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[bookmark: _Toc208303765]Introduction

This interactive map was developed as part of Deliverable 4 of the CTCN Technical Assistance on water harvesting in Sudan. Its main function is to connect basic biophysical characteristics of Sudan (slope, elevation, rainfall, and state boundaries) with a catalogue of water harvesting technologies. The items in the catalogue were selected from the identified international sources in deliverable 2.1. By clicking on a grid cell in the map, users can view the local conditions together with a set of water harvesting practices that are generally considered suitable for these conditions. In this way, the tool provides a first orientation for planners, NGOs, and government officials who want to quickly screen which types of water harvesting may be relevant in a given area.
[bookmark: _Toc208303766]Purpose and added value
The map responds to the project’s broader aim of improving the efficiency and sustainability of water harvesting technologies in Sudan by offering a visual and interactive entry point. It makes available, in one place, knowledge that is often scattered across manuals and reports. This makes the map a potentially useful communication tool in stakeholder discussions, training sessions, and capacity building activities.
[bookmark: _Toc208303767]Limitations
At the same time, the map should not be seen as a decision-making instrument. The recommendations are based only on a narrow set of variables (slope and precipitation) and do not include crucial aspects such as groundwater conditions, soil types, land use, social dynamics, conflict sensitivity, or cost. Nor does the tool assess the current state of infrastructure, local maintenance capacity, or institutional arrangements. Because of this, the map can only provide a very rough orientation, not a prescriptive or site-specific recommendation. Any practical use of the tool must therefore be combined with local expertise, field visits, and participatory planning with communities.

[bookmark: _Toc208303768]Methodology
The interactive map combines two strands of work:
1. Processing geospatial datasets into a Sudan-wide grid of biophysical indicators, and
2. Linking these indicators to a structured catalogue of water harvesting practices.
[bookmark: _Toc208303769]Biophysical datasets
The underlying spatial layers come from openly available, widely used global datasets:
· Elevation and slope
· Source: Shuttle Radar Topography Mission (SRTM) digital elevation model at 30 m resolution.
· Processing: Elevation values were extracted directly; slope values were derived from the DEM using a standard slope algorithm (percentage).
· Rationale: SRTM is the most consistent global DEM with adequate resolution for national-level screening. While finer DEMs exist in some places, they were not consistently available across Sudan.
· Precipitation
· Source: WorldClim v2.1 long-term climate surfaces (1970–2000) at 1 km resolution.
· Processing: Annual precipitation was averaged per grid cell.
· Rationale: WorldClim provides downscaled climate data that are widely used for ecological and agricultural suitability analysis. Other climate products (e.g. CHIRPS, CRU) were considered, but WorldClim was chosen for its consistency and spatial coverage.
· Administrative units
· Source: GADM boundaries for Sudan’s 18 states.
· Processing: Used to tag each grid cell with its state name.
· Rationale: State-level context helps users orient themselves within Sudan and makes the tool relevant for administrative planning.
· Hydrogeological info
· Source: Africa Groundwater Atlas (africangroundwateratlas.org).
· Processing: Only broad descriptors were included in the popups as a contextual note.
· Rationale: The inclusion is meant as an orientation layer, not as a reliable input for technology selection.
All datasets were reprojected and harmonised to a uniform grid covering the whole of Sudan. Unit consistency was checked (e.g. slope in %, precipitation in mm/year, elevation in m).


[bookmark: _Toc208303770]Catalogue of water harvesting practices
The catalogue was compiled from a combination of manuals, global references, and Sudan-specific experience:
· International manuals (as identified in deliverable 2.1: 
· Water Harvesting: Guidelines to Good Practice (Mekdaschi & Liniger, 2013)
· Managing the Water Buffer (van Steenbergen & Tuinhof, 2009)
· Profit from Storage (Tuinhof et al., 2012)
· Transforming Landscapes (van Steenbergen et al., 2011).
· Technology databases: WOCAT knowledge base (with standardised practice sheets).
· Sudan field experience: Aqua4Sudan and NGO project reports.
· Internal working file: An Excel master file created under this Technical Assistance, with all practices described systematically (attributes: slope and precipitation ranges, topographic setting, advantages, disadvantages, countries of application, and reference sources). This file is provided as an annex to this deliverable.
Inclusion criteria for practices were:
1. Relevance to Sudan (documented examples or applicability in similar arid/semi-arid settings).
2. Defined thresholds for slope and precipitation to enable automated matching.
3. Sufficient description to allow for a short profile with pros/cons and references.
[bookmark: _Toc208303771]Matching procedure
The matching uses a transparent rule-based filter:
· Each grid cell has slope and precipitation values.
· Practices with MinSlope ≤ slope ≤ MaxSlope and MinPrecip ≤ precip ≤ MaxPrecip are shown.
· The popup displays both the grid cell attributes and the list of practices.
· Expanding a practice shows its description, advantages, disadvantages, topographic notes, and references.
[bookmark: _Toc208303772]Purpose and scope
The tool is intentionally simple. Its purpose is to demonstrate how basic biophysical data can be linked to water harvesting practices and presented in an interactive and accessible form. The catalogue and Excel file provide the substantive backbone, while the map is the entry point for users to explore.

[bookmark: _Toc208303773]Results and Functionality
The current version of the interactive water harvesting map demonstrates how basic biophysical data can be linked to a structured catalogue of practices. Its functionality can be grouped into three main elements:
[bookmark: _Toc208303774]Navigation and basemaps
· Users can navigate across the entire territory of Sudan.
· Two background layers are available: OpenStreetMap for general orientation and satellite imagery for visual reference to land cover and settlement patterns.
· Zoom levels allow users to move from a national overview down to individual grid cells.
[bookmark: _Toc208303775]Grid cell information
By clicking on a grid cell, the user opens a popup window displaying:
· Slope (in %),
· Elevation (in meters above sea level),
· Precipitation (annual average, mm/year),
· Hydrogeological context (broad descriptors from the Africa Groundwater Atlas),
· Administrative state (for quick orientation).
These attributes are shown in a clear tabular format. Numeric values are formatted with consistent units and decimals.
[bookmark: _Toc208303776]Recommended practices
The map automatically compares the grid cell’s slope and precipitation with the catalogue of practices. All practices whose suitability thresholds are met are listed in the popup.
· Each practice is shown with its name and category.
· Users can expand entries to view:
· A short description,
· Advantages and disadvantages,
· Typical topographic setting,
· Countries where the practice has been applied,
· References to manuals or case descriptions.
This makes the map a visual interface to the practice catalogue, allowing quick screening of potential options.
[bookmark: _Toc208303777]Examples of use
· In a semi-arid area with gentle slopes (e.g., 2–6% slope, 400–600 mm rainfall), the popup will display practices such as contour trenching (fanya chini), planting pits, or half-moon bunds.
· In a seasonal riverbed with 1–2% slope and 250–750 mm rainfall, the tool highlights sand dams and subsurface dams as relevant options.
· In a humid area with slopes <5% and >1,000 mm rainfall, options such as finger ponds or surface runoff tanks are shown.
Through these examples, the map illustrates the diversity of technologies and how basic environmental factors shape their suitability.
[bookmark: _Toc208303778]Integration with the catalogue
The Excel file underlying the tool ensures that every recommendation is traceable to a structured data entry. Each popup is thus an excerpt from the catalogue, guaranteeing consistency between the spatial tool and the broader knowledge product.



[bookmark: _Toc208303779]Limitations
While the interactive map is useful as a didactic entry point, its scope is intentionally narrow. It is important to be transparent about what the tool does not provide, to prevent misuse as a decision-support system. The main limitations are outlined below.
[bookmark: _Toc208303780]Narrow variable set
The tool currently matches practices based only on slope (%) and mean annual precipitation (mm/yr). These are indeed important factors, but by themselves they are insufficient to determine the suitability of water harvesting technologies.
Biophysical gaps:
· Soil type and texture strongly affect infiltration, seepage losses, and erosion risk.
· Geology and groundwater depth determine whether subsurface storage options are feasible.
· Catchment area and runoff potential influence whether sufficient water is available for diversion or storage.
· Land cover and land use affect sediment loads, evaporation, and competing demands.
· Hydroclimatic variability (rainfall intensity, drought recurrence, flood peaks) often matters more than long-term annual averages.
· Climate change is currently not included, in the long term planning of water harvesting in Sudan it would be very wise to include forecasted changes in precipitation.
Socio-dynamic gaps:
Equally important are basic and more complex socio-dynamic factors that strongly shape the viability of water harvesting, yet are missing from the tool:
· Presence of population: whether people (or livestock) actually live near enough to benefit from the water source.
· Settlement density and mobility: permanent villages vs. nomadic/pastoralist use patterns.
· Livelihood systems: crop–livestock balance, reliance on rainfed vs. irrigated agriculture.
· Institutions and leadership: the presence of local committees or authorities that can manage structures.
· Power relations, gender, and generational dynamics: who controls water, who provides labour, who reaps the benefits.
· Conflict dynamics: whether a technology may become a target or exacerbate tensions between groups.
These socio-dynamic dimensions are often decisive in Sudan. A practice may appear technically suitable on the map but remain unfeasible if no local population is present, if the group composition is contested, or if the structure risks becoming a source of conflict.
[bookmark: _Toc208303781]No social or institutional context
Technology suitability is rarely defined by biophysical conditions alone. In Sudan, equally critical are:
· Ownership and governance: who manages the structure, and under what arrangements?
· Operation and maintenance capacity: whether communities can afford upkeep and have the technical knowledge to do so.
· Conflict sensitivity: some structures are more vulnerable to damage or capture in conflict settings.
· Gender and generational dynamics: who benefits, who carries the workload, and who controls access to water.
The tool does not incorporate these dimensions, meaning that a practice shown as “suitable” may in reality be unworkable in its local social context.
[bookmark: _Toc208303782]Static thresholds and generalisation
The catalogue relies on fixed slope and rainfall ranges. In practice, these thresholds are flexible:
· Many technologies can be adapted beyond textbook ranges by adjusting design (e.g., spillway dimensions, lining materials, bund spacing).
· Local micro-topography or soil conditions can make practices viable where the simple slope/precipitation logic suggests otherwise.
The current tool cannot account for such context-specific adaptations.
[bookmark: _Toc208303783]Lack of performance data
The map does not verify whether existing Sudanese examples of the practices are functional or non-functional. There is no link to monitoring data, cost-effectiveness analysis, or community feedback. As a result, recommendations are theoretical, not evidence-based at the site level.
[bookmark: _Toc208303784]Risk of over-interpretation
Because the map interface is clear and authoritative-looking, there is a risk that users interpret the results as prescriptive recommendations. This is particularly risky if the tool is used in planning or investment contexts without expert oversight. The tool should therefore always be accompanied by a clear disclaimer: it is for orientation only, not for decision-making.
[bookmark: _Toc208303785]Benchmark: WaterHarvestingExplorer
A comparison illustrates the level of refinement needed for decision support. The WaterHarvestingExplorer integrates multiple data layers (soil, land cover, groundwater, slope, rainfall, runoff potential) and applies multi-criteria analysis to score technologies across suitability dimensions. It also incorporates participatory validation and detailed guidance notes.
By contrast, the Sudan map deliberately prioritises simplicity and transparency, but this also means its limitations are stronger. The Sudan tool should be seen as a prototype orientation map, not a substitute for more refined systems.

[bookmark: _Toc208303786]Next steps and recommendations
The interactive map is best understood as a prototype orientation tool. It demonstrates how simple biophysical parameters can be connected to a catalogue of water harvesting practices and visualised interactively. To increase its practical relevance and credibility, several improvements are recommended:
[bookmark: _Toc208303787]Expand the data basis
· Biophysical layers: add soil texture and erodibility, land use/land cover, catchment size, drainage density, and flood frequency. Groundwater depth and hydrogeological units could be integrated at higher resolution to guide subsurface options (sand dams, recharge wells, subsurface dams).
· Climate indicators: complement mean annual rainfall with rainfall intensity, variability, and drought recurrence indices. This would align better with how communities experience water stress in practice.
· Socio-dynamic data: overlay population density, settlement patterns, pastoralist routes, and conflict incident maps to indicate where technologies are socially viable. Even a simple presence/absence of nearby population would increase realism.
[bookmark: _Toc208303788]Strengthen the practice catalogue
· Enrich attributes: for each practice, add information on soil requirements, hydrological setting, labour/cost ranges, and maintenance needs.
· Sudan-specific evidence: link each technology entry to Sudanese case examples drawn from Deliverable 3.2 (case studies) so that users can see where and how the practice has worked (or failed).
· Excel as backbone: maintain the structured Excel file as the “master dataset,” and continue updating it through literature review and expert feedback.
[bookmark: _Toc208303789]Improve usability and guidance
· User guidance: include a short disclaimer and “how to use” section within the interface. This should explain the scope of the tool and warn against misinterpretation as a decision-making system.
· Interface improvements: allow filtering by practice category (e.g., open reservoirs, soil moisture, groundwater storage), and add links to images or schematic diagrams.
· Confidence indicators: flag practices with weak evidence or limited Sudanese application to alert users that recommendations are tentative.
[bookmark: _Toc208303790]Validation and learning
· Expert review: organise a structured review with Sudanese engineers, NGOs, and universities to test the suitability thresholds and update the catalogue.
· Field checks: where security allows, validate tool outputs against real-world structures. For example, check whether areas flagged as suitable for sand dams actually have functioning sand dams nearby.
· Learning from failures: ensure abandoned or broken structures are also captured, so that lessons from non-functional technologies feed back into the tool.
[bookmark: _Toc208303791]Integration with broader outputs
· The map should not stand alone. It should be positioned as a visual interface that complements other deliverables:
· Deliverable 2.1 (capacity assessment): informs where knowledge and skills are missing to interpret such tools.
· Deliverable 3.1 (manual review): ensures practice descriptions are consistent with design guidelines.
· Deliverable 3.2 (case studies): links Sudanese examples to the catalogue.
· This way, the map functions as a gateway, directing users from a simple grid-cell match to richer, evidence-based information elsewhere in the project.

[bookmark: _Toc208303793]Conclusion
The map already demonstrates potential value for communication and training. However, for it to become a truly useful planning support tool, it needs more layers, stronger links to Sudanese evidence, and clear safeguards against misuse. Future iterations should expand both the data base and the practice catalogue, embed the tool in the broader deliverables of this Technical Assistance, and test it against field and expert knowledge.
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