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10.000 trees

How to cope with the climatic changes

Permaculture as the strategy for connections and combinations of the four basic natural elements – kept together and developed by a sustainable organisation – for the grows and structuring of plantsystems – and thereby regeneration of the natural resources.
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Through discussions in the Scandinavian Permaculture network, have we realized that there in the international Permaculture network are tendencies to look at Permaculture as a system to implement forms, shapes and colours in natural systems, in a narrow relationship to the mainstream development in the western societies.

In our understanding and practise of the Permaculture principles is it an analytical, planning, design and implementation tool. It is based on classic Ecological analyses in relation to natural system and described within the 5 elements: soil, air, water, fire (energy) and spirit/organisation, represented by organising species of the former four elements: plants, animals and not least ourselves. 

To get that strait have we worked out this series of Pamphlets, in the hope that it will bring the strategic and society changing potentialities back into focus.

In relation to the current situation in the network and to the global situation have we launched the “Plan B”, in relation to the development of the basic strategy the “Permaculture Basics”, in relation to our understanding of the human organisation and our extreme aggressive and exploitive behaviour and in relation to the overwhelming dominance and global impact of the Northern Atlantic culture the “DENGLUSAnism”.

To that comes a series of Scandinavian booklets that contains elements as water, soil, people care, Permaculture organisation etc. – most of them in a Scandinavian language.

PERMACULTURE DENMARK – info@permakultur-danmark.dk

PERMACULTURE NORWAY  - brobyg@start.no

PERMACULTURE SWEDEN – Permakultur.sverige@swipnet.se

GLOBAL PLANTING

Background

The development in the global climate conditions is related to multiple causes: massive CO2 emissions from combustion of fossil fuels, sun spots activities, ocean current changes and decrease in circulation, land use changes like deforestation, degrading forests and desertification. As we find that the causes to the recent environment degradation are numerous, the mitigation has to contain various solutions.

At IPC 4 in Nepal 1989 we discuss that if the development should target better climatic conditions, sustain and regenerate the ecological resources; all human on the planet ought to plant 10.000 trees. This is not that big deal as it sounds, if the soil is prepared and the saplings are available from local nurseries etc. it is possible for 2 persons to plant 500 trees in a day. It should then be possible to plant 10.000 spending 40 days to gain ones quota. 

In a 90 years horizon this could end up with 50.000 billion trees if planting an area of 50 million km2. 

 

Permaculture principle should be the guideline for tree planting, to secure a positive impact on food resources, energy potentials, securement of water resources and increase control of climate and wind conditions. Especially the Zone principles, from garden forest (zone 1) agroforestry (zone 2-3), resource forest (zone 4) and finally wilderness/natural forest (zone 5) 

Assuming a typical temperate forest, the total carbon stock is 15.300 tonnes/km2 of which 5.000 tonnes is vegetation and 10.000 tonnes is contained in the soil. To sequester the annual emission of CO2 approx. 30 billion tonnes (Gt) equivalent to 8.1 billion tonnes Carbon, an area of 535.163 km2 (France) should be established with forest, however thanks to the ocean which take ups half of the amount, we are then looking on a area of around 260.000 km2 similar the size of New Zealand. 

From the IPCC report 2000 dealing with land use, land use change, and forestry, representative biomes from various geographic ecological zones are presented in the following tables. Assuming a compact to reclaim 20% of the global desert/semidesert land (0.9*109 ha) to forest (a potential of trapping 110 tons C/ha) totally 100 Gt C could be sequestered.

Major Greenhouse gases: CO2 and methane

The most important greenhouse gas is carbon dioxide CO2. Since the industrial revolution the content of the atmosphere has increase from 280 ppm to 383 ppm (parts per million) (37%) due to burning of coal and oil (3/4) and changes in land-use (1/4). Second important is methane, which has increased by 151% since the industrial revolution. These two gases are also naturally occurring in the atmosphere. Natural sources of carbon dioxide are photosynthesis, volcanoes, and oil seepage from sedimentary rocks while methane comes from e.g. paddy fields and livestock.

The Carbon Cycle. 

The carbon atom (C) is unique in the ability to link up in chains carbon atoms. The number of chemical substances composed of carbon exceeds all other components by orders of magnitude. This is of cause the reason why carbon is the ‘stuff of life’. The web of life on the planet’s surface has through geological time created the present atmosphere as plants have produced oxygen in exchange for CO2 (photosynthesis). This fascinating recycling of the carbon atoms can be simplified in two cycles.

At this stage in history human activities are affecting the biochemical carbon cycle, mostly by clearance of forest for agricultural purpose. But the impact on the geo-chemical cycle is even higher as fossil fuels are extracted from the underground, refined and burned. Both deforestation and combustion of fossil fuels are causing CO2 accumulation in the atmosphere and the oceans.

Sinks of Carbon. 

Carbon cannot only be released into the atmosphere as CO2 – the opposite can also take place. Carbon can be absorbed and tied up in various ‘sinks’ such as the biosphere, the atmosphere, the soil and the continents, the oceans and in sedimentary rocks.

The Biosphere. All living creatures contain various amount of carbon in the form of organic matter. Living organisms thus act as storage for carbon. After termination of life processes, the chemical substances/matter is deteriorating because they are no longer actively maintained and due to the activities of bacteria and other organisms, which feed on the dead organic matter. In the biosphere we can see short and long time storage of CO2. 

Agricultural products are typical from annual crops whereas forest can be 10 of thousands years old. Plants (terrestrial) growing on the surface of the planet are the most important carbon sinks. Animal life is insignificant and even though the production is high in the ocean the capacity is low because breakdown is also rapid. The overall maintenance of biomass is related to photosynthesis. The plants use sunlight and CO2 to synthesise carbon compounds like cellulose and release oxygen. In the night the plant consume some of the carbohydrates (respiration) and release CO2. The remaining carbohydrates are used for plant growth and constitute a sink for carbon. When life terminates, normally, oxygen is present and the final decay results in CO2 generation, which is release into the atmosphere.

The Soil. The rotting of some parts of dead plants is a fairly slow process, resulting in an increase in organic matter in the soil. When organic matter is decaying nutrients are released to the growing crop. However, modern agriculture actually mines the soil for organic matter, as the input of e.g. compost is negligible. The chemical farmer only adds nutrients for the plants. The soil degrades and crop production become stagnant or even decrease. The soil is the largest carbon reservoir at the planets surface. At the continents, some environments are lacking oxygen to complete the oxidation of organic matter and thus carbon is stored. In the geological perspective this leads to the occurrence of oil and gas. In this timescale, huge amount of organic material as oil and gas, incorporated in fine-grained sediments, (silt and clay), starts migrations upwards when the temperature is rising to around 150 °C, (approx. 1-2 km depth).

	
	1Carbon, Gt (1015 g)
	2Carbon, Gt (1015 g)

	Atmosphere
	740
	750

	Ocean
	38.000
	38.000

	Biomass continents
	550
	600

	Soil
	1.600
	1.500

	Biomass, ocean
	3
	

	Ocean sediments
	6.000
	

	Fossil fuels
	5.000
	

	Sedimentary rocks/ limestone
	50.000.000
	


Carbon sinks. Main reservoirs or sinks of carbon in the global cycle. Source(1): Killops 1993. Source(2) Thilde Bech Bruun, geographical Institute, Copenhagen University)
The Oceans. Sea water has also a storage capacity for CO2 due to 1) living organisms in the water and 2) CO2 from the atmosphere being dissolved in the water. Actually the amount of CO2 in the atmosphere is only half of what is expected, due to absorption of CO2 by the oceans. The ocean’s role as buffer in the CO2 cycles is very complicated and knowledge about it limited because many different interacting mechanisms are involved. In water CO2 easily forms carbon acid, but the pH in sea water is around 8.4 so carbonates ions are formed, which together with Ca and Mg precipitates as limestone and dolomite, and creates a long time storage of CO2. From daily life, we experience that high temperature results in precipitation of limestone in our pots. Hot water is not able to contain as much CO2 as cool water, so the hot water becomes saturated with calcite/limestone. At the planets surface i.e. on the continents, the acid nature of rainwater (due to absorbance of CO2 resulting in carbon acid) leached the limestone and this also results in CO2 emission. Global warming leads to an increase of the temperature in the oceans, which lower the solubility of CO2, but on the other hand this increases the precipitation of limestone. The uptake of CO2 also decreases the pH of seawater making it more acidic, not favorable for calcifying organisms.

Through studies in the North Atlantic of the sinking current regarding the freezing ocean, and the consequences of the rising temperature where it shows the weakening of the Golf stream, plus the results from the Danish expedition “Galathea 3” of basic disturbance and debilitation of the global ocean current – all shows evident of the oceans ability to absorb CO2 are seriously hurt.    

Sedimentary Rocks. Living organisms have the ability to extract calcium and carbonate from seawater and use these components to build their skeletons. Coral reefs are an important CO2 reservoir. In the tropics, seawater is supersaturated with calcium carbonate, due to high temperature, which results in the formation of inorganic limestone. All in all, limestone results in very long-term storage of CO2. Another source of long-term storage is of cause coal, gas and oil.

Fossil Fuels. The trapped organic matter in sediments at the ocean bottom is slowly covered by more sediment, as the deposition rates in the ocean is around 1 mm/year. However 1 million year results in the build up of 1 km of sediments. Heat and pressure change the composition of the organic matter and oil and gas are formed. Even though these sediments are deep deposited in the Earth, the slow processes of mountain folding eventually brings these sediments in contact with the atmosphere and the trapped carbon is oxidized and goes into the atmosphere again as CO2. Coal is mostly the product of vegetations in swamps, as these commonly are environments free of oxygen.

The key problem is that human has increased the rate of this process of oxidation of fossil fuels by billions of times by putting tubes/wells deep down in the planets surface to suck the black gold out. The rate of extracting the oil is orders of magnitudes larger than the rate organic matter is deposited and buried in ocean sediments. That’s the unbalance.

The Atmosphere is the global common dumping ground for CO2. The wind currents ensure an equal distribution of CO2 and the concentration is similar all over the planet. So even though USA emits ¼ of total CO2 it affects everybody – CO2 is truly global. Degradation of organic matter causes an increase in CO2, but building of new organic matter consumes CO2. So a constant biomass locally or globally does not increase or reduce the overall CO2 content in the atmosphere. However, cutting forest to make space for people and their activities has contributed significantly to the content of CO2 in the atmosphere, even if the cleared forest has been used for farming. The carbon storage capacity and biomass of e.g. paddy or cornfields is much smaller than that of a forest. However the use of long-time storage carbon from oil and gas fields is the main reason for the CO2 increase in the atmosphere.

Mitigation in a permaculture context.

We will here only focus on land use change and increment of vegetation (trees) and not consider alternative energy utilization, transport etc and the most obvious one, reduce consumption of fossil fuels. The table below is from IPCC report from 2000 about land use (source: http://www.grida.no/climate/ipcc/land_use/index.htm) which lists the carbon stocks in various ecological zones/settings.
	
	Global Carbon Stocks (Gt C)

	
	Area 

( 109 ha)
	Vegetation
	Soil
	Total

	Biome
	
	
	
	

	Tropical forest
	1,76
	212
	216
	428

	Temperate forest
	1,04
	59
	100
	159

	Boreal forest
	1,37
	88
	471
	559

	Tropical grassland
	2,25
	66
	264
	330

	Temperate grassland
	1,25
	9
	295
	304

	Deserts/semideserts
	4,55
	8
	191
	199

	Tundra
	0,95
	6
	121
	127

	Wetlands
	0,35
	15
	225
	240

	Croplands
	1,60
	3
	128
	131

	
	
	
	
	

	Total
	15,12
	466
	2011
	2477


Table. Global carbon stock in vegetation and soil in various biomes. The annual C emission derived from burning of fossil fuels and land use change is approx 8,1 Gt C. Data from IPCC report 2000, http://www.grida.no/climate/ipcc/land_use/index.htm,

The largest vegetation carbon stock is found in the rainforest, while the permanent vegetation stock in croplands is very low.

It would be reasonable to opt for a net zero solution, e.g. through the trapping of CO2 by trees. As we do not want to compete with the farmers on arable land the following example is related to a successful approach with agro-forestry in rice fields from Bangladesh. With a density of 100 trees/ha and with proper pruning of the crown and the roots a decreased of only 5% in was noted in the yield of rice. Furthermore, timber and fire wood for the subsidence farmer became available and the cow manure could be returned to the fields thus increasing the soil fertility instead of being use as a fuel. The survey shows an annual accumulation of biomass of 1,05 m3/ha in after 6 years under Gmelina arborea. 

Eucalyptus camaldulensis accumulates 3,5 m3/year and Cassia siamea 0,9 m3/year, both after 9 year. (Hocking, 1998 and pers.com).

[image: image1.emf]
Figure 1. Global terrestrial area occupied by different biomes. Land use transformation from low carbon stock biome to high carbon stock biome has potential to reduce CO2 in the atmosphere, e.g. desert to grassland. See fig. 2.

As monoculture is undesirable, in the table below an average accumulation of 1,82 m3/year has been used. Results are 1.132 kg CO2/ha and 11,32 kg CO2/tree assuming a density of fresh wood or biomass around 0,85 g/cm3, water content of 50% and all the carbon is found as starch (C6H12O6) - primary product of photosynthesis. This results in sequestration of 3.1 kg C for each tree annual during a 9 year period.

	Tree specie
	Annual increment

volume
	Dry weight of wood
	Carbohy-drate in wood
	Carbon in wood
	Sink per hectare
	Sink per tree

	
	M3/ha
	Kg
	Kg
	Kg
	CO2, kg
	CO2, kg

	Gmelina arrborea
	1,05
	446,3
	446,3
	178,5
	654,1
	6,5

	Eucalyptus camaldulensis
	3,50
	1.487,5
	1487,5
	595,0
	2180,3
	21,8

	Cassia siamea
	0,90
	382,5
	382,5
	153,0
	560,6
	5,6

	Average
	1,82
	772,1
	772,1
	308,8
	1131,7
	11,3


Table. Annual increment of biomass from various tree species from Bangladesh.

Wuppertall Institute has estimated 4,9 m3 as the output of wood from 1 ha of sustainable forestry in Denmark (In: Bæredygtig Danmark, 1995). In other words this is the annual increment of biomass in the forest. So if we establish a forest on barren land in Denmark, CO2 will be trapped in an amount equivalent to 4.9 m3 annual through the years until fully grown. Using same assumption regarding water content etc. as above the amount of CO2 sequestrated by the forest is shown below.

	Biomass, fresh
	Biomass, dry weight
	Carbohydrate
	Carbon
	CO2

	M3/ha
	kg/ha
	kg/ha
	kg/ha
	tons/ha

	4,9
	2082,5
	2082,5
	833
	3,05


Table. Annual increment in 1 ha sustainable forestry in Denmark. 1 hectare of forest acts as a sink for 0.83 tonnes of C
The Carbon Farmer. The 1997 Kyoto Protocol to the UN Framework Convention on Climate Change established an international policy for the reduction of carbon emission and increases in carbon sinks in order to limit climate change. This includes financial and technological transfers to land management projects and initiatives (through forestry and farming) that sequester and protect carbon stocks through the Clean Development Mechanism (CDM) and ‘land use, land use change and forestry’ mechanisms. CDM offers opportunity for government or business to invest in carbon sink projects elsewhere and subtracting the accumulated carbon from their emission budget. So it is possible to paid farmers in development countries to farm organically?.

Soil Storage Capacity. So will the future see farmers’ whose main activity is growing carbon for money from the industrialised world, while food is the secondary objective? How much carbon can actually be put back into the soil? Within the last 150 years the increase of carbon in the atmosphere has been 176 Gt carbon, similar to 645 Gt CO2 or around 100 ppm CO2. The global carbon content in biomass is around 550 Gt (gigatons =1015 gram) and in the soil 1600 Gt. So either farmers plant forest to increase the global biomass with 32% or change to organic farming, zero tillage, agro forestry etc. to increase the organic matter of the global soil with 11%.

A typical soil in Terai (the lowland of Nepal) contains approx. 1.2% organic matter, so the farmer just need to increase the content to 1.33%, which can be achieved by using green manure (Sesbania Rostrata, dhaincha) for 8 years. 

Possible Positive impacts

· Farmers get paid to change from high input farming to organic farming

· Improved food security as the increased soil fertility cause higher sustainable production.

· Consumption of chemical fertilizer will decline and as the manufacturing is a high energy demanding process lots of energy would be saved.

· The storage capacity of the world soils is more than sufficient.

Possible Negative impacts

· Destruction of natural forest to establish fast growing plantation forest.

· Farmers growing organic, change to high input farming to gain the money to changing back 

· Competition between arable land and land for forestry 

· It is difficult and expensive to control soil improvement and maybe 30% of the money goes to administration/control. Thousands of hectares will have to be under the same land management techniques to make monitoring cost effective.

· Consumption of fossil fuels will still increase. Nothing will be left for coming generations. 

· The consumption of fossil fuels will still be high in the North.

Land use change is also a way forward to sequester Carbon. From the table below, carbon content/area it is found that the maximum vegetation is found in the tropical forest followed by boreal forest. The most depleted biomes are desert/semidesert and croplands. The maximum carbon stock in soils is found in wetlands and boreal forests, while deserts and croplands have the lowest content. It is also interesting that the total carbon stock in the tropical rainforest and temperate grassland is similar. 

	
	
	Carbon Stocks

	
	
	Vegetation
	Soil
	Total

	
	Area ( Mha)
	kg/m2
	t/ha
	kg/m2
	t/ha
	kg/m2
	t/ha

	Biome
	
	
	
	
	
	
	

	Tropical forest
	1,76
	12,0
	120,5
	12,3
	122,7
	24,3
	243,2

	Temperate forest
	1,04
	5,7
	56,7
	9,6
	96,2
	15,3
	152,9

	Boreal forest
	1,37
	6,4
	64,2
	34,4
	343,8
	40,8
	408,0

	Tropical grassland
	2,25
	2,9
	29,3
	11,7
	117,3
	14,7
	146,7

	Temperate grassland
	1,25
	0,7
	7,2
	23,6
	236,0
	24,3
	243,2

	Deserts/semideserts
	4,55
	0,2
	1,8
	4,2
	42,0
	4,4
	43,7

	Tundra
	0,95
	0,6
	6,3
	12,7
	127,4
	13,4
	133,7

	Wetlands
	0,35
	4,3
	42,9
	64,3
	642,9
	68,6
	685,7

	Croplands
	1,60
	0,2
	1,9
	8,0
	80,0
	8,2
	81,9

	
	
	
	
	
	
	
	

	Total
	15,12
	
	
	
	
	
	


Table. Carbon stock in biome in relation to area. 
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Figure 2. Total carbon stock in vegetation and soil in the different biome. 

As with the example with desert to forest, marginal cropland could be converted to grass land or forest. Indeed protection of wetland lands and establishment of wetlands also call for attention. 

Need for strategy and cooperation

To go ahead a strategy needs to be developed and specific target areas need to be identified in cooperation with NGOs and governmental institutions as most important the people living in the intervention area. A participatory approach with local farmers taken the lead in establishment of nurseries, soil management improvement, fencing and establishment of bioregional networks is recommended.

As the situation has developed up to now is it not possible to stop the massive breakdowns, but we have to try to soften the development and try to turn the trends.

One thing for that would be the savings on consumption down to about 25 % of the actual level, and to increase forest land with 200 %. The most in marginal edges on bushland and in coastal areas from 0 to 7 meters elevation – before they through the rising seas turns into wetlands, and thereby lock up the carbon.

Karsten Dahl and Tony Andersen – vestergror@dk-online.dk

Greenhouse gases and effect


Gases in the atmosphere, including water vapour and carbon dioxide absorb the heat radiated from the Earth’s surface and prevent it from going  out in space, thereby raising the average global temperature. Other gases that contribute to the greenhouse effect are CFC’s methane and nitrous oxide.


Today most scientists feel it has been proven that human-induced (anthropogenic) emissions contribute to the greenhouse effect and lead to atmospheric warming. 


Burning of fossil fuels releases carbon that has been bound in the Earth’s crust. 


Carbon dioxide is formed in all combustion, whereas burning of bio fuels releases only an amount equal to that absorbed by vegetable matter during its life cycle, so the sum is zero. However, use of coal, oil and natural gas give rise to a net increase.





The carbon cycles


There is a short-term biochemical cycle, with storage and decay of carbon in trees, human, plants, animals and the air, with a 1-5000 years recycling time.


There is also long-term geochemical cycle with a recycling time of millions of year.  The storage of carbon is in the ocean and the underground, as coal, oil and gas. 


The natural linkage between the 2 cycles is very limited. Organic matter escapes oxidation deep in the ocean and turns into oil and gas within millions of years simultaneously with mountain folding exposing old ocean sediments to rain water causing leaching of limestone. 


The unbalance in the huge cycle is caused by the exploitation of the fossil fuels as the energy source in e.g. vehicles, homes and industry. 
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