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1 Executive Summary 

o In 2019, only 2 out of 58 water bodies in the Medway Catchment received a good status. All 58 received 

a fail for chemical status. This study introduces a transdisciplinary methodology for exploring the 

challenges facing catchment management in the UK, using land-use as a lens through which to explore 

the hydrosocial futures of the Medway Catchment. We observe that catchment management in the UK 

is focused on the water supply chain and the future is often approached through static plans. We 

introduce the concept of Catchment Capabilities to enable an understanding of the interactions 

between land use and the array of value chains water is a part of, not simply an end product of. As part 

of this, we have developed Catchment Futures as an aid in navigating Catchment Capabilities, rather 

than the delivery of an illusory destination.  

o The study is led by a team of researchers from the Kent Interdisciplinary Centre for Spatial Studies which 

combines expertise in land use mapping and modelling, with stakeholder engagement and narrative 

creation. It is based on work that was conducted through feedback with Southern Water Services Ltd 

and the Medway Catchment Partnership, bringing together industry and stakeholder expertise. The 

strength of this approach is the combination of knowledge from different scales, perspectives, and 

interests to holistically explore the hydrosocial futures of a catchment. 

o The methodology starts with scenario creation involving semi-structured interviews with key 

stakeholders in the Medway Catchment as well as document analysis. A preliminary set of future 

scenarios are workshopped and refined with stakeholders. Following this, scenarios are translated into 

explicit descriptions of interacting drivers and processes as they unfold under each scenario. These are 

integrated into a land use/land cover change and hydrological modelling pipeline to link, map and 

quantify land-use, climate, water quality and water quantity under the different scenarios. The 

implications of alternative hydrosocial futures in the catchment are then assessed against sustainability 

objectives co-defined with local stakeholders. Finally, the protocol and code for scenario creation, 

modelling and visualisation in analogous catchment settings is elaborated.  

o This approach means the catchment is not reducible to water quality, water quantity or secondary 

environmental benefits found along the water supply chain. Instead, we consider the social, economic, 

and institutional components of a catchment from a generational perspective. In doing so we observe 

that catchment stakeholders can choose to engage in a trade-off between maintaining water quality, 

water quantity and secondary environmental benefits versus improving water equality, housing 

equality, access to green space and public health. Where choosing the former means stakeholders 

should focus on individual natural solutions like restoring a section of a river funded through 

philanthropy (broadly conceived). Or choosing the latter means recognizing dependence on a national 

shift in priorities toward resource-intensive solutions for the explicit improvement of local food 

production and reduction of social inequality, such as increasing public investment in sustainable 

intensive farming. However, the extent of the small benefits potentially achieved from either one of 

these choices is vastly outweighed by the benefits that could emerge if stakeholders coordinate 

transparently and inclusively in order to adapt land use across the catchment. 

o In sum, this study was an exploration of the hydrosocial futures of a catchment and the implications of 

catchment-wide changes and continuities in land-use under different scenarios. Identifying which 

changes at the land-use level, and their associated scenarios, are in effect the solutions to hydrological 

challenges.   
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2 Extended Summary 
 

o The goal of Catchment Futures is to explore plausible futures for the Medway Catchment and help 

decision-makers to be better placed to face the different ways the future may unfold. 

o Catchment Futures has two specific objectives: to examine how land cover and land use in the Medway 

Catchment may change given certain assumptions about the future; and to assess the implications of 

land cover and use change, given objectives for the water environment. 

o The project builds on the idea that creating viable water futures relies on understanding and assessing 

processes of land use change and their interactions with the water environment. At the core of our 

approach are Catchment Capabilities, the vision that ecological assets - at the heart of land-water 

interactions - can be harnessed to build resilient and sustainable hydrosocial futures. 

o Understanding complex catchments such as the Medway calls for a transdisciplinary approach. Thus, 

we draw concepts and methodologies from geography, anthropology, landscape ecology, hydrology, 

and sustainability science to understand and explore hydrosocial futures of the Medway. 

o Empirically, the project is based on a set of four interlocking work packages (Figure 1), three of which 

are co-developed with stakeholders (scenario creation, scenario disaggregation, impact assessment), 

and one based on stakeholder input (modelling and visualisation). 

 

o Initially, four exploratory scenarios were created through document analysis and semi-structured 

interviews with catchment stakeholders (n=25). This generated the initial narrative form of the 

scenarios and encompassed, in a concise form, four different plausible ‘worlds’. Thus, the scenarios are 

driven by a common set of processes that emerge differently for each scenario: responses to climate 

change, population, agriculture, land ownership, biodiversity conservation, mode of behaviour and 

infrastructure. Furthermore, based on the interview material and document analysis, we created a 

scenario framework along two axes of uncertainty (Figure 2): the hardness of the solution for the water 

environment (e.g. planting more trees as a standard part of agricultural practice versus building a 

desalination plant); and depth of coordination at the catchment level. We thus elaborated four 

scenarios: Soft-Siloed, Soft-Coordinated, Hard-Siloed, and Hard-Coordinated (Figure 3). 

Scenario 
Creation

Modelling and 
Visualisation

Impact 
Assessment

Scenario 
Disaggregation

 

Figure 1. Schematic representation of the empirical process of Catchment Futures 
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Figure 2. The scenarios’ axes of uncertainty 

 

o In a subsequent step, the four narrative scenarios were disaggregated with input from a stakeholder 

workshop into explicit causal networks of interactive drivers and processes (Figure 3). A causal network, 

centred on land-use and land-cover changes and practices, was created for each scenario, following a 

series of consultations with stakeholders. The key outcome of this work package was to convert the 

qualitative data collected so far, through document analysis and interviews with stakeholders, into a 

format that could be used as an input for land use modelling (WP3) and assessment of each scenario 

(WP4). A work-in-progress side-project that emerged from this was the framework for an online futures 

encyclopaedia. This involved design a way to populate the futurescape through these scenarios in a 

publicly accessible digital format that could be read and added to by public users. In doing so, (i) setting 

up a means for the futurescape to be continually updated and adapted as we move into the future, 

guided by the compass of scenarios, (ii) educating non-expert users and the public in modelling, (iii) and 

increasing the efficacy of the modelling process by making it accessible to different forms of expertise 

rather than just presenting directive conclusions. 

o The four narrative and causal network scenarios were then elaborated into four different land use/ land 

cover (LULC) futures. Using a LULC modelling framework called ‘Conversion of Land Use and its Effects’ 

and using R as a simulation platform and a project-customised version of the lulcc package (Moulds et 

al. 2015), we simulated four LULC maps for 2040, one for each scenario (Figure 4). To create the 

different LULC maps, we created different sets of LULC change simulation parameters, drawn from 

causal maps and narrative scenarios. Three main different parameters were drawn that differentiated 

the three scenarios: demand for each LULC class in the future, transition matrices between the LULC 

classes, and LULC class elasticity. Thus, we ended with four different maps, each representing LULC in 

the different hydrosocial futures developed through interaction with catchment stakeholders. 
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Figure 3. Scenario specific processes 

 

o Based on these maps, in order to assess the impact of the scenarios against certain sustainability 

objectives directly reflected in the maps, we calculated a number of indicators related to LULC for each 

scenario: green space in residential areas, woodland in residential areas and landscape heterogeneity 

in agricultural areas as a function of the presence of woodland and other natural areas. The Soft-

Coordinated scenario performed best overall, followed by the Soft-Siloed scenario in landscape 

heterogeneity and Hard-Coordinated in residential green spaces and woodland (Table 1). 
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Figure 4. Land use/ land cover scenarios for the Medway Catchment. Top-left clock-wise SC, HC, HS, SS 

 

Table 1. LULC-related indicators for the four scenarios 

Statistic (summarized) HS SS HC SC 

Green space near residential areas 1.47 1.71 2.1 1.80 

Ratio of residential areas with green space 0.15 0.16 0.31 0.17 

Woodland (broadleaved, coniferous, mixed) in and near residential areas 4.32 4.14 4.75 4.08 

Residential areas access to all woodland (broadleaved, coniferous, mixed) 0.33 0.42 0.37 0.44 

Broadleaved and mixed woodland in and near residential areas 3.80 4.05 3.68 4.27 

Residential areas with ‘access’ to broadleaved and mixed woodland 0.31 0.41 0.29 0.43 

Woodland (broadleaved, coniferous, mixed) in agricultural areas 3.50 5.33 4.42 5.81 

Agricultural areas with woodland (broadleaved, coniferous, mixed)  0.30 0.51 0.38 0.62 

Broadleaved and mixed forests in agricultural areas 3.29 5.23 3.96 5.62 

Agricultural land use with broadleaved and mixed forests 0.29 0.52 0.34 0.62 

Natural areas (all forests, wetlands, heather/moor) in agricultural areas 3.74 6.32 4.73 6.14 

Agricultural areas with natural areas (all forests, wetlands, heather/moor) 0.32 0.62 0.38 0.61 

 

o Using the LULC maps as the main input, we quantified water quantity and quality for each LULC future 

to arrive at what we call hydrosocial futures. We used a modelling framework called InVEST (Integrated 
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Valuation of Ecosystem Services and Tradeoffs), and specifically, two of its modules, Water Yield and 

Nutrient Delivery, to estimate two quantities for each scenario: realised water supply, and nutrient 

(nitrogen and phosphorus) retention. Climate (in the form of precipitation and evapotranspiration) is 

incorporated using the Future Flows Climate dataset for the years 2037-2042, a gridded ensemble 

climate projection of Hadley Centre's Regional climate projection ensemble HadRM3-PPE for Great 

Britain at a 1-km resolution (1950 to 2098). Future water demand and nutrient loads are estimated 

using current abstraction data and the scenarios from Environment Agency (2017). Comparatively the 

Hard-Siloed scenario underperforms in terms of water supply and water quality aspect, whilst SC 

performs the best. Hard-Coordinated and Soft-Siloed are closer together, with Soft-Siloed being slightly 

better in terms of water supply (Table 2). 

 

Table 2. Numerical results from the InVEST water yield model 

 

Scenario Realised supply (m3/year) Nitrogen export (kg/year) Phosphorus export (kg/year) 

SS 289819465 429033 54196 

SC 345766114 290812 29675 

HS 106305426 911220 93409 

HC 260461309 672177 60938 

 

o We analysed the implication of the alternative hydrosocial futures for the Medway Catchment by 

submitting them to a sustainability assessment. Sustainability objectives were identified in peer-

reviewed, policy and grey literature, and co-defined for the Medway Catchment with stakeholders. A 

total of 29 respondents generated 1558 granular responses, resulting in 58 objectives in total. In the 

analyses that followed, based on the significance stakeholders attached to each objective, we reduced 

that number to 20 objectives, covering all domains of sustainability: environmental (6 objectives), social 

(5), economic (5), plus institutional capacity (2) and water (2), and for ease of visualisation summarised 

each objective according to their key relationship, as to whether they were about increasing or 

generating ↑ (e.g. “enhance”), decreasing ↓ (e.g. “reduce”), maintaining ↔ (e.g. “conserve”), 

restoring ↕ or adapting with ↝ a variable (Table 7). 

o Each scenario was then scored on the sustainability objectives we co-defined with the stakeholders. 

We used the LULC spatial statistics and hydrological models that are related to sustainability objectives, 

alongside extending the causal network diagrams of each scenario to identify which sustainability 

objectives would be affected in each given scenario and identified whether each future had a net 

positive or negative impact on each objective and whether this was of strong significance or weak 

significance. The Soft-Coordinated scenario performed best in the sustainability assessment, across 

most objectives and overall. The Hard-Coordinated and Soft-Siloed are ‘tied’ in second place, while 

Hard-Siloed did not perform well against the given sustainability objectives (Table 7). We also observed 

a trade-off between water quality, water quantity and secondary environmental benefits versus water 

equality, housing equality, access to green space and public health (Figure 5). 
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Table 3. Sustainability objectives and assessment 
 

SCENARIOS SUSTAINABILITY OBJECTIVES (summarized) 

SC HC SS HS ↑= Increasing; ↓= Decreasing; ↔ = Maintaining; ↕ = Restoring; ↝ = Adapting 

2 -1 1 -2 Water positive agriculture ↔↑ 

2 -1 1 -2 Water positive rivers ↔↑ 

1 2 -2 -1 Flood risk ↓ 

1 -1 2 -2 Characteristic semi-natural habitat ↔↕ Habitat connectivity ↑ 

1 2 -1 -2 Greenspace access ↑ Public use for health ↑ 

2 -1 1 -2 Carbon stores ↔↕ Carbon sequestration ↑ 

2 1 -1 -2 Quality of life, health, and wellbeing ↔↑ Health threats ↓ 

2 1 -1 -2 Biosecurity ↑ Disease ↔↓ Invasives ↔ 

1 -1 2 -2 Natural beauty and scenic value ↑ 

2 1 -1 -2 Life expectancy ↑ Health inequality ↓ 

-1 2 -1 -2 Housing equality ↑ 

2 -1 1 -2 External inputs on farms ↓ 

2 -1 1 -2 Farm business resilience to crisis ↑ 

2 -1 1 -2 Local resource-based livelihoods ↑↝ 

2 1 -1 -2 Landworker rights and conditions ↔ 

2 1 -2 -1 Employment ↑ Precarity ↓ 

2 1 -2 -1 Political democracy ↑ 

2 1 -1 -2 Economic democracy and cultural diversity ↑ 

2 -1 1 -2 Water Quantity ↔ Drought ↝ 

2 -1 1 -2 Water Quality ↑ 

 

Environmental Social Economic Institutional Capacity Water 

 
Strong Positive Weak Positive  Weak Negative Strong Negative 

-50 -40 -30 -20 -10 0 10 20 30 40

Soft Coordinated

Hard Coordinated

Soft Siloed

Hard Siloed

Environmental Social Economic Institutional capacity Water

Figure 5. Assessment of 4 scenarios by grouped objectives 
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o Summarising the results of this project we first mention, the development of future hydrosocial 

scenarios for the Medway Catchment as an approach that includes many of the core stakeholders of 

the catchment. The term hydrosocial is crucial here, as in contrast to many of the quantitative scenarios 

circulating in the water sector, this study is deeply invested in fully elaborating holistic socio-ecological 

futures, encompassing responses to climate, infrastructure, population, conservation, agriculture, and 

the way these might co-develop in the future.  

o Second, we developed a modelling pipeline that can take these scenarios, in the form of narratives and 

causal diagrams, and quantify them in terms of LULC, water quality and water quantity using robust, 

peer-reviewed, and nationally tested modelling frameworks. This was a crucial step, so far missing from 

the UK water sector. Equally important, this scenario-cum-modelling pipeline is replicable in other 

catchments, as data and modelling frameworks used can be generated or acquired across the UK, and 

code and protocols from this project allow for replication of the work. 

o Third, we developed composite sustainability objectives for the Medway Catchment. This 20-item list 

includes objectives from all sustainability domains, plus four additional ones related to water and 

institutional capacity. Due to them being co-defined by catchment stakeholders, the list of objectives is 

designed to reflect a range of opinions and positions on what is a good status for the catchment and 

what a sustainable future might look like. 

o Fourth, by further developing the concept of Catchment Capabilities, we are upgrading conceptual 

thinking behind catchment-based approaches.  Academic papers are in development that describe the 

concept of Catchment Capabilities so as to inform and further upgrade catchment-based approaches 

and address persistent limitations in water management. 

o Future avenues for work include: fully exploring the social space of the catchment by increasing 

stakeholder engagement and expanding (types of) interaction; developing “live” versions of the 

modelling pipeline to construct on-the-fly catchment futures with stakeholders; including more climate 

scenarios beyond the downscaled version of SRES A1B; localising and ground-truthing LULC models (e.g. 

exploiting County Council databases for data on future housing and industrial sites); exploring trade-

offs in the water-food-energy nexus, especially as they relate to policy developments and public 

interest. 
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3 Project Overview 

3.1 Introduction   

Catchment Futures is a one-year research project characterising potential scenarios for the future of 

the water environment in the Medway Catchment and prototyping a reproducible method for doing 

so. The research is sponsored by Southern Water (SW) and led by researchers in the Kent 

Interdisciplinary Centre for Spatial Studies (KISS) at the University of Kent (UNIKENT). The specific focus 

of the project was to understand this future from the vantage point of land use change. Its two key 

objectives were to:   

o Examine how land cover/use in the Medway Catchment may change given assumptions about 

the future.   

o Assess the implications of land cover/use change in the Medway Catchment given objectives 

for the water environment.  

The origins of this project and its specific objectives emerge from exploratory discussions between SW 

and KISS on areas of joint research interest and preliminary research development activities conducted 

by KISS for SW since 2016. As part of this work, KISS set out a vision to SW around the rubric of 

‘Harnessing Catchment Capabilities for Total Water Management’1. Alongside other factors, the 

Catchment Capabilities approach advances the idea that creating viable water futures relies on an 

understanding and assessment of processes of land use change and their interactions with the water 

environment. An underlying assumption that guides this vision is that ecological assets at the heart of 

these land-water interactions can, in principle, be harnessed to build resilience and sustainability in the 

water environment. This view is consistent with larger developments in environmental science and 

policy.  

3.2 Scenario Building:  Scope and Purpose 

Fundamentally, the Catchment Futures project advanced a process of ‘scenario building’ as part of this 

larger Catchment Capabilities vision, working in conjunction with the Project Sponsors SW and the 

Medway Catchment Partnership, a key local beneficiary of the research. The use of scenario building 

techniques is, if not standard practice in the natural resource management and planning arena, 

certainly a growing area of activity. In general terms, scenario building can be understood as the process 

of describing a contrasting set of narratives about the long-term future given a series of “if-then” 

propositions (Henrichs et al., 2007: 2). In the context of environmental decision making, Swart et al. 

(2004: 139) characterise scenario building as the process of creating:   

 ‘[C]oherent and plausible stories, told in words and numbers, about the possible 

coevolutionary pathways of combined human and environmental systems. They generally 

include a definition of problem boundaries, a characterization of current conditions and 

processes driving change, an identification of critical uncertainties and assumptions on how 

they are resolved, and images of the future.’ 

There is a plethora of different types and typologies of scenarios published and used in “future” studies 

(see Annex A. in Börjeson et al. 2006), but an important overall point is that scenario creation serves a 

 

 

1 Bormpoudakis, B, Fish, R. and Tzanopoulos, J. (2017) Harnessing Catchment Capabilities for Total Water Management’ 
(Kent Interdisciplinary Centre for Spatial Studies: University of Kent). 
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different purpose to establishing a ‘vision’. For instance, scenarios are unlike the ideas embodied in the 

Medway Catchment Partnership Vision2 Statement. Such visions conform to what Swart et al. (2004) 

have described as a normative view of the future, by which they mean processes specifically designed 

to focus on identifying a desirable future around which interventions can then be designed. While 

normative views ultimately condition how decision-makers interpret different pathways of 

development, scenarios themselves are first and foremost descriptive and exploratory in character. 

That is to say, the process of building scenarios is designed to be a means by which normative visions 

can be assessed and existing approaches to decision making evaluated in terms of their long-term 

efficacy given a range of possible outcomes. 

   

Thus, Catchment Futures has not and does not seek to arrive at a single ‘accurate’ or ‘predictive’ picture 

of the future to which the Medway Catchment must then adapt. Neither does it seek to identify a single 

‘desirable’ future to which stakeholders in the Medway can subscribe. Rather the purpose of the 

scenario building exercise has been and is to explore whether Catchment decision-makers might be 

better placed to make decisions about the future given the different ways in which drivers and trends 

may unfold. In sum, scenarios are devices by which decision-making processes can begin to 

accommodate, prepare for, and reflect upon different pathways of development in the water 

environment. 

3.3 Overall Project Approach 

In summary, the process of scenario creation was divided into four key components: 

  

o Conceptualisation of scenarios: Initiated the process of scenario creation. Methodologically, 

this task was carried out through a combination of semi-structured interviews with key 

informants in the Medway Catchment Partnership as well as through document analysis. A 

preliminary set of future scenarios were workshopped and refined with key stakeholders. 

o Disaggregation of scenarios: Translated conceptualisations of futures into explicit descriptions 

of interacting drivers and processes as they may unfold under each scenario. Causal networks 

of interacting drivers were developed in consultation with stakeholders to explore how 

scenario assumptions are linked to actual land-use changes and practices.   

o Modelling and Visualisation of scenarios: Integrated different modelling approaches to link, 

map and quantify land-use, climate, and water under the different scenarios. Maps and 

visualisations of alternative futures were created and refined in consultation with SW. 

o Impact assessment of scenarios: Analytically assessed the implications of alternative futures in 

the Medway Catchment.  Implications were assessed through the application of sustainability 

objectives and criteria identified and co-defined with stakeholders. 

 

 

 

2 https://medwaypartnership.org.uk/medway/vision  

https://medwaypartnership.org.uk/medway/vision
https://medwaypartnership.org.uk/medway/vision
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4 Conceptualisation of scenarios   

4.1 Interviews and Document Analysis 

We started with the process of scenario creation. Methodologically, this task was carried out through 

a combination of semi-structured interviews with key informants in the Medway Catchment 

Partnership as well as through document analysis. The primary empirical aspect of conceptualising 

scenarios was to work with Catchment stakeholders to identify and reflect upon the main drivers of 

change in the Medway Catchment that could form the analytical basis of the scenarios. Purposive 

sampling was used by KISS and SW to identify key stakeholders creating a pool of 30 stakeholders. This 

primarily included stakeholders from the Medway Catchment Partnership and Southern Water. 

Stakeholders representing areas of wider expertise were also included. 

 

The interviewer contacted targeted stakeholders in person, via email and over the telephone to 

introduce the project and confirm willingness to be interviewed. To establish rapport for conducting 

recorded interviews, limit stakeholder’s self-censoring and protect the anonymity of their responses, 

prior informed consent for interviews was acquired on the basis that interview recordings and 

transcripts were not shared beyond the individual interviewer and stakeholder. However, with the 

permission of one interviewee, a simplified example of a transcript is provided in Annex B. 

  

Interviews were pursued to the point of saturation in terms of the range of views expressed. In total, 

20 semi-structured interviews were conducted with 25 of the original pool of stakeholders identified3 

(See Annex C). The interviews garnered significant information from stakeholders about the general 

and specific characteristics of change and continuity - both historical and forward-looking - in the 

Medway catchment, as pertaining to land use, socioeconomic conditions, and the water environment. 

In general, the discussion was structured around identifying and elaborating what stakeholders 

considered the salient drivers of change, from which plausible ‘best-case’ and ‘worst-case’ futures 

could be distilled. 

 

In addition, document analysis addressing a catalogue of planning documents, workshops, 

assessments, and other relevant material (See Annex D) was used to both evaluate the content of 

interviews with stakeholders and identify key drivers and trends that had not emerged in interviews. In 

multiple cases, these documents came out of discussion with stakeholders. Again, this garnered 

significant information about the general and specific characteristics of change and continuity. 

4.2 Key Findings 

Analysis of interviews revealed a recurring number of drivers of change and continuity, summarised 

below. For any given driver we sought to 1) ground stakeholder claims in available evidence; 2) highlight 

areas of stakeholder discussion where further evidence/justification was needed and; 3) point to topics 

that were implied, if unstated by stakeholders, and which merited further consideration as part of 

 

 

3 Four interviews were conducted with more than one stakeholder present.  
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scenario development. An example of this type of analysis is provided in Annex D. In summary, there 

were three groups of drivers. 

 

First, there were drivers of change that were unidirectional and consistent for all scenarios.  

o Climate Change – Stakeholders emphasised sea-level rise, floods, and drought. The Medway 

River, Swale Estuary and North Kent will be critically affected by sea-level rise and erosion. The 

catchment is also in the most water-scarce region of the UK, with low rainwater percolation in 

clay and chalk soils and disproportionately high-water abstraction. In addition, flood storage in 

the lower catchment is near capacity, but housing development continues in flood zones, in 

particular between Tonbridge and Maidstone.  

o Population Increasing – Stakeholders emphasised housing, density, and wastewater treatment. 

There is increasing pressure to build housing, as well as urbanisation in previously agricultural 

areas, changing the way water runs-off and percolates. Also, when population density is 

increasing, even within existing urban space, processing the sheer quantity of wastewater will 

only be achieved with new technologies. 

These interview-based observations were corroborated through document analysis of academic 

research and policy documentation (e.g. Kulp and Strauss, 2019; Bibby et al. 2020). 

 

Second, drivers of change that were dynamic – multi-directional and variable – across all scenarios. 

o Agriculture – Stakeholders spoke of horticulture, soils, and pest control. Old orchards are being 

urbanised, while polytunnels are increasing in size and density with little biodiversity value but 

needing high water quality. The water availability of soils is low where intensive farming is 

expanding, and pollution run-off is high — pollution of drinking water by compounds such as 

metaldehyde. 

o Land ownership – Stakeholders spoke of land availability for housing, landowner engagement 

and wealth of landowners. The pressure to build housing is high, but available land that is not 

in flood plains is low. In areas where landowners are wealthy, or in important-economic-areas, 

there is a big drive to maintain continuity. However, to affect land-use change concerning water 

quality and availability requires getting landowners engaged and involved, especially in the 

upper catchment.  

o Behaviour - Stakeholders spoke of metering, targets, education, and penalties. Metering has 

been effective in decreasing household water consumption, and further efforts are being made 

to reach the required average household target. Consumers (households, agricultural and 

others) and decision-makers have an increased environmental awareness; however, whether 

this will translate into action is what is crucial. Better enforcement of legislation and associated 

penalties are needed.  

o Infrastructure - Stakeholders spoke of housing, roads, and piping. As regional flood defences 

reach capacity, household flood resilience measures become essential. Also, new housing, 

roads, railways, and infrastructure need to mitigate flooding by slowing down water flow and 

being resilient to flooding. Furthermore, water efficiencies in housing and piping are crucial to 

reducing water demand, including local recycling of water, reduction of leakages and 

distribution of water.  
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o Biodiversity Conservation - Stakeholders spoke of ecosystem services, valued groups of species 

and pests. It is recognised that particular species are essential to functional ecosystems that 

can contribute to increased water availability and quality. Various fish and birds are particularly 

valued for the recreation, aesthetics, and life they bring to particular regions of the Medway.  

Again, these interview-based observations were corroborated through document analysis of academic 

research and policy documentation e.g. Mohamad Ibrahim et al. (2019), McKay et al. (2019), and 

Metelmann et al. (2019). 

 

Third, stakeholders also pointed to a group of drivers that reflected the dynamics of catchment level 

working and orientations toward problem-solving in the water environment.  

o The hardness of the solution in the water environment - Stakeholders spoke of natural flood 

management, regenerative farming, and buying land. Instead of just building more walls to 

attempt to hold back by force deluges of water, natural flood management uses an array of 

measures to hold more water in the land and slow water flows in the lower catchment. For 

example, one side-effect of regenerative approaches to farming, such as intercropping and no-

till cropping is to hold more water in the soil and decrease the runoff that can contribute to 

flooding, leaching and pollution. If landowners do not conform to proposals to sustainably 

manage the environment, then buying land as an asset is a proposed solution. Where buying 

land could also be a hard solution that could then also enable soft solutions to be delivered 

more easily. 

o The depth of co-ordination at the catchment level - Stakeholders spoke of holistic management, 

stakeholder engagement and public ownership. Organisations, both within and across, 

implicated in water and land-use management in the catchment often work in silos. In contrast, 

an attempt to better coordinate and integrate data and decision-making is required. In 

addition, if stakeholders, such as landowners, are not engaged from the beginning in a solution, 

they may well resist as well as not contribute the unique knowledge they have, that can make 

the project more successful. Public ownership of water companies or an open-source culture 

may alleviate some of the issues around data sharing and coordinated decision-making for 

more integrated management.  

Again, our desk-based research shows these interview-based observations reflected in wider research 

and policy documentation, e.g. Hall JW et al. (2019) and SWARM (2020). 

4.2.1 Scenario Framework 

Bringing these three elements together, the analytical basis of our scenarios was shaped as follows. The 

framework was based on the “commonly used” (Bohensky et al. 2011) scenario axes method, in which 

two axes of uncertainty were used to delimit four possible scenarios. It is a common practice in both, 

academic and grey literature to arrange scenarios across axes that represent contrasting features, 

assumptions, or main drivers (Wack 1985; MA 2005).  

 

This way of presenting alternative futures helps the reader to compare, better understand and 

acknowledge the contrasting nature of the presented alternative futures. Following a similar approach, 

we conceptualised our scenarios across two axes directly related to the drivers identified by the 

stakeholders and more specifically, using the third group of drivers presented before, the drivers that 
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reflected the dynamics of catchment level working and orientations toward problem-solving in the 

water environment (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The reason for choosing this group of drivers was that they (a) represented “directional” drivers and 

thus enabled the conceptualisation of alternative futures; (b) they operated at a high level, meaning 

that they determined to a large extent the changes in the multi-directional drivers, while the opposite 

was not always true; (c) they helped describe different political-governance environments within which 

the water sector has been asked to operate in the future, thus helping to further develop this research 

towards generating strategies for future adaptation. 

4.3 Stakeholder Workshop 

The process of scenario creation with interviews and associated desk analysis provided the content and 

direction of possible scenarios. A preliminary set of future scenarios were then refined through a 

workshop with stakeholders. 

4.3.1 Approach 

The scenario framework provided the basis for a 2-hour stakeholder workshop held on the 24 February 

2020 in conjunction with the Catchment Partnership. Attendees included members of the partnership 

and project team, some of whom were not formally interviewed in the first stage (see Annex F).  

Although scenarios could be created based on interviews alone, the workshop was an opportunity to 
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Figure 6. Scenario framework 
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re-engage/familiarise the Medway Partnership with the work of KISS and expose some basic elements 

of the framework to elaboration and critical scrutiny. 

 

In addition, the task-based focus of the process also yielded new data by adding new ‘stakeholder 

considerations’ to each scenario area and evaluating key drivers further. The timing of the event was 

important in that it preceded phases of the project in which key non-stakeholder considerations (based 

on parallel qualitative research and quantitative modelling) were embedded into the architecture of 

the narrative.  

 

In the workshop, we used the axes to stretch stakeholder’s creative thinking whilst drawing on their 

expertise. Stakeholders were introduced to the axes and drivers and asked to explore the nature of 

multidirectional drivers in the context of each quadrant. This was important because it was through the 

description and analysis of drivers within one quadrant that a scenario was constituted. In other words, 

the axes allowed us to help stakeholders explore the future in multiple directions beyond ‘business-as-

usual’ and without being confined to a single polarity. 

 

The analysis of the group work revealed four quite different narratives emerging. These narratives were 

reflected in different interpretations/assumptions for each of the identified drivers, found both in the 

interviews and the workshop. It also became clear that there are distinct regions to the catchment that 

have their sub-narratives and that this a key consideration for future work beyond this project. 

4.4 Key Findings 

Four scenarios emerged from this approach titled according to their polarity and the folk terminology 

used by stakeholders. Respectively, these are titled: Soft-Coordinated “Catchment Clusters”; Hard-

Coordinated “National Grid”; Soft-Siloed “Ethical Consumers”; Hard-Siloed “Frontier Medway”. Figure 

7 illustrates each scenario in relation to the ‘scenario framework’ in Figure 6. 
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4.4.1 Conceptualised Scenarios 

Taking the drivers identified in the interviews and document analysis, each scenario characterised in 

the stakeholder workshop was elaborated to produce pen portraits introducing these scenarios as 

catchment-wide narratives and a qualitative sketch of each scenario’s narrative according to each 

driver (See Annex G). This includes a photomontage of each of these distinct scenarios photomontages, 

but of the same view of the Medway Valley, in order to visually indicate and communicate the narrative 

of each scenario (Figure 8-11). The content for these narratives and photomontages coming from the 

interviews and document analysis and updated further using the recordings of the stakeholder 

contributions made during the workshop. Table 4 is a tabulated schematic of the key attributes of each 

of these scenario narratives. 

 

Together, Figures 6-11 and Table 4 provided the first steps toward a compass-like illustration that 

started to map out the futurescape of the Medway catchment. As elaborated in Annex A, this was not 

a singular prediction of the future nor a singular vision or plan of or for the future. Instead, the scenarios 

were analogically akin to directions on a compass that helped explore an uncertain futurescape. Where 

this project particularly lends itself to this process by answering a key step in strategy development: 

‘What can and might happen?’ (Godet 2000). In sum, a compass with polar directions that can be used 

to begin to explore acceptabilities, desirabilities or probabilities in the Medway catchment futurescape. 

 

Table 4. Schematic of Key Attributes of Scenarios 
 

Scenario 
Name 

Soft-Coordinated 
‘Catchment Clusters’ 

Hard-Coordinated 
“National Grid” 

Soft-Siloed 
“Ethical Consumers” 

Hard-Siloed 
“Frontier Medway” 

Lead 
Stakeholders  

CoP, Platform Coop, 
Partnership, Consortium 

Central government, 
Local government 

NGO, Charity, 
Celebrity, Global 
Technology Company 

Multinational Company, 
Offshore Company 

Spatial 
Layout  

Bioregional with multiple 
regions within the 
Medway catchment 

National grid Silos 
Gated Communities, 
POPs, Fenced 

Narrative  Regenerative 
Upgrade, Planned 
countryside 

Protect, Awareness Compete 

Solutions  
Regional socio-ecological 
solutions 

National programmes, 
Planning, and large public 
infrastructure 

Flagship ‘token’ 
restoration projects 

Reactive, Event-focused 
hard solutions 

Economy  
Doughnut Economics, 
regional rural economy, 
Municipalism 

Public investment, 
Universal Basic Services 

Volunteer, 
Philanthropy, 
Business-as-usual 

Profit, Monopoly, 
creating wealth locally 
(extracting it globally) 

Sustainability 
Paradigm  

Enrichment, Degrowth 
Regulation, Ecosystem 
Services, Accountabilities, 
Green Growth, Net Zero 

Conservation, Parks, 
Consumer Habits, Eco-
austerity 

Self Interest, Private 
Land, Economic Growth 

Relation to 
Nature  

Integrated 
Rights: Food, Water, Land, 
Air, Energy, Housing, Health, 
Emergency 

Protected or Ruined Exploitable Resource 

Approach to 
Change  

Preparation, 
Deliberative, Threat 
focussed risk 
management 

Sustainable Development, 
Prescriptive, Threat focussed 
risk management 

Virtuous Individual 
Behaviour, Awareness 
Raising 

Combative Reaction to 
Crisis 
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Figure 8. Photomontage of the Medway Valley under the Soft Coordinated Scenario "Catchment Clusters" 

 

 
Figure 9. Photomontage of the Medway Valley under the Hard Coordinated Scenario "National Grid" 
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Figure 10. Photomontage of the Medway Valley under the Hard Siloed Scenario "Frontier Medway" 

 

 
Figure 11. Photomontage of the Medway Valley under the Soft Siloed Scenario "Ethical Consumers" 
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5 Disaggregation of scenarios   

5.1 Driver Pathway Diagrams and Stakeholder Consultation 

We translated conceptualisations of scenarios into explicit descriptions of interacting drivers and 

processes as they may unfold according to their given attributes and polarities. Pathways of interacting 

drivers were identified and developed in consultation with stakeholders to explore how scenario 

assumptions are linked to actual land-use changes and practices. 

  

The primary outcome so far has been four scenarios (See Figure 6-11 and Annex G). Building on this, 

the primary empirical aspect now was to work with Medway Catchment stakeholders to develop 

diagrams of the underlying driver pathways for each of these scenarios. This process of development 

involved studying each scenario’s narrative, its drivers, and its interconnections, outlining these and 

then testing their veracity with stakeholders. In order to do this, we first completed a partial 

disaggregation of each scenario, outlining the major driver pathways. This involved a process of 

summarising the key driver pathways that constitute each scenario’s narrative (already broken down 

in narrative form by driver - See Annex G). This took the form of diagrams indicating the particular driver 

pathways that constitute them (See Annex H). 

 

 The second step was to consult stakeholders on the disaggregation of the scenarios. This involved 10 

stakeholders (Annex H) identified as gatekeepers to key areas of knowledge in the Medway Catchment, 

through 1-2-1 consultations. The original proposal had been to invite stakeholders to an in-person 

workshop however due to the COVID19 pandemic we moved this online. After test-running our 

workshop we concluded that whilst it was more time consuming, online feedback would be best 

gathered on a 1-2-1 basis as active participation in online group workshops tends to be particularly 

limited even when passive participation is high. 

 

 For each consultation, each stakeholder was pre-emailed a guidance document and a copy of each 

scenario with two parts, the narrative, and the draft disaggregation of driver pathways. Each narrative 

consisted of a title, summary table, fictive historical introduction, storyline overview, and narrative 

according to each major driver. Each disaggregation consisted of a draft diagram of drivers, a table of 

drivers and a table of links between drivers with a description of the link. Each stakeholder then partook 

in a 1-2-1 consultation via video or audio call and were talked through the diagrams and facilitated to 

give their feedback. 

 

The three tasks asked of stakeholders in this consultation were:  

o To read the narratives and driver diagrams and evaluate whether any aspect of them did not 

make sense to them or they believed was not technically possible, at least within one 

generation. We invited them to be uninhibited in providing feedback on what was not credible 

or plausible. 

o To read the scenario diagrams and specify any links or drivers they felt were missing, incorrect, 

or unfeasible. 
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o To read the scenario diagrams and where they agreed with drivers and links list types of 

location in the catchment that this change can occur. For example, in the area of the catchment 

you are familiar with what type of land could trees be planted on? 

  

 We recognised that this was no small task and invited stakeholders to browse the documentation 

before a call with them. Then during our calls, we walked each stakeholder through the above process 

together. In sum, the consultations involved going through the draft disaggregated scenarios with each 

stakeholder and annotating where stakeholders believed something did not make logical sense as well 

as exploring the feasibility of different pathways. Stakeholders also highlighted where they perceived 

driver relations to be absent or the narrative required some elaboration. Based on these steps we 

produced updated driver diagrams (See Annex J). In addition, a clarified version of the driver pathways 

was produced using preliminary network analysis to identity critical pathways and facilitate overall 

communication of each scenario disaggregation as a whole (See Annex K). 

5.1.1 Key Findings  

The key outcome of this phase was to convert the qualitative data collected so far, through document 

analysis and interviews with stakeholders, into a format that could be used as an input for land-use 

modelling and assessment of each scenario. We did this in a participatory manner with key stakeholders 

to ensure that the limits of a reductive and aggregative approach to modelling were mitigated as we 

were more appreciative of context-dependent complexity (Stirling and Scoones 2009). This enabled us 

to both acknowledge uncertainties and open up conversation about possible futures and the vast array 

of context-dependent factors that increase their probability. 

 

At the same time, it combined the different perspectives of stakeholders with document analysis as a 

way of rigorously stress testing the driver pathways. As it was the driver networks that went on to 

define the modelling and gave rise to the land use and land cover futures, associated maps, and 

hydrological implications. Hence, this consultation with stakeholders allowed us to make any necessary 

adaptations based on stakeholder feedback and further document analysis, all whilst maintaining the 

integrity of the scenarios. In doing so starting to meet standards for modelling that combine an 

attention to process (the way land-use and land-cover dynamics work in relation to the socio-ecology 

of the catchment), pattern (the spatiality of changes in land-use and land-cover in relation to different 

factors) and participation (understanding land-use and land-cover dynamics from stakeholders 

perspectives) (Scoones et al. 2017). 

 

A work-in-progress side-project that emerged from this, was the framework for a ‘futures 

encyclopaedia’. This involved design a way to populate the futurescape through these scenarios in a 

publicly accessible digital format that could be read and added to by public users. Where the basic 

presentation of the encyclopaedia was organised through the network diagrams of each scenario. 

These were encoded in a web format so that users could move around them online like flow diagrams 

and be introduced to embedded multimedia in each driver node and in each link between nodes. This 

then being inter-linked with associated land-use models, maps and hydrological implications that 

directly emerged from these diagrams. In doing so, (i) setting up a means for the futurescape to be 

continually updated and adapted as we move into the future, guided by the compass of scenarios, (ii) 

educating non-expert users and the public in modelling, (iii) and increasing the efficacy of the modelling 
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process by making it accessible to different forms of expertise rather than just presenting directive 

conclusions. 

 

Moving towards the following WPs it is important to note that whilst the driver pathway diagrams that 

emerged from the disaggregation share some visual similarity with other forms of systems maps, they 

are specifically a variety of causal network diagram contextualised as driver pathway diagrams that 

focus on establishing how each key driver identified could lead to a specific land use change. Therefore, 

whilst they did involve the normative systems mapping objective of identifying previously 

unacknowledged feedback loops, their focus was not on using a complex systems perspective to 

mechanistically map the Medway Catchment. This later approach would instead lead to the outcome 

this project has sought to transcend; directive correctives in order to make change, reflected in point-

based solutions. Rather than addressing the consequences of crisis, this project has been about 

addressing the conditions of crises through understanding the different driver pathways that develop 

or cause the catchment system to learn and adapt in different ways and the changes consequent of 

this system learning (Bateson 2016). Hence, these were not static diagrams but tools that were 

continually revised throughout the project, whether they were expanded, altered, or refined (Annex L) 

as knowledge and needs emerged, and under future conditions of the use of this project, continual 

updating would be expected, ideally as outlined earlier in the form of a futures encyclopaedia. 
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6 Modelling and Visualisation of scenarios 
 

We integrated different modelling approaches to link, map and quantify land-use, climate, and water 

under the different scenarios generated in earlier work packages. This stage of the method being critical 

to bringing together different social and ecological, qualitative, and quantitative elements of the project 

as part of our Catchment Capabilities approach. At the heart of this approach is Land Use and Land 

Cover (LULC), as it represents one part – the more decidedly, but not solely, non-human part – of the 

assemblage that is the Medway Catchment. Given the well-studied relations between hydrology and 

LULC, the Catchment Capabilities approach links socio-ecological change in the Medway Catchment to 

scenarios of hydrological futures via LULC. More specifically, our approach translates the scenarios we 

have developed into four different LULC scenarios, which are then used as inputs for hydrological 

models of water yield (runoff) and nutrient retention in the Medway Catchment. Schematically, the 

process can be visualised with a simple process diagram (Figure 12). 

 

 

Starting with the four scenarios, we parameterised four different ‘Conversion of Land Use and its 

Effects’ LULC change models (CLUE-s, Verburg et al. 2002), with different parameter values 

corresponding to each scenario’s characteristics (see Technical Annex). We simulated LULC to the year 

2045 (generational time), resulting in four different LULC maps, one for each scenario. The four maps 

were in turn used as inputs to the water yield and nutrient retention modules of the ‘Integrated 

Valuation of Ecosystem Services and Tradeoffs’ (InVEST) modelling suite. The end product was a series 

of estimations for water yield and nutrient retention capacity for each future landscape, which we call 

Hydrological Futures (Fig. 3) (four for water yield and four for nutrient retention, eight in total). 

6.1 LULC change simulations (2018 – 2045) 

We selected an inductive, statistical approach to model LULC change in the Medway Catchment. The 

main characteristic of inductive LULC change models is that they relate ‘the pattern of observed land 

use to spatially explicit explanatory variables’ (Moulds et al. 2015, p. 3220). Inductive models are usually 

4 Scenarios
4 sets of parameters            
for the CLUE-s model

4 LULC models 4 InVEST water yield &                
4 nutrient retention models

4 Hydrological Futures

Figure 12. Process for moving from narrative/ schematic scenarios to hydrological models based on future LULC 
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contrasted to deductive models, which take a more mechanistic approach, and model LULC change 

based on a set of assumptions and/or rules about what drives change in an area. We used a variant of 

the Conversion of Land Use and its Effects (CLUE) model family (Veldkamp and Fresco 1996), CLUE-s 

(Verburg et al. 2002), as implemented in the lulcc R package (Moulds et al. 2015). CLUE-s is one of the 

most widely used modelling frameworks for local-to-regional scale analysis of LULC change and 

scenario development, currently used in a wide variety of sectoral applications, such as soil erosion 

(Zare et al. 2017), urban growth (Huang et al. 2019), spatial planning (Henríquez-Dole et al. 2018), and 

crucially for purposes of this exercise, water and hydrology (e.g. Zhang et al. 2016; Garcia et al. 2018; 

Wang et al. 2018). 

 

The standard CLUE-s inputs are: a) LULC maps for different times; b) maps representing the suitability 

of each grid cell for each LULC class ; c) land use demand (in grid cells, e.g. 1345 cells for broadleaved 

forest, 123 for urban areas etc.) for each year the model is run (including the past and future); d) a 

transition matrix, i.e. a table indicating allowed conversions from one LULC class to the others; e) 

elasticity factors for each LULC class, i.e. values (0-1) indicating how easy it is for LULC to change. 

 

We opted for basing LULC modelling on CORINE LULC data, despite the availability of higher spatial and 

thematic resolution data in the UK Land Cover Maps produced by the Centre for Ecology and Hydrology 

for three reasons. Firstly, the high spatial resolution of UK Land Cover Maps (25m x 25m grid for the 

raster files) would not allow for a desktop-based use of CLUE-s for scenario building. Whilst the CORINE 

land cover data have lower resolution (100m x 100m grid) they were more suitable for the large amount 

of model runs required to calibrate the CLUE-S models. Secondly, in terms of thematic resolution, while 

the UK Land Cover Map is more detailed, the difference mainly regards natural grassland classes, which 

only cover a negligible proportion (<1%) of the Medway Catchment. Moreover, including a large 

number of different LULC classes in the models (i.e. higher thematic resolution) would create more 

uncertainties, as the complexity and number of interactions between every LULC class increases, thus 

making for less robust models. Finally, simulation results for UK catchments indicate that for InVEST 

nutrient retention and water yield models, resolutions higher than 100 m do not produce significant 

model improvements (Redhead et al. 2016, 2018). 

  

To determine whether CLUE-s can successfully simulate LULC change in the Medway Catchment, we 

tested whether it can simulate LULC change from 2006 to 2018. We built a successful CLUE-s 

simulation, using the methodology described in the Annex 2. This enables us to be more certain that 

the methodology we chose could indeed capture core elements of LULC in the Medway Catchment. 

After successfully simulating past LULC change using CLUE-s and calibrating the various inputs of CLUE-

s, we simulated four different scenarios using the parameters we derived from stakeholder 

engagement and our own elaboration. In moving from the scenarios to the CLUE-s parameters we 

created the following qualitative table of differences among the four scenarios. The differences are 

based on the narrative and schematic representations of the scenarios presented in Section 4. For the 

transition matrices, elasticity factors and LULC demand parameters see Tables 3 to 8 in the Technical 

Annex. 

 

Starting with the CORINE LULC map of 2018 (See Technical Annex), we followed the steps below to 

arrive at a LULC for each scenario: 
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1. Aggregated LULC classes in the following 15 classes: urban and industrial, suburban, transport, 

dump and mineral sites, urban green and sport areas, arable land, orchards, pastures, 

broadleaved forest, coniferous forest, mixed forest, moorland and heather, marshes, wetland 

(water) and estuary. 

2. Modelled the suitability of the Medway Catchment for each LULC class using Random Forests 

(Breiman 2001) and 16 predictor variables: soil texture, soil grain size, distance to flood-prone 

areas, slope, elevation, population, distance to roads, distance to towns, distance to rail 

stations, distance to rivers, terrain ruggedness index, topographic position index, aspect, flow 

direction, soil depth, and agricultural classification (grade). Models were assessed using the 

Area Under the Curve of the Receiver Operating Characteristic (ROC AUC).  

3. Created a unique set of the following CLUE-s input parameters for each scenario: transition 

matrix, elasticity factors for each LULC, and land use demand for each LULC class for the year 

2045. For land use demand we used linear extrapolation to project land use area demand for 

each LULC class for every year between 2018 and 2045 (Pontius et al. 2018). 

4. Run the spatial allocation procedure within the lulcc package (Mould et al. 2015), with four 

different sets of parameters, one set for each scenario.  

The outcome of this approach was four different LULC maps of the Medway Catchment representing 

the different scenarios. These maps can be seen in the Figures below (Figure 13-17).  

 

 

 
Figure 13. LUCL Map for Soft Coordinated Scenario 
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Figure 14. LUCL Map for Hard Coordinated Scenario 

 

 
Figure 15. UCL Map for Hard Siloed Scenario 
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Figure 16. LUCL Map of Soft Siloed Scenario 

 

For each LULC map we calculated the following LULC spatial statistics that are related to sustainability 

goals (see Table 2 and Figure 17 below). We calculated amount of green space in and/or near residential 

areas as the mean number of green space grid cells at a 500 m buffer from 1000 points randomly 

located in suburban areas. We also calculated the ratio of residential areas with easy access to green 

space as the ratio of grid cells in suburban areas that have at least one grid cell of green space within 

500 m based on a random sample of 1000 points. We also calculated a series of indicators to estimate 

the degree of “naturalness” of the agricultural landscape in each scenario: the amount and ratio (as 

above) of all forests, broadleaved and woodland, and all natural areas (all forests, heather and moor, 

and wetlands using the same methodology as above (based on a sample of 1000 random points). 

 

Table 5. LULC-related indicators for the four scenarios. 
Agricultural areas refer to arable and pasture LULC classes. All indicators refer to 1000 randomly sampled points 

and calculated within a 500 m radius of each point. Best performing scenario is in bold, 

Statistic HS SS HC SC 

Mean number of green space cells in and near residential areas (mean grid cells) 1.47 1.71 2.1 1.80 

Ratio of residential areas with green space 0.15 0.16 0.31 0.17 

Mean number of woodland (broadleaved, coniferous, and mixed) cells in and near 

residential areas (mean grid cells) 
4.32 4.14 4.75 4.08 

Ratio of residential areas with access to all woodland (broadleaved, coniferous, and 

mixed) 
0.33 0.42 0.37 0.44 

Mean number of broadleaved and mixed woodland cells in and near residential 

areas (mean grid cells) 
3.80 4.05 3.68 4.27 
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Ratio of residential areas with access to broadleaved and mixed woodland 0.31 0.41 0.29 0.43 

Mean number of woodland (broadleaved, coniferous, and mixed) grid cells in 

agricultural areas (mean grid cells) 
3.50 5.33 4.42 5.81 

Ratio of agricultural areas with woodland (broadleaved, coniferous, and mixed) in 

agricultural areas 
0.30 0.51 0.38 0.62 

Mean number of broadleaved and mixed forests grid cells in agricultural areas (mean 

grid cells) 
3.29 5.23 3.96 5.62 

Ratio of agricultural with broadleaved and mixed forests 0.29 0.52 0.34 0.62 

Mean number of natural areas (all forests plus wetlands and heather/moor) in 

agricultural areas (mean grid cells) 
3.74 6.32 4.73 6.14 

Ratio of agricultural areas with natural areas (all forests plus wetlands and 

heather/moor) 
0.32 0.62 0.38 0.61 

 

6.2  Hydrological modelling 

The four LULC maps were used as inputs for different hydrological models of the Medway Catchment. 

LULC is a central element of human modified landscapes, and it is influenced by and in turn affects 

almost everything in all terrestrial socio-ecological systems: from climate to hydrology and from 

population to agriculture. Examples are too numerous and self-evident to mention here; suffice to point 

to the differential water retention services provided by different types of vegetation cover around 

cities, a fact understood by human societies since antiquity (Wall 1994). It is therefore surprising that 

so little attention has been paid to incorporating LULC patterns and forecasting into the understanding 

and policies of the water sector in the UK. In the models we have seen so far from the UK water industry 

and policy sectors, LULC is rarely taken into account, especially the interactions between LULC change 

and population and climate change. 

 

For this exercise we are interested in how differences in LULC play out in different hydrological futures, 

as these are quantified through water yield (runoff) and nutrient retention models. We used the water 

yield and nutrient retention modules of the ‘Integrated Valuation of Ecosystem Services and Tradeoffs’ 

(InVEST) modelling suite (Sharp et al. 2018). InVEST has become one of the common tool for modelling 

hydrology, with the scientific and practice communities appreciating its simplicity in use, relatively 

modest input data requirements and robust results (Dennedy-Frank et al. 2016). What’s more, its water 

yield and nutrient retention modules have been extensively benchmarked against different tools 

(SWAT, LUCI) and ground-truth data and InVEST has been found to be more than robust, especially for 

scenario comparison (Redhead et al. 2016, 2018; Sharps et al. 2017). 

 

We ran two InVEST modules, water yield, which is an estimation of runoff in m3/year, and nutrient 

retention, which is an estimation of the total nutrient (nitrogen and phosphorus) export from the 

watershed in kg/year. A full list of inputs for both modules is available in the Technical Annex, Tables 

14 and 16. 

To account for climate change we used and/or developed three different datasets. 

1. To account for climate change, we used available precipitation and monthly reference potential 

evapotranspiration data for the years 2040-2045, developed by the Future Flows Climate 

project (Prudhomme et al. 2012). Future Flows Climate is a gridded ensemble climate 
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projection of Hadley Centre's Regional climate projection ensemble HadRM3-PPE for Great 

Britain at a 1-km resolution (1950 to 2098). 

2. To estimate consumptive water use per LULC class, we fist estimated current water 

consumption based on Environment Agency’s latest (2017) abstraction data for the Southern 

region. Then we modified this per-LULC class estimation to make it particular to each one of 

our scenarios, drawing estimations from Environment Agency (2017), which provides estimates 

of changed consumption for 2050 for public, agricultural and industrial water use for four 

scenarios. We crossed our scenarios with Environment Agency’s (2013) scenarios, and modified 

the numbers accordingly (See Table 15, Technical Annex).  

3. To estimate nitrogen and phosphorus and nitrogen loads per LULC class, we followed the same 

approach as we did for water consumption. We first estimated current nutrient loads passed 

on the literature (Cabral et al. 2016; Sharps et al. 2018; Redhead et al. 2018), and then modified 

these estimates for each scenario based on the scenario narratives and Environment Agency 

(2017) (See Table 16, Technical Annex). 

Water yield, water consumption and realised water supply across the scenarios varied as seen in Table 

3 and Figure 17. The main result is that all models are better than the ‘hard-siloed scenario’ in terms of 

realised supply, i.e. water flowing from the rivers of the catchment. Regarding the three scenarios, SC 

is consistently better in terms of realised supply across a series of values for the z parameter (23, 28, 

30, 33, 38 and 40) from all other scenarios, including SS. A more detailed exploration, beyond the 

means, using Analysis of Variance (ANOVA plus post-hoc Tukey comparison test at 95% significance) 

confirms the result that SC is significantly better in terms of realised supply from the other scenarios, 

and that SS and HC are better than HS. Interestingly, the HC and SS scenarios do not appear to be 

significantly different (Table 4). 
 

Table 6. Numerical results from InVEST water yield model. All number in m3 per year for the whole catchment 

Scenario Realised supply (mean) Water yield (mean) Consumption 

SS 289819465 705875240 635224905 

SC 345766114 705899427 636107210 

HS 106305426 703182462 634037742 

HC 260461309 702126801 633045003 

 

Table 7. Results from a post-hoc Tukey comparison test of realised water supply 

Scenario comparison difference P value 

SC-SS 55088531 0.01* 

HS-SS -185019654 0.00* 

HC-SS -29358156 0.35 

HS-SC -240108185 0.00* 

HC-SC -86015224 0.00* 

HC-HS 154092961 0.00* 
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Figure 17. Sensitivity analysis for the z factor, viewed here for realised supply per scenario.  

 

Nutrient export, like realised water supply, differs across the different scenarios. For nitrogen and 

phosphorus, all scenarios are better than HS (Table 8). Sensitivity analysis for sets two NDR model 

parameters (Threshold Flow Accumulation) and Borseli’s k do confirm this simple presentation of the 

means, but reveal more nuanced differences. The two soft scenarios are better than the hard scenarios 

in terms of nitrogen export, while the differences between the two soft scenarios are not significant, 

as revealed by Tukey’s post-hoc comparison (Table 9 and Figure 18). In terms of phosphorus export, 

the SC scenario is better than all other scenarios, while SS and HC are not significantly different as 

revealed by Tukey’s post-hoc comparison (Table 9 and Figure 18). 

 

Table 8. Numerical results from the InVEST NDR model. Units are in kg/year. 

Scenario Nitrogen export (kg/year) Phosphorus export (kg/year) 

SS 429033 54196 

SC 290812 29675 

HS 911220 93409 

HC 672177 60938 

 
Table 9. Results from a post-hoc Tukey comparison test of nutrient retention estimations 

Scenario Nitrogen difference P value Phosphorus difference P value 

SC-SS -138221.0 0.30 -24521.1 0.04 

HS-SS 482186.3 0.00 39212.1 0.00 

HC-SS 243144.0 0.02 6741.5 0.86 

HS-SC 620407.3 0.00 63733.2 0.00 

HC-SC 381365.0 0.00 31262.6 0.00 

HC-HS -239042.3 0.02 -32470.6 0.00 
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6.3 Key findings 

The main result of this work-package was to link the narrative and schematic scenarios into quantitative 

LULC and hydrological futures, in the form of maps, and landscape indicators and water quality and 

demand estimations. Thus, using a modelling pipeline based on open-source tools, replicable code and 

readily available data, we were able to provide comparable numerical results for four exploratory future 

scenarios. Furthermore, the indicators we quantified for both hydrological and LULC related 

parameters, feed into the sustainability appraisal (see below) on multiple objectives, especially those 

related to the environment, sustainable use of natural resources, as well as human health. These 

preliminary results indicate the conceptual and methodological pipeline we have presented and 

explored here can be put to practical use with stakeholders. 

 

Results are aligned to the literature: water yield using InVEST shows minimal changes (Sharps et al. 

2017) but incorporating water consumption changes results significantly. More pronounced 

differences between scenarios were found from the nutrient retention models (Redhead et al. 2018). 

Specifically, the Soft-Coordinated and Hard-Siloed scenarios sit at the extremes, with the first being in 

general better than the other three scenarios, and Hard-Siloed being definitely the worst of the four.  

There is interplay between the two axes of our scenarios. The hardness of solutions is not a sufficient 

factor to create water yield problems compared to soft solutions that are not socially and/or spatially 

coordinated. The issue of spatial coordination has been highlighted for agri-environmental schemes in 

Figure 18. Nutrient export per scenario 
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the UK, where trade-offs between competitive approaches (e.g. auctions for environmental subsidies) 

and ecosystem services delivery at larger scales has been highlighted by Natural England and the 

scientific literature (Gabriel 2009, 2010; Dreschler et al 2010; Siriwardena 2010; Reeson et al. 2011;  

Sutherland et al. 2012; Prager et al. 2012; Mills et al. 2012; Chaplin 2013; Prager 2015; Jones et al. 

2018). Bormpoudakis and Tzanopoulos (2019) have also argued that competitive funding schemes in 

the context of nature conservation could come with a price to pay: the ‘price of anarchy’ for the lack of 

coordination among the different actors involved in living with and governing landscapes or catchments 

(Koutsoupias and Papadimitriou 1999, 2009; Papadimitriou 2001). On the other hand, and more 

intuitively, social, and spatial coordination cannot disguise the effects of hard solutions in a catchment. 

 

Extending this work could include more detailed modelling of catchment, both in terms of LULC and 

hydrology. In terms of LULC, further work could take advantage of detailed data on future residential 

development held by country councils. Also, experimenting with and comparing different LULC 

modelling frameworks could also help assess the quality of the future LULC simulations. A comparable 

tool, which is also amenable to stakeholder participation could Bayesian belief networks (e.g. Carpenter 

et al. 2015). Finally, we are very keen to try and build a ‘live’ version of this modelling pipeline that 

could be run on-the-fly with catchment stakeholders, so that discussions around plausible or desirable 

could be backed up by transparent numerical results. 
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7 Impact assessment of futures  
 

The primary outcome of work so far is four futures reflecting different ways in which 7 multidirectional 

and 2 unidirectional drivers could emerge in the future along 2 polarities. The futures consisting of a 

rich tapestry of scenario narratives, drivers, diagrams, models, maps, and photographs. Here we 

analytically assessed the implications of these futures in the Medway Catchment. Implications were 

assessed through the application of sustainability objectives and criteria. In order to apply sustainability 

objectives, they were first identified and co-defined with stakeholders and then used to appraise the 

futures. 

7.1 Sustainability Objectives 

We reviewed 36 documents including plans, strategies, assessments, reviews, briefings, and bills 

covering the UK, England, south-east England, the Medway catchment region, alongside existing 

sustainability assessments and appraisals in the academic literature. These covered environmental and 

ecological objectives as well as social, economic, and institutional capacity objectives totalling 51 in all 

(See Annex M). These were then placed on a single spreadsheet to which 35 stakeholders were invited 

and 29 completed the consultation. 

 

The spreadsheet invited stakeholders to indicate against each objective the significance they would 

assign to it. The options were 1 for very significant, 2 for partly significant, N for not significant and U 

for unknown, when a stakeholder was unsure of an objective’s significance. They were then also invited 

to add additional objectives or share comments on them.4 

 

Instead of 1-2-1 digital participation with each stakeholder, the shared spreadsheet, with a 

predesignated column for each participating stakeholder, enabled each contribution to be seen by 

other participants in order to attempt to promote more reflexivity in answers given. Primarily the 

objective though was so stakeholders could see stakeholder added objectives and participate in also 

indicating their significance. In a few cases where participants were unable to access the spreadsheet 

software on their organisational computers, a closed form of participation was gathered. 

 

A total of 29 respondents generated 1558 granular responses. 1526 granular responses were given to 

the 51 objectives, and 7 added objectives were given from 2 respondents with 9 respondents giving 

them 32 granular responses5. The objectives were then ordered according from highest positive to 

highest negative response given (See Annex N). Objectives that were selected as being of unknown 

 

 

4 Two comments were made regarding whether stakeholders were answering as themselves or as representatives of their 

organisations. Beyond the objectives of this project, any mapping of the social network of stakeholders in relation to their 
organisational position and biographies would need to consider the issue raised by these comments. The other comment 
made was a disagreement with the premise of objective 15 “To promote the sustainable use of fertiliser / nutrients in a way 
that preserves and restores natural nutrient flows and cycles” that the former part of the objective necessarily leads to the 
latter part of the objective. This has been acknowledged by removing that implication in the version of the objectives used in 
the sustainability appraisals. 
5 As the 7 added objectives were added throughout the consultation process they did not have as many responses to them 
which would have misrepresented their total significance. However, we compensated for their lack of selection by all 
stakeholders by inserting an average of responses where there was no response.   
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significance (See Annex N) or were selected actively as not significant (See Annex N) provide indications 

beyond the primary focus of this report about stakeholders knowledge and preferences. For example, 

those objectives that dealt with traditional ecological and economic knowledge or the freedoms and 

social and economic securities of inhabitants were explicitly seen as less or not significant objectives 

for the future of a sustainable catchment. Furthermore, when comparing the overall domains of 

objectives (Environmental, Social, Economic, and Institutional capacity) seen as most significant, the 

indication was that the catchment was not first seen as a socio-ecological system with diverse 

catchment capabilities stretching across these core domains of life. Rather the environmental 

objectives were given far more relative significance as shown in Figure 19.6 

 

 
Figure 19. Significance defined by stakeholders according to domain of objective 

 

 
However, in order to conduct a sustainability appraisal objectives from all domains (environmental, 

social, economic, institutional capacity) were required. Therefore, using the significance given to 

objectives by stakeholders to each domain of objectives, plus objectives added by individual 

stakeholders which directly prioritised water, the top objectives from each domain that covered key 

different topics were selected and combined together in order to form the final selection of 20 

objectives to be used for the sustainability appraisal (See Annex N). These objectives were then 

summarised in Table 10 according to their key relationships, as to whether they were about increasing 

or generating ↑ (e.g. “enhance”), decreasing ↓ (e.g. “reduce”), maintaining ↔ (e.g. “conserve”), 

restoring ↕ or adapting with ↝ a variable. 

 

 

 

 

 

6. Figure 19 excludes the stakeholder added objectives which were not part of the original categorization of objectives as 
defined in Annex M. This was based on the lesser available data, in terms of stakeholder responses, available for these 
objectives. Annex N contains an equivalent figure without this exclusion. 

55%
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Table 10. Summary Objectives. 
 

Domain Environmental 

1 Water positive agriculture ↔↑ 

2 Water positive rivers ↔↑ 

3 Flood risk ↓ 

4 Characteristic semi-natural habitat ↔↕ Habitat connectivity ↑  

5 Greenspace access ↑ Public use for health ↑ 

6 Carbon stores ↔↕ Carbon sequestration ↑ 

Domain Social 

7 Quality of life, health, and wellbeing ↔↑ Health threats ↓ 

8 Biosecurity ↑ Disease ↔↓ Invasives ↔ 

9 Natural beauty and scenic value ↑ 

10 Life expectancy ↑ Health inequality ↓ 

11 Housing equality ↑ 

Domain Economic   

12 External inputs on farms ↓ 

13 Farm business resilience to crisis ↑  

14 Local resource-based livelihoods ↑↝ 

15 Landworker rights and conditions ↔ 

16 Employment ↑ Precarity ↓ 

Domain Institutional capacity 

17 Political democracy ↑ 

18 Economic democracy and cultural diversity ↑ 

Domain Water 

19 Water Quantity ↔ Drought ↝ 

20 Water Quality ↑ 

 

7.2 Futures Impact Assessment 

We extended the causal network diagrams of each scenario to identify which sustainability objectives 

would be affected in each given scenario. Using the summary diagrams (Annex K) we then identified 

whether each future had a net positive or negative impact on each objective, and whether this was of 

strong significance or weak significance (See Annex N). We also allowed for the possibility of no 

significant impact. 

 

In tandem for each LULC map we calculated the following LULC spatial statistics that are related to 

sustainability objectives (Annex Q) and used this to also identify which objectives impact were directly 

defined by the modelling, which were informed by the modelling and which were not. This definition 

was then included in the assessment of each future along with the aforementioned approach (See 

Annex) 
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Table 11. Sustainability Assessment Results 
 

SCENARIOS SUSTAINABILITY OBJECTIVES (summarized) 

SC HC SS HS ↑= Increasing; ↓= Decreasing; ↔ = Maintaining; ↕ = Restoring; ↝ = Adapting 

2 -1 1 -2 Water positive agriculture ↔↑ 

2 -1 1 -2 Water positive rivers ↔↑ 

1 2 -2 -1 Flood risk ↓ 

1 -1 2 -2 Characteristic semi-natural habitat ↔↕ Habitat connectivity ↑ 

1 2 -1 -2 Greenspace access ↑ Public use for health ↑ 

2 -1 1 -2 Carbon stores ↔↕ Carbon sequestration ↑ 

2 1 -1 -2 Quality of life, health, and wellbeing ↔↑ Health threats ↓ 

2 1 -1 -2 Biosecurity ↑ Disease ↔↓ Invasives ↔ 

1 -1 2 -2 Natural beauty and scenic value ↑ 

2 1 -1 -2 Life expectancy ↑ Health inequality ↓ 

-1 2 -1 -2 Housing equality ↑ 

2 -1 1 -2 External inputs on farms ↓ 

2 -1 1 -2 Farm business resilience to crisis ↑ 

2 -1 1 -2 Local resource-based livelihoods ↑↝ 

2 1 -1 -2 Landworker rights and conditions ↔ 

2 1 -2 -1 Employment ↑ Precarity ↓ 

2 1 -2 -1 Political democracy ↑ 

2 1 -1 -2 Economic democracy and cultural diversity ↑ 

2 -1 1 -2 Water Quantity ↔ Drought ↝ 

2 -1 1 -2 Water Quality ↑ 

 

Environmental Social Economic Institutional Capacity Water 

 

 

Table 12. Summary results for the sustainability appraisal, grouped into 6 sets of objectives. 
 

Soft Coordinated Hard Coordinated Soft Siloed Hard Siloed Domain 

9 0 2 -11 Environmental 

6 4 -2 -10 Social 

10 -1 0 -9 Economic   

4 2 -3 -3 Institutional capacity 

4 -2 2 -4 Water 

33 3 -1 -37 Overall 

 

Strong Positive Weak Positive  Weak Negative Strong Negative 



38 
 

 

Table 13. Ranking of scenarios per group of objectives and overall. 
 

Impact Order - Domain 1 2 3 4 

Environmental SC SS HC HS 

Social SC HC SS HS 

Economic   SC SS HC HS 

Institutional capacity SC HC SS/HS SS/HS 

Water SC SS HC HS 

Overall SC HC SS HS 

 

 
Figure 20. A semi-quantitative appraisal of the four scenarios on each group of sustainability objectives. 

 

7.3 Key Findings 

The Soft-Coordinated and Hard-Siloed scenarios sit on the extremes of the axes between the kind of 

solutions and kind of coordination stakeholders professed to prefer most and least, and this ostensibly 

matches scientific literature on these topics in terms of environmental and social impact. Therefore, it 

is unsurprising that in the sustainability appraisal they emerge overall as the first and last ranked 

scenarios (Table 11-13). 

 

Instead, what is interesting is that a trade-off is indicated between Soft-Siloed and Hard-Coordinated in 

terms of ‘water quality and quantity and secondary environmental benefits’ and social equality in 

relation to ‘water and housing equality, access to green space and public health’ (Figure 20). The trade-

off depends on stakeholders focussing either on point-based natural solutions and philanthropy 

(broadly conceived) or being dependent on a national shift in priorities toward engineering solutions 

for the explicit improvement of local food production and reduction of social inequality. In other words, 

reviewing the land-use modelling and hydrologically modelling on which this finding is primarily based, 

within the context of the catchment remaining subservient to national politics, stakeholders options 

are to either focus all efforts on influencing national policy, and owning their political intentions, in aid 

-50 -40 -30 -20 -10 0 10 20 30 40

Soft Coordinated

Hard Coordinated

Soft Siloed

Hard Siloed

Environmental Social Economic Institutional capacity Water
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of a government that reflects the social, economic and ecological values identified in the Hard-

Coordinated scenario, or from a catchment perspective stakeholders invest all their efforts in pushing 

for the land-use changes that have taken place in the Soft-Siloed scenario, through the social, economic 

and ecological methods, means and key stakeholders indicated therein. 

 

However, the extent of the small benefits potentially achieved through this dualistic trade-off are small 

if negligible overall. In addition, failing at Soft-Siloed and Hard-Coordinated run the risk of being closer 

to achieving Hard-Siloed. Which brings to the fore the other observation that can be made, which is 

that the benefits accrued in either Hard-Coordinated or Soft-Siloed are vastly outweighed by the 

synergy that emerges from stakeholders coordinating transparently and inclusively at the same time as 

using catchment wide land-use solutions as reflected in Soft-Coordinated scenario. 
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8 Taking forward proof of concept 
 

Summarising the results of this project we mention firstly, the development of future ‘hydrosocial’ 

scenarios for the Medway Catchment, in a way that involves many of the core stakeholders of the 

catchment. The term ‘hydrosocial’ is crucial here, as in contrast to many of the quantitative scenario 

circulating in the water sector, this exercise was deeply invested in fully elaborating holistic socio-

ecological futures, encompassing responses to climate, infrastructure, population, conservation, 

agriculture, and the way these might co-evolve in the future. 

 

Secondly, we developed a modelling pipeline that can take these scenarios, in the form of narratives 

and causal diagrams, and quantified them in terms of LULC and water quality and quantity using robust, 

peer-reviewed, and nationally tested modelling frameworks. This was a crucial step, so far missing from 

the UK water sector. Equally important, this scenario-cum-modelling pipeline is replicable in other 

catchments, as data and modelling frameworks used can be generated or acquired across the UK, and 

code and protocols from this project allow for replication of the work (see Technical Annex). 

 

Thirdly, we developed composite sustainability objectives for the Medway Catchment. This 20-item list 

includes objectives from all sustainability domains, plus four additional ones related to water and 

institutional capacity. Due to them being co-defined by catchment stakeholders, the list of objectives 

is designed to reflect a range of opinions and positions on what is good status for the catchment and 

what a sustainable future might look like. 

 

Fourthly, by further developing the concept of Catchment Capabilities, we upgraded conceptual 

thinking behind catchment-based approaches.  Academic papers are being developed that describe the 

concept of Catchment Capabilities in order to inform and upgrade catchment-based approaches and 

address limitations that are persistent in water management. 

 

In brief, future avenues for work include: fully exploring the social space of the catchment by increasing 

stakeholder engagement and expanding (types of) interaction; developing “live” versions of the 

modelling pipeline to construct on-the-fly catchment futures with stakeholders; including more climate 

scenarios beyond the downscaled version of SRES A1B; localising and ground truthing LULC models, 

e.g. exploiting County Council databases for data on future housing and industrial sites; exploring trade-

offs in the water-food-energy nexus, especially as they relate to policy developments and public 

interest. 
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