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Introduction
Thoughtful and efficient water management on agricultural plots has become increasingly importantin recent years, as rapid alternation between extreme conditions (prolonged drought or wet spells)poses a major challenge. When developing a water strategy for a plot, it is crucial to keep the entirelandscape in mind and account for all components of an agroecosystem. The basic principles of keylinedesign can provide an interesting framework.
In this factsheet we focus on the application of a swale structure. Provided there is thoroughpreparation and correct execution, these can form an efficient measure to contribute to sustainableand climate-adaptive water management.

Keyline design
Keyline design is a landscape design and water management principle that aims to distribute wateracross the landscape as efficiently as possible, improve soil fertility, and prevent erosion. Slowingdown, spreading, infiltrating, and storing all rainwater is central to this approach. The concept wasoriginally developed by the Australian farmer P.A. Yeomans in the 1950s, who took the broaderlandscape environment into account and considered all components of an agroecosystem in anintegrated way. It starts from the keyline “scale of permanence”, which classifies each of thecomponents (climate, topography, soil, water sources and needs, roads, woody vegetation, buildings,fencing, etc.) based on their stability over time and the energy required to modify them. To shapewater management in the landscape, one first looks at those elements that are most stable and themost difficult to change. This provides a framework for asking the right questions and makingdecisions. The goal is always to use gravity based on the natural topography and to build an optimalwater circulation with the lowest possible energy consumption.

Crucial to keyline design is finding the “keypoint” (also called the turning point): the point in the areawhere the runoff changes from an eroding to a depositing role. Or alternatively: the place where thecontour lines change from a dense configuration (steep slope) to a more spread-out configuration(gentler slope). The contour line that runs through this keypoint is the keyline. Interventions tooptimize water storage and distribution then generally follow a keyline pattern, based on parallellines relative to that keyline.
Swales, discussed in this factsheet, are a typical example of such a keyline measure. Other examplesinclude: half-moons, terraces, diversion or infiltration channels, infiltration basins, ponds, etc. But theuse of mulch material or the Yeomans plough also follow the principles of slowing down,redistributing, infiltrating, and retaining water on-site.

Figure 1. Swales with fruit trees on the fields at Rik Delhaye's farm in Westouter ( © Jeroen Watté, Wervel 2014 CC BY-SA).
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Swales: what are they?

A swale or ditch-bund structure is a water management measure applied to sloping plots. Thisstructure consists of a ditch to collect water, which is bordered downhill by a small bund or earthenberm. Both run parallel to the landscape's contour lines, although variations are possible. The swale istypically seeded to create dense herbaceous or grassy vegetation in order to stabilize the structure.Often, the berm is also planted with shrubs and/or trees. In that case, the term “contouragroforestry” is sometimes used.

Figure 2. Left: a newly established swale. Right: three swales on landscape level (© AFAKTIVE).

Purpose and functioning

The main purpose of a swale is aimed at improving the water management on the plot, reduce soilerosion, and prevent flooding.
In periods of heavy rain, the runoff water is collected in the swales, where it is given time to infiltrateinto the soil. In this way, this water is not lost, but a local buffer can be built up for drier periods.Sediment and nutrients in the water can also infiltrate in this manner. In certain designs, the water inthe swales is diverted and stored in a reservoir, where it remains available for later use. Due to thereduced runoff, the risk of soil erosion is also decreased. Should this still occur, running soil particlesare caught in the lower-lying swale. This contributes to the preservation of soil fertility.
However, the effects are not limited to the plot in question. Reducing runoff can prevent flooding inlower-lying areas and mudslides. In addition, eutrophication in these downstream areas is avoided, asexcess water originating from agricultural areas is often relatively nutrient-rich.

Due to their permanent character and often structurally rich vegetation, swales can contribute tobiodiversity by functioning as corridors, overwintering areas, and/or nesting areas. In the case ofwoody vegetation, the plot's carbon stock increases. This occurs, on one hand, in the present above--and below-ground woody biomass, but on the other hand, also in the soil through the formation anddecomposition of roots and the input of leaf litter.
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Swale design
When effective?Whether swales can be an effective measure for a specific plot depends on several factors. Forinstance, effectiveness will be lower in very porous soils, in soils with very limited infiltration capacity,or in plots that already have a large number of trees. Additionally, it is best not to apply this on slopesexceeding 20% (due to the risk of landslides) or in areas where a higher soil moisture content is notdesirable. Finally, local regulations must be considered, as a permit may be required.

Designing swales
The number of swales constructed, their location on the plot, and their exact dimensions can bechosen within certain limits. However, it is important to take several aspects into account, includinglogistics, regulations, and certainly, effectiveness and water storage needs.
The required dimensions are determined by the maximum amount of precipitation that canpotentially run off the plot in question. This, in turn, is the result of the maximum precipitationamount minus the losses that occur before runoff begins (e.g., interception by vegetation, infiltrationinto the soil, evapotranspiration). Furthermore, the infiltration capacity, land use, and slopepercentage of the plot are naturally also taken into account. The result is a fairly complex calculationfor which standard formulas or models are often used. A frequently used method for this is the so-called “Curve Number” method.
When keeping runoff water available on the plot is a priority, it is recommended to use a logarithmicdistribution for ditch placement with the distance between ditches decreasing upstream. Thereasoning behind this logarithmic distribution is that soil moisture is lower at the top of the slope thanat the base. By providing more ditches at the top of the slope, the infiltration capacity would increase,thereby increasing soil moisture content.

Finally, the distance between the swales must allow for the efficient passage of any agriculturalmachinery. Furthermore, when positioning the swales, it is best to look for the so-called “key points”.If you implement a water management structure there, it will have a greater effect on the water cycleof the entire lower slope. In practice, other factors can also determine exactly where the swales willbe located, such as obstacles on the plot, an existing path, or buildings.

Establishment and construction
Everything starts with very accurately marking out the location where the swales should be placed onthe terrain. The swales are marked out perpendicular to the slope and parallel to the contour lines.This can be done relatively easily by oneself using an “A-frame” or a laser. For the construction, usinga small excavator (e.g., 3 tons) or a small bulldozer is sufficient. In doing so, it is best to avoid soilcompaction as much as possible to avoid further reducing infiltration capacity. With properconstruction, creating swales requires no soil export or import.
To prevent swales from breaching, it is best to construct one or more overflows (through whichexcess water can drain) per swale. This can be done, for example, by making a small notch in the bund



30/10/2025 5

that is connected to a retention reservoir capable of storing excess water. This notch is bestreinforced with gravel, for instance. Alternatively, one can interrupt the swale every few meters, sothat it retains functionality along its entire length if the bund were to breach at a single location.
Ideally, the swale is immediately seeded and/or planted with the desired vegetation at the time ofconstruction to minimise soil erosion.

Figure 3. Left: The use of an A-frame and chalk to measure height lines © Wervel. Right: example of a design with
discontinuous swales © ILVO.

MaintenanceAfter installation, regular monitoring and maintenance of the swales is recommended to ensurecontinued proper functioning. Generally, mowing vegetation once or twice a year is necessary, alongwith pruning any existing trees or shrubs. Over time, it may be necessary to clear the ditches if theysilt up. Furthermore, a visual inspection is recommended, particularly after heavy rainfall. If erosion ofthe bunds is detected, they must be reinforced. Overflowing of the swale during limited to moderaterainfall indicates incorrect dimensioning and prompts an increase in volume and/or the diversion ofthe collected water.

Legislation in Flanders
In most cases, a permit is required for a change in terrain relief. This is the case when:

• The terrain is located in a spatially vulnerable, erosion-prone, or potentially or effectivelyflood-prone area;
• The nature or the function of the terrain changes;
• The volume of the terrain relief change is greater than 30 m³;
• The height or depth of the terrain relief change is greater than 0.5 m at least at one point;

In certain cases, an archaeological report may also be required.
When the bund is planted with woody vegetation, additional regulations also apply. For more details,refer to the existing information on our Knowledge Hub (Wetgeving & Subsidie) regarding agroforestrysystems and woody vegetation.

https://www.agroforestryvlaanderen.be/nl/kennisloket/wetgeving-subsidie?type=information-sheet
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Newly established swalesA recently implemented practical example of swales can be found on a steeply sloping plot inMabrouck (Voeren). Two swales were constructed, each with a length of 170 m and a total volume ofapproximately 400 m³. To reduce risks in the event of a breach, an interrupted design was chosen (seethe right-hand side of Figure 2). Here, the swales were deployed in one of the pastures of a horsefarm, for multiple reasons. The main motivation was to reduce runoff water in the neighbouringlower-lying areas. In addition, the trees and shrubs planted on the swales will enrich the pastureswhere the horses graze. A portion of this planting will provide fruit in the future that can bemarketed. Finally, the swales and vegetation have positive effects on biodiversity and the landscapecharacter. A short report on the design and construction of the swales on this farm can be viewed viathis link.

Design and labourDuring the design and construction phase, the required time investment was tracked by the involvedstaff of the Regionaal Landschap Haspengouw en Voeren (RLHV). Drawing up the design plan,including the site visit and a detailed GIS map, took about 4 man-days. Preparing the environmentalpermit and the tender required 3.5 man-days. During construction, a total of 1 man-day was requiredfor on-site marking out. This was done using a laser, which also remained available during theexcavation works for verification. The actual excavation works and construction of the swalesrequired 7 man-days. Finally, planting the woody vegetation required 3 man-days. In total, thisamounts to 18.5 man-days for the construction of two swales with a combined length of 340m.

Figure 4. Left: building swales in Voeren with a laser and an excavator. Right: planting fruit trees on swales.
© Christel Cornelissen RLHV

Swales in practice
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Sources and Recommendations
For those who wish to delve deeper into this matter, we list a number of other relevantpublications and web pages below:

• Rapport crEAGtief: “Contourboslandbouw: De mogelijkheden van agroforestry op greppel-
berm structuren in erosiegevoelig gebied”

• www.agroforestryvlaanderen.be: Swales in Voeren als nature-based solution tegen
klimaatverandering - Agroforestry

• LIFE-AFaktive project: Agroforestry as a Key to Improve Water Management & Adaptation to
Extreme Weather Events - Agroforestry

• Curve number method: 183157

Additionally, we recommend the books listed below:
• Brad Lancaster. 2019. Rainwater harvesting for drylands and beyond. Volume 1. 3e editie.

288p. ISBN 9780977246410.

• Ken B. Yeomans. 2008. Water for every farm: Yeomans keyline plan. 4e editie. 368p. ISBN
9781438225784.

• Mark Shepard. 2019. Water for any farm. ISBN 9781601731463.

Concluding remarks
With this information sheet, we hope to have provided a clear overview of the principles andapplication of swales. For more details or questions regarding the application of swales on your farm,do not hesitate to contact the Consortium Agroforestry Vlaanderen(info@agroforestryvlaanderen.be) or the Dutch CAMBIUM colleagues from Food Forest Factory(info@foodforestfactory.eu).

• Swales are ditch-bund structures constructed on sloping plots,parallel to the contour lines.
• On sloping plots with a slope percentage of less than 20%, with stable soil, withoutafforestation, and without the risk of causing water saturation problems downstream,swales can be a suitable technique to slow down, distribute, infiltrate, and store runoffwater. In this way, the water remains available during drier periods, and the risk ofdownstream erosion and eutrophication is reduced.
• The construction of swales can be combined with other measures, including the seeding ofgrasses, herbal mixtures, or the planting of trees or shrubs. When swales are planted withwoody vegetation, we speak of “contour agroforestry.”
• Designing a plan for swales requires the calculations and insights to estimate the correctdimensions and ensure a proper spatial arrangement. The risk of a breach during extremerainfall must be avoided at all times.
• A small excavator and a laser are the primary requirements for constructing the swales.Ensure the bottom of the swale is perfectly level during finishing.
• Seek guidance from people with on-site experience and take into account locally applicableregulations and permit conditions.

Checklist before you start
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