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Prologue  

 

As a Colombian, from a country battered by a protracted conflict for more than 60 years 

and simultaneously affected by disasters, I had the opportunity to understand the 

importance of Disaster Risk Reduction (DRR) for the most vulnerable people in fragile 

contexts . Early in my career, I already confronted the severe implications of extreme 

weather, climate variability and climate change. My first emergency response was in 2005 

when a flash flood devastated the lives of people living in a makeshift settlemen t along 

the Apartado River (Río Apartadó). The lives and assets of people who had previously been 

violently displaced by the conflict from their places of origin were also affected by the 

flood.  

By the time I reached my teens, I understood the importance of disaster preparedness. I 

was part of my schoolôs emergency evacuation team, which focused on reducing 

earthquake risk , supported by the Colombian Red Cross. This experience also trained us 

to handle evacuations in case of bomb threats, which were common in Bogotá during the 

violent periods of the 1990s . DRR became a key part of my identity as I grew in my 

humanitarian career. I fully understood the importance of EWS while working in Haiti as 

par t of the earthquake disaster response from 2010 to 2012. The hurricane season brought 

dramatic  disaster risks for the millions  of displaced people living in tents. Being able to 

understand who was at risk, what the weather forecast was, communicating  warnings, 

ensuring that people understood them, and making sure people knew and had the 

materials to reinforce their tents was a matter of life and death . I came to understand the 

complexities of the situation, especially when coordinating with the United Natio ns (UN) 

peacekeeping mission as part of the Early Warning Systems (EWS) . There were many 

challenges to consider, including the violence arising from the harsh  conditions the 

population was facing, such as gang activity in Port -au -Prince, protests in Petit Goave, and 

occasional outbreaks of violence in Leogane . This was the largest humanitarian crisis in 

the world at that time , and there was limited capacity to anticipate disasters on top of an 

existing disaster.  

The concept of EWS became a growing  priority in my professional life. My interest grew in 

2011, the day Pablo Suarez introduced me to the idea of enhancing EWS by implementing 

robust anticipatory planning, an enhanced decision -making process, and a financing 

mechanism that would enable  humanitarian organisations and people at risk to act ahead 

of disasters. Nowadays, this is referred to as  Anticipatory Action (formerly Forecast -based 

Financing). By this time, my bigger academic and practical interests were converging  

towards  the intersection between climate and conflict. A few years prior, in 2009, I 

completed my master's thesis on the linkages between climate and conflict, examining a 

flood that occurred in 1993 in Nepal, just  before the escalation of the Peopleôs War in 1996. 

One of the key informants for my research was Nanda Bahadur Pun, former head of the 

Maoist guerrilla in Nepal  (1992 -2008)  and former Vice  President of the country (2015 -

2023). In his words, the flood added opportunity to win the hearts  and minds of the very 

vulnerable Nepali populations living in the areas where the Maoists were operating. The 

flood did not directly cause the war; however, the Maoists were able to capitalise on the 

flood situation to gain support by providing emergency aid to the affected communities.  

Three years after the f lood, the country entered into a  10 -year war.  
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With that experience from Colombia, Nepal , and Haiti, in 2013, I had the opportunity to 

join the early stages  of Anticipatory Action  (AA)  in Uganda. The Red Cross Red Crescent 

Climate Centre, with the German Red Cross, were supporting Uganda Red Cross to pioneer 

a new approach that would transform the humanitarian sector ( Anticipatory 

Action/ Forecast -based Financing). This process was initially implemented in a post -conflict 

area, Karamoja, but conflict considerations were not incorporated into  the process.  After 

this,  in 2014,  I went to the Philippines for the disaster recovery after Super Typhoon 

Haiyan (Yolanda). Once again, EWS became a measure of life and death; millions of people 

already affected by the disaster were exposed to other tropical storms, which was 

particularly  challenging in Mindanao, where people were also affected by the conflict.  

During this period, Anticipatory Action was growing, with the German Government's 

investments in new pilots and the creation of a community of practice. In parallel, the 

Climate Risk Early Warning System initiative (CREWS) was launched in 2015 at the UN 

Framework Convention on Climate Change ( UNFCCC)  Conference of Parties in Paris 

(COP21).  

The moment was ripe for EWS and Anticipatory Action to advance.  In 2016, joining the 

Red Cross Red Crescent Climate Centre marked a radical change in my career, from 

fieldwork towards a role where research, policy, practice and innovation converge.  A few  

years into the development of the Anticipatory Action methodologies, pilots and policies, 

my two interests started to converge. At the Climate Centre, we recognised that there was 

an important flow in the way EWS and AA systems were being set up; we were leaving 

behind people affected by conflict, as the complexities were challenging to deal with.  In 

2019, as a founding member of the Anticipation Hub, I took the leadership of Anticipatory 

Action in Conflict (Anticipation Hub 2019) . My PhD journey started when Maarten van Aalst 

was  appointed as full professor for Climate and Disaster Resilience . The Climate Centre 

decided that advancing research about the limitations and opportunities of EWS and AA in 

conflict settings was a humanitarian priority. Danish Red Cross decided to join this 

objective by supporting this PhD.  

My vision for a PhD was to contribute to a better understanding of the limitations and 

opportunities for early warnings to translate into early action s for people affected by the 

horrors of war , hence the title of this thesis ,  ñEarly Warning  and  Early Action in 

Conflict -Affected Settingsò.  

This PhD journey started when little attention was given to climate change and/or EWS in 

conflict settings. Over the past few years, policy attention to the critical importance of 

climate change adaptation and climate finance in Fragile, Conflict,  and Violence -affected 

settings (FCV) has grown significantly. In my research, I have benefited and contributed 

to this process, for example, by being part of the Coalition of Climate Action in FCV 

settings, which was a driver of the COP28 Climate, Relief,  Recovery and Peace Declaration. 

Considering this, my objective throughout the PhD was to influence policy and practice, 

through robust research. By the time I complete this thesis, I have been fortunate to lead 

and contribute to, among others:  

- The development of the CREWS Operational Procedures for Fragile, Conflict and 

violence -affected settings. The largest Early Warning System fund in the world.  

  

- The creation of an Anticipatory Action in Conflict toolkit developed by the Climate 

Centre, the Anticipation Hub and International Water Management Institute 

(IMWI).  
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- Expert advice and review of milestones reports, including the World Bank Early 

Warning Systems in FCV settings report of 2024 and the World Meteorological 

Organization (WMO) and UNDRR handbook on Early Warning Systems in FCV 

settings.  

 

- A contribut ion to the IPCCôs Sixth Assessment report, chapter 17 (on decision-

making options for managing risk) on the intersection of climate and conflict, 

including EWS/AA in conflict settings.   

 

- Two sessions on EWS in conflict settings at COP29 Peace Day in Baku, Azerbaijan, 

where I presented results from the PhD.   

 

- Chair of  the World Meteorological Organization multi stakeholder forum on Multi -

hazards Early Warning Systems session on  Fragile, Conflict and Violence affected 

context s.  

 

- A book chapter in  Fearnley, C.F. and Kelman , I  (2025). Creating Effective Warnings 

for All: Multiple perspectives  on the state of the art. London, Ubiquity Press. 

Chapter 16 Accessible Early Warnings and Early Action in a Fragile and Conflict 

Contexts.  

 

The journey to translating the findings highlighted in this thesis into meaningful impact is 

starting. While there is clearly much more research to be done on this topic, even more 

also still needs to be done in policy and practice to ensure EWS can protec t people affected 

by war from the impacts of climate change and increasing vulnerabilities  
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This first chapter sets the scene  for this thesis,  to answer  the main question:  ñHow  can 

Early Warning  and  Early Action operate and be improved in situations of armed conflict ?ò.  

It describes the  role of Early Warning Systems in a world where  climate, conflict and 

humanitarian crises  are interconnected . It demonstrates  why EWS for people affected by 

armed conflict are  important to save lives, protect livelihoods and dignity in a changing 

climate.  

The first sections  lay the ground for  the relevance of the research. Section  1.1 starts with 

the interaction between conflict, disasters and climate change, followed by 1.2 about the  

humanitarian impacts of climate - related disasters in conflict settings . Subsequently , 

section 1. 3 present s the knowledge gaps  about Early Warning Systems and the ir  role in 

conflict settings , and section 1. 4 shows the main PhD question and sub questions . Finally, 

the chapter  concludes  with  section  1. 5, outlining the rest of the thesis with a reading guide.    

 

1.1  Conflict, disasters and climate change  

 

The fact that disasters and conflict are often concurrent is not new; their often -disastrous 

interactions have affected people for centuries. In the present  world, with high levels of 

inequality, unbalanced power dynamics, population growth, environmental degradation, 

climate change and the  impacts of the  COVID -19 pandemic, this relation between disaster 

and conflict is even more pressing. The interlinkages between conflict and disaster s are 

numerous and complex  (Wisner et al. 2004; Werz and Conley 2012; Puspita 2017) . Yet 

there are significant research gaps in this area.  

Conflict studies describe how conflict damages state structures, their legitimacy, trust and 

deepens poverty and weak governance.  For example, in Colombia, the lack of government 

control of rural areas has reduced state legitimacy and trust and has allowe d opposition 

armed groups such as the former FARC and ELN to usurp control of poor and remote areas 

(Kuipers et al., 2019) .  In 2025, the OECD reported that 61 countries in the world are 

experiencing extreme or high fragility, home to 25% of the worldôs population,  2.1 billion 

people, among them , 24  countries  are experiencing armed conflict ,  and 8 are in a state of 

war (OECD 2025) . 

These complex dynamics and the vulnerabilities that have been created and perpetuated 

by conflict are related to the susceptibility of people to be affected by disasters (Wisner et 

al. 2004; ICRC 2020b; Siddiqi, Peters, and Zulver 2019) .  Marktanner, Mienie, and Noiset 

(2015)  indicate that around 14% of the approximately five million disaster deaths between 

1961 and 2010 can be attributed to the legacies of armed conflict (Marktanner, Mienie, 

and Noiset 2015) . According to the International Federation of the Red Cross and Red 

Crescent Societies (IFRC), between 2010 and 2020, 83% of the total number of recorded 

natural hazards were weather - related, such as floods, storms and heatwaves (IFRC 2020)  

and with climate change, we can expect an increase in the frequency and magnitude of 

extreme weather events of this kind (IPCC 2018, 2022) . The IFRC estimates that by 2050, 

200 million people every year could need international humanitarian aid because of the 

combination of climate - related disasters with socio -economic trajectories (IFRC 2019) , 

while the World Bank estimates that ñby 2030 as many as two-thirds of the worldôs poor 

may be in fragile and conflict -affected contexts (World Bank Group 2020) . The relationship 

between conflict, climate change and disasters is an existential threat to the most 
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vulnerable populations in the world. In 2023, at the 28th Conference of the Parties 

(COP28) this interaction was acknowledged and highlighted through the signature of the 

COP28 Declaration on Climate, Relief, Recovery and Peace (UNFCCC 2023) . 

This research started when conflict was starting to get some recognition in some of the 

key global DRR, development, humanitarian and climate policy frameworks, but it was 

certainly still nascent in the context of Early Warning Systems. On one side, the Se ndai 

Framework for Disaster Risk Reduction (SFDRR) did not acknowledge conflict as a risk 

driver (Collins 2019; Idris et al. 2013; IISS 2019; K. Peters 2017) , nor did the Climate 

Paris Agreement (UNFCCC 2015) . In the Sustainable Development Goals (SDG) conflict is 

considered, SDG 16 recognises that disasters and conflict are mutually reinforcing (United 

Nations 2015b, 2015a) . Although conflict is mentioned in the Agenda for Humanity of the 

2016 World Humanitarian Summit commitments, the clear recognition of conflict as a 

driver of disaster risks is missing (United Nation 2016) . 

 

 

1.2  Humanitarian Impacts of Climate - related Disasters 

in Conflict Settings  

 

Research has shown that conflict -affected populations are highly vulnerable to the impacts 

of climate change  (Eckstein et al. 2019; ICRC 2020b; Caso, Hilhorst, and Mena 2023) . 

ñThe vulnerability to disasters is increased by conflict as it erodes response capacity over 

timeò (IISS 2019) . Some of the impacts of conflict that exponentially increase the 

vulnerability of people to climate change include displacement, unemployment leading to 

criminality, gender -based violence, insecure land tenure,  low literacy, poor access to 

social and healt h services, violence, looting , theft of property and extreme poverty, among 

many others  (Chandra et al. 2017; Eriksen and Lind 2005; Idris et al. 2013; Jaspars and 

Maxwell 2009; Olmedo and del Miño 2019; Quinn et al. 2017; UNDP 2011; Wisner 2012; 

World Bank 2020) . These impacts , in combination with other global dynamics, perpetuate 

cycles of poverty, making the conflict -affected population more susceptible to suffering  

from climate and weather - related events  (Peters 2024) .  

The following examples illustrate why the overlap between climate and conflict matters. 

In Mindanao, Philippines, a region that is seeing a growing number of tropical cyclones  

(Noy 2016) , poverty is closely linked to long -standing armed conflict. Both disasters  and 

conflict have significantly increased smallholder vulnerability, resulting in loss 

of  livelihoods , financial assets,  reducing agricultural yield  and the worsening of debt 

problems  (Chandra et al. 2017) . According to Chandra et al, conflict has increased 

vulnerability, particularly of women , because of factors such as the death of male members 

of the family, discrimination against Muslim and indigenous women, undefined customary 

rights to land and livestock, and resource poverty, among others. Similarly, a study by the 

World Weather Attribution  highlighted how displacement and conflict heighten heat risks 

for women and girls  (Kew et al. 2025) . The study concluded that climate change made the 

extreme heat of February 2025 in South Sudan at least 2 °C  hotter and at least 10 times 

more likely , this combined with the impacts of conflict, exacerbated an already existing 

humanitarian crisis .  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/livelihood
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/yield-agricultural
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In Colombia, displacement because of conflict has pushed Internally Displaced Populations 

(IDP) populations to live in high - risk areas (Albuja and Cavelier 2011) , such as steep 

slopes susceptible to landslides and the edge of riverbanks (Kuipers, Desportes, and 

Hordijk 2019) . This conflict - induced vulnerability, in turn, has resulted in catastrophic 

climate - related disasters (Kuipers, Desportes, and Hordijk 2019; Siddiqi, Peters, and 

Zulver 2019)  amidst an already existing humanitarian crisis ; ñin Colombia, the connection 

between violent conflict, environmental degradation, loss of livelihood and vulnerability 

are vividly clearò (Wisner et al. 2004  p.75 ) . Of particular note is the impact of aerial 

fumigation of illegal crop, farmers had to flee their lands either to urban areas or deeper 

into the rainforest, which in turn has increased deforestation, leading to a loss of 

biodiversity, which can increase t he risk of future disasters (Crosby Jimenez 2023; Wisner 

et al. 2004; Duran and Uribe 2019) .  

 

 

1.3  Knowledge gaps of Early Warning Systems in Conflict 

Settings  

 

Early Warning Systems  (EWS)  are integrated systems which allow people to know that 

hazardous weather or climate - related events are on the way, and inform how to act to 

reduce risk before the event occurs (WMO 2021) . These systems are an essential part of 

reducing the risk of disasters. They have evolved significantly  over the last decades 

(Rokhideh, Fearnley, and Budimir 2025) . The concept of Early Warning and Early Action 

(EWEA) emerged to emphasise that early warnings must lead to early actions (IFRC 2009) .  

Approaches such as Anticipatory Action (AA) are increasing further this capacity to act 

early, by disbursing funding before a disaster based on forecast and risk analysis (Tozier 

et al. 2018; Coughlan De Perez et al. 2015) ; this enables communities at risk to take 

measures to protect their lives, property and livelihoods (Gros et al., 2019) .  

 

Although progress is substantial, there are still gaps in policy, science and practice to 

institutionalize EWS at governmental and non -governmental levels  (Collins 2019; 

Weingärtner, Pforr, and Wilkinson 2020; Zommerss· and Singh 2014) .  Addressing  EWS 

gaps  across the entire value chain  (Golding 2022) , is essential to achieve the Sendai 

Framework for Disaster Risk Reduction targets  (Rokhideh, Fearnley, and Budimir 2025) . 

Alcántara -Ayala et al , criticise that EWS are  focused primarily on hazards, therefore ñlost 

in translation, but also late by definitionò (Alcántara -Ayala and Oliver -Smith 2019  p.328 ) . 

Addressing the  gaps  across all elements of the EWS process  is a priority set by the United 

Nations Secretary Generalôs Early Warning for All initiative (EW4All) launched in 2022. 

 

EWS gaps are even more pronounced in conflict -affected settings (CREWS 2024) . 

Research suggests that leaders prioritise immediate needs, protection, peacebuilding and 

stabilisation in conflict areas and responsibilities for promoting DRR, including EWS, are 

often neglected (Peters 2019; UNDP 2011; Walch 2018) . Under such conditions, even if 

willing, states often have difficulty implementing basic early warning systems (Harris, 

Keen, and Mitchell 2013; CREWS 2024)  and although EWS have been included in DRR 

strategies of countries beset by conflict such as Afghanistan, Colombia, Iraq, Myanmar 

and Philippines (ANDMA 2011; Goodyear 2009; NDCC 2009; NDMC 2017; UNGRD 2015)  
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there is limited evidence about implementation, effectiveness and lessons learnt. Adding 

to this, Mena and Hilhorst (2020)  identify an absence of a DRR community of practice that 

can document and share learnings from these contexts  (Mena and Hilhorst 2020) .   Idris 

et al. (2013)  highlighted that questions regarding the shaping of disaster governance in 

conflict areas were unexplored  (Idris et al. 2013) . However, we noticed throughout this 

PhD research over the last five years, there has been a shift towards acknowledging the 

importance of DRR and EWS in the context of Fragility, Conflict and Violence (WMO -UNDRR 

2024; World Bank/GFDRR 2024; IFRC et al. 2024) . Yet, long - term historical perspectives 

on the evolution of national policy architectures, practices and research of EWS in conflict -

affected settings are still limited.  

 

Acknowledging  and addressing  research gaps in EWS is crucial, these systems  can play a 

significant role in reducing mortality, morbidity and disaster losses for conflict -affected  

populations.  In a changing climate,  EWS systems for climate - related  hazards can be 

lifelines for  refugees 1, Internally Displaced Persons (IDP) and people living in conflict -

affected areas , often under the control of Non -State Armed Groups (NSAG ) . People 

enduring the impacts of conflict often have debilitated coping strategies, few social 

supports , and are highly  vulnerable, because their homes, livelihoods, health and basic 

services have been compromised by conflict  (ICRC 2016; IISS 2019; Wisner et al. 2004; 

ICRC 2020b) . Of course , the need for EWS in conflict settings  is even more pronounced 

given that long - term DRR and CCA (including investment from climate finance) are  not 

reaching these most fragile settings  (Sitati et al. 2021) .  

 

 

1.4  Research question s 

 

Conflicts are a major driver of poverty, inequality and human rights violations, 

exacerbating and perpetuating vulnerabilities. Communities in these conflict settings are 

particularly  vulnerable to natural hazards, due to a more limited capacity to prepare for 

and respond to disasters effectively, on top of their lack of support services. Climate 

change is further aggravating these challenges. This PhD research started with  two main 

observations :  

1.  EWS could provide an opportunity to reduce and manage disaster risks for people 

affected by conflict , which is particularly important in a world facing a changing  

climate and increasing  conflicts.  

2.  Research  on policy  and practice of EWS in conflict settings is  very limited.  Research 

gaps are significant.  

Therefore,  this research aims to contribute to the existing scientific knowledge in the field 

of disaster studies by answering the following main research question: How  can Early 

Warning and Early Action operate and be improved in situations of armed 

conflict?    

This thesis focuses mostly on global analyses of countries severely  affected by conflict and 

one country - level case study. It applies key thematic areas of EWS: 1. understanding risk, 

2. forecasting availability and monitoring, 3. communication and dissemination, 4. early 

 
1 Note 1: refugees and IDPs in the context if this research refers exclusively to conflict related.  
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action planning and 5. financing systems , with a dominant focus on 1, 2 and 3.   Results 

from the global and country -specific analysis enable a deeper understanding of existing 

gaps and opportunities for EWS in conflict settings. This research was conducted 

acknowledging that complexity, diversity of perspectives and contradictions are part of the 

domains of disaster governance, science and management (Hilhorst 2003) , therefore a 

mixed methods approach was used to consider these complexities, including the use of 

global data sets, interviews and workshops (see chapter 3.2 data and methods).  

 

 

Specific Research Questions  

 

To explore the main question above, I have zoomed in to four specific research questions 

addressing specific aspects of EWS in conflict settings:  

 

The first part of the research consisted of a global analysis of weather forecasts, addressing 

a gap in knowledge on forecasting availability, communication, and dissemination. Chapter 

4 examine s whether global forecast models predicted historical rapid - onset 

hazards and forecast information was communicated for droughts in 

geographical areas affected by armed conflict .  

 

This hazard - forecast oriented analysis is followed by a comprehensive literature review to 

address the question,  w hat is the state of knowledge of EWEA for climate hazards 

in countries affected by armed conflict and high levels of forced displacement ?  

Chapter  5 provides an overview of the gaps across all the elements of the value chain of 

EWS in conflict settings.  

 

The third question  focused on understanding risk , the first element of EWS . Understanding 

vulnerability and exposure is a step to identify who and what is more likely to be impacted 

by climate hazards, it support s the decision -making process to act before a hazard , and 

the selection of early actions.  To explore this aspect, chapter 6 addresses the question  of 

w hat is the potential of using OpenStreetMap (OSM) data to understand exposure 

and vulnerabilities to climate -related hazards of Sudanôs most vulnerable 

populations, such as internally displaced persons (IDPs) or refugees displaced 

by violent conflict?  

 

Finally,  wi th increasing investments in measurement infrastructure to  enhanc e 

hydrometeorological observations  and strengthen early warning systems , this research  

look s at such investments in conflict settings. Chapter 7 examines  why and how 

hydrometeorological infrastructure has been directly and indirectly impacted by 

conflict and how it can be protected?  This chapter  addresses the root causes of 

failures of such systems in conflict  settings, and the solutions necessary to ensure 

observations and EWS can be  implemented to be  more  sustainable even in the most 

insecure environments.    
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1.5  Reading  guide  

 

This thesis is divided into three main sections. The first section includes chapters 1, 2 and 

3 and provides the background of the research . It start s with the current c hapter 1, which 

presents an overview of the interactions between climate, conflict and disasters, and the 

humanitarian impacts of the combination of all these factor s, as well as the knowledge  

gap s and research questions addressed in this thesis. Chapter 2 presents the concepts and 

conceptual framework for this research, describing the evolution of EWS, EWEA and 

Anticipatory Action and making the links with conflict. Chapter 3 presents the data 

collection and research methods.   

The second section includes chapters 4,5, 6, and 7, which cover the analytical, historical 

meta -analysis, and empirical parts of this research. Chapter 4 is a historical analysis of 

global forecast models' data to determine whether extreme weather events t hat impacted 

countries affected by conflict were predicted or not. It shows that EWEA could have been 

possible if those models would have been used to improve the decision -making process to 

act ahead of a shock. Chapter 5 is a meta -analysis of EWEA researc h in conflict -affected 

countries  which identifies  the research gaps ,  establishes  the conceptual framework used 

in this research , and reveals the severe gaps in research across all the elements of EWEA. 

Chapter 6 combines empirical and Geographical Information Systems (GIS) analysis to 

understand the possibilities and impossibilities of using OpenStreetMap for EWEA in conflict 

settings, focused on a case study of Sudan. Chapter 7, addresses  the impacts of conflict 

on hydrometeorological infrastructure.  

Finally, Chapter 8 is the synthesis  and conclusion , which offers a summary of the research, 

the broader implications of the research for policy and practice and aspirations for future 

research and impact in the real world.  
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Chapter 2 ï Concepts and overall approach  
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2.1 EW S: Concepts  and the intersection with conflict  

 

Early Warning Systems are "an integrated system of hazard monitoring, forecasting and 

prediction, disaster risk assessment, communication and preparedness activities, systems 

and processes that enable individuals, communities, governments, businesses, and others 

to take timely action to reduce disaster risks in advance of hazardous events ò (UNDRR 

2017) . The concept of  óearly warningô is used in many fields to mean the provision of 

information on an emerging dangerous circumstance where that information can enable 

action in advance to reduce the risks involved  (Basher 2006) .  

Historically , EWS have focused primarily on hazards and not on risks , they  have  also lack 

the links between all the elements that make part of an EWS (Garcia and Fearnley 2012) , 

to make them work it is necessary to have a strong political commitment and durable 

institutional capacities  (Alcántara -Ayala and Oliver -Smith 2019; Basher 2006) . For 

example, a decade ago  in Chad, the government did not prioritize EWS as part of their 

DRR strategies, which led to donors withdrawing funding for the development of EWS  

(Harris, Keen, and Mitchell 2013) . These factors , among others, have limited the capacity 

to implement óEarly Actionô to protect people. As highlighted by Oôkeefe et al, and Oliver -

Smith  et al , DRR should no longer ignore the root causes and risk drivers of disaster risk 

and disasters as they are intrinsically linked to the values and culture embedded in natural 

and social systems as unfolding processes over time  (Oôkeefe, Westgate, and Wisner 1976; 

Oliver -Smith et al. 2016) . It is crucial to recognize that an EWS is a structure that is highly 

influenced by social and environmental inequalities  (Frank and Ivanisevic 2014) . For 

example, the lack of mobile phone  coverage, common in isolated  rural a reas  with high 

levels of poverty , can limit the dissemination  of  warning messages .  

In response to the gap of advancing EWS mostly as a technological solution, the concept 

of óEarly Warning Early Actionô (EWEA) emerged in 2009 (IFRC 2009; IFRC et al. 2014)  

(IFRC, 2009) . This concept emphasises not only the warning but also the act of doing 

something concrete based on a warning. The óearly actionô element is crucial to reduce 

disaster risks and prepare for effective response, a process that takes place in the window 

of tim e between a forecast and a disaster  (Coughlan De Perez et al., 2015; GRC et al., 

2020; IFRC, 2009) . Connected with the idea of EWEA, the humanitarian sector coined the 

concept of Anticipatory Action (Coughlan De Perez et al. 2015; GRC, Climate Centre, and 

IFRC 2020; Weingärtner, Pforr, and Wilkinson 2020) . Both of these aim to enhance the 

capacity of institutions and communities to take early action based on (1) providing 

enhanced warnings based on a sound knowledge of risks, also referred to as Impact -based 

Forecasting (Harrowsmith et al. 2020; WMO 2015) ,  (2) by creating financing mechanisms 

to take early action based on this forecast (Coughlan De Perez et al. 2015; Poole, Clarke, 

and Swithern 2020; Wilkinson et al. 2018) ,  and (3) enhancing early action planning to 

improve the capacity to implement measures that can reduce risks and protect people who 

are likely to be impacted by a disaster (Costella et al. 2017; C. Gros et al. 2019; 

Weingärtner, Pforr, and Wilkinson 2020; FAO 2020b; IFRC et al. 2014) .  

The evolution of EWS (and within this the concepts of EWEA and AA)  has been mostly 

studied in non -conflict settings; therefore, most of the lessons learnt from different EWS 

initiatives exclude the characteristics and particularities of implementing such systems  in 

conflict setting s (Wagner and Jaime 2020) .  EWS in conflict settings is challenging  (Wisner 
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2012) , yet it is acknowledged to be an important measure when adapting to the changing 

climate  (WMO -UNDRR 2024; World Bank/GFDRR 2024) .   

Acting  before a hazard strikes, based on a forecast and risk analysis ,  at national level, 

anywhere in a geographical area where there is a high likelihood of negative impacts on 

people , is particularly challenging in conflict -affected countries, as often territories are 

controlled by Non -state Armed Groups (NSAG) and not easily accessible. T aking as a 

reference , DRR related research in Afghanistan  (Mena, Hilhorst, and Peters 2019; Mena 

and Hilhorst 2020)  shows that  such national - level approach  was  extremely complex as 

organizations implementing projects tend to focus on the areas they already know  and can 

access , not where the most at - risk population lives . In addition to the security concerns in 

conflict settings, another key challenge  to be able to prioritise  early action  for  territories 

and populations that are likely to be impacted by a hazard include s data scarcity in conflict 

areas  (Khatib et al. 2017; Roll and Swenson 2019) .  

Translation  of  early warnings into early action in conflict settings is also  difficult for several 

reasons . Lack of forecast capabilities and forecast reliability due to weak National 

Meteorological and Hydrological Services ( NMHS ), lack of funding, limited staff, lack of 

infrastructure and lack of hydrometeorological observations are key challenge s for 

effective decision -making  (Alliance for Hydromet Development 2021, 2024; CREWS 2021) . 

Barriers to taking  early action  include insecurity and difficult access, especially  for 

government agencies in territories outside of their control  (World Bank/GFDRR 2024; 

Tozier de la Poterie et al. 2021) . Furthermore , the legacy of conflict , such as weakened 

infrastructure can make early action  challenging, for example lack  of roads  (Easton -

Calabria 2025) .   Along with these, other challenges for EWS in conflict settings highlighted 

by the latest Global Assessment of Multi -Hazard Early Warning Systems (MHEWS) include:  

 

 ñThe challenge of the inherently dynamic nature of vulnerability and exposure in a 

conflict situation and how to collect, manage and use it.  

The lack of local data for monitoring hazards and as inputs to the models used for 

prediction and to understand risk.  

The challenge of disseminating forecast and warning information when there is little 

or no functional communications infrastructure.  

Understanding ñhow conflict sensitivity can be applied to anticipatory action, in 

order to follow the principles of do no harm and ensure that anticipatory action 

does not contribute to any existing tensions in a given contextò 

Finding ways to bring together stakeholders to codesign and co -produce MHEWS 

that meet the needs of local communities ï ñcoproducing warnings in conflict 

contexts necessitates engaging people and institutions that may be in direct conflict 

with each other,  perpetrate and be affected by violence, and/or benefit from the 

status quoò (UN -OHRLLS and UNDRR 2024)  

 

These challenges  capture the urgent need for research across the elements of the  EWS 

value chain described in the following section.  
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2.2  Early Warning Systems elements: research 

conceptual framework  
 

The conceptual framework used in this research uses  the people -centred EWS framework 

of the World Meteorological Organization ( WMO)  (WMO 2017)  and the elements of the 

Anticipatory Action approach  (Anticipation Hub 2023; GRC, Climate Centre, and IFRC 

2020) .  Five  thematic areas are included:  1. Understanding Risk. 2. Forecasting Availability 

and Monitoring 3. Communication and dissemination 4. Early Action planning and 5. 

Financing mechanism.  The chapters in this thesis focus on understanding risk  and  

forecasting , with more limited coverage of  communication, dissemination,  early action 

planning, and financing. Chapter 8 outlines recommendations for further research to help 

close the remaining knowledge gaps in these areas . This research ackno wledges that EWS 

are formed by several elements  beyo nd the ones used in the research framework , these 

include  ñinvolvement of local community, effective governance and institutional 

arrangements, gender and cultural diversity and a multi -hazards approach ò (Golding 2022  

p.27 )  

This section presents each of the  five concepts  of the research framework  and describes 

the challenges and knowledge gaps related to EWS in conflict settings.  

 

 

2.2.1  Understanding Risk  

 

For EWS to be effective, it is essential to define the risks and potential disaster impacts 

that can be reduced and managed in the window of time between the forecast and a shock . 

In a non -conflict setting, this process requires an in -depth risk analysis of hazards, their 

respective historical disaster impacts and vulnerability and exposure factors.  Such 

analysis is essential to determine which residual risks exist (UNDRR 2017) , and which  risks  

could be managed by taking early action in order to minimize losses and destruction.  

Understanding risk in the context of EWS enables the identification of who and what are 

more likely to be impacted by a hazard, answers that are often determined by the place 

where people, nature and assets  are located (exposure) and the conditions that make 

them susceptible to be negatively impacted (vulnerability)  (UNDRR 2017) . According to 

Twigg ñvulnerability results from the whole range of economic, social, cultural, institutional 

and political factors that shape peopleôs lives and create the environments that they live 

and workò (Twigg 2015)  and exposure  to disasters  is understood as ñthe presence of 

people; livelihoods; environmental services and resources; infrastructure; or economic, 

social, or cultural assets in places that could be adversely affectedò (IPCC 2012) .   As 

described by the IPCC  Assessment Report s 5 and 6 , these elements in interaction with 

hazards are the determinants of disaster risk  creation  (see Figure 1).  
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Figure 1. IPCC A ssessment Report (AR) 5 Disaster Risk Framework  (IPCC 2014)  (Note: 

AR6 has an updated  framework  figure ;  this research uses AR5 )  

In all contexts, there are multiple challenges to understanding risks for EWS. Risk data 

limitations include vulnerability and exposure data that changes over time, particularly 

after disasters , data that is available only in aggregate , and datasets that have biases  (van 

den Homberg and Susha 2018) . In a context of conflict, challenges  to understand ing  risk s 

include  a lack of investment in data collection, destruction of data, inaccessibility of local 

monitoring stations  and  suspicion over the use and collection of disaster risk data  (World 

Bank/GFDRR 2024) . Even in contexts where investment and capability are present, data 

about the risks of natural hazards may be embedded within the security apparatus and 

thus not used for DRR  (Harris, Keen, and Mitchell 2013) .  Often, to address these data 

gaps, qualitative data is used to complement quantitative data, because, in conflict 

settings , qualitative data may better capture and reflect the nature of the crisis, while 

collecting quantitative data on a scale sufficient to be statistically representative may not 

be possible  (Maxwell and Hailey 2020) . Risk analysis for EWS does not work in isolation 

from DRR, development and peacebuilding risk analysis efforts , yet systemic analysis of 

conflict and disaster together is scarce  (Collins 2019) .  

Additional challenges  to understanding risk for EWS in conflict settings include:  

1.  Monitoring risks is complex. Conflict settings  are volatile, and violence can spike 

suddenly  (Wisner et al. 2004)  without enough lead time for planning.   

2.  Landmines and unexploded ordnances (UXO)  pose significant  challenges to lives 

and livelihoods . In interaction with natural hazards, their impacts can be higher 

(Baselt et al. 2023)   

3.  People fleeing conflict , living in camps , are often at high  risk , yet they are not on  

the radar for disaster risk analysis (Calabria, Jaime, and Shenouda 2022) . 

 

This thesis studies  the gap in the applicability of open source datasets to mind  the data 

gap in  exposure and vulnerability  in conflict settings .  
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2.2.2  Forecast Availability and Monitoring  

Understanding  weather  forecast availability at the global and national level and analysing 

how good they are (skill), are key steps in the decision -making  process  (trigger)  to initiate 

early action  (Bischiniotis et al. 2019; Coughlan de Perez et al. 2019b; Towner et al. 2019) . 

Forecast verification analysis should be conducted to determine the extent to which a 

forecast can be used or not . WMO o ffers guidelines to  National Meteorological and 

Hydrological Services  ( NMHS)  to be able to conduct this analysis  (WMO 2020b) . Weather 

forecast production and monitoring are  part of the policy mandate of NMHS (WMO 2017) . 

This is enshrined in law by National Governments. In non -conflict settings, the quality of 

forecast services varies significantly; it ranges from sophisticated services  to very low -

capacity  ones.  

Forecast monitoring depends on observation data availability, human resources 

capabilities and assets necessary to monitor. For example, ñobservation systems can be 

expensive to install and operate and are often rather inadequate, especially in poorer 

countries ò (Basher 2006  p.2172 ) .  

In the framework of Anticipatory Action , in order to release funding when a trigger occurs, 

it is crucial to select the best possible forecasts ;  thus , forecast verification and analysis of 

type, reliability, lead times, and sources of data for forecasts are conducted (Lopez et al. 

2020) .  Identifying the lead time that the forecast can offer is one of the key indicators to 

determine if and how it can be used  (Coughlan De Perez et al., 2015) . Lead time is the  

time from when a hazard  forecast is issued until the occurrence of the event that is 

forecasted to happen , given people different time windows to act (Kelman and Glantz 

2014) . 

Once the most suitable forecasts (or combination of forecasts) are  identified, forecast 

monitoring is designed. As described in the WMO Multi -hazard Early Warning System 

checklist, ñcontinuous monitoring of hazard parameters and their precursors (when 

available for a particular hazard) is essential to generate accurate w arnings in a timely 

fashionò (WMO 2017  p.5 ) . However, monitoring  with an  EWS lens not only refers to the 

monitoring of a hazard but also to the monitoring of exposed and vulnerable elements, 

including people, houses, critical infrastructure, crops, livestock, etc  (Alcántara -Ayala and 

Oliver -Smith 2019; Basher 2006; Kelman and Glantz 2014; Rokhideh, Fearnley, and 

Budimir 2025) .  

I n conflict -affected countries , gaps in forecast availability and monitoring  are generally 

more pronounced. For example, concerning infrastructure, there are often problems of 

underinvestment, lack of maintenance and weak institutional and policy frameworks  

(Jones and Howarth 2012) . These challenges can hinder the capacity of N MHS to produce 

reliable forecast services  (Mahon et al. 2019) . Although the WMO and partners encourage 

NMHS, including those conflict -affected, to develop a better service delivery  (WMO 2014, 

2023) , the improvement requires new skillsets, partnerships, infrastructure, addressing 

historical legal, political and governance  gaps and building capacity for the co-production 

of user -oriented climate information  (Basher 2006; Rokhideh, Fearnley, and Budimir 2025)   

Additional challenges for forecast availability and monitoring in conflict settings include:  

1.  Lack of robust studies evaluating the performance of national and regional forecast 

information  (Pagano et al. 2024) . Verification challenges described by Pagano et al 

are prominent  in countries affected by conflict .  
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2.  What is the role of regional forecast centres to support forecast services in the 

context of conflict, for example, in high - intensity conflict periods?  In the absence 

of research that demonstrates this with evidence, the case of Sudan can illustrate 

this challenge and opportunity (WMO 2024c, 2024a)  

3.  Lack of Impact -based  Forecasting  (IbF)  processes that incorporate conflict and 

violence dynamics  (UN -OHRLLS and UNDRR 2024; Harrowsmith et al. 2020) .   

 

A crucial aspect studied in depth in this PhD research is the role of global forecast services 

to advance EWS in conflict -affected  countries.   

 

2.2.3  Communication and dissemination  

 

Failures in early warning communication and dissemination have been widely studied  

(Angermann, Guenther, and Wendlandt 2010; Glantz 2009; Kelman and Glantz 2014; D. 

Rogers and Tsirkunov 2011b) . In many cases, despite having the capacity to forecast a 

hazard, NMHS and EWS actors  have found it challenging to communicate and disseminate 

alert messages for people in an understandable way and take the respective anticipatory 

measures. Typhoon Haiyan, in the Philippines, is an example of how a storm surge that 

was flagged two days in advance of the shock was poorly communicated, resulting in 

human losses  (Lagmay et al. 2015) . For a warning message to be effective, it must be 

clear, containing simple and practical information  (Zia and Wagner 2015) . 

To address warning communication and dissemination  challenges , several approaches and 

initiatives have been developed. First, it is recognized that people -centered early warnings 

(risk communication) are  key for risk reduction in the context of extreme events  (WMO 

2016) . Second, building trust in NMHS  and EWS actors  prompts people to act upon 

warning messages  (WMO 2016) . And third, the creation of the Common Alerting Protocols 

(CAP)  (Christian 2020)  which is  an international standard format for emergency alerting 

and public warning s.  

In conflict settings, there is a lack of robust knowledge in relation to communication and 

dissemination of warning services.  Harries et al, argue that  ñthe mode, style and content 

of messages associated with disaster risks must be treated with caution to avoid becoming 

manipulated or politicised and that action taken on the basis of information disseminated 

is not straightforward as disaster risks are weigh ed up  in relation to other risks associated 

with conflict and insecurityò (2013  p.20 ) . On the other hand, disaster risk information may 

be overshadowed by conflict , which can be a  priority  issue. In  Myanmar , during Cyclone 

Nargis, when the Junta was in power in 2008 , ñlimited warning communication to the 

public is widely considered to have contributed to the large death tollò (Coughlan de Perez 

et al. 2022  p. 3) . Another  relevant aspect is that conþicts pose a risk for  communication  

infrastructure and  networks that are necessary for warning communication and 

dissemination . 

Research  at the national level about the performance of warning communication and 

dissemination in conflict -affected countries is limited. The most relevant study by  Mohanty 

et al , on Afghanistan , provide s evidence about the way specific communities in remote 

areas receive warning information.  It shows that more than 79% of respondents received 

warning information for flash floods, debris flows and landslides, mostly via  Non -

Governmental  Organizations  (NGO)  and a few of them via local governments  (Mohanty et 
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al.  2019) . The  same study shows the importance of community - level warning 

dissemination tools such as ñradio, mobile telephone, indigenous and traditional 

communication media such as bells (bamboo and iron), megaphones and human 

communicators on foot, on horseback or mo torbikeò (Mohanty et al . 2019  p7 ) . Another  

study shows how the  private sector establish ed successful mobile telecommunications 

networks despite the challenging environment  in conflict -affected  countries (Jones and 

Howarth 2012) . Such mobile networks have become crucial for warning dissemination at 

both the large and local scales .  

Additional challenges for effective warning communication and dissemination in conflict -

affected  countries include:  

1.  Effective warnings for forcibly displaced populations, especially  those living in 

camps  (Calabria, Jaime, and Shenouda 2022; Easton -Calabria 2025) .  

2.  The role of governance, early warnings in territories controlled by Non -State Armed 

Groups (NSAG)  (Schillinger and Özerol 2023) .  As warning information  could  be 

controlled  or manipulated .  

3.  The impact of conflict in telecommunications infrastructure and its impact  on 

warning dissemination  (World Bank/GFDRR 2024) .   

From a global perspective and mostly in non -conflict -affected  settings, scientific literature 

about warning communication and dissemination is accessible and extensive. This PhD 

shows robust evidence of the global research gap in warning communication and 

dissemination in conflict settings and also produced evidence  about the lack of 

dissemination of weather forecast in food security bulletins produced in conflict settings.  

 

2.2.4  Early Action Planning  

 

ñThe fundamental goal of early warning is to prevent human, social and economic losses 

through action taken before, during and after a disaster strikesò (IFRC 2009  p.24 ) . As 

presented above, one of the reasons for the failure of EWS has been a lack of focus on 

early action. In the context of Anticipatory Action , early action follows three key 

parameters 1. time factor: the action happens in anticipation of a hazard impact in the 

window of opportunity between a forecast and a shock; 2. early action aims to prevent 

and/or mitigate the impact and prepare for effect ive disaster response and 3. action is 

activated by an understanding of likely impacts based on a given forecast .  

An example of early action across different forecast timescales for floods to reduce the 

risk of displacement and to ensure that people displaced by the flood could be settled 

effectively is presented in Figure  2.  
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Figure 2: Reducing flood impacts through forecast -based action  (Weingärtner et al. 2019)  

 

To decide which early actions can make a difference given the often short forecast lead 

times, it is first essential to agree on what are the risks that can be realistically reduced 

and then apply a variety of criteria to prioritize the action(s) that are,  feasible, practical 

and socially acceptable . 

In the context of conflict, the ñDo No Harmò approach , which promotes humanitarian 

action, must avoid exacerbating existing inequalities or causing unintended negative 

impacts, particularly for vulnerable communities  (Anderson 1999) . Among other conflict 

sensitivity measures, this approach can determine to what extent conflict dynamics limit 

and enable the effective implementation of early actions. At the start of this PhD , there 

was  very limited scientific evidence about how early action can be conflict sensitive.  

To design and plan for early action to protect people affected by conflict , understanding 

the interaction between political, social, economic , security  and environmental dynamics 

is critical. In Ethiopia , a country characterized by a  low - intensity conflict  (with a recent 

escalation in 2020) , declarations of drought are extremely political decisions, and 

humanitarian organizations are not allowed to conduct any operation until the drought is 

declared. Given this, some of the challenges for humanitarian actor s include lack of 

opportunities for pre -planning, fundraising , and to conduct timely logistic operations  

(Desportes, Mandefro, and Hilhorst 2019) . Given the complexities of operating in a conflict 

setting, detailed yet flexible and adaptable planning is a priority  (CREWS 2024) .  To plan 

for early action and to trigger it at the right time, political  and security  barriers must be 

clearly understood and addressed. For this, the concept of disaster diplomacy  (Kelman 

2011)  can  be useful in the context of early action by enabling diplomatic solutions to 

address this challenge .  

These are the key factors  and challenges  that are relevant to consider for operations of 

EWS in conflict settings:    
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- Disaster risk governance:  In  an ideal scenario, the government should lead the way 

on early action planning, however, in some contexts of conflict, disaster response has 

shown that leaving state authorities sole in charge can be problematic ,  especially when 

they are both perpetrators of violence and gatekeepers of humanitarian support  (De 

Geoffroy and Grunewald 2017) , additionally governance can be challenging in 

territories controlled by  Non -State Armed Grou ps (NSAG)  (Schillinger and Özerol 

2023) . 

 

- The role of local actors:  Civil  society actors can display varying levels of neutrality  (De 

Geoffroy and Grunewald 2017) . The localisation of aid depends, first of all, on the role 

of public bodies being recognised. However, this is often overlooked in international 

discussions on the subject. The fact that there is a risk of politicisation in certain 

contexts (mainly conflic t situations) should not prevent engagement with public bodies 

in other contexts (e.g. disasters)  (Mena and Hilhorst 2020) .  

 

- International vs national actors: In Afghanistan, for example, DRR discourse has been 

widely utilized by international actors, especially international NGOs and UN agencies, 

who are the main drivers behind DRR implementation in Afghanistan  (Mena 2021) .  

National - level  DRR has progressed in recent decades, yet the impacts of conflict limit 

the capacity of local actors  (Perwaiz et al. 2020) . 

 

- Planning with and for people affected by conflict:  For example, in Colombia , before the 

devastating  2017 mudslides in Mocoa , internally displaced  in  high - risk  areas  and 

indigenous groups living in Mocoa were left out of disaster preparedness and response  

activities  (Kuipers 2018) . In  the context of early action, risk perceptions and local 

knowledge are  important  in the selection of actions and planning for their 

implementation.  

 

- Understanding conflict dynamics and volatility . Basher , in his 2006 global EWS 

analysis , highlighted that knowing the periods of peace and when violence may occur 

would be strategic information that could prompt early action  (Basher 2006) . Such 

information could be used when designing an EWS, to support implementation 

continuity and also as complementary decision -making information during the EWS 

process for a natural hazard.  

 

- The role of the military forces: The extensive military presence in conflict -affected 

settings often results in heavily militarized disaster response. Field et al. analysed that 

in the case of Ladakhi, the disputed region between Pakistan and India, that disaster 

risk management is overwhe lmingly focused on reactive response and rescue rather 

than risk reduction, and the motivations are presented as ñwinning hearts and mindsò 

(Field and Kelman 2018  p.65 5) . This issue raises many questions relevant to advancing  

EWS in conflict settings, including the positive and counterproductive impact of military 

forces in the context of EWS.   

 

- Gender : The role of gender in EWS has been documented in the grey literature  (S. 

Brown et al. 2020; Zommerss· and Singh 2014; Wisner 2012) . However , there is a 

lack of scientific evidence on the topic of  EWS in  conflict.  

 

- Cash programming:  for DRR and response interventions in conflict settings cash 

programming has been used to minimize security risks. It is important to note that 
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assets could not only be of help but also a liability in these  context s (Jaspars and 

Maxwell 2009; Twigg 2015) , as they  could be subject to robbery  and vandalism . 

Understanding  the challenges and modalities of cash transfers, including through social 

protection systems in conflict settings , is a limited yet  growing field of practice and 

research in complex humanitarian crises  (ICRC 2020a) .  

 

- Safety, Security and access:   In conflict settings , particularly those of high - intensity, 

with blockades on the provision of aid to besieged and hard - to - reach areas result in 

challenges due to safety and security. Aid can be looted and misused. Government and 

non -government actors conducting humanitarian action and development can be 

deterred from working in dangerous places where very vulnerable communities live  

(Field and Kelman 2018; Jaspars and Maxwell 2009; Quinn et al. 2017; Siddiqi 2018) . 

 

- The role of NSAG: In  some settings , Non -State A rmed Groups could be facilitators  or 

jeopardize  response and DRR actions, understanding the relations between warlords , 

local elites and other actors in conflict is relevant  (Collins 2019; Walch 2018) . 

 

- Conflict in an urban context:  The concept of ófragile cityô offers a new and relevant 

analytical framework for understanding contemporary urban violence and inequalityò 

(Miklos and Paoliello 2017) . This context , where urban dynamics, hazards , and conflict 

collide , is a  new frontier  for EWS .  

While this is  a critical element of EWS, it is not explicitly addressed in this thesis, as the 

research  concentrate d on the provision of warnings.  

 

2.2.5  Financing systems  

 

Lack of financing mechanism s to fund early action based on forecast has been a key 

challenge for EWS (Coughlan De Perez et al., 2015) . Over the last 10 years,  progress has 

been achieved in the humanitarian sector, as key humanitarian actors , including the Red 

Cross Red Crescent, the United Nations and the Start Network of NGOs, have developed 

financing mechanisms that enable organizations to access funding based on forecast 

information to trigger early actions for different types of hazards  (Pichon 2019; 

Weingärtner, Pforr, and Wilkinson 2020; Wilkinson et al. 2018; Chaves -Gonzalez et al. 

2022) . Yet, this is not fully the case for government - level EWS strategies because financing 

mechanisms  do not exist  or are in the early stages of development,  except in the case of 

the Philippines, where a new Declaration of State of Imminent Disaster bill was approved  

in 2025  (Senate of the Philippines 2025) .  

In conflict -affected settings , such financing mechanisms might be even more complex to 

set up and implement.  From a global donor perspective, OECD describes  that international 

engagement in fragile  and conflict -affected states poses considerable risks for donors and 

implementing partners, who must contend with high levels of insecurity, political 

instability, weak institutions, and the failure of basic state functions that typically 

characterize such  states  (OECD 2012) . From a national level perspective violent conþict 

diverts national and international ýnancial and human resources that could be used for 

development and for mitigation of natural hazard risk; for example, during Eritreaôs conflict 

in the 1990s, Ethiopia let its national famine early warnin g system deteriorate as resources 

were used for war instead of social service  (Wisner 2012  p.75 ) . Removing these barriers 
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has been widely discussed in the framework of the World Bankôs Fragility, Conflict and 

Violence (FCV) strategic unit; their latest report on EWS in FCV settings demonstrates a 

relevant shift in  financing (World Bank/GFDRR 2024) . Previously  in 2020, the Centre for 

Disaster Protection call ed for a new type of crisis financing system  that can take  

Anticipatory Action up to scale  (Poole et al .  2020) , that  builds on  Clarke and Dercon ôs Dull 

Disasters book  (Clarke and Dercon 2016) , which significantly  influenced the disaster risk  

financing system change towards anticipatory financing . This thinking happened in parallel 

and in a complementary way with the  development of  the forecast -based financing 

mechanism, which led  to the creation of Anticipatory Action,  proposed by the Red Cross 

Climate Centre back in 2008 (Tall et al. 2012) .  

It is important to note that EWS investment is not just about the available funding for 

early actio n, but it is the comprehensive investment that is needed to establish the entire 

system related to the five  elements of analysis of this research.  Often , these investments 

are part of climate change adaptation strategies, for which climate finance is essential .  

In conflict -affected settings, climate finance is limited (ICRC 2022) , and evidence on 

adaptation is also limited (Sitati et al. 2021) . Within this context, funding for EWS has also 

been  scarce. However, over the last few years, there has been an important shift towards 

more political attention to these gaps. At COP28 , a declaration  on Climate, Relief, Recovery 

and Peace  was signed by 87 parties, highlighting the urgency of climate finance allocation 

to Fragile, Conflict and Violence -affected  settings  (UNFCCC 2023) . This PhD adds to the 

limited research that addresses these gaps  by  advancing  eviden ce on the possibilities  and  

impossibilities  of EWS for climate - related  hazards in conflict -affected  settings.  
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Chapter  3  -   Methodology   
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3.1  Research Approach  

 

This thesis adopts  a cross -disciplinary  research  approach, combining insights from across 

the  fields of disaster studies, conflict studies and climate science.  

 

The mixed methods approach of this research combines quantitative analysis and 

qualitative data collection and analysis that aligns with the constructivist grounded theory 

methodological paradigm (Charmaz  2015) . In this research , qualitative methods are used 

to understand complex challenges, gaps and solutions (chapter s 5, 6 and 7); to capture 

these essential aspects from the perspective of study participants and existing literature 

(constructivist perspective). The quantitative information includes historical disaster 

impact, risk , and forecast data to understand the usefulness and gaps of this information 

in the EWS process (chapter s 4 and 6). The analysis and interpretation will combine these 

qualitative and quantitative data to answer the research questions.   

 

Despite the challenges of integrating quantitative and qualitative data, a major advantage 

of mixed -method research is that it enables to answer confirmatory (quantitative) and 

exploratory (qualitative) questions and therefore verifies  and generates  answers  in the 

same study. Further, complex challenges that occur  in the context of EW EA in conflict 

settings require  different kinds of methods to understand and make inferences about these 

complexities. Hence, the need for a variety of data sources and analyse s to understand 

complex , multi - faceted realities. Finally, mixed methods  provide an opportunity to  present 

a greater diversity of divergent views. Divergent findings are valuable because they lead 

to a re -examination of the thematic framework and the underlying assumptions  

(Tashakkori and Teddlie 2015) . 

 

I aimed  to create a contextual understanding of the gaps, complexities and solutions by 

interpreting the meaning of informants, existing literature and quantitative data towards 

the improvement of EWS in conflict settings. This thesis includes three published peer -

reviewed papers and one paper submitted under peer review , each describing a detailed 

methodological approach  in chapters 4, 5, 6, and 7 .  

 

 

3.2  Data and  m ethods  

 

This research focuses on circumstances when climate - related disasters occur in settings 

where people have already been affected by conflict. In this research we use two concepts 

of conflict, first by the Uppsala Conflict Data Program, ñan armed conflict is a contested 

incompatibility that concerns government and/or territory where the use of armed force 

between two parties, of which at least one is the government of a state, results in at least 

25 battle -related deaths in one calendar yearò (Uppsala University 2006  p.2) . And 

secondly, by the World Bank, ñconflict is acute insecurity driven by a group's use of deadly 

force, including state forces, organised Non-State Armed Groups (NSAG), or other 

irregular entities, with a political purpose or motivationò (World Bank 2024  p. 1) .  Under 

International Humanitarian Law (IHL), armed conflicts are classified as International -

Armed Conflict (IACs) when there is confrontation between two states (including 



Chapter 3 

 

35 
 

belligerent occupation) and Non - International Armed Conflict (NIACs), when there is 

confrontation between a state and a dissident faction or two or more organized armed 

groups within a state (ICRC 2019b) . Armed conflicts have different levels of intensity . A 

low - intensity  conflict (minor) is when there are at least 25 but less than 1000 battle -

related deaths in one calendar year, while high - intensity conflict refers often to when there 

are at least 1000 battle - related deaths in one calendar year (UCDP 2020b) . Both levels of 

intensity can occur in óprotracted conflictsô which are characterized by their longevity, 

intractability and mutability (ICRC 2016; Jaspars and Maxwell 2009) . Countries 

experiencing protracted conflicts include Afghanistan, Somalia, Mozambique, the 

Philippines, Colombia, the Palestinian Occupied Territories (OPT), Iraq, South Sudan, 

Sudan, and the Democratic Republic of Congo, among others. For this research, we 

examine EWS across most of these countries from a global and a national perspective.  

 

 

3.2.1  Global data sets  

 

This research benefit ed  from existing global datasets . Chapter 4 build s on  the historical 

availability of forecast information produced by global models from the European Centre 

for Medium -Range Weather Forecasts (ECMWF), Japan Meteorological Agency (JMA), 

United Kingdom Met Office (UKMO) and the United States National Centers for 

Environmental Prediction (NCEP). Data was collected from the MCGE (multi - centre 

grand  ensemble),  an ensemble -based early warning product for extreme weather events  

(Matsueda and Nakazawa 2020) .  This chapter  also uses  qualitative data about disaster 

impacts collected from  food security and humanitarian reports, including the Famine Early 

Warning System Network (FEWSNET), the Integrated Food Security Phase Classification 

(IPC), the United Nations Office for the Coordination of Humanitarian Affairs (OCHA) and 

the Internationa l Federation of Red Cross and Red Crescent Societies (IFRC) . 

 

Qualitative and quantitative  data  about conflict used for chapter s  4, 5  and 7 were collected  

from the two primary  global sources of conflict data, the Uppsala Conflict Data Programôs 

Georeferenced Event Dataset (GED) and the Armed Conflict Location & Event Data 

(ACLED) . Both chapters also use data from the  Internal Displacement Monitoring Centre 

(IDMC).  

 

For chapter 6, georeferenced data was collected from OpenStreetMap. Finally, for chapter 

7, data was sourced from the WMOôs Integrated Global Observing System (WIGOS) Data 

Quality Monitoring System database (WDQMS). Surface  land stations (SYNOP) reports for 

temperature (2 meters above the Earth's  surface) were retrieved from the ECMWF.  

 

 

3.2.2  Comprehensive literature review  

 

Data for the comprehensive literature review was collected from Scopus, focusing on 

research from 20 countries affected by conflict:  Syria, Afghanistan, Iraq, Yemen, Nigeria, 

Pakistan, Democratic Republic of Congo, Sudan, Somalia, Sri Lanka, Ethiopia, Lib ya, 

Central African Republic, South Sudan, Myanmar, Mali, Colombia, Israel and the Occupied 

Palestinian Territories, Cameroon and Burkina Faso. Data from the academic papers were 

collected and coded using  Atlas. t i software .  
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3.2.3  Key Informants interviews  

 

Semi -structured interviews were conducted with disaster response and EWS experts, 

including OSM data users and producers,  general directors from NMHS of countries 

affected by conflict, regional forecasting institutes, and experts working in EWS 

programmes delivering improvements in conflict settings  (detailed description of the 

methodology  can be found in chapters  6 and 7) . Through the interviews, we explored 

experts' perceptions, assumptions and knowledge about the impacts of conflict in EWS 

and hydrometeorological infrastructure and the role of OSM for EWEA in conflict settings. 

Interviews were conducted online in English , French and Spanish. They were transcribed, 

translated, and coded for content analysis.   

 

 

3.2.4   Workshops  to position the research in the landscape of policy and 

practice  

 

In the course of my PhD , I led workshops and events that focused on advancing knowledge 

about EWS and AA in conflict settings . Although data was not collected to feed into the 

papers, the information and discussion of these events and encounters helped to inform 

the PhD process. Since 2020, four working group online events have taken place every  

year, in total 20 sessions of one and a half hours. At least twice a year, other in -person 

and online workshops were conducted as part of the Global and Regional Dialogue 

Platforms of the Anticipation Hub .  

From a policy perspective, I also led and participated in events that provided further 

insights into the research gaps, challenges and opportunities. As my PhD was conceived 

as a process in the intersection between research, policy and practice, I had the 

opportunity to bring research insights into policy spaces such as COP29 in Azerbaijan,  the 

2025 Global Platform on Disaster Risk Reduction  by leading and moderating sessions on 

EWS in conflict settings.  

 

 

3.3  Research Ethics  

 
Two main  research ethics principles were used for the key informant interviews: a) 

protecting the  anonymity of key informants, b) obtaining informed consent . Key 

informants were aware that they were taking part in the interviews that would be used for 

the research. They received a clear explanation of the objectives and expected outcomes 

of the research. Chapter 5 interviews were conducted by a Master's stude nt from 

Copenhagen University, following the university's research ethics approval  (this PhD was 

done in close collaboration  with Copenhagen  University Associate  Professor Emmanuel 

Raju ) . Chapter 6 interviews were conducted in accordance with the University of Twente's  

ethics approval process.  
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Chapter 4  -  What was known: Weather forecast 

availability and communication in conflict - affected 

countries  
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Chapter based on Jaime, C., Coughlan de Perez, E., van Aalst, M., Raju, E., & Sheaffer, 

A. (2022). What was known: Weather forecast availability and communication in conflict -

affected countries. International Journal of Disaster Risk Reduction , 83, [103421]. 

https://doi.org/10.1016/j.ijdrr.2022.103421   -  open access  

Abstract   

Armed conflict increases people's vulnerability to climate extremes. Since many of these 

climate extremes are predictable beforehand, Early Warning Early Action (EWEA) can help 

protect people's lives, livelihoods, and wellbeing. While such EWEA systems exi st in several 

countries, there is limited scientific knowledge about EWEA in conflict - affected countries 

where communities experience the compounding effects of both disaster and conflict risks. 

By doing a retrospective analysis of the most severe disaster  events and historical forecast 

information, this paper examines whether global forecast models predicted historical 

floods in conflict -affected regions and whether forecast information was communicated for 

droughts. It analyses the historical forecast ava ilability and communication for the most 

severe disaster events in 20 countries affected by protracted conflict over the last 20 

years. These 72 disaster events were reported to affect approximately 150 million 

individuals and more than 150,000 were report ed dead. The results show that heavy 

rainfall was predicted in advance for 48 out of 50 flood events, with lead times of more 

than three days and probabilities between 10 and 90%. In addition, in 16 out of 20 major 

drought events a low rainfall forecast wa s communicated in advance of the disaster 

declaration. We conclude that forecasts exist and could be used to provide early warnings 

in conflict -affected areas. Further research is needed as to what extent forecast warnings 

did lead to early action to prote ct populations affected by conflict.    

 

Keywords:  

Forecast; early warning; early action; anticipatory action, climate; armed conflict, 

conflict, disaster risk reduction; disaster preparedness  

 

4.1 Introduction  

Recent decades have seen improvements in climate - related Early Warning and Early Action 

(EWEA), enabling people and institutions to act on time to protect lives and assets upon 

the alert of an impending hazard (Jennifer Ferguson -Mitchell 2019; Basher 2006; UNEP 

2012; WMO 2020a) . The recent growth of systematic Anticipatory Action (AA) and 

Forecast -based Financing (FbF) is further increasing this capacity to act early, by 

disbursing funding before a disaster occurs based on forecast and risk analysis, enabling 

at - risk communities  to take measures to protect their lives, property and livelihoods 

(Clemens Gros et al. 2019; Wilkinson et al. 2018; FAO 2020a; Tozier de la Poterie et al. 

2021)  

 

Although progress is substantial, there are still critical gaps in policy, science and practice 

to institutionalize EWEA strategies, both in governments and among other actors. A 

particular gap is presently evident in countries affected by conflict, which suffer from a 

lack of attention to disaster preparedness and risk reduction (Mena and Hilhorst 2020; 

https://doi.org/10.1016/j.ijdrr.2022.103421
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ODI and WFP 2022) . Although EWEA is included in disaster risk reduction (DRR) strategies 

of countries beset by conflict such as Afghanistan, Colombia, Iraq, Myanmar and the 

Philippines (ANDMA 2011; Goodyear 2009; NDCC 2009; NDMC 2017; UNGRD 2015)  there 

is no robust evidence about implementation, effectiveness and lessons learned.  

 

The compounding effects of conflict and climate - related hazards can be severe for conflict -  

affected populations (ICRC 2020b; K. Peters, Holloway, and Peters 2019; K. Peters 2019) . 

People enduring the impacts of conflict often have debilitated coping strategies, few social 

supports and they are extremely vulnerable, because their homes, livelihoods, health and 

basic services have been compromised by conflict (ICRC, 2016; IISS, 2019; Wisner et al ., 

2004) . Under these contexts, EWEA can be instrumental in reducing the risk of people 

facing the dual impacts of climate and conflict (K. Peters and Dupar 2020; CREWS 2021) , 

including the development of impact -based forecasting services which integrate 

vulnerability and exposure in the warning decision -making process (CREWS 2021; 

Harrowsmith et al. 2020; WMO 2021; D. P. Rogers et al. 2019) . Especially for people 

affected by conflict ï such as refugees, Internally Displaced Persons  (IDPs) and people 

living in conflict -affected areas ï EWEA for climate - related hazards can be a lifesaving 

alternative in the absence of limited long - term DRR interventions (Wagner and Jaime 

2020; ICRC 2020b; CREWS 2021) . Most research on links between climate and conflict 

also ignores the issue of disaster preparedness and risk reduction. Clearly disaster 

preparedness is not only about forecast information but also about taking the necessary 

steps to ensure early actions  are implemented effectively. Disaster risk governance 

happens in various ways ï be it formal, informal or invisible (Hilhorst, Boersma, and Raju 

2020) . These are all important influences in understanding how to address DRR in conflict 

settings.  

 

Countries affected by conflict often have weaker weather forecasting capabilities and 

limited hydrometeorological infrastructure, which limits observation data (WMO 2020a; 

AWF 2009; Alliance for Hydromet Development 2021) , except satellite data products. For 

example, river flow data collection in the Bahr el Jebel sub -basin has been interrupted due 

to conflict in South Sudan over the last 20 years (NBI 2016) . Although various impacts of 

conflict on critical infrastructure is researched (Weinthal, Sowers, and Nagle Alverio 2021) , 

there is limited information about what weather and climate forecasts are communicated 

to the public in conflict situations, including impact -based forecasting services. There are 

various gaps in transforming science into policy in the area of DRR (Albris, Lauta, and Raju 

2020) . These gaps play a huge role in disaster impacts in conflict -affected areas.  

 

Given these existing gaps, the aim of this paper is to examine whether global forecast 

models predicted historical rapid onset hazards and whether forecast 

information was communicated for droughts, in geographical areas affected by 

armed conflict. Given available data, the historical analysis of forecast prediction for 

rapid onset hazards and the analysis of forecast communication for slow onset hazards is 

conducted separately, using different sources of data and methods, which are explained 

in the methodology section. Because observational data (no satellite data) is problematic 

in many of these settings , this study does not aim to calculate numerical skill scores for 

any forecast. It instead starts from a list of historical disaster events and the hazards that 

induced them, to assess whether these were detected by available forecasting systems. 

This paper aims to provide a global historical evidence of past disaster events to advance 

EWEA at an institutional scale. Similarly, country specific analys is could offer evidence that 

may be useful for local - level EWEA processes.  
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Based on the people -centred Early Warning System (EWS) framework of the World 

Meteorological Organization (WMO 2017)  and the elements of an FbF system (GRC, 

Climate Centre, and IFRC 2020) , this research uses the five thematic areas of EWEA: 1. 

understanding risk; 2. forecast availability and hazard evolution monitoring; 3. forecast 

communication and dissemination; 4. early action planning; and 5. anticipatory financing 

mechanisms.  This pa per documents the second and third thematic areas, focusing 

exclusively on forecast availability (related to the historical prediction of slow onset 

hazards) and forecast communication (related to the historical inclusion of below -average 

rainfall forecast s in food security outlook documents). This paper does not aim to analyse 

other thematic areas of EWEA and does not aim to carry out a forecast skill analysis, or a 

false alarm ratio analysis. In this paper, the probabilities provided are different from a 

meteorological skill analysis, because we do not verify rainfall forecasts against rainfall 

observations. We simply compare rainfall forecasts against reports of disasters.  

 

This paper reveals whether hazards, that have triggered severe disaster impacts in 

exposed and vulnerable countries affected by armed conflict, could have been anticipated. 

For rapid onset hazards (floods induced by extreme rainfall and extreme temperature ), 

the existence or extent to which they are forecast is described. For the slow onset hazard 

(drought) whether the forecast information is communicated in relevant food security and 

humanitarian reports is described.  

 

 4.2 Methodology   

This section describes the country selection process; identifies how the most impactful 

climate - related disaster events for each of these countries affected by conflict is 

determined; and; lastly, outlines which methods are employed to analyse the forecast  

availability and communication for the selected disaster events.  

The quantitative analysis focuses on a study of the historical availability of forecast 

information produced by global models from the European Centre for Medium -Range 

Weather Forecasts (ECMWF), Japan Meteorological Agency (JMA), United Kingdom Met 

Office (UKMO) and the United States National Centers for Environmental Prediction 

(NCEP). This analysis uses the MCGE (multi - centre grand  ensemble) ï an ensemble -based 

early warning product for extreme weather events, created by Mio Matsueda and Tetsuo 

Nakazawa (Matsueda and Nakazawa 2020) . The qualitative analysis focuses on the study 

of forecast communication through a content analysis of existing food security and 

humanitarian reports, including the Famine Early Warning System Network (FEWSNET), 

the Integrated Food Security Phase Classif ication (IPC), the United Nations Office for the 

Coordination of Humanitarian Affairs (OCHA) and the International Federation of Red Cross 

and Red Crescent Societies (IFRC). A total of 72 disaster events are analysed in the 20 

countries affected by conflic t. Approximately 150 million individuals are reportedly affected 

and more than 150,000 people are reported dead. For each singular event, global forecasts 

and early warning outlooks are examined to document which are forecast and 

communicated prior to the event.  
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4.2.1  Countries  

For the purpose of this research, the Uppsala Conflict Data Program definition of armed 

conflict is used: ñA contested incompatibility that concerns government and/or territory 

where the use of armed force between two parties, of which at least one is the government 

of a state, results in at least 25 battle -related deaths in one calendar yearò (UCDP 2020b) . 

Under International Humanitarian Law (IHL), armed conflicts are classified as either 

International Armed Conflict (IAC) or Non - International Armed Conflict (NIAC). IAC refers 

to a confrontation between two states (including belligerent occupation), and NIA C to a 

confrontation is between a state and a dissident faction or two, or more organized armed 

groups within a state (ICRC 2019b) . Armed conflicts have different levels of intensity. A 

low - intensity conflict (minor) refers to conflicts with at least 25 but less than 1,000 battle -

related deaths in one calendar year, while high - intensity conflict refers to cases where 

there are at lea st 1,000 battle - related deaths in one calendar year  (UCDP 2020b) . Both 

levels of intensity can occur in óprotracted conflictsô as examined in this paper. Protracted 

conflicts are characterized by their longevity, intractability and mutability (ICRC 2016; 

Jaspars and Maxwell 2009) . 

To identify a set of representative countries for this study three sources of data are utilized.  

First, the countries with the highest number of fatalities due to conflict between 2000 and 

2020 are identified according to the Uppsala Conflict Data Program ôs Georeferenced Event 

Dataset (GED) (UCDP 2020b) . Second, countries with the largest number of IDPs in 2008 ï

2019 are selected by using available data from the Internal Displacement Monitoring 

Centre (IDMC) (IDMC 2020) . Third, countries with the largest International Committee of 

the Red Cross (ICRC) operations in 2015 ï2019 are considered, represented by total 

funding in Swiss Francs (CHF), given that ICRCôs mandate is to protect victims of armed 

conflict and violence g lobally (ICRC 2019a) . The top 20 countries selected for this study 

represent countries experiencing protracted conflict, with high levels of fatalities, large 

numbers of IDPs and costly humanitarian operations over the last decade.  
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Table 1. 20 countries affected by conflict selected for this study.  

 

4.2.2  Disasters  

This paper applies the disaster definition of the United Nations Office for Disaster Risk 

Reduction (UNDRR): ñA serious disruption of the functioning of a community or a society 

at any scale due to hazardous events interacting with conditions of exposure, vulnerability 

and capacity, leading to one or more of the following: human, material, economic and 

environmental losses and impactsò (UNDRR 2017) . The priority climate - related disaster 

events to analyse in each of the chosen countries (excluding disasters related to wildfires 

and landslides) are identified through the Emergency Events Database (EMDAT) of the 

Centre for Research on the Epidemiology of Disasters (CRED). This first screening 

generates 1,181 disasters events from 2000 ï2020 for the selected countries. This second 

screening is geographical, to exclude all disasters occurring outside the specific regions 

affected by conflict  (Table 1.  Col umn 2). Of these remaining disasters, the top five events 

with the more serious impacts per country are sorted from highest to lowest by using 

records of the total number of people affected per country. This leaves a total of 100 

climate - related disaster e vents. Each of these events is then analysed through a grey 

literature review. This evaluation is to determine if any of the remaining records, provided 

by EMDAT, are duplicated, and to ensure that each of these climate - related events are 

accurately report ed, in terms of severity and date of occurrence. Subsequently, a literature 

review of each of the selected disaster events related to floods and droughts is conducted 

to verify that each event is respectively induced by excess or lack of rainfall (OCHA 2021; 

IFRC 2021) . Flood events were retained if extreme rainfall was reported as one of the key 

drivers of the disaster event. For example, we would exclude floods caused by ruptured 

infrastructure. Drought events were retained if below average or lack of rainfall was one  

of the drivers, among others such as food price fluctuations, conflict, plague infestation 

and so forth. The main sources of information for this analysis include reports from the 

IFRC and OCHA corresponding to the appeals and reports published in 2000 ï20 20. A 

sensitivity analysis is unnecessary  for cold waves as these hazards are always the result 

of low temperatures.  

Given the challenge of defining precise start and end dates for drought events (given their 

slow onset nature), successive droughts are noted as part of the same prolonged episode. 

The subsequent events of the 2008, 2009 and 2010 droughts in Ethiopia are t hus regarded 

as part of the same disaster. This scenario also applies to events reported in Mali during 

2010 and 2011 and in Somalia over 2010 and 2011. Therefore, this study only includes 

one of the reported continuous events as reference for analysis. Th is reduces the number 

of drought events to analyse from 25 to 20 records.  

After applying the appropriate filters according to the inclusion criteria, 72 disaster events 

remain for further analysis, including 50 floods, 20 droughts and 2 cold waves. According 

to EMDAT reports of all the selected tropical storms, the main cascadin g impact arises 

through floods as a result of the extreme rainfall associated with the storm. Therefore, the 

tropical storm - related disasters that are reported in EMDAT are analysed in this study as 

part of the floods due to extreme rainfall. Moreover, hea twaves are not included in the 

final list of events given that they did not meet the selected criteria and filters described 

above. This exclusion is potentially attributable to reporting bias ï heatwaves are 

notoriously poorly reported (Harrington and Otto 2020) . Thus, while heatwaves may not 
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be directly included in this study, their probable impacts must not be assumed absent or 

insignificant.  

 

4.2.3  Forecast  

Forecast availability refers to the existence of forecast warnings for specific hazards and 

indicates the magnitude of a hazard, probabilities of occurrence and lead times. Forecast 

communication refers to the transmission of the forecast warning to the re levant audience 

who could act upon the information (WMO 2017; Harrowsmith et al. 2020) . Examining 

forecast availability and forecast communication in the 20 countries affected by conflict is 

conducted by applying two separate methodologies. One methodology is set for rapid 

onset hazards (floods induced by extreme rainfall and cold waves) an d the other is for 

slow onset hazards (droughts) as detailed below.  

4.2.3.1  Rapid Onset Hazards  

A quantitative analysis is conducted for the forecast availability of rapid onset hazards by 

using the database from the TIGGE project (Matsueda and Nakazawa 2020)  ï the 

ensemble -based early warning product for extreme weather events, created by Mio 

Matsueda and Tetsuo Nakazawa (Matsueda and Nakazawa 2015) . To analyse the ensemble 

forecast for each of the selected disaster events, the following criteria are applied:  

1.  Is the issue date of the forecast before the initial date of the reported event 

obtained from EMDAT reports? (Note that dates are reviewed against grey literature 

to determine if the date presented in EMDAT is accurate and, if a more accurate 

data source i s found, then it is updated in the database accordingly) and;  

2.  How many days before the reported event does the forecast show a signal? (Lead 

times of the forecast hazard of 6 ï7 days or 2 ï3 days.)  

 

Each of the images obtained after applying the criteria is screened to identify whether the 

event is indeed forecast (global forecast made and archived) and, if so, to what extent it 

is forecast. This first requires identifying whether the affected area sh ows any indication 

of forecast. If a forecast with a probability greater than 10% for the extreme event 

anywhere in the disaster area reported by EMDAT is recorded, and the percentile, lead 

time, initial time of the event for each of the forecasts is indic ated, the highest forecast 

probability observed in the region is then recorded (10 ï30%, 30 ï50%, 50 ï70%, 70 ï90% 

or >90%). Accordingly, 50 flood disasters and two cold wave events are analysed.  

Once all the screenings are conducted, the data is then systematically recorded by using 

descriptive statistics. This is a simple and effective method that uses pivot tables to extract 

the key information from the dataset. By categorizing the relevant data  and trends, results 

are produced based on the three following possible outcomes:  

1.  Outcome No. 1.  Event is forecast: An event exceeding the 95th percentile is 

forecast with at least 30% probability and at least three daysô lead time in the 

disaster area.  

2.  Outcome No. 2:  Some forecast information is available: A forecast shows an 

extreme event, but it does not meet all the thresholds of outcome #1  
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3.  Outcome No. 3:  Forecast did not predict event at all: No indication of an extreme 

event is shown in the global models. In this case, a global forecast was produced 

and archived, but the forecast did not indicate an extreme event.  

 

 

4.2.3.2  Slow Onset Hazard  

A content analysis is applied for the forecast communication of slow onset hazards 

(droughts). While the mere lack of rainfall resulting in a drought hazard does not 

necessarily result in disaster, food insecurity can indicate disastrous impacts triggered by 

the slow onset drought event. Moreover, FEWSNET ï which tracks food security ï provides 

the most relevant early warning communication service that exists at global level. 

Therefore, this part of the research focuses on identifying whether food security and 

humanitarian reports communicate any rainfall forecast information up to one year prior 

to the date of the drought occurrence reported in EMDAT. A comprehensive grey literature 

review is conducted for each of the 20 selected drought - related disaster ev ents.  The main 

sources of information include: FEWSNET, IPC, ReliefWeb and IFRC among others. The 

screened documents include emergency appeals, situation reports, emergency evaluation 

reports and food security outlooks. These documents describe the situat ion in the affected 

areas before and throughout the disaster. First, when the IFRC or another humanitarian 

agency launched an emergency appeal is identified. Second, the FEWSNET website is 

searched for the respective country section. All available reports that are released up to 

one year before the disaster is reported are selected (for some disaster events two years 

before). Further, the IPC and ReliefWeb websites are searched to identify any additional 

relevant documents. As some events are not reported b y FEWSNET or do not have an IPC 

analysis (Afghanistan 2000, Syria 2008, Pakistan 2019), the search is further conducted 

via ReliefWeb, Google and Google Scholar for additional relevant documents.  Third, all 

the reports are screened with an initial keyword  search: forecast, prediction, warning, 

alert, rainfall, precipitation. Finally, a broad screening of all the documents is conduced to 

identify any other relevant information. The overall objective of these steps is to identify 

if a rainfall forecast is co mmunicated in any of the reports for the identified drought - related 

disaster events.  

Each document is catalogued by date of issue, title, source and key information related to 

rainfall forecast. Relevant notes such as other factors that induce the disaster (e.g., conflict 

and pests) are also recorded. Located on one end of the timeline is the date when the 

IFRC or another humanitarian agency launched the first emergency appeal for the 

respective drought - related disaster. Moving backwards in time marks the dates referenced 

in FEWSNET reports and other relevant sources. These sources provide any reference to 

rainfall forecast for the season(s) before the disaster is finally reported. After constructing 

the timeline, the period between the emergency appeal and the most relevant reported 

rainfall forecast information is identified (see graphic 1 ). Compiling the results from all 

countries using descriptive statistics, helped to identify both the overall trends across the 

type of indicators used to generate the situation outlooks and the discrepancies between 

different sources of information.  
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Figure  3 (graphic 3 in paper) : Example timeline corresponding to forecast 

communication ï Afghanistan drought 2018 ï2019. Because droughts are often 

protracted crises that result from the failure of several rainy seasons, these 

timelines can span several seasons. In this case, the rain fall forecast predicted an 

upcoming season, which was ultimately dry, resulted in a poor harvest, and 

contributed to the eventual reporting of a disaster the following year.  

 

This methodology has natural limitations. The comprehensive literature review does not 

guarantee that all reports that could have indicated a rainfall forecast for the selected 

disaster are reviewed. For some disaster events and countries other sources suc h as the 

Food Security and Nutrition Analysis (FSNAU) and the Ethiopia network on food security 

are necessarily utilized besides FEWSNET, because it does not always have the necessary 

information. Including data from national hydrometeorological services i s not feasible in 

the context of this research as historical forecast data at national level is often not open 

source, not digitalized or in some context does not exist. Lastly, drought forecasting is 

complex, and different regions of the world have differ ent forecast skills at different lead 

times (Weisheimer and Palmer 2014) . Often, drought forecasting combines observed and 

forecast variables to estimate future dryness (Furlow et al. 2018) . Droughts not only 

depend on rainfall indicators, but also on temperature, soil moisture, land degradation, 

ground water levels and surface water availability in addition to other socioeconomic and 

political circumstances (Heinrich and Bailey 2020; Barrett et al. 2020; Bailey 2013) . In 

this paper we focused on events induced by lack of rainfall among other factors.  

 

4.3 Results  

In this section, we first present an evaluation of rapid onset hazard forecasts. We then 

discuss results for slow onset hazards.  

 

4.3.1  Rapid Onset Hazard ï Floods  

The first part of the analysis focuses on floods that occurred in countries affected by armed 

conflict and that are induced by extreme rainfall, including by tropical storms. The extreme 

rainfall forecast analysis of 50 flood events is based on an ensemble  of global models 

(ECMWF, UKMO, JMA and NCEP).  The analysis indicates that:  
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1.  Under Outcome No. 1 : 62% of the events (31), are forecast exceeding the 95th 

percentile with at least 30% probability and at least three daysô lead time. This 

included events such as the 2010 floods in Pakistan, with 20 million affected 

individuals and 1,985 people killed (EMDAT 2020) . In this event, extreme rainfall 

is predicted with 70 ï90% probability with 2 ï3 daysô lead time (see Image 1).   

 

 

Figure  4 (Image 1 in paper) : Pakistan 2010. Historical forecast of extreme 

rainfall. Hazard predicted with 70 ï90% probability with 2 ï3 daysô lead time. 

(Relevant conflict areas, are the same to the areas where the forecast information 

is provided ï see green circle)  

 

2.  Under Outcome No. 2 : 32% of the events (16) have some forecast information 

available. However, the observed forecast does not meet all the criteria thresholds 

of #1. This includes events such as the 2013 floods in Yemen, with 49,082 affected 

individuals and 40 reported peopl e killed (EMDAT 2020) . In this event, the hazard 

is predicted with 10 ï30% probability with 2 ï3 daysô lead time (see Image 2). 
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Figure  5 (image 2 in paper) : Yemen 2013. Historical forecast of extreme rainfall. 

Hazard predicted with 10 ï30% probability with 2 ï3 daysô lead time. (Relevant 

conflict areas, are the same to the areas where the forecast information is 

provided ï see green circle)  

  

3.  Under Outcome No. 3 : 4% of the events (2) have no existing prediction under the 

four types of analysis conducted. Both disaster events occurred in Central African 

Republic.  

 

The analysis shows that 28% of the events are in the 95 th  percentile with a forecast 

probability over 50%, and lead times of 2 ï3 days. An additional 48% of the events have 

a forecast probability of more than 30%, with lead times of 6 ï7 days. This includes the 

floods in Palestine in 2013, with 12,500 affected ind ividuals and five people killed, as well 

as the floods induced by Cyclone Chapala in Yemen in 2015, with 110,000 affected 

individuals and eight people killed. 32% of the events were forecasted with a  10ï30% 

probability in the 99 th  percentile. A 10% chance of a 99th percentile event means than an 

event is already ten times higher than normal.  

Across the entire database, there is moderate alignment between forecasts and reported 

disasters in Central African Republic, Mali and Nigeria, followed by good alignment in 

Colombia, Congo, Somalia, Sudan and South Sudan and leading with very good alignme nt 

in India, Myanmar, Iraq, Pakistan, Palestine, Syria and Yemen. For this paper ómoderateô 

entails few events predicted with an average 10 ï30%; ógoodô has an average number of 

events predicted with 30 ï70%; and óvery goodô means most of events are predicted with 

50ï90%. This analysis has limitations due to the sample size by country, and therefore 
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these ñgoodò results should not be interpreted as an overall skill score for weather 

forecasts in that country. These are simply observations of how recent disasters have been 

forecast, and future disasters might be forecast better (or worse) in any of the se locations.  

 

4.3.2  Rapid Onset Hazard ï Extreme Temperature  

 

The extreme temperature analysis (both hot and cold extremes) is conducted by following 

the same process used for floods. As a result, only two cold wave - related disasters meet 

the selection criteria for this research, out of the 57 extreme temperature eve nts reported 

in EMDAT. This small number of events is because the remaining 55 reported disasters do 

not occur in conflict -affected areas (see methodology for event selection details). It is 

notable that EMDAT also under - reports heat events. From the four types of analysis 

conducted for each disaster event, the global ensemble model only shows one case of a 

forecast exceeding the 95 th  percentile, with a 10 ï30% probability and a lead time of 6 ï7 

days. This event corresponds to extreme winter in Syria in 2015 with 316,000 affected 

children and five children killed (UNICEF 2015) .  

 

4.3.3  Slow Onset Hazard ï Drought  

The second part of the analysis focuses on 20 drought - related disaster events that 

occurred in eight countries affected by conflict (Afghanistan, Somalia, South Sudan, 

Sudan, Syria, Ethiopia, Pakistan and Mali). These eight countries are the result of the 

selection process of disasters described in section 2.2. Before conducting the forecast 

communication analysis, the physical aspects influencing the occurrence of the drought 

are determined to decipher if rainfall influenced the disaster impacts.  Other fa ctors may 

include food prices, pest, conflict, and more. It is important to note that this study is 

limited to the analysis of forecast communication of drought - related disaster events, based 

on rainfall. For this, a sensitivity analysis is conducted for e ach event to determine if the 

reported drought is triggered by below -average rainfall (accumulative or during a specific 

period of time).  

The analysis shows that in 16 out of the 20 events reports (by FEWSNET and other sources) 

provide an outlook of rainfall between 1 ï10 months before the humanitarian impacts are 

reported by a humanitarian agency. For the remining four events, the reports sh ow no 

evidence that the rainfall forecast is communicated before the announcement of the 

disaster. For example, for the 2000 and 2006 droughts in Afghanistan, OCHA and 

FEWSNET respectively reported the drought. However, the rainfall forecast is not 

mention ed in the available reports. In Syria, during the 2008 drought, the screened reports 

show only evidence of the disaster already occurring. Lastly, the reports leading to the 

disaster reported in northern and eastern regions of Kidal and Gao in Mali in 2010  do not 

include the rainfall forecast for those particularly affected regions. This is despite the fact 

that FEWSNET, since January of 2009, indicated that the region is highly food insecure 

due to the new civil security threats that further isolated the a rea and interfered with 

normal activities (FEWSNET 2009) .  

On the contrary, a rainfall forecast is included in 16 drought - related events. For example, 

the lack of rainfall that contributed to the 2011 drought in Afghanistan is forecast by the 

International Research Institute (IRI) and communicated by FEWSNET (FEWSNET 2011)  

eight months before OCHA reported the humanitarian crisis (OCHA 2011) . Simultaneously, 
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a disaster is also unfolding in Somalia. Since 2009, several failed rainy seasons, 

compounded by the impacts of protracted conflict, are exacerbating existing vulnerabilities 

(FSNAU 2009) .  Nine months before a famine is declared (United Nations 2011) , a 

FEWSNET report indicates a rainfall forecast of limited rains over Somalia (FEWSNET 

2010) . In South Sudan during the 2017 drought, three years after the escalation of the 

conflict (Nyadera 2018) , a famine is declared in Leer and Mayendit counties of Greater 

Unity State (IPC 2017a) . FEWSNETôs outlook already mentions below-average rainfall 

forecast six months prior to the famine declaration, in addition to the erratic rains and 

below -average rainfall forecast since 2015 (FSNWG 2015) . 

Table 2 shows the drought events and relates the moment when the humanitarian crisis 

is reported by a humanitarian actor in comparison to when FEWSNET (or other source) 

communicates a rainfall forecast outlook.  

 

Table 2: Rainfall forecast communication and lead times for drought - related 

events in conflict -affected countries.  

 

Overall, the research findings from the analysis of forecast availability and forecast 

communication indicates that forecast information is available for most of the studied 

events. Global models predict 62% of reviewed flood events induced by extreme rain fall 

with at least 30% probability (three daysô lead time) and for 80% of the drought - related 

disasters studied, rainfall forecast information is communicated in relevant food security 

and humanitarian reports.  

 

4.4 Discussion  

This section offers reflections about the availability and communication of weather and 

climate forecasts to anticipate humanitarian crises in countries affected by armed conflict.   

4.4.1   From forecast to decision - making  

As in other contexts, global forecast models have the potential to enable early action in 

countries affected by conflict where the hydrometeorological infrastructure and capacity is 
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limited. This paper provides concrete evidence that not only is forecast information of 

extreme rainfall available, but it can have up to seven days of lead time with 10% to >90% 

probability of occurrence. We argue that forecast cannot be seen as a limitat ion for early 

action in contexts affected by conflict, rather an examination of other social -political 

aspects around decision -making for early action should be conducted to determine 

historically the limitations of acting ahead of disasters in these conte xts.   

As exemplified in Table 3, these disaster events have possible forecast information with 

more than 50% probability of occurrence and 6 ï7 days of lead time. In non -conflict 

affected contexts, this type and level of forecast information has been shown to red uce 

disaster impacts in vulnerable populations when coupled with risk analysis, early action 

plans and anticipatory financing (C. Gros et al. 2019; Tozier et al. 2018; Coughlan de 

Perez et al. 2019b) . Early warning systems that inform early actions, such as pre -emptive 

evacuation, can reduce mortality (D. Rogers and Tsirkunov 2011a) . 

 

Table 3. Disasters in conflict -affected countries, in which rainfall forecast was available 

by global weather models under a 95 th  climatological percentile, a lead time of 6 ï7 days 

and a probability of occurrence of more than 50%.  

 

Forecasts with higher probabilities of occurrence (see Table 3), are more likely to result in 

early actions given that its higher accuracy inspires confidence in decision -makers. 

Importantly, however, forecasts with lower probabilities and shorter lead tim es can also 

enable early actions with minimal costs to reduce risks, including mortality and 

preparedness for effective disaster response, such as the positioning of relief items ahead 

of potential road damages (GRC, Climate Centre, and IFRC 2020) . This research shows 

that 62% of the flood events induced by rainfall are forecast with probabilities higher than 

30% under percentile 95 th  and shorter lead times of 2 ï3 days. These findings raise critical 

points of discussion and ideas for further research. For example, analysing the 2012 floods 

in Nigeria that affected more that 7 million individuals and killed 363 people (forecast of 

10ï30 % probability and 2 ï3 daysô lead time), it is questionable whether available global 

forecast information  can stimula te early action in a context where protracted conflict 

between Boko Haram and security forces limits access to conflict -affected populations  

(ICRC 2012) . This example shows that, although having access to a global forecast can 

theoretically enable early actions, there are aspects inherent to conflict contexts that can 

permit or jeopardize the potential early actions.  The results of this research are opti mistic; 
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however, we emphasize the fact that it is essential to conduct forecast skill assessment 

and false alarm ratios in order to operationalize early action. Research shows that, in some 

parts of the world, forecast skills for extreme rainfall tends to be low (MacLeod et al. 2021; 

Vogel et al. 2020, 2021; Amini, Azizian, and Daneshkar Arasteh 2021) .  It is relevant to 

note, it is possible that smaller flood events which were not at the top of the list in EM -

DAT might have been forecast with less accuracy, and further research could investigate 

the precise forecast skill for different magnitudes of even ts.  

 

4.4.2  Global forecast an opportunity in contexts affected by conflict  

In the case of extreme rainfall, the research contributes to the evidence that global 

forecast models could be used to trigger early action in conflict -affected countries. Even a 

10% probability event under the 99th percentile could be relevant for decisio n-making, 

for example, when there are extremely vulnerable communities living in camps for IDPs 

people in high - risk areas, a forecast with a probability of 10% could be used by 

humanitarian organizations to activate low cost actions from a contingency plan . Using 

forecast services from global models is relevant given the limited forecasting services and 

capabilities of some national hydrometeorological services in countries affected by conflict 

(Alliance for Hydromet Development 2021) . Other forecasting products that are specifically 

focused on extremes ï such as the ECMWF Extreme Forecast Index and Shift of Tails ï 

might have even higher ability to predict extreme rainfall events, and additional forecast 

products such as hydrological forecasts and inundation forecasts might add additional skill 

to the ability to predict high - impact disasters. Further investigation of the skill of each of 

these products in each of these high -vulnerability countries is needed.  

For extreme temperature, there is a very low sample; these events appear to be under -

reported.  Out of the 754 reported disasters identified in this research, 23 are heatwaves. 

Of these, 56.5% are reported in India, 34.78% in Pakistan and 8.69% split betwe en Sudan 

and Nigeria where the temperature reported was 60 ° C with a corresponding 60 reported 

deaths in total. These events are excluded in the forecast analysis because they do not 

meet the criteria for analysis. This lack of data, suggests the need for f urther research to 

decipher if the limited reporting on heatwave - related disasters in conflict -affected contexts 

represent the non -occurrence of the events, or if it better represents a lack of systems to 

record heatwave events and their impacts (Longden et al. 2020) . The same limitations 

apply to cold waves. The few analysed events do not yield robust conclusions about 

forecast information availability. Instead, the research highlights gaps in data availability 

for extreme temperature impacts in countries afflicted b y conflict.  

The compounding effects inherent in droughts (below -average rainfall across several 

seasons, armed conflict, etc.) and other stressors (pests, food prices fluctuations due to 

national and regional socioeconomic and political dynamics) have resulted in nume rous 

severe humanitarian crises. The 2005 and 2006 food security crises in the Kidal region of 

Mali is the result of both below -average rainfall since 2002 and a locust infestation reported 

since 2004 (FESWNET 2004) . The impacts of these factors are exacerbated  by the internal 

conflict and the transboundary impacts of the conflict in Ivory Coast that led to a crisis in 

2006 (IFRC 2006) . Food security impacts triggered by the lack of rainfall in conflict 

contexts are also further complicated by regional conflict dynamics. The 2015 disaster 

reported in Sudan is the result of an already existing crisis due to internal armed conflict, 

sever al failed rainy seasons since 2014 and the influx of South Sudanese refugees in 2015 

(UNHCR 2015) . In this case, the FEWSNET forecast information is communicated five 
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months prior the disaster declaration, and while previous reports describe the evolution of 

the crisis, none offer specific weather forecast information.  

 

 

4.4.3  Weather is relevant, but conflict is more prominent in reporting  

In the case of droughts, the majority of disaster events analysed in this research have 

reports that only briefly mention rainfall forecast information, and instead emphasize the 

conflict - related impacts, food price fluctuations and observed hydrometeorolo gical 

information. For example, South Sudan declared a famine in Leer and Mayendit, counties 

of the Greater Unity State, in 2017 (IPC 2017b) . Although below -average rainfall is 

reported, the number of IDPs is simultaneously increasing due to confrontations since the 

start of the conflict in 2013 (Craze, Tubiana, and Gramizzi 2016; Nyadera 2018) . In this 

example, most reports do not focus on covering the likelihood of the hydrometeorological 

hazard, but rather focus on reporting the conflict evolution and consequent impacts. 

Country -specific research is pertinent to understanding how conflict mod ifies the normal 

pathways of weather forecast communication.  

The results of the drought communication analysis, reveals additional knowledge gaps and 

raises further research questions: 1. could drought related disasters be mitigated if 

forecast information is systematically included in all reports?; 2. how have the FEWSNET 

and IPC reporting of forecast information evolved overtime?; 3. is forecast information 

currently communicated effectively for decision -makers and at - risk communities to 

warrant action in conflict -affected contexts and how does this happen?; and 4.  what is the 

rate of false alarms across contexts, and how does this affect forecast use?   

Moreover, this research also reveals topics needing further study related to the impacts of 

protracted conflicts on hydrometeorological infrastructure by either damage or decay. As 

shown in Image 3, most of the countries analysed in this research show no i nformation 

reported by the hydrometeorological stations. This status of hydro -met stations around 

the world is described in the 2020 State of Climate Service report of the WMO (WMO 

2020a) . Given this information and the results of this paper, some additional research 

questions are proposed: 1. what is the proposed mechanism by which new hydro -met 

stations improve the predictability and reliability of global weather forecasts?; 2. how can 

investment in hydro -met stations be protected in contexts of conflict, considering: a) there 

is need to provide reliable weather forecast information to populations affected by conflict; 

and b) contexts affected by conflict are highly volatile, at risk of d estruction and decay, 

and lack hydrometeorological stations monitoring; 3. how much additional effort is needed 

to better use remote sensing data and tailor global and regional models to improve 

forecasts, even without additional in -situ hydro -met data?  
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Figure 6 ( Image 3  in paper) : Reporting surface stations against the WIGOS baseline for 

January to June 2019. Black dots show stations that do not report at all, orange dots 

indicate stations with reporting < 80%, green dots indicate compliance with the baseline 

(Ó 80%.) (WMO 2020a) .  

 

 4.5  Conclusions and Recommendations  

This research focuses on one aspect of the EWEA process. It is restricted to the analysis 

of weather forecasts as a contributing factor to the historical disaster events that occurred 

in countries affected by conflict over the last 20 years. Further resear ch should be 

expanded to analyse all EWEA elements and the complete set of risk factors that lead to 

severe disaster events in armed -conflict contexts.  

 

Understanding the availability of forecast information in countries affected by conflict is an 

important factor for EWEA. Access to weather forecast information is one of the elements 

that can enable early action, before a disaster occurs, to protect popul ations that are 

impacted by conflict and exposed to climate hazards. This paper presents an historical 

analysis of forecast information availability and communication for the most impactful 

disaster events of the last two decades in 20 selected countries a ffected by protracted 

armed conflict. This research concludes that forecasts exist, and they are already produced 

to effectively give early warnings in conflict -affected areas. 96% of the floods induced by 

extreme rainfall were forecast with 10 ï90% probability of occurrence with ranging lead 

t imes of 2 ï7 days under the 95 th  percentile. For extreme temperatures, the gap in 

available information does not yield any hazards with sufficient impact required for this 

analysis. This disparity suggests the need for further research on the impact of 

temperature extremes in conflict contexts. For the qualitative analysis of rainfall forecast 

communication related to drought disaster events, 80% of the 20 events analysed include 

a forecast description in the literature.  However, the disseminated information is minimally 

covered in the reports, whereas the focus on monitoring and describing the wider crisis 

evolution prevails by considering factors such as the impacts of conflict, food prices, pests 

and so forth.      
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Overall, the following four conclusions are drawn from our analysis: 1) Forecast 

information is available for most of the studied disasters; 2) floods induced by extreme 

rainfall have the potential to be predicted by global models; 3) for droughts, rainfall 

forecast information availability exists in relevant food security and humanitarian reports, 

but the information on conflict impacts and past observed hydrometeorological conditions 

is most prominent in all the reviewed reports;  4) although forecast info rmation is an 

essential element for early action, there are several remaining aspects and complexities 

inherent to armed conflict, such as trust in government actors, risks biases of communities 

affected by conflict and the politization of dissemination ch annels,  that require better 

understanding in order to discern whether EWEA can be implemented in these contexts of 

protracted conflict, and, if so, how it can be implemented effectively.  

Lastly, the quantitative and qualitative results of this paper demonstrate the need to 

understand other thematic areas of EWEA , including understanding risk, hazard evolution 

monitoring and forecast dissemination, towards the development of Impact -based 

Forecasting (IbF) services (provided by in -country institutions or, in the case of armed 

conflict, possibly also by national and international actors working together with local 

partners on the ground) , early action planning and anticipatory financing . All t hese 

thematic areas should be analysed in the context of protracted armed conflict impacts 

such as fragile government systems, weak hydro -met and telecommunications 

infrastructure, lack of access, insecurity, weapons contamination, disabilities, and gender -

based violence among others. This paper does not analyse how the forecasts are being 

used, but if they are not being used; the hope is that work is taking place to change that 

and enable anticipatory action.  

Based on the findings, the following recommendations intend to advance EWEA in contexts 

affected by armed conflict:  

 

1. Increase the investment in, and development of, Impact -based Forecasting and 

Anticipatory Action systems substantially in contexts affected by conflict, given the high 

levels of people at risk of being impacted by climate - related hazards.  

2. Analyse the skill and false alarm ratios of global forecast models in countries affected 

by conflict and develop early action plans using those models.  

3. Set geographical priorities for where EWEA should be set up by considering the most 

exposed and vulnerable countries to climate hazards and within those countries (i.e., the 

regions and population groups that are more likely to be impacted by climate hazar ds, 

such as people affected by conflict living in refugee and IDP camps).  

4. Invest in extreme temperature reporting.  

5. Communicate hydrometeorological forecast information more systematically and 

consistently in food security outlooks.  

5. Include an analysis of compounding risks of climate and conflict in food security 

outlooks.  

6. Conduct a more detailed forensic investigation of disaster, including detailed information 

of historical national forecasting of the specific disaster events.   
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7. Conduct further research on all other EWEA thematic areas, in addition to the ones 

addressed in this paper. These include: understanding risks, hazard evolution monitoring 

and forecast dissemination, anticipatory financing, with a particular focus on ea rly action 

planning.  
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Chapter based on Jaime, C., Coughlan de Perez, E., Aalst, M. V., & Easton -Calabria, E. 

(2024). Beyond the forecast: knowledge gaps to anticipate disasters in armed conflict 

areas with high forced displacement. Environmental research letters, 19, 1 -13. Article 

023001. https://doi.org/10.1088/1748 -9326/ad2023   -  open access  

 

Abstract   

Although conflict -affected populations are often exposed to and severely impacted by 

disasters, little is known about their perceptions and practices concerning Early Warning 

and Early Action (EWEA) or how EWEA strategies can protect communities affected b y 

conflict -  and climate - related disasters. This is particularly problematic as, due to the 

multiple challenges posed by conflict and compound crises in these contexts, early 

warnings of weather hazards do not often translate in early actions. This comprehe nsive 

literature review examined 384 peer reviewed papers produced between 2004 and 2022, 

focused on the twenty countries most affected by non - international armed conflict and 

exposed to climate hazards. This paper answers the question: What is the state o f 

knowledge of EWEA for climate hazards in countries affected by armed conflict and high 

levels of forced displacement? Findings demonstrate that most research focuses on climate 

science rather than social science across six elements of the EWEA value chai n: 1. hazards 

analysis, 2. understanding vulnerability and exposure, 3. warning communication and 

dissemination, 4. forecasting availability and monitoring, 5. early action planning, and 6. 

financing systems. In total, 75.65% of the research studies focuse d on hazard analysis, 

forecast availability, and monitoring. There has been a strong increase in academic 

research on EWEA in conflict -affected countries since 2004. However, we identify that 

most of this research has been in Ethiopia, Pakistan, and Nigeri a which, although severely 

affected by conflict, also have a higher level of economic development and stability. In 

contrast, there is little research focused on EWEA in most of the remaining countries. 

Across all thematic areas, there is a lack of conside ration of conflict dynamics in EWEA 

research. This paper contributes to evidence on the need to recognize people affected by 

conflict in disaster risk reduction, as called for in the Sendai Framework for Action midterm 

review, with the aim of enhancing EWE A investments to enable tailored approaches 

appropriate for conflict - affected states.   

 

Key words : Early Warning Early Action, Anticipatory Action, Early Warning Systems, 

Forecast -based Financing, conflict, hazards analysis, understanding vulnerability and 

exposure, warning communication and dissemination, forecasting availability and 

monitoring, earl y action planning, financing systems.  

 

5.1 Introduction  

Populations affected by armed conflict are highly susceptible to negative impacts caused 

by hydrometeorological hazards, due to the damage of conflict across human, social, 

natural, physical and economic elements of society. The vulnerability to disasters is 

increased by conflict as it erodes response capacity over time (IISS 2019) . With climate 

change, the intensity and frequency of hydrometeorological hazards is likely to increase 

https://doi.org/10.1088/1748-9326/ad2023
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(IPCC 2021) , making conflict -affected populations already experiencing high vulnerability 

even more likely to be impacted by climate related hazards (ICRC 2020b) . Some of the 

impacts of conflict that exponentially increase the vulnerability of people to climate change 

include forced displacement, unemployment, gender -based violence, insecure land tenure, 

low literacy, poor access to social and health services, vio lence, and extreme poverty, 

among many others (Chandra et al. 2017; Eriksen and Lind 2005; Wisner 2012; Idris et 

al. 2013; Jaspars and Maxwell 2009; Olmedo and del Miño 2019; Quinn et al. 2017; UNDP 

2011) . 

This research focuses on non - international armed conflict and belligerent occupation, 

protracted with different levels of intensity. We use the Uppsala Conflict Data Program 

(UCDP) definition: ñan armed conflict is a contested incompatibility that concerns 

government and/or territory where the use of armed force between two parties, of which 

at least one is the government of a state, results in at least 25 battle - related deaths in 

one calendar yearò(UCDP 2020a) .  Under International Humanitarian Law (IHL), armed 

conflicts are classified as International -Armed Conflict (IACs) when there is confrontation 

between two states (including belligerent occupation) and Non - International Armed 

Conflict (NIACs), when there is confrontation between a state and a dissident faction or 

two or more organized armed groups within a state (ICRC 2019b) . Armed conflicts have 

different levels of intensity; a low - intensity  conflict (minor conflict) is when there are at 

least 25 but less than 1000 battle - related deaths in one calendar year, while high - intensity 

conflict often refers  to when there are at least 1000 battle - related deaths in one calendar 

year (UCDP 2020a) . Both levels of intensity can occur in protracted conflicts which are 

characterized by their longevity, fluctuation, intractability and mutability (Policinski and 

Kuzmanovic 2019; ICRC 2016; Azar, Jureidini, and Mclaurin 1978) . For example, 

Cameroon has experienced a history of conflict in different facets before and after the 

unification in 1961 and the recent escalation  in 2017 (Ezemenaka and Ekumaoko 2022; 

Kah 2015) . 

In the absence of long term disaster risk reduction (DRR) and climate change adaptation 

(CCA) measures in conflict contexts (Sitati et al. 2021; Mena and Hilhorst 2020) , EWEA 

offers possibilities to reduce residual risks (Sansa -Otim et al. 2022; Basher 2006; GRC, 

Climate Centre, and IFRC 2020)  and can save lives, livelihoods and assets. Early warning 

refers to information provided in advance of a specific hazardous event to enable 

stakeholders to take timely action to reduce disaster risks, while early action refers to a 

set of measures to prev ent or reduce the impacts of a hazardous event before they fully 

unfold, predicated on a forecast or credible risk analysis of when and where a hazardous 

event will occur (REAP 2022) .  

In 2022 , the United Nations  Secretary -General announced the Early Warning for All 

initiative, with the ambition that every person on earth be protected by early warning 

systems within five years (WMO 2022) . To achieve this, people affected by armed conflict 

require EWEA services adapted to the complex contexts where they live, considering the 

disruptions that states affected by conflict face. In these contexts, hydrometeorological 

services are often affecte d by destruction, decay of infrastructure, and/or weak national 

capacities, making the monitoring of hazards and production of forecast services difficult 

(UKMO 2020; CREWS 2021) . Early action is also jeopardized by the impacts of conflict. 

Often, governmental and non -governmental system are not able to disseminate warnings 

and act upon them (Mohanty et al. 2019) . Understanding risks in conflict -affected 

environments is challenging, given the limited availability of climate risk maps, data about 

historical impacts of climate - related  disasters, and increasing occurrence and severity of 
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hazards such as heatwaves due to climate change (Jaime et al. 2022) .  Field research is 

often limited by the difficulties of access due to violence, weapon contamination, and risk 

aversion by donors and governments and other actors (Mena, Hilhorst, and Peters 2019) . 

While people living in conflict -affected countries are employing EWEA (IFRC 2009) , it is 

unclear whether there is a sufficient body of scholarly work to support EWEA in these 

countries.  

This paper presents evidence of which elements of EWEA have been researched in conflict 

contexts, and existing gaps that need to be addressed to enhance the capacity of 

institutions and communities to act before the occurrence of a hazard in relation to ri sks, 

weather forecasts, and anticipatory planning. This paper answers the question: What is 

the state of knowledge of EWEA for climate hazards in countries affected armed 

conflict and high levels of forced displacement? The aim is to guide future research,  

implementation strategies and investment in the key elements of the EWEA value chain, 

defined below.    

5.2 Methods  

We conduct a comprehensive literature review of academic literature published between 

2004 and 2022. The starting date was selected as 2004 was a key year for early warning 

systems due to the recognition of their critical importance following the severe im pacts of 

the 2004 Indian Ocean Tsunami and the establishment of the Hyogo Framework for Action 

(UNDRR 2005) . The framework was revised in 2015, and the Sendai Framework for Action 

(SFDRR) was adopted by all countries in the world, with a global target to substantially 

increase the availability of and access to multi -hazard early warning systems and disaster 

ris k information and assessments to people by 2030 (UNDRR 2015) . However, the Sendai 

framework has been criticised for not acknowledging the differential risks experienced by 

populations affected by conflict, and by not mentioning conflict in the final agreed 

document (K. Peters et al. 2019; Zaman et al. 2020; K. Peters 2019) .  

We collected research articles relating to conflict -affected countries and conducted a 

thematic analysis across the six areas of the EWEA value chain: 1. hazards analysis, 2. 

understanding vulnerability and exposure, 3. warning communication and disseminat ion, 

4. forecasting availability and monitoring, 5. early action planning and 6. financing 

systems. We conducted a chronological analysis of the relative frequency of publications 

between 2004 and 2022, and we analysed to what extent conflict sensitivity a nd emerging 

topics such as remote sensing and impact -based  forecasting were included in the literature 

of the 20 selected countries of study.  

We use the PICoST framework (Berrang -Ford et al. 2021)  designed to identify papers 

based on these criteria: population/problem (P), interest (I), context (Co), Scope (S) and 

time (T). (P) refers to people affected by armed conflict. (I) refers to peer - reviewed  papers 

about the six areas of the EWEA value chain. Interest (I) also includes a chronological 

analysis to determine the evolution of research over the period of study and the 

comparison between research production and historical disaster impacts. (Co) re fers to 

the 20 countries affected by armed conflic t that are subject of analysis. Finally, (S/T) is 

related to the scientific literature time of publication (between 2004 and 2022).  

 

Our review includes academic literature that is exclusively about early warning systems, 

early action, anticipatory action and forecast -based financing and only for 

hydrometeorological hazards (see list of terms used in diagram 1). EWEA terminology has 

evo lved rapidly over the last years, with different or similar definitions depending on the 
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user. The Risk Informed Early Action Partnership (REAP) and the United Nations have 

developed glossaries to encourage discursive coherence (REAP 2022; De Wit 2019) , which 

we have followed for the definitions used in this paper.  

The review excludes literature on the prediction of conflict and does not include grey 

literature. The literature search focuses on EWEA research on 20 countries affected by 

non - international protracted armed conflict, calculated by the total number of dea ths 

(UCDP 2020b)  and the total number of people in situation of displacement (IDMC 2020) . 

Using the UCDP data 2, we first identified those countries that have been severely affected 

by non - international violent protracted conflict, which often results in debilitated 

governance, economic and wellbeing systems. Then, to ensure we selected countries with 

high level of  humanitarian needs, we used the Internal Displacement monitoring Centre 

(IDMC) dataset as this shows a critical number of vulnerable and exposed population s to 

climate risks.  

 

a.  Countries  

 

Table 4 (table 1 in paper) . Countries selected for comprehensive literature review. The 

countries in this table are ordered from 1 to 20 using the number of conflict fatalities from 

highest to lowest. The order does not have any impact in the research process itself.  

 

2 Although we recognize the value of The Armed Conflict Location & Event Data Project - ACLED, we decided to use UCDP data as it has 

longer time series data. ACLED started data collection in few countries and it was only until 2009 that they launched the global tool. 
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To identify a set of representative countries for this study two sources of data are utilized.  

First, the countries with the highest number of fatalities from 1989 until 2021 are identified 

according to the UCDP Georeferenced Event Dataset. This time rang e is selected to capture 

the impacts of protracted conflicts. Second, countries with the largest number of Internal 

Displaced Persons (IDPs) from 2009 to 2021 are selected by using available data from the 

IDMC (this range of time was at the time of analysi s the maximum available in the 

dataset).  

As some countries suffer the impacts of armed conflict only in specific areas of a country 

(for example, the Philippines is mostly affected in the province of Mindanao, Mozambique 

in Cabo Delgado, and India in the Kashmir region), we excluded countries wit h localized 

conflict and limited the literature of research papers to those countries that have a wider 

national level impact from conflict, which was determined based on reviews of relevant 

grey literature, such as that published on Reliefweb and by ICRC.  We do not include 

countries affected by other situations of violence such as Brazil and Mexico, which based 

on ICRC classifications , do not meet the threshold for widespread conflict.  

First, we analyzed countries with the highest numbers of conflict related fatalities, using 

the percentage of deaths in relation to the total population as a proxy to determine high 

severity. Then, to ensure we select countries with high levels of humanita rian needs, we 

used the IDMC dataset for validation. Needs are represented by the percentage of the 

population cumulatively displaced by conflict between 2009 and 2021. The lists of 

countries  with the highest number of conflict related fatalities and highe st levels of internal 

displacement due to conflict (and not climate - related disasters)  are compared. We decided 

to limit the number of countries to 20 to have a significant sample that was also feasible 

to analyse based on time constraints. We split Israel and the Occupied Palestinian 

Territories to gain more granular information, given the socio -economic and political 

differences of both contexts. The decision to analyze countries based on internal rather 

than cross border displacement arose primarily as t he worldôs top refugee-producing 

countries are also those with the highest number of IDPs, and thus are already covered 

through this review. The countries selected for study are:  Syria, Afghanistan, Iraq, Yemen, 

Nigeria, Pakistan, Democratic Republic of C ongo, Sudan, Somalia, Sri Lanka, Ethiopia, 

Libya, Central African Republic, South Sudan, Myanmar, Mali, Colombia, Israel and the 

Occupied Palestinian Territories, Cameroon and Burkina Faso.  

 

b.  Selection process  

The comprehensive literature review process to select the academic literature consisted of 

four steps (see diagram 1): 1) identification of academic papers, 2) screening, 3) eligibility, 

and 4) coding and analysis.  
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Figure 7 . (Diagram 1  in paper) . Comprehensive literature review process: identification, 

screening, eligibility, coding, and analysis .  

 

The identification step in the comprehensive literature review consisted first of a keyword 

search in Scopus that lead to the development of a database. The search included these 

terms: early warning system, early warning early action, anticipatory action,  early 

warning, forecast based financing, forecast based action, forecast, early action, and risk 

mapping. The advanced search engine was used to limit the query to focus on papers 

related to weather and hydrometeorology, consisting of the following hazard s: storm, 

hurricane, typhoon, tropical cyclone, tropical storm, cyclone, rainfall, flood, extreme 

temperature, heatwave, cold wave, drought, dry spell, landslide, and mudslide. The search 

was limited to the 20 selected countries, however for the case of Is rael and the Occupied 

Palestinian Territories the query was separate, and the term applied was Palestine. Three 

languages were included: English, French and Spanish. However the results only yielded 

1 paper in Spanish and none in French. We excluded the an alysis of EWEA for biological 

hazards in the paper, therefore these keywords were part of the exclusion criteria: disease, 

epidemic, pandemic, cholera, dengue, zika, malaria and Ebola. After these first steps, the 

comprehensive search yield 502 papers. A p aper was selected for review if it met the 

criteria related to: 1. Includes at least one of the included EWEA terminologies (REAP 

2022) , 2. The paper includes at least one of the countries of analysis and one of the 

hazards. 3. The paper focuses on any of the elements of the value chain of EWEA. We 

applied an expert judgment approach for the selection of the papers for screening.  

In the next step, all titles and abstracts were screened to exclude non relevant papers. 

The exclusion criteria included: 1. Not relevant country, 2. Not hydro -meteorological 

hazard, 3. Conflict prediction or conflict early warnings, 4. Epidemic related to  EWEA, 5. 

Not relevant to the subject of research. At the end of the screening 350 papers were 

selected for full text review, coding, and snowball search. After this, due to the application 
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of snowball methodology, 384 papers in total were selected for inclusion in the study (See 

appendix 1).  

For the coding stage, we predefined the codes based on the six criteria of analysis: 1. 

Understanding vulnerability and exposure, 2. Hazard analysis 3. Warning communication 

and dissemination, 4. Forecasting availability and monitoring, 5. Early action pla nning 6. 

Financing systems. We thematically coded the findings through the qualitative software 

ATLAS.Ti, which allowed us to identify other relevant topics, such as additional hazards 

like hailstorms, humidity and dust storms, which were originally not in cluded in the query. 

To capture other relevant papers, we used an iterative snowball approach; once a new 

paper was identified, we applied the same screening process of step 2. The coding process 

included the identification of relevant information, for exa mple identification of emerging 

themes in EWEA, such as machine learning, remote sensing and impact -based forecasting. 

During the coding process we explored topics such as conflict sensitivity, challenges to 

implement EWEA in contexts of conflict, impacts of war on hydrometeorological 

infrastructure and services, communication challenges to transmitting warning messages 

in a war zone controlled by parties to the conflict, and lack of risk appetite by donors to 

invest in conflict zones.  

 

5.3 Results  

In this section we present the results of the comprehensive literature review. First, we 

present the state of knowledge on EWEA by identifying what has been studied for each of 

the elements of the EWEA value chain. Then, we show how the volume of research has 

changed over the last 20 years. During the research process we also discovered relevant 

emerging research topics that complement or comprise the EWEA value chain, which are 

included here. Given its relevance we presents the results of a deep dive into hazard 

specific research. Finally, we present findings focused on the integration of conflict 

sensitivity and conflict dynamics.  

5.3.1  From early warning to early action  

The analysis shows evidence that hazard analysis and forecast availability and monitoring 

related research have been the most prevalent topics published on compared to the other 

elements of EWEA analysed (see graphic 1). Within the 384 papers reviewed, the  six EWEA 

elements were mentioned 538 times. Out of these occurrences, 34.39% focused on hazard 

analysis and 41.26% on forecast availability and monitoring. The 21 3 countries included in 

this study were mentioned 410 times across the 384 papers.  Nigeria, Ethiopia and 

Pakistan contribute to the 52.44% of total research, compared with countries such as 

Yemen, Libya and Central African Republic, which yielded in total 4 papers, all of which 

focused on forecast analysis. In the case of Israel and the Occupied Palestinian Territories, 

we separated the search, which yielded different papers for each. Results show that there 

were 6 times more papers on Israel than on Palest ine. In the case of Myanmar, most of 

the EWEA related papers focused on cyclone analysis (7.07%), specifically research about 

the 2008 Cyclone Nargis, one of the most impactful disaster events in Myanmar history 

(Reale et al. 2009; Ozcelik and Doocy 2012; Howe 2018; Adetunji 2018) .  In addition to 

Nargis, the most prominent disasters studied in these conflict -affected countries include 

the 2010 Pakistan floods, and the 2011 Horn of Africa famine.  Interestingly 26.3% of the 

 
3 We selected 20 countries, however the analysis reflect 21, as we coded Palestine and Israel separately. 



Chapter 5 

 

69 
 

research papers focused on historical analysis of past disaster events and  agriculture 

related papers are also very prominent at 18.8%, many of them conducting in depth 

hazards analysis of rainfall and enhancing forecast capabilities.  

Research on early action planning, warning communication, dissemination and 

understanding vulnerability and exposure was limited (23.23%). For example, one paper 

focused on Ethiopia explored the use of livelihoods and socioeconomic data as part of the 

wide r climate risks analysis process (Funk et al. 2013) , and in South Sudan Benancio et 

al (Benansio et al. 2022)  show evidence of the local perceptions of risks, such as the belief 

that disasters are caused by the anger of god and ancestors. In contrast, research related 

to financing EWEA is nascent, only yielding 1.12% of total results. Graphic 1 below 

presents the  distribution of research per country according to the main topics of focus.  

 

 

Figure 8 ( Graphic 1  in paper) : Distribution research per country and per EWEA thematic 

area of analysis; colours do not have a significance, default colours by software used for 

analysis ATLAS.ti .  

By analysing individual country research, the 3 countries with highest number of published 

academic articles are Ethiopia (24.39%,), Pakistan (18.29% and Nigeria (9.76%). Papers 

are mostly focused on forecast availability and monitoring, followed by hazard  analysis. 

Research on Ethiopia is more often focused on droughts, while the research on Pakistan 

and Nigeria focuses mostly on drought and floods. Overall, the research findings show a 
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large number of research articles focused on understanding precipitation (rainfall) related 

to droughts and floods (35.38%).  

At the bottom of the research results we found Afghanistan (2.20%), South Sudan 

(1.95%), Sudan (1.71%), Mali (1.71%), Occupied Palestinian Territories (1.22%), 

Cameroon (1.22%) Democratic Republic of Congo (0.73%), Syria (0.73%), Central African 

Republic ( 0.49%) Yemen (0.24%) and Libya (0.24%). For example one paper on Libya  

focused on dust storm analysis, a hazard that has severe health and economic impacts in 

the region (World Bank 2019) .   

Despite the fact that in recent years there has been a growing focus on translating early 

warnings into early action, we found limited research related to early action planning, in 

total 45 code occurrences, equivalent to just 8.36% of the total studied pa pers.  In 

Pakistan, Shah et al. studied the role of local flood risk perceptions as a crucial part of the 

EWEA value chain to assist provincial and disaster management authorities to adopt local 

actions (Shah et al. 2022) .  

Forecast communication and dissemination is a key enabler to ensure populations receive 

timely information that allows them to take early decisions to evacuate and protect assets. 

We found limited research that addresses this aspect of the EWEA value chain . 7.62% of 

the papers investigated the delivery and efficacy of warning messages. In Southwest 

Nigeria, Tolulope Olayemi  found that 68.1% of the farmers interviewed were willing to pay 

for forecast information that could enable them to act to protect their  crops (Tolulope 

Olayemi, Oyekale, and Oyedepo 2015) . In Mali, Zare et al, describe the role of radio as a 

main weather forecast communication channel, reaching more than 80% of the population 

across the country (Zare et al. 2017) ; yet despite this large coverage, EWEA is described 

as a challenge due to insecurity and other factors (CREWS 2021) . 

 

5.3.2  Conflict sensitivity in EWEA research in context affected by conflict  

ñConflict sensitivity involves developing understanding of the context in which activities 

are delivered, analysing the relationship between those activities and the context, and 

adapting the way activities are deliveredò. None of the papers identified mentioned conflict 

sensitivity as part of the research. In fact, only 13 papers (3.4%) mentioned conflict as 

part of the socio -political dynamics related to risk creation. Among the papers that 

mentioned conflict as part of the EWEA research,  Montaud acknowl edges the difficulty of 

factoring conflict dynamics into agricultural drought impact analysis in Mali (Montaud 

2019) . In Afghanistan, Brown et al. describe how small declines of precipitation and 

irrigation water can reduce the coping strategies of poor farmers who are already 

vulnerable due to conflict (M. E. Brown 2009) . We found that most of the research that 

mentions conflict as a risk factor is situated in the Horn of Africa. In an East African study, 

Coughlan de Perez describes that factors beyond rainfall such as conflict are key 

determinants of whether lack of rain fall can become a disaster (Coughlan de Perez et al. 

2019a) . However, none of the forecast availability, monitoring and hazard analysis related 

papers mentioned the respective conflict dynamics in the countries studied. The climate 

science research related to hazards, forecast availability and monitoring analysis is 

evidently detached from the research on the conflict dynamics in the countries of study.  
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5.3.3  The evolution of EWEA research in the last decades  

Graphic 2 shows the extent to which academic research on EWEA in NIAC countries with 

high levels of displacement, has increased over the last decades. We show evidence of the 

existence of 4 papers in 2004 increasing to 52 papers in 2022. The results show a n 

accelerated pace after 2016. This increase in research can be associated with the EWEA 

priorities adopted by governments globally in the Disaster Risks Reduction SFDRR in 2015. 

However, we identify that most of this research has been in countries which, although 

severely affected by conflict, also have a higher level of economic development and 

stability; this includes Colombia, Ethiopia, Pakistan and Nigeria. Countries that experience 

high intensity conflict (Mena 2021)  and rank lower in the ND -Gain index, such as 

Afghanistan, Syria, Yemen, South Sudan, Iraq, Mali, Democratic Republic of Congo, and 

the Occupied Palestinian Territories, only account for 12.44% of the total research, mostly 

conducted after 2016. Somalia, a lthough also a high intensity conflict state, shows a higher 

number of research articles over the last years, especially since 2011 after the severe 

famine that affected 17% of the population (Majid and Mcdowell 2012) .  

 

 

Figure 9 ( Graphic 2  in paper) : Evolution of peer review papers on NIAC countries 

with high levels of displacement from 2004 to 2022 (Each years shows the total 

number of papers identified)  

 

5.3.4  Emerging research topics on EWEA  

As described above, between 2004 and 2022 research has been more focused on 

understanding the physical aspects of climate hazards and how to forecast them. However, 

within this time period, several common additional topics emerged. In recent years, new 

the mes have emerged, including machine learning (3.65%), remote sensing (15.36%), 

geographical information systems GIS (5.73%) and more recently impact -based 

forecasting (1.04%). For example, in Pakistan and Afghanistan researchers have studied 

machine learni ng models for rainfall prediction and short term forecast of vegetation health 

(Ali et al. 2018; Nay, Burchfield, and Gilligan 2018) . The emergence of impact -based 

forecasting in the value chain of EWEA, shows an important shift in the decision -making 

process from a forecast that describes what the weather will be to a forecast that describes 

what the weather will do. This approach inc ludes analysis of hazard, vulnerability, 

exposure and disaster impacts information in the prediction process (WMO 2021) . 
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5.3.5  Hazard research distribution  

From a hazards perspective (see graphic 4), we present evidence that most of the research 

in countries affected by conflict have concentrated on drought (24.06%) and floods 

(14.62%), with a significant prevalence on rainfall analysis (35.38%). Despite the fact 

that extreme temperature is one of the deadliest hazards with high confidence to increase 

over the next years according to the IPCC (IPCC 2021) , research on the topic is very 

limited (2.83%). We also identified limited research about humidity (1.18%). Of our 

sample, most of the research on extreme temperature we encountered was conducted in 

Pakistan, a country that has experienced severe health i mpacts of extreme heat over 

recent years. Iraq, another country enduring extreme heatwaves, has conducted 

pioneering research on applying deep learning and neural networks to predict 

temperatures in Erbil city (R. K. Al -  Jumur, Wahhab Kareem, and Z. Yousif 2021) .  In the 

snowball process, we applied expert judgement to include other hazards we did not 

consider originally in the key words, we identified a few papers related to dust storms, 

hailstorms, thunderstorms/lightning, humidity and wind.  

  

Figure 10 ( Graphic 3  in paper) : Distribution research per country and per hazard (colours 

do not have a significance, default colours by software used for analysis Atlas.ti)  
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5.4 Discussion   

This paper shows evidence of an imbalance of peer reviewed academic papers across the 

6 thematic areas of analysis. Most of the research has been focused on understanding the 

physical nature of weather - related hazards, forecasting and monitoring of those h azards. 

There is a clear disjuncture between physical climate science (75.65%) and social science 

(24.35%) research articles. We argue that there is also an imbalance in the physical and 

social elements of included research, with gaps in areas such as gove rnance, warning 

dissemination, and contingency planning, all of which help translate early warning into 

early action. An outlier example of pioneering multidisciplinary research focused on high 

risk areas in Medellin, Colombia (which is a host location for  people displaced by conflict), 

describes the importance of combining social and physical science research and community 

based approaches to design early warning systems (Claghorn et al. 2015) . In contexts 

that experience debilitated systems, networks, and infrastructure with high levels of 

vulnerability and exposure due to the impact of war, it is crucial to understand the social, 

political and economic dynamics in the entire value chain of Ea rly Warning Early Action. 

Among the small number of peer review papers addressing warning communication and 

dissemination (7.25%) none consider constraints due to conflict, which are critical aspects 

that can jeopardize the production, transmission, dissem ination, acceptance, and 

understanding of warning messages. Power dynamics between the producers of warning 

messages, and the potential parties that are intermediaries in the warning dissemination 

are also not considered, for example the army, rebel groups  or other power groups that 

can play a role in warning dissemination.  

We identify that the state of hazard focused research has evolved over time, with a 

growing increase of articles on the subject, particularly since the adoption of the SFDRR 

in 2015. Yet, research is concentrated in countries that, although suffering sever e impacts 

of conflict, in fact have more economic stability, including Ethiopia, Pakistan, Nigeria, Israel 

and Colombia, compared to the other countries included in this study. These other 

countries experience protracted, high intensity conflict and are at  the bottom of the Notre 

Dame Global Adaptation Initiative (ND -GAIN) index.   

Understanding the vulnerability and exposure variables that determine who and what is 

more likely to be impacted by climate hazards is an essential part of decision making to 

ensure early actions are effective. Our results show a very limited focus within the EWEA 

research of such vulnerability and exposure analysis. Only 7.62% of the academic papers 

reviewed mentioned or had a specific focus on this topic. This is in particular contrast to a 

much larger body of literature (outside the purview of this revie w) that analyses climate -

security and explores how climate - related disasters impact the risk of armed conflict 

(Schleussner et al. 2016; Ide et al. 2020; Mach et al. 2020, 2019) . It is important to note 

that to build effective EWEA, vulnerability and exposure analysis could be products of wider 

disaster risk reduction and adaptation processes to understand risks. The design of EWEA 

is a collaborative process and can build upon ot her fields. Further research is needed to 

determine to what extent vulnerability and exposure analysis have been conducted, at 

what scales, for what sectors and importantly how those could be used in the design of 

EWEA systems.  

Early action planning is a fundamental aspect of the Early Warning Early Action value 

chain. In contexts affected by conflict, challenges to effective planning include an 

appropriate targeting process of the most vulnerable, data protection measures, 

consi derations to ensure that early actions do not cause harm and exacerbate existing 
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conflict, considerations of accessibility due to potential violence or lack of infrastructure, 

the consequences of false alarm ratios which can lead to a lack of credibility in warning 

messages and effects on perceived neutrality and access of humanitarian  organizations, 

among other challenges. Our results illustrate a significative statistical gap in this thematic 

area.  

Planning is crucial to identify what actions can be effective to reduce risks and prepare for 

an effective disaster response, given the forecast lead - times available. Planning is also 

crucial to identify how feasible early actions are and to enable the def ining of roles and 

responsibilities of different actors, ranging from the producers of warnings, logistics, 

implementation of actions, and monitoring to others. Academic research adds value to the 

early action planning stage, as it can inform robust eviden ce-based approaches, methods 

and alternatives that can enable actors to improve their delivery capacity of early action 

in conflict affected contexts. Academic research on conflict sensitivity for EWEA can also 

offer robust evidence and case studies to ena ble principles of do no harm and 

peacebuilding. For example in Honduras, Peters et al, studied the experiences of an NGO 

integrating an inclusive social process into the EWEA implemented in neighbourhoods in 

Tegucigalpa affected by gang violence (L. E. R. Peters et al. 2022) . This research shows 

the importance of integrating a conflict sensitivity lens into the design of EWEA, with 

important resulting recommendations documented by the UCL Research Warning centre 

(L. E. R. Peters, McCaul, and Caceres 2022) .     

This comprehensive literature review yielded only 6 papers on financing for EWEA in 

conflict settings (1.12%). Although there is a growing number of grey literature outputs 

on this thematic area (REAP 2023) , academic research is low. Countries affected by conflict 

are well known for not being able to access climate funds (ICRC 2022; Alcayna 2020) , and 

for not prioritizing DRR investments given other competing priorities (Mena and Hilhorst 

2020) . Climate finance policy dialogues are advancing to advocate for more funding 

streams that enable adaptation for people affected by conflict (ICRC 2022) , while within 

the academic literature this topic is nascent.  

Finally, we argue that research on EWEA on conflict contexts is important to support 

decision making processes to decide the extent to which EWEA can in fact be carried out 

or not. Conflicts are diverse in intensity and scale, ranging from intercommunal te nsions 

to regional to international conflicts, and with varying levels of intensity. Considerations 

of scale and intensity must be taken into account in the EWEA design and implementation.  

 

5.5 Conclusion s and Recommendations  

With a likely escalation of vulnerabilities and exposure of populations already affected by 

conflict, due to the compound effects of COVID -19 (2020 -2023) that exacerbated a global 

socio -  economic and political crisis, the Russia -Ukraine (since 2022) which has global 

cascading effects, plus impacts of climate variability and human induced climate change, 

it is essential to advance research that can be translated into practice and policy. The 

comprehensive literature review presented in this paper has focused  on the state of 

scientific evidence about EWEA for climate hazards in countries affected by non -

international armed conflict.  

Overall, the following seven  conclusions drawn from our comprehensive literature review 

are as follows:  
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1.  There is an imbalance of research across the six elements of the EWEA value chain. 

The following  order presents the thematic areas, from the highest to the lowest 

appearing in the academic literature: 1. hazard analysis, 2. forecasting availability 

and monitoring, 3. warning communication and dissemination, 4. early action 

planning, 5. understanding vulnerability and exposure, and 6. financing systems.  

1 and 2 are the most prevalent across all the 20 countries of study, representing 

75.65% of code occurren ce in the 384 papers screened.  

2.  The screened papers focused on Ethiopia, Pakistan and Nigeria account for more 

than half of the total research part of this study (52.33%). In contrast, 12.44% of 

research focused on a much broader range of (generally poorer and more fragile) 

countries: Af ghanistan, South Sudan, Sudan, Mali, Occupied Palestinian Territories, 

Cameroon, Democratic Republic of Congo, Syria, Central African Republic, Yemen 

and Libya.  

3.  There is a large gap between physical climate science (75.65%) and social science 

(24.35%) research focused on the subject. Most of the research focused on the 

physical aspects of the hazards and forecasting, and not on how to translate early 

warning into early action.  

4.  Conflict sensitivity and considerations of conflict dynamics in the context of EWEA 

research was very limited: only 3.4% of papers explicitly referred to conflict, 

insecurity or violence.  

5.  Hazards research is concentrated on floods, drought and rainfall, accounting for 

74.96% of all occurrences in the screened papers. Extreme heat and humidity 

research account for 4.01% of the research.   

6.  There is growing evidence of the evolution of EWEA research in conflict affected 

contexts, from 4 papers identified in 2004 to 52 in 2022.   

7.  We show evidence of the emergence of research in new topics in the context of 

EWEA, such as the use of remote sensing (15.36%), machine learning (3.65%) 

and the application of Impact based Forecasting (1.04%). However,  published 

research on these areas is  limited.  

 

Contexts affected by conflict are often laden with complex socio -economic, political factors 

and power dynamics, which can jeopardize initiatives and investment in risks reduction 

and adaptation. Joining other literature calling for a wider recognition of political factors in 

disasters in conflict areas (Siddiqi 2018)  and the need for wider recognition of the climate -

fragility -conflict nexus (Vivekananda, Schilling, and Smith 2014) , we argue that national, 

regional and global research institutions and academics can produce research to offer a 

significative added value to 1) enhance evidence based decision making, 2)  analyse in 

depth the socio -economic and political factors that can  and cannot influence risks reduction 

efforts in the window of time between a forecast and a shock, and 3) contribute to design 

robust early action plans and financing processes and approaches to manage power 

dynamics and promote do no harm principles. Thi s can ultimately ensure that people 

already affected by conflict are not again exposed to other conflict dynamics as a result of 

negative effects of EWEA interventions (or the lack of them).   

Hazards research and forecast analysis and monitoring are still a massive gap in most of 

the countries analysed. A 2022 historical analysis of weather forecasting in conflict affected 

countries showed that historically it would have been possible to use gl obal weather 

forecast models to anticipate several crises (Jaime et al. 2022) . However in this paper we 

argue that it is equally important to continue investing in analysing climate hazards, 
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especially under a changing climate, as well as advancing forecast and monitoring 

capabilities with a focus on countries that have very limited research so far, as presented 

above. We show limited research in relevant emerging topics such as impact based 

forecasting, an approach that in contexts affected by conflict could enable decision making 

for early action by considering the compound impacts of climate and conflict, given the 

physical aspects of hazards and the potential societal and humanitarian impac ts they could 

have in already fragile populations.   

Based on our findings, the following recommendations are intended to advance EWEA in 

contexts affected by armed conflict:  

- Invest in research co -produced between multidisciplinary research teams, including 

conflict experts and EWEA implementing actors who can lead robust evidence based 

approaches to enhance the entire value chain of EWEA. There is evidence of this in 

contexts not affected by conflict and there is an opportunity to invest and enable 

such collaborations in conflict -affected countries. Funders must ensure this 

approach is at the center of research opportunities.  

- Make social science research an integral part of EWEA research projects. 

Researchers specializing in peacebuilding, conflict sensitivity, and protection from 

the fields of sociology, anthropology, and international development can have a 

substantial impact  on the design of EWEA systems. Awareness about the 

importance of these fields of research in the value chain of EWEA is crucial.  

- Put people affected by conflict at the centre of the design of research of each of the 

thematic elements of EWEA to determine the effective use of warnings and its 

intended benefits, ensuring conflict sensitivity in all stages of the EWEA value chain.  

- Focus on further investment in hazard and forecast analysis in the countries with 

higher gaps presented in this paper, including Afghanistan, South Sudan, Sudan, 

Mali, Occupied Palestinian Territories, Cameroon, Democratic Republic of Congo, 

Syria, Central  African Republic, Yemen and Libya.  

- Hazards and forecast related research must also include an acknowledgement of 

conflict dynamics in respective studies. Climate science cannot be detangled from 

socio -economic and political factors.  

- Increase process research on early and anticipatory planning and implementation 

to include documentation and analysis of issues relating accessibility, neutrality and 

impartiality when engaging with national governments and institutions (e.g. 

national hydr o met services) in conflict contexts.  

 

As a hallmark review of EWEA research focused on countries affected by non - international 

armed conflict, this paper contributes much -needed evidence about the need to recognize 

people affected by conflict in international climate and disaster risk reductio n frameworks 

such as the SFDRR midterm review. The findings presented here have the potential to 

inform EWEA investments and to promote tailored approaches appropriate for conflict -

affected states.    
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Abstract   

This study investigates the potential of using OpenStreetMap (OSM) data to understand 

exposure and vulnerabilities to climate -related hazards of Sudanôs most vulnerable 

populations, such as internally displaced persons (IDPs) or refugees displaced by viole nt 

conflict. The rise of conflict in 2023 has triggered a surge in OSM mapping activities, 

including organized mapping events focused on supporting humanitarian efforts in conflict 

contexts. These mapping projects aim to address the heightened humanitarian  needs 

driven by the conflict and to assist vulnerable populations impacted by violence. In this 

study, we conducted key - informant interviews to assess the suitability of using OSM data 

to enable impact -based forecasting (IbF) as part of Early Warning Earl y Action (EWEA) to 

climate - related hazards in data -scarce, conflict -affected regions of Sudan. Our study 

explores the perspectives of OSM data producers and users, focusing on crucial themes, 

such as data quality, ethics, user needs, and community inclusio n. Our findings reveal that 

OSM data are perceived to be incomplete in Sudan due to numerous challenges, 

exacerbated by factors such as the lag in satellite imagery updates compared to the rapidly 

evolving population movements in conflict -affected areas. D espite various challenges, the 

overall lack of geospatial data paired with the urgent need to understand the exposure of 

vulnerable populations to climate - related hazards in the intersection of conflict highlights 

the usability of OSM as a tool to map high - risk areas to fill these crucial data gaps actively. 

To do so, addressing the communication gap between OSM producers and users is 

essential to ensure the effective utilization of collected data for its intended purpose. 

Moreover, community inclusion emer ges as a significant concern, marked by gender 

disparities and accompanied by challenges in obtaining mapping permissions, as well as 

the impact of the digital divide. Based on these findings and recent changes in the mapping 

data landscape due to the esca lation of conflict, we advocate for identifying high - risk, 

unmapped areas vulnerable to climate - related hazards in Sudan and increasing the 

frequency and spatial coverage of OSM mapping efforts in these regions. Emphasizing 

community empowerment and ethica l data management will be essential to the success 

of these mapping initiatives.  

KEYWORDS  

OpenStreetMap, climate - related hazards, compound risks, anticipatory action, impact -

based forecasting, Early Warning Early Action, conflict, displacement  

  

6.1 Introduction  

More than 30% of disasters due to natural hazards happen in conflict -affected countries 

(Kreyscher, 2022). Often, vulnerability to disasters is particularly severe due to the 

https://doi.org/10.3389/fclim.2024.1439940
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consequences of war, such as weak governance, destruction or decay of infrastructure, 

limited access to essential services, forced displacement, extended physical and mental 

health challenges, etc. (ICRC, 2020; Raju et al., 2022). Disaster Risk Reduction ( DRR) and 

Climate Change Adaptation (CCA), including Early Warning Early Action (EWEA), also 

referred to anticipatory action (AA) efforts, are weak in these contexts (IPCC, 2022). 

Sauerhammer et al. (2024) analysed the challenges of DRR in conflict contexts  and listed 

issues in long - term planning and funding due to political instability, lacking essential 

services, insecure and unsafe environments, complex logistics, corruption, and high 

operational costs. Violent conflict or its risk can hinder any DRR or r elated activity in its 

implementation. This is further amplified by limited operational and practical knowledge 

of DRR in conflict -affected areas in the context of do -no-harm and peace -building 

principles. The lack of tailored approaches for integrating DR R with conflict dynamics 

further complicates efforts. Mena (2023) further emphasizes that disasters are not natural, 

especially in conflict -affected areas, but a complex interplay of sociopolitical factors. To 

navigate this complexity, innovative, conflict - sensitive strategies that align with do -no-

harm principles, ensuring DRR efforts that contribute positively to peace and conflict 

resolution are needed (Mena, 2023; Sauerhammer et al., 2024). One of the most critical 

challenges in assessing conflict, clim ate - related, and other hazards for the prioritization  

of  DRR  interventions  by  governments, non -governmental organizations (NGOs), and 

other stakeholders, as well as for communities in conflict -affected context, is the lack of a 

comprehensive and at sc ale exposure and vulnerability data. For example, in countries 

such as Sudan, geospatial data on critical and other infrastructure such as buildings, 

hospitals, water points, and schools, and their vulnerability conditions are constrained. For 

EWEA it is c rucial to understand to what extent populations in certain areas of a given 

territory could be impacted by climate - related hazards. EWEA consists of a process 

whereby forecasts and risks analysis are applied to enable early action decision -making in 

the wi ndow of opportunity between a forecast and a shock (Coughlan De Perez et al., 

2015). The goal is to reduce residual risks and prepare proactively for disaster response 

(GRC et al., 2020). In this study, we concentrate on understanding vulnerability and 

exp osure to enable decision making. This process of deciding where to act early, before a 

disaster strikes, requires weather forecasts, knowledge of historical and future potential 

disaster impacts, as well as exposure and vulnerability data, which forms the basis of 

impact -based forecasting (IbF) (Harrowsmith et al., 2020). In other words, to predict what 

the weather will do rather than the traditional approach focused on predicting what the 

weather will be (WMO, 2021).  

In this study, we explore the potential of OpenStreetMap (OSM) ð the largest 

crowdsourced mapping dataset ðto fill the gap in exposure and vulnerability data to enable 

IbF in countries affected by conflict. Our research aims to identify the needs of OSM data  

producers and users in conflict settings, comprehend mapping ethics, and assess the 

fitness for using OSM data in Sudan.  

Crowdsourcing OSM data is already widely used for disaster response, including post  

disaster needs assessments or emergency  scenario planning, such as mapping evacuation 

routes and safe shelters or settlement mapping to plan and implement vaccine programs 

[e.g., OSM mapping is used to support COVID -19 response programs in Mali and South 

Sudan (HOT, 2022; Scholz et al., 2018)]. In Indonesia, OSM has been used as data input 

to geospatial risk and impact analysis software such as InaSAFE. InaSAFE is a freely 

available system, enabling accurate calculations and generating realistic scenarios of 

natural hazard impact analysis, allowing government agencies to enhance contingency 
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planning and enable disaster risk financing instruments such as insurance (InaSAFE, 2023; 

Skovdal and Cornish, 2015). This development has been made possible by the rise of 

digital humanitarianism, as explored by Givoni (2016). This movement has expanded 

opportunities for global volunteer participation, harnessing the power of crowds to support 

innovative initiatives such as (IbF) through OSM mapping and data collection (Givoni, 

2016). Various examples have shown that mapping can strengthen and empower 

comm unities. It allows to strengthen identity (e.g., mapping of cultural places), support 

accountability (e.g., mapping of schools or landfills to document their existence in informal 

settlements), or reduce gender -  based violence (e.g., mapping of safe/unsafe  areas by 

women) (Forghani and Delavar, 2014; Hagen, 2017; Kanthi and Purwanto, 2016). 

Furthermore, OSM mapping data can be actively utilized to support urban planning, DRR, 

and climate adaptation. Geospatial data can help to analyse, understand, and there fore 

reduce vulnerabilities such as food insecurity in geographic areas.  

 

6.1.1  OSM data in Sudan  

A review of OSM data and mapping activities in Sudan over the past decade reveals that 

international NGOs and organized mapping initiatives have primarily driven the mapping 

efforts, often focusing on specific regions in response to crisis events. Figure 1  shows the 

number of daily created, modified, and deleted nodes (A node is a single point in space 

defined by its latitude and longitude) in OSM for Sudan. The data patterns illustrate a 

notable surge in the creation of new nodes during the second half of 2023 and into 2024, 

following the escalation of conflict in Sudan in April 2023 (OSMstats, 2024).  

 

Figure 11 (Figure 1 in paper). Daily edits of map nodes (created, modified, or deleted) in 

OpenStreetMap (OSM) in Sudan from 2012 to September 2024. Source: ( OSMstats, 

2024 ).  

A similar trend is observed in the number of active mappers per day in Sudan (Figure 2). 

On 1 March 2024, the highest number of  active mappers was recorded, with 119 mappers 

in 1 day. Notably, throughout the second half of 2023 and into 2024, there was not a 

single day without active mappers, in contrast to the previous years, where periods of 

inactivity alternated with spikes of h igh mapping activity (OSMstats, 2024).  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref63
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref63
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Figure 12 (Figure 2 in paper). Number of daily active mappers in OpenStreetMap (OSM) 

in Sudan from 2012 to September 2024. Source: ( OSMstats, 2024 ).  

The surge in mapping activity since 2023 is also evident in the total number of buildings 

mapped in OSM across Sudan. Over the past decade, the number of mapped buildings 

increased from 28,300 on 21 August 2014 to 1,432,000 on 21 August 2024 ðshowing a 

4,95 8% growth rate (HeiGIT, 2024a). The most significant rise occurred between the 

second half of 2023 and 2024, following the escalation of conflict in April 2023, which drew 

attention to the unfolding humanitarian crisis in Sudan (Figure 3).  

 

Figure 13 (Figure 3 in paper). Total number of buildings mapped in OpenStreetMap (OSM) 

across Sudan from 21 August 2014 to 21 August 2024, showing a 4,958% growth rate. 

Source: ( HeiGIT, 2024a ).  

A review of all organized mapping tasks on the Humanitarian OpenStreetMap Team (HOT) 

Tasking Manager (HOT, 2024a) reveals that a total of 51 mapping tasks have been set up 

in Sudan since 2013 (see Appendix A). Overall, OSM mapping tasks covered a variety o f 

regions in Sudan. Key areas mapped frequently included Khartoum and surrounding areas, 

Blue Nile State, West Darfur (especially after 2023, indicating a higher focus on this area 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref63
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref24
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due to the ongoing conflict), El Geneina, Kassala, and refugee camps spread across the 

country. Areas mapped for flood -affected regions and refugee site mapping are common. 

Khartoum has been  one of the most frequently mapped areas, with multiple projects dating 

back to 2013 related to post flood  disaster mapping and continuing to more recent tasks 

in 2023 [e.g., North Khartoum (Missing Maps, 2023)]. The Blue Nile State stands out with 

four specific tasks across several years, reflecting a consistent interes t in this region. 

Meanwhile, West Darfur became a focal point of mapping through 2023, primarily related 

to the conflict, showing 12 mapping tasks specifically in 2023 and 2024. The highest 

number of tasks per year, 13 in total, were published in 2023 ðall of which began in the 

months following the escalation of conflict in April 2023. These tasks focused on mapping 

areas in Khartoum (2 tasks), West Darfur (10 tasks), and Omdurman (1 task). In 2024, 

three additional tasks were initiated in West Darfur (2 tas ks) and Omdurman (1 task).  

Several key organizations and initiatives have been leading mapping efforts in various 

regions. Missing Maps has been involved in majority of the tasks after the escalation of 

conflict in April 2023, focusing on conflict zones such as West Darfur, Khartoum , and 

Omdurman, while Médecins Sans Frontières (MSF) has played a significant role in mapping 

Darfur (MSF, 2024). The Missing Maps initiative, founded by MSF, the British Red Cross, 

the American Red Cross, and the Humanitarian OpenStreetMap Team (HOT), aim s to map 

the most vulnerable places in the world to improve crisis preparedness and response 

(Missing Maps, 2024). Tasks labelled with the hashtag #Missing Maps in the HOT Tasking 

Manager are typically collaborative efforts that benefit multiple humanitari an agencies, 

focusing on a broader range of topics. In contrast, tasks labelled with the hashtag #MSF 

typically indicate a focus on MSFôs specific operational priorities, directly supporting its 

field missions such as healthcare provision to displaced peop le or the enhancement of 

health infrastructure. CartONG contributed to earlier tasks before April 2023, including 

mapping refugee camps and the Blue Nile State. UN Mappers primarily worked on mapping 

roads, waterways, and villages in Abyei and Kassala. The  Spanish Red Cross also mapped 

natural resources in areas such as Kassala and River Nile.  

The prominent role of the Missing Maps initiative and MSF following the April 2023 conflict 

escalation is particularly evident when examining the number of OSM edits tagged with 

the hashtags #Missing Maps or #MSF through the óOhsomeNow Stats Dashboardô (HeiGIT, 

2024b). The hashtag #Missing Maps illustrates the volume of OSM edits in Sudan tagged 

with this label since 2014, showcasing the organizationôs activity. The data reveals a 

noticeable increase in activity from 2016 to 2023, with a substantial surge b eginning in 

the latter half of 2023 and continuing through 2024 (Figure 4).  

 

Figure 14 (Figure 4 in paper). Timeline of edits in OpenStreetMap (OSM) across Sudan 

using the hashtag #Missing Maps from September 2014 to September 2024. The graph 
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illustrates a notable surge in organized mapping activities following the escalation of 

conflict in Sudan in April 2023. Source: ( HeiGIT, 2024b ).  

In contrast, the data - tagged pattern with the hashtag #MSF shows that MSF began its 

mapping activities in Sudan mainly in 2022. This activity initially declined during the latter 

half of 2022 and the early part of 2023 but shows a substantial increase star ting in the 

summer of 2023 and through 2024 (Figure 5).  

 

 

Figure 15 (Figure 5 in paper). Timeline of edits in OpenStreetMap (OSM) across Sudan 

using the hashtag #MSF from September 2014 to September 2024. The graph illustrates 

a notable surge in organized mapping activities following the escalation of conflict in  Sudan 

in April 2023. Source: ( HeiGIT, 2024b ).  

An analysis of the currentness of OSM building data in Sudan indicates that a surge in 

mapping events since April 2023 has enormously improved the dataôs currentness. 

Notably, 83% of all buildings mapped across Sudan were edited between August 2021 and 

Aug ust 2024 (Figure 6; HeiGIT, 2024a).  

 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref25
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref25
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Figure 16 (Figure 6 in paper). 

Currentness level of 

OpenStreetMap (OSM) building 

data in Sudan. High 

currentness is recorded, with 

83% of all building features 

edited from August 2021 to 

August 2024. Source: ( HeiGIT, 

2024a ).  

 

 

 

 

 

 

The review of OSM data in Sudan reveals a critical intersection between escalating 

humanitarian needs driven by conflict and a surge of essential mapping data. This 

underscores  the vital role of geospatial information in supporting humanitarian responses 

and highlights the potential of OSM to address these pressing demands. Hence, in this 

study, we present  the case of Sudan, a country in which the recent escalation of the conflict 

in 2023 added to the already existing compound crisis generated over the last  years 

through protracted conflict, displacement, disaster impacts, COVID -19 and other factors 

(Nzau, 2024). This compound crisis leaves the population exposed to climate variability 

and climate change impacts. The large scale of the crisis is further ampl ifying the 

challenges of EWEA for climate - related hazards, making it crucial to identify and prioritize 

those majority at risk and the locations they inhabit to effectively allocate limited 

humanitarian resources. Although significant progress has been mad e in recent years, 

vulnerability and exposure data are still scarce in Sudan. This creates significant challenges 

in the context of EWEA, as it is essential to understand who and what is more likely to be 

impacted by hazards to enable IbF.  

 

6.2 Methods  

We use qualitative methods to understand the opportunities and limitations of expanding 

OSM data in Sudan to enable IbF for early action decision -making, considering populations 

at risk of conflict and climate - related hazards.  

 

6.2.1  Country selection  

 

Three criteria of selection were applied to identify the case study country:  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref24
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref24
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1.  A country where the Red Cross Red Crescent was developing an anticipatory 

action system.  

2.  A country impacted by a compound crisis of climate and conflict.  

3.  A country extensively lacking geospatial exposure and vulnerability data.  

 

Sudan was selected as the Sudanese Red Crescent Society started their first AA project in 

2020. As presented in the introduction section, Sudan is a country historically impacted 

by conflict, currently experiencing a severe escalation in 2023 and simultane ously affected 

by floods, droughts, storms, extreme temperatures, and other hazards. Between January 

2014 and August 2024, the Emergency Events Database (EM -DAT, 2024) documented 17 

climate - related hazard events in Sudan. Floods were the most frequent, wit h 13 recorded 

incidents (Figure 7).  

 

 

 

Figure 17 (Figure 7 in paper). Number of hazard events and types recorded in Sudan 

between January 2014 and August 2024. Source: Own diagram, Hazard data: ( EM-DAT, 

2024 ).  

 

However, the 2022 drought had the most severe impact on peoplesô lives, affecting 

approximately 11.8 million people across the country (Figure 8).  

 

Figure 18 (Figure 8 in paper). Number of people affected by hazards between January 

2014 and August 2024 in Sudan. Source: Own diagram, Hazard data: ( EM-DAT, 2024 ).  

 

Since the independence of the Republic of Sudan in 1956, the country has faced significant 

challenges. The profound internal divide between the wealthier northern region and its 

less -developed southern region was among the most concerning. This divide play ed a 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref6
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref6
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref6
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significant role in the countryôs two civil wars. The second Sudanese civil war (1983 to 

2005) had significant impacts on the population, including famines, and led to an 

estimated two million casualties. In July 2011, Sudanôs southern territory split from the 

rest of the country and formed the Republic of South Sudan. Additionally, in 2003, the 

Darfur War broke out which would later be denounced as an act of genocide.  

In April 2023, new waves of fighting for control of the state and its resources broke out in 

the Sudanese capital of Khartoum (Figure 9).  

 

Figure 19 (Figure 9 in paper). Number of daily conflict incidents in Sudan from September 

2014 to September 2024. Conflict incident types include battles, explosions/remote 

violence, and violence against civilians. Source: Own diagram, Data: ( ACLED, 2024 ).  

 

The current state of the conflict in Sudan is the result of a legacy of historical grievances 

with ethnic dimensions, compounded by government failures, resource and military 

competition, and power struggles at the regional level (Nzau,  2024). This complex crisis 

escalated in April 2023, leading to an increase in repression, protests, and high levels of 

violence. The humanitarian situation is growing; according to OCHA, Sudan requires $2.7 

billion to provide life - saving multicluster and p rotection assistance to 14.7 million people 

(OCHA, 2024). As of September 2024, violent conflict in Khartoum and across the country 

continues (Figure 10).  

  

Figure 20 (Figure 10 in paper). Number of daily conflict incidents in Sudan from January 

2023 to September 2024. Conflict incident types include battles, explosions/remote 

violence, and violence against civilians. Source: Own diagram; Data: ( ACLED, 2024 ).  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref1
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref1
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Sudan ranks 15 on the list of most vulnerable countries to climate change by the Notre 

Dame Global Adaptation Initiative (ND -GAIN) index and 15 (also out of 191 countries) by 

the 2022 Inform Risk Index, an indicator of vulnerability. According to the 2022 

Intergovernmental Panel on Climate Change (IPCC) report and the World Bank Climate 

Change Knowledge Portal (2021), Sudan is impacted by climate change due to extreme 

temperatures, changing precipitation patterns, and sea - level rise from the Red Sea.  

In addition to challenges in access and food prices, the countryôs food production is linked 

to rainfall, especially in rural areas which are home to 65% of the population. This coincides 

with conflict impacts such as market disruptions, including in the s upply chain, as well as 

direct damage to critical infrastructure, such as hospitals and schools. In 2023, the number 

of internally displaced persons (IDPs) due to the conflict increased from 334.053 IDPs in 

April 2023 to 4.232.840 in September 2023 (IOM, 2 023). By September 2024,  10.878.024 

IDPs were displaced to 9.058 locations in 183 localities across all 18 states in Sudan (IOM, 

2024). Over half (52%) of IDPs were reportedly children under the age of 18 years. 

Additionally, approximately 2.344.904 individuals have crossed into n eighbouring 

countries since the conflict began in April 2023 (OCHA, 2024). IDPs who were forced to 

leave their homes due to conflict settle in informal settlements within areas particularly 

vulnerable to climate hazards such as flo od impacts (Radio Dabanga, 2016a, 2016b). By 

March 2023, Sudan was hosting a total of 1.144.675 refugees from neighbouring countries 

(UNHCR, 2023), which often live alongside IDP populations. Through 2024, humanitarian 

organizations plan to provide humanit arian assistance to 14.7 million of the most 

vulnerable people in Sudan (OCHA, 2024). All these factors underscore the pressing need 

to prioritize efforts given the constraints of limited humanitarian resources.  

Considering data scarcity, a 2021 study by OCHAôs Humanitarian Data Exchange (HDX) 

initiative found that Sudan (Figure 11) showed fairly good overall data completeness (67% 

complete on HDX), however by sub -categories showed extensive data gaps in geography , 

infrastructure, health, and education (OCHA, 2021).  

 

Figure 21 (Figure 11 in paper). The state of available open humanitarian data of Sudan on 

HDX. Dark blue = complete; light blue = incomplete; grey = no data. Most notable are 

the low completeness of óHealth and Educationô (includes vector data of locations of 

hospitals and schools) and óGeography and Infrastructureô (includes vector data of 

administrative boundaries, populated places, roads, and airports). Source: ( OCHA, 2021 ).  

 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref57
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A comprehensive review of openly available geospatial datasets (including datasets of 

buildings, roads, rivers, water bodies, land use/ cover, etc.) revealed a noticeable absence 

of data provision from national Sudanese authorities. Typically, these author ities collect, 

maintain, and share such data. At the Intergovernmental Authority on Development 

(IGAD) Climate Prediction and Application Center (ICPAC) geoportal (ICPAC, 2024) 

datasets are available of Sudanôs main roads, railway, main towns, and rivers as of 2014, 

which the government of Sudan provided through the Humanitarian Aid Commission (HAC) 

(Government of Sudan, 2014a, 2014b, 2014c, 2014d). However, these datasets have not 

been updated since 2014, and no other accessible datasets that were provided  by the 

Sudanese government could be identified. Attempts to access such datasets from 

agenciesô official websites were unsuccessful (Last access attempt: September 2024). The 

websites of the responsible Sudanese authorities were unreachable, and the conta ct details 

provided were inactive, further highlighting the lack  of accessible official geospatial data. 

The following Sudanese authorities were among the reviewed and inaccessible ones:  

Å Sudanese Civil Defense  

Role: Responsibility within the Sudanese Government to coordinate disaster management 

in the country.  

Datasets, such as disaster and impact records, are usually provided.  

Å Sudanese Meteorological Authority  

Role: Provision of quality weather and climate information and services to help decision -

makers plan and take action to ensure food security, poverty reduction, and sustainable 

development. Datasets such as weather and climate data, are usually provided.  

Å Sudanese Ministry of Agriculture and Forestry  

Role: Development of agriculture to reduce poverty, increase economic growth, and 

achieve sustainable development in the country.  

Datasets usually provided are agricultural production, food security, land use, and land 

change.  

Å Sudanese Ministry of Health  

Role: The Ministry of Health focuses on providing equitable and quality health services that 

meet the Sudanese peopleôs expectations and needs. 

Datasets usually provided are health indicators and health site locations.  

Å Sudanese Ministry of Irrigation and Water Resources  

Role: Responsible for water, sanitation, and hygiene development. Datasets are usually 

provided are river networks, hydrological and water body data, and water infrastructure.  

Å Sudanese Ministry of Science and Technology  

Role: Responsible for supporting the construction of civilization by harnessing scientific 

research, science, and technology for developing natural resources.  

Datasets usually provided are natural resource locations.  

Å Sudanese Remote Sensing Authority (RSA)  
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Role: Provision of satellite imagery and geospatial data, including land use and land cover 

datasets, to support projects related to agriculture, forestry, and urban planning.  

Datasets usually provided are land use, land cover, and aerial images.  

 

Many of these agencies are still listed by the United Nations Office for Outer Space Affairs 

(UN -SPIDER, 2024) as key partner institutions emphasizes the critical role they are 

expected yet currently lack to play in advancing Sudanôs data and digital infrastructure.  

A broader review of geospatial data availability for Sudan revealed that much of the 

currently publicly accessible information has been collected and shared by international 

NGOs. However, these datasets are often outdated, as they were collected only once  and 

usually lack regular updates or maintenance, limiting their actuality and long - term 

usefulness [e.g., Roads (WFP, 2021), Settlements (OCHA Sudan, 2020), Health facilities 

(HDX, 2019)]. The absence of official, up - to -date national datasets is especiall y significant 

for OSM data controls as accurate, regularly maintained national datasets are essential for 

assessing the accuracy and completeness of OSM data. In the absence of comprehensive 

Sudanese datasets, global resources such as Microsoftôs building footprint data (Microsoft, 

2024), Map -X Sudan data platform  (UNEP/GRID -Geneva, 2024), or FAOôs AQUASTAT 

(FAO, 2024) provide alternative datasets for assessing OSM data quality. These datasets 

allow for meaningful comparisons, helping to estimate OSMôs accuracy and completeness 

in mapping buildings, water bodies, and land use, particularly in areas where local data 

are scarce or unavailable.  

 

6.2.2  Key - informant interviews: selection and analysis  

Ten key interviews were conducted between 24 May 2021 and 14 June 2021 to understand 

the needs of OSM data producers and users in conflict settings, the ethical considerations 

of mapping in conflict settings, and the fitness to use OSM data in Sudan. The k ey 

informants were selected from a global pool of experts, and divided into three groups: 

OSM producer (three participants), OSM user (five participants), and OSM user/producer 

(two participants).  

The selection criteria included people globally with humanitarian backgrounds and 

knowledge related to (1) Vulnerability and exposure data environment on a local level in 

Sudan. (2) Understanding of data gaps on a national or local level in Sudan. (3) 

Huma nitarian practitioners with an understanding of early warning systems and the use 

of data for risk reduction. (4) Humanitarian practitioners with knowledge of Geographic 

Information Systems (GIS) application in conflict settings. The OSM producers included  

experts whose professional role included producing OSM data through direct editing or 

data quality monitoring in OSM and taking an active coordination role in organizing and 

managing volunteered mapping activities remote or in the field. Experts in this g roup have 

a strongly focus on ensuring data quality and validation of produced OSM data. The OSM 

users included experts who use open and crowdsourced mapping data to assess and plan 

humanitarian assistance. Experts of this group focus on the usability of e xisting open -

access data for their work, including but not limited to OSM data.  

While the number of key informants (KIs) is relatively small, their selection was highly 

strategic, focusing on gaining various insights across different roles within the OSM 
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ecosystem. The selected participants represent diverse humanitarian organizations that 

either produce or rely heavily on OSM data for planning and assessments, reflecting a wide 

range of experiences and expertise relevant to the current mapping and humanit arian 

landscape. The KIs were selected for their ability to speak to critical issues, such as data 

quality, ethical considerations, usability, and the operational challenges of mapping in 

disaster or conflict -affected areas, thus providing valuable insight s that are reflective of 

broader trends in OSM data use and production in humanitarian context in Sudan. This 

approach ensures that, while the sample size is limited, the selection captures a range of 

critical voices that align with the main dynamics of OS M in Sudan. This dataset provides a 

platform for cautious analytical generalizations. All interviews were conducted online and 

recorded (see Appendix B for the complete interview guide). All data collected in 

connection with the interviews conducted were s tored on a password protected external 

hard drive. All recordings of interviews were deleted after transcribing and extraction of 

key messages. Consent forms were received via e -mail, which were deleted after 

reception, and consent forms were stored on the  hard drive.  

  

Table 5 (Table 1 in paper). Structure of the created matrix to map and analyse the data 

from the conducted interviews.  

            

The analysis was conducted following Sinclair -Maraghôs and Simpsonôs example of a 

deductive, thematic analysis that was first described by Braun and Clarke (2006). In this 

method, predefined themes are identified through a literature review conducted befor e the 

interviews. Then, a deductive, thematic analysis of interview data was applied, which was 

collected based on the predefined themes (Sinclair -  Maragh and Simpson, 2021). This 

approach enabled a detailed content analysis based on the following predefin ed themes: 

(1) OSM quality,  

(2) Ethical considerations on the use of OSM data, (3) OSM user needs, and (4) Major 

challenges of OSM use. Additionally, we analysed six subthemes in relation to quality: (1) 

Accuracy; (2) Completeness; and (3) Reliability. For ethical considerations, we analysed 

the following: (1) Digital divide; (2) Gender; and (3) Military use. The interview themes 

were defined through previously identified knowledge gaps in the literature on topics and 

issues of OSM data collection and application in anticipatory actio n and conflict context. 

The interview data was organized in a matrix (y -axis óThemesô, x-axis ócandidates in three 

groupsô) (Table 1). DeepL Translator (2022 version, available at https://www.deepl.com) 
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and ChatGPT (2023 version, available at https://chat.openai.com) were utilized for 

translation and for refining the phrasing in some sections of the text.  

 

6.2.3  Limitations  

Peer- reviewed literature on the specific use of OSM in the context of IbF and EWEA is very 

limited. Interviewees were contacted through gatekeepers, and all key informants were 

open data users, as no potential candidate strictly avoiding open data use coul d be 

identified. This could introduce a bias towards a positive perception of OSM data use. 

Additionally, although the number of participants is recognized as limited, they were 

strategically selected to ensure they represent diverse and relevant perspecti ves from both 

OSM producers and users. Data availability and accessibility for Sudan were highly limited, 

restricting the depth of insights into the geospatial landscape. Additionally, recent open 

high - resolution imagery of the areas studied was unavailabl e, which hampered the ability 

to assess the completeness, accuracy, and actuality of OSM building footprints compared 

to Microsoftôs building footprint data. The interviews were conducted in 2021, and since 

then,  the escalation of conflict in Sudan in 2023  has spurred a surge in mapping activities, 

strongly altering the data landscape. The analysis of OSM data was extended to September 

2024 to capture these changes, but due to the studyôs resource constraints, no additional 

interviews were conducted to gath er recent insights. Future research should address this 

gap by incorporating updated interviews to reflect the current state of OSM mapping use 

in recent conflict contexts in Sudan.  

 

6.3 Results  

In this section, we present the findings based on the interview themes on OSM data 

quality, ethical considerations, OSM user needs, and challenges in expanding OSM data in  

conflict areas. We explore how these topics enable or hinder expanding OSM mapping for 

IbF for early action in conflict settings.  

 

6.3.1  OSM data quality in the humanitarian context  

There is a growing global literature base analysing the accuracy and reliability of OSM data 

[e.g., quality of volunteered information (Haklay, 2010); quality indicators of road network 

data in Canada (Moradi et al., 2022)]. While these studies provide in -depth insights into 

the overall quality of OSM data, the analysis of our study focuses specifically on OSM data 

quality and OSM data fitness for use in humanitarian and conflict - related contexts. Our 

findings aim to fill knowledge gaps in this specific con text and contribute to a holistic 

understanding of OSM data quality.  

6.3.2  Accuracy and reliability  

We found that the majority of interviewed OSM producers connected the overall accuracy 

of OSM maps to the performance of volunteers. Mapping data produced and validated 

through organized mapping events or by trained mappers has high accuracy, while the 

accuracy of data generated by inexperienced  mappers tends to be low. The interviewed 

OSM users stated that spatial accuracy (how precisely the geographic locations in the 

dataset match their true positions on the Earth) is used to indicate the overall quality  of 
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mapping data in an area. Typically, existing data of the area is compared to the most 

recent satellite imagery. If the mapped information aligns with the imagery information, 

the map is considered accurate. Our analysis concludes that experts perceive alre ady 

mapped OSM data in Sudan to be accurate spatially.  

For example, recent mapping events focused on areas in Khartoum, such as óMissing Maps: 

Khartoum, Sudan ï North Khartoumô (Missing Maps, 2023). This mapping task was 

classified as moderate and restricted to intermediate or advanced - level mappers. The task 

was conducted in response to the intense violence that began in Sudan on 15 April 2023 

with Khartoum being one of the areas most affected. The mapping and validation took 

place between 17 August 2023 and 22 October 2023, during which 43.385 buildings were 

mapped by 58 mappers and reviewed by 10 validators. Figure 12 shows the OSM building 

footprint mapped through the Missing Mapsô task (Missing Maps, 2023) compared to Airbus 

satellite imagery from April 2023, accessed through Google Earth Pro (Google, 2024) . The 

comparison confirms the high accuracy, level of detail, and completeness of the mapped 

OSM data in the focus area.  

However, OSM users noted that evaluating attribute accuracy [the correctness of 

information about geographic features (e.g., building names)] is very challenging due to 

the limited on - the -ground access in conflict settings and the lack of official data for  

comparison.  

Interviewees stated that the current percentage of coverage and completeness is very 

limited, as described in the following. All interviewed OSM producers stated that the 

reliability of OSM depends on the creator of the data, why it was when mapped, and by  

whom. The reliability of trained mappers is considered to be overall good to be good 

overall. One participant mentioned that only 40 ï50% of mapping data created by mappers 

without any training is often usable. OSM producers emphasized the importance of 

va lidation through experienced mappers of created data to ensure reliability. One 

participant mentioned a further concern about data reliability, particularly in a conflict 

context, that ongoing conflict is causing fast changes to the environment (e.g., buil ding 

destructions), causing major challenges to keep mapping data up - to -date. Other 

interviewees pointed out that the long - term maintenance of mapping data is a general 

concern when using OSM. Participants mentioned as the further challenge of data 

validat ion and, therefore, reliability that ground validation of remotely mapped OSM data 

can be complex in conflict settings due to access and security concerns and deterioration 

or lack of physical infrastructure on the ground. This further hampers the inclusio n of 

ground information into OSM.  

All interviewed OSM users of mapping data stated that potential OSM data are assessed 

before use to check whether it is reliable. This happens through consulting experts in the 

field with knowledge of local ground truth or by an overall quality assessment of the 

mapping work. If OSM data in the area is considered reliable, it is used; if not, it is 

discarded, and alternative data sources are explored.  
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Figure 22 (Figure 12 in paper). OSM building footprint (Location: 15Á37Ź29.11òN, 

32Á30Ź27.16źE) mapped through the organized mapping event óMissing Maps: Khartoum, 

Sudan ï North Khartoumô (Missing Maps, 2023 ). Source: Own diagram; OSM data: ( OSM 

Contributors, 2024 ); Imagery: ( Airbus, 2024 ).  

  

Figure 23 (Figure 13 in paper). OSM building footprint (yellow shapes) compared to 

satellite imagery in Abyei (Location: 9Á35ô35.79òN, 28Á26ô15.07òE). The comparison 

highlights the incompleteness of building data in the area. Source: own diagram; building 

data: ( OSM Contributors, 2024 ); imagery: ( CNES & Airbus, 2024 ).  

 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref47
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref13
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref9061
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Figure 24 (Figure 14). Number of buildings mapped in OpenStreetMap (OSM) in Khartoum 

and surrounding areas between 2008 and September 2023. Source: ( HeiGIT, 2024a ).  

 

6.3.3  Completeness  

All interviewees stated that the completeness of OSM data is very heterogeneous. In 

Sudan, OSM data completeness has been shown to be too low to be fit for use across large 

areas of the country (Figure 13 is showing examples from the incomplete OSM buildin g 

footprint in the Abyei area).  

For example, the OSM History Explorer tool to assess OSM data quality shows that the 

completeness indicator óCompleteness of Building Stock in Urban Areasô lies below 20% 

across majority of the urban centres in Sudan. Meanwhile, urban centres such as 

Khart oum, Kassala, Nyala, or El Geneina, which have been the focus of recently organized 

mapping tasks, show >80% completeness (HeiGIT, 2024a). A review of changes in the 

number of mapped buildings mainly in the Khartoum area, until September 2024, shows 

a stro ng trend of increase in mapped buildings in the city and surrounding areas (Figure 

14; HeiGIT, 2024a). The data highlight the start of mapping in the area in 2013 and a first 

spike in mapping activity starting in 2022, followed by a rapid growth curve in m id-2023. 

This trend mirrors the overall surge in mapping activity observed after the escalation of 

conflict in Khartoum in April 2023.  

From a global perspective, the completeness of OSM data is strongly connected to the 

location and activity of OSM mapping in the area. Respondents stated that completeness 

is very high in ótrendy areasô, which have been the focus of postdisaster response, with 

high media coverage, such as areas in Nepal affected by the earthquake in 2015. One of 

the users stated: óOSM data can be quite heterogenous. A strong impact has the interest 

of mapping volunteers in a certain event or context, resulting that ótrendyô areas with good 

media coverage and international interest are often very well mapped: e.g., many 

volunteers focused on mapping Nepal after the earthquake in 2015. Conversely, areas 

with comparatively less attention or events which are hardly known interna tionally often 

suffer from a lack of data in OSM.ô 

At the same time, areas of conflict had been mainly neglected by the mapping community 

before April 2023, leading to incomplete mapping data, especially in past conflict -affected 

areas. Figure 15 showcases an example of data heterogeneity in the Abyei area . In this 

case, the completeness of the building footprint varies substantially within the boundaries 

of the UNIFSA camp and areas outside.  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref24
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Figure 25 (Figure 15 in paper). óIn-browser OSM iD editorô view of the north-eastern corner 

of the UNIFSA camp and surroundings in the Abyei area. This example shows the features 

mapped in OSM, highlighting how roads appear completely mapped (white and yel low line 

features) while building (transparent red shapes) completeness is much higher within the 

camp boundaries than outside. The comparison highlights the heterogeneity and 

incompleteness of OpenStreetMap (OSM) data in the area. Source: Own diagram, óIn-

browser OSM iD editorô view available from www.openstreetmap.org , Data: ( OSM 

Contributors, 2022 ).  

 

The majority of the interviewees highlighted that all created mapping data, derived 

analysis, and future estimations can only be as good as the initial input dataset. Existing 

data always has limitations and is a snapshot of the past. For remote mapping, t he dataôs 

actuality depends on the availability of the most recent freely and openly available satellite 

or aerial images. While the imagery is often made freely available after significant disasters 

to support the response, this is not true in conflict se ttings. This is especially predominant 

in countries of long - term conflict like Sudan, with severe data scarcity (Meier and Leaning, 

2009; Mohamed, 2006). Interviewed OSM users stated that OSM data completeness in an 

area is assessed by comparing it to an a lternative dataset or satellite imagery [for 

example, Figure 16 shows OSM building footprint created through an organized mapping 

task (Missing Maps, 2023) compared to Airbus imagery from April 2023 in Khartoum 

(Google, 2024)]. One OSM user said that the m ap is considered complete enough for use 

if OSM data completeness for  roads and buildings is higher than 80 ï90%. Majority of the 

issues of incomplete maps include the underestimation of affected people when building 

counts are used for impact assessments and the fact that incomplete road networks cannot 

be used for routing a nd operations planning.  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/www.openstreetmap.org
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref61
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref61
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Figure 26  (Figure 16 in paper). OSM building footprint (Location: 15Á37Ź22.10òN, 

32Á31Ź30.10źE) mapped through the organized mapping event óMissing Maps: Khartoum, 

Sudan -  North Khartoumô (Missing Maps, 2023 ). Source: Own diagram; OSM data: ( OSM 

Contributors, 2024 ); Imagery: ( Airbus, 2024 ).  

 

6.3.4  Ethical issues  

All interviewees addressed ethical considerations as an essential part of OSM data and 

open data in general. The majority of OSM users stated that, in their opinion, the primary  

responsibility of taking ethical considerations of mapping in conflict -affected areas lies with 

the OSM producer. OSM users further mentioned that once OSM data are created and 

openly available, they are considered by the OSM users as ethically unproblemat ic and 

already approved for use by OSM producers without requiring further eth ical 

considerations regarding the data itself from the OSM user side.  

 

6.3.5  Digital divide  

The digital divide and how to counteract it is a topic that has been little addressed by the 

interviewees. Two participants pointed out that lack of internet access hinders mapping 

from the bottom -up and inclusion of communities, which is an issue, especia lly in conflict -  

affected areas. In 2019, Sudanôs internet penetration was assessed as low, with only 

around 34% of households having internet access (ITU, 2021). One OSM user mentioned 

the importance of skills and data owned by the mapped communities. The  participant sees 

the risk that with the current advancement of technology such as artificial intelligence (AI), 

countries in the global south might be left out in data generation, expanding the gap. This 

aligns with the comments of an OSM producer/ user w ho discussed the importance of 

community involvement and empowerment through community mapping. Interviewees 

stressed the importance of involving local communities from the beginning to prevent or 

address any potential aversions or mistrust, especially in conflict contexts. One OSM 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref47
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref13
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producer gave an example where remote mappers mapped community areas to support, 

but by doing so, took the opportunity from community members to map their own 

environment and include what is most important to them.  

 

6.3.6  Gender  

One of the interviewed OSM producers supported the statements from the literature 

(Mooney et al., 2013; Neis and Zielstra, 2014) that OSM mapping is male -dominated, 

which is reflected in the mapped data, and gave an example of a recent OSM mapping 

event wh ere 90% of the participants were male and only 10% female. This complements 

the findings of Hagen (2017), who analyzed the impacts of the Map Kibera project (Hagen, 

2017). One focus of this project was to map safe and unsafe places for girls and women 

in t he community through focus group discussions with girls aged 8 ï16 years (Hagen, 

2017). Information such as this is lost or underrepresented if females are not integrated 

and represented well in the mapping process. As one of the barriers, two participants 

mentioned that women are especially prevented from engaging in ground mapping in 

conflict settings due to security concerns from family members. Furthermore, concerns 

were brought up on the mapping of information on Lesbian, Gay, Bisexual, Transgender, 

Queer, or Plus (LGBTQ+) communities (e.g., locations of LGBTQ+ community or 

information centres). An example which two interviewees mentioned is a project of 

mapping LGBTQ+ communities in Madagascar. The interviewees expressed concern about 

adding this inform ation to OSM due to the potential exposure of vulnerable groups.  

 

6.3.7  Military use  

All interviewees stressed the importance of considering the potentially harmful use of OSM 

mapping data and assessing each potential mapping task in conflict settings regarding 

local context and potential impacts prior to mapping. Harmful use could, for ex ample, 

include providing data for operational planning or creating records and exposing vulnerable 

groupsô locations. Three interviewees mentioned that they are under the impression that 

the advanced military already has much higher quality maps and geospa tial data. 

Therefore, adding information to OSM would not benefit military use but only affected 

people in the area. One OSM producer mentioned that previous mapping events avoided 

ongoing -conflict areas because many organizations (humanitarians and other s engaged 

in OSM mapping) do not want to be associated with any action within conflict areas. This 

accounts especially for ground mapping and validation activities. However, recent events 

since the escalation of conflict in April 2023 in Sudan highlight a surge of mapping activities 

aiding the response efforts [e.g., óMapping El Geneina, a flashpoint in the Sudan conflictô 

(MSF, 2024)]. These recent changes will provide an opportunity to gain further insights 

into mapping activities in a conflict context. A ll interviewees concluded that it is most 

important to assess each case individually and consult experts with local knowledge prior 

to mapping. In every case, it should be assumed that mapping might cause harm, and 

ways to avoid harm must be assessed. In t his process, whether the area can be mapped 

and what information should or should not be included in OSM must be clarified. One OSM 

producer/ user stated that a potential approach could be to restrict access to specific 

mapped data, though this conflicts w ith OSMôs open data policy. 
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6.3.8  Needs of users  

We found similar and contrasting opinions between OSM users and OSM producers 

regarding data needs and the role of local knowledge. For example, the majority of 

interviewed OSM users stated that it is essential to them that the mapping data are 

complete in  terms of buildings and roads in the area of interest. At the same time, OSM 

producers suggested that the most important quality indicator of OSM data is when the 

data were last edited. OSM users responded that one overall advantage of using OSM data 

is ad ding and validating local knowledge attributes, which is crucial information for 

assessments. OSM producers stressed that to generate valid OSM data, they need to 

receive information on the local context, the intended use of the data, and what data 

should or should not be included when mapping an area. To emphasize this 

communicationôs impact, one OSM producer shared an experience where the local 

government wanted water points to be mapped in an area. The motivation for doing so 

was collecting taxes for tho se water points. Meanwhile, the local community wanted to 

map waste dumps in the area to hold the government accountable for waste disposal. This 

example highlights the importance of understanding the local contextôs data usage and 

the potential impacts of  mapping data locally.  

OSM users, as well as OSM producers, outlined that significant opportunities of OSM use 

in conflict settings are the cost -efficient use of volunteered crowdsourcing to collect and 

analyse geospatial data and the independence from local physical infrastruct ure when 

collecting data through remote mapping. However, the majority of interviewees stated 

that accessing high -quality, up - to -date imagery needed for remote mapping is especially 

difficult in past and present conflict -affected areas. Two interviewees me ntioned that 

commercial imagery is often made available in response to natural hazards disasters but 

that this is not the case in conflict -affected areas since organizations do not want to be 

associated with conflict. At the time of the analysis of intervi ews, open accessible satellite 

imagery of Sudan had shown to be at least 2 years old or older, which is not  sufficient to 

create up - to -date map data (Maxar, 2021; USGS, 2021). A further challenge was 

mentioned by half of the interviewees, stating that OSM mapping is very resourceful and 

time -consuming. It is, therefore, not feasible to map a whole country at once. Sudan is 

extensively lacking data in OSM (OSM Contributors, 2024). Therefore, it is essential to 

identify and prioritize high - risk areas for mapp ing to use existing resources most 

efficiently. Identifying where people are most likely to be impacted by climate and conflict 

and their compounding impacts is, therefore, a key challenge. OSM users further stated 

that for the intended use of OSM data to enable IbF for early action in conflict settings, 

the following features should be I ed in the OSM data model and mapped: buildings, roads, 

health facilities, schools, gas stations, airports, seaports, administrative buildings, security 

centres (e.g., police stations) and land -use areas.  

Half of the interviewees mentioned that gaining permission to map areas might pose a 

challenge in conflict settings. One OSM user stated that consent is not required to start 

OSM mapping but that the countryôs government or authorities can request that existing 

OSM data of the country be removed if it is not approved or might cause security issues. 

Four interviewees stated that the correct terminology for undefined borders in conflict 

areas must be used, and the choice of mapping language must be assessed. Sudan has 

undefined borders in the north to Egypt (Mohyeldeen, 2021) and south to South Sudan 

around the Abyei Area (Political Geography Now, 2012), which need to be represented 

neutrally to avoid implying any political stance. By default, location names o n 

OpenStreetMap.org are displayed in the areaôs primary or local languageðArabic in Sudan. 
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However, multiple languages can be added to features in the OSM database, enabling 

users to customize the display of names in other applications or GIS software when 

creating maps (OSM Contributors, 2024).  

 

6.4  Discussion  

In this study, we use the case of Sudan to highlight the complexities of OSM data in 

conflict -affected contexts. We discuss in the following these complexities and OSMôs 

potential to close the gap of exposure and vulnerability data to enable impact -based 

forecasting for early actions to climate - related hazards in countries affected by conflict.  

 

6.4.1  Creating a credible dataset  

The historical and current conflict in Sudan is exacerbating risks and vulnerabilities in the 

population. Combined with high risks of floods, drought, and other hazards, this increases 

the likelihood of compounding disaster impacts in the populations and s ystems around 

them. In Sudan, interviewees perceived OSM data as highly incomplete and often outdated  

across the majority of the country, which had not been the focus of organized mapping 

events. We argue that OSM is a suitable tool to collect and map cruc ial geospatial data in 

data -scarce areas. This information can play an essential role in enhancing IbF in Sudan. 

The understanding of who is more likely to be impacted due to their proximity to hazards 

and their vulnerabilities can be used by decision -make rs to decide where to prioritize early 

action support to reduce risk and prepare for effective disaster response.  

Givoni (2016) discussed that digital humanitarianism opens new possibilities for volunteers 

to engage and contribute to DRR and climate change adaptation from all over the world 

(Givoni, 2016). Interviewees described digital humanitarianism as a great oppo rtunity and 

innovation in disaster volunteerism, as it allows volunteers to contribute from any location 

with an Internet connection. This allows linking digital humanitarianism with innovative 

humanitarian processes such as IbF. What strengthens trust in OSM data is the crowdôs 

intelligence, meaning that when many contributors create data together, errors an 

individual might make are detected and corrected by the crowd. This is also known as the 

óLinus lawô (Haklay et al., 2010). The more contributorsô information aligns, the more 

trustworthy the information becomes (De Albuquerque et al., 2016; Goodchild and Li, 

2012). Analysis has shown that the highest OSM data quality is reached through organized 

mapping and validation tasks (De Albuquerque et al., 2016 ).  

For example, a review of mapped buildings in OSM in Kassala and surrounding areas, 

including the Wad Sherifey Refugee Settlement, reveals a first spike in mapping activity 

at the end of 2020, followed by a second, more sustained spike at the end of 2021 (F igure 

17). This growth has continued steadily, with a further increase observed starting in the 

second half of 2023 (HeiGIT, 2024a).  
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Figure 27 (Figure 17 in paper). Number of buildings mapped in OpenStreetMap (OSM) in 

Kassala and surrounding areas, including the Wad Sherifey Refugee Settlement between 

2008 and September 2023. Source: ( HeiGIT, 2024a ).  

The second visible spike of November 2021 reflects data edits of the organized mapathon 

óUpdating buildings in Wad Sherifey refugee camp, Sudanô, which took place in the first 

week of November and focused on mapping buildings of the Wad Sherifey Refugee 

Settlement (Missing Maps, 2021a). Figure 18 visualises the mapping area, task status, 

and the timeline of progress of mapped tasks (orange) and validated tasks (red). The task 

was created in the óHOT Tasking Managerô on 22 October 2021, and a strong incline of 

mapped tasks on 2 November 2021 reflects the organized mapping event, followed by 

validation tasks. Through the mapathon, around 60% of mapping tasks were completed, 

and independent mappers completed the rest of the tasks. On 5 February 2022, all tasks 

had been mapped, and on 1 April, validated the tasks (Missing Maps, 2021a).  

 

Figure 28 (Figure 18 in paper). Humanitarian OpenStreetMap Team (HOT) Tasking 

Manager task of mapping buildings in Wad Sherife Refugee Settlement and the 

contribution timeline and progress of mapped (orange) and validated (red) tasks. Source: 

(Missing Maps, 2021a ).  

A second task focusing on the city of Kassala was published on the HOT Tasking Manager 

on 22 October 2021 (Missing Maps, 2021b). Unlike the first event, this task was not part 

of an organized mapping event. The contributions timeline reveals a slower but s teady 

progress (Figure 19). An initial spike in mapping and validation tasks occurred in the first 

2 weeks. By 26 May 2022, half of the tasks were completed, and 100% of the tasks were 

finalized by 8 August 2023. However, task validation stagnated at 40% b y 11 October 

2022 (Missing Maps, 2021b).  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref24
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref45
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Figure 29 (Figure 19). Humanitarian OpenStreetMap Team (HOT) tasking manager task of 

mapping buildings in Kassala and the contribution timeline and progress of mapped 

(orange) and validated (red) tasks. Source: ( Missing Maps, 2021b ).  

 

The comparison between these two OSM mapping tasks highlights the strong impact that 

organized mapping events can have on the actuality, completeness, and overall quality of 

mapped data. The task associated with the mapathon focusing on Wad Sherife was 

com pleted and validated to 100% within 3 months. In contrast, the task focusing on 

Kassala city, which was not part of an organized event, exhibited much slower progress in 

mapping and validation. This underscores the effectiveness of structured mapping event s 

in accelerating and ensuring the quality of OSM contributions (HOT, 2024b).  

Considering the observed impacts of organized mapping events on OSM data quality, it is 

therefore recommended that the intended purpose of creating OSM data to support IbF in 

Sudan is to create OSM data through organized mapping events. This way, data qual ity, 

including completeness, accuracy, and actuality, is ensured to be sufficient for the intended 

use, and the needs of data users can be addressed and included from the beginning of the 

mapping process. However, in conflict settings, we found that critic al considerations of the 

ódo-no-harmô approach must be considered before deciding to map an area. 

  

6.4.2  Impact of conflict escalation on OSM mapping tasks  

Following the conflict escalation in Sudan in April 2023, mapping tasks underwent a 

significant shift (see Table 2). Prior to 2023, efforts primarily focused on environmental 

challenges, natural hazards, refugee crises ðparticularly from the Tigray region ðand 

natural resource management. However, post -April -2023, the focus has moved strongly 

towards recent conflict -affected areas such as West Darfur, El Geneina, and Khartoum 

(HOT, 2024a).  

This shift, led by organizations such as MSF and the Missing Maps initiative, reflects an 

urgent response to the need for geospatial data to meet the humanitarian needs arising 

from the conflict. As displacement and urban crises have intensified, mapping e fforts have 

increasingly concentrated on urban areas, refugee camps, and other high - risk zones. 

These tasks increased frequency and focus of these tasks highlight the vital role of OSM 

mapping in addressing the evolving humanitarian challenges in the confl ict context in 

Sudan.  

  

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref46
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Table 6 (Table 2 in paper). Comparison of OpenStreetMap (OSM) mapping task details 

before and after the escalation of conflict in April 2023. Source: Own diagram, Data: (HOT, 

2024a).  

 

  

6.4.3  Challenges  

Meier and Leaning (2009) argue that two significant challenges in conflict zones are access 

and security (Meier and Leaning, 2009). This statement aligns with the respondentsô views, 

who identified both these challenges and other significant challenges of mapping in conflict 

settings, such as political restrictions or the lack of governance due to protracted crisis. 

First, Meier and Leaning (2009) further argue that peopleôs access to the Internet or other 

Information and Communication Technology (ICT) is o ften limited due to a lack of 

infrastructure, political reasons, or limited economic development. This argument was 

confirmed for Sudan by the International Telecommunication Union (ITU), which found 

significant limitations of Sudanese households accessing  telecommunications (ITU, 2021). 

This further aligns with the argument of interviewees, stating that majority of the 

Sudanese population is limited in participating in online data generation. Second, the 

authors argue that security is a significant issue o f ICT and data collection in crisis settings. 

This statement has been supported by interviewees who stated that the security of 

mappers in the field is a major concern of OSM mapping in conflict settings.  

Hoogeveen and Pape (2020) highlight factors such as lack of funding and capacity to collect 

and analyse data, poor physical and ICT infrastructure quality, and potential mistrust or 

hostility by local communities as challenges to data collection in conflic t settings 

(Hoogeveen and Pape, 2020). These statements align with findings from the interviews, 

where interviewees stressed the challenges of infrastructure as well as the importance of 

engaging local communities from the beginning to avoid or overcome av ersion. 

Furthermore, a review of openly available datasets in Sudan revealed a significant lack of 

data provision by the Sudanese government. The most recent official datasets for roads, 

towns, rivers, and railways (Government of Sudan, 2014a, 2014b, 2014c , 2014d) date 

back to 2014, rendering the information too outdated for quality control of mapped OSM 

data through comparison. Meanwhile, the official websites of government agencies 

responsible for providing these datasets remain offiine and inaccessible, further 

complicating efforts to obtain reliable, up - to -date geospatial information. In this case, 

global datasets can substitute the lack of information while highlighting the crucial lack of 

up - to -date geospatial data in Sudan and the essential role OSM c an play in filling these 
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gaps. For example, Figure 20 visually compares the Microsoft Building Footprint, generated 

using machine learning (ML), and the OSM building footprint, created during an organized 

mapping event published on  17. August 2023 (Missing Maps, 2023). This comparison 

highlights the accuracy and completeness of OSM data. The OSM buildings are mapped 

with much finer detail, and their footprints closely match the actual on - the -ground 

structures. In contrast, the ML -gen erated data demonstrates high completeness but lo wer 

spatial and feature accuracy. Notably, round -shaped buildings are poorly recognized by 

ML, while the OSM data represents them precisely. Additionally, tall buildings are identified 

primarily by their roofs by ML, resulting in an offset from the true on - the -ground footprint. 

This example underscores the high accuracy and detail that OSM data can achieve through 

organized mapping efforts.  

 

Figure 30 (Figure 20 in paper). Comparison of Microsoft Building Footprint (green) and 

OpenStreetMap (OSM) building footprint (pink) (Location: 15Á37Ź7.30òN, 32Á31Ź20.60źE) 

mapped through the organized mapping event óMissing Maps: Khartoum, Sudan ï North 

Khartoumô (Missing Maps, 2023 ). Source: Own diagram; OSM data: ( OSM Contributors, 

2024 ); Microsoft Building Footprint: ( Microsoft, 2024 ); Imagery: ( Airbus, 2024 ).  

 

Findings from our study show that OSM mapping provides potential solutions to some of 

the mentioned challenges. Challenges related to ICT infrastructure and the mistrust within 

local communities persist in OSM mapping, emphasizing the importance of includi ng local 

Sudanese communities in the mapping process.  

 

6.4.4  Ethical considerations  

The example of Sudan has shown that ethical considerations in the context of conflict are 

diverse and challenging to address. Stottlemyre and Stottlemyre (2012) explored whether 

crowdsourced crisis mapping and Twitter postings could be considered military intelligence 

during the Libyan war. The authors conclude that some crisis mapping met the minimum 

criteria of military intelligence (Stottlemyre and Stottlemyre, 2012). Comparing those 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref47
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref62
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref44
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref13
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findings to the findings of the interviews in this study highlights one difference: OSM 

datasets are not continuously updated in real time but can only reflect information from 

the moment of creation. In the case of the Libyan war, military information (e. g., location 

of military personnel) was shared online in real time. OSM mapping allows the sharing of 

recent information, although its information is a snapshot of the past when mapping 

remotely, depending on the date of the imagery. Real - time information could be collected 

in situ but with at least some hours delay from collecting to uploading field data in OSM 

formats. Additionally, field data collection would not occur during periods of intense conflict 

due to ethical and security concerns, and therefore  does not provide real - time information 

that could be utilized for military intelligence.  

Mapping conflict -affected areas has often been avoided in general out of fear that data 

might cause harm and jeopardize the principle of impartiality. Interviewees are under the 

impression that while this is a valid concern, on a technical side, the milita ry (in this case, 

it refers  to the official armed forces of a country) has overall already higher quality data 

in terms of accuracy, granularity, and actuality, and knowledge of the area than OSM 

mapping could provide. However, each location and potential mapping task must be 

assesse d carefully and discussed with experts of local knowledge to identify potential harm 

and minimize possible negative effects (Chamales and Baker, 2011). Recent changes in 

the trends of OSM mapping in Sudan caused by the escalation of conflict in April 2023 

could provide valuable insights and a potential applied use case of the role of OSM mapping 

in complex crisis contexts, particularly when conflict and climate -  related hazards overlap.  

The ethical considerations raised by the interviewees align with recent discussions of the 

Humanitarian OpenStreetMap Team (HOT) on data ethics and security of OSM mapping in 

a conflict context. HOT stated that context and risks must be analysed prior to d ata 

collection in all cases, also in peaceful locations, to ensure consideration and mitigation of 

potential negative data use. However, the potential risks and required mitigation strategies 

are amplified in conflict. HOT is currently working towards stre ngthening its data protection 

policy and toolkit, including tackling issues of mapping in conflict context, which aims to 

provide support to navigate data collection in conflict context in the future safely (Uithol 

et al., 2022). This approach aligns with Mena (2023), emphasizing that disaster risk in a 

conflict context must be mitigated but under vital considerations of the ódo-no-harmô 

principles (Mena, 2023). Contrary to the risks, interviewees mentioned that mapping in 

conflict areas can provide opportu nities to improve accountability. By mapping critical 

infrastructure (e.g., schools, hospitals), their location is publicly documented, avoiding the 

potential argument that they were óaccidentallyô attacked due to an unknown location. 

Interviewees stressed that when working with open mapping data, it is crucial always to 

consider geographical inequalities in  crowdsourced datasets and be aware that they only 

represent a selective representation of the truth. This argument aligns with Schradieôs 

(2011) conclusion in his study on the digital divide, stating that views and perspectives of 

those with access to info rmation technologies are overrepresented while the voices of 

those without are left out (Schradie, 2011). This corresponds with fi ndings on challenges 

in Sudan due to the low internet access (ITU, 2021). There will always be technologically 

disconnected communities and people who are left off the map, and it is essential to ensure 

that those in need are considered and receive the ser vices they require (Zook et al., 2010).  
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6.4.5  Opportunities and impacts of OSM mapping in Sudan  

Findings from our interviews highlighted that open data such as OSM allows communities 

to engage, get involved, maintain data, or ideally, own the process and engage in mapping 

what is essential and of value to them. This aligns with the approach of ópeople-centred 

DRRô described by Hicks et al. (2019). In this approach, it is the goal to empower people 

through tools such as OSM to improve long - term preparedness and development owned 

by themselves (Hicks et al., 2019). OSM mapping in Sudan can empower commu nities 

and state their existence on the maps of this world. However, the digital divide and poor 

infrastructure still hinder a large proportion of the population from actively contributing 

(ITU, 2021; Meier and Leaning, 2009). While Interviewees described the imbalance of 

overrepresentation of men as OSM contributors, OSM holds the opportunity to be a 

powerful tool in the hands of women (Hagen, 2017). Interviewees stressed that it is 

essential to provide women more opportunities to participate, support skil ls training and 

infrastructure development, and engage  local communities by raising awareness of the 

power and influence mapping processes can have. One great opportunity currently arising 

is the establishment of a student - led Youth Mappers chapter in Sudan. Universities and 

students will participate and focus  mapping efforts within their own country (Mutwalli, 

2021).  

As a key element for IbF, OSM data can be leveraged as a crucial input dataset for 

exposure and risk analysis to determine the percentage of assets and elements (critical 

infrastructure, agricultural land, etc.) exposed to climate - related and other hazards . For 

example, the custom hazard monitoring and early warning system PhilAWARE, was 

developed to support disaster preparedness in the Philippines. It combines hazard 

information, alerts, and OSM data for exposure to support disaster awareness and 

operation al decision -making. Through its use in PhilAWARE, OSM data has proven its 

suitability in filling data gaps, building local capacity, and effectively supporting early 

actions to disasters in the Philippines (Houstan et al., 2021). For direct application, th e 

open -source GIS software QGIS provides various plugins (e.g., óOSM Downloaderô, óQuick 

OSMô) to import OSM data and integrate it into a geospatial analysis (QGIS, 2023). The 

InaSafe PlugIn, for example, allows for conducting exposure and impact analysis in QGIS, 

using OSM data as an input dataset. While the example from the Philippines is focused on 

DRR and natural hazards alone, exposure analysis of vulnerable populations proves 

especially crucial in changing environments of conflict settings. For exampl e, populations 

displaced by violent conflict often settle within areas prone to climate - related hazards such 

as floods, as these lands are usually available and unclaimed. Figure 21 shows an example 

of a flood exposure analysis of the Wad Sherifey Refugee Settlement in the east of Sudan, 

which is home to many refugees  displaced by conflict (UNHCR, 2021). The OSM building 

footprint used in the analysis was remotely mapped through organized mapping events 

(Missing Maps, 2021a). This information can identify the number and location of exposed 

buildings to inform IbF models . 
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Figure 31 (Figure 21 in paper). Flood exposure analysis of the Wad Sherifey Refugee 

Settlement in the east of Sudan, which is home to many refugees displaced by conflict 

(UNHCR, 2021 ). The OpenStreetMap (OSM) building footprint used in the analysis was 

remotely mapped through organized mapping events ( Missing Maps, 2021a ), supported 

by Médecins Sans Frontières (MSF) and hosted by the Red Cross Red Crescent Climate 

Centre and Netherland Red Cross Missing Maps Team in November 2021. Source: 

Diagram: ( Red Cross Red Crescent Climate Centre, 2021 ); Flood hazard data: 

(ñFATHOM,ò, 2021); Building footprint: ( OSM Contributors, 2021 ).  

 

A further example of the technical use of OSM data is to create scenarios and 

visualizations. OSM building footprints and other feature data can be used to generate 

three -dimensional (3D) visualizations of the built environment and model flood exposure 

or other climate - related hazard scenarios.  

 

6.5 Conclusion s 

This research investigated the potential of using OpenStreetMap (OSM) data in the 

intersection of climate risks and conflict settings to understand the exposure and 

vulnerabilities of Sudanôs most vulnerable population groups, such as refugees or IDPs 

disp laced by violent conflict, to climate - related hazards. Despite inherent challenges in 

utilizing OSM in conflict - affected areas, our study concludes that OSM mapping is a suitable 

tool to close crucial data gaps and enable IbF for climate - related hazards in  Sudan and 

places with similar settings. The emergence of digital humanitarianism has opened up new 

possibilities to enhance decision -making processes, enable IbF in data -scarce areas, and 

support Early Warning Early Action. However, the complexities of op erating in conflict 

settings require careful attention to both the needs of data users and producers of OSM 

data. Despite these challenges, the pressing lack of geospatial data coupled with the 

urgent need to understand the exposure of vulnerable  populatio ns to climate - related 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref78
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref45
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref69
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref9
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2024.1439940/full#ref60
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hazards in the face of the escalated conflict highlights the usability of OSM as a pivotal 

tool for actively mapping OSM data to fill these crucial data gaps in the maps of Sudan.  

Overall, we suggest the following  

 

1.  In Sudan, as in other countries affected by conflict, prioritization of efforts for Early 

Warning Early Action is crucial. To ensure the optimal use of resources, defining specific 

OSM data needs to be collected either remotely or through field mapping is  recommended. 

Communication between OSM producers and OSM users to create the most useful OSM 

data is a key step when planning and implementing mapping efforts.  

2.  Further developing methods to use geospatial data to identify and prioritize 

unmapped, high - risk areas in the context of climate - related hazards in Sudan. This would 

improve IbF and support disaster risk management agencies to prioritize where to deploy 

early action support for the most vulnerable groups, such as refugees or IDPs displaced 

by violent conflict Setting the definition of óhigh-risk areasô needs to be carried out in close 

collaboration with the end -users of created OSM mapping data.  

3.  Community leadership through mapping, once a specific location and task is set, 

can be supported through organized mapping events. Community inclusion and 

community mapping are essential during and after the remote mapping process. Raising 

awareness of lo cal communities in Sudan on how to engage and use their data is necessary 

to counteract the digital divide and empower communities.  

4.  To understand the country and local context, it is essential to consult experts with 

country -specific and local knowledge when areas are prioritized for mapping on a national 

level. This ensures that data limitations and current and future trends are capt ured and 

included in the decision of where to focus mapping efforts.  

5.  Ethical considerations must be assessed, including potential military use, security 

of mappers in the field, mapping permission by the government or parties to the conflict, 

data access, and gender inclusion. This requires triangulation and consulting org anizations 

with country experience and local actors with in -depth local knowledge of the areas 

concerned.  

6.  It is essential to strengthen collaboration with imagery providers since the lack of 

accessible, up - to -date, and high -  resolution imagery is a significant hurdle in initiating 

mapping efforts in conflict settings. Providers of high - resolution imagery acce ss need to 

be included in the mapping process along with highlighting the cause, positive impacts, 

and ethical considerations taken in mapping efforts.  

7.  Analysis of OSM data quality has shown that it is very high in areas that have been 

mapped through organized mapping and validation events. Therefore, it is recommended 

to create crucial OSM mapping data through organized volunteered mapping events (e.g., 

Mapathons).  

8.  Conduct follow -up research to explore the complex interplay between the recent 

surge in OSM mapping activities in Sudan and the escalation of conflict in April 2023. This 

research should investigate the impacts of the newly mapped geospatial data on the 

humanitarian response and assess whether the principles of ñdo-no-harmò were adhered 

to in the process.  
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The Supplementary material for this article can be found online at: 

https://www.frontiersin.org/articles/10.3389/fclim.2024.1439940/full#supplementary -

material   
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Abstract   

There is limited research on how armed conflict negatively impacts hydrometeorological 

infrastructure and how this critical infrastructure can be protected to enhance the 

functionality of Early Warning Systems (EWS). This paper presents evidence about how 

and why conflict has directly and indirectly impacted hydrometeorological infrastructure 

and how this impacts the functioning of EWS and potential solutions. We conducted semi -

structured interviews with 17 experts and performed a quantitative analysis of 

hydrometeorological and conflict data to investigate the connections between the lack of 

reporting from hydrometeorological stations and conflict incidents occurring within a 5 km 

radius of the stations. We found that conflict limits the collection, protect ion, and storage 

of hydrometeorological observations, which are crucial for producing weather forecasts 

and warnings. We found that hydrometeorological infrastructure has been directly 

destroyed and damaged by armed groups, and indirectly hindered by insec urity, which 

limits access to conduct repairs and maintenance of infrastructure. We also found that 

when stations are installed in areas where the local population is unaware of their purpose, 

there is a lack of interest and incentive to maintain and prote ct them from vandalism. This 

research proposes a three - tier process for hydrometeorological infrastructure success: 1. 

Hydrometeorological services should conduct conflict scenario analyses to define 

infrastructure needs, potential impacts of conflicts, an d measures to mitigate such risks. 

2. EWS donors and implementers who construct hydrometeorological infrastructure should 

integrate a socio - technical process to involve local communities and peace organizations 

during the lifetime of the infrastructure . 3. Governments and international financial 

institutions should coordinate planning for hydrometeorological infrastructure 

development with a common goal of enhancing global and national forecasting in conflict -

affected  regions, in close cooperation with the Climate Risk Early Warning Systems 

(CREWS) Initiative and the Systematic Observations Financing Facility (SOFF).  

Keywords  

Early Warning Systems, Anticipatory Action, Hydrometeorological Observations, 

Hydrometeorological Infrastructure, Conflict, Violence.  

 

7.1 Introduction  

Little academic knowledge exists about the impacts of conflict on early warning systems 

(EWS) infrastructure.  EWS infrastructure includes all the structural assets necessary to 

understand risks, create forecasts and warnings, communicate them and act upon  these 

warnings to reduce the risks of disasters. Such infrastructure includes telecommunication 

towers to transmit warning messages, disaster risk management departments ô facilities, 

and community evacuation centres . This can also include sectoral infrast ructure, critical 

for early action, such as hospitals and schools . Within the broad spectrum of EWS 
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infrastructure, hydrometeorological infrastructure enables the collection of 

hydrometeorological observations,  such as precipitation, surface pressure,  surface 

temperature, and surface water vapour. These measurements are the cornerstone of 

Global Numeri cal Weather Prediction models for forecasting and climate projections (WMO 

-  GCOS 2024). The 2024 Hydromet Gap Report presented the country diagnosis of 20 

National Meteorological and Hydrological Services 4 (NMHS),  providing evidence of the 

disparity in the observation infrastructure of the NMHS assessed (Alliance for Hydromet 

Development 2024). Twelve (12) of the country diagnoses were conducted in countries 

included in the 2025 OECD States of Fragility 5  (OECD 2025) and 8 of them are included 

in the 2025 World Bank list of Fragile and Conflict -affected Situations 6  (World Bank 2025). 

All countries in the analysis generally exhibit  a low maturity score in their observational 

infrastructure with  25% of countries having no or limited basic surface observations and 

no upper -air observations.  

The accuracy of weather forecasts and climate projections inherently depends on the 

quantity,  quality and reliability of the data on which they are based (SOFF 2024). 

Currently, global observations are more robust in developed countries, while other parts  

of the world have severe gaps, as evidenced since 2021 by the Alliance of Hydromet 

Development (Alliance for Hydromet Development 2021). Gaps are prominent in countries 

affected by Fragility, Conflict, and Violence (FCV), as their capacity to collect, pro cess, and 

store hydrometeorological data is disproportionately weak due to limited capacities and 

resources (WMO -UNDRR 2024). A 2025 study by ECMWF reveals that forecast accuracy 

would improve in some regions in Africa by more than 30% if countries were co mpliant to 

the Global Basic Observing Network (GBON) (ECMWF 2025b).  

Over the past few years, there has been growing evidence of the lack of climate finance 

for FCV contexts (Alcayna 2020; ICRC 2022; MercyCorps 2022; Cao et al. 2021). This 

financial gap is also evident in funding for EWS in conflict settings (WMO -UNDRR 2024 ; 

World Bank/GFDRR 2024). Previous research has focused and the implications of armed 

conflict on water resources management and infrastructure, basic service provision and 

water governance (Schillinger et al. 2020). However, the impacts that FCV condition s pose 

on the capacity of NMHS to sustain observation networks, collect data and protect 

infrastructure have not been studied before. In this paper, we focus on analysing countries 

affected by conflict,  whereby conflict is defined as acute insecurity driv en by a group's 

use of deadly force,  including state forces, organised Non-State Armed Groups (NSAG), 

or other irregular entities, with a political purpose or motivation (World Bank 2024). Given 

the significant gaps, this paper aims to build evidence of t he impacts of conflict on 

hydrometeorological infrastructure by examining why and how it has been directly and 

indirectly impacted. We interviewed  17 EWS and hydrometeorological infrastructure 

experts with robust experience in conflict settings. We analys ed the most extensive global 

dataset of near real time land surface observations for surface temperature from 20 

countries affected by conflict, using available data from 2019 to 2024 received by the 

European Centre for Medium -Range Weather Forecasts  (ECM WF) and compared it to a 

 
4 The Hydromet Alliance report does not present a criteria for the selection of the counties, however most of 
them are part of the Systematic Observation Facility Financing funded projects. (footnote 1 in paper) 
5 Countries in the 2025 OECS fragility list and the 2024 HydroMet Gap Report: Chad, Ethiopia, Madagascar, 
Malawi, Mozambique, Rwanda, South Sudan, Tanzania, Papua New Guinea, Solomon Islands, Timor Leste 
6 Countries in the 2025 World Bank Fragility and Conflict states list and in the 2024 HydroMet Gap Report: 
Ethiopia, Mozambique, South Sudan, Chad, Kiribati, Timor Leste, Solomon Islands, and Papua New Guinea.  
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dataset of georeferenced historical conflict data by the Armed Conflict Location & Event 

Data (ACLED).  

 

Given the significant gaps, this paper builds evidence of the impacts of conflict on 

hydrometeorological infrastructure by examining why and how it has been directly and 

indirectly impacted and how it can be protected. We interviewed 17 EWS and 

hydrometeor ological infrastructure experts with extensive experience in conflict settings. 

We conducted a spatio - temporal analysis of the most extensive global dataset of 

meteorological stations reporting near real time land surface observations for surface 

temperatu re from 22 countries affected by conflict, using available reporting data from the 

European Centre for Medium -Range Weather Forecasts  (ECMWF)  and a dataset of 

georeferenced historical conflict data by the Armed Conflict Location & Event Data (ACLED) 

for the period 2019 to 2024.  

The lack of hydrometeorological observations reduces weather forecast reliability and 

accuracy (ECMWF 2017; Browning and Szejwach 1994), which are essential for EWS and 

Anticipatory Action (AA). NMHS face challenges in producing weather forecasts and doing  

forecast verification when historical records and geographical gaps in observation data 

exist (Pagano et al. 2024; Asare et al. 2025; Vannitsem et al. 2021). Although global 

forecast models have demonstrated a role in forecasting extreme weather events in  

conflict settings (Jaime et al. 2022). There is a need to continue enhancing land 

observations in data - scarce areas to improve national forecasting capabilities and global 

weather forecasting systems to produce reliable and accurate forecasts (Jaime et al . 2024; 

Valipour et al. 2021; Lavers et al. 2019).  

The combination of a lack of forecasting capabilities due to limited data and a high level 

of vulnerability in conflict settings exacerbates the risk of disasters.  People affected by 

conflict are often highly vulnerable to climate - related hazards, as conf lict erodes basic 

services, increases poverty, heightens health risks and reduces the capacity of the state 

to care for the well -being of its citizens (ICRC 2020; K. Peters and Budimir 2016; Mena 

and Hilhorst 2020; Sitati et al. 2021; Caso, Hilhorst, and M ena 2023). In these contexts, 

EWS and AA are crucial disaster risk reduction measures to protect vulnerable 

populations(L. E. R. Peters et al. 2022). We note that investments in expanding 

hydrometeorological infrastructure are growing, including efforts dr iven by the United 

Nations Secretary -General's Early Warning for All (EW4A ll ) initiative (United Nations 2025)  

and investments focused on enhancing observations, such as the Systematic Observations 

Financing Facility (SOFF), which supports countries in ge nerating and exchanging basic 

observational data critical to improving weather forecasts and climate services. 

Nevertheless, the financing gap for EWS in FCV contexts hinders the reach to  the most 

vulnerable populations affected by conflict (WMO -UNDRR 202 4; CREWS 2024b, 2024a). 

This paper presents evidence of the challenges and opportunities for ensuring that EWS 

investments and efforts to enhance hydrometeorological infrastructure and observations 

are protected and sustainable in contexts affected by conf lict.  

 

7.2 Data and Methods  

This section describes the data collected and the research methods.   The focus of this 

research is the qualitative analysis of the semi - structured interviews, which were analysed 
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based on four criteria described below. The qualitative analysis was complemented with a 

quantitative analysis through conducting a spatiotemporal analysis with GIS tools. We 

utilized datasets from ECMWF and ACLED to investigate whether and to what extent 

meteorological stations ceased reporting after conflict incidents were reported within a 5 

km radius of stations.  

 

7.2.1  Qualitative analysis  

Semi -structured interviews were conducted with experts in EWS who have experience 

working in countries affected by conflict. In total, 15 online interviews were conducted, 

and 17 people participated, representing knowledge from 16 countries affected by con flict. 

The Climate Risk and Early Warning Systems Initiative (CREWS) facilitated access to 8 key 

informants, and we used our network of experts and a snowball approach to identify the 

other key informants. Criteria of selection included expertise in: 1. EW S. 2. 

hydrometeorological infrastructure, and 3. operations in conflict settings (see Annex 1). 

Experts included general directors from NMHS of countries affected by conflict, regional 

forecasting institutes and experts working in EWS programmes delivering  improvements 

in conflict settings.  Ethics approval was obtained from the University of Twente.   

Interviews were transcribed using Microsoft Teams, they were cleaned, and 3 of them 

were translated into English (2 interviews in French and 1 in Spanish).  All interviews were 

analysed based on four criteria: 1. How has hydrometeorological infrastructure been 

impacted due to conflict? 2. Why was it impacted? 3. Examples of direct and indirect 

impacts. 4. Solutions to protect existing and future hydrometeorological infrastructure 

investments.  

 

7.2.2  Quantitative analysis  

Our quantitative analysis combines hydrometeorological observation data and conflict 

data. First, near real - time surface land observation monitoring reports were sourced from 

the WMOôs Integrated Global Observing System (WIGOS) Data Quality Monitoring System 

database (WDQMS) (WMO 2025). WDQMS is a web tool used to monitor the performance 

of all (WIGOS) observing components and indicates the availability of near real - time 

observations received by four global Numerical Weather Prediction (NWP) centres  for da ta 

assimilation (WMO, 2025d).  ECMWF was chosen as the source for NWP monitoring 

information for this study because it is considered the most complete dataset of received 

observations from NHMSôs stations around the world,  including stations which might be 

considered poor quality and rejected and/or blacklisted by the system 7  (ECMWF 2025a; 

WMO 2025). Surface land stations (SYNOP) reports for temperature (2 meters above the 

earth surface) were retrieved and analysed at a daily interval for stations in the 22 

countries (See Annex X: list of countries).  ECMWF provides informati on on the availability 

of observations received for that period as a percentage of the number of observations 

the centre should exchange internationally. For example, more than 80% óreceivedô means 

80% of the expected observations were received by ECMWF. F or the purpose of this study, 

 
7 ECMWF provides all observations available for data assimilation even if they are considered poor quality, 
rejected (by other centres)  or black listed stations. 
https://confluence.ecmwf.int/pages/viewpage.action?pageId=181122998 (footnote 5 in paper) 

https://confluence.ecmwf.int/pages/viewpage.action?pageId=181122998
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stations were categorised as reporting if daily observations were received or not reporting 

if observations were not  received  on a daily basis during the reporting period between 

2019 and 2024.  In total, 2171 datasets were downloaded, corresponding to d aily reports 

of when ECMWF was receiving or not receiving observations from 2019 to 2024.  

The second is a dataset of conflict incidents from ACLED. Methods are described in detail, 

step by step, in Annex 2. The spatio - temporal proximity analysis identifies whether ECMWF 

dataset stopped receiving reports of surface land observations on the same dates as 

violent conflict incidents occurred within 5 km radius of meteorological stations. We first 

selected 22 countries affected by conflict. The selection criteria included countries with the 

highest mortality rates due to conflict over the past 20 yea rs and the largest number of 

internally displaced populations (see Annex 4). A dataset of 1278 georeferenced stations 

(each station is identified by a unique WIGOSID) from the 22 countries was downloaded, 

cleaned and organized.  The ACLED conflict incidents datasets were downloaded, cleaned 

and organized, to determine where (using georeferenced locations) incidents occurred in 

the proximity of the respective meteorological stations reporting to ECMWF. In this study, 

we utilized ge ospatial tools, using ArcGIS  Pro (Version 3.4.0) and Python (with ArcPy 

library) to assess the spatial and temporal occurrences of failures in meteorological station 

reports in spatial and temporal proximity to conflict incidents. This method involves 

overlaying daily datasets of met eorological stations reports failures and conflict 

occurrences to identify patterns between the events. We created and analysed summary 

data of the spatio -temporal proximity analysisô results and provided an aggregated view 

of conflict and station downtime  patterns across different stations, years or countries. This 

was followed by an analysis identifying consecutive days when stations were offline and 

conflicts occurred within a 5 km radius, enabling insights into sustained patterns of station 

downtime dur ing conflict periods (See Annex 2 -  detailed quantitative method).  

From the dataset obtained through the spatio - temporal proximity analysis,  we selected 

stations that had conflict incidents reported by ACLED, with at least 25 fatalities 

(accumulated from 2019 to 2024) occurring within 5 km of the station as a proxy of co nflict 

severity in proximity to the station.  For each station, we examined three questions: Q1. 

Was the station reporting regularly since 2019? (if yes, questions 2 and 3 are applicable; 

if not, the station is not useful for the analysis)  Q2. Was the sta tion reporting regularly 

since 2019 and stopped reporting when a conflict incident happened in the 5km proximity.  

Q3.  Was the station reporting regularly since 2019 and continued reporting despite the 

conflict incident in proximity?  

 For those stations meeting the criteria of Q2  we conducted a triangulation of information 

using online available reports to explore the conflict incident in more detail and potential 

association with infrastructure damage.      

Several limitations from the quantitative analysis must be acknowledged when interpreting 

the findings of this study. First, the ECMWF dataset was incomplete for the study period 

(2019 ï2024). While records were available from January 3, 2019, to December 1 3, 2024, 

not all days were covered for every station. Daily data entries were available for days 

when stations were expected to report and reported or were expected to report but did 

not report. The dataset does not account for óNAô days, when stations neither reported nor 

were expected to. This is caused for example, when stations were registered 8  after the 

 
8 This refers to new stations that were installed during the reporting period or stations that existed before 
reporting only at the national level, but not internationally to the ECMFW.  



Chapter 7 

 

127 
 

study's start date, so their absence in early records was due to non -existence rather than 

reporting failure.  Although including óNAô days would have completed the dataset, 

hardware constraints led to the use of not reporting data (605,136 records) and re porting 

data (1,045,805 records). Second, multiple errors were detected in the dataset, including 

duplicated records and discrepancies in station coordinates of some stations where stations 

with the same WIGOSID had differing coordinates (see Annex 2 for d etails of error 

detection and processing). While duplicated records were removed, coordinate errors, 

particularly those exceeding 10 km, require verification from the data provider and were 

subsequently removed from the dataset prior to analysis. Most coor dinate errors were 

minor and did not significantly affect the spatial analysis. Out of the 1278 unique stations, 

1130 had no coordinate errors, 123 stations showed coordinates differing less than 10km 

from each other and 25 stations showed coordinates diff ering more than 10km from each 

other (See annex 3 for a detailed list of stations with detected coordinate error).  

Third, ACLED dataset may contain inaccuracies in event location reporting, often citing the 

center of a town rather than specific conflict locations. To address this, the analysis used 

1 km and 5 km buffers around meteorological stations to account for spa tial uncertainty.  

Given these limitations, the tempo -spatial proximity analysis should be regarded as an 

approximation. Highlighting hotspot areas where meteorological stations failed to report 

during nearby conflict incidents. These hotspots provide a basis for further res earch.  

 

7.3 Results  

In this section, we present the content analysis of the key informant interviews, followed 

by the quantitative analysis of ECMWF and ACLED data.  

 

7.3.1  Impacts of conflict in hydrometeorological infrastructure  

 

All key informants highlighted that conflict directly and indirectly impacts 

hydrometeorological infrastructure through the damage and destruction that occurs due 

to insecurity, attacks and lack of resources (see table 1). For example, in Sudan, the 

confli ct that escalated in April 2023 directly impacted hydrometeorological stations. A high -

level expert from Sudan explained how ñstations, servers, calibration lab, media room, 

generators, among other assets located in the Khartoum NMHS headquarters and other  

locations were lostò. Direct confrontations between parties to the conflict in Sudan 

damaged infrastructure, and due to the forced displacement of the NMHS staff, stations 

and other infrastructure were abandoned.  In Cameroon, key informants indicated the  

Mamfe station was burned during a period of unrest in 2021 following the escalation of 

violence between separatist groups for Ambazonian and the Cameroonian military (See 

photo 1). NMHS staff have been unable to return to their duties due to insecurity.    
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Figure 32 ( Photo 1  in paper) . Cameroon, Mamfe region. Hydrometeorological 

infrastructure burned by parties to a conflict in 2021.  

 

 

Key informants attributed the direct impacts of hydrometeorological infrastructure damage 

to deliberate vandalism by armed groups, as these assets can be perceived as 

Governmental infrastructure; three informants mentioned that there is a misconception 

tha t this infrastructure is used for espionage. For the case of Ukraine, we did not find 

official reports of hydrometeorological damage, however, a key informant shared 

anecdotal information about the damage to weather radars in the contested territories. 

For  Ukraine, we found that most of the studies about the impacts of conflict on 

infrastructure focus on water infrastructure (Shumilova et al. 2023).  

 

Although direct impacts are notable, the indirect impacts of conflict were more salient in 

the interviews. There is a difference between conflict impacts on automatic stations and 

manual stations. Automatic stations can be indirectly impacted, for example,  a key 

informant explained that when telecommunications are damaged, this hinders the 

transmission of observation data. For manual stations, the main challenge is access to the 

stations by technicians, staff or volunteers.  Interviews revealed that the mos t significant 

impact on hydrometeorological infrastructure is due to insecurity; technicians who are 

required to repair and maintain stations face severe challenges in accessing conflict areas. 

During the high period of insecurity in Cabo Delgado, in Mozam bique, NMHS staff were not 

able to access the conflict -affected region due to insecurity. A key informant explains, 

ñstaff were traumatized by the violence they experienced; they do not want to go back to 

work in those areasò.  

 

Insecurity has multiple impacts on hydrometeorological infrastructure. In Haiti, due to the 

high level of gang violence that has been widespread after the assassination of President 

Jovenel Moïse in July 2021, travelling to conduct regular maintenance is n ot possible by 

land, a key informant explained ñin many departments, we are usually unable to get there, 

it has to be by helicopter or local airliner, as the roads are impassable because we can be 

attacked by gangsò; these high cost are often not included in EWS programming.  

Insecurity also impacts the way EWS investments are designed; difficult - to -access areas 

are often left behind in hydrometeorological investments, as risks to staff and equipment 

are high. As a result, the most insecure areas in the wor ld are typically those with the 

fewest hydrometeorological observations. A key informant leading hydrometeorological 
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investments,  explains that very high insecurity areas are deprioritized for new 

hydrometeorological infrastructure. The majority of informants mentioned that lack of 

funds is a challenge for the maintenance and repair of infrastructure.  

 

Political complexities in conflict -affected countries, play a pivotal role in the capacity to 

maintain, repair, access, use and share land surface observations. In countries where 

territories and power are divided, EWS actors lose the freedom of movement a nd technical 

cooperation is difficult. In Yemen, since 2014, when the Houthis armed group took power 

in the northern region of Yemen, technical cooperation between EWS teams in Sanaa and 

Adem has become more challenging. A key informant explains, ñwe still share 

hydrometeorological data inside the country, but we can not access stations in the region 

under other political controlò. Several stations in Yemen are damaged, hence the 

observations network is limited, impacting the capacity to produce reliable na tional 

weather and climate services.  

 

 

 
Key 

informants  

What are the main reasons for meteorological stations to stop reporting in conflict settings?  

    Destruction 

by NSAG or 

parties to a 

conflict  

Damage by 

NSAG or 

parties to a 

conflict  

Vandalism  Robbery  Not possible to 

repair/maintain 

due to 

insecurity  

No  funds for 

maintenance 

costs  

1          x  x 

2  x x x       

3      x  x x x 

4  x x     x  x 

5 6 7
9

 
x x   x  x   

8  x x x x x x 

9    x  x x x x 

10  x x x x x   

11    x      x  x 

12  x x x x x x 

13    x  x x x   

14  x x       x  

15        x  x x 

16      x  x x x 

17  x x x x x x 

 

Table 7 ( Table 1  in paper) : What are the main direct reasons for Hydrometeorological 

infrastructure to stop reporting in conflict -affected countries?  

 

 

 

 

 

 
9 Three people participated in this interview (see annex 1) 
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7.3.2  Root causes of hydrometeorological infrastructure failures in conflict 

settings  

 

First, the lack of sustainable and stable funding for NMHS in conflict -affected countries is 

one of the most significant causes of failure in the hydrometeorological infrastructure 

mentioned by key informants.   In most cases, NMHS are not autonomous insti tutions, 

making them dependent on other government units and international cooperation; often, 

funding intended for NMHS can be repurposed in times of conflict. A key informant 

explained that funding essential to pay for staff who record data from manual s tations and 

to maintain and repair infrastructure can be easily repurposed when the NMHS lacks 

financial flexibility and authority over its own resources.  Overall, all key informants 

expressed that a critical root cause of EWS failure, including the impac ts of 

hydrometeorological stations and limited observations in conflict settings, is the lack of 

political buy - in at the Governmental level. For example, a key information in Iraq 

expressed ñEWS for natural hazards were not a priority, just until very recently the 

Government is prioritizing political support and investment, yet it is very difficult to access 

climate finances for Iraq due to risk aversion by donorsò. In East Africa, a key informant 

highlighted that ñconflict creates a shift of political priorities, EWS for natural hazards is 

not a priority for politicians as there are other pressing needsò. 

 

Second, hydrometeorological observations are often viewed primarily as a technical 

process rather than as a socio - technical process. All key informants expressed that one of 

the root causes of hydrometeorological station failures is the lack of community o wnership, 

this applies to all contexts. In conflict settings, community ownership can determine the 

level of protection that is provided to infrastructure. Key informants in Colombia and Mali, 

explained that when stations are installed in areas where the l ocal population do not know 

what the purpose of the infrastructure is, the local population do not have an interest and 

incentive in taking care of it and protecting it from vandalism.  

 

Thirdly, we found a critical lack of application of contingency planning and conflict contexts 

analysis in the design and implementation of EWS -related investments. In Sudan, the 

escalation of conflict and its impacts were not foreseen by the NMHS. Hence, when the 

war began, no contingency measures were in place to ensure business continuity and the 

protection of hydrometeorological infrastructure and data. As described by a key 

informant, ñall historical hydrometeorological data was lost, we did not have backupsò.  

 

Other root causes of failures in hydrometeorological infrastructure decay and damage, 

leading to poor observations, include sanctions. For example,  a key informant explained 

that Yemen NMHS is restricted from importing spare parts to repair infrastructure  to 

improve its systems, due to sanctions (Global Sanctions 2025) . Lack of coordination for 

EWS in conflict settings was also a challenge mentioned by informants. Coordination has 

different levels, ranging from the coordination of investments to ensure complementarity 

and the efficient use of resources, to multidiscipli nary coordination among diverse sectors, 

including local, regional, and global actors. Such coordination mechanisms for EWS are 

often weak in conflict settings.  
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7.3.3  Cascading impacts on weather and climate services  

 

All key informants explained that hydrometeorological infrastructure failures due to conflict 

directly impact the delivery of weather and climate services. To illustrate the cascading 

impacts of this, we explored the case of Sudan . As a result of the high - intensity conflict, 

according to a key informant, forecasting services were completely disrupted in April 2023. 

The direct damages in hydrometeorological infrastructure and the destruction of historical 

hydrometeorological observa tion data jeopardized the capacity of the NMHS to continue 

providing forecast services. Cooperation agreements to continue providing weather 

services were made months after the conflict escalated. Once these agreements were set 

up, the NMHS was able to continue providing forecast i nformation from their temporally 

offices in Port Sudan, their staff located at the Intergovernmental Authority on 

Development (IGAD) in Kenya and at the Egyptian Meteorological Authority (EMA) (WMO 

2024c) .  

Key informants mentioned that the lack of hydrometeorological observations in certain 

regions of a country reduces the reliability of weather forecasts; further research is 

recommended to understand  the extent to which the lack of observations reduces the  

skills and the reliability of weather forecasts in conflict settings.   

From a climate adaptation perspective, the lack of observation data also has a cascading 

impact on climate modelling (Seneviratne, S.I., X. Zhang, M. Adnan, W. Badi, C. 

Dereczynski, A. Di Luca, S. Ghosh, I. Iskandar, J. Kossin, S. Lewis, F. Otto, I. Pinto, M. 

Satoh, S.M. Vicente -Serrano, M. Wehner 2021) . Climate attribution studies in lower -

income countries are limited due to data scarcity (Otto et al. 2020) . This gap increases 

models' uncertainty, therefore making climate adaptation decision -making processes more 

challenging in data -scarce places, such as those affected by conflict.  

 

 

7.3.4  Before and after conflict: Hydrometeorological stations report gaps 

(Results of the Quantitative Analysis)  

 

 

For the 22 countries , a total of  1253 meteorological stations (a unique WIGOSID identifies 

each station)  analysed were in the ECMWF dataset. Nineteen of the 22 countries reported 

conflicts within 5km of their stations. In the 19 countries, 405 stations had conflict 

incidents occurring within 5km of the stations.  As described in the methods section, we 

selected stations for analysis that were in proximity to areas with more than 25 fatalities 

during the analysis period (2019 -2024); in total, we selected 104 stations for analysis (see 

Annex 4).  

We found that 62 stations (60%)  were not reporting regularly or did not report at all 

between 2019 and 2024. These stations could not be included in the analysis as it is not 

possible to do a comparison with the conflict data.   

Of the 104 stations, 21 stations (20%)  showed an interruption in reporting when a conflict 

incident was reported within 5km proximity.  This result, although not representative of 

the sample size, suggests a potential relationship between the conflict inc ident and the 
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interruption of station reporting. One example of the correlation found with the country -

level analysis is the case of Ukraine. Figure 1, shows how stations in the eastern part of 

the country decreased reporting when the Russia -Ukraine war started in Febru ary 2022.  

 

Figure 33 ( Figure 1  in paper) . Ukraine meteorological stations observation data and 

conflict incidents comparison between 2019 and 2024  

.   

 

Finally, we found that the remaining 21 stations (20%)  that were reporting regularly since 

2019, continued reporting after the conflict incidents within the 5km proximity. Meaning 

that the is no relation between the conflict incidents and the reporting st atus of the 

stations.  

For this part of the study, we conclude that by doing the global quantitative spatio -

temporal analysis, it is not possible to determine a solid relation between conflict incidents 

and stations not reporting after the incident. This is primarily because 60%  of stations 

were already not reporting before the conflict, or also because conflicts may have already 

been ongoing before the data analysis period.  

  

The following subsection presents the results of a localised analysis by station for the 

countries that show correlation signals in the global analysis. We present this to provide 

some anecdotal evidence of the correlation between interrupted reporting and  conflict 

incidents. Stations in Afghanistan, Ukraine, Colombia, Iraq, Syria, Myanmar, Ethiopia and 

Burkina Faso showed some correlation.   In Afghanistan, 12 out of 14 stations showed 

interruptions in the reporting to ECMWF.   
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Figure 34 ( Figure 2  in paper) : Afghanistan meteorological stations observation data 

and conflict incidents comparison between 2019 and 2024  

 

In August 2021, when the Taliban Government took power, our analysis show that data 

from stations was no longer reported (Figure 2). The reporting status for three stations 

(Bust, Ghazin, Khabul airport) with the highest reported fatalities within 5km at A ugust 

2021 is shown in Figure 3.  
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Figure 35 ( Figure 3 in paper).  Daily station reporting status to ECMWF for the Bust, 

Ghazni and Kabul Airport Station for the period 2019 -2024.  (Blue lines indicate if the 

station is reporting or not,  1 =reporting, 0 =no reporting. Red line indicates conflict 

incident)  

 

Similarly, reporting interruptions were shown for 14 stations in Ukraine after  February 

2022 and May 2022, which coincides with the invasion of eastern Ukraine.    The Nova 

Khakhova region has been under Russian occupation since February 2022. For Bakhmut 

in the Donestsk Oblast, shelling began in May 2022, resulting in the damage of 

infrastructure (Reuters 2023) . Figure 4 shows the reporting status of Bakhumt, Melitopol 

and Nova Kakhovha  stations, the three stations with the highest reported number of 

fatalities within a 5km radius at the date a conflict incident was reported for three stations 

in Ukraine. Svatove station which reported the highest fatalities with a 1km radius (after 

2022 ) also stopped reporting shortly after February 2022 and never recommenced 

reporting for the during of the dataset being analysed (Figure 4).  

 

 




















































































































