 

with maps. The main objective of this page is to visualize the evolution of land grabbing. Note that 

land grabbing in this context is defined as the expansion of cultivated land. The expansion of cultivated 

land reaches into pastoral corridors, pastoral areas, and wells. Therefore, this page of the dashboard 

displays a map of pastoral corridors, pastoral areas, and wells together with the expansion of 
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cultivated lands (yellow areas). The users can explore the evolution of the surface area of the 

cultivated lands by switching between three years: 1984, 2000, and 2021. The total area of cultivated 

lands is also displayed as 1) an aggregate indicator in the shape of a value, 2) in the shape of 

percentage difference since the reference year (1984), and 3) in the shape of a bar chart. These visual 

elements allow users to grasp the magnitude of the expansion.  

 

 
Figure 43 - Page 'Map' of the Niger dashboard 

 

Results  
 
On the joint development process 

The stakeholder engagement process has been conducted by the local co-moderators, supervised by 

the team of GIZ. This document will therefore not extensively report on the process, but it is worth 

mentioning some feedback from the stakeholders regarding the results of the joint process 

development. According to the team of co-moderators, the effects of the use of the Causal Loop 

Diagram has successfully achieved the following:  

Á A way to involve the stakeholders with different perspectives 

Á ! ǿŀȅ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎŀǳǎŜǎκƭƛƴƪǎ 

Á The deconstruction of some perceptions, e.g. conflict is only due to political or ethnical 

issues. These issues play a role, but other aspects are also relevant. 

Á ! ǿŀȅ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǇƻǎǎƛōƭŜ ǎƻƭǳǘƛƻƴǎ through discussions 

about e.g. indicators and actions. 

Á A way to facilitate the dialogue between stakeholders and thereby significantly 

strengthening their communication and relations. This positive outcome also trickles down 

to the communities. 

Á Improving the skills of the stakeholders to facilitate dialogues in the communities. 

Participants had a common understanding of problems and were able to deconstruct the 

different factors. 
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Some stakeholders have also mentioned the fact that the process ΨƎŀǾŜ ŀ ǾƻƛŎŜΩ ǘƻ ŘƛŦŦŜǊŜƴǘ 

stakeholders and brought them to the same table. The joint development process seems to have led 

to positive results in the system understanding locally, as other feedback included:  

Á Aminata Attinine Assane, the Mayor of Farray in Niger, who highlighted that the results of 

the Frexus project are already visible. Farmers and herders in her commune had ongoing 

conflicts over natural resources, especially water, but via jointly identifying the problems and 

thanks to dialogue, the conflict parties feel heard and there are less fights and deaths 

between the two livelihood groups (Frexus, 2022c).  

Á Professor Lawali, from the team of co-moderators, who indicated to consider integrating the 

Causal Loop Diagram methodology into his lectures at the University of Niamey.  

 

On the dashboard 

For the stakeholders who participated in the development process, the dashboard does not seem to 

add further value in understanding the situation, highlighting links between different factors, or 

driving discussion about causes and effects. However, the co-moderators indicate that this would 

probably be different for new users. They also report that although the dashboard does not show the 

combined effects of interventions and scenarios, it is actually helpful to create discussion around each 

individual intervention and scenario, and the impact of those on the system. 

 

From the discussions with the co-moderators, the main value of the dashboard in Niger seems to be 

the acceptance of the conflict factors and the importance of influencing the system, such as the need 

to act on governance-related interventions and climate adaption. The dashboard helped to have this 

issue recognized and accepted by the stakeholders. 

 

Key findings 

Á The Land Commissions (COFOs) constitute a framework for consultation, reflection and 

decision-making in the management of natural resources and conflict prevention through 

land tenure security. The non-functionality of COFOs, which does not allow them to carry 

out their tasks properly, is the most influential factor in the aggravation of land conflicts. 

Consequently, improving governance, hence, increasing the functioning of COFOs seem to 

have the strongest impact in conflict risk reduction. 

Á The dashboard shows, based on the semi-quantitative results, that conflict risk caused by 

the variability and lack of rainfall can be completely counteracted by the securitization of 

pastoral areas. 

Á Local historical data from the past 60 years show no visible changes in cumulative seasonal 

rainfall and even a slightly decreasing trend on the frequency and length of drought events. 

At the same time the perceived risk of bad agricultural season and early transhumance due 

to poor replenishment of water points and pasture (calculated based on the timing of the 

rainy season, see exact definition in section 0) shows an increase. This leads to the finding 

that even though the drought events do not seem to occur more frequently and last longer, 

the Potential Climatic Land Conflict shows increasing trends.  

Á The cultivated land area (in Falmaye, Farray and Sambera municipalities) has increased five 

times in the past 3-4 decades, and intrudes transhumance corridors, pasture areas and 

water wells.  
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These key findings provide examples of what can be learned from the local tool. It is strongly 

recommended that the co-moderators and the users of the dashboard can draw their own results and 

conclusions as they are more familiar with the local situation and that it would guide them in their use 

of the dashboard. 

 

Chad 
 

Introduction 
The Republic of Chad is currently facing multiple problems. The country fights against terrorist groups, 

hosts more than 600,000 refugees, is affected by crises in neighboring states. The region is seriously 

suffering from the effects of the Sahelian crisis triggered by climate change, population growth, water 

scarcity, soil erosion and desertification. This crisis has caused alarming food insecurity throughout 

the Sahel. Kanem is one of the poorest provinces in Chad and in 2017, global malnutrition rate in 

Kanem was 19.2%. The main challenge for the municipalities is to provide basic services to the 

population (Frexus, 2022d).  

Some 80% of the population lives from agriculture (mainly subsistence). Due to the difficult agro-

climatic conditions, agriculture can be practiced almost exclusively in the wadis, valleys where 

rainwater is channeled. However, the productivity is minimal due to traditional farming practices, the 

lack of adaptation to climate change and the complexity of land use rights.  

According to the Risk and Resilience Assessment report in the Sahel region: the Greater Kanem region 

is not at immediate risk of violent conflict, despite significant vulnerabilities and its proximity to Lake 

Chad. In the long term, the frustrations expressed with regard to the institutions could however 

represent a risk of contestation. This is exacerbated by a poor management of natural resources in a 

time of climate change which the population said to be affected by. Precipitations are reported to be 

irregular in space and time; which negatively influences the water availability of Kanem. The 

insufficiency of water points due to ignorance of water needs and the poor distribution of pastoral 

wells also contribute to the low availability of water. The lack of water in turn affects the practice of 

agriculture. The permanent monoculture, the low fertilization of these soils and the destruction of 

crops by livestock leads the peasants to descend into the wadis where the humidity is often 

permanent. But access to agricultural land in the wadis is conditioned by traditional rules of access to 

land. Non-compliance with traditional cultivation rules by the various stakeholders and the 

destruction of crops by livestock are the two drivers of food insecurity in Kanem province. The latter 

would be exacerbated by the lack of grazing area for breeders and their cattle, which have become 

too numerous. Irregular rainfall and high temperatures reduce the availability of fodder for livestock 

on the dunes. This forces herders to descend early, that is to say before the harvest, into the wadis in 

search of water and pasture. The lack of grazing area in the wadis increases the frustration of herders. 

They consider that the security of grazing areas is weak and that farmers refuse to recognize and 

accept transhumance corridors. Herders also note a strong partiality in the management of resources; 
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which leads to the weakening of social cohesion, which in turn can lead to conflicts between farmers 

and herders.  

Joint development process 
 
The joint development process for the project in the province of Kanem has formally started in 

December 2021 and has taken place around five seven activities. The team of the WPS Partnership 

has been supporting those activities in their preparation and in the processing of key results for the 

development of the tools. Because the local process has been led by the local team of co-moderators, 

this report will only present the key objectives and outcomes of each activity.   

Á In December 2021, a first workshop has been organized with local stakeholders. The 

workshop has been articulated around three key objectives: 1. Strengthen participants' 

awareness of the commitment of Frexus projects in Chad, the work objectives, the various 

activities and their articulation. 2. Introduce the concept of system thinking and the 

participative approach through group-model building; 3. Assess the perception of the 

stakeholders regarding main water-security issues in the province of Kanem and start the 

development of Causal Loop Diagram for three municipalities.  

Á In January bilateral meetings were conducted by the co-moderators ς under the lead of GIZ 

ς with a group of 11 stakeholders. The bilateral meetings have been done for three 

municipalities: 3 for Mondo, 4 for Mao and 4 for Nokou. The results of the bilateral meetings 

have been translated into 16 individual causal loop diagrams. With support of Deltares, 

those individual diagrams have afterwards been integrated in one single model.  

Á In February 2022, the second workshop has reviewed and validated the findings from the 

bilateral meetings and the aggregated Causal Loop Diagram with the larger group. The 

participants however shown very different level of understanding and for the development 

of the dashboard, it has been decided to work with a smaller group, mainly the group of co-

moderators, who would consult the stakeholders on a regular basis during bilateral or small 

group meetings.   

Á In July 2022, the objectives and user cases of the dashboard and the key indicators to be 

integrated were formulated in an online workshop moderated by Deltares. Participants 

indicated which factors they found important and for what kind of decisions they could use 

the Causal Loop Diagram and the subsequent dashboard. Based on the questions and 

information needs identified during the first workshop, Deltares developed a first version of 

the dashboard.  

Á When developing the dashboard, regular team meetings took place between the team of 

co-moderators and Deltares/WPS Partnership. Those meetings have especially focused on: 

1. Developing a simplified Causal Loop Diagram to be used in the dashboard; 2. Defining the 

content of the dashboard, test and validate it for the data collection; 3. Developing a semi-

quantitative methodology to weigh factors from the Causal Loop Diagram.  

Á In September 2022, the co-moderators have conducted bilateral meetings in order to collect 

semi-quantitative data and define the weight of the factors of the Causal Loop Diagram 

(simplified). These meetings also allowed to already collect observations and comments on 

the dashboard, as well as suggestions for possible improvement of the local tool.  
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Á In October 2022, the third workshop will be organized, with the aim of allowing participants 

to discuss the prototype version of the local tool and use the dashboard to identify actions 

to influence the relations between natural resources and conflicts.  

This final session, however, will most likely not be enough for the participants to really get ownership 

on the dashboard. They will need some time to try it and improve their understanding of the different 

functionalities. It could be considered planning a new session in order to: 1. Analyse the present 

situation and future situations by using the dashboard; 2. Identify further actions to influence the 

connected water security system to achieve policy goals for the region. 

Phase 1 ï The Causal Loop Diagram 
 
The Causal Loop Diagram for Chad (figure 46) has required several phases of developments, as 

summarized in the figure below. The team of co-moderators first focused on Causal Loop Diagram for 

three municipalities (Mao, Mondo and Nokou), before to develop them further through bilateral 

meetings. The three models have afterwards been aggregated in a large model, further enriched 

through different group discussions. Supported by Deltares, the team of co-moderator has reviewed 

the Causal Loop Diagram in order to make it more understandable and withdrew some factors which 

did not have a direct impact on the system. The all process is presented in figure 44. 
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Figure 44 - Development phases for the Causal Loop Diagram Niger 

The final Causal Loop Diagram has been reviewed and validated with the stakeholders, during the 

workshop. It reveals two different groupings of dynamics, which can be identified as follows: 

A. Availability and access to grazing areas in the wadis 

B. Access to water for agriculture in the wadis 

 

Each of these groupings is presented in more detail in a separate document (Annex 3), by describing 

the aspects that have arisen from the stakeholder consultation. This is based on the information 

received during stakeholder consultations. In this sense, the descriptions presented must be 

considered as a working basis and not as the only possible representation of reality.  

Based on discussions in bilateral and group meetings, some factors were identified as the key 

problems. They have been included in a simplified version of the Causal Loop Diagram: 
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Figure 45 - Simplified Causal Loop Diagram for the case of Chad
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Figure 46 - Causal Loop Diagram for the case of Chad
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Phase 2 ï User needs and data collection 
 
User needs 
Since in Chad local stakeholders showed very different level of system understanding, it has been 
decided to work with a smaller group (mainly the group of workshop co-moderators) for the 
dashboard development process. This group consulted the stakeholders on a regular basis during 
bilateral or small group meetings.   
 
The collection of user needs was also done differently from the other countries (Mali, Niger). In 
Chad, instead of requesting the stakeholders to formulate a list of dashboard use cases, we have 
taken a more proactive approach, meaning that: 
Á we have provided possible dashboard elements to choose from (based on the Niger 

dashboard, see next section), and  

Á we have started data collection from various available sources and presented possibilities (to 

choose from) for indicators. As opposed to Niger, for instance, where the local team 

gathered local data. 

The collection of user needs in this development process was therefore done via validation (rather 
than expressing initial user needs which are then guiding the tool development) and regular 
consultation, as described in section 0.  
 
Semi quantitative analysis and weighting system 
The semi quantitative analysis and weighting system, developed for Niger, was adopted for Chad. 
The process was supported by the Niger expert who led the process there. 
 
The result of the participatory process to define causing and resulting factors and weighting them, 
can be seen below. 
 
Table 1: the average weights of the causing factors for Chad. 

Facteurs Résultant Facteurs causant 

Mesure de 

lôinfluence 

relative 

(%)  

Production des 

cultures dunaires 

Variabilité des pluies 73.80 

Destruction des cultures dunaires  20.00 

Autres facteurs/inconnu 6.20 

Insécurité 

alimentaire  

Production des cultures dunaires 38.31 

Production maraichère des ouadis 38.13 

Destruction des cultures dunaires 14.13 

Autres facteurs/inconnu 9.50 

Conflits pour lôacc¯s 

et lôexploitation des 

ressources naturelles  

Destruction des cultures maraichères des ouadis 15.83 

Destructions des cultures dunaires 20.17 

Compétition des usagers 6.00 

Descente précoce des animaux dans les ouadis 17.00 

Respect de m®morandums fonciers dôacc¯s et 

dôexploitations des ouadis 

13.33 

Descente précoce des bétails dans les cultures dunaires 25.33 

Autres facteurs/inconnu 2.33 

Production 

maraichère des 

ouadis 

Disponibilité en eau 68.13 

Accès aux terres culturales des ouadis 13.07 

Destruction des cultures maraichères des ouadis 11.46 
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Autres facteurs/inconnu 5.16 

Descente précoce de 

bétail dans les 

cultures dunaires 

Variabilité des pluies 30.36 

Destruction des cultures dunaires 33.93 

Disponibilité du fourrage sur les dunes 28.57 

Autres facteurs/inconnu 7.14 

  
Indicators Data 
Although local data was not available, the Deltares team managed to gather relevant environmental 
and socio-economic data from open databases at national or regional level (gridded data from global 
models aggregated at national or regional level).  
 
The data used for the indicators were obtained from the following sources:  
Á United Nations, Department of Economic and Social Affairs, Population Division (2022). 

World Population Prospects: The 2022 Revision, custom data acquired via website. 

Á https://population.un.org/wpp/  

Á World Bank, World development indicators 

Á https://databank.worldbank.org/reports.aspx?source=world-development-indicators#  

Á World Bank, Climate Change Knowledge Portal: 

https://climateknowledgeportal.worldbank.org/country/chad/climate-data-projections  

Á Deltares (Johnson et al. 2019)  

Á International Labor Office (2017) 

Á Center for International Earth Science Information Network (CIESIN) (2016) 

 
The following indicators are displayed in the dashboard [together with spatial and temporal scale]: 
Á Employment in agriculture (% of total employment) [National, annual] 

Á Added value of Agriculture, forestry and fishing to GDP (% of total GDP) [national, annual] 

Á Local population density [1 km, 5 years] 

Á Rate of urbanization [National, 5 years] 

Á Precipitation [regional, annual] 

Á Standardized precipitation-evapotranspiration index (SPEI) [regional, annual] 

Á Standardized Precipitation Index (SPI) [1km, monthly] 

Á Standardized Precipitation Index (SPI) [1km, 3 months] 

Á Vegetation Health Index [4km, per week] 

Á Average temperature [regional, annual] 

Á Population (UN) [national, annual] 

Á Agricultural area (km2) [national, annual] 

Á Forest area (km2) [national, annual] 

 

Phase 3 ï The policy dashboard 
 
The Chad policy dashboard development process greatly benefited from the work done in Niger. 

Although the context, the relevant indicators and the availability of data all differed, the generic 

dashboard elements of the Niger dashboard could be (re)used as a first proposition for the Chad 

dashboard. This approach was accepted and after several iterations (in form of conference calls with 

the relevant parties) it was agreed to formulate and introduction page, a page on causality based on 

the semi quantitative analysis and weighting system, and one showing available data for the most 

https://population.un.org/wpp/
https://databank.worldbank.org/reports.aspx?source=world-development-indicators
https://climateknowledgeportal.worldbank.org/country/chad/climate-data-projections
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important topics: agriculture/food production, population and drought. Note that due to local 

conditions (slow internet) a page with map-based information was not required. The final Chad 

Dashboard has the following pages: 

 

Introduction page 

This introduction page (Figure 47) outlines the objective of the tool and explains how to use it. The 

page also introduces the used data and methods: the causal loop diagram and the real data-based 

indicators. The user can navigate to the other pages form this introduction page. 

 
 

 
Figure 47 - Page 'Introduction' of the Chad Dashboard 

 

Causality page 

The second dashboard page (Figure 48) presents the factors of the simplified causal loop diagram. 

IŜǊŜ ǘƘŜ ǳǎŜǊ Ŏŀƴ ƳŀƪŜ ŎƘŀƴƎŜǎ ǘƻ ŎŜǊǘŀƛƴ άŎŀǳǎƛƴƎέ ŦŀŎǘƻǊǎ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ŀ ǎƭƛŘŜǊ όōŜǘǿŜŜƴ л-1). 

The changes of these causing ŦŀŎǘƻǊǎ ƘŀǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ άǊŜǎǳƭǘƛƴƎέ ŦŀŎǘƻǊǎΦ ¢ƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎ 

specifically requested the visual separation between causing and resulting factors. The values of the 

resulting factors are visualized as probabilities between 0 and 1. Finally, the conflict likelihood is 

calculated and expressed as probabilities between 0 and 1 but using a gauge. Since several causing 

factors influence various different resulting factors, a color-coding system was implemented. In this 

system the causing factors are marked with colored dots (the colors represent the resulting factors, 

meaning the color of the gauges) according to the resulting factors they influence. In this way it is 

possible to trace back the cause-ŜŦŦŜŎǘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŀƴŘ ǘƘŜ ǳǎŜǊǎ Ŏŀƴ άǾŀƭƛŘŀǘŜέ ƛƴƛǘƛŀƭ ŜȄǇectations 

or at least they have guidance in the understanding of the changes in the system (caused by the 

modifications in the values of causing factors).  Similarly to the Niger dashboard, apart from manual 

changes to the causing factors, the users can also investigate the impact of certain pre-defines 

scenarios and interventions.  

 

https://app.powerbi.com/view?r=eyJrIjoiYTNjNGQ0YTMtN2IzNS00YWU4LThlOGItNzIxZDJjYTQ4MDE4IiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectionb860c4bdab798487fdce
https://app.powerbi.com/view?r=eyJrIjoiYTNjNGQ0YTMtN2IzNS00YWU4LThlOGItNzIxZDJjYTQ4MDE4IiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectionb860c4bdab798487fdce
https://app.powerbi.com/view?r=eyJrIjoiYTNjNGQ0YTMtN2IzNS00YWU4LThlOGItNzIxZDJjYTQ4MDE4IiwidCI6IjE1ZjNmZTBlLWQ3MTItNDk4MS1iYzdjLWZlOTQ5YWYyMTViYiIsImMiOjh9&pageName=ReportSectionb860c4bdab798487fdce
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Scenarios include external factors such as: 

Á drought,  

Á soil degradation,  

Á and livestock growth.  

 

The interventions include potential measures that stakeholders can take locally: 

Á increase in agricultural productivity,  

Á increase in pastoral productivity,  

Á securitization of pastoral zones,  

Á and enhanced governance. 

 

Each of these scenarios and interventions modifies a set of causing factors in the causal loop. Values 

can be set ŘŜŦŀǳƭǘ ǿƛǘƘ ǘƘŜ ΨAucune ǎŎŜƴŀǊƛƻǎΩ Ŝǘ Ψ!ǳŎǳƴŜ ƛƴǘŜǊǾŜƴǘƛƻƴΩ ōǳǘǘƻƴǎΦ ¢ƘŜ ǳǎŜǊǎ ŀǊŜ 

provided with additional information that can be accessed by clicking on the info buttons next to each 

factor. When a scenario or intervention is selected, it is highlighted.  

 
 

 
Figure 48 - Page 'Causality' of the Chad Dashboard 

Data page 
The third and last page is the data page (Figure 49). The previous Causality page is based on a semi-
quantitative representation of the system perceived by stakeholders according to their knowledge of 
the dynamics of the territories, however, these system dynamics can also be described by factual data. 
For this reason, indicators on three thematic groups are visualized. The first is agriculture/food 
production as agriculture is the most important source of income in Chad. It represents almost a 
quarter of the gross domestic product (GDP) and employs around 80% of the active population. It thus 
makes an essential contribution to the economic development of the country. According to the FAO 
report, agricultural production increases by 9% each year, but the problem of food security remains. 
The second is population growth as urbanization and demographic growth impacts the competition 
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for resources. Thirdly, drought as dune culture production, early cattle descent and ultimately food 
security is impacted by it. 
 
The indicators include both historical data and future projections. Visualizing the co-evolution and 
trends of these indicators (for a chosen time interval) allows users to link socio-economic and 
environmental processes to factual data that complements the semi-quantitative approach. The user 
can choose one indicator for each of the three thematic groups: 
Á Agriculture/food production: the selected indicators are employment in agriculture, 

vegetation health index (normalized difference vegetation index), agricultural surface area, 

forest surface area, and the contribution of agriculture, forestry and fishery to the GDP.  

Á Population: the selected indicators are local population density, population, and urbanization 

rate. 

Á Drought: the selected indicators are Standardized Precipitation Index (SPI) (3-monthly or 

monthly window), Standardized Precipitation-Evapotranspiration Index (SPEI) (yearly time 

window), precipitation, and average temperature. 

The time series of these indicators can be visualized and analyzed, covering 60 years historical period 
and future projections until 2050. The user can select a time interval with the slider on the top right 
corner. 
 

 
Figure 49 - Page 'Data' of the Chad Dashboard 

Results  
 
On the joint development process 

The stakeholder engagement process has been conducted by the local co-moderators, supervised by 

the team of GIZ. The process has required more time and phases than in the other two countries but 

the iterative process has allowed to go step by step in the development of the Causal Loop Diagram 

and therefore to give stakeholders time to think about their own case and perceptions. There has 

been a noticeable evolution in the system understanding regarding the following aspects:  
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Á ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ΨǿƘŀǘ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ƛǎΩ ŀƴŘ ΨǿƘŀǘ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ǎƘƻǳƭŘ ōŜΩΦ ²ƘŜƴ 

attributing the polarity (+ or -) to the factor, the difference was not made between wat the 

ǊŜŀƭƛǘȅ ƛǎ ŀƴŘ ǿƘŀǘ ƛǘ ǎƘƻǳƭŘ ōŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ŀ ǇƻǎƛǘƛǾŜ ǊŜƭŀǘƛƻƴ ǿŀǎ ŀǘǘǊƛōǳǘŜŘ ōŜǘǿŜŜƴ ΨǿŀǘŜǊ 

scarcityΩ ŀƴŘ ΨǿŀǘŜǊ ǿŜƭƭǎΩΣ ƳŜŀƴƛƴƎ ΨƛŦ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ƛƴŎǊŜŀǎŜǎΣ ǿŀǘŜǊ ǿŜƭƭǎ ǿƛƭƭ ƛƴŎǊŜŀǎŜΩΦ Lǘ ƛǎ 

a common pitfall with the Participative System Analysis, and with stakeholder engagement in 

general, to directly be willing to focus on the solutions. However, the strength of the approach 

is precisely to first understand the system in order to afterwards identify entry points for 

solutions. Several discussions with the team of Deltares have taken place to develop the 

approach and work on the system understanding, taking in first instance distance from the 

recommendations. 

Á The definition of the factors: During the process, many factors have been discussed regarding 

their definition and what it concretely entails. From the external perspective of Deltares, it 

seemed that the different participants used the same terminology for different realities (e.g. 

ŀŎƘŀǘΣ ƴƻƳōǊŜ ŘΩŀƴƛƳŀǳȄΣ Ŏŀǎ ŘŜ ƳŀƭŀŘƛŜǎΧύΦ aŀƴȅ ƻŦ ǘƘƻǎŜ ǘŜǊƳǎ ƘŀǾŜ ōŜŜƴ ŘƛǎŎǳǎǎŜŘ and 

further described to increase the understanding of the situation.  

Á The difference between access to water, availability of water and needs of water. In the first 

ƳƻŘŜƭǎ ŘŜǾŜƭƻǇŜŘΣ ǘƘŜ ŦƻŎǳǎ ǿŀǎ ǾŜǊȅ ƳǳŎƘ ƻƴ ΨŀŎŎŜǎǎ ǘƻ ǿŀǘŜǊΩΦ IƻǿŜǾŜǊΣ ǘƘŜ ŦŀŎǘƻǊǎ ŘƛǊŜŎǘƭȅ 

ǊŜƭŀǘŜŘ ǘƻ ΨŀŎŎŜǎǎ ǘƻ ǿŀǘŜǊΩ ǿŜǊŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ǊŜŀƭƛǘƛŜǎΦ ¢ƘŜ ŦŀŎǘƻǊǎ ΨŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǿŀǘŜǊΩ ŀƴŘ 

ΨŀŎŎŜǎǎ ǘƻ ǿŀǘŜǊΩ ǿŜǊŜ ŀƭǎƻ ǳǎŜŘ ŘƛŦŦŜǊŜƴǘƭȅ ƛƴ ǎŜǾŜǊŀƭ ƛƴŘƛǾƛŘǳŀƭ ƳƻŘŜƭǎΦ 5ǳǊƛƴƎ ƳŜŜǘƛƴƎǎ ǿƛǘƘ 

the co-moderators, it appeared that there was some confusion amongst the stakeholders 

ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴΥ ΨŀŎŎŜǎǎ ǘƻ ǿŀǘŜǊΩΣ ΨŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǿŀǘŜǊΩ ŀƴŘ ΨǿŀǘŜǊ needsΩΦ 

Those concepts and their definition have been discussed with the stakeholders during the 

second workshop.  

Á The collaboration with the WPS Partnership: the collaboration between the local team and 

the international partners has very much evolved during the process. The collaboration has 

taken more time that in the two other countries in order to really start. The risk was that the 

process would not follow the approach suggested and that the dashboard would not meet the 

needs of the stakeholders. Several meeting moments have allowed to discuss the approach, 

the needs of information to develop the dashboard and the way to collaborate. The team of 

Niger has also provided their feedback on how the collaboration took place in Niger and this 

has facilitated the possibility for the team in Chad to further define how they wanted to 

further work in partnership with the international team. A stronger support from Deltares 

during a workshop with the comoderators has also to define the approach for the 

development of the dashboard. In this second phase of the process, regular meetings have 

been organized between Deltares and the local team.  

 
On the dashboard 

Key findings 
 

Á Stakeholders initially indicated that no data is available that could be visualized in the 

dashboard. The project confirmed that although provided by global models or by international 

organizations, but there is some data available that could be used in the dashboard to 

complement the semi-quantitative approach and provide measured (or estimated/modeled) 

data. The policy dashboard can therefore initiate discussion on data availability and on 

strategies to set up local models/monitoring networks based on what is required for decision 

making.    
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Á Based on the causality page of the dashboard, the scenario that increases conflict likelihood 

is not climate related but due to the increase of livestock. Moreover, the intervention that 

lowers conflict likelihood the most is the securisation of pastoral zones, more than enhanced 

governance. 

 

 
Figure 50. Perceived impact of increased livestock on the system, and ultimately on the conflict 
likelihood. 

 

 
Figure 51. Perceived impact of the securization of pastoral areas on the system, and ultimately on 
the conflict likelihood. 
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Á On the data page of the dashboard and from the global climate projection data, it seems that 

the precipitation will increase in the future. This should be taken into account when 

considering measures as better water storage could provide benefits to manage droughts. It 

can also be seen from the dashboard that while precipitation increases, so does the average 

temperature which causes greater evapotranspiration. This is reflected in the 

evapotranspiration adjusted standard precipitation index (SPEI) that shows decreasing trend 

in the future. 

 
Figure 52 ς Dashboard visualization of historical reanalysis and future projections of precipitation, 

average temperature and Standardised Precipitation-Evapotranspiration Index (SPEI) 

 

These key findings provide examples of what can be learned from the local tool. It is strongly 

recommended that the co-moderators and the users of the dashboard can draw their own results and 

conclusions as they are more familiar with the local situation and that it would guide them in their use 

of the dashboard.  

 

Note that since at the writing of this report the final workshop did not take place yet, the key 

conclusions/learning points of the users could not be incorporated. 
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Communication 
During the project, Deltares and IHE-Delft have, on behalf of the WPS Partnership, supported the 
Frexus team with some presentations and communication items around the results of the project, 
such as:   
 

1. World Water Forum, Dakar 2022 
During the Frexus session άtŜŀŎŜŦǳƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ƛƴ ǘƘŜ bƛƎŜǊ ϧ [ŀƪŜ /ƘŀŘ .ŀǎƛƴέΣ ƻƴ 
March 23, 2022: Audrey Legat as keynote speaker and Susanne Schmeier as moderator. 

 
2. Article for the Water Atlas Africa, May 2022 
For the article « Frexus : Améliorer la sécurité et la résilience au changement climatique dans les 
contextes fragiles à travers le Nexus EESA » (not published), contribution for the description of 
the global tool and of the local tool.  

 
3. Stockholm Water Week, 2022 
During the sŜǎǎƛƻƴ άLƳǇǊƻǾƛƴƎ ǎŜŎǳǊƛǘȅ ŀƴŘ climate resilience in a fragile context through the 
Water-Energy-CƻƻŘ bŜȄǳǎέ ƻƴ !ǳƎǳǎǘ нпΣ нлнн: Audrey Legat as panelist; Susanne Schmeier as 
moderator. 
 

These activities represented key milestones for the project, because they have allowed the 
international team of Deltares to gather feedback from the local users on the process and results, 
verify if the methodology was understood well enough by the co-moderators to present and discuss 
it for an external audience (e.g. keynote speech of Pr. Lawali - University of Niamey; panel discussions 
at WWF and SWW), and have a live exchange with the users on the local context and needs.  
 

Discussion and recommendations  
 

Discussion 
Water, energy and food resources are the basis of the functioning of our societies, for economic and 

social activities. The nexus of water, energy and food is crucial for agriculture, livestock and fishing, 

key activities in the Sahel region. However, these resources face increasing pressures (e.g. 

urbanization, population growth, overexploitation of resources, pollution, etc.), exacerbated by 

climate change. In some cases, this leads to competition or certain inequalities (perceived or existing) 

between users and to potential conflicts. The project has looked in depth at the interplay of natural 

resources, climate change, and peace and conflict in Mali, Niger and Chad, resulting in analysis tools 

that are being applied in the three areas of intervention. The tools are based on interconnected 

models that include the central elements of water, energy and food security and the competition for 

those resources together with the associated conflict risks. 

Looking back on the process, some specific aspects can be discussed regarding the joint development 

process and the resulting tools. Those discussion points are articulated around five aspects: the 

potential of the tools; the country dynamics; the data collection; the users and the clarification of what 

the dashboard is not (intended to be).  

1. The potential of the tools  

To manage potential conflicts in all the three regions, it is necessary to have resource management 

that takes into account the link with security. Tools can help actors to take joint and informed action 

based on in-depth system analysis with the help of a causal loop diagram. Generally speaking, the 
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feedback on the development of the causal loop diagram is very positive, with some participants 

already indicating the benefits it creates in their region. The feedback on the policy dashboard tool 

somehow shows less enthusiasm, some participants highlighting that the dashboard tool is not as easy 

of use as they would have liked. In each of the three countries, this balance has been difficult to find 

because the stakeholders indicated interest in more data (leading to several pages per tool), and 

different types of data (covering various sectors), which also increases the functionalities and 

therefore the complexity of the tool, which should actually be tailored and simplified towards a 

specific user need. However, the more the stakeholders and co-moderators use it, the more it seems 

to raise enthusiasm for the possibilities the dashboard tool offers. Recent feedback from Mali, after 

three months of presenting and using the dashboard, have indicated much more appreciation for the 

added value of the dashboard.  

The experience in the three intervention zones has shown that the analytical tools developed are in 

any case able to fuel dialogue between stakeholders, to contribute to developing a common 

understanding of the factors of conflict and the levers of intervention favoring sustainable and 

peaceful management of natural resources while remaining in line with national and sub-regional 

development policies. The participative approach and the development of the tools have been 

successful in bringing stakeholders together, in particular different communities, to reflect on the 

decision-making process and actions in the prevention and management of conflicts related to the 

management of natural resources. In the three regions, it is mentioned that the methodology has 

helped creating a useful environment for trust and co-creation. The result of local analytical tool 

development is a product, although the development process, that is the means towards this 

objective, is equally important. 

2. The important role of the (trained) co-moderators 

The role of the team of co-moderators has been crucial for the process in the three countries. For a 

successful process, it was important for the stakeholders to accept and join the dynamics needed for 

the appropriation of the process, of the discussion and for improvements as a group. The co-

moderators have created this dynamic, supported by the technics and knowledge developed during 

the preliminary training. In each country, they have acted as a team and collaborated in the discussion 

with Deltares. Not all the trained co-moderators have been equally active, but for each country there 

has been a core group proactively leading the process. In this sense, it has been helpful to train five or 

six co-moderators per country, it has ensured enough leadership and possibility for role division.    

One of the challenges faced during the process is that not all stakeholders have sent the same 

participants for the different activities and phases of the project. Although it has been strongly 

monitored and encouraged by the group of co-moderators, it is one of the aspects that had to be 

taken into account along the process. A solution to mitigate this problem has been to ensure enough 

time at the start of the workshop in order to recap on the previous phases. On the positive side, it has 

also allowed for the emergence of a group of really involved users who have followed the entire 

process.  

3. Defining the users 
The development of the dashboard has been hampered by the simple ǉǳŜǎǘƛƻƴΥ ΨǿƘƻ ǿƛƭƭ ǳǎŜ ƛǘ ŀŦǘŜǊ 

ƛǘ Ƙŀǎ ōŜŜƴ ŘŜƭƛǾŜǊŜŘΩΚ Tools developed by researchers/consultants tend to be little used by the 

intended end-users, unless the end-users are involved from the beginning. The participatory approach 
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has been beneficial to develop a dashboard that can be used by a diversity of stakeholders, but it also 

presents the risk of tackling too many different user cases. This can be illustrated by the case of Mali 

for instance, where more than fifteen users with very different profiles where identified when defining 

the user cases. When defining the user cases with the stakeholders it appeared that the stakeholders 

had different uses and information needs. In the next section, recommendations are provided on this 

aspect. 

 
Figure 53 - The list of users identified when defining the user cases for the Mali dashboard 

4. What the dashboard is not 
 
When developing the dashboard, there has sometimes been confusion on what the objective of the 

dashboard is. This could raise some expectations that are not possible to meet in the scope of the 

project. The dashboard as local analytical tool is an interactive platform for exploring and visualizing 

development and natural resource management scenarios and their potential impact on security and 

conflict risk. Eventually it should facilitate the dialogue and inform decisions on resource allocation 

and conflict prevention. There are three important aspects of what the dashboard is not:  

Á The tool is not designed to predict conflicts. In fact, it is a tool which facilitates the 

discussion around potential scenarios and measures that have an impact on the risk of 

conflict. It does not have prediction capabilities and purposes. 

Á The tool is not an exact representation of reality; instead it shows possible scenarios / a set 

of plausible representations of changes in external factors based on estimates, perceived 

changes, or using physics based or data driven models that are approximations of the real 

processes.  

Á The tool does not provide a real time analysis. It is intended to be a policy tool that has a 

longer time frame reaching historical past and mid- or even long term future. 

In some cases, other tools provide those types of outputs (e.g. OPIDIN in Mali gives seasonal forecast). 

In cases when such tools do not exist yet, those aspects are possible to develop (note that they require 

different types of models and techniques) and they could be complementary to the policy dashboard 






































