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Abstract

:

In the past 30 years, there has been a significant increase in drought events in Europe. It is expected that climate change will make droughts more frequent and intense. This situation is particularly concerning for areas with no drought management culture. This study focuses on North East Lower Saxony (NELS), an important agricultural region in northern Germany. We implement a novel approach to Group Model Building to assess the preparedness of NELS to deal with climate change and droughts. Our novel approach includes the creation of a preliminary model based on individual interviews and a triangulation of information after the workshop. We conclude that stakeholders are aware of climate change, but insufficient attention is given to adaptive solutions mainly because they require high initial investments. Given its existing political infrastructure, the region has the potential to adjust. With efficient government bodies are already in place, beneficial updates could be made to established water withdrawal regulations.
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1. Introduction


Of all climate events, droughts affect the most people around the world [1]. In the past 30 years, there has been an increase in drought events in Europe [2]. Prolonged summer heatwaves and droughts are associated with substantial financial, human, and environmental losses. The losses incurred from the 2018 drought were estimated to be EUR 3.3 billion, making it the costliest single-year weather event in Europe [3]. In Austria, for example, the agricultural losses caused by drought are higher than the combined losses due to hail, floods, storms, and frost [4]. Climate change is expected to increase the intensity and frequency of droughts [5], which could further exacerbate this effect [6]. The situation is particularly concerning for Mediterranean and Western Europe [5,7].



Historically, Germany has been considered a water-rich region and its agriculture is mainly rainfed. Since the 1980s, an increase in drought events has been observed with noticeable events in 2003, 2007, 2011 [8], and lately in 2018 and 2019 [3]. At a national level, climate change is expected to reduce water availability during the growing period. A temperature increase of 3 °C would imply an increase of more than 50% in the annual dry periods [9]. As the effects of climate change become more noticeable, the necessity of climate change adaptation becomes more evident. Government agencies, including the German Environment Agency, have suggested adaptation measures. However, the 2018 drought showed the vulnerability of German agricultural systems and the unpreparedness of governance structures to deal with droughts. To better deal with droughts, the system needs to increase its adaptation capacity and drought resilience.



Understanding how stakeholders perceive climate change can shed light on their behavioral intentions and support climate change adaptation [10,11]. Climate change perceptions are influenced by a multitude of factors including age, gender, political beliefs, education, farm size, emotions and personal experiences [10,12,13]. Perceptions, however, are significantly influenced by the level of education and access to weather and climate information [11,13,14,15]. There is extensive evidence suggesting that farmer’s climate change perceptions and awareness significantly influence their adaptation planning and adoption of adaptation practices [11,12,13,15,16,17,18,19]. Therefore, implementing an assessment of perceptions is a prerequisite to identify factors that could affect the adaptation process [11,19] of both of agriculture [14] and water resources [20]. The adaptation process can be defined as a three-step process. First, accurate climate risk perceptions; second, adaptation planning and third, implementation of adaptation [11,19].



Additionally, successful water management and climate change adaptation require the participation of numerous stakeholders including policymakers, farmers, NGOs, the private sector, researchers and communities. Their perceptions are crucial to support decision-makers to develop effective policies [12,13,20]. In particular water management benefits from the practical and critical perspectives of all water users [20]. Stakeholder engagement and participatory modeling are useful approaches to promote strategic decision-making for environmental resource management [21]. Participatory modeling also promotes an exchange of information between science and society [22] in which transdisciplinary knowledge exchange takes place.



Group Model Building (GMB) [23] is a useful and efficient method of implementing participatory modeling processes [24]. In GMB, the main objective is to capture the perception of the participating stakeholders on the problem to be solved. The results provide mental models of the participants’ perceptions of the problem. However, the main challenge in participatory modeling is to find a way around participants’ biases, beliefs, and interests [25]. Therefore, to improve objectivity and comprehensiveness, we propose modifying the GMB suggested by Vennix (1996) [23] to include a preliminary model based on the common perception of the participants and a triangulation process. By triangulation, we mean a combination of methods and comparison of information sources [26]. Through the implementation of our revised GMB approach, we developed causal-loop diagrams [24] together with stakeholders. In this study, we refer to those casual-loop diagrams as “models”. We created the models together with each stakeholder in a series of personal interviews and one group workshop. In total, we produced 20 individual models, a preliminary model, a group model, and a qualitative model.



Motivated by the recent drought events, we implemented our revised approach in North East Lower Saxony (NELS), an important agricultural region in Germany. Because droughts are a new phenomenon in northern Europe, we hypothesize that the agriculture industry in NELS might not be adequately prepared to face droughts associated with climate change. To explore this, we have set three research questions to assess the preparedness of NELS. First, how do stakeholders perceive climate change and drought? Second, are systemic adaptation measures being developed and implemented? Third, what are the possible challenges for adaptation in the region? Testing the preparedness of the region will also support the finding of possible knowledge gaps and needs for science-based services to support climate adaptation in the region. In this case, the need for better-customized climate services was one of the main drivers for this research.



Despite the significant number of studies implemented around the world exploring stakeholders’ perceptions on climate change [10,11,12,14,15,16,17,18,27,28,29], to our knowledge, no previous studies have focused on collecting the perceptions of farmers and other stakeholders in North East Lower Saxony. To fill this gap and support climate change adaptation we implemented this Group Model Building approach.




2. Case Study


This research focuses on NELS (Figure 1), an agricultural region situated in the north of Germany, as this region is representative of other similarly irrigated regions in Northern Europe. Within NELS, 47% of the land (5038.36 km2) is used for agriculture [30], and agriculture represents 2.39% of the gross value added (GVA). This is a high percentage when compared with the 0.85% at national level [31]. The region is located within the transition zone from Atlantic to continental climate [32,33]. This results in a reduction in precipitation from west to east.



NELS is characterized by sandy soils with extremely poor water retention capacity [31]. Despite light soils and insufficient precipitation during the growing season, the region specializes in growing water-demanding crops such as potatoes, sugar beets, and other vegetables. Because of this, farms since the 1950s have invested heavily in irrigation systems. Irrigation water is almost exclusively extracted from aquifers. The most widespread method of irrigation is the sprinkler gun irrigation system [33,34]. It is important to note that the majority of Germany’s irrigated land is located in Lower Saxony and that two thirds of that area is located in NELS [35].
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Figure 1. Left: Location of Lower Saxony (green) in Germany (red). Right: Location of NELS inside Lower Saxony. Maps from Egerer et al. (2021) [36]. 
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Multiple studies have demonstrated that climate change will not only increase the temperatures in Lower Saxony but also cause a change in precipitation patterns [37,38,39]. Scheihing (2019) [39] compared five studies modeling the effect of climate change in Lower Saxony within the reference period (1971–2000). The results show that in Lower Saxony temperatures are expected to increase between 0.6 and 2.2 °C in the middle of the century and increase between 0.6 and 4.9 °C by the end of the century. In the RCP 2.6 scenario, the changes to precipitation are barely detectable. However, in the RCP 8.5 scenario, the yearly average precipitation would increase by 4 to 7 % for the middle of the century, while the summer precipitation would decrease by 6% and winter precipitation would increase by 11%. At a national level, similar trends have already been detected. There has been a pattern of increased winter precipitation and decreased summer precipitation for the period from 1901–2000 for most of the country [40,41].



Observational data (eobs-v19.0e) [42] averaged over NELS show the historical temperature and precipitation trends. For the period 1950–2018, the annual average minimum and maximum temperatures have followed an incremental trend (Figure 2). The total annual precipitation, for the same period, shows a slightly increasing trend while the total precipitation during the growing season (March to August) has followed a slightly decreasing trend (Figure 3). These observations align with the trends identified by Trömel and Schönwiese (2008) [41].




3. Materials and Methods


Due to its complex cross-scale interactions, conflicting inputs, and multiple potential outcomes, climate change has been described as a wicked problem [43]; and climate change adaptation has been termed the “wicked problem par excellence” [44]. Wicked problems are difficult to formulate and arise as symptoms of other problems, their solutions are difficult to identify and they are not conclusive but rather better or worse [45]. Because wicked problems tend to arise at the boundary between humanity and the environment, solutions spawn unforeseen problems [43].



Diverse approaches have emerged to deal with wicked problems, with examples including combining collaborative and process-driven methods [46] or by combining strategic planning theory and Actor-Network-Theory [47]. A more classical approach that has been recognized as a powerful tool to deal with wicked problems is participatory modeling [25]. Participatory Modelling helps to collect the best knowledge about the system in order to understand its causes, drivers and outcomes [25], and portray it using cognitive mapping [48]. In our case, we use participatory modeling to lay the basis for responding to the three previous presented objectives. Through participatory modeling, we mined the mental database of stakeholders who hold institutional memory regarding system structures, policies, and decision-making. The mental database encompasses all the information in people’s minds, including their impressions and their understanding of the system and how decisions are taken [49]. This information is usually not available in written databases [50].



One way of implementing participatory modeling is through GMB (Figure 4) developed by Vennix, (1996) [23]. GMB is an effective way of capturing the stakeholders’ perceptions and values [51]. Perceptions refers to the way in which people interpret the world by recognizing external stimuli and reacting to them with actions [51]. However, the ultimate goal of a GMB intervention is not only to develop a model of the researched system, but also to delineate a shared understanding of a problem and foster proposed solutions [23] as stakeholders might have different and ambiguous opinions about the problem [52]. GMB is useful when the problem is difficult to identify or when the situation is so complex that no entry point for solutions can be easily identified [53].



In addition to its versatility when confronted with complex problems, GMB afforded us a platform to acquire information from a wide range of actors with diverse backgrounds [54]. Multiple studies have presented GMB as an effective tool to gather, record, and share information and as a means to solve complex issues [55,56,57,58]. With GMB it is possible to model individual as well as collective perspectives and to include them in the planning process [54]. For example, GMB has been used to anticipate and respond to hydrological events [59], to improve management of coastal areas [60], to plan urban agriculture [54] to model the water-energy-food nexus [24], and to manage wetlands [61].



GMB helped us achieve our first objective (stakeholders’ perceptions on climate change and drought) by giving us the opportunity to meet and listen to multiple stakeholders, from farmers and nature protection organizations to water managers and lawmakers and record their perceptions in models. It also helped us to meet our second objective (identify climate change adaptation measures), as the process allowed us to identify individuals and organizations already considering or implementing climate change adaptation measures. It further supported us to meet our third objective (pinpoint barriers to climate change adaptation), as the models serve as a record to be further analyzed. Finally, the process also builds the basis for a possible composite quantitative model.



We have implemented changes to the original method described in Vennix, (1996) [23] and developed a novel approach to GMB (Figure 4) by adding a preliminary model based on individual models and a triangulation process after the group workshop. We propose that these modifications to the method will improve the collection and utilization of information, reduce uncertainty, and compensate for lack of participation during group workshops. These changes should help the modeler achieve a better understanding of the study issue and enhance the model building process. Our approach to GMB is described in the following sections.



3.1. Phase 1: Stakeholder Analysis


A stakeholder analysis is a process used to identify groups, individuals, and organizations affected by a phenomenon in order to prioritize their participation in the decision-making process [62]. These groups, individuals and organizations are referred to as “stakeholders”. By including stakeholders in the model development process, models have a higher chance of being accepted, trusted, and used [25]. People who are excluded from the collaborative process might resist the results [23]. Additionally, an individual’s understanding of the system is limited in scope. For these reasons, it is necessary to include all relevant actors [63]. It is crucial to consider stakeholder analysis before starting the participatory process [62].



We performed the stakeholder analysis following two approaches: brainstorming in a focus group with experts [62,64] and snowball sampling [62,65]. As explained by Reed, (2009) [62], snowball sampling refers to a method in which individuals from the firstly-identified stakeholder groups help identify new stakeholder categories and contacts. By implementing two methods, our goal was to strengthen stakeholder identification and reduce the chances of leaving important parties out. Since stakeholder identification is usually an iterative process [62], additional participants were identified as the study progressed (see Table 1). Our aim was to strengthen the network and increase group diversity. We decided to include no more than twenty stakeholders as suggested by Vennix (1996) [23].



All participants received a formal invitation to contribute to the project. None of the stakeholders was economically compensated for their participation with the exception of travel expenses to the GMB workshop. None of the stakeholders had experience with system dynamics techniques before their participation in the study. However, all of them had completed basic education, with many of them holding M.Sc. and Ph.D. in their fields of work.




3.2. Phase 2: Individual Interviews


We conducted individual interviews to produce individual qualitative models. We chose a semi-structured interview approach, meaning that the topics and questions were developed beforehand. The wording and sequence of the questions could be adapted in situ while ensuring similar information was collected in every interview. During the approximately two-hour-long individual interview, each stakeholder was directly involved in the creation of an individual model. The stakeholders could, at all times during the interview, see their model as well as add and remove components/variables and adjust the connections between them. At the end of the interview, the stakeholder reviewed and validated their individual model. The objective of individual model building is to refine the perception of each stakeholder in order to accurately represent their personal perspective. Having an individual model also serves as a record in case the participant is unable to attend the group workshop. Additionally, the modelers can deepen their understanding of the issue and prepare for the group workshop.




3.3. Phase 3: Preliminary Model


After the individual interviews were held, we performed a desk analysis of the individual models to develop a preliminary qualitative model based on the gathered information to: (a) gain a general impression of the system’s behavior and (b) have a compendium of the stakeholder’s personal perceptions. This process of creating a preliminary model is one of our two modifications to Vennix’s (1996) [23] GMB method.



Our method to create a preliminary model incorporates (but is not equal to) fuzzy-cognitive mapping (FCM). In FCM, identified concepts and the relationship between them are depicted in a graph, with concepts located in nodes and the relationships between them represented by direct angles. To quantify the influence one component has on the other, weights are assigned to the direct angles, either by expert opinion or empirical data [66]. In our case, we chose our components and gave weight to the connections between them based on the individual models. Each individual model was considered as the expert opinion of a stakeholder.



To speed up the construction of the preliminary model, we developed a Python script to extract and order all variables present in all individual models. The script also created the preliminary model based on boundary conditions. First, the components were automatically arranged in a list ranging from the most frequently occurring to the least frequently occurring. Words which were unmistakable synonyms were grouped together. The script also identified how often a connection between two elements occurred in the individual models.



Afterwards, we fixed the boundary conditions by classifying the components and the relationships between them into tiers. Components which were present in 10 to 20 individual models were classified as Tier-1 components, while components occurring in fewer than 10 models were classified as Tier-2. The same classification was applied to the relationships, though relationships rarely repeat in more than 10 models. Because of this they were classified as Tier-1 (occurring in 10 or more models), Tier-2 (in 7 to 9 models), Tier-3 (in 3 to 6 models), and Tier-4 (in 0 to 2 models).



The preliminary model is composed only of Tier-1 components and Tier-1, Tier-2, and Tier-3 relationships. By including only the components mentioned by the majority of our stakeholders, we created a basic structure to capture the common perception of the system. At the same time, by giving weight to the relationships based on their recurrence in the individual models, we distinguished among interactions: low effect (Tier-1), considerable effect (Tier-2), and strong effect (Tier-3). In the model, thin lines denote a low effect, medium thickness lines denote a considerable effect, and thick lines denote a strong effect. This representation of a common perception of the system aims to reduce subjectivity.



As mentioned above, the preliminary model is created to obtain a general overview of the system, but it is not to function as a final representation of it. Its intention is to help the modeler understand what components and connections are important for the majority of the stakeholders. In other words, the preliminary model represents what the majority of the stakeholders believe is the core of the system and it can be interpreted as a common ground. Additionally, participants had the chance to voice their perceptions in the next step (workshop), ensuring that relevant minority information was not lost.




3.4. Phase 4: Group Model Building Workshop


Following the completion of the preliminary model, we organized a GMB workshop to which all interested parties were invited. In designing the workshop, we followed the four dimensions of GMB as interpreted by Hovmand, (2013) [56]. The result was a GMB workshop with the following dimensions: (1) adaptation of agriculture to climate change was set as the pre-defined problem; (2) the workshop was structured as a group process; (3) the workshop aimed at producing a group model at the end; and (4) the workshop started the process with the “blank slate” approach. Our team consisted of a group facilitator and three notes’ recorders [67].



Because presenting a preliminary model may reduce stakeholders’ feelings of ownership [23], may bias participants, and may create a framing effect [56], the preliminary model was not shown to stakeholders. Stakeholders engaged in a discussion and information exchange, guided and moderated by a facilitator. The facilitator relied on the model to guide the session and to ensure no valuable information was omitted. As the workshop took place, the relationships and components of the model were confirmed by stakeholder responses to questions posed by the facilitator. During the discussion, new components and relationships were added when agreed by all participants.



Besides describing the researched system, the developed model acted as a boundary object [53,68] as it physically represented dependencies across organizations, disciplines, society, and culture. At the same time, during the workshop, the group model was accessible and modifiable by all stakeholders [69]. The creation of boundary objects is crucial to developing and maintaining coherence across social realms [68]. Boundary objects are particularly useful in the context of GMB [53]. The model facilitates knowledge exchange and agreement among participants, which in turn improves the outcome [53]. Additionally, one of the most common complications in model building happens when one stakeholder group, or the facilitator, dominates the model building or when the facilitator ignores someone’s input [53]. In order to avoid this, the interview partners could at all times see the model that was being produced and suggest modifications to the model in any way they thought convenient.




3.5. Phase 5: Triangulation and Analysis


We added a triangulation process as a custom modification to Vennix’s GMB method. Usually, a GMB process ends with a group model produced during the group workshop. This might have disadvantages: not all stakeholders will attend the group workshop, the workshop might be unproductive due to differences of opinion, and participation and interest levels will vary. These situations may contribute to a model only partially representing the studied issue. However, we propose that these drawbacks can be overcome by applying triangulation.



Triangulation has been extensively described by Denzin (2009) [70] as a framework for combining methods, data sources, theories, and observations in an investigation. The term also refers to the process of gathering, comparing, and combining information from different sources [26,49]. This includes interviews, literature, previous studies, transcripts of individual or group sessions and personal observations [26]. Observations refer to direct visual observations, as perceptions of the person’s mood, non-verbal communication or remarks made when the recorder is off can supply additional valuable information [26]. Additionally, in this study, we include observations made during field trips and visits to local farms and facilities (e.g. biogas plant) in our personal observations. During social research, both data and methods can be triangulated [71,72]. Denzin (2009) [70] recommends the use of triangulation since every research method reveals a specific aspect of empirical reality. Interviews, for example, are almost never sufficient to acquire enough data, since people have only partial and local understanding of the system. Furthermore, interview data is often mixed and it could also include false information [49].



Therefore, it is the task of the modeler to triangulate with as many sources of information as possible to fully understand the structures of the system [49]. The modelers should extract the causal structures from the information provided by stakeholders and should validate the model with archival information (previous studies, reports, legislations and numerical data) as well as their own experience and observations [49]. Through triangulation, we can maximize information completeness while garnering cross-validation [73]. Additionally, objectivity can be difficult to achieve when the research is primarily based on the stakeholders’ subjectivity. Each user will respond based on their own past experiences, current mood, and personal idiosyncrasies [70]. Triangulation methods also help achieve an “intersubjective” objectivity [26] and, in most cases, triangulation resolves ambiguity [73].



Based on these parameters, we developed a qualitative system dynamics model representing the structure of the system, built upon the statements given by stakeholders during the interviews and the information captured by the preliminary and group models. First, the water balance of the region was placed as the focal point of the model as as effected by Hassanzadeh al. (2014) [74]. Afterwards, we identified the main causal structures in the preliminary and group models and we verified them with other sources of information coming from numerical and textual databases. The verification or cross-validation process intends to avoid the inclusion of false structures or information in the final model. All information present in the qualitative model can be traced to either the previous models, the literature, or personal observations.



After the completion of the qualitative model, we performed an analysis using the preliminary model, the group model and the qualitative model to answer our three objectives. Because the first two objectives of this research are related to stakeholders’ beliefs and behaviors, the preliminary and the group model were used to corroborate their views and engaged them in the model building process. However, to pinpoint the region’s possible challenges to climate change adaptation, an additional analysis was required. We based this second examination on the triangulated model.





4. Results and Discussion


This section presents the three models generated during this study plus the results of the analysis made based on our three objectives: (1) Determine how stakeholders perceive climate change and drought. (2) Identify whether systemic adaptation measures are being developed and implemented. (3) Outline possible challenges for adaptation in the region to decrease vulnerability. The models are presented in chronological order and they originate from phases 3, 4, and 5 of this study.



4.1. Perceptions on Climate Change and Drought


The models suggest that the majority of the stakeholders are aware of climate change at least to a certain degree, as both, the preliminary and group models include some reference to climate change. In the preliminary model (Figure 5), the climate considerably affects precipitation but the causes of climate change are not shown. In the group model, (Figure 6) stakeholders expressed that CO2 negatively affects the climate. While stakeholders can affirm that they are aware of climate change, deep understanding of its meaning and effects might by missing [18]. A crucial understanding of climate change and its effects is indispensable, as farmers who believe that climate change is human-caused are more inclined to agree that weather patterns are changing and they are more concerned about the impact on their farms [17]. When asked during the interviews if they perceived climate change, most stakeholders expressed that they have noticed changes in precipitation patterns and increasing temperatures. The majority agreed that winters are shorter and warmer, while summers are hotter. As seen in Figure 2 average temperature in the region has indeed been following an incremental trend. This was expected as there is considerable evidence highlighting that farmers’ climate change perceptions are usually in line with the actual climatic data trends [11,13,14,16,19,28].



In regards to drought, in the preliminary model (Figure 5), the effect of drought on the water balance of the region and the factors leading to drought are not represented. Drought is represented as an independent event having a low effect on yields. In the group model (Figure 6), “dry periods” are part of a group of weather events affecting the water balance but they are also not linked to climate change. There is no connection between climate change and droughts in any of the models, indicating that many stakeholders see drought as a weather event that is not necessarily caused by climate change. This could be a common perspective of farmers in northern Europe, as Ibrahim and Johansson (2021) [29] found that farmers in Öland, Sweden, strongly believe that the 2018 drought was part of a natural cycle and half of them do not expect their yields to decrease. They also found out that most of the farmers were climate skeptics and that respondents had no urgency to adapt to climate change. Stakeholders can sometimes falsely believe that climate change would not affect them or that it will affect others sometime in the far future. Low risk perceptions and skepticism slows down and discourages climate change adaptation [10,11,19], while underestimating climate risk perceptions could lead to maladaptation or no adaptation at all [11,19]



Because education and access to information is the main influencing stakeholders’ perceptions on climate change [11,13,14,15], information should be offered to stakeholder to promote informed climate change perceptions. Climate change communication can help increase the risk awareness of stakeholders [10]. Climate change awareness can and should be influenced by information campaigns, access to information and climate change education [11,17,27]. By offering access to information and advisory services, policymakers can strengthen the adaptation capacity of rural communities [13,19,27] and improve farmers’ knowledge and capacity to support mitigation of and adaptation to climate change [11,75]. Climate messages with a negative emotional content that emphasize the threat of climate change have proven the most efficient in increasing climate change adaptation intentions and the risk perception [76].




4.2. Adaptation Measures Implemented and under Development in the Region


For our second objective, several adaptation measures were observed in the preliminary and group models and mentioned by stakeholders (Table 2). The most frequently mentioned adaptation measure was the creation of water storage infrastructure, which is present in both the preliminary and the group models (Figure 5 and Figure 6). By storing water, which might come from water treatment plants or industry, the available water of the region could be increased. This could decrease the pressure on groundwater by reducing the need for extracting groundwater for irrigation. The local sugar refinery has already created a water reservoir to store process water, which is later used for irrigation. The water reuse project implemented by the sugar refinery demonstrates the successful incorporation of water storage projects. However, while water reservoirs for agriculture can support climate change adaptation they require high capital investment and have high social and environmental costs [77]. Besides, the scale of this particular project is currently too small to have a significant effect on the amount of available water in the region (Figure 5).



Stakeholders also continuously pointed out the importance of humus formation to promote fertile soils and increase the soil water retention capacity (Figure 5). The majority of the stakeholders are aware that the sandy soils need to be enriched with humus. The humification suggested by stakeholders is closely related to crop rotation and tillage (Figure 5) [78]. Soils with a higher percentage of organic matter are more fertile and have a better water holding capacity, which in turn increases soil moisture and reduces the demand for water (Figure 5) [79]. While stakeholders are clearly aware of this, the current crop rotation and tillage practices do not promote humus formation. It is also important to consider that humification is a process that usually takes decades to complete. There is a widespread belief that no tillage, one of the three principles of Conservation Agriculture, is only possible by using herbicides and pesticides (Figure 5) [29]. Organic farmers, however, stated that their practices promote humification and that they fully enjoyed the benefits of humus-rich soils. One organic farm had been promoting humification for two generations and claimed that they did not even have to irrigate their fields during the 2018 drought.



Renaturalization was mentioned as an option to promote groundwater recharge and improve the state of surface water (Figure 6). Stakeholders mentioned that renaturalization should improve the state of superficial waters. Additionally, by promoting recharge and reducing water retention, the total available water of the region could be increased. There were, however, no major renaturalization projects in the region at the time this study took place. Extensive research should be carried out before implementing land use change projects as there are mixed results explaining the effect of woodlands on groundwater recharge. In some cases, native and exotic woodlands substantially decrease groundwater recharge, when compared to grassland, due to higher rainfall interception [80,81]. In other cases, natural forest and forest plantations have higher degree infiltration as degraded land [81,82]. However, agriculture and forest do have a higher groundwater recharge capacity when compared to urban areas [83].



Digitalization was also suggested as a way to improve the efficiency of agriculture. Digitalization is the base for precision agriculture [84]. New technology allows farmers to increase the efficiency of their irrigation, tillage, fertilizer application, herbicide application, and animal husbandry (Figure 5). Mentioned examples include GPS guided vehicles for fertilizer and pesticide application and soil humidity monitoring systems. Precision agriculture benefits farmers as it means less waste of the previously mentioned resources and, therefore, lower cost [75]. Precision farming has a high potential for mitigation as it also promotes a reduction of emissions and higher yields [75]. Farmers who engage in precision agriculture become more focused on economy but also on environmental benefits and climate change adaptation and mitigation [29]. Several farmers were already investing in new technologies, for example in GPS guided tractors or systems to continuously monitor the humidity in the soil and irrigate their fields only when needed.



Several stakeholders suggested a new crop rotation or diversification of crops as an adaptation measure because of the high water consumption of current crop rotation. Diversification of crops increases the resilience to climate change and drought [75,85,86]. The effect current crops have on water demand is represented in both the preliminary and the group model (Figure 5 and Figure 6). While current crop rotation has a high water-demand, a stakeholder also mentioned that a large proportion of the current infrastructure is built around these crops. Farmers mentioned their reluctance to change crops because it could have a large impact on crop yields and subsequently on their profits (Figure 5). This mirrors the observation in Scandinavia by Ibrahim and Johansson (2021) [29]. While, changing crops could reduce water demand, these changes are costly and could lead to rebounding maladaptation due to the incompatibility with market demand [87]. Market demand incompatibility could also lead to maladaptation through a shift in vulnerability, as the local sugar refinery and the biogas plants, two of the strongest buyers of farmers’ yields, depend on sugar beets and maize.



A financial reserve for crises was also suggested (Figure 6) as an adaptation measure to help agriculture hedge against natural hazards such as droughts, floods, and/or crop failure. There is, however, no consensus around how to create the financial reserve and who should be responsible for it. Financial reserves could benefit the region during extreme events. However, this kind of measure can also increase the farmers’ dependence on government [88]. It may be problematic for stakeholders to rely exclusively on financial bailout. This measure would be available only following catastrophic weather events. There may be the danger of a “moral hazard” [89], where the prospect of a bailout incentivizes stakeholders to neglect adaptation measures. Therefore, considering this financial reserve as an excuse to abandon the implementation of other adaptation measures should be avoided. Doing this could lead to rebounding maladaptation.



Several types of water management strategies are present in the group model (Figure 6). Among them are water rights policy and limitation of use. These water management strategies, such as water usage regulation, have a direct influence on the water balance of the region. The region already has already water management bodies and a solid water usage regulation in place. The current regulation, however, was designed to manage a system with stable climate conditions, and it does not consider droughts or climate change. Traditionally, water management practices have relied on historical data. This practice does not consider the effects of climate change [90,91]. Improved water resources management should take into account the effects of climate change [39,91]. The new strategies should consider short- and long-term demand and rely on available scientific resources such as climate projections and hydrological modeling under climate change scenarios [90]. This could help improve the resilience of the region and benefit all users as competition for water resources intensifies [90]. Apart from climate change, developing successful water management practices has other challenges such as the different interests of stakeholders, the complexity of government networks, and multiple decision makers [92].



Lastly, legal measures at a European level (Figure 6), such as the European Water Framework Directive [93] and Nitrates Directives [94], were also mentioned as mechanisms for climate change adaptation and environmental protection. This perception goes in line with the intentions of the EU policy. Policies such as the EU Cap, the EU Floods Directive, the EU Adaptation Strategy and the EU Water Scarcity and Drought Strategy, are efforts to provide a framework to encourage adaptation at a farm level [75].




4.3. Possible Challenges for Adaptation in NELS


Based on the stakeholder perceptions summarized in the triangulated model (Figure 7), we have identified that NELS has three strengths but also four challenges to overcome (Table 3). The first strength is existing irrigation systems that serve as a buffer during dry periods, as exhibited in the 2018 drought. A second strength is that the region already has water usage regulations. The law has a direct effect on water balance as it controls the amount of water that can be extracted (Figure 6 and Figure 7). However, the current water regulations do not consider either drought events or the effects of climate change. The third strength is that the physical and governmental infrastructure necessary to manage water resources and allocate water rights already exists. According to stakeholders, these government bodies are powerful and have been efficient in controlling water allocation and extraction.



The system’s main vulnerability is the types of crops currently planted. Crops (Figure 5 and Figure 7) directly affect humus formation, but the current crop rotation does not promote this process. Additionally, the current crop rotation has a direct impact on water demand (Figure 7), as it consists mainly of potatoes, sugar beets, and corn, all of which are water-demanding crops. A second challenge is that irrigation use has two drawbacks: high energy cost (Figure 5 and Figure 7) and increased water extraction, which affects water balance and potentially other users (Figure 5, Figure 6 and Figure 7) if no other adaptation measures are implemented.



As a last challenge, the region has a variety of water users with the most important being agriculture, drinking water, industry, and natural habitats (Figure 7). The variety of water users could make water management a controversial environmental policy issue, because of the diversity of interests and the increasing level of conflict among stakeholders, especially during prolonged drought periods. More users also mean higher water extraction, which according to stakeholders could lead to future water conflicts.





5. Conclusions


We implemented a Group Model Building process based on Vennix (1996) [23] with two additions to the method: (1) an aggregated preliminary model based on the individual models and; (2) a triangulation process to develop a final qualitative model. This novel approach to GMB applied in NELS allowed us to explore our three objectives. Our study showed that creating a preliminary model by merging the individual models displays the shared or common perspective of all stakeholders, and it helps distinguish between interactions with a strong or weak impact on the region’s dynamics. The triangulation process showed that by comparing all the gathered information, the modeler can develop a qualitative model, which can be used to explore the strengths and challenges of the region. This model offers several advantages. First, triangulation processes encourage objectivity by comparing the stakeholders’ perceptions with information from other databases, and the personal observations of the modeler. Second, triangulation helps to compile the information gathered during the research into a single model, which is easier to understand. Third, it does not limit the collection of information to one source as it allows the modeler to include information gathered from other data sources.



Our results suggest that stakeholders are aware of climate change but they lack a deep understanding of the effects that climate change might have on the region and its relation to drought events. Stakeholders are aware of adaptation measures they could implement to cope with these challenges. However, we conclude that NELS is currently unprepared to cope with the effects of climate change. The unpreparedness of NELS lies mainly in the fact that the majority of the adaptation measures suggested by the stakeholders imply large-scale system changes, which require high initial investments or imply an additional risk. Because of this, no major adaptation efforts have been made at either a farm level or regional level. To promote more accurate climate change perceptions and thus trigger adaptation, we propose climate change communication as a solution to underestimate climate risk perceptions. In regards to adaptation measures, we propose large economic incentives as the majority of the suggested adaptation measures require significant initial investments, which farmers are not able to pay for themselves.



Finally, we recommend a better management of water resources taking into account the effects of climate change. This could help improve the resilience of the region and benefit all users as competition for water resources intensifies. Developing successful water management practices has other challenges, including the different interests of stakeholders, the complexity of government networks, and multiple decision makers. Despite the challenges and difficulties, developing a better water management strategy presents an opportunity to initiate the adaptation process without great economic investment. The region could also benefit from the development of a drought management plan. By implementing such a plan, water managers could enforce restrictions and controls to ensure water is available for all actors during drought periods and, at the same time, avoid overexploitation of water resources. This solution is extremely challenging, as it requires a deep analysis of available water resources, a risk analysis process, and changes to the current law. Encouragingly, the NELS region is supported by sound infrastructure and effective governing bodies, which makes tackling this challenge possible.
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Figure 2. Annual average minimum (blue) and maximum temperature (orange) in NELS for the period 1950–2018. 






Figure 2. Annual average minimum (blue) and maximum temperature (orange) in NELS for the period 1950–2018.



[image: Sustainability 14 02370 g002]







[image: Sustainability 14 02370 g003 550] 





Figure 3. Total annual precipitation (blue) and total precipitation during the growing season (orange) in NELS for the period 1950–2018. 






Figure 3. Total annual precipitation (blue) and total precipitation during the growing season (orange) in NELS for the period 1950–2018.



[image: Sustainability 14 02370 g003]







[image: Sustainability 14 02370 g004 550] 





Figure 4. The five stages of our approach to GMB process, from top to bottom. First, the stakeholder analysis phase. Second, the individual interviews producing individual models. Third, the analysis of the individual models to produce the preliminary model. Fourth, the GMB workshop to generate a group model. Fifth, the triangulation and analysis to build the qualitative model. 
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Figure 5. The preliminary model including all Tier-1 components. The thickness of the arrows represents the tier level, with low effect relationships (Tier-1) shown by thin blue arrows, considerable effect (Tier-2) by medium thick green arrows, and strong effect (Tier-3) by the thick red arrows. The binary operators represent the nature of the relationship, as they indicate if the effect is positively or negatively related to the cause. 
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Figure 6. The group model developed during the GMB session showing in detail the water balance and the water-demanding sectors of the region. The left side of the model shows factors influencing the water balance, while the right side shows the factors and sectors influencing regional water use. 
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Figure 7. The triangulated model, product of triangulation and compilation of the gathered data. A “+” indicates a proportional effect and a “-“ indicates an inversely proportional effect. In the model the main balancing and reinforcing feedback loops are marked; with (R) for reinforcing (or positive) and (B) for balancing (or negative) feedback loops. 
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Table 1. Participants in the study.






Table 1. Participants in the study.





	
Field

	
Organization






	
Farmers (n = 8)

	
Traditional agriculture (n =6)




	
Organic agriculture (n = 2)




	
Government agencies (n = 8)

	
Chamber of Agriculture of Lower Saxony (n = 3)




	
Water supply and management agencies (n = 2)




	
Lower Saxony State Department for Water, Coastal and Nature Conservation (n = 1)




	
Ministry of Agriculture (n = 1)




	
Ministry of the Environment (n = 1)




	
NGOs (n = 2)

	
Greenpeace (n = 1)




	
BUND (n = 1)




	
Other organizations (n = 2)

	
Farmers’ association (n = 1)




	
Irrigation association (n = 1)
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Table 2. Identified suggested and implemented adaptation measures and corresponding models.
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	Adaptation Measure
	Prel. Model
	Group Model
	Currently Implemented
	Challenge





	Water storage
	Yes
	Yes
	At a small scale
	High initial investment



	Humification
	Yes
	No
	Some farmers
	Extremely slow and dependent on crop rotation



	Renaturalization
	No
	Yes
	No
	Possible reduction of groundwater recharge and loss of usable land



	Digitalization
	Yes
	No
	Several farmers
	Initial investment



	New crop rotation
	Yes
	No
	No
	Rebounding and shift in vulnerability



	Financial reserve
	No
	Yes
	No
	Rebounding and shift in vulnerability



	Water management
	No
	Yes
	Yes
	Cover everyone’s needs



	EU legal measures
	No
	Yes
	Yes
	Could create new externalities
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Table 3. Strengths and challenges of the region in coping with possible future problems caused by climate change.
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Characteristic

	
Significance

	
Possible Consequences






	
Strengths

	
Irrigation systems

	
Ability to compensate for and cope with dry periods

	
Higher yield than rainfed agriculture




	
Water usage regulation

	
Controlled and managed use of water resources

	
Conservation of water resources while covering users’ needs




	
Infrastructure and government bodies

	
Government and water management bodies already exist

	
Efficient and fast implementation of measures




	
Challenges

	
Irrigation systems

	
More water extraction

More energy consumption

	
Increased pressure on water balance

Increase in costs and reduction of profit




	
Water usage regulation does not consider climate projections

	
Inability to cope with drought events

Incremental water extraction as temperatures rise

Increased extraction during drought events

	
Economic loss in at least one sector

Cumulative pressure on water balance

Drastic pressure on water balance




	
Crop rotation

	
High water demand

Not ideal for humification

	
Possible ever-increasing water demand under climate change




	
Multiple water users

	
Allocating water for all users during drought events

More water extraction

	
Water conflicts

Increased pressure on water balance
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