Resilient Landscapes: creating integrated solutions

Chris Dixon: mawddach@gn.apc.org

[latest draft CJD 05-12-08. This is still incomplete but is being released into the wild as it is for feedback and to encourage others who may be working along similar lines]

1. Challenges.

This document sets out to address the wide range of challenges facing us today and in an increasingly unpredictable future by posing an integrated approach to land management which makes use of existing strategies (permaculture design) and specific techniques that have a proven track record while suggesting further innovative actions that require more detailed investigation through small and medium scale trials on the ground.

The word integrated in this context refers to integrating a range of solutions that each reinforces or otherwise enhances the other as in synergy. Anyone involved in the design of sustainable systems quickly comes to the realisation that everything is interconnected, interdependent. This creates problems when attempting to describe such systems in a linear way (as in this document, for example). It may be the explanations or descriptions will be easier to produce and understand if we employ more interactive media such as an interconnected web site.

Such systems are also far too complex to be designed by a single individual and are always improved by group input (many heads are better than one). With the addition of Wiki type feedback mechanisms, the web based document mentioned above then also becomes a valuable tool for involving many people in the design process. This sort of group process is usually facilitated by having a simple, easily understood framework to begin from. It should be accepted that the simple framework itself may become completely irrelevant at some point or just become invisible beneath the growing complexity of the applied design thinking of many heads and localities.

Much of this may be seen as radical, on the lines of a complete system re-design, which is probably what is required. Envisioning the future is the first stage of any design process and I would encourage others to imagine their ideal futures, free from any limiting constraints, prior to designing the steps to get there from where we are now.

1.1 Challenges addressed by an integrated approach to land management
[incomplete. I have used my take on the permaculture ethics to provide three integrated, basic categories of challenge but it may be better to go for Ken Wilbur's quadratic evolution AQAL which, while possibly more difficult to work with practically, allows for a more coherent analysis.]

1.2 Environmental

Increasingly unpredictable climate

Drought

Fire

Flash flooding

Invasive species [so called. Maybe tenacious species is a more appropriate terming and avoids the battlefront mentality. They are all fulfilling valid ecological functions now and sudden removal of large areas of bracken or rhododendron, for example, as well as being energy intensive to implement, reduce carbon trapping and storage functions while exposing soils to erosion]

Conservation of local and regional biodiversity

[others]

1.3 Social/cultural

Affordable dwellings

Community cohesion

Reduced carbon use

Jobs

Transport

Access

Recreation

[others]

1.4 Personal/individual

Personal freedom

Fulfilling work

education

Skills


Self esteem

[others]

2. Overview:

It may be useful to adopt a broadscale framework to land management initially which allows for great diversity and complexity at a local level. Eurig Ap Gwilym [the Welsh Bavarian natural forester] suggested a threefold division of land as follows:

2.1 Upland zone: [incomplete] water storage (in soils, upland bogs, lakes, ponds, under forests) wilderness regeneration, forest systems, carbon sequestration, bio mass, bio fuels, wild foods, livestock (eg deer, sheep, cattle) as components of habitat creation or preservation (heath, moor etc)... 

[Eurig's original idea was that the upland zone would be left to itself as wilderness. He wanted to fence it off completely so humans could not even go there...]

2.2 Midland zone (valley sides): [incomplete] eco-villages, co-housing, low impact developments, agroforestry, fuel and forage forests, food forests, fruit, nuts, soft fruits, small scale localised food production, fungi, bio fuels, bees, gardening as agriculture...

2.3 Lowland zone (valley floors): [incomplete] market gardens, small scale intensive organic food production (gardening as agriculture), allotments, vegetable box schemes, polytunnels; in general, vegetables, soft fruits, hard fruits, grains, milk, fish...

3. Access:

3.1 General

Good access is fundamental to generating productive systems in landscapes, allowing the easy movement of materials and resources within areas, both to establish and develop the systems and to harvest and distribute products and materials generated by the systems. Access routes effect water movement (run off and through flow) and hence provide the opportunity to integrate water management into the landscape.

I am not necessarily suggesting here the immediate need for large scale re-construction of access routes in landscapes but rather the usefulness of bearing a pattern of access design in mind when we examine such landscapes.

3.2 Contour and close to contour access

In general the integrated approach considered herein promotes the concept of access along contours or close to contour. Contour access results in swales (water management by infiltration into soils). Close to contour (for example 1:500 fall) allows for the direction of slow water flow into chosen storage such as soils, wetlands, bogs, reservoirs, lakes and the creation of new storage systems (wetlands, marshes etc).

Contour or close to contour access routes allows for effective access to otherwise inaccessible or difficult to reach areas. Materials and resources for developing productive systems can be easily delivered above the area where they are required and lowered into position with the advantage of gravity (gravity systems include winches, fernicular railways, slides, chutes etc). Harvested materials can be accessed from access routes that run below the system, again allowing for the use of gravity.

3.3 Multiple modes of transportation

Access that follows contours or close to contour is obviously level or nearly level providing for minimal energy use in a variety of transportation devices. By creating access routes at a variety of scales (widths) various modes of transportation can be catered for. Wider routes allow machine access for vehicles such as tractors, lorries, large scale timber harvesting equipment and the like. Reducing the width caters for small cars, horse drawn vehicles, horses, bicycles, wheelchairs, pedestrians etc. (Wild ideas would also include provision for currently more unconventional means of transportation such as skateboards, in-line skates, prosthetic walking devices etc. on a local scale depending upon local need and interest). Certain access routes may be in the form of canals at various scales, depending upon the local land type opportunities, allowing for waterborne transportation, again at different scales from small craft such as canoes up to barges.  Water access routes could also incorporate the techniques and general strategy of keylining [see Yeomans] although the wholesale adoption of keylining in a different climatic zone requires careful consideration.

As this approaches considers multiple contour or close to contour access routes within the landscape (ie across individual hillsides) there is the provision to provide separate access for these different modes of transportation thus avoiding current conflicts between different users (e.g. motor cars/cyclists, horses/cyclist etc.).

3.4 Land division according to land types

Access routes along these lines promotes land division according to land types (rather than present divisions resulting from political or social boundaries and economic considerations  ie. division according to the shortest distance between two points). The division of land according to land types (steep slope, flat land, acid, wet, dry etc.) is an essential component in creating resilience. As a simple example,  a field divided according to political or monetary reasons may have a wet corner where the main field crop does poorly or a tractor gets bogged down; land division according to land type avoids such absurdities.

3.5 Construction methods. [more work needed here]

Methods will vary according to the scale of the route, the usage and the zone; from large scale excavated routes with hard surfaces through sequestered carbon (log) surfaces, fascine causeways, to woodchip paths and board walks (see below for details). In general, all contour and close to contour access routes will slope back into the hillside and incorporate some form of ditch, swale, stream, canal or other water harvesting feature on the upslope side.

While it might seem that this involves large scale effort and energy inputs, considerable construction can be achieved through the use of the most simple materials and methods (the pyramids, for example). There is the opportunity for powerful synergies here with a whole range of social and cultural elements (practical education opportunities, young offenders (so called), disenchanted youth, probation, community service etc.etc)


3.6 Non contour linking routes

Obviously it will be necessary to include access routes which link the contour or close to contour routes. The banks of major rivers and their tributaries provide obvious opportunities for inclined planes and usually have existing routes alongside them already. Additional up and down slope access could take the form of gravity powered funicular railways (as at CAT), escalators (as at Guell Park, Barcelona), switchback routes with hairpins, depending upon local needs, population densities etc. [incomplete]

4. Primary divisions:

4.1 General

Selecting key contour and close to contour access routes creates the primary division of the landscape into the three major zones as outlined above. However, due to multiple access opportunities there is room for considerable local variation. So, for example, flatter areas with deeper soils in the midland zone may be used to generate local food production systems such as market gardens [etc.]. The use of polytunnels in suitable areas similarly extends intensive organic food production into midland or even upland [?] zones.

4.2 Upland zone: 

principle goals:

water management (buffering, flow and quality control)

water storage (ponds, bogs, in soils)

soil building

habitat creation

erosion control

fire control

wildlife

carbon capture and sequestration

bio fuels

wild foods

education

recreation, toruism (walks...?)

[more]

4.2.1 Water storage in soils. Overview.

The best place to store water is as high up in the landscape as possible. Further, most water storage takes place in the soil, not in reservoirs etc: of the total water available on the planet, 11% is stored in soils as opposed to less than 0.5% in dams, lakes, reservoirs and rivers. Generally within a few hours of the cessation of rain, run-off ceases and reservoirs and streams are fed by water from soil storage. Thus by paying attention to strategies for creating and building soil we can increase the water storage capacity of the landscape.

4.2.2 Methods of soil building

4.2.2.1 Wilderness [or natural?] regeneration [or revegetation?]

Wilderness or natural regeneration or revegetation is easy to initiate through the exclusion of grazing animals. There are various practised techniques whereby the speed of regeneration may be increased, for example, by adding tree seed in areas lacking in mature (seed bearing) trees.

[see www.konsk.co.uk/design/regen.htm for details]

Increased vegetation protects soils from erosion, provides increased surface area for water trapping on leaves during rainfall (buffering effect), moisture condenses on the increased surfaces during periods without rainfall, the increase in bio mass from leaf fall and autumn die back promotes soil building and hence water storage in soils. There are significant other benefits including wild harvests. [At Penrhos, products derived from regenerating scrub significantly outperformed sheep in five years, www.konsk.co.uk/design/regen.htm#table]

4.2.2.2 Upland, blanket and raised bog regeneration and creation

Upland bogs of various types provide natural methods of water storage and buffering and can considerably reduce the onset of flash flooding in the midland and lowland zones. The  drainage of upland, blanket or raised bogs have significantly reduced the water storage and buffering capacity of the uplands.

"Storm runoff from ...  older peat is rapid, but water then passes slowly through the sphagnum zones which have a significant buffering capacity". (3)

Bogs can be reinstated through the simple process of blocking up drainage ditches using fascine or log causeways. New bogs can be encouraged to develop in suitable areas using the same methods. Causeways create access for recreation and harvesting operations and provide opportunities for carbon sequestration. [www.konsk.co.uk/resource/techniques/water/causeway.htm]

While being active carbon sinks, bogs and wetlands can also be net contributors to methane emissions, depending upon the climatic zone in which they occur. Current research seems to suggest that in temperate climates (such as the UK, currently) they are around zero in terms of overall emissions (ie. carbon sequestration balances methane emissions). However, as the temperature heats up, these same systems may become net emitters.

Useful research has been carried out by scientists at Bangor University (among others) into methods of reducing methane emissions from wetlands. Temporary drainage of bogs significantly and rapidly reduces methane emissions and the reduction continues for some time after the bog is allowed to refill (4).  New bog systems could easily incorporate methods for temporary drainage. Systems with open surface water appear to result in greater methane emissions than those with vegetative cover. [My practical activities at Penrhos suggest that raising a causeway, and hence water table, in stages over several years is a useful strategy]. Some research suggests that the addition of sulphates can also reduce the methane emissions (5).

4.2.2.3 Forest systems

New forest systems can be planted. Forests build soils, store water, encourage rainfall (16-40% more than bare land [need reference from PC mag]) provide habitat...[more here]

"Mature conifer and broadleaf woodlands lying within the high rainfall zone are ... able to develop ... prolific moss and ground vegetation .... Moss growth maintains the humid conditions within the forest. Thus, the ecological system becomes self-sustaining and soil accumulation is promoted. Clear felling destabilises the moss-fern association, leading to soil erosion. The greatly altered nature of the hill surface produces a substantial increase in surface runoff during storm events." (3. p.12-13)

"Expansion of forestry in the high rainfall zone ... should lead to further growth of hillslope moss-fern associations, with consequent soil deepening and improved runoff interception properties. The most immediate benefits would be derived from the planting of fast growing conifers and birches, with a gradual progression to semi-natural oak woodlands as a desirable long term objective".(3. p.20-21)
Forest systems also produce a wide variety of potential harvests in the form of raw materials for products such as bio fuels. It should be noted from the above quotation that clear felling should be avoided and any harvesting of forest in the uplands (as elsewhere) should provide continuous cover. Steep slopes should probably never be harvested.

Forest debris on steep slopes and in rivers provide for reduction in erosion and further control of water flow. Current views on "tidiness" which lead to regular (energy expensive) operations such as clearance of fallen trees from water courses need to be seen as counterproductive and a sign of a disordered system (ie. input of energy for no product or gain other than support of outdated cultural attitudes).

4.2.3 Animals

Certain animals can be included in upland areas both to improve overall productivity and maintain or create habitat.

4.2.3.1 Cattle

Welsh black cattle are fulfilling this role in Wales and presumably similar cattle were once found in other upland areas. Cattle have benefits in terms of grazing to achieve conservation goals and cultural connections with traditional land use patterns. The heavier animals also provide some measure of bracken control as the plant does not like compression [need some details].

Cattle can also provide opportunities for work. Oxen were (and in many countries, still are) used as effective haulage animals.

4.2.3.2 Beaver

Interesting work has been carried out in Scotland [a private site, need to track it down] where beavers have been reintroduced. They have effectively improved the water storage capacity of the land by creating dams, trapping silt, spreading tree cuttings (willow) and generally generating a much more interesting and potentially productive environment. Reintroduction of the Afanc links with cultural traditions, conservation values, tourism etc.

4.2.3.3 Deer

Deer of various species are often endemic in upland areas anyway and can be seen as a problem (as an example, the cull of fallow deer in Coed Y Brenin begun by the Forestry Commission in 1996 resulted in the shooting of over 2000 animals in the first year, a considerable quantity of organic meat; and they are still here). In effect they represent an organic herd that requires no additional feed. Management through controlled culling (ideally by locals) results in high quality organic meat for further local value adding processes (smoking etc.)

4.2.3.4 Sheep

Sheep in themselves are innocent and are excellent at converting low grade fodder (grass, browse) into high quality human food plus offering an additional yield through wool production. It is not necessary to exclude sheep completely but rather simply to restrict their numbers and limit them to particular areas- that is, fence the sheep, not the trees.

4.2.3.5 Horses

Horse's as grazers, in appropriate numbers, provide considerable conservation benefits, tending to eat grasses rather than the more interesting stuff. They are not ruminants and hence produce far less methane [need some figures in here]. In a low/zero carbon future they could provide for much of the work that currently requires oil driven machinery, such as local transport of materials and people, timber harvesting operations etc. They are also edible and are considered to be very good meat in many countries. If present cultural limits to what is considered food are re-addressed then horses could also become a contributor to the food supply. 

[other animals?]

4.3 Midland zone 

Eurig principally intended this zone to refer valley sides. He saw this initially as a forest system with livestock clearings and some scattered smallholdings. From our later perspective this area requires a greater workforce and so becomes a main occupation zone for humans, incorporating existing and new village communities within the forest matrix.

4.3.1 Water management

It is also a significant zone for water management with synergistic connections to carbon trapping (in trees) and sequestration (in soils). This is where the upland water flows channel into often steep gorges creating gravel trains that make their way inexorably (and often terrifyingly rapidly as in the flash flood of 2001) downstream to fill up the lower reaches of the major rivers and ultimately river mouths and harbours .

"Conifers ... planted during the 1950’s and have developed beyond commercial maturity. This has allowed a progressive rising and opening of the forest canopy, promoting the growth of ground vegetation. The combined effects of trapping slope wash sediment and addition of organic material over a 50 year period has led to the development of around 140cm of forest brown earth." (3)

Considering that the bulk of water storage takes place in the soil, this represents a huge addition of water storage/buffering. To emphasise the point, comparison with a clear felled area on the same slope showed a loss of 90cm of that soil in the first year after forest clearance. (!!)

"Continuous cover forestry practices should be employed, to avoid soil erosion from clear felled hillslopes. Trees need to grow beyond normal commercial maturity to ensure the open canopy conditions favourable for high productivity of ground vegetation." (3. p.20-21)

4.3.2 Forest Systems

There are a wide range of methods and techniques for establishing forest systems available to us. An outline of some of the methods is provided below. A simple model for tree planting schemes requires 3 types of tree, as follows:

1. soil conditioning species (a species that improves soil condition and fertility and ideally is also a fodder crop for livestock; eg. Gorse, alder)

2. short term species ie. harvest within a lifetime (eg. European larch, Douglas fir etc.)

3. long term species ie. carbon sequestration, high value timber (eg. Oak, walnut, both of which provide fodder for pigs, for example. Management of long term tree crops requires high pruning which can be seen as a harvest)

4.3.2.1 Agro Forestry

First introduced as a concept by Robert Hart and Robert Sholto Douglas [reference needed] this is a tried and tested method which has proven increases in yield over purely livestock production. It provides a method for including trees in landscapes as well as livestock and can be seen as a route to encouraging livestock farmers to include trees in the landscape. Trees are planted at set intervals (5m, 10m or 15m spacing for example) following contours. Individual trees are protected.

Synergies include shelter for stock, fodder from management operations (eg. High pruning), on-site materials (eg. stakes, rails etc), food production (fruit, nuts), soil conditioning and fertilising (eg. nitrogen fixing from alder). These systems also look very good, contour planting always tending to related the system to the actual landscape rather than just the imposition of straight lines. [Best example I have seen so far in Britain is at Bendall's Farm in Somerset].

4.3.2.2 Coppice systems [details]
4.3.2.3 Trees as producers of pig food [details
4.3.3 Human settlements

It is arguable whether existing farms can be adequately managed by a single person or family, even given the extensive availability of oil. To fully manifest the enormous productive potential of landscapes it will be necessary to have considerably more people involved in land-based activities (Power in Community, the film dealing with Cuba's transition to a non oil based agriculture notes an increase from below 5% of the population being involved in food production to 24%).

Similarly, the implementation and management of strategies for carbon sequestration, production of low carbon materials etc. will require a considerable workforce, ideally located within easy walking distance of their places of work.

Equally contentious is the fact that gardening small pieces of land with simple, hand tools is far more efficient and productive than conventional agriculture. Thus, the bulk of the food needed to feed the world in the future will likely be grown in gardens and market gardens rather than on farms; that is, gardening as agriculture. A major cultural change is required to realise the significance of this single statement. Basically, given an ethical framework to restrain but not cripple activity and ecological principles to guide actions, the more people we can get on the land, the more productive it will become.

Clearly such thinking is radical and contentious but it seems highly likely that if (when?) the situation becomes desperate a large scale reoccupation of the countryside will take place anyway, as it will be the only way of gaining access to environmental resources (water, food, fuel etc.). If this is to be the case it would seem rational to plan for it now rather than just let it happen.

There are various historical precedents for this. The population of the Parish of Trawsfynedd, for example, has remained relatively stable over the last century. However, at present 80% of the population live within the town itself whereas 100 years ago, 80% lived in the countryside (from Parish records, personal communication).

Similarly, during the great depression in the 1930s when land prices collapsed, land in the Dolgellau area was made available to people who wished to operate smallholdings (pretty much as occurred in Cuba, the advantage being that in Cuba the state owned most of the land anyway and so could give it away without causing too much backlash from landowners).

Given the need for a greater rural workforce and the need to encourage people to adopt low energy lifestyles, it may be that the offer of land and homes in rural settings is the ideal inducement.

4.3.3.1 Low Impact Development

Low Impact Development was first defined by Simon Fairlie (6) and has since been recognised by various authorities, notably the WAG (the Weslh Assembly Govenrment), CCW (Countryside Council for Wales) and Pembrokeshire Coast planning authority (among others).

Generally speaking, low impact development provides homes for people wishing to follow low energy lifestyles. Clusters become eco-villages. Materials include timber, cob, straw bale and the like. Structures are simple enough to be built by the occupants themselves or as group activities. They are usually cheap (extremely cheap by modern building prices) at perhaps £5000-£20,000 depending upon relative sophistication and offer a clear route to genuinely affordable homes, especially but not exclusively, for younger adults.

Existing farms with their buildings and infrastructure (access, communications, power lines) provide potential nuclei for establishing eco-villages of low impact buildings. To maximise passive solar heating only south facing slopes should be considered as potential sites. The new homes would ideally be strung along contour access/water management routes as described above. Each new home becomes the focus of a garden for the production of food for the occupant and family with surpluses going first to the eco-village and then for export to other areas, possibly including collection and delivery to distant locations such as cities (although, as in Cuba, cities moved very quickly towards producing their own food).

4.4 Lowland zone

(valley floors): [hugely incomplete] market gardens, small scale intensive organic food production, allotments, vegetable box schemes, pollytunnels; in general, vegetables, soft fruits, hard fruits, grains, milk, fish...

Wetlands (including marshes, bogs, pools, ponds, lakes etc.) provide opportunities for aquacultures including fish, water fowl (hence eggs)...

[There's a lot more to go in here obviously, but you get the ideas...]
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