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1. Introduction 

Of all natural hazards, it is drought that has recently caused the largest loss of life with approximately 650,000 deaths between 
1970 and 2019 [1]. Significantly, the occurrence of death and the severity of drought impacts varies widely between communities [2]. 
It is increasingly understood that the impact of drought depends upon factors beyond reduced rainfall and involves a complex 
interaction of social, environmental, economic, as well as hydrological vulnerabilities [3,4]. Drawing upon the multidimensional 
nature of drought risk, studies from different disciplines have identified an array of indicators to understand and measure vulnerability 
and resilience to drought impacts ([5,6]; Sasset al., 2024; [7]). These dimensions include indicators on water availability, hydrology, 
and soil conditions but also seek to capture the wide range of social and economic indicators such as migration [8], access to energy 
[9], and gender inequalities [10,11]. 

This investigation into indicators has resulted in a wealth of knowledge but has added complexity. In evaluating this knowledge, 
this study is affiliated with the Management of Disaster Risk and Societal Resilience (MADIS) Project1[12], which seeks to better 
understand and rank indicators in the context of agricultural drought for small-scale farmers. During the MADIS project over 100 
indicators were identified from the existing literature [13]. Despite the number of indicators, there is a gap in how the literature 
engages with the complexity and interactivity within a set of indicators [14–16]. The literature often presents indicators as fixed 
measurements. However, there is much less understanding of how indicators link to form cascading vulnerabilities or interconnect to 
improve resilience [16]. 

This paper starts to fill the gap by visualising indicators in a map, identifying the key indicators that interact with others to in
fluence outcomes. In doing so, it seeks to identify indicators that have the most influence over the system. The benefit of identifying 
influence points is to help pinpoint a priority or leverage point for policymaking and assist decision-makers in focussing often limited 
resources. It does this by using Fuzzy Cognitive Mapping (FCM) workshops to draw upon the experiences of those who have suffered 
from drought and who remain at risk. Whilst FCM has been used in drought studies previously it is believed this is the first time it has 
been used to identify the interaction and interdependency of drought indicators for impacts and adaptation. The results highlight the 
indicators that have the most influence on other indicators. From this, suggestions are made for areas where early policy intervention 
could be focussed. The result, and the contribution of the study, is a new way of looking at how indicators can be selected and used to 
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focus resources on areas with the potential for the biggest impact. 
The study explores the connectivity and escalation of drought impacts on small-scale farmers in South Africa, using workshops 

within two communities in Free State, South Africa. South Africa has the largest area of agricultural land in Africa [17]. Despite this, 
agriculture’s potential as a major driver in the economy remains unfulfilled [18]. Amongst social, economic, and political challenges, 
South Africa has suffered from several severe agricultural drought events most recently from 2014 to 2019 and is a country which faces 
significant challenges over water saving, irrigation techniques, and farming adaptation [19]. The focus is on small-scale farmers as a 
group particularly vulnerable to drought impacts [20,21]. Challenges are felt acutely within the farming communities as they battle 
with food production against depleting groundwater supplies, energy insecurity, and social impacts such as migration to urban areas. 

The paper analyses the literature on drought indicators in section 2. The South African context is discussed in section 3. The 
methodology is set out in section 4. The results from the FCM workshops are addressed in section 5 and split into two sections, firstly 
analysing the results around the impacts of drought and the second addressing coping and adaptation to drought. The discussion in 
section 6 brings the data sets together for evaluation. The conclusion in section 7 summarises the key issues and points for future 
research. 

The study aims to align with Sustainable Development Goals (SDGs) 2 (Zero Hunger), 6 (Clean Water and Sanitation), 7 (Affordable 
and Clean Energy), and 15 (Life on Land) and the methodological application (Section 4) specifically supports Gender Equality (SDG 5) 
(United Nations, 2023). 

2. Literature review 

The impacts of drought are not evenly spread, with the most vulnerable often the most seriously affected. Social, environmental, 
and economic factors affect how the impacts of drought are experienced as well as the resources available to cope and adapt [22]. 
Assessing vulnerability and resilience becomes a complex, multi-faceted task. 

Drought indicators measuring vulnerability and resilience can be amalgamated into composite indices or models which can then be 
used to determine strategies or assess levels of vulnerability and adaptability (e.g., Ref. [23,24]). Commonly, it is not only the hy
drological and meteorological levels that are concentrated upon but the availability of wider resources such as social capital, income, 
degree of education through to the availability of reasonable credit [23,25]. Drought indicators can be used to show the impacts of 
recurring events over time, with decreasing resilience as farmers use up their reserves to cope with adverse events. This is particularly 
relevant with the increasing frequency, yet unpredictability, of weather pattern changes due to the climate crisis with less time to 
recover before the next onset [25]. 

The connection between access to water to meet needs and societal vulnerabilities are evident in a study based in South Africa 
where historical differences in support between commercial and small-scale farming are noted [19]. The study notes differences in the 
availability of irrigation systems which reduce drought impacts with the most vulnerable having the least in terms of infrastructure 
support [19]. A further study in the KwaZulu-Natal region in South Africa noted nine indicators of social factors and drought 
vulnerability articulated in a way relevant to the local context such as social dependence on grants, gender of head of household, and 
external support from the Government [26]. Adaption and reduced vulnerability were also linked to the availability of Early Warning 
Systems (EWS) [26], representing an additional resource that can be drawn upon to support planning and response. The importance of 
context in understanding vulnerabilities and the resources to cope and adapt are evident in these studies. 

In looking at the context and the quality of data behind drought indicators, there is a recognition that scientific data can be 
incomplete or have insufficient granularity to be useful at a local level [27]. Climate change and changing weather patterns may also 
mean past datasets are not reliable indicators of future trends [57]. In addition to gaps in objective and scientific datasets there is a 
growing question around who is an ‘expert’ for the purpose of gathering data and the extent that local experiences and other forms of 
knowledge can be captured [24]. This represents another challenge for the use, credibility and reliability of indicators. 

With these challenges in mind, participatory approaches have been utilised, using a range of ‘expert’ input to fill gaps. Although no 
other study using FCM to both rank and link drought indicators was identified, there are studies that use FCM around drought in
dicators albeit with different aims. It has been used, for example, in drought risk monitoring [28] and drought indicator generation 
(Masinde et al., 2018). The latter sought to integrate indigenous knowledge and scientific data forecasts using FCM for a drought EWS. 
Indigenous knowledge, for example, around bird nesting patterns and flowering and fruiting of crops, was used to identify indicators of 
drought which could then be quantified and integrated into scientific datasets. FCM in the Masinde et al. study (2018) offers structure 
to a workshop, an agreed output (being a map), and a stimulus for thinking and discussion using the maps as prompts. This has parallels 
to the current study as it seeks to integrate local knowledge with the global expert data obtained via the MADIS project [12]. This 
bottom-up approach, using FCM, integrates local knowledge with the scientific knowledge evaluated in the MADIS project, recognising 
the importance of local knowledge and engagement in resilience building [29]. 

In considering participatory processes and drought experiences, the issue of gender arises with the literature noting gender dif
ferences in responses to droughts [30]. Whilst there is often an equal number of males to females in small-scale farming, disparities in 
terms of rights, equality, and empowerment remain with these issues being recognised as barriers to achieving the SDGs [55]. A 
difference in vulnerability to drought linked to the gender of the head of the household has already been noted [26]. The ability to cope 
and adapt differs with gender, for example, through a reduced availability of off-farm employment or reduced access to mitigating 
technologies [30] and constraints in accessing markets, infrastructure, and services (Food and Agriculture Organization of the [31]). 
Gender stereotyping and discrimination against women have been identified in this context [32]. In considering drought impacts and 
adaptation context both male and female voices need to be captured. 
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3. Case study 

South Africa is a water-stressed country and has suffered from several severe droughts in recent times [19,33]. The causes of 
drought are complex and include water governance, infrastructure, and demand management challenges [33]. On top of these 
challenges climate change and weather variability add further pressures to water security. Agriculture is responsible for some 60 % of 
water use across the country [34]. Agricultural production however has been described as ‘dualist’ between large scale commercial 
farmers from predominantly white communities, and small scale predominantly black farmers [35] with drought impacts felt 
differently between the groups [19]. Despite the significant land mass allocated to agriculture and the degree of water consumption, its 
contribution to the gross domestic product (GDP) remains low [36] although it plays an important part of the economy for employment 
as well as a source of food both internally and for neighbouring countries. In terms of energy systems, 95 % of electricity is supplied by 
Eskom, a para-national company. Energy services in the country were once lauded but now face significant problems around capacity 
and load-shedding with multiple, complex causes cited [37]. With the source of energy being mostly fossil fuel, the need of water for 
energy production is also a competing necessity. 

Two village communities were chosen for the workshops, Dubanchu and Sediba, both within the Thaba Nchu region of the Free 
State of South Africa on the central plains representing small-scale black farming communities. Most people in Thaba Nchu and its 
surroundings belong to the Barolong clan. The farmers in the two villages we interviewed, farm on communal land belonging to the 
Government but the traditional authority controls land management. The Barolong people have a long history of settlement in the area 
and were guaranteed land rights in the mid-1800s because they supported the colonial settlers during various wars [38]. Thaba Nchu 
was an enclave of Bophuthatswana (the apartheid state’s attempts to create nation-states) under apartheid rule [39]. The Government 
applied betterment planning resulting in various rural villages like the two in this study. Betterment planning also entailed strict 
control over stock and land use. However, by the late 1980s, these rules disappeared, and the Tribal Authority and farmers managed 
the land communally. Today, Thaba Nchu and its rural area resonate under the Mangaung Metropolitan Municipality with its 
headquarters in Bloemfontein. Many villages have been supported with electricity access, although water and sanitation systems 
remain rudimentary. 

The workshops took place within a homestead in the community of Dubanchu and in the local village hall in Sediba. 

4. Methodology 

This section sets out the methodology that was used for the FCM workshops with the South African communities. This section starts 
with a brief discussion of FCM followed by the process adopted. This method offers a contrast to the frequently used mixed methods 
technique of survey then interview or focus group (e.g., Ref. [40–42]), and reflects the aim to view indicators from a systems 
perspective. 

4.1. Overview 

The origins of cognitive mapping are attributed to Axelrod [43] as a semi-qualitative modelling tool using people to define the 
variables and relationships in a system and to map their connectivity [58]; [59]. Drawings or maps are created showing how different 
elements (nodes), are linked to one another through arrows. The finished maps become visualised mental models showing the chains 
and links between nodes and results in a complex system [27]. The ‘fuzzy’ addition to cognitive mapping is credited to [56] and 
provides a mechanism for the links between nodes to be weighted numerically as strong or weak and for the relationship to be recorded 
as positive or negative. 

Unlike some other participatory methods, mapping makes it possible for a system change to be simulated, by altering parameters 
within the system map [61] as well as the potential for different maps to be aggregated. For the current study this means it may be 
possible to visualise how an indicator in a ‘map’ is linked and influences other indicators. FCM appears suited to a face-to-face 
workshop environment where discussions can be facilitated and where mutual learning can take place between all attendees [44]. 
Noting the gender issues already raised, it is necessary to consider the female voice in the selection of participants. The workshop 
groups were segregated by gender to allow the female voice to be heard and to neutralise power dynamics between groups as far as 
possible [45]. 

The drought indicators for use on the workshops were taken from the published work of the MADIS project (see Ref. [13]). The 
methodological approach of FCM enabled the drawing in of community drought experiences in a way that could be integrated into the 
full range of data collected through MADIS. It is believed that this is the first time FCM has been used in this way for this purpose. 

Fig. 1. Overview of methodology.  
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4.2. Technique: Fuzzy Cognitive Mapping (FCM) 

FCMs have been used in diverse contexts and as a result there is variation in how the methodology is applied, for example, in 
ecological modelling integrating expert and local knowledge [60] and studies of interventions for sustainable water management using 
a range of stakeholders [46]. There is not one single format for FCM used in these studies and there are several decisions to be made in 
applying it as a methodology. Drawing upon these studies, the design of the FCM workshops was created following a six-stage process 
and summarised in Fig. 1. 

Steps 1 and 2 test and set the boundaries for the FCM workshops [46]. The Step 1 rationale for this study is to capture drought 
indicator connectivity and complement the MADIS expert findings. Step 2 defines the research questions to be addressed. In this case 
there are two research questions. The first being, ‘Which indicators impact upon your livelihood in a drought and how do those in
dicators interact with one another?’ The second map to answer the question, ‘Which indicators influence your community’s ability to 
adapt to drought risk and how do those indicators interact with one another?’ 

In setting out the remaining steps to the methodology, Section 4.4 below addresses participant selection in line with Step 3. Section 
4.5 explains the format of the sessions in line with Steps 4 and 5 Section 4.6 addresses data analysis for Step 6. 

4.3. Participant selection (Step 3) 

Participant selection under Step 3 was undertaken with the support of University of the Free State with care taken to ensure that the 
female voice was heard. Emerging farmers were identified in two communities; the requirements being those that had suffered from 
drought, and those that were continuing to suffer due to the impacts of climate change. Two settlements were chosen within Free State, 
South Africa drawing upon the expertise and local knowledge of the University of the Free State (Fig. 2. The first, Dubanchu is a 
settlement near Thaba Nchu. The second settlement is within Sediba, some 30 Kms north of Ramakgari. There were 16 participants in 
total. 

In each workshop there were two groups split into male and female. In Dubanchu the groups consisted of five male participants and 
three female participants. In Sediba there were five female participants and three male participants. 

4.4. Preliminary work and format of sessions (Steps 4 and 5) 

Advance decisions were taken about the information to be presented to the participants. This is acknowledged in Step 4 [46]. For 
both questions, the indicators were pre-selected by the MADIS team from the MADIS indicators developed through the Delphi process 
[13], relevant to impacts and coping and adaptation. Icons were chosen to represent the indicators along with their written description 
(translated into the local language, Setswana). The reason for this was to address any issues around literacy and to enable a multi
national research team to be able to easily identify and track the indicators as they were moved around the maps. 

The indicators that were selected for Question 1 are shown in Table 1 together with their icons, representing the indicators 
describing the impacts of drought. 

The second map addresses coping and adaptation and the selected indicators are shown in Table 2.2 

Step 5 addresses the format of the workshop sessions. The sessions were piloted before the formal workshops took place. At the start 
of each workshop, there was an explanatory session. Each group had a facilitator who functioned as an interpreter to support the map 
generating process. 

The groups were given large sheets of card to draw their group map with the indicator icons and descriptions on smaller cards to be 
moved on the large sheet. The indicators were connected with arrows drawn onto the sheets by the teams. These links were marked 
with ± markings to indicate a positive or negative causality and scored between 1 and 5 with 5 being a high correlation. The allocating 
of scores between 1 and 5 worked well and was grasped by participants in the pilot as well as in the formal workshops easily. The ±
correlation was more challenging. In keeping with a solution identified by Singh and Chudasama in an earlier FCM work, the ±
correlation was added by the facilitators drawing on the explanations given by the participants [8]. 

4.5. Data analysis (Step 6) 

In analysing the data, the scores between each link were normalised and the data was transposed onto a spreadsheet. To interpret 
the spreadsheets, online software Mental Modeler3 was used as applied in previous studies [47]. The software translates the 
spreadsheets into a digital map and provides a statistical analysis of the connections between indicators. The maps are included in 
Appendix 2. Mental modeler helped define and identify the following features of each map.  

• Drivers: also referred to as ‘outdegree’, the number of links starting from the indicator.  
• Receivers: also referred to as ‘indegree’, the number of links ending with the indicator.  
• Centrality: representing the number of links in and out of an indicator; its connectivity.  
• Density: the number of links against the number of nodes. 

For the study, ‘centrality’ was the feature used to explore how the maps could represent ‘importance’ to support the ranking of 
indicators. Whilst the most central indicator may not be the most ‘serious’ or the most subjectively important to a participant, through 
the maps it provides a semi-quantitative view of the indicator that connects and so influences the most other indicators – the most well- 

2 Although it is acknowledged that the distinction between coping and adaptation is significant in many instances, the distinction was not considered relevant for 
the purpose of this study [62]. 

3 More information can be found at https://www.mentalmodeler.com/. 
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Fig. 2. Regional map of the case study regions – Dubanchu and Sediba.  

Table 1 
List of indicators of impacts of drought. 
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connected. ‘Drivers’ were also noted which are at the start of a cascade of indicators. The study seeks to explore the potential use of 
‘drivers’, which have several links starting from them. This may suggest an area where an early intervention could inhibit the cascade 
of impact indicators in Question 1 or support the move towards coping and adaptation indicators in Question 2. Conversely, ‘receivers’, 
being at the end of a chain suggest indicators where intervention may be less influential. 

In addition to the data from the maps, the discussions and descriptions from participants are noted and qualitative data incor
porated to inform narratives or help explain the rationale for decisions made by the groups. 

5. Results and analysis 

The results of the FCM workshops are presented in two sections. The first section, 5.1, addresses the results on the impact of drought 
and section 5.2 addresses the results for coping and adapting. The maps are compared highlighting similarities and differences between 
the two locations (Dubanchu and Sediba) and gender. 

5.1. Impacts of drought 

Four maps were created in total by the groups, each addressing the relationship between 11 drought impact indicators (Table 1). A 
table of results (Table 3) is also included in Appendix 1. Each map digitalised by Mental Modeler is included in Appendix 2. 

5.1.1. Dubanchu 
There was commonality between the two maps in Dubanchu. The centrality rankings of each indicator were very similar (within 

three ranked places of each other). Further, the same indicators were in the top four in terms of centrality being.  

• loss of crops 

Table 2 
List of indicators of coping and adaptation to drought. 
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• reduced levels of groundwater  
• sale of livestock  
• increased poverty and unemployment 

Although placed towards the top of the rankings by each group, the focus on ‘sale of livestock’ was particularly strong in the female 
group with the indicator being the most central component i.e., the indicator with the most connections to other indicators. In digging 
deeper through the narratives and the influences in the maps, the importance of livestock as a ‘bank’ or ‘buffer’ was shown; livestock 
was a resource that could be sold to improve cash flow. Livestock was however also a burden which had to be disposed of to reduce the 
requirement for other resources such as fodder and water. This was a theme evident in all groups in all regions. 

The cascading impacts and influences between indicators was also seen in discussions around loss of crops and soil health, including 
the loss of food production for livestock. The male group also created new indicators, ‘wild [veld] fire’ due to drought, and depleted 
soils were added as a problem for their region. As explained by a male participant: 

Veld fires, I am thinking of maybe overgrazing when there is drought, they will be putting all of the cattle together in one field. 
Drought and over-grazing, most of the time go hand in hand because what happens is that when there is drought, the grass dries. 

In cascading impacts, the participants explained how drought forced them to buy animal fodder as less useable grass was available 
and this fodder became more expensive with the increased demand caused by drought. ‘Wildfire’ decreased the available grass further 
and forcing up the price of animal fodder. This was represented on the map as a connection between ‘wildfires’ and ‘price increases for 
animal feed’. 

Along with ‘wildfires’, the spiralling impacts of drought were also flagged by an additional indicator added, being the prevalence of 
‘animal diseases’ connected to drought. 

Normally when there is drought there are types of diseases we experience, like he’s talking the Lampi-skin 

This was a feature also independently flagged in subsequent workshops with the Sediba community and may reflect issues with 
animal health care problems in the country [48]. 

Poverty was also explained in terms of a driver as well as an outcome of drought. Rather than poverty being an outcome or 
‘receiver’ at the end of a cascading chain of indicators, the male group depicted ‘increased poverty and unemployment’ as a driver 
behind other indicators. For example, the map noted ‘increased poverty and unemployment’ leading to ‘migration away from the area’, 
‘sale of livestock’, and ‘wildfire’ (through over grazing). The downward spiralling cycles prompted by drought were expressed in the 
narratives. 

You lose production because we have to sell the animals and the market price at that time will not be good, because the market 
will then take advantage, they will give you a low price, meaning you are going to sell more to feed the others. 

And another commenting: 

The market price (of livestock) falls because when there is drought everybody wants to sell, so its too much in the market 

For the female group, ‘increased poverty and unemployment’ was also part of a cycle rather than at the end of the chain. They also 
articulated part of a cascade of indicator links, this time connected to food production. 

Nutrients will be reduced because of water, no water then nutritious food becomes reduced, when it reduces then we sell 
[livestock] … and then this one (indicator) will be created, poverty and unemployment. 

‘Increased poverty and unemployment’ prevented them from finding resources such as buying supplies of water. 
‘Increased gender inequality’ did not feature strongly in either map but was a feature within the narratives. For the female group, 

Gender inequality is the most important one as women we are not taken into consideration 

Although an important issue for this group, this did not materialise as a ‘driver’ or ‘central indicator’ in the maps. Gender in
equalities were mostly expressed in general terms rather than linked to drought. One clear example was articulated where it was felt 
lower prices were achieved for the sale of livestock if a woman rather than a man went to market. This was a feature also discussed in 
more detail by the female group in Sediba (Section 5.1.2). 

‘Increased gender inequality’ was discussed as an indicator by the male group as, 

It (drought) affects everybody because you can be female, lets say you were married and the husband died, and you are now 
taking over responsibility of the whole, its going to be affecting just like it affecting the male, so there is no difference 

The perception of this male group initially was of drought being a problem for landowners and predominantly male issue. However, 
on reflection within the group, examples could be seen where women would be equally impacted by drought. With that in mind, rather 
than being a male only issue, drought as perceived by the male group, is an issue that could affect male and female similarly. Within 
this male group, there was no recognition of women suffering differently or even worse than men; the issues and differences the female 
farmers faced were not recognised. 

There were two indicators which were ranked very differently by the two groups in this region. The first was ‘migration away from 
the area’ which was a more central theme with the male farmers than with the female group. The migration theme may warrant further 
study and could conceivably be an issue over the ability of different genders to move away from a region or vary with personal 
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experiences. Secondly, was the ‘change in energy needs’ with again the male participants considering this more central. The increase in 
energy consumption during a drought was noted by this group with pumping required to access water from boreholes. 

This one [referencing access to water] comes from drought and that makes the usage/demand if using electricity become very 
high 

And further, 

We have to use more electricity to pump the water 

The ‘change in energy needs’ indicator was found to be very context dependent on individual and local conditions including the 
area of land farmed and the type, cost, and reliability of energy sources for pumps for irrigation. In this context, it was not considered to 
be an issue by the female group whose power sources were mostly free access to wind turbine rather than grid, canister gas or diesel. 

5.1.2. Sediba 
A further workshop took place in the local village hall in Sediba. There were two groups of local farmers - one with 5 female and the 

other with 3 male participants. 
The experiences of the two groups, as depicted by the maps, showed some differences although two of the highest ‘central in

dicators’ were the same for both groups. Both groups gave high (top 2) ‘centrality’ to ‘increased poverty and unemployment’ (in line 
with Dubanchu groups) and both male and female groups in Sediba placed ‘soil degradation’ in the top 3 (in agreement with the male 
group but contrasting with the female group in Dubanchu). 

There were differences over the position of ‘loss of crops’ between genders (2nd in male group, 6th in female group) and ‘sale of 
livestock’ (11th in male group, 4th in female group). This could be explained by the difference in importance of crops versus livestock 
within the participant groups and the dependence on livestock as a ‘bank’ or ‘reserve’. The female group in Sediba, expressed the 
livestock position in similar terms to Dubanchu. This group expanded upon the issues around needing to sell livestock. The need for 
increased fodder was noted, but in addition the need for medicines for livestock because of drought was also flagged, mirroring the 
comments by the earlier group on costs impacts and ‘animal diseases’ from drought. They explained that they sell livestock so that they 
can raise funds to buy medication and fodder for the remaining livestock. The latter being important enough for the group to want this 
as an additional indicator. 

Both groups gave relatively low ‘centrality’ to ‘reduced levels of groundwater’ although it was a ‘driver’ in both maps. Although not 
a central connector, it was at the start of cascading impacts, for example, from increasing energy requirements, loss of crops, and 
through to the remaining indicators. Less ‘centrality’ about groundwater levels could be explained by the water storage and re-use 
position which, from the discussions in the workshops, appeared much more resilient and robust for this village. The groups 
animatedly discussed their community ‘jojo’ tanks with water storage being shared via the tanks when needed and if groundwater was 
in low supply. The tanks, filled by rainwater, had appeared during the last drought. When water levels were low, they were part of a 
scheme whereby a water company would fill the tanks. After the drought, all but two of the tanks were returned. The remaining tanks 
were used by the community for rainwater storage and re-use with the water being used for agriculture and boiled or sterilised for 
domestic use. An informal, communal arrangement over the use of the water from the ‘jojo’ tanks was in operation for community 
events including funerals. As a result, the quality of water for the community appeared a more prevailing concern than groundwater 
levels. 

The difference in gender responses was seen in terms of ‘change in energy needs’ with male and female groups considering it 
moderate (male) and low (female) in terms of ‘centrality’. This was like the Dubanchu groups. In the male group, there were also 
comments that sometimes less energy was needed in a drought, with less crops being produced in a drought and so less energy required 
for production, for example. 

‘Increased gender inequality’ had a relatively high degree of ‘centrality’ for the female group (ranked 5th) and was articulated with 
an example, with the ‘sale of livestock’ being linked to drought, 

You will find that most women are not going to auction, and there is a reason. Instead they send males to go, the reason is 
because auctions they undermine the female, so they are going to reduce the price if it is me, not a male figure. 

With the remaining participants in the group agreeing, this reflects a similar experience within the Dubanchu female group and a 
‘hidden’ prejudice. 

‘Increased gender inequality’ had a low ‘centrality’ (ranked 10th) in the male group, but this group also highlighted the emotional 
stress of drought that is not always captured in indicators and objective measurements. This group added ‘strain on relationship’ with 
this impact flowing from ‘increased poverty and unemployment’ and ‘loss of crops’. This was an additional indicator added by this 
group, with this indicator having a joint third degree of centrality in their map. 

5.2. Coping and adaptation to drought 

Question 2 considered a different set of indicators linked to coping and adaptation (Table 2). The groups remained the same. By this 
stage, the groups were well versed in the process and the maps were developed quickly. A table of results for Question 2 is included in 
Appendix 1 (Table 4). 

5.2.1. Dubanchu 
For the female group, the maps were denser, with noticeably more connections than earlier maps. Several indicators had similar 
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degrees of ‘centrality’. At the top, in terms of centrality, were ‘higher % of drought resistant crops cultivated’ and ‘advice and coaching 
on new techniques and technology’ aligning with a narrative from this group around self-sufficiency and managing their own risk. 
‘More water re-use or more efficient irrigation’, ‘access to energy’, and ‘Government policies on drought for small farmers’ were also 
towards the top of the list. 

At the bottom of the list of ‘centrality’ for the female group was ‘drought prediction and EWS’. This indicator was interpreted by the 
group as a tool to support Government policy making only, thus being an indicator that flowed into and supported informed policy 
making at an administrative level. The connection to their farms was not made out. ‘Drought prediction and EWS’ was not a tool the 
group interpreted as something they would use themselves or where they could see its role in their own management of drought. 

There were similarities and contrasts with the male group. The male map was less dense with fewer indicators used and fewer 
connections between them. Indicators on ‘advice and coaching on new techniques and technologies’, ‘access to energy’, and ‘more 
water re-use or more efficient irrigation’ were also towards the top of the list in terms of ‘centrality’ for the male group, with advice and 
coaching being at the very top. Government policies, whilst not central to the map, was a ‘driver’ behind cascading initiatives and was 
also clear from the narratives. One participant put forward his view as, 

It all starts with Government policies, when there is drought the Government help to draw a plan or policy on how to deal with 
the drought … 

A noticeable difference was the placing of the indicator for ‘more local land set aside for conservation and biodiversity’ (10th in 
female map, 2nd in male map). This indicator was interpreted differently by the male group. This group concentrated on soil type and 
the environmental conditions that arose when they used land and when they set it aside. It was not a biodiversity issue but a field 
suitability issue with some land set aside as less useful in normal conditions but that could be used in drought conditions. 

What we normally do is that we have fields that we plough in … but we know that when there is a drought ‘this on’ this 
particular field I can still use because of the type of soil … What we do is if its clay, clay soil holds water for longer period … 

There were very similar interpretations from the Sediba groups discussed below (Section 5.2.2). Further comments suggested that if 
there was early warning from the Government of drought conditions, the farmers would be better able to judge which land to set aside. 
It was explained that this use of land was becoming more important not just because of drought but due to the weather pattern changes 
with the predicted rains not falling as they used to, thus negatively impacting on farming planning and cycles. 

‘Improved produced storage and transportation capacity’ and ‘access to insurance, finance or credit’ did not feature in the male 
map at all and were at the middle or lower end of ‘centrality’ in the female group. In relation to finance, there were issues of this being 
perceived as relevant for large farmers not emerging farmers and thus of no use to them, with further issues over access to these types of 
resources. 

The problem is accessibility to the requirements we have to make certain thing before we can get it. It becomes difficult to access 
money … there are certain things they check, your ability to deal with credit, they check and then your ability to pay it back … 
they cannot take a risk. So it makes it difficult for emerging farmers 

In addition, issues were noted around ‘access to insurance, finance or credit’ that some of the groups did not want to openly discuss, 
referencing unlawful practices inhibiting their access to finances. 

The link between water and energy was expanded upon in the groups. Continuing with explanations from Question 1 about needing 
energy to pump groundwater, comments about the need of water for fertilisers in poor soil were also again noted. One participant 
commented, 

We use fertilisers and then because of the electricity that we use to water, because these fertilisers they will need water, and we 
need electricity to water them 

The groups highlighting that with depleted soil because of drought, nutrients or fertilisers could be added, but there remained a 
need for water and a cost in pumping it for the fertilisers to be effective. 

There was one additional indicator, and this was added by the male group. It was a new indicator labelled ‘windmills and jojo tanks’ 
and was a ‘driver’ in the map expressed as supporting ‘more water re-use or more efficient irrigation’; the water tank system again 
materialising as important for the communities. 

5.2.2. Sediba 
The differences in terms of ‘density’ were also noticeable in these maps, with the female group having significantly more con

nections between indicators. 
For the male group in Sediba, the most central component and a ‘driver’ was ‘Government policies on drought for small farmers’. 

‘Access to fertilisers or machinery’ and ‘higher % of drought resistant crops cultivated’ also had central, connected roles in the map. 
‘Drought prediction and EWS’ also had a low ‘centrality’ ranking as did ‘participation in local farming co-operatives’. 

Co-operatives were a central component in both maps but particularly the female map, where the co-operatives indicator was the 
strongest central component overall. For this female group, the benefits of information and exchange along with the use of local people 
and local resources was seen as an enabler into other indicators. A ‘higher % of drought resistant crops cultivated’, for example, flowed 
from co-operatives, as did advice on technology. As explained by a participant, 

Technology can also help me because I am learning, so this technology will help us to run the co-operative properly. 
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The Sediba groups articulated positive experiences of co-operatives which they could draw upon and expand upon. 
Similar to a group in Dubanchu, the female group in Sediba wanted to add an additional indicator around ‘jojo’ tanks, linking this to 

water re-use. The ‘jojo’ tanks were again given a high importance and prominence in the discussions. The connections were described 
by a participant summarising the map for the female group as, 

This water from the jojo tanks, helps us to irrigate more, okay, we use jojo tank water and it can be re-used, we fertilise the soil 
with it. And then drought prediction and early warning system, we will tell the Government in time and they will help us with 
advises on coaching and new techniques and technology. And then technology will help us with the land that we set aside, and 
then the land that is set aside we will then use. Improved transportation and storage will be used for the co-operative. The co- 
operative will help us to plough or plant crops that are drought resistant … 

Another similarity of Sediba to Dubanchu was around ‘local land set aside for conservation and biodiversity’ and this was again 
interpreted as fallow land which could be used in drought conditions. This was not to increase biodiversity for the greater good, but of 
having the availability of different soil types and conditions that could be used in the event of dry conditions. Participants explained 
how this set aside land was left but the soil conditioned and could be drawn upon if needed. 

‘Drought prediction and EWS’ again had a mixed response. Although Government policy was ranked centrally, the actual role of the 
Government was unclear within the group narratives and this was particularly evident in relation to EWS, as was the potential use and 
accessibility of EWS information. For some it was information from the Government, whilst others felt they needed to warn the 
Government about the drought and for the Government then to respond. 

It is important we tell the Government earlier or in time 

In contrast with, 

During drought, we have to be told in time right, early warning signs 

And another participant added, 

We have to be told and then we tell the Government 

A clear view of what an EWS was and what it would consist of was missing; as was a chain of communication. No existing 
communication structures bottom-up or top-down were evident in the narratives from the groups. 

6. Discussion 

6.1. Question 1–impacts 

It was anticipated from the literature that local context would be significant in understanding the impact of drought and this was 
the case, with the maps helping to account for the nuances between each village community. 

The maps were not identical, representing the different contexts and experiences of the groups, but there were common themes and 
areas of overlap. For example, the ‘centrality’ of ‘increased poverty and unemployment’ achieving top four centrality for all groups. To 
stress the point, the central indicator was not water. This accords with a view of the importance of socio-economic resilience [49]. The 
poverty indicator was frequently driving cascading chains or had high ‘centrality’ to other indicators suggesting an influence over 
other parts of the maps. The relentless drive towards poverty created by drought and vulnerabilities was also evident in discussions 
around the market forces and how increased fodder prices, for example, triggered by market demand in drought, exacerbated issues. 
The drought triggered higher prices for inputs such as fodder and reduced prices for sales of livestock. ‘Increased poverty and un
employment’, is not just an indicator of vulnerability to drought impacts but has a central role in driving vulnerabilities deeper. 

There are two reflections to draw from this, the first around poverty alleviation and the second around markets. 
The centrality around poverty provides support for decision-making or policies that focus upon poverty alleviation not just as a 

general policy goal but as a key, central drought mitigation step and calls for its inclusion in drought mitigation planning for these 
communities. 

Secondly, it also suggests that targeted policies that address socio-economic impacts of drought may limit the downwards spiral. In 
addition to direct financial support, it may be useful to consider Government-backed market controls when a drought is declared, to 
mitigate against the unfavourable market price fluctuations triggered by drought response. As well as in relation to fodder prices, this is 
seen in the maps in relation to the ‘sale of livestock’ indicator. The importance of livestock was of clear significance to three of the four 
groups and the narratives highlighted how livestock had dual conflicting goals as both an essential ‘bank’ or reserve, and a burden. The 
role of livestock as a ‘bank’ or reserve has been seen previously when exploring coping mechanisms to drought [50], with further 
evidence of that phenomenon here. What is flagged by the participants though, is the issue around the ‘sale of livestock’ at the ‘wrong’ 
time prompted by drought and the market forces that drove prices down – just when money was needed – were also highlighted. The 
implications to other indicators were also noted, again suggesting a potential leverage point for policy focus. 

A feature which did not align with the literature was in relation to gender. ‘Increased gender inequalities’ had higher rankings in the 
female groups and were not recognised by the male groups. There was a general sense of inequality with the female groups but, save for 
one exception over ‘sale of livestock’ at market, issues were not clearly linked to the indicators. That is not to say gender inequalities do 
not exist, but that the drought indicators did not prompt a detailed discussion on different gender impacts, or arguably that differences 
had become normalised. 

There may also be an issue with the indicator itself as being too diffuse a term. Gender differences were noted in the construction of 
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the maps, the female maps being noticeably denser (the reasons for this fall outside the remit of the study but would be of interest in 
further FCM work). There were also difference in preferences within the maps between genders. Energy was a less prominent issue for 
female groups, for example. This may be due to the energy supply availability to the female groups as energy was not something they 
had access to or relied upon outside drought, but could also reflect findings noted in existing literature, for example around acces
sibility to technical mitigation (often requiring energy) [32]. In exploring gender differences, it may be these less direct but more 
specific indicators can help give a clearer articulation of gender issues than a discussion on ‘gender inequalities’. 

Three new indicators were added by the groups. One around the stress of drought was articulated by a group adding ‘strain on 
relationship’ as an indicator in their map. This was not an indicator located in the 100 plus indicators identified in the literature or 
raised in expert discussions. There are reflections that can be drawn from this. Engagement with communities who have experienced 
drought draws upon their reality and lived experiences. A discussion on quantitative data and even indicators can miss the immense 
stress that drought can bring - as was evident in discussions with participants talking about the loss of crops and the distress in 
watching the death of their livestock, this being the basis of their livelihoods. The maps as evidence can support policy decisions but 
can also be a powerful means of articulation and communication of the issues faced. It also highlights the tensions and stress that build 
up on communities and when we consider support it is not just financial that is required. 

A further finding accords with discussions on what can be missed when there is a focus on large-scale technical infrastructure 
systems that ignore informal local structures and human behaviour. Irwin et al. [51], for example, discussed the close connection 
between technological acceptance and human behaviour around shocks to the water-energy-food system caused by events such as 
climate change. From the discussions within the groups the ‘jojo’ tanks appeared to provide a sense of security around groundwater 
replacement following their introduction in the previous drought. The ‘jojo’ tanks is also an example of collective action with the ‘jojo’ 
tanks being seen as a shared resource [51]. The issue around ‘jojo’ tanks provides further evidence of the importance of understanding 
context when applying indicators as the situation with ‘jojo’ tanks will not be replicated in all regions, but conversely also provides 
support for their introduction elsewhere. 

6.2. Question 2–coping and adaptation 

Question 2 addressed a different set of 11 indicators, this time focussing on coping and adaptation to drought. Whilst there was 
some alignment with the literature there were more differences. 

In terms of the two regions, there were areas of commonality. High ‘centrality’ by all groups was awarded to the indicator for 
‘advice and coaching on new techniques and technology’ and mostly very high ‘centrality’ was also seen for drought resistant crops 
cultivated. The communities appeared willing to learn and embrace new technologies as they coped not only with drought, but 
changing weather patterns, meaning the seed and land selection, water-saving, and soil improvement techniques needed to be adapted 
alongside. The narratives were more around wanting to learn to support themselves. This could be construed as a desire for outside 
support but does not necessarily align with literature around social dependency on grants or over-reliance on government support 
[26]. 

Although a desire from the farmers for practical support was a strong feature of the maps, a contrast can be made with indicators 
around economic support for example ‘access to finance, insurance or credit’ which did not feature strongly; this was contrary to 
expectation. The finance indicator was the 6th most central feature in two maps, and 9th and 10th respectively in the remaining maps. 
This is despite ‘increased poverty and unemployment’ being a key concern around impacts for the groups. This appears counter- 
intuitive in view of the strong poverty indicator and contrary to the studies where access to finance was considered positive [25]. 

Looking deeper into the maps and discussions, participants explained that whilst financial services existed, they were not available 
to them or had many bureaucratic hurdles to overcome. This may align with literature around the duality of farming experiences 
between different farming communities in South Africa, [35]. On further analysis, the participants echo studies on agricultural 
financing which highlight the risk aversion behaviour of financial institutions requiring Government policy intervention particularly 
around new farmers, women, and small holders [52]. Low experience and accessibility with finance appears behind its relatively low 
‘centrality’ in the maps. ‘Access to insurance, finance or credit’, is worthy of further exploration bearing in mind the importance of 
socio-economic resilience suggested by the impact maps. It suggests current means of improving socio-economic resilience through 
available finance mechanisms are not valuable or not perceived to be valuable. In addition to ensuring finance is available in reality as 
well as in theory, with barriers to access removed, it suggests work is needed preferably in hand with communities to ensure the 
products meet requirements and the potential benefits are clearly articulated. 

Communication issues were also evident in relation to EWS. It was anticipated that ‘drought prediction and EWS’ would receive 
high ‘centrality’ ratings being a tool that would support planning, seed and land selection for example. The placing of this indicator 
between the four groups was 4, 5, 10, and 11, so two groups giving this very low ‘centrality’. In the discussions this could be explained 
by the lack of existing information flows between government and community; there did not appear to be structures and norms already 
in existence for information to be communicated along. The possible finding of a disconnect is supported by the literature. South Africa 
is said to have comprehensive Disaster Risk Reduction policies but the extent these are successfully implemented is an issue [33]. A 
disconnect between Government departments has been noted together with a disconnect with some communities [35]. Rather than 
dismiss EWS as a suitable tool for the community it may mean that more fundamental structures around communication need to be in 
place before it ‘makes sense’ to those that would use it. 

In terms of outside support beyond the Government, the role of local farming co-operatives achieved higher ‘centrality’ in Sediba 
groups, possibly explained by their current positive experience of co-operatives as opposed to the position in Dubanchu. At their best, 
co-operation within local farming communities is seen in the literature as enhancing social capital and in turn reducing vulnerability 
[53], although anecdotally, when speaking to farming communities’, their experiences vary. Similar to finance and EWS, whether the 
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potential benefits of this are appreciated appears to be linked to previous experience. In a similar way to EWS, simply introducing them 
without structures, communication, and liaison with the communities will be insufficient if there is to be take-up and for the potential 
benefits to be achieved. 

The biodiversity indicator was interpreted by the groups in the same way – albeit not in the way intended by the study. Rather than 
an indicator for biodiversity for public well-being, it was seen as reflecting good farming practices of having fallow land. Rather than 
an endorsement of the biodiversity indicator, the ‘availability of fallow land’ could be an additional indicator and a further contri
bution to MADIS indicators. In relation to biodiversity, the benefits of having land set aside to enhance biodiversity are well established 
and noted in indicator research [23]. Despite this, there remains an issue over whose land this should affect and how they are 
‘compensated’ for providing a public good. The development of policy principles of public payments for public goods, to include 
payments for increasing biodiversity on land are beginning in the United Kingdom, as a way of establishing incentives for the loss of 
productive land as well as education on the benefits [54]. An identical policy or incentive cannot be assumed to be applicable in all 
jurisdictions, but it does suggest some form of Government intervention, in a context suitable way, is required to stimulate movement 
towards improving biodiversity. 

The different gender responses were more noticeable in Question 2, partly because of the content of the maps and responses, but 
also because of the density of the finished maps. The number of connections in the female maps were noticeably higher than the less 
dense maps created by the men. It would be overreaching to postulate on why there are density difference in the study to the extent that 
generalisations could be made. The results do, however, endorse the view that there are potential differences between genders both in 
approach to mapping and in experiences, and care is required to ensure all voices, approaches, and perspectives are noted [30,32]. 

7. Conclusion 

The goal to understand a drought indicator out of a static silo and in a system was achieved. Through narratives highlighting the 
strain on relationships and discussions on crops and livestock dying, the indicators were brought to life. The FCM workshops were able 
to show how drought indicators interconnect and offer opportunities that can be further explored, providing guidance around where 
resources or policies could be applied to be most effective. For impacts in Question 1 the centrality of poverty and unemployment was 
noted as was the sale of livestock, with socio-economic and market control policies therefore strongly indicated. Question 2 responses 
suggest current availability of financial services, Government communications, and EWS are not meeting needs. 

The paper explores how indicators should be viewed, not as static quantitative entities, but in a system and how viewing indicators 
in this way with communities provides new insights into the question of the ‘influence’ of an indicator with impacts on decision-makers 
(such as where good policy intervention points may lie). We believe this offers a fresh perspective in the field of drought indicator 
selection. Further, this research paper answers questions of how we can connect scientific datasets (in this case around drought in
dicators) with local knowledge. It showcases a methodology, FCM, which has significant and under-used potential in the field of 
drought indicator research as a tool to link communities with science-led indicator selection in a way that prompts deeper thinking 
from participants than a survey or interview. The results validate, challenge, enhance, and add nuance to scientific datasets by drawing 
upon the lived experience. 

This paper has shown the potential of an FCM approach to drought indicator research. The goals of this paper were considered with 
decision-makers in mind to find a way of cutting through the array of indicators and focussing on where limited resources could be 
most beneficially applied. This has refigured what may be considered ‘important’ in terms of ranking an indicator. Future work could 
focus upon engaging with decision-makers to create their own maps to cross refer with those created by their communities. A joint 
workshop, being sensitive to power imbalances, could als explored. There were some unanswered questions in terms of gender both in 
terms of how the maps were created and the content. A session that focussed more widely on gender inequalities rather than a drought 
context could be insightful. 

The FCM workshops encouraged thinking, debate and engagement on issues beyond that which would have been achieved through 
means such as interviews. FCM workshops could be used to identify financial tools for support, preferences communication with 
Government and EWS, and the wider introduction of farming-co-operatives. 

As well as areas of commonality, there were differences between the groups in terms of gender, context and experience, and this 
was reflected in the maps created. This acts as a reminder of the context dependence of drought indicators and a reflection on how 
generalisable they could or should be. The participants were able to offer new indicators that are important to them. This does remind 
us of the benefits but also the limitations of indicators, that they are a useful tool but the lived experience and context cannot be 
ignored. Despite the input of experts from around the globe in relation to drought indicators, the insights from affected communities 
are (at least) equally valid offering context and depth to our knowledge base and holistic data sets that can be used to support them. 
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Appendix 1. Tables  

Table 3 
Centrality rankings for impact indicators 
(= represents rankings shared by more than one indicator)  

Indicator no. Indicator (Impacts) Female Dubanchu Male Dubanchu Male Sediba Female Sediba 

1 Loss of crops 2 2 = 1 = 5 
2 Reduced levels of groundwater 4 3 9 10 
3 Sale of livestock 1 = 4 11 4 
4 Soil degradation = 8 = 5 3 3 
5 Reduced availability of nutritious food 7 = 5 4 9 
6 Reduced water quality 6 = 5 = 6 1 
7 Reduced investment in fertilisers, seeds, machinery = 4 7 5 = 7 
8 Migration away from the area 11 = 4 8 = 7 
9 Increased poverty and unemployment = 4 1 = 1 2 
10 Increased gender inequality = 8 11 10 = 5 
11 Change in energy needs 10 = 5 6 11 
Added 1 Increased animal feed price  5x   
Added 2 Wildfire  3x   
Added 3 Animal diseases  5x   
Added 4 Strain on relationship   3x  
Added 5 Medicine and fodder for animals    10x   

Table 4 
Centrality rankings for coping and adaptation indicators  

Indicator no. Indicator (Coping and adaptation) Female Dubanchu Male 
Dubanchu 

Male Sediba Female 
Sediba 

1 Government policies on drought for small farmers = 3 = 6 1 2 
2 Drought prediction and EWS 11 = 4 10 5 
3 Advice and coaching on new techniques and technology 2 1 = 4 3 
4 More water re-use and more efficient irrigation = 3 = 2 9 7 
5 Higher % of drought-resistant crops cultivated 1 = 6 3 10 
6 Access to insurance, finance or credit 6 10 6 = 9 
7 Access to fertilisers or machinery 6 = 6 2 = 9 
8 Access to energy = 3 = 4 7 11 
9 Participation in local farming co-operatives = 8 9 = 4 1 
10 More local land set aside for conservation and biodiversity 10 = 2 8 4 
11 Improved produce storage and transportation capacity = 8 10 11 6 
Added 1 Wind mills and jojo tanks  9x   
Added 2 Jojo tank    7x  
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Appendix 2. Maps 

As a key for the maps, ‘blue arrow’ indicates a positive relation; ‘orange arrow’ indicates a negative relation; ‘grey box’ is a pre- 
selected indicator; ‘green box’ means the indicator was not considered by the group while developing the map; and ‘yellow box’ 
refers to the new indicator added. 

Fig. 3. Map created by female group in Dubanchu for impact indicators.   

Fig. 4. Map created by male group in Dubanchu for impact indicators.   

Fig. 5. Map created by female group in Sediba for impact indicators.   

Fig. 6. Map created by male group in Sediba for impact indicators.   

Fig. 7. Map created by female group in Dubanchu for adaptation indicators.   
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Fig. 8. Map created by male group in Dubanchu for adaptation indicators.   

Fig. 9. Map created by male group in Sediba for adaptation indicators.   

Fig. 10. Map created by female group in Sediba for adaptation indicators.  
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