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Abstract. Drought is considered an insidious, complex and multidisciplinary 

phenomenon due to many interacting influences. This paper focusses on the specific 

situation in Flanders, Belgium. Although in Flanders, the annual precipitation remains 

stable, drought impacts are becoming more and more severe. This is partly due to 

increased water demand, changed water use patterns in combination with outdated 

legislation and reactive policies, not aimed at resilient water management. 

This paper identifies contributing elements, relations and interactions in the drought 

system of Flanders, through the actor relational approach and demonstrates how this 

approach might be implemented in the Flemish case. An actor relational approach 

would allow striving for a more resilient drought management system.  

Keywords: resilience, drought, actor relational approach. 

 

1. Introduction 

Since 1950, the climate system has changed in such a way that the world has become a 

different place (Chapagain et al. 2021; IPCC 2014, 2022). Climate change manifests itself 

in more frequent and severe hazards, causing problems in sectors such as agriculture, 

economy, energy, water management, etc., thus showing the sensitivity of both natural 

and human systems to climate change (Boelens et al. 2017; Hervás-Gámez and Delgado-

Ramos 2019; IPCC 2014, 2022; Kasting 1989; Kiehl 2011). 

Droughts differ from most other natural hazards, as they are not the result of a singular 

event (Wilhite 2000) with a well delineated onset and end, while their impact increases 

and accumulates slowly over a considerable time span, and can linger on for many more 

years after water supply is back to normal. Therefore, droughts are referred to as 

‘creeping phenomena’ (AghaKouchak et al. 2021; Crausbay et al. 2017; Mishra and Singh 

2010; Vilonen et al. 2022; Wilhite 2000; Wilhite and Glantz 1985), which often have non-

structural impacts over large geographical areas, unlike most natural hazards. This 

complicates agreeing on definitions and quantification of impacts (Wilhite 2000), since it 

subsequently gets influenced by human activities (AghaKouchak et al. 2021; Chapagain 
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et al. 2021; Crausbay et al. 2017; Mishra and Singh 2010; Van Loon et al. 2016). 

The occurrence and severity of droughts as well as other climate related hazards are 

predominant. However, although several regions have been struggling with droughts for 

many decades, this threat is relatively new for the Flemish region, situated in the north 

of Belgium, see Figure 60. The annual water availability per capita, in Flanders, ranges 

from 1,100 m³ to 1,700 m³, which is lower than other European regions often linked to 

drought, such as Spain, Portugal and Greece. (Flemish Environment Agency 2021b) 

Moreover, in 2019, the World Resources Institute (WRI) ranked Belgium 23rd among 164 

countries studied for drought risk (Gassert et al. 2013). Flanders struggles to achieve the 

goals from the European water framework directive, especially when droughts occur. 

These analyses highlight the significance of judicious and efficient utilisation of available 

water resources and is caused by several factors. For instance, to date, the high 

population density, 492 people per km², in combination with a total surface area 

pavement of 15.8%, prevents the penetration of precipitation, thus lowers the potential 

water supply. Furthermore, historically policies are aimed at avoiding floods, which led 

to infrastructure dedicated to diverting the water as fast as possible to the sea. This 

short-term view of dealing with water-related problems leads to a reactive drought 

policy. Together with the complex government structure, e.g. fragmented structures, and 

a history of diverting water away, ads to the problem.  

As Flanders is subject to human-driven water management, the region is also prone to 

anthropogenic drought risks. In this paper, the Actor Relational Approach (ARA), will be 

used to unravel and visualise the driving forces, key actors, factors of importance and 

their mutual interactions as a step to prioritise water needs and minimise the impact of 

drought on human society and ecosystems. 

 

Figure 60. Location of the study area Flanders 
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2. Drought definition 

To date, policy makers and society as a whole become more aware of drought related 

problems. Furthermore, research on drought development mechanisms, attributing 

factors, monitoring consequences, etc. progressed significantly over the years. Examples 

are to be found in the continuous development of drought indices (Bloomfield et al. 

2013; Shukla and Wood 2008; Stagge et al. 2015), an improved understanding of the link 

between drought and atmospheric and ocean drivers (Fleig et al. 2010; Kingston et al. 

2015), drought monitoring and forecasting (Sheffield et al. 2014; Trambauer et al. 2015), 

and the effects of climate change on drought (Prudhomme et al. 2014; Trenberth et al. 

2014; Wanders and Wada 2015). Notwithstanding this ever-growing body of drought 

related research, it is still difficult to determine a precise and universally accepted 

definition of drought. The literature review of Slette et al. in 2019 points out that 

researchers use a wide variety of ways to characterise droughts (e.g. reduced 

precipitation, low soil moisture, reduced streamflow), while a third of the reviewed 

papers simply equated “dry conditions” with “drought” (Slette et al. 2019). These 

findings are an indicator for the complexity of “drought”. 

Each research discipline uses its own lens to assess the occurrence of drought and 

incorporates different physical, biological, and/or socioeconomic factors in its definition. 

Common defined types are grouped as “meteorological” (deficit in precipitation), 

“agricultural” (soil moisture deficit), “hydrological” (deficit in surface water, storage, 

and/or groundwater) and “socioeconomic” (deficit in water-dependent economic goods 

and agricultural products leading to societal impacts). (Dai 2011; Dracup et al. 1980; 

Mishra and Singh 2010; Wilhite and Glantz 1985). More recently, this traditional 

classification was expanded with the terms “ecological drought” based in the impacts on 

ecosystems (Crausbay et al. 2017; Slette et al. 2019), and “human-induced and/or 

human-modified hydrologic drought” (AghaKouchak et al. 2021; Van Loon et al. 2016). 

Research has shown that the lack of a precise and objective definition in specific 

situations is an obstacle to understand drought, which has led to indecisiveness and 

passivity on the part of managers, policy makers, and others (Wilhite and Glantz 1985).  

In this research the definition of the anthropogenic drought will be used. In this respect 

AghaKouchak et al. (2021), states that while the previous different classifications of 

droughts offer innovative perspectives about the disparate impacts of drought, the 

definitions generally treat drought as a product rather than a process. This product-

focused approach typically quantifies deficits in water-related variables or water-

dependent activities due to natural and climatic variabilities in a certain timeframe. 

Therefore, these definitions lack a two-way interaction of human activities with changing 

drought, water stress risks, and/or climate conditions. Subsequently, they do not address 

effects of a human-induced climate change with local water and land management, and 
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consequently do not conclude the impacts from the water stress on the environment 

beyond a specific temporal and spatial domain. (AghaKouchak et al. 2021; Crausbay et al. 

2017; Dale 1997) The classic product-oriented definitions lack the complexity to fully 

understand the interacting elements. Drought is a multidisciplinary phenomenon 

characterised by processes that involve feedbacks between human activities and nature, 

which makes this problem a complex system. (AghaKouchak et al. 2021; Boelens 2018; 

Davids 2021; Van Brussel 2018) 

Anthropogenic drought, is here defined as a process that ends up in water stress 

(societal or environmental), due to feedbacks (in)between human activities, and/or 

nature (AghaKouchak et al. 2021; Wahl et al. 2018; Zscheischler et al. 2018). The process 

will then co-evolve (negative or positive), after the drought, leading to water stress or a 

more resilient system. From that point on, the cycle will repeat itself, since time and 

drivers will never stop continuing, unless the system becomes stronger. This makes 

drought a multifaceted, multi-layered and complex issue, which needs an approach that 

can divert the definition into an operational framework. 

 

3. Actor Relational Approach 

The Actor Relational Approach (ARA) for planning is an attitude that evolves depending 

on specific themes and changing surroundings (Boelens 2010; Tempels 2016). As 

drought is a complex issue that involves multiple disciplines and sectors (AghaKouchak 

et al. 2021; Chapagain et al. 2021), the ARA can be used to visually illustrate and 

understand the problem related to anthropogenic drought as a first step in building 

drought resilience. 

The ARA originates from three components: Actor, Relational, and Approach. The Actor 

component is based on planning theories such as Actor-Network-Theories (ANT) that 

focus on the actions of human and non-human actors within a network. The differential 

system theory of Luhmann posits that society is made up of distinct subsystems that are 

operationally closed. In planning, the challenge is to intervene in these subsystems and 

networks with precise tactics that address the interests and behaviours of all actors 

involved. By understanding the relationships between different actors and systems, 

planners can use their role to stimulate action and foster collaboration, even in 

situations where there may be competing interests and viewpoints. (Boelens 2010, 2018) 

The Relational component contains post-structuralism and the idea of relational space. 

Post-structural theorists question the absolute valuations of features such as planning 

instruments and general wellbeing, meaning that nothing is vast to a subject or space 

and time, but always relational. This component focuses on the relations between places, 

their specific uses over time, and how they are organised to understand their quality or 
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efficiency. (Boelens 2010, 2018) 

The Approach component emphasises that the ARA should be flexible and open to other 

theories. It utilises the strategy of analysing relations in a flexible way and re-evaluating 

systems since contexts can change over time. (Boelens 2010, 2018) Therefore, the ARA 

allows systems to irritate and learn from other systems, creating a co-evolutionary 

perspective, which is helpful for creating a reinforcing effect. Hence, resilience building 

can be seen as an operational component linking the ARA and anthropogenic drought 

definition together. 

 

3.1 Resilience 

The concept of resilience exists for many years and is relevant across a wide range of 

disciplines (Grove 2018). Over the past two decades, it has become more prominent 

within the literature related to environment, natural sciences, social sciences, 

humanities, and interdisciplinarity (Folke 2016). As a result, there are many definitions of 

resilience, some of which are contradictory (Chapagain et al. 2021; Davoudi et al. 2013; 

Davoudi et al. 2012; Fünfgeld and McEvoy 2012; Klein et al. 2003; Meerow and Stults 

2016; Rankin et al. 2016; Salata and Yiannakou 2020; Tempels 2016; Woodruff et al. 

2022). It is not a new concept, still it is relatively new as a practice and is not yet widely 

reflected in existing policies or guidelines (Chapagain et al. 2021; Salata and Yiannakou 

2020), however, the need for an resilient planning policy is more urgent since the 

problem worsens. (Salata and Yiannakou 2020) 

The three main resilience approaches are Engineering resilience (the ability of a system 

to return to a stable state after some disturbance or shock (Chapagain et al. 2021; 

Holling 1996)), Ecological resilience (recognising the intrinsic dynamism of systems and 

the presence of multiple equilibrium states (Holling 1973; Holling 1996)), and socio-

economic resilience. The socio-ecological understanding of resilience emerged from 

increasing interest in the interlinked dynamics of social and ecological subsystems and 

their behaviour. It is predicated on the complex nature of these subsystems and the co-

evolution between them, which adds to the complexity of the system as a whole. 

(Berkes et al. 2000; Gual and Norgaard 2010; Tempels 2016) Given that the conditions 

are constantly changing, resilience is defined not only by the state of the system relative 

to thresholds, but also by the relationship between the system and its conditions. Under 

changing conditions, the system must adapt and co-evolve with these conditions in 

order to be resilient. (Tempels 2016) 

The socio-economic approach of resilience is closely related to the anthropogenetic 

drought definition, in which it is not about a sudden occurrence, but about an ongoing 

process, creating a new situation that needs to be evaluated depending on each 
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situation. So far, socio-ecological resilience is not often considered in studies, but is 

crucial for the transition to adaptive thinking. The major challenge in tackling the issue 

of drought and resilience is the complexity involved. Overall, the ARA provides a 

framework for planners to deal with this complex interplay of different entities in 

systems, e.g. climate change, floods, energy transition, and droughts. 

 

4. Methodological framework 

4.1 Understanding drought 

Numerous studies highlight the need for a shift towards a more resilient system to 

mitigate or reduce the impact of climate change and anthropogenic evolutions on the 

environment. However, a review study conducted in 2019 revealed that 54 percent of 

the studies on drought considered it to be static and did not account for future 

developments, indicating a majority on short-term rather than long-term visions 

(Hagenlocher et al. 2019). Moreover, most estimates of the water status are based on 

limited historical trends or a snapshot of current conditions, and traditional water 

accounting approaches lack a dynamic (Chapagain et al. 2021) and relational perspective 

(Boelens 2023; Boelens et al. 2017). In order to establish a resilient drought 

management system, it is necessary to understand the interdisciplinary context in which 

it operates, and to recognise drought as a process instead of an event. The literature 

review, explained in this paper, leads to the anthropogenic drought definition which 

clarifies this context. 

 

4.2 Understanding ARA 

The ARA theory makes a distinction between actors, factors, institutions, and 

intermediaries/mediators (Figure ). 

Actors are those who act, with a minimum of two actors typically involved, a sender and 

receiver. These actors have their own unique intentions, which can change over time or 

vary depending on the context. Other actors can also join a context and take over 

actions or add to the context. (Boelens 2010, 2018) 

The context is crucial in understanding the actions of these actors. Some elements or 

problems urge actors to act, while others constrain them. These contextual elements are 

regarded as the factors. (Boelens 2010, 2018) 

The result of an action, caused by different factors, can also lead to a mutual agreement 

to act in the future, which can be considered an institution. Institutions can be defined 

as the rules of the game, whether formal or informal. (Boelens 2010, 2018) 
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To function as a system, mediators and intermediaries are necessary to connect the 

actors, factors, and institutions. Intermediaries transfer information without changing it. 

Mediators, on the other hand, mould information in order to bring actors, factors, or 

institutions together or apart. These intermediaries/mediators try to enhance the 

resilience of the system. (Boelens 2010, 2018) 

In examining the complex issue of drought, it is important to acknowledge that the 

world is too complex to be fully understood. Institutions can change in response to 

circumstances (factors) or human influence (actors). Actors, factors and institutions 

(re)shape each other in their own environment over time and location. Through co-

evolution, actions, within one subsystem, will have indirect effects on other subsystems. 

This makes a (sub)system a complex multidisciplinary entity that is always incomplete, 

provisional and unstable, and needs to be continuously reanalysed in a multidisciplinary 

way. (Boelens 2018)  

In the case of drought, a scenario could arise with a water shortage (context) due to a 

low rainfall rate over a specific period (factor). In such a situation, various water 

managers (actors) may take actions to safeguard the water supply. This could be 

achieved through the implementation of legislation (institution), such as a consumption 

limit. The information on water shortage is communicated through the system via 

assessment models (intermediaries) or researchers (mediators). 
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Figure 2. The Actor-Relational Approach – scheme (Boelens, 2018) 

Evidently, actors, factors, institutions and intermediaries/mediators are interrelated 

through actions provoking reactions. It is important to fully comprehend the ARA so that 

the approach can be operationalised on a study area. 

 

4.3 Understanding the study area 

The ARA determines the actors, factors, institutions, and intermediaries/mediators 

within a known, but evolving context. In the case of this paper, the context is the 

drought issue in Flanders. Determination of its constituent elements requires a thorough 

analyses of the specific context. For Flanders, the data acquisition was done through 

desktop research as a vast amount of detailed legal and other information is offered as 

free open-source data (e.g., databases, maps, governmental portals, official monitoring 

data, etc.). However, in most cases, it is recommendable to engage with specialists and 

stakeholders, conduct surveys, involve citizen science, etc. Throughout the data 

acquisition process, it is also important to ensure that the level of detail fits the context 

scale.  

 

4.4 Network Analysis 
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Analysing and understanding the complex interactions between various actors, factors, 

institutions, and intermediaries/mediators involved in drought, can be done by using a 

network analysis tool. In this paper, the program “Gephi”, was used to visualise the 

relationships between the entities as a network graph. This graph can help to reveal 

patterns and structures in the relationships between entities, such as who is connected 

to whom, the strength of the connections, and how information or resources flow 

through the network. This provides valuable insights into the dynamics of the system 

and helps identifying opportunities for improving resilience to drought. 

 

5. Results for the case of Flanders 

5.1 Actors 

From the obtained insights, the main drought actors have been identified as: households, 

energy, agriculture, trade & services, other industries, and government (within its 

various layers). These water managers, users and consumers have continuously major 

impact on the water system, therewith on drought, and provide a global overview of the 

involved actors. For smaller scales or subsystems, such as concerned communities, most 

of these actors can be subdivided. Since the actor “government” is closely linked to the 

ARA-pillar "institution", it is able to bring significant changes to that part. Therefore, the 

most important actors within “government” will be briefly explained. 

5.1.1 Actor, Government 

At a regional level, a vital actor within the integral water policy is the "Coordination 

Commission for Integral Water Policy" (CIW). The CIW prepares the integrated water 

policy, on which the Flemish government relies and consequently elaborates. For this 

responsibility, the CIW includes representatives from the Flemish government's policy 

areas, local water managers, waste and drinking water companies, and a provincial 

governor. The lead official of the “Flemish Environment Agency” (VMM) chairs the CIW. 

(Coordination Committee on Integrated Water Policy 2022) 

The Flemish government itself consists, on paper, of various departments and agencies 

with water-related powers, coordinated by the minister for environment. The 

departments usually support the minister by preparing and maintaining the legislation; 

the agencies are typically responsible for the implementation of the drought policies. As 

for water-related issues, the main policy areas are Environment (Flemish Environment 

Agency; Environment Department; Agency for Nature and Forest; Flemish Land Agency; 

Public Waste Agency of Flanders), Mobility and Public Works (Department of Mobility 

and Public Works; Flemish Waterway; Agency for Maritime Services and Coast; Agency 

for Roads and Traffic), and Agriculture and Fisheries. (Coordination Committee on 

Integrated Water Policy 2022) In reality, governmental entities receive support from 
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semi-private and semi-public organisations, contributing to an increase in complexity. 

At the basin level, a basin board represents each basin, and the Flemish government 

provides necessary resources and personnel for its operation. The Flemish minister for 

environment appoints a basin coordinator recommended by the CIW. The basin council, 

representing the political level of the basin, includes representatives from the Flemish 

Region, provinces, sub-basins, and the provincial governor. The basin secretariat 

manages the basin and prepares draft basin management plans and progress reports. 

(Coordination Committee on Integrated Water Policy 2022) 

At the sub-basin level, water boards are established as a partnership between 

overlapping water managers. Provinces must take the initiative to establish a water 

board as overlapping areas are possible. (Coordination Committee on Integrated Water 

Policy 2022) 

Besides overlapping responsibilities between provinces and municipalities, they do still 

have their own responsibilities within their borders. The provinces manage the second 

category of unnavigable watercourses (outside the area of the polders and waterways). 

The provinces state that they play a role in “preventing flooding and decide on 

environmental and nature permits”. This means that the main focus is floods instead of 

floods and droughts. The production, distribution, transport and sanitation of drinking 

water is performed by the drinking water companies. (Coordination Committee on 

Integrated Water Policy 2022)  

Cities and municipalities are then responsible for managing third category watercourses, 

public canals and municipal canals. They, or a sewer manager appointed by them, take 

care of the collection of domestic wastewaters. Municipalities are also initiators of local 

environment plans, responsible for granting environmental permits, applying the water 

test, etc., influencing the other major water consumers and users. (Coordination 

Committee on Integrated Water Policy 2022) 

 

5.2 Factors 

A significant amount of research has already been conducted on the interactions and 

influences of factors that contribute to drought. Various studies have focused on 

defining drought, developing decision-making frameworks. These studies were used to 

comprehend a vast variety of knowledge and determine the contributing factors. These 

factors are multi-faceted and can impact the occurrence and severity of drought without 

requiring any direct action. These factors include: 

- weather conditions and the topography of an area, which affect the amount and 

distribution of precipitation and the flow of surface and groundwater (Abdollahi et al. 
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2019; Bloomfield et al. 2013; Coordination Committee on Integrated Water Policy 

2021a, b; Flemish Environment Agency 2021a, b, c, d, e; Mo and Lettenmaier 2016) 

- climate change, leading to more frequent and severe droughts, due to changes in 

precipitation patterns, higher temperatures, and increased evapotranspiration rates 

(AghaKouchak et al. 2021; Coordination Committee on Integrated Water Policy 2021a, 

b; Dai 2011; Flemish Environment Agency 2021e; IPCC 2022; Seneviratne et al. 2012) 

- water quality and quantity, impacting the availability and suitability of water 

resources for different uses (Abdollahi et al. 2019; AghaKouchak et al. 2021; 

Coordination Committee on Integrated Water Policy 2021a, b; Flemish Environment 

Agency 2021c, d, e; IPCC 2022) 

- changes in land cover, such as urbanisation or deforestation, can alter the water 

balance of an area (AghaKouchak et al. 2021; Coutts et al. 2007; Diffenbaugh et al. 

2015; Flemish Environment Agency 2021e; IPCC 2022; Van Loon et al. 2016) 

- water management infrastructure, such as dams, irrigation systems, and water 

allocation systems, can affect water availability and distribution (AghaKouchak et al. 

2021; Coutts et al. 2007; Diffenbaugh et al. 2015; Flemish Environment Agency 2021e; 

IPCC 2022; Van Loon et al. 2016) 

- socioeconomic factors, such as poverty, inequality, and political instability, can impact 

the vulnerability of communities and their ability to cope with drought impacts 

(AghaKouchak et al. 2021; Berkes et al. 2000; Flemish Environment Agency 2021e; 

Gual and Norgaard 2010; IPCC 2022; Madani et al. 2016; Madani and Shafiee-Jood 

2020; Mehran et al. 2015; Van Loon et al. 2016) 

- population growth, pressuring the limited water resources (AghaKouchak et al. 2021; 

Coutts et al. 2007; Diffenbaugh et al. 2015; Flemish Environment Agency 2021e; IPCC 

2022; Van Loon et al. 2016) 

These factors highlight the complex and multi-dimensional nature of drought. It is 

important to note that the relative importance can vary depending on the specific 

context and location of the drought, and understanding these contextual factors is 

critical for effective drought management. 

 

5.3 Institutions 

The current legislation is primarily aimed at the prevention of damage caused by floods. 

Currently, there is a transition towards also establishing drought policies, however 

actions and rules are mainly reactive and implemented ad hoc for a limited period, 

during drought stress. Structural and preventives rules are rare and insufficient.  

Belgium itself is since the first state reform, in 1970, divided into several levels: federal 

(Belgium), regional (Flanders, Brussels, and Wallonia; shown in Figure 60), and provincial 

and municipal, shown in Figure . This division implies a certain hierarchy for both actors 
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and institutions. In addition, in Flanders, the water system is divided in ground and 

surface water. The Integral Water Policy Decree of 18 July 2003 transposes the European 

Water Framework into Flemish legislation and classifies the water systems based on 

hydrological, geomorphological, ecological, and functional characteristics. The different 

levels of water system boundaries within Flanders are flow areas (4), basins (11), sub-

basins (102), VHA-zones (264), shown in Figure; and groundwater systems (6), as shown 

in Figure  (Flemish Environment Agency 2020). 

 

Figure 4. Flemish Flow areas, Basins, Sub-basins and VHA-zones 

 

Figure 3. Flemish Provinces and Municipalities 
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Figure 5. Flemish Groundwater systems 

With regard to flooding, this division is a logical and appropriate approach, but it leads 

to overlapping authorities between different government levels. Therefore, the Flemish 

government established a general policy vision for integrated water management, in 

order to coordinate and organise water policy at the level of the Flemish Region. The 

water policy note outlines the policy framework and provides guidance for drafting flow 

area management plans. These plans address issues that may lead to a deterioration of 

the water system or that may hinder its improvement and recovery. Other degree’s and 

legislation were drafted to regulate the amount of consumption and usage of water. 

(Coordination Committee on Integrated Water Policy 2021c; Flemish Environment 

Agency 2020) With regard to drought, there is currently no division into different areas, 

nor is the legislation adapted to droughts. 

The following institutional regimes are currently included in the analysis: Belgian 

National Energy and Climate Plan 2021-2030, National Adaptation Plan, Integral water 

policy, Water policy note, Flow area management plans, Water Framework Directive and 

the Floods Directive, Flow areas, Basins, Sub-basins, VHA-zones, Groundwater system, 

Flemish Climate policy plan, Flemish Adaptation plan, First Enforcement decision: water, 

Enforcement decision: “Watertoets”, Enforcement decision: Financial instruments, 

Subsidiary Directive Groundwater, Code of good practices, Regional urban development 

ordinance: rainwater, Drought measurements, Groundwater extraction legislation, Blue 

Deal, Extra norms for environment license and Other Decree’s. 

In this list, currently considered in the analysis, is it apparent that several of these 

legislations were made entirely in function of flood prevention and therefore outdated. 

The drought measures were added recently, but implemented as non-enforced and 

reactive measures. This adds to the drought problem, and addressing this issue will be 

crucial in the transition towards a resilient drought policy. 
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5.4 Intermediaries/mediators 

The intermediaries/mediators bridge the different pillars of the ARA. These are various 

research institutions and universities, as well as reports produced on measurements and 

predictions, or internet portals providing climate predictions and scenarios, etc. 

In Flanders, a significant number of intermediaries and mediators are active in 

monitoring and reporting on environmental factors such as rainfall, ground and surface 

water levels, and temperature across various locations. These environmental factors are 

continuously monitored at different measuring points, and the data collected is then 

stored and made accessible on the internet. For instance, on “Waterinfo.be”, a range of 

time series data can be accessed, providing an overview of the various monitoring 

activities. 

Following the dissemination of monitored data, research institutions, such as the VMM 

and “Hydrologic Information Centre” (HIC), provide translations of this data into various 

reports. These reports are made available on “Waterinfo.be” and are categorised into 

status reports, annual reports, flood-storm and drought reports, and tide tables. 

Furthermore, the VMM also reports on the conditions of water, air, and climate, 

combined with the emissions of various actors (households, energy, agriculture, trade & 

services, and other industries) on their own platform. This information is based on the 

same data from “Waterinfo.be”, combined with usage and consumption figures from 

these actors. Additionally, the VMM has conducted research into tools that represent 

the impact of various natural disasters and allow users to see how the drought problem 

could evolve. This could encourage a change in mindset towards resilient water 

management practices. However, it is worth noting that the tools mainly focus on 

natural causes, and little attention was paid to the impact of human actors. This means 

that even though the tool does propose actions that actors can take to improve the 

situation, it does not give feedback from all causes. 

Recently, in 2022, the intermediary “reactive assessment framework” was developed to 

advise the provincial governor. Based on the outcome of the framework, the governor 

can decide which actions has to be taken to prevent water scarcity. This framework takes 

the water use and consumption from actors, as well as factors and institutions into 

account. The used data is mostly an average from the period of 2005-2019, and provides 

little insight into future trends. Therefore, the reactive nature of the tool does not 

promote long-term, resilient solutions to address water scarcity, and is limited. 

Even though Flanders conducts extensive monitoring and produces many reports to 

reflect progress, the challenge, in this area, lies in applying this knowledge within the 

legislative framework. 
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5.5 Combining knowledge 

All actors, factors, institutions, and intermediaries/mediators were brought together in a 

social network analysis program called "Gephi". In this program, the relationships 

between components were connected, thereby revealing the previously discussed 

aspects. 

 

 

 

 

 

 

 

 

 
 

The system in Flanders is highly complex, as illustrated in Figure, even though only the 

most important components were included in the analysis. To delve into the system in 

more detail, it is possible to zoom in and highlight key elements. Figure  shows an 

example, zooming in on the institution “flow area management plans” and where each 

direct link can be captured. This allows for an easier interpretation of the complex entity 

for the spatial planner and lights up connections that may not previously be visible. 

Flanders is managed at different levels: federal, provincial, and municipal. However, 

these levels do not correspond to the water areas, which often results in overlaps and 

conflicts of interest between actors and institutions. 

Figure 6. Case study network analysis, the proportion of the circles gives an indication 

of the degree of importance in the system 

Legend 

       Actor (43,75%) 

        Factor (22,92%) 

        Institution (25%) 

        Intermediary/Mediator (8,33%) 
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Figure 7. Detailed perspective from the network analysis 

Remarkably, most relationships are found between actors, factors, and one intermediary 

(assessment framework). This highlights the importance of these components. Factors 

set everything in motion, thus influencing many components and triggering actions. The 

many relationships among actors can also be traced back to the various conflicts of 

interest, leading to additional connections. Despite their low population, 

intermediaries/mediators rank high in terms of importance, confirming that a wealth of 

data is available and that much is at stake. 

An interesting finding is that legislation is mainly focused on flooding, with little 

attention given to other aspects of the water system. Nonetheless, 25 percent of the 

population in the system is constituted by institutions that can influence the drought 

system. When looking at the relationships, it is noted that legislation has little to no 

power compared to other components. Changes in factors or developments within them 

do not lead to changes in policy, unless there is an acute problem. Reactive measures 

will then be taken for a limited time, but they are not enforced, thereby weakening their 

impact and not evolving on a long-term basis. 

 

6. Discussion 

The research conducted in this study has focused on key aspects while acknowledging 

that not all possible dimensions could be thoroughly examined due to the clarity and 

scope of this paper. It is evident that actors and factors exhibit numerous 

interrelationships and interdependencies, although the influence of legislation appears 

to be limited. The research methodology employed in this paper provides valuable 

insights into the system, enabling a better understanding of the various relationships 

and facilitating a more proactive approach. Previously, many studies focused within a 

delineated aspect of drought, not considering the implications of other remaining 

aspects within the issue of drought (Chapagain et al. 2021; Hagenlocher et al. 2019; 
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Slette et al. 2019). This method will change this by dividing a complex issue into several 

components and combining the relationships and influences, that the components exert 

on each other, within one system. It allows changing elements to be adjusted over time, 

thus obtaining a more resilient result.  

However, it is important to investigate whether different scales have an impact on the 

obtained results. Determining whether a global perspective, a detailed analysis at large 

scale or a site-specific approach, would yield more nuanced insights is an important 

aspect that warrants further investigation. Such exploration is essential to accurately 

visualise and comprehend the system, thereby empowering relevant authorities to 

undertake targeted and effective actions.  

Furthermore, it would be beneficial to explore how a network analysis, based on the 

ARA, can be geographically represented, as this aspect has not been addressed in the 

present paper. Incorporating geographic information into the analysis can potentially 

offer additional contextual information and enhance the overall understanding of the 

system dynamics. This geographical perspective may clarify the spatial distribution of 

actors, their interactions and the influence of geographical factors and institutions on 

the system's resilience. It thus may contribute to a more comprehensive understanding 

of anthropogenic drought. 

 

7. Conclusion 

Numerous studies have emphasised the necessity of transitioning towards a more 

resilient system that can effectively mitigate the impacts of climate change and human-

driven factors. To evolve towards a resilient drought management system, it is essential 

to establish a structured context. Drought, as a highly multidisciplinary problem, is often 

overlooked as a process interconnected with various underlying causes. This paper 

established a proper definition, through literature review, stating that the anthropogenic 

drought definition should be used to comprehend to problem properly. 

Solely using the definition is difficult, since the system is too complex. By translating the 

anthropogenic drought definition into the actor relational approach, the system can be 

conceptualised more operational. The ARA splits the interrelated elements into actors, 

factors, institutions, and intermediaries/mediators, and allows to be visualised in a 

network analysis program, like “Gephi”. Therewith it gives new insights for possible 

solutions, since it analyses the intense interrelationships between human and non-

human elements within a specific institutional setting, towards a resilient drought 

management system. 

For the case of Flanders, only the most important components were used. Nevertheless 

we note that the system has overlapping authorities and remains highly complex. Yet, 
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important relationships between connections became clear in the network analysis, 

which were not obvious from the desktop research. The most relationships were found 

between the actors, factors, and one intermediary (assessment framework). Despite 

institutions have the second largest representation in the system, we note that the 

degree of importance is low. This since the reactive measures are not maintained. 

Subsequently, the fixed measures are outdated and fixated on floods, thereby 

weakening the impact of the group institutions. 

In summary, employing network analysis to visualise the relationships between actors, 

factors, institutions, and intermediaries/mediators through a network analysis, provides 

a powerful method for understanding the intricate interactions within a drought system. 

Planners and policymakers can utilise this method to strive towards a more resilient 

system and formulate policy recommendations for further elaboration. 
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