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Abstract22

 23 

Ecosystem services are a telling concept to discuss the integrated management of natural resources, 24 

such as integrated water and soil, with non-academic stakeholders. Stakeholders have different 25 

perceptions regarding the management of various ecosystem services, which is challenging when 26 

aiming to develop and foster sustainable ecosystem management.  We performed a stakeholder 27 

analysis as part of a social-ecological study in preparation of a decision support system for integrated 28 

water management within the Lake Manyara sub-basin (LMSB), Tanzania. The area includes a National 29 

Park and UNESCO Biosphere Reserve. A group discussion listed 26 stakeholders, categorized according 30 

to sector, influence, and interest. The stakeholders were grouped into six functional categories: local 31 

Non Governmental Organisations (NGOs), other civil society groups, Belgian and international NGOs, 32 

authorities, academics associated to international donors and the private sector. We empirically 33 

identified advantages, shortcomings and associated risks when performing a stakeholder analysis with 34 

an interest-influence matrix. Confounding factors may include e.g., the omission of important 35 

stakeholders, a different understanding influence  and interest . 36 

 and influence37 

  Further, we 38 

consider stakeholders who directly extract resources from the social-ecological system (SES) as a 39 

separate category, because of their direct dependence and impact on the SES. This improved 40 

stakeholder analysis framework for developing decision support systems in water basins can 41 

contribute to better analysis, understanding and management of aquatic social-ecological systems in 42 

general.  43 

 44 

Key words: Biosphere Reserve- stakeholder analysis- decision support system- integrated water 45 

management  group discussion 46 
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Introduction49

Effective and fair environmental management requires the inclusion of relevant stakeholders, or 50 

Stakeholders can provide information 51 

about changes that have occurred in an ecosystem (Martins et al., 2018), identify problems and 52 

suggest alternative solutions (Wilson et al., 2006) and engage in social learning. In the absence of 53 

stakeholder analysis, particularly powerful and well-connected stakeholders can have a greater 54 

influence on decision-making outcomes than more marginalised groups; a problem that is especially 55 

acute in development projects (Chambers, 1997; Reed et al., 2009). Stakeholder analysis has been 56 

enriched by the development of participatory methods for project design and planning, for example, 57 

through participatory rural appraisal (PRA), action research, social forestry, and land-use planning 58 

(Grimble and Wellard, 1997; Mukherjee et al. 2018). 59 

Stakeholder knowledge is key to identify conservation purposes, to inform management and to 60 

understand human behaviour and motivations in the context of conservation, especially when 61 

complex behaviour Finally, stakeholder involvement is a 62 

prerequisite for socially robust knowledge that suits complex sustainability challenges (Cornell et al. 63 

2013). Some type of stakeholder analysis (SA) is therefore recommended for purposes of scoping 64 

opinions and knowledge, developing strategy and action plans, management plans, environmental 65 

impact assessments or decision support systems, or for increasing local communities  ownership of 66 

resource management and use. The seminal review by Reed et al. (2009) developed a typology of SA 67 

methods and their strengths and weaknesses. Typically, SA will identify and categorize stakeholders, 68 

and their mutual relationships. 69 

SA can be applied in the first place to 70 

identify and describe stakeholders in a particular setting, such as a social-ecological system (SES) 71 

(Donaldson and Preston, 1995; Ostrom, 2007). But beyond the descriptive SA, SA can also be 72 

instrumental, normative or a combination of those (Reed et al., 2009). SA becomes normative when 73 

it is used to legitimate certain policies or decisions through the involvement of key actors. SA is seen 74 

as instrumental when its purpose is to help stakeholders understand certain issues, adapt certain 75 

behaviours, technologies, or other possible solutions, hence rather at operational or management 76 

levels. Moreover, the clustering of stakeholders, based on similarities in specific stakeholder 77 

characteristics, such as their roles, degrees of power, or their management objectives, may also assist 78 

management decisions, as it can differentiate more clearly between those who make the decisions 79 

and those who are affected by the decisions made, and in what way and to what degree (Grimble and 80 

Wellard, 1997).  A variety of methods have been developed for such differentiation and categorisation, 81 
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t- - -82

et al., 2009, Hugé et al., 2018).  83 

Like other rangeland ecosystems in Tanzania, the Lake Manyara region in Northern Tanzania is of high 84 

conservation value, but subject to a myriad of anthropogenic pressures putting pressures on 85 

biodiversity (Kideghesho et al. 2013). We therefore consider it a suitable model system to analyse the 86 

role of stakeholders in matters of conservation and ecosystem services (ES). Janssens de Bisthoven et 87 

al. (2020) collected opinion and perceived trends about ES in group discussions and interviews during 88 

a social-ecological assessment of Lake Manyara sub-basin (LMSB) and compared these with relevant 89 

literature. Within the group discussions, they used tools to facilitate brainstorming such as the 90 

problem tree analysis (Zimmermann et al., 2008), Strengths-Weaknesses-Opportunities-Threats 91 

(SWOT) analysis, participatory mapping (Corbett and Rambaldi, 2009) or the prioritization of ES. These 92 

approaches have similar components to the Toolkit for Ecosystem Service Site-Based Assessment 93 

(TESSA) (Peh et al., 2013). Prior to these collective exercises, a routine SA was performed in plenary, 94 

consisting of (1) identifying stakeholders and (2) categorizing the95 

These results served as an implicit basis but were not presented nor elaborated on in 96 

Janssens de Bisthoven et al. (2020), as that study was more ES-oriented than actor-oriented. The 97 

present study intends to explicitly draw lessons learned from this particular SA and, as a benchmark, 98 

match them to insights developed in the literature. We will especially focus on the interest-influence 99 

matrix approach, by developing a critical appraisal in an empirical way. From the perspective of our 100 

roles, being project holders (of a competitive research project on underpinning decision support 101 

systems for LMSB), scientists and development practitioners, we analyse possible confounding factors 102 

of SA and we propose fine-tuning elements to make SA more performant (i.e. with less ambivalent 103 

implicit understanding by all actors of what influence and interest mean) in the field of management 104 

of aquatic ecosystems in particular, and social-ecological systems more generally.  105 

 106 

Materials and Methods 107 

General context 108 

In the framework of interuniversity cooperation projects between scientists from Belgium, Tanzania, 109 

Zimbabwe, the United Kingdom and South Africa, two participative workshops (WS) were held to 110 

better understand the perceptions of stakeholders concerning the ES in the Lake Manyara Sub-Basin 111 

(LMSB), Tanzania. The aim was to identify ideas or building blocks for the elaboration of a future 112 

decision support system for Integrated Water Management of LMSB. Seventeen stakeholders were 113 
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present in the 2015 workshop, and 18 during the 2016 workshop, representing114

universities, and 115 

authorities (local districts and water management). The choice of invited stakeholders was based on 116 

117 

local civil society. We tried to have a representative sample of stakeholders with a wide range of 118 

interest and influence on the management of the LMSB, its costs and benefits, also with the support 119 

of grey litterature. Although we used the same procedures of invitation for both workshops, we did 120 

not manage to get the same group of people, which was mainly due to individual agendas.  Not 121 

intentionally, WS1 was composed of stakeholders with more influence and a higher level of formal 122 

education, compared to WS2. We accepted it as an opportunity to have a more diverse sample of 123 

stakeholders when combining both WS. Stakeholders were working in group discussions (sensu Payne 124 

and Payne, 2004) and their stated points of interest ranged from small scale farming, land use planning 125 

and rights, to pastoralism, water management, and biodiversity conservation. Plenary, group and 126 

individual exercises were conducted during the two workshops; key features of these workshops are 127 

summarized in Table 1.  128 

Table 1: Overview of the activities conducted during the two  workshops regarding the 129 
management of Lake Manyara sub-basin, Tanzania, in 2015 and 2016. For each exercise, we specify 130 
whether it was organized as an individual, sub-groups or plenary exercise (n refers to the number of 131 
stakeholders, present). 132 

2015 workshop (n=17) 2016 workshop (n=18) 

 Stakeholder analysis (SA) (individual and 
plenary) 

 Problem/solution tree around the 
central problem of sedimentation and 
shrinking of Lake Manyara (individual 
and plenary) 

 Community mapping of the area (sub-
groups) 

 SWOT analysis concerning the need for 
a decision support system for integrated 
water management (plenary) 

 Summary of the 2015 workshop  
 Ecosystem services prioritization and 

trends (individual)  
 Detailed description of priority 

ecosystem services (sub-groups) 
 Mapping of priority ecosystem services 

(sub-groups) 

 133 

The results of these two workshops (WS) were complemented with interviews and published in 134 

Janssens de Bisthoven et al. (2020). In the present study, we focus mainly on WS 2015 (WS1) and its 135 

SA and SWOT. We however will refer to the 2016 WS (WS2) as well, since it is strongly linked, partially 136 

composed of the same actors and part of the same comprehensive social-ecological assessment of 137 

LMSB. The WS2 participants were informed about the findings of WS1, hence creating a continuum 138 

between both WS. Since WS2 contained enough stakeholders who also participated in WS1, sufficient 139 
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agreement remained on the results of WS1. In Table 2 are listed all stakeholders which were listed 140

during WS1 and which of those were present at WS1 and/or WS2.  141 

 142 

Stakeholder analysis 143 

The participants of the 2015 WS were asked to use individual cards to cite all possible stakeholders 144 

involved in the current use of the sub-basin, and their possible interest and role in a future decision 145 

support system for integrated water management. Using the classical stakeholder analysis framework, 146 

this list of stakeholders was subsequently classified during a plenary session into four categories: 1/ 147 

high interest, high influence, 2/high interest, low influence, 3/ low interest, high influence, 4/ low 148 

interest, low influence. These results were used to construct an interest-influence matrix: the X-axis 149 

gives the range from low to high interest, and the Y-axis from low to high influence. For ease of 150 

understanding and direct description of the stakeholders, we included these data directly in the right 151 

columns of Table 2 (reading these columns is equivalent to reading the interest-influence matrix data). 152 

We identified a posteriori several qualities and shortcomings of the influence-interest matrix 153 

according to a number of empirically defined criteria linked to the SA of WS 2015, the lessons learned 154 

from the 2016 WS, and we conducted a risk assessment for potential confounding factors. 155 

 156 

Results 157 

During the 2015 WS, participants were asked to list stakeholders and their main activities in the LMSB.  158 

Twenty-six stakeholders were listed during the workshop and categorized by collective consensus 159 

during the plenary session according to their function, influence, and interest in a future decision 160 

support system for the LMSB (Table 2). This consensus was reached by proposing an option by the 161 

moderators on their own knowledge base and then entering into a dialogue with the participants to 162 

reach convergence. The stakeholders identified can be grouped into 6 categories: local NGOs (2), other 163 

civil society associations and groups (informal groups, as opposed to accredited local NGOs of category 164 

1) (6), Belgian or international NGOs (3), authorities (8), project-related academics associated to 165 

donors, and private sector (5). Based on insights from the research team, and drawn from the 166 

workshops, several qualities and shortcomings of the SA as applied in LMSB, were identified as 167 

possible confounding factors and their associated risks (Table 3). 168 

 169 
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SWOT analysis

A collective exercise in the 2015 WS consisted of listing the criteria strengths-weaknesses-

opportunities-threats  (SWOT) identified in plenary session by the group discussion concerning the 

development of a decision support system for integrated water management of the LMSB Social 

Ecological System (Table 4).  The SWOT was reached in consensus after several rounds of dialogue for 

each of the criteria. Analysis of the SWOT reveals that of the 25 issues listed by the group discussion, 

11 issues are rather related to stakeholders  relationships and 14 issues are rather linked to the 

sustainable use or management of ES (Table 5).  

 

Confounding factors 

From previous listings and analyses (Tables 1-5), we identified several confounding factors when 

considering SA with interest-influence matrix or biplot of stakeholders. They are summarized in a 

conceptual biplot of interest against influence (Fig. 1): the participating stakeholders at the focus 

group or workshop are themselves stakeholders of the socio-ecological system under consideration. 

There is hence an element of subjectivity and bias towards the participants, who reflect about their 

own interest and influence and list other stakeholders who might be relevant for the central 

question, in this case, the opportunity to elaborate a decision support system for integrated water 

management. The gender ratio of the participants might have influenced the discussions as well, 

though we could not uncover in what way. Fact is that workshops in Africa are often numerically 

dominated by men, and in our study, this was unfortunately no exception. Calhoun et al. (2016) 

pleaded in that respect to better acknowledge the voice of women in fisheries management. 

Further, we consider the possibility that some important stakeholders were not present at the WS, 

with the dark triangles in Fig. 1, representing potentially important stakeholders with high influence 

and interest (upper triangle, e.g., members of parliament), and potentially important stakeholders 

with high interest but no influence (lower triangle, the so-called fragile groups, such as e.g., the 

indigenous groups and local communities, women groups, youth...). Moreover, it is theoretically 

possible that the SA listed stakeholders who are not relevant (false positive, error type I). And finally, 

the two axes (interest and influence) might be subjected to debate as to their exact significance, as it 

is collectively understood during the SA at the WS.  
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Discussion1

The conceptual  2 

The confounding factors listed in Table 3 were empirically derived from the discussions during the 3 

workshop, which focused on the integrated management of water as a key ES.  In terms of the 4 

5 

in communities have a lot at stake, hence a high 6 

interest as their livelihoods depend on the whole system (Wynants et al., 2019). Some 7 

listed stakeholders like fishermen were however not present at the WS (high interest, low political 8 

influence but high influence on the lake, lower triangle in Fig. 1), but the participants agreed that 9 

fishermen, even when only temporarily based in the area, have interest in, and influence the biotic 10 

system as they come fishing whether the season for fishing is open or not (illegally).  The conservation 11 

authority, Tanzania National Parks (TANAPA), would have a lot of influence in the National Park as it 12 

can decide who enters and who does not. Using natural resources was seen by the participants as 13 

rather tackles power relations (Reed 14 

et al. 2009).  15 

Local farmers do not have much power, hence no so-called formal, institutionalized influence , 16 

although they have high stakes, high existential  interest . Further, participants 17 

mentioned that lodges and hotels have a high influence as the community complains that they use all 18 

the water, and this causes conflict. Here again, influence is interpreted 19 

  20 

Smallholder farmers reported that they were invited to parliament, but still their influence stays rather 21 

limited. They reported that they cannot act without consulting the districts. But these have different 22 

interests. Different district authorities were categorized in different sectors within the interest-23 

influence matrix. For instance, the district of the town of Mto wa Mbu has a lot to contribute and to 24 

benefit. They are the primary beneficiaries. They can make the local people participate so they are 25 

influential. The group discussions highlighted the mutual relationships between stakeholders, one of 26 

the pillars of SA according to Reed et al. (2009) and Raum (2018). 27 

The bigger plantations can have a negative influence on the water balance. Their interests are high, 28 

but they are not of the same could be  in terms of 29 

impact on the SES. The place of the tourist lodges and the private tourism-linked sector caused a lot 30 

of discussion and disagreement. Do they have a positive or negative influence? What about the 31 
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conflict with communities? The fact that pastoralists burnt down a lodge shows the high conflict 32

potential in the area.  33 

34 

can have different meanings for different stakeholders. This makes the debate only richer. However, 35 

a more fine-tuned approach would facilitate a thorough understanding of the factors and actors in a 36 

SES (Table 6), bringing less ambivalence and more clarity. Moreover, scientists also are motivated by 37 

agenda and some development outcomes linked to 38 

their funding agency (Table 6). As funders, knowledge brokers, co-organizers and co-moderators of 39 

the workshops, they have multiple roles and might inadvertently or on purpose influence the 40 

discussion dynamics -41 

(2020) identified under-explored aspects of brokering expertise, such as the multiple dimensions of 42 

brokering, transdisciplinary skills and expertise, uncertainty management and knowledge translation 43 

practices. Interestingly, they found that scientists were building boundaries between science and 44 

policy to foster credibility and legitimacy for themselves as scientists and the knowledge they were 45 

brokering. We estimate this as being part of the game (or difficult to avoid), but active acknowledging 46 

these underlying processes would help establish clear boundaries of what can be expected from such 47 

workshops. 48 

If interest  a 49 

choice. That can be true for some  e.g. I can decide to care about Lake Manyara as a global . 50 

But for many local farmers and pastoralists ot a choice, there is just no plan B, it is a so-51 

. They need the lake, the land etc. Interest could be fine-tuned as a 52 

continuum of voluntary/non-voluntary interest. If influential actors (e.g., the government) realize that 53 

their stakes (their interests) are higher now, does that mean these interests are the same as the 54 

Pushing some influential (= powerful) actors to have stronger stakes in an area 55 

is not always desirable, especially when it comes at a higher cost to e.g. biodiversity (e.g. mass tourism 56 

or intensive agriculture). What would be desirable in the framework of developing a decision support 57 

system, is to involve influential actors (e.g. water authorities) with a genuine interest for the less 58 

influential ones who depend on ecosystem services for their existence (the local farmers, the 59 

pastoralists). Benevolent powerful actors, acting for the interests of the powerless is a desirable 60 

category. That is however an emancipatory thought and is a highly normative wish or reflection, as 61 

part of the SA process. 62 

because of lack of knowledge or awareness, and with some efforts of awareness raising and 63 

information, can become more or fully 64 

 (Table 6). 65 
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Analogically, instead of low or high ,66

 with their decision power and lobbying power, and this at three levels: policy and 67 

governance, management and local. Further, the SA on LMSB highlighted the fact that we needed to 68 

take the group of stakeholders directly extracting resources from the SES separately. These 69 

SB and 70 

area, although politically they have low or no influence. They might have a supportive or an 71 

antagonistic attitude (Table 6). Our typology, explained in Table 6, can be an additional fine-tuning of 72 

the classical interest-influence matrix. The typology is descriptive rather than normative, as the 73 

typology needs additional testing and fine-tuning in the field. The fact that the classical interest-74 

influence matrix tends to categorize stakeholders in four compartments (low vs high interest, low vs 75 

high influence) refrains from assigning stakeholders to different categories at the same time. This 76 

approach, 77 

quadrants are not static. Stakeholders, for example, can initially be indifferent or potentially 78 

supportive, but become supportive with the help of awareness campaigns, action research or 79 

education. For instance, pastoralists can be made aware of solutions to co-exist with wildlife (e.g., the 80 

use of living fences) and to benefit from eco-tourism schemes.  In the classical matrix these 81 

stakeholders would be plotted at the boundary between low and high interest. Further, our 82 

framework offers the possibility to fine-tune the type of influence attributed to certain groups of 83 

stakeholders. Our new framework therefore offers a template to better describe the real meaning of 84 

 85 

the ability to affect 86 

the provisioning of forest ES either directly through their use and/or management activity, or 87 

indirectly through policy and/or regulation. In his definition we can identify the bidirectionality of the 88 

possible influence (be it negative or positive), as well as the different levels of influence, be it direct 89 

(management and use) and indirect (policy and regulation). One elegant way to understand what is 90 

91 

92 

the Royal Society for the Protection of Birds (RSPB) has a medium to high interest in forest ES because 93 

of (1) it is mainly interested in biodiversity and (2) also other ES, partly to access public funds for 94 

management and conservation activities. Further, the RSPB has high influence, because it has a large 95 

membership, is wealthy and has a large land ownership (= another reason). By listing 19 stakeholders 96 

having some level of interest and influence in forest ES in the UK, Rau (2018) identified 34 reasons, 97 

why stakeholders might be interested, and 42 ways (how?) of having some sort of influence. Reed et 98 

al. (2009) identified strengths and weaknesses inherent to interest-influence matrices: they can be 99 
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used to prioritise stakeholders for inclusion and renders power dynamics more explicit (strengths). On 100

the other hand, prioritisation may marginalise certain groups; and it assumes that stakeholder 101 

categories based on interest influence are relevant (it can be seen as a possible weakness). A more 102 

in-depth analysis from the perspective of the social psychology literature of the significance of 103 

 104 

 105 

  106 
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Table 6. Typology for fine- stakeholder analysis in Lake 107

Manyara sub-basin (LMSB). Note that stakeholders may belong to several categories at the same time. 108 

This scheme is proposed as additional fine-tuning to the classical low-high interest-influence matrix 109 

used in SA.  110 

Interest Influence 
 (voluntary or existential): has 

genuine interest in environmental protection, 
the development of a Decision Support 
System (DSS) and IWMP and needs to be kept 
informed and involved. E.g., interest to 
receive or provide training, education & 
awareness. Is interested because can be 
affected by a DSS in a positive way: more 
income, need to optimize sustainable 
livelihoods activities, multiplicator, best 
practices, or because can enjoy the protected 
ES (e.g., tourism). 
Example from our study:  
- voluntary: tourists, scientists 
- existential: some farmers and pastoralists 

Supportive : has positive decision power 
concerning (in the case of LMSB) (1) water 
allocation, (2) land use, (3) benefit redistribution at  

 policy & governance level 
 management level 
 local level 

Example from our study:  
- district wards  
- TANAPA rangers 
- local NGOs 
 

: has antagonistic decision power 
concerning (in the case of LMSB) (1) water 
allocation, (2) land use, (3) benefit redistribution at  

 policy & governance level 
 management level 
 local level 

Example from our study:  
- some decision makers or ES users having vested 
interests 

: could be made more 
aware and interested because of their 
influence but lack of interest or ignorance. 
E.g., interest to receive training, education & 
awareness and to be empowered on rights. 
This category can switch to the supportive 
category by awareness, education, 
information.  
Example from our study:  
- local communities, villagers 
 

Supportive lobbying  at 
 policy & governance level 
 management level 
 local level, rallying/activist/ campaigning 

Example from our study:  
- Tourism industry in Arusha 
- International NGOs 
- The involved scientists from North and South have 
also their own interests, such as a research agenda, 
coupled with some desired development outcomes 
which are linked to the funding agency. 
Unsupportive  at 

  
  
 local level, rallying/activist/ campaigning 

Example from our study:  
- Politicians with vested interests 

: Does not feel concerned by 
the issue at stake.  
Example from our study:  
- some politicians, people not living in the 
area, not depending on the ES. 
 

No or small influence: has a fragile position, no 
influence socially and politically, this group includes 
marginalised populations, hunter-gatherers, 
indigenous people and communities or women and 

se with the strengthening or 
empowering in a rights-based approach by external 
dedicated actors. Their culture, world view, 
traditional knowledge, way of life or role in society 
are often threatened and often overseen.  
Example from our study:  
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- Poor communities, women & youth groups & 
associations, hunter-gatherers (Hadza, South-West
of LMSB) 

: has vested interests which are 
antagonistic to the intended changes. The 

wanting to have a say to 
resist intended changes, avoid losing actual 
income or switching to other economic activities. 
The degree of antagonism can be gradual and 
can switch to become supportive.  
Example from our study:  
- Farmers in intensive agriculture, some 
politicians 
 

Has influence on natural resources: these groups of 
stakeholders live from ES in a direct way, by 
extracting water, fish, medicinal plants, wildlife, 
wood etc, or having beehives favouring pollinating. 
Their economic activities have an impact on the SES, 
be it negative or sustainable. Their interests can 
cover the whole range, from supportive to 
antagonistic.  
Example from our study:  
Bee-keepers, traditional medicine men/women 

 111 

Who has a voice?  112 

As stated by Reed et al. (2009) and Stakeholder analysis enables the systematic 113 

identification of stakeholders, the assessment and comparison of their particular sets of interests, 114 

roles and powers, and the consideration and investigation of the relationships between them, 115 

including alliances, collaborations, and inherent conflicts . However, many questions need to be 116 

addressed in this debate, about representation , and who 117 

defines these issues (Reed et al., 2009; see also Schut et al. 2015 for the importance of power 118 

imbalances and unequal representation between stakeholder categories in integrated analysis of 119 

agricultural challenges).  120 

this social-ecological 121 

assessment of LMSB. As Brugha and Varvasovsky (2000) stated, stakeholder analysis is very much 122 

agendas, and influence on decision-123 

making processes. This is important to scope the feasibility of future policy options in a transparent 124 

way for all involved. Possible drawbacks of participatory stakeholder analysis are well described by 125 

Reed et al. (2009) and recognised in the present study, which guided us to identify the main 126 

confounding factors. In some cases, hidden agendas or covert interests may also skew the analysis 127 

(ODA, 1995), sometimes questioning the legitimacy based on categorisations (Reed et al., 2009). For 128 

example, Bardosh et al. (2014), in a case study on the zoonotic tapeworm Taenia solium in Laos, 129 

caution against using ethnographic participatory approaches in a purely instrumental way, to deliver 130 

messages perceived as scientifically correct. Rather, they should lead to a choice and implementation 131 

of policies that is adapted to the local bio-social context. Other potential problems include the 132 

perceived lack of knowledge, skills, or resources to conduct stakeholder analysis, concerns over what 133 

the analysis will reveal, fears that the analyses may be destabilising or manipulative, and ethical 134 

concerns about representing the views of other people (Fraser and Hubacek, 2007). The presence of 135 
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Western scientists as funders, knowledge brokers, co-organizers and co-moderators may also have a 136

huge influence on the group dynamics of such workshops. The whole group (North and South) is 137 

confronted with ingrained and often unconscious attitudes which were shaped by decades of 138 

colonialism and donor-beneficiary power balances (see Verran, 2002). This is a relevant subject in 139 

another debate, which is beyond the scope of the present study. Identifying the usual suspects may 140 

generate a danger that this may lead to the under-representation or even omission of marginalised or 141 

powerless groups (Calton and Kurland, 1996; Grimble and Chan, 1995) (see also confounding factors 142 

in Fig. 1, omission of important players, false positives, and negatives). 143 

 144 

Listing the stakeholders: who is in and how? 145 

As pointed out by Rau (2018), most studies that include stakeholders in ecosystem services research, 146 

do so at the local level only (e.g., Asah et al., 2012). In the case of the LMSB study, we expect that scale 147 

or distance of stakeholders to the provisioning of ES, might affect the level of interest. For example, 148 

Hartter and Goldman (2011) reported for a Ugandan forest park that an additional couple of 149 

kilometres distance from the protected area can cause substantial differences in benefits or harm 150 

experienced by stakeholders. We observed that the authorities of the town of Arusha, heavily 151 

dependent on the multi-million tourism industry in the Northern tourist circuits of Tanzania, might be 152 

highly interested, although not involved in the two workshops and not really mentioned in the SA, nor 153 

present at the WS (false negative, type II error). There is a real risk that some stakeholders may be 154 

accidently or not intentionally omitted (for agenda or logistic reasons) and therefore not all relevant 155 

stakeholders of the phenomenon may be identified (Clarkson, 1995) or present in the discussions, 156 

which is a false negative or type II error (Fig. 1). There is a risk of overlooking stakeholders who act as 157 

long-distance or indirect drivers of change, as is the case for e.g., international consumers of Nile perch 158 

from Lake Victoria (Van Asselen et al., 2013). In the LMSB case both WS did not include Arusha town, 159 

high level politicians, the tourism industry (dependent on wildlife viewing inside and outside the 160 

national park) and the commercial farmers (extraction of irrigation water from tributaries of Lake 161 

Manyara and pollution by pesticides), even though all have relatively high stakes in the ES of LMSB. 162 

On the other hand, it is often not possible to include all stakeholders and a line must be drawn at some 163 

point, based on well-founded criteria established by the research analyst (Clarke and Clegg, 1998). 164 

These may include for example, geographical criteria like the boundary of a protected area or 165 

demographic criteria such as nationality or age, depending on the focus of the analysis In this respect, 166 

enefits of ES to the same 167 

people) as described by Tallis et al. (2015) offers an interesting spatial tool to motivate conservation 168 
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efforts for stakeholders with different socio-economic interests. Also, such SA should rely on the 169

collective intelligence of all participants to arrive at a comprehensive analysis or understanding of the 170 

SES under scrutiny.  171 

 172 

Who is interested in what, and has influence on what? 173 

Although the SA performed within the framework of a social-economic analysis of LMSB proved useful 174 

(Janssens de Bisthoven et al. 2020), an ex-post critical appraisal of the tool used (interest-influence 175 

matrix) led us to identify a number of confounding factors (Fig. 1). These factors ranged from possible 176 

subjective and gender bias of the group discussions, omission of important players from the group 177 

and from 178 

 can be resolved by putting more effort into the 179 

180 

interest-influence matrix did not reflect a complex reality. Analyzing these factors and their associated 181 

risks (Table 3) guided us in defining a new fine-182 

 183 

 184 

What about the relationships between the stakeholders?  185 

 tool analyses how people relate to one another over natural resource use by splitting 186 

stakeholder  roles into rights, responsibilities, and revenues (benefits), and then assessing 187 

the relationship between these roles (Tekwe and Percy, 2001; Salam and Noguchi, 2006). In the 188 

present SES-assessment, less explicit attention has been devoted to the underlying relationships 189 

between the stakeholders. However, as shown during the lively debates at both workshops, we 190 

believe that the categorization of stakeholders according to their influence and role descriptions 191 

implicitly included a strong aspect of relationship. The SWOT analysis showed clearly that about half 192 

of the issues raised, directly concerned relationships among stakeholders, be it in a collaborative, 193 

informative or conflictual way. The data in Table 5 suggest that, when installing a Decision Support 194 

System for integrated water management, about half of the issues related to weaknesses, 195 

opportunities and threats are 196 

issues (e.g., access to water) related to ecosystem services were underlined. This observation 197 

accentuates the importance of engaging with stakeholders, especially in the management of natural 198 

resources, as ownership of processes by stakeholders is perceived as the key to success. This 199 

approach might also reduce the risks of possible weaknesses and threats and increase opportunities. 200 
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Among the 11 stakeholder-related statements collecte201

mostly related to community awareness). Concerning possible weaknesses, a lack of good 202 

communication or trust between communities and decision makers, academics, and commercial 203 

stakeholders is highlighted. Concerning opportunities, trust and joint efforts or cooperation appear 204 

as good entry points for opportunities. Concerning possible threats, the same issues emerge, such as 205 

bad communication, lack of trust, lack of tangible results in the field resulting from a DSS, lack of 206 

feedbacks. 207 

Reed et al. (2009) mention three main methods to investigate the relationships among stakeholders: 208 

(1) Actor-linkages, (2) Social Network Analysis; and (3) Knowledge Mapping Analyses. Rau (2018) 209 

described the roles of groups of stakeholders as providers, users, and regulators of forest ES, which is 210 

an actor-based approach. This comes the closest to our second WS 2016 where we let the stakeholders 211 

draw schemes of flows of goods and services from providers to beneficiaries, in combination with our 212 

interviews (Janssens de Bisthoven et al., 2020). Obviously, the power or influence of certain 213 

stakeholder categories upon others is the very basis of the underlying relationships and of potential 214 

conflict resolution. Negotiation among stakeholders about costs and benefits of ES is crucial to address 215 

concerns of credibility, saliency, and legitimacy, in order to define alternative scenarios, as explained 216 

by Adem Esmail and Gineletti (2017) for watershed management. When working with stakeholders, 217 

one has to be aware that different groups derive well-being benefits from different ES (Daw et al., 218 

2011). Daw et al. (2011) plead for disaggregated analysis of stakeholders, especially when dealing with 219 

ES related to poverty alleviation. Our SA typology (Table 6) contributes to this disaggregation, by 220 

looking in detail who is supportive, has interest or is influential in positive or negative sense.  221 

Approaches to link stakeholders and environmental management can be very diverse. Janssens de 222 

Bisthoven et al. (2020) framed the SES into the Driver-Pressure-State-Impact-Response framework, 223 

where the ES and the human well-being (inherently linked to stakeholders) were placed within the 224 

Impact compartment. Stakeholders with influence on decision making can be part of the Response 225 

box, while many other stakeholders will be affected by, or will affect ES (Driver and Pressure 226 

compartments). In this case it was more a statement-based approach (both from a literature review 227 

and from stakeholders present at the WS and in the surveys) in contrast to the actor-based approach 228 

of Rau (2018 In other cases, stakeholders may be analyzed for the costs and benefits they are subject 229 

to, linked to changed environmental patterns or management (Cong et al., 2014), or using multi-230 

criteria evaluation for different scenarios in water management or conservation (Rosso et al., 2014, 231 

Nyumba et al., 2018, Adem Esmail, 2018). Integrated approaches are increasingly recognised in order 232 

to support policy decisions (Ferreti, 2016). Notwithstanding the development of elaborate stakeholder 233 

engagement and analysis techniques, Young et al. (2016), stressed that processes need in the first 234 
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place to be fair and to instill trust among stakeholders, especially in situations of environmental 235

236 

central to conserving biodiversity. Such trust-building requires effort and resources, opportunities for 237 

appropriate dialogue between stakeholders and a willingness to share power in terms of knowledge 238 

and policy implementation, especially when local stakeholders are dependent on and knowledgeable 239 

). 240 

 241 

Conclusion 242 

 243 

A SA creates a process of reflection amongst the stakeholders, and a sense of knowledge about the 244 

issues at stake in such environmental conflict setting. It allows addressing issues which are difficult to 245 

address frontally and without the help of external facilitators. The latter may be considered more 246 

neutral (but see Denney et al. 2018 on how power relations between researchers, practitioners and 247 

stakeholders may have an influence). Thus, stakeholders observe themselves; it is like a self-248 

assessment (Fig. 1). 249 

helpful, but also may lead to confusion. Influence and interest can be defined in several 250 

ways, and hence the results will be biased to what stakeholders believe they understand.  251 

We propose an improvement to the analytical power of categorisation approaches in SA and the use 252 

of the interest-influence matrix SA tool by finetuning the typology of involved stakeholders. We 253 

suggest fine-tuning with additional criteria based on the level of support, distinguishing between 254 

voluntary or existential interest. Any number of stakeholder attributes can be included in this way and 255 

the resulting patterns examined and the implications assessed. This improved stakeholder analysis 256 

framework for developing DSSs in water basins can contribute to better support the analysis, 257 

understanding and management of aquatic social-ecological systems in general.  258 
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