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1.  Project Objectives and summary

	Project:
	Western Kenya Integrated Ecosystem Management Project

	Geographic Focus:
	Kenyan portion of the Lake Victoria Watershed

	Objectives:
	· Enhance potential to sequester additional above- and below-ground carbon in the project area, and develop scientifically sound and cost effective procedures and protocols to measure, monitor and validate above- and below-ground carbon sinks in different land-use systems; 

· Promote agroforestry and other improved land management activities in upland areas to rehabilitate degraded lands, improve erosion and sediment control, and reduce nutrient delivery to Lake Victoria from agricultural activities;

· Improve on-farm and off-farm biodiversity through agrobiodiversity and decreased pressure on “natural habitats” (remnant forests, riparian areas, wetlands, etc.);

· Reduce rural poverty and improve food security by introducing new land management technologies to increase yields, and new and improved value-added cropping systems. 

· Improve capacity for local communities, farmer associations, national, and international institutions to identify opportunities, and formulate and implement policies in support of IEM approaches, combining  local and global benefits;
· Examine the synergy between sustainable agricultural development and global environmental benefits such as mitigation of GHG accumulation in the atmosphere, forestry, biodiversity loss, and degradation of international waters;

	Outputs:
	· Assessment of carbon sinks, sources, and reservoirs in representative land use systems, scientifically sound estimates of potential gains and rates of change, development of procedures to monitor, assess, and implement total green house gas accounting in tropical rural landscapes;

· Rehabilitated rural landscapes with improved stocks of soil organic matter, improved soil fertility, and improved erosion and sediment control;

· Reduced sediment and nutrient loads to Lake Victoria

· Increased incidence of endemic species in agricultural landscapes, and reduced pressure on protected areas and other biodiversity-rich areas of global importance; 

· Improved rural livelihoods and economic performance of local, small-scale farming systems through yield increases and value added cropping;

· Promotion of IEM approaches and increased community involvement in IEM activities (assessment, planning, decision making, implementation, evaluation, etc.);

· Strengthened institutional capacity to identify opportunities, and formulate and implement policies in support of IEM approaches;

· Results and lessons learned disseminated in the country and internationally.


2.  Project Background and Development Strategy
“Conservation is not the goal, but rather the result of good farming practices” –C. E. Kellogg
2.1 Regional Context

Food insecurity and land degradation are most acute in sub-Saharan Africa where per capita food production continues to decrease, in contrast to sustained increases in other parts of the world.  This problem is worsened by macroeconomic and financial policies that have resulted in decreased fertilizer availability and use by small-scale farmers (FAO, 2000).  The highlands of western Kenya are home to 12 million people, or 40% of the country’s population, but occupy only 15% of the land area.  These lands have high agricultural potential, yet recent soil degradation has led to incidences of abject poverty on the order of 30 to 50% of the rural households (Central Bureau of Statistics, 1998).  Low yields and increasing population in western Kenya have caused more marginal lands to be brought into production and degradation of remaining natural forests, resulting in still greater rates of land degradation, habitat destruction, and biodiversity losses.  Current smallholder practices are no longer adequate to meet food needs or maintain the resource base, a situation that must be reversed if social and environmental disasters are to be averted.  Poverty reduction, environmental quality, and sustainable agriculture are intricately linked in the region.  Reversing the downward trend will require a sustained annual growth rate in agricultural production of 4% (Cleaver and Schreiber, 1994).  This target can only be achieved through agricultural intensification.  However, the intensification must be achieved in a manner which enhances soil fertility, the key to which, in many cases, is increasing soil organic matter stocks.  It is only through integrated management of the landscape (integrating management of production and environmental service functions) that the dual issues of land degradation and rural poverty reduction will be addressed, and local, national, and global environmental benefits will be achieved.

Traditional land management in western Kenya has relied on fallowing of unproductive fields to restore fertility and decrease pest problems.  The rapid increase of population density makes this practice untenable and has led to wide scale abandonment of fallowing.  However, more people do not necessarily lead to degradation, but the scale of increase in population pressure in W. Kenya has been enormous in the past half century.  High rural population growth
 coupled with stagnating urban job growth has accelerated the search for new agricultural land, resulting in a high rate of woodlands, forests, and wetlands having been converted into agriculture.  The reasons for a lack of vibrancy in urban growth are many and include several that are affected by policy or politicians: poor infrastructure, high costs of capital, and political interference in the private sector. Locally, there has been little restriction on encroachment onto steep slopes, wetlands, or forests, despite the existence in some cases of laws and regulations against such practices.

Intensification of land use is necessary to achieve farming systems that are more sustainable than what is available today.  Once settled on their own land, farmer management of land is greatly affected by the potential rewards of different enterprises and practices.  Increased profitability of agriculture increases the incentives for landowners to invest in their land, with likely implications that less degradation will occur on their land and they will have less incentive to leave smallholdings in search of larger ones.  Experiences from Central Kenya, where there is evidence of high productivity, high profits, and good land management, are supportive of this relationship.  The government has made some good reforms to enable markets to function better, but the agricultural sector is still plagued by poor management of parastatals (e.g. cooperatives), politicization of key commodity sectors, and inadequate maintenance and expansion of infrastructure.  The problems of infrastructure of course affect the credit and input side of the ledger as well.  Credit is a serious problem for the small farmer, but this is not unique to Western Kenya, being similarly constraining throughout sub-Saharan Africa.  In some areas of Western Kenya access to inputs is hampered by lack of preferred inputs, late delivery, and high costs of inputs.  Marketing constraints are given high priority by farmers in W. Kenya and are visible on the landscape through the absence of higher value crops. 

Profitable agricultural opportunities are not a sufficient condition for good land management on farms.  The prevention of degradation, in the absence of traditional techniques of fallowing, requires new innovations and the sharing of information.  On the technical side, soil fertility replenishment, mitigation of land degradation, and enhancing soil organic matter must be accompanied by appropriate conservation practices, crop diversification and increased planting of trees on farms: in short, good land husbandry.  An integrated approach to management of the agricultural landscape is required.  More sustainable agriculture will in turn provide environmental benefits that accrue at the local, national, and global levels.  Improved agricultural practices must also increase farm profitability, which is essential if they are to be adopted by farmers.  Recognition of the social and economic needs and expectations of rural populations must be an integral part of any proposed changes in agricultural practices.  On the policy side, focus has been on the larger farmer and ensuring adequate food supplies to urban areas (e.g. packages centred around expensive seed and fertilizers).  Similarly, flows of information are generally poor in smallholder rural communities.  Flows from research and extension to communities are inadequate, as are flows between households and within households (i.e. from men to women).  In W. Kenya this is not so much due to a lack of information providers, because there are numerous NGOs complementing the extension service, but a lack of overall planning and coordination. 

2.2 Current Problems in Western Kenya

At the farm household level, trends of declining agricultural productivity and declining environmental quality have led to the emergence of poverty and pessimism towards agriculture, which now become problems themselves in a dynamic sense by reducing the number of feasible options for improving livelihoods.  Many households have since disintegrated socially through individual migration and diversification of livelihood strategies.  Consequently, agriculture tends to become more marginalized and efforts to invigorate productivity and reverse degradation have to be intensified.  The government of Kenya has a draft poverty eradication plan, but it is very poorly funded.

Even if the economic climate for agriculture is improved, certain types of degradation may still occur because they take place or originate on land that is not farmed (e.g. abandoned land, roadsides, river banks).  Such situations require collective action to solve, whether that be among households within a village or among different villages.  The hilly and sloping topography of W. Kenya contributes to trans-farm degradation.  The centrally controlled style of governance in Kenya generally hinders communities from taking their own initiatives as authority for initiative is vested in few office holders.  Recent efforts by programmes in the Lake Victoria basin offer new platforms for bringing communities together, but these are still nascent.

KARI and ICRAF have been working on these problems in western Kenya for the past 10 years.  Several agroforestry practices exist that have been proven to be helpful with overcoming soil fertility, weed, and erosion problems, particularly when these practices are combined with other conservation measures (e.g. minimum tillage, integrated pest management, soil fertility recapitalization).  Agroforestry provides reasonable options for small-scale farmers to re-establish the productivity of their land, diversify production, and reverse the downward spiral of poverty and environmental degradation.  The “Pilot Project on Soil Fertility Replenishment and Recapitalization” initiated in 1997, has begun the work of scaling up the results of research through community-led activities in partnership with the Ministry of Agriculture and Rural Development (MoARD), local and international NGO’s, and community-based farmer organizations.  

The GoK has funded this project since its inception at a rate of $250K per year.  In this project, 17 pilot villages with 2035 households in two administrative districts are participating, Siaya and Vihiga. In these villages, adoption rates of agroforestry technologies for soil fertility improvement, including improved fallows and biomass transfer of Tithonia diversifolia (a green manure system) are on the order of 60-70%.  Through a collaborative network of partners, another 10,000 farmers scattered in 16 other districts in western Kenya, have been reached and impacted.  Farmers are now adding value to improved soil fertility by growing high value crops (vegetables, fruit trees), and those who can afford it are beginning to raise dairy animals. These technologies have certainly had profound impacts on rural food security, incomes, and their general welfare, and this is currently being monitored to quantify the nature and magnitude of these impacts.  Constraints to adoption have been lack of information and awareness about technology, adequate supply of seeds and planting materials, training and follow- up. These are problems that will be addressed over the course of this project.  

In addition to solving these local problems of poverty and natural resource degradation, better farming practices including agroforestry also provide global environmental benefits.  The recent Land-Use, Land-Use Change, and Forestry Report (2000) of the Intergovernmental Panel on Climate Change (IPCC) has identified conversion of degraded croplands into agroforestry as the land-use practice in the tropics with the largest potential to sequester C.  Estimates of C accumulation rates range from 2 to 9 tonnes per hectare per year, depending on the climate and the nature of the agroforestry practice.  

Agroforestry in western Kenya can generate important global benefits in the area of international waters by decreasing the impacts of poor land management practices on water quality in Lake Victoria.  The area that is proposed for this project in western Kenya is part of the Lake Victoria basin, whose products and services support some 25 million people in Kenya, Tanzania and Uganda.  Impacts to water quality in this lake also have major downstream effects in The Sudan and Egypt.  Environmental degradation in the uplands inevitably affects the lake, resulting in declining fisheries and increased infestation by the exotic aquatic weed, water hyacinth (Eichhornia crasipes).  For example, upland erosion in the Nyando River watershed in Western Kenya causes a sediment plume in the lake that is visible from space.  The other rivers (e.g., Yala, Sondu) discharging into the lake show similar effects of inappropriate land management practices in the watersheds.  KARI, ICRAF and partners have been involved in the “Improved Land Management in the Lake Victoria Basin Project”, which concentrates on the Nyando and Sondu-Miriu river basins that empty into Winam Gulf of Lake Victoria.  This project seeks to decrease the significant sediment loads delivered to Winam Gulf through improved land management practices, restoration of riparian vegetation, and restoration of the filter function of wetlands.

Agroforestry can also enhance biodiversity and agrobiodiversity in the agricultural landscape.  Studies conducted by the Alternatives to Slash and Burn Programme in the humid tropical areas of Africa, Southeast Asia and Latin America show increased diversity of flora and fauna with the adoption of agroforestry practices.  Increased heterogeneity on the landscape creates more niches and increases habitat for different species.  Agroforestry also has the potential to contribute to biodiversity in protected areas by providing wood to rural households and thus decreasing pressure on resources inside preserves.  It is recognized that this benefit is context specific, but there are situations in the proposed project area where this may apply.  Finally, agroforestry affects belowground biodiversity (agrobiodiversity) in ways are only beginning to be understood.  For example shifts in nematode populations in improved fallow systems and communities appear to be more diverse and more even (Desaeger et al., 1999).  This increased evenness appears to decrease the pathogenicity of nematodes on subsequent crops.  Other areas of belowground biodiversity still need to be explored.

3. Project Framework

3.1 Project Goal and Objectives
The goal of the project is to apply an IEM approach to achieve the reversal of land degradation with smallholder farmers.   The objectives of this project are divided into those that respond to country development goals and those that respond the global goals consistent to international conventions and treaties to which Kenya is party.

3.1.1  Project Development Objectives

Kenya has just completed preparing its National Poverty Eradication Plan for the period 2001-2015.  Smallholder agriculture will be a key area targeted, as rural poverty rates are extremely high (30-50% of the households in the districts of the two targeted provinces).  Reversing land degradation and attaining food security will be the first steps in overcoming rural poverty.  In addition, western Kenya has a relatively high incidence of AIDS, which has had and will continue to have serious impacts on the rural labor force, further worsening these problems.  The principal national objective is to integrate poverty reduction activities directed at the smallholder farmers within the context of an IEM approach which is consistent with addressing Kenya’s priorities for degraded land rehabilitation, adaptation to climate change, biodiversity conservation, and conservation of Lake Victoria.  These objectives are in line with the GEF objectives under OP 12.
The key development goals of the project are to reverse land degradation and promote income-generating activities for rural farmers in western Kenya, and contribute to improving rural water quality.  Specific objectives are:

· Using a Community Driven Development approach in the project area, scale up improved management of soil fertility and agroforestry activities, promote activities to rehabilitate degraded lands, and introduce value-added cropping systems to promote food security, poverty reduction and the permanence of above- and below-ground C in agroecosystems simultaneously;

· Reduce rural poverty and improve food security by introducing new land management technologies to increase yields, and new and improved value-added cropping systems. 
· Improve capacity for local communities, farmer associations, national, and international institutions to identify opportunities, and formulate and implement policies in support of IEM approaches, combining local and global benefits;

These objectives will be achieved through the adoption of an Integrated Ecosystem Management (IEM) framework in policy, planning, and implementation of development activities in communities in targeted pilot areas in the Nyando, Yala, and Nzoia River Basins. These pilot areas will sample the diversity in ecosystem problems in western Kenya so that findings can be generalized to the whole western Kenya region  The learning generated from these pilot areas will be used to develop IEM approaches for the region. In meeting these development objectives, the project will increase sustainability of farming systems and thereby improve the livelihoods of rural farmers. 

3.1.2 Global Objectives

The global objectives of this project touch on four key focal areas of importance to the programme of the GEF, notably land degradation, carbon sequestration, biodiversity and international waters.  The specific objectives are:

· Enhance the potential to sequester additional above- and below-ground carbon (including total greenhouse gas (GHG) accounting), and develop scientifically sound and cost effective procedures and protocols to measure, monitor and validate above- and below-ground sinks in different land-use systems in accordance with CDM guidelines; 

· Reduce the negative impacts of agricultural activities on Lake Victoria by improved land management and agroforestry, improved erosion and sediment control, and decreased nutrient delivery to watercourses that feed the Lake;

· Improve the on-farm and off-farm biodiversity through agrobiodiversity and decreased pressure on “natural habitats” (remnant forests, riparian areas, wetlands, etc.) through improved land management systems;

· Improve capacity for local communities, national, and international institutions to implement projects that combine local and global benefits;

· Examine the synergy between sustainable agricultural development and global environmental benefits such as mitigation of GHG accumulation in the atmosphere, forestry, biodiversity loss, and degradation of international waters;

The assessment of different land use systems for their contribution to soil carbon sequestration and the implications of this for gaining carbon credits have already attracted the interest of investors and of African governments.  The government of Kenya, through a collaboration between KARI, ICRAF and the National Environmental Management Authority (NEMA), would like to gain experience on working simultaneously with rural communities and international agencies like the GEF and the World Bank, to assess the potential benefits of implementation of the Kyoto protocol and other international conventions in meeting development objectives.
3.2  Expected Outcomes of the GEF Project Are: 
· Improved land management on farms in the Nyando River Basin;
· Areas of degraded lands will be rehabilitated and returned to productivity;
· Wetlands will be restored and protected;

· An enabling environment to facilitate the adoption of IEM approaches in national, provincial, and local development planning;

· Strengthened institutions and increased institutional capacity to identify opportunities, formulate, and implement policies in support of integrated ecosystem management approaches;

· A range of investments identified, coordinated, and implemented through the development of IEM production plans.

3.3  Key Performance Indicators

Key performance indicators related to the project development objective include:

· Sequestration of 180,000 tonnes of C by the end of 2009  (Full C projection can be found in Annex E)
· Increased indigenous on- and off-farm biodiversity in Nyando River basin

· Sustainable ecosystem management established in 200 communities 

· Increased availability of water to communities around Lake Victoria

· Improved soil fertility through project activities in 300 communities 

· Increase of restored and rehabilitated degraded land
· Increased income in communities participating in the project

4.  Project Description and Summary

Initially, we will focus on the Nyando River Basin as it is the best characterized river basin in W. Kenya and it is the most degraded river basin.  In years 2 and 3 of the project, we will extend activities into the Yala and Nzoia river basins
4.1  Geographic Focus and Justification

4.1.1 Geographic setting

The river Nyando drains into the eastern portion of the Winam Gulf of Lake Victoria (Map 1). Its associated drainage basin is 3,590 km2 in size and total drainage network length is approximately 2,175 km. The general drainage pattern of this area is controlled by the level of Lake Victoria in the west, which currently stands at approximately 1,138 meters a.s.l., and the peak of the Tinderet Volcano at 2,930 m a.s.l in the north-eastern portion of the basin. The 1,400 meter contour line approximately delineates the edges of the Nandi and Mau escarpments that differentiate upland and lowland portions of the basin. At the base of the scarps numerous streams cut deeply through poorly sorted beds of coarse gravel, sands and sandy clays in the Kano plain. Steep hydrological gradients occur in this area with long slopes in excess of 20 degree inclination. Soils in the Kano plain are derived from Holocene alluvial deposits. Luvisol, Vertisol, Planosol, Cambisol and Solonetz types are common, frequently in saline or sodic phases (Andriesse and van der Pouw, 1985). Upland soils are derived from a wide variety of parent materials including phonolites, quartzites, nephelinites, granitoid gneisses and intrusives such as dolorites, monzonites and granidiorites (Binge, 1957), which are representative of a large part of the Kenyan portion of the Victoria Lake Basin. Predominant soil types include Ferrasols, Nitisols, Cambisols and Acricsols (Andriesse and van der Pouw, 1985). Climate in the lowland portion of the basin is sub-humid tropical with ~1100 mm precipitation yr-1 and a seasonally bimodal rainfall distribution characteristic of African equatorial latitudes located near the inter-tropical convergence zone. The upland climate is humid tropical with ~1700 mm precipitation yr-1 and generally shows an attenuated bimodal rainfall distribution subsidized by convectional rainfall from Lake Victoria. 

Map 1.Overview map, Lake Victoria, Nyando River Basin

The population in the Nyando basin is currently numbers ~746,000 inhabitants, with the districts of Kericho (42%), Nyando (35%) and Nandi (19%) accounting for 96% of the total population in the basin. The average population density is 214 persons km-2; with some areas of the basin exceeding 1,200 persons km-2 (Map 2). Rapid population growth (~3.2% yr-1; Kenya CBS, 2000) over the last 50 years has led to cultivation of marginal lands on steep slopes, and high livestock densities are common throughout the basin. {Insert paragraph on ethnic composition and diversity}

Map 2. Administrative boundaries and population densities of the Nyando River Basin.
Dominant agricultural land-uses in lowland areas (< 1400 m) are maize, sorghum, sugar-cane, irrigated rice and communal pasture, while tea, maize, sugarcane, commercial woodlots and restricted grazing dominate highland areas (> 1400 m). Native plant communities, include perennial grasslands interspersed with evergreen and semi-deciduous bushlands in lowland areas, Cyperus spp. wetlands in inland valleys and at the river’s outlet, and evergreen broadleaf forest in the highlands. 

Map 3. FAO Land Cover Classification of the Nyando River Basin
4.1.2. Problem delineation
4.1.2.1. Rural Poverty

Poverty assessment studies have been carried out in Kenya through the welfare monitoring surveys of 1992, 1994 and 1997. This has been a quantitative approach of measuring poverty. To complement this effort, a qualitative approach was initiated in October 2000, which involved the national consultative processes and the participatory poverty assessment studies. The former was a broad based and inclusive consultation that took place at national, regional, district and divisional level in the country.  The overall national incidence of absolute poverty in 1997 stands at 52%. The overall poverty changed dramatically in 1997 and especially in urban areas. 

Three quarters of the poor live in rural areas. The highest prevalence of poverty in 1997 were Nyanza (63%) and the Coast (62%) while Western Province had 58%. Urban poverty shows dramatic rise in overall prevalence in 1997 when compared with the status prevailing between 1992 and 1994. Over the three years, it is apparent that food poverty is an issue of concern, and particularly in the rural areas. The prevalence of rural food poverty has remained over 40%. 

4.1.2.2 Environmental Degradation

Studies conducted in the context of the LVILM project uniformly indicate the occurrence of severely accelerated land degradation in the Nyando River Basin (Swallow et al., 2002). Large quantities of sediment – discernible in satellite images – are being deposited at the outlet of the Nyando River basin in the Winam Gulf of Lake Victoria (Fig. 1; reported in Science, 2000).
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Fig 1. Nyando sediment plume (~40 km2) in Lake Victoria (based on Landsat ETM data Feb. 2000).

Radionuclide measurements performed on sediment cores collected in the Nyando estuary show that sedimentation rates of the basin have increased 3-4 fold over the last 100 years and have been punctuated by “big events” coinciding with known pluvial periods in the region (Fig. 2; Walsh, unpublished data). 
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Fig 2. Estimated 100-year sedimentation rates in the Nyando River Basin

Using Cesium-137 measurements, a preliminary sediment budget (Table 1) indicates that sediment source areas currently occupy >60% of the basin, and that rates of soil loss in source areas have not been offset by rates of sediment accretion in sink areas of the basin. This has lead to an estimated export of 3.2  106 Mg yr-1 of sediment to the Nyando River since 1963, and severely compromising water quality in the Nyando River compared to other river systems in western Kenya. Monitoring of the sediment loads in the four main rivers (Nyando, Sondu-Miriu, Yala and Nzoia) flowing to Lake Victoria from Kenyan side shows that Nyando carries the highest sediment loads by far (Ong, 2002).

Table 1. Sediment budget estimates for the Nyando River Basin (1963 – present).

	
	Average
	Range

	Sources: 
	
	

	Erosion rate (Mg ha-1 yr-1)
	43.5
	40.7 – 69.5

	% of basin
	61.1
	58.3 – 62.4

	Sinks: 
	
	

	Accretion rate (Mg ha-1 yr-1)
	45.5
	37.5 – 61.3

	% of samples
	38.9
	36.4 – 41.1

	Net erosion rate (Mg ha-1 yr-1)
	8.83
	3.81 – 27.5

	Total soil loss (Mg  106 yr-1)
	3.17
	1.36 – 9.86

	Sediment delivery ratio (%)
	20.1
	8.43 – 39.5


Land degradation of this magnitude has large negative impacts soil fertility leading to poor crop performance. Soils in source areas of the basin are universally depleted of major soil nutrients (N, P, K) and exchangeable cations rendering them largely unsuitable for conventional agricultural land-uses (Table 2). Similarly, erosion impacts on soil physical properties such as texture and bulk density significantly decrease topsoil infiltration capacities of eroded (i.e., source-type) 
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Fig 3. Estimated soil organic carbon stocks for sediment source, sink and reference (stable) phases of soils in the Nyando River Basin. Stocks are expressed on a top-soil (0-20 cm) mass equivalent basis.

Over the last 150 years the most important land cover conversion pathways in the Nyando basin have been characterized by substitutions of vegetation dominated by trees (characterized by a C3 photosynthetic pathway) to vegetation dominated by grasses (characterized by a C4 photosynthetic pathway). Evidence from stable carbon isotope (i.e. 13C) studies, that preserve the signatures of these past conversions, suggest that historically, grass and cereal crop based land use types (Walsh et al., in prep.) are strongly associated with elevated soil erosion risk in this environment.  The detailed biophysical baseline information detailing the vegetation and current land use is attached as Annex B.

The implications of these findings are that a sustained, large-scale rehabilitative effort would be required to reduce non-point source pollution loads and restore primary production capacity of the Nyando Basin to pre-20th century levels. Self-reinforcing interactions between soil erosion, fertility depletion, loss of infiltration capacity and woody vegetation cover decline preclude the possibility of spontaneous recovery of this area. The lower portion (< 1400 m a.s.l) of the basin, and a large area, located between the northern boundary of the Mau and the southern boundary of the Tinderet forests (see Map 4), may now be particularly vulnerable to the return of a big rainfall event (e.g. El Niño). Spatially targeted measures are needed to protect these areas from further mass wasting, and basin-wide emphasis should be placed on re-establishment of woody vegetation cover in currently agriculturally “unproductive” source areas. The major challenge therefore, is how to maximize the off-take of above ground carbon (harvest of vegetation as crops, forage and wood) while maintaining sufficient vegetation cover to minimize adverse consequences of soil erosion, nutrient depletion and eutrophication of Lake Victoria.
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4.1.2  General approaches to the problem areas

According to the experience and analysis of the Improved Land Management Project in the Nyando River basin the following conclusions can be drawn (Swallow, 2002):
· Problems of poverty, agriculture and environment are closely related;
· Solutions need to be large (e.g. NSWCP covered < 6% of degraded areas in 12 years);
· Solutions should be integrated and designed to draw out positive interactions;
· Solutions need to focus on people – environment interactions, but not only on farms (importance of grazing areas); and 

· Spring protection is a possible win-win situation.

It is vital to provide stakeholders with hard evidence on the short and long-term consequences of land use and land cover changes on water and soil quality. It is also important to demonstrate that opportunities for productive and sustainable land management exist. The landscape in the Nyando River Basin can be stratified into sediment sink areas, fast and slow source areas (Map 4).  


[image: image12]
Map 4.  Indicative distribution of sediment source potential in the Nyando River Basin (Interpretation based on Landsat ETM+ satellite image, February 2000).
The type of management priorities in each watershed area are (Walsh, 2002; Awiti, Walsh and Omuto, 2002): 

· Sink areas: Management priorities are to protect these areas from further encroachment and restore their buffer function. Controlled use of the wetland and diversion of the river into many small channels could help to restore the utility efficacy of the wetland.
· Fast erosion areas: The key management objective on this type of land is to prevent the hard setting of soils and the initiation of gully formation. Maintenance of adequate vegetation cover is important (60% permanent vegetation cover rule). Key objectives will be to shift management practices away from annual cropping toward management systems that ensure more permanent vegetation cover.  Priority is to be given to fragile areas nearest to water courses.

· Slow erosion areas: These areas are suited for cropping, but require more intensive nutrient and organic matter management and soil conservation to rebuild soil structure, restore soil tilt, and to raise yields.  Priority will be given to activities that provide incremental improvement of production capacity through conservation agriculture (P-additions, improved fallows, biomass transfer, diversification of production including tree products and fruits, etc.). Reintroduction of woody species, where historically appropriate, is recommended.

Possible alternative land management options (and likely environmental outcomes) that will have both local and global benefits include:

1. Establishing mixed woodlot/orchards/fodder banks in less productive field crop production areas (large C gain, biodiversity increase, water capture and soil improvement)

2. Introducing short-term improved fallows to less productive field crop production areas (modest C gains and mid-term soil fertility improvement)

3. Establishing strips of useful trees and perennial crops such as bananas or sisal along farm boundaries and field contours (moderate C gains and soil and water conservation).

4. Altering maize row arrangement to allow for a wider assortment of traditional foods or longer-lived, shrubby species to be grown as intercrops or relay fallows (modest C gain, biodiversity increase, short-term soil fertility improvement)

5. Establishing fenced, improved pastures and rotating these areas with field crops (modest C gain, biodiversity increase, soil improvement).

6. Diversifying farm enterprises in a manner that substitutes perennials (e.g. bananas) for annuals (potentially large C gain and modest biodiversity increase).

7. Managing residues on the farm (significant reduction or reversal of organic carbon losses from the farms, maintenance of sufficient ground cover to enhance surface infiltration and reduction of overland flow).

8. Wetland restoration (moderate C gain, potentially high biodiversity and water quality value).

9. Riparian zone management (moderate to high C gain, potentially high biodiversity and water quality value).

Several policy options can assist in reversing the environmental and agricultural decline in the Nyando basin:

1. There is need for policy and regulatory regimes that recognize and empower the local communities as the legitimate custodians of natural resource base (soil, vegetation and water). 

2. There is need to engage with local councils, community groups and farmers to embrace critical behavior change thus enabling actions that pioneer pathways of change. This will serve as staging points along the way to sustainable land management and better land husbandry.

3. Policy on commercial farm forestry should be clarified. This may encourage wider adoption of agroforestry for both charcoal and timber products.

4. The added benefits of carbon sequestration through agroforestry may provide some potential for international carbon credits to smallholder farmers and provide a strong financial incentive for on-farm forestry enterprises.

There is also an urgent need to enforce Part IV (section 44) of the Environmental Management and Co-ordination Act (1999) on the protection of hill tops, hillsides and mountain areas once the pressure of grazing and cultivation is removed.

As most high erosion risk areas are not directly cultivated areas, the solutions to problems cannot be found by concentrating the attention on farm land only. The approach has to be of Integrated Ecosystems Management which takes the agricultural areas, the trust land and the forest land together with community grazing land, cattle tracks and river banks into account extending community planning and action to both private and public areas over the landscape. The co-operation of different stakeholders from government to farmers has to enhanced to achieve sustainable results.

The project will work with all different stakeholders through information campaigns, facilitation of community land-use planning and agroforestry establishment and studies on carbon sequestration and biodiversity.

4.2  An Integrated Ecosystem  Management (IEM) Approach

The proposed project is consistent with the GEF OP-12 because it supports the reduction of net emissions of greenhouse gases and increased storage of carbon in terrestrial ecosystems, the conservation and sustainable use of watersheds, protection of an important international water body, and the conservation and sustainable use of biological diversity through an IEM framework. The proposed project would support interventions that specifically address the following constraints that impede the adoption of IEM approaches in Kenya: 

· Absence of necessary data and information required by resource managers, planners and decision-makers to mainstream an IEM-based approach into production activities;

· Weak policy framework and enabling environment supporting the adoption of IEM approaches;

· Weak institutions at national, regional, and local levels with weak capacity to adopt and implement policies formulated in support of IEM objectives;

· Insufficient technical assistance and financial resources to reduce the perceived risks faced by resource managers in the decisions leading to the adoption of non-traditional land management strategies in support of IEM objectives;

· Difficulty in integrating activities related to sustainable ecosystem management that transcend municipal and provincial boundaries because of lack of co-ordinated planning across these boundaries.

The overall implementation strategy of this project is geared to help in the development and adoption of an (IEM) approach to the problems of rural poverty, environmental degradation, and the increased risks and uncertainties that derive from changes in the biophysical and socio-economic environment (Figure 4).  Society relies on ecosystems not only for the continued production of “goods” or commodities, but also for the maintenance of critical “services” that ecosystems provide. Where goals for production of ecosystem goods and services often conflict with one another, IEM is a means of achieving the goals of poverty alleviation, increased food security and environmental protection. The overall goal for this approach is to improve agroecosystem performance in terms of biological productivity, integrity, maintenance and perpetuation (doing so over the relevant spatial and temporal scales) while at the same time ensuring that these improvements can be adopted by farmers and decision-makers at various levels and that they actually result in poverty alleviation and farmers empowerment. A multi-scale, multi-objective, systems approach is needed to fulfil such an objective. This approach also needs to embrace the competing interests of the various stakeholders, and key interconnections and thresholds for ecosystem services. At its core lies a search for a balance between productivity of agriculture, forestry and fisheries and resilience of these systems (or growth and adaptability), between increases in the adaptive capacity of agroecosystems (including that of their managers at different levels) and increases in the productivity of these systems. The outputs of such an approach are ranges of flexible and adaptive options, for farmers and other resource users, as well as for policy-makers at various levels.  The IEM framework is based on the premise that there are social, economic, and biophysical interactions between the goals for production of environmental goods and services that are desired by different stakeholders.  Reconciling conflicting goals and uses of land is a critical challenge for land management.  Understanding how land-use decisions and management practices affect the production of different ecosystem goods and services is necessary for sustainable management of the agricultural landscape.  

[image: image13]This framework includes both biophysical, socio-economic and policy analyses and interventions in a comprehensive approach to solving problems of rural poverty and providing goods and services to different stakeholders.  Problem analysis involves understanding both biophysical and socio-economic components of poverty and land degradation as well as the temporal processes and the cause-effect chains that result in the current situation.  Options for enhanced biological produc​ti​vi​ty, enhanced human well-being, and enhanced ecosystem integrity and resilience are developed in parallel and tradeoffs are analyzed.  The information on causes and effects, potential options for addressing problems at the farm and landscape scale and tradeoffs between different options and production levels are then brought to negotiations between different stakeholders and used to inform the negotiation process.  Developing this framework and making it operational will empower the communities in the project area to take on the long-term responsibility for managing their own resources. Representatives from farmer groups have indicated that they would prefer communal rather than private benefits from the project e.g. improved water systems, schools, roads, rather than direct payments. This may require that something like a “village trust fund” be established.

4.3  Project Baseline
The full project baseline is presented in Annex B.  This baseline has been developed using a combination of remote sensing and ground surveys.

[The baseline is still incomplete, we will be finishing the first draft early next week]
4.4  Project Components 

The project components support each other covering awareness raising and development of decentralized plans, mainstreaming and scaling up of activities that improve services related to water, biodiversity and carbon sequestration, and investments that assist the communities in the implementation of collective plans.

Component 1.  Development of decentralized plans for IEM 

This component will use the GEF resources to fund incremental costs for studies, information campaigns, community meetings, technical assistance, and stakeholder workshops to formulate IEM action plans. The action plans will form the framework to addressing ecosystems management at community and intra-community level as individual and community activities. They are not the finality themselves but rather an approach used to improve the management practices. Managing watersheds involves not only individual plots in the landscape but also the common pool resources such as forests, springs, gullies, roads, footpaths and vegetative strips along rivers and streams; therefore it is important to plan the priority actions collectively and  support community groups in this process (Johnson et al, 2002; Shah, A. 2002). 

Availability and sources of information have been identified as very important determinants of investments in soil and water conservation in the Nyando and adjacent areas (Swallow, 2002). The limited community cohesion for collective action and the collapse of community by-laws coupled with little capacity to plan and act for a change are also related to the inappropriate natural resources management in the Nyando area. The project will therefore facilitate an informed community process to develop collective decentralized plans for Integrated Ecosystem Management. The plans will provide a framework for improved sustainable production systems.

The activities of the component include:

· Selection of communities: The communities will be selected from the project areas representing the different types of degradation problems and different land productivity potentials. A total of 200 villages or village clusters (2 or more villages together) will be implementing land-use / IEM plans at the end of the project.

· Sensitisation and awareness raising: Education campaigns and network facilitation will be undertaken at local level and among sector agencies/departments directly involved in land use management in the project area. The campaigns will take place through 300 meetings with villages, water catchment conservation committees and water committees as well as through radio programs, posters and leaflets. They will concentrate on sensitizing and creating perception about the problems related to the management of land, water and vegetation and on the possibilities of improving the environment and livelihoods through individual and collective action. It is vital to provide stakeholders with hard evidence on the short and long-term consequences of land use and land cover changes on water and soil quality (Walsh, 2002).

There will two workshops per district for initial information and an initial workshop at each location before starting the project activities.  Differentiated information will be provided according to the specific problems depending on the area (upper catchments / flood plains / wetland). 
A video will be produced to be projected in district and community meetings with interviews of farmers and community groups, with views of the project area and discussions of the background information including the possible ways of managing the landscape in an improved way. The video will also present the project and how the project can assist groups and communities. Other videos will be produced for information and sensitization in the course of the project (Year 2, Year 4, end of the project)

· Group selection and capacity building: Capacity building and organizational assistance are vital where information is scarce and inputs limit the efficient execution of sustainable integrated ecosystem practices by many small-scale farmers/herders.  Acting individually, farmers may not obtain maximum collateral social and environmental benefits.  Therefore the project will promote organizational models that enable many household-led activities to be managed as single, large umbrella projects.  This will be done based on existing local or project-initiated producer’s associations/organizations, or NGOs.

Self-initiated groups have shown to be strongest and most sustainable in most agroforestry and natural resources projects (Noordin et al, 2001; Shah, A., 2002; Uphoff, 1992). The planning committees of 10-15 persons will be formed of representatives from existing active or dormant women, youth, church or, later, FSS groups.  The NALEP initiated common interest groups will fall in this category, including rice growing clusters, environmental conservation groups and others.  Strengths and weaknesses of sectors and agencies involved in the NRM in the area will be assessed by the project staff, and rectified where needed by appropriate training activities.  Capacity-building will be directed to the project extension staff, NALEP and NGO extensionists and government officers in the line agencies (NEMA, FD). This will take place through initial training on technological messages and participatory methods, annual updating courses (1), workshops (1 / year) and monitoring and evaluation meetings (Year 1 two meetings, consecutively 1 annual meeting). 

Over the period of five years four one-week workshops will organized to inform and train over 100 extension workers of the project and consortium partners. They in their turn will provide the community committees information and technical training on land-use planning, watershed management, forestry, agroforestry and other areas related to eco-systems management. There will also be training on group skills such as group management and monitoring and evaluation. This training will take place at local level.

· Preparation of participatory land-use / IEM plans: The sub-component will facilitate the preparation of actual IEM plans covering all natural resources within communities, including relevant baseline inventories. Based on these management plans, activities to strengthen and/or restore the resource base will be identified and developed, both in individual farms, over the landscape and in common pool areas. An important part of the IEM plans will be an investment program (Component 3) to improve the natural resources management. 


The facilitation of planning will be conducted through workshops / meetings taking place in communities. The planners represent different, already existing community groups (church, women’s, youth, watershed management groups). The planning will be facilitated by project, NALEP and VI Agroforestry extensionists. The implementation of plans will be followed for a period of 1.5 years in each community. 

According to Walsh (2002) the priorities for non-point source pollution management in the Nyando River Basin are the following:

· Fast sources: These areas require re-vegetation (60% permanent vegetation cover rule). Geographic priority areas include areas in proximity to waterways.

· Slow sources: Incremental improvement of production capacity through conservation agriculture (P-additions, agroforestry etc.). Reintroduction of woody species (where historically appropriate) is recommended.

· Sinks: Maintenance and protection of buffering capacity is critical. The further encroachment on key ecosystems (wetlands, forests) should be controlled.

Accordingly, in the upper catchments (fast sources) the major task will be to increase vegetation cover and to reduce erosion (Walsh, 2002; Onyango 2002). The activities proposed by the project include reforestation and afforestation, utilisation of appropriate farming technologies such as intercropping and mixed cropping, controlled grazing in the range lands to prevent overgrazing and restoration of degraded grazing areas. Water collection structures and spring protection are encouraged as possible communal activities which can be used as entering points to the communities.

In the flood plains, the major tasks will be to improve drainage and control floodwaters. Conservation agriculture through agroforestry and contour planting is recommended. Drainage requires the construction of physical structures which require heavy capital investment (see Component 3). In the wetland at the mouth of the Nyando River (sinks) , the proper controlling of floods necessitates that the natural ecosystems should be conserved where possible and thus community by-laws will have to be established. 

The preparation of plans will cover the following steps: 

	STEP
	TIME, months

	1. Elaboration of guidelines for IEM planning
	Initial 6 months of the Project (including training of the staff)

	2. Selection of communities and building of awareness through meetings
	3

	3. Identification of stakeholders and selection of the planning team by the community (representation of existing groups and different stakeholders)
	1

	4. Collection of baseline data with the team; sharing of data between the project staff and community team (mapping, resource inventory)
	1

	5. Analysis of data and elaboration of a strategic plan
	2

	6. Development of an action plan (including type of services required, areas of individual and collective action, division of responsibilities, timeframe and costs)
	2

	7. Development of Monitoring and Evaluation procedures including indicators
	2

	8. Implementation
	Life of project

	9. Participatory Monitoring and Evaluation
	Life of project


Each process of land-use / IEM planning will take about 5 months and it is expected that by the end of the first year there will 20 plans under implementation; by the end of the project 200 communities will be implementing their plans covering an area of xx hectares. As the communities and their priorities are interrelated through the utilization of same natural resources (up-stream-down-stream links; collective grazing areas; collective areas for fuelwood collection), a number of communities will be linked through second-level plans and networking. The joint action plans will strengthen the integration of stakeholders including smallholders, producers, NGOs, local governments and others whose activities impact significantly on natural resource management by promoting their participation in the policy and decision-making councils at the local, provincial, and regional levels.  

The outputs from this component would be technical targets, supported by individual rural community land-use plans and by plans for collective activities (e.g. at the first-order watershed scale).  

· Federating of groups: The project will facilitate the joining of community groups with other groups at location / watershed level for evaluation, exchange and networking. Federating of groups is recognized essential to ensure the sharing of experiences and flow of knowledge (Röling and Wagemakers, 1998). Workshops will be organized starting from the Year 2 between community groups and with district, inter-district and regional policy makers to sensitize stakeholders at larger scale and to influence the policies.

Ten inter-group meetings will be organized annually while there will be six workshops at district, river-basin and regional level.
Component 2.  Mainstreaming and scaling up IEM interventions

The funding for this component will cover incremental costs for extension and participatory research to promote wider scale adoption of sustainable farming and forestry practices and the introduction of value-added land-use systems. The issues of food security, poverty reduction and the permanence of local and global environmental benefits will be enhanced simultaneously.  Resources will be used to fund participatory adaptive research with farmers, Farmer Field Schools, ATIRImer-to-farmer exchanges, training of extension workers and rural development practitioners (NGO’s, MOARD Extension Branch, local development authorities, etc.).  Extension messages will be developed and disseminated to beneficiaries..

The mainstreaming will be done through Farmer Field Schools and rural development practitioners that will receive training and support from the project. The scaling up of agroforestry and other IEM interventions will follow the research-development continuum proposed by Place et al (2002) as shown in the Figure xx. The information intensity of agroforestry-based soil replenishment systems requires constant learning and interaction between farmers, extensionists and researchers.

The development of this component will involve:

· Studies to identify alternative livelihood options in the Nyando River Basin: A livelihood comprises the capabilities, assets (stores, resources, claims and access) and activities required for a means of living (Chambers and Conway,1992). The ILMLVB project has conducted a number of rapid surveys in communities of the Nyando River Basin to understand the local livelihoods (Swallow et al 2001) and many new opportunities have already been identified. This work will form the basis for identifying livelihood outcomes, livelihood strategies, strengths and constraints by different social groups including women-headed households and poorest groups. The type of services required by different groups will also be assessed, including need for information and specialist advice, development of new technologies, input supply including tree seeds, rural credit and marketing. 

The research will be conducted by ICRAF and KARI researchers from Kisumu and Kisii together with extension staff, farmers and other stakeholders in six communities from up-stream, plain and down-stream areas during the Year 1 of the project.  The output will be an increased list of economically, ecologically and socially justified livelihood options that can be tested in local communities.

· Adapted research on identified livelihood options: The possible livelihood options that would contribute to the objectives of the project can include for example:

· tree planting for woodlots,  in boundaries or as scattered trees in farms for poles, fuelwood, charcoal                    

· planting of high-value trees such as fruit tree orchards, timber trees, medicinal trees;  

· management of natural forest patches for poles, timber and  fodder;

· establishment of fenced pastures to restore the natural vegetation;

· establishment of tree nurseries;

· agroforestry for soil fertility replenishment and improved crop production (improved 

· fallows, biomass transfer, mixed cropping);

· proper management of residues on the farm;

· non-wood products (honey, crafts, oils, medicine);

· adding value to primary products;

· improved marketing and trading of forest products;

· improved technologies for energy saving and production (charcoal, honey, stoves);

· proper handling and storage of farmyard/cattle manure;

These options would reduce carbon emissions, improve the level of carbon sequestration, contribute to improved crop and animal production, increase water capture and conservation, and increase on- and off-farm biodiversity thus improving local livelihoods and natural resource management. 

Two researchers from KARI Kisii and ICRAF Kisumu / Nairobi will work in collaboration with extension staff and community organisations to test the viability of the identified livelihood options. The testing will include monitoring of the production, monitoring of biodiversity and other environmental benefits; and monitoring of socio-economic indicators including ranking of outcomes and analysis of financial returns. The work will be linked to the Farmer Field Schools, thirty of  which will be actively operating annually. 

· Training of extension workers and rural development practitioners: The facilitation of Farmer Field Schools and other dissemination work necessitates solid training of extension staff and constant follow-up by the project Management Team. Training will be provided to the Project Management Staff , project extension workers and other development practitioners active through the COSOFAP. The training will include:

· training in FFS facilitation and curriculum for 30 extension workers (15 project staff and 15 NALEP staff) for three weeks during the Year 1 of the project:

· further updating training annually for the 30 persons (3 days)

· training of other 100 development practitioners in participatory methods and technical aspects of improved agriculture and natural resource management

· annual workshops for the extension staff to monitor and evaluate the impact of FFSs and extension work.

· Design and dissemination of practical tools: Dissemination of practical beneficial tools and strategies which will be developed together with farmers will form a crucial element of project activities.  This would provide the triggering mechanism (or the "gateway") that will help farmers and other resource users and stakeholders to adopt sustainable land resources management.

Dissemination will be done by extension workers of the project and the consortium partners (staff from MoARD, Vi Agroforesty, other NGOs, FD, District Environmental Officers). The work includes training and follow-up of farmers on project activities such as seed stand establishment, collection, nursery establishment and production, agroforestry practices, soil conservation etc.
· Farmer Field Schools: the adaptive research and farmer training will be organised through the establishment of Farmer Field Schools which are used to produce, test and mainstream the education and extension messages produced by the project together with the farmers. ICRAF has been research on sustainable agroforestry systems and technologies since the 1980s. Many of the technologies developed for the Western Kenya can be adapted to the Nyando River Basin. As conveying of information as a technological package is often considered to have limited effectiveness (Pretty and Buck, 2002; Franzel et al, 2001; Braun et al, 2000) , the FFS approach will be used for adoption and extension.  KARI has been using this approach to disseminate and scale up adoption of integrated soil management practices over the past few years with very good success. 


FFSs is community-based non-formal education based on theories of adult education and experiential learning cycle covering (Simpson and Owens, 2002):
· concrete experience
· observation and reflection
· generalisation and abstract conceptualisation
· active experimentation
Groups of 20-25 farmers (men and women) in each community will attend the school for a period which usually follows the cycle of the crops to be studied. The farmers will be selected from different groups in the communities where the land-use management plans are being or have been prepared. Usually one morning every week is dedicated to learning and attending the group study field. The curriculum for the school will be established jointly by the project staff and farmers, adjusted to study the tree crops / soil fertility and reflecting the priorities for improved farming, environmental studies, sustainable natural resources management and biodiversity conservation. Tree-based systems will be included in each school and studied with the farmers in practice. The curriculum will integrate the indigenous  knowledge related to natural resources and farming. Teaching of basic principles of agro-ecosystem behavior is considered as an essential part of FFS programs (Braun et al, 2000).
The objective of the FFSs is to develop knowledge for decision-making with respect to managing the landscape of a farm or the local agricultural landscape of a community. The farmers will recognize that some of the actions will be individual while collective action is required to solve landscape-level problems. Each group will establish and use indicators to monitor the direction of changes.
The curriculum for the FFS will be established in collaboration with the NALEP and KARI staff in Kakamega who already have experience in the running of such schools. The elaboration of the curriculum will be the task of a national consultant. Altogether 2 months of consultancy are needed, while allowances for the NALEP and KARI staff will be covered for a month during the consultations in communities.   The adaptation of the curriculum will be done by Project staff together with each community. 
The extensionists invite other subject matter specialists to facilitate learning of specific topics that they themselves may not be familiar with; daily allowances will be provided. Important topics such as nutrition, HIV / AIDS and other health issues will also be covered by external facilitators.
Each of the 15 project extension staff will facilitate two Farmer Field Schools annually. At the end of the project 150 communities will have been covered and it is expected that farmer facilitators have extended the system to at least other 100 communities. This “focus-model” of establishing successive FFSs in the neighborhood to form a cluster improves the sustainability and coordination (Okoth et al, 2002). The sustainability of the FFSs can also be increased by establishing commercial plots in addition to the study plots: farmers will plant cash crops to be sold for income generation for the group (vegetables, fodder, poles, fruit, tree nursery). 

The FFS networking through representatives will be facilitated through district-level meetings. The meetings will involve annually all the participating groups and they will also decide the farmers participating in the study tours. 

· Extension through farmer-to-farmer exchange, study tours and field visits: A total of 100 one-day farmer-to-farmer exchange field visits for groups of 20 farmers each will be conducted over the period of five years to visit the FFSs, study and commercial plots, farmers practicing alternative livelihood options and communities implementing land-use plans.

One 10-day study tour will be organized annually in the country to visit areas identified in detail by the Project Management Team. Each study tour will group 20 women and men farmers. The participants for the study tour will be selected from the most successful groups as evaluated by the FFS district networks.

In each district two field days will be organized annually for district stakeholders to visit communities where mainstreaming and scaling up of IEM interventions take place.

· Support to and collaboration with COSOFAP: the Project will support and work together with the consortium of agricultural research and development partners for Western Kenya.  In addition to the previously mentioned training of the extension agents there will be participation in annual agricultural shows in various locations, production of extension and training materials for partners and farmers and organization of regular joint planning meetings. The project will also provide support jointly with GTZ the publication of a quarterly newsletter – “Miti ni Maendeleo” (“Trees for development” - Integration of Trees into the Farming Systems).

· Support to marketing of wood and non-wood farm products: Following the recommendations of the workshop organized in Kisumu in January 2002, the project will support marketing and enterprise development through research and extension. Studies will be conducted to create an understanding of market chains and the relationships within market systems, to assist in product development and value addition for key products, to identify tree crop product markets and to do market forecasting.

The project will work together with the consortium partners and key private sector entities to explore the markets and to provide the farmers and farmer groups information about marketing systems, outlets and prices.

· Development of extension messages

The project will produce leaflets on selected alternative livelihood options: improved farming, tree planting, nursery production, marketing and trading, improved technologies etc. Two different leaflets will be produced annually.

Each leaflet will be produced in 10 000 copies to be distributed to groups, farmers involved in research and generally in groups, district administration and personnel of consortium (COSOFAP) organizations.

· Support to ATIRI for dissemination and up-scaling of messages and technologies
The  Agricultural Technology and Information Response Initiative (ATIRI) of KARI was developed with the objective of of improving farmers’ ability to make demand on agricultural services and also to enhance the effectiveness of intermediary organizations and farmers’ groups to meet the knowledge needs of their clients and members. This same pathway will be used to empower farmers to make demands on researchers and other stakeholders that suit their particular environments.

Component 3.  Sustainable farming investments

This funding will play a catalytic role in communities to speed up the implementation of  the land-use / IEM plans. Some of the benefits brought by collective and individual action are long-term and the investments require funds that are not available to the resource-poor communities.

GEF funds will finance incremental costs of technical assistance, goods, and small projects identified in the IEM plans.  These activities will complement the financial and technical assistance for economic infrastructure and diversification of production provided under ATIRI and SMP.  Small project preparation would be assisted by extension agents and reviewed by district units that would have the necessary technical capacity to evaluate subprojects.  The standard small projects will establish a baseline for identifying activities eligible for GEF financing, including potential starter activities. 

Possible activities which could be supported under this component include:

· Purchase of inputs for the establishment of community nurseries to provide trees for agroforestry interventions (seed, tools, nets, equipment);

· Establishment of seed stands;

· Purchase of material and provision of technical assistance to design structures of spring protection, water conservation or water pans; 

· Technical assistance and equipment for maintenance of dykes;

· Development of existing agrobiodiversity resources (for example establishment of plots with indigenous crops or trees for timber, fruit and medicine, protection of river bank natural vegetation);

· Technical assistance and material for the construction of drainage channels and establishment of fish farming; 

· Support for economic activities that could serve as alternatives to existing practices which threaten important landscape elements.

The selected projects will be demand-driven and the proposals will be prepared and submitted by eligible project participants including community groups that have finalized their land-use / IEM plans, farmers participating in adaptive research in the FFSs and FFS groups.  The grant can cover maximum of 50 % of the total project budget. The review of proposals will be done at district-level to facilitate rapid response to assistance requests and maintain closer contact with potential participant needs. 

Component 4.  Monitoring and evaluation

GEF funds will be used to support incremental costs of implementing a detailed monitoring and evaluation (M&E) system, particularly with respect to global environmental services of C sequestration, international waters conservation and biodiversity conservation.  M&E will be carried out using participatory mechanisms, however a much stronger technical/scientific component associated with global benefits would be integrated into both the measurement and evaluation of results, building on methods generated in the targeted research component of the project. 

Carbon monitoring:  Measurement of C will include both participatory and objective components [This system is still being developed]
Biodiversity Monitoring. Biodivdersity monitoring will be conducted at two levels: 1.) at the project level through detailed botanic inventories of key intervention areas at the beginning and at the end of the project; and 2.) at the community level through a participatory monitoring program.  The objectives of each monitoring program are different. In the first case, the detailed botanical surveys will be organized to monitor how the project is making progress against its global goals of increasing biodiversity in agricultural landscapes.  In the second case, the participatory monitoring of on-farm biodiversity will be used to help farmers and development partners monitor progress against the development goal of creating more diverse and sustainable agricultural systems.
Measurement guidelines have been developed to provide a method of estimating the plant biodiversity within farming systems that does not rely upon detailed taxonomic knowledge, making it useful to land managers, extensionists and development specialists.  The approach is not based upon a comprehensive list of plant species; rather it relies upon a pair-wise checklist of representative exotic and indigenous trees, shrubs and crops.  Upon completion of the checklist, the number and range of representative plants is summed and the proportion of indigenous plants established.  In its fullest context, biodiversity includes three levels of biological variability: ecosystem complexity, species richness, and genetic variation. This approach integrates complexity with genus- and species-level “richness”, but does not document genetic variation.  The full M&E plan can be found in Annex E.
Component 5.  Project administration

The proposed organisation chart of the project is presented in Figure 5. 

The project will build on activities begun by KARI, ICRAF, and KEFRI in Western Kenya and will be carried out using a using the principles of participatory research and development that are consistent with the model for IEM (Izac, 2000).  Working with small-scale farmers through community driven initiatives will demonstrate the feasibility of undertaking projects with clear development objectives that also fulfill the objectives of international conventions (e.g. CBD, FCCC, CDD).  Moreover, the project will  contribute to GEF objectives associated with international waters.  
The Project office will be situated in the city of Kisumu, Western Region. The Project implementation will be the responsibility of the International Centre for Research in Agroforestry (ICRAF) and the Kenya Agricultural Research Institute (KARI). They will provide constant follow-up and backstopping to the project, lead the research work, join the field work teams and ensure that the level of results meets the targets set by the Logical Framework of the project. Consultations with regional and national leaders in the Ministry of Agriculture, KEFRI, local NGOs, and farmers groups in Nairobi at a stakeholder’s workshop at ICRAF headquarters (December 7-9, 2000) resulted in endorsement of the project from all the key stakeholders.  

For the purpose of fieldwork with communities, the Project will employ a gender-balanced field staff of fifteen extension officers who will be holders of diploma/certificate in agriculture, livestock keeping, forestry, environmental sciences or natural resources management. Their main task will be to facilitate the community self-mobilization, training and extension in the rural communities. For further extension and follow-up, as well as for securing the sustainability of the activities,  ICRAF / KARI has made agreements with the field organisations of the NGO VI-Agroforestry and MoARD which has its extension staff in the field in all the divisions where the Project will be working. Moreover, the agricultural extension Consortium (COSOFAP) formed of almost 70 organisations will be backstopped by the project and it will provide an important tool for the replication of positive results through its members. The project is also emphasising the collaboration and coordination with the Forest Department officers and District Environment Officers both for training and for conducting the field work. 
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The Project will be managed through the Project Management Team and a Steering Committee. 

Project Management Team

The Project Management Team will comprise staff responsible for direct implementation of the project activities as follows:

· Lead Scientist;

· Project Manager;

· Natural Resources Management Advisor

· Socio-Economic Advisor

The Project Management Team will be responsible for planning, implementation and monitoring of day-to-day activities. They will meet monthly with representatives of ICRAF and KARI to discuss the progress of activities and plan jointly for further implementation. They will prepare annual and monthly workplans as well as quarterly and annual reports.

Steering Committee

The Project Management Team will report progress and problems to the Steering Committee, which will meet twice per year.  The committee will be comprised of  the following members:

· Project Manager;

· Community Natural Resources Management Advisor

· Socio-Economic Advisor

· ICRAF representative

· KARI representative 

· KEFRI representative

· NEMA representative

· MoARD representative

· World Bank representative

· COSOFAP representative

· Vi Agroforestry representative

· Co-opted representatives of local communities.

4.5  Expected Local And National Benefits
4.5.1 Local significance  
Expected outcomes of this project that are relevant to national development objectives are:

· Better farmer-led land management practices that increase productivity while contributing to global environmental benefits;

· Enhanced food security and livelihood systems for the local rural, peri-urban, and urban communities;

· Rural development strategies at national, provincial and local levels which explicitly integrate ecosystem concerns – including targeting, prioritization of activities and ex-ante and ex-post evaluation criteria;

· Extensionists and producers will learn to explicitly factor ecosystem impacts into their evaluation of technical options;

· More effective prevention and control of land degradation;

· Local social organizational structures (village and rural community level) which are able to evaluate and address ecosystem concerns;

· Replicable, locally adapted production systems and technologies which support both poverty reduction and improved ecosystem management objectives;

· Results and lessons learned disseminated in the Kenya.
4.5.1.1. Land degradation and soil fertility 

The highlands of western Kenya represent 15% of the total land area of the country and accommodate 40% of the country’s population.  High population density and unsustainable land-use practices have led to degraded agroecosystems and declining productivity.  Agriculture is not meeting the needs of the people.  Moreover, with a population growing at the rate of 3.4% per annum, the situation with respect to food security and environmental degradation is likely to become even more severe without outside intervention.

Returning degraded lands to production in western Kenya will contribute greatly to erosion control and soil fertility improvement. According to studies conducted by ICRAF (Ong, Hai and Mungai, 2000) surface water management is critical in the management of soil erosion problems and improved retention of sufrace water could greatly improve food production, pasture productivity and water availability. Permanent tree and shrub cover together with contour planting, establishment of contour grass strips and construction and maintenance of water conservation structures will improve water infiltration and soil retention shifting the flow of rainwater from superficial runoff to infiltration. 

This project will contribute significantly to mitigating food security problems and to improving the livelihoods of the people in western Kenya.  Since fertilizers cost 2 to 4 times more at the farm gate in Africa than they do in Europe or North America, different approaches are being developed that combine organic and inorganic inputs.  A promising one is a robust NRM approach which brings nitrogen and carbon from the air and phosphorus from indigenous phosphate deposits, together with biomass transfers of nutrient-accumulating hedge species.  Leguminous tree fallows of several species of Sesbania, Tephrosia, Crotalaria, Cajanus, and others accumulate up to 400 kg N/ha in one year, which is incorporated into the soil before maize planting.  

These fallows also provide multiple benefits such as on-farm fuelwood production, capture of leached nitrate, recycling of other nutrients, Striga control, better soil physical properties, reduced erosion and carbon sequestration.  Tree fallows provide the basal application of N, which can be supplemented by top-dressing applications with N fertilizers if conditions warrant.  Experiments in western Kenya show that a single basal application of P or smaller annual application of Minjingu phosphate rock (a local deposit) can triple maize yields and appears to be 70-80% as effective as imported triple superphosphate in many cases.  Tithonia diversifolia has high nutrient concentration in its leaves (3%N, 0.3%P, 3%K) and decomposes rapidly in the soil.  Biomass transfers of Tithonia at rates of 2 -5 tonnes of dry matter per hectare routinely double maize yields without any fertilizer additions.  
4.5.1.2. Diversification of farm products 

A increased number of wood and non-wood products will be produced and marketed by farmers. The demand for wood products in the Lake Victoria basin and in Kenya in general is great as the production from natural forests has been exhausted. These products include fuelwood, charcoal, furniture, building materials, stakes and poles. Non-wood products that can be produced and marketed from sustainable on-farm plantations and rehabilitated rangeland include fodder, local medicines, honey, fruits and nuts.

A rapid survey by the Improved Land Management project (Swallow et al 2001) showed that that there are good potential returns to products such as grafted managos, grafted avocados, grafted organges and lemons. Also high quality wood for furniture, medium quality wood for building materials, and low quality wood for charcoal and fuelwood are all in short supply in Kenya at the present time. Different industries in Western Kenya consume huge quantities of woodproducts while the future supply predictions based on current resource base are negative (Market-oriented Agroforestry Workshop, 2002).

 Domestication of medicinal trees or local fruit trees can also bring many benefits.  Work in Shinyanga, Tanzania, has identified more than 300 trees species used for the treatment of more than 100 human diseases; some of these species are also indigenous to western Kenya.  Additionally, Tithonia is used in the preparation of a number of traditional medicines.  These options may be helpful in decreasing risk for farmers and increasing income generating options.

The University of Maseno is working closely with local traditional healers and birth attendants to collect traditionally used medicinal plants and validate the safety and effectiveness of formulations. This project offers a unique opportunity to include the documentation of traditional healthcare treatments, and identify opportunities for the cultivation, processing and marketing of affordable phytomedicines by local communities. KARI, ICRAF and other partners have an opportunity to work closely with healers and farmers to identify sustainable cultivation practices as part of the proposed agricultural intensification.

The benefits will be both for farmers in terms of more outcomes and increased financial benefits; and to the whole community and people in the Lake Victoria basin as increased supply of products.

4.5.1.3. Water availability and quality

The project will have impact on both water availability and quality in different areas of the Lake Basin.

Taking our analysis of the Nyando River as an example, in fast source areas, where permanent vegetation cover will be increased by tree planting and rehabilitation of degraded land, greater and more springs will increase the amount of water. The project will support the protection of springs and more and better quality water will be available for household consumption and for cattle. This will benefit communities in general and in particular women for the time they spend at fetching water. Construction of water pans will reduce the movement of livestock and result in less erosion from cattle tracks.

In slow erosion areas where conservation agriculture will be introduced and soil fertility improved, the benefits related to water will show through reduced flooding and its consequences. During the flooding there is water everywhere but no clean water to use because floods contaminate the water. The incidents of water related disease is increased during the floods (Onyango 2002). When floods are reduced more good quality water will be available for domestic use and for cattle. Channelling of water will be encouraged and supported by the project; this will make water available for other purposes such as irrigation farming and fish farming.

The benefits for people whose livelihoods depend on Lake Victoria will be of great importance: reduced nutrient load and sedimentation deposit in the Lake will impact the quality of water and thus in particular the fisheries. 
4.5.1.4. Local institution building  

The land-use planning will be made by community groups representing different stakeholders and (where they exist) already active or currently dormant groups. The Farmer Field Schools are also based on the group approach in which the group members jointly learn and explore acting as extensionists toward the rest of the community. 

Local institutions have been found in almost areas of the Nyando river basin and in some areas the NSWCP established catchment committees which worked directly and exclusively on natural resources management issues. The committees are usually active during the first year while the staff is developing Land Management Plans and then they tend to fall apart (Shepherd et al, 2002). To have a more longstanding impact, more extensive support is needed both to increase the participation in planning, the type of activities binding the group together and to build federative activities such as district level committees. The project will also facilitate linking of community groups to permanent government structures such as District Environmental Committees. 

4.5.2  Expected Global Benefits

4.2.2.1  Global significance - Climate change  

Kenya ratified the United Nations Framework Convention on Climate Change (UNFCCC) in 1994.  UNFCC aims to achieve the stabilization of the concentrations of greenhouse gases in the atmosphere to acceptable levels. Kenya recognizes the relevance of land use and restoration activities within its national boundaries as major factors, which could contribute to achieving UNFCCC goals. Assessment of agricultural activities in the light of their carbon sequestration functions indicates that a significant portion of these activities will be carried out in Kenya within the context of smallholder agriculture and in the high potential areas of western Kenya.   

The replenishment of nitrogen and phosphorus may have important effects on changes in carbon stocks.  The loss of topsoil organic carbon associated with soil nutrient depletion has been estimated at an average rate of 0.22 tonnes of C per hectare per year.  Yields on typical degraded sites in western Kenya range from 0.5 to 2 tonnes of grain per hectare per year.  When soil fertility is replenished maize grain yields increase around 4 to 6 tonnes per hectare per year and C sequestration rates become positive, averaging as much as 1.5 tonnes of C per hectare per year.  When more trees are planted on field boundaries, in fields, and as orchards C sequestration rates increase further.  Based on this work the recent IPCC special report Land Use, Land Use Change and Forestry (IPCC, 2000) indicates that C sequestration rates may range from 1.2 - 5.1 tonnes of C per hectare per year, with a modal value of 3.1.  This represents the highest value reported for any agricultural practice by that report. 

Nutrient-depleted fields have little biomass C stock; a time-averaged modal figure is in the order of 23 tonnes of C per hectare, virtually all below ground.  Soil fertility replenishment practices based on improved fallows, rock phosphate, biomass transfer and soil conservation for 25 years are conservatively estimated to result in time-averaged C stocks of 32 tonnes of C per hectare (Alternatives to Slash and Burn Programme).  Such stocks are virtually all in the soil, as crop and fallow accumulation may account for only one tonne of C per hectare above ground.  The magnitude may be higher with the introduction of conservation tillage, which is now beginning to be researched and adopted.  When trees are incorporated after fertility replenishment, total time-averaged stocks may reach 70 tonnes of C per hectare, which includes 34 tonnes of C in the above ground biomass and 36 tonnes of C below ground.  Carbon sequestration may therefore be considerable with land-use conversion to agroforestry systems that involve soil fertility replenishment, intensification, and diversification of farming with the use of high-value domesticated crops/trees in subhumid areas of Africa such as Western Kenya.  This provides significant benefits towards mitigating greenhouse gass effects on the global climate.

4.5.2.2  Global significance – International waters

The Lake Victoria Basin supports one of the densest and poorest rural populations in the world, with population densities up to 1200 persons per square kilometer (Hoekstra and Corbett, 1995).  The Welfare Monitoring Survey that was conducted in Kenya in 1994 indicated that the incidence of severe poverty (household expenditures of less than KShs 703, or US$16 per month) is between 30 and 50 percent in seven lake basin districts (Central Bureau of Statistics, 1998).  Land degradation has caused significant negative impacts downstream causing eutrophication of the lake, which in turn has led to rapid colonization of the lake by water hyacinth, and decreased fish and aquatic plant diversity.  The economic impact of this has been great.  For example, the operations to keep hydroelectric generating turbines clean have cost Uganda $600,000 per year.  The fishing industry, which employs 500,000 people in the riparian countries, has also been severely affected. 

Recent research has shown that common property and grazing lands in the Nyando and Tondo river basins are subject to high erosion rates, resulting in major sedimentation and eutrophication in Lake Victoria (Chin Ong, personal communication).  Replenishing soil fertility is a major element in soil conservation and will contribute to alleviate the water hyacinth problem, protect threatened fisheries in Africa's largest lake, and have an impact on aquatic plant and fish diversity.
4.5.2.3.  Global and regional significance – Biodiversity and Agrobiodiversity

The conservation and sustainable use of biodiversity is a national priority in Kenya.  Kenya was among the early signatories of the Convention on Biological Diversity (CBD) and ratified the convention in 1994.  Kenya has actively participated in meetings of the Conference of the Parties (COP) to CBD, and hosted the most recent meeting (COP-5) with UNEP in May 2000.  In order to demonstrate its commitment to biodiversity conservation and achieve its national priorities, the government is implementing a series of initiatives.  These include:

· Completion of the National Biodiversity Strategy and its corresponding Action Plan;

· Preparation of the first report to the COP in 1998 in accordance to the obligations under the CBD to report on progress made in respect to implementations of articles 6 through 8 of the CBD;

· Implementation by the national government of the GEF-supported Tana River Primate National Reserve Project;
· Implementation by the national government of two regional GEF-supported projects Lake Victoria Environmental Management Project and East African Cross-Border Biodiversity Project;

· Kenya has designated several areas as important for conservation, including National Parks, Reserves, Wildlife Sanctuaries, National Monuments, Biosphere Reserves, World Heritage Sites and Ramsar sites.

The principles of the National Biodiversity Strategy (Ministry of Environment and Natural Resources, 2000) recognize that “population and poverty issues are the ultimate causes of biodiversity loss, and can only be meaningfully addressed as national development goals.”  Thus, poverty alleviation, increased agricultural productivity, employment creation and population control are all key elements in the National Biodiversity Strategy.  For biodiversity conservation outside protected areas, the strategy looks to promote conservation and sustainable use of biodiversity resources.  Agrobiodiversity is defined in the broad sense in the Strategy and includes plant species that are sources of food, medicinal products, fibre, fodder, and oil.  Agrobiodiversity is particularly singled out in the Strategy and a key focal area and the promotion of farming practices that conserve agricultural ecosystems is a key component of the strategy.   Finally, the Strategy recognizes degradation of aquatic resources as a key element in biodiversity loss and recognizes impacts of upstream resource use on downstream ecosystems.  Thus, there is a clear linkage between international waters and biodiversity themes in this project.  

The biodiversity focus of this project will be the agricultural landscape and will seek to increase functional biodiversity and so-called non-functional biodiversity.  Functional biodiversity is that biodiversity which provides goods and services to farmers. Non-functional biodiversity is that biodiversity which is tolerated by rural communities in the landscape, but does not directly provide products and services to farmers.  On the innovative side, the effects of management on below ground biodiversity will be investigated, and the importance of this to long-term sustainability will be determined, particularly with respect to carbon and nutrient cycling.

Biodiversity in protected reserves in the project area is under intense pressure and strategies to actively protect these resources are urgently needed.  Some of the activities of this project should help to reduce this pressure on these reserves, but this impact will be context specific (depending on proximity of project interventions to protected areas).  Also, the impact will be tenuous as project activities will only partially satisfy wood demands of rural populations and may not provide sufficient replacement for all of the products that are withdrawn from reserves.  

There are numerous ecologically sensitive sites in Western Kenya, but because there are no spectacular tourist-attracting parks in this part of Kenya, efforts to address conservation and management of important flora and fauna have been largely inadequate.  Nevertheless, this area has unique habitats and biodiversity of local, national, and global significance.  There are two small protection areas in the Nyando river basin:

· Kaimosi Forest Nature Reserve (19 ha)

· West Kano Bird Sanctuary, a world-famous ornithological sanctuary which is the nesting site of hundreds of pairs of herons, ibises, cormorants, egrets and storks.
Elsewhere in western Kenya there are a number of important protected areas:
· Kakamega Forest.  
· Nandi.  
· Ruma National Park 
· Yala Nature Reserve 
· Bunyala Forest Reserve 
· Lugari Forest Reserve 
· Malaba Forest Reserve 
· Maragoli 
It is notable that both sites are small in area and are therefore important refuges and islands for biodiversity conservation in an area that is heavily populated.  These factors make them especially prone to encroachment, destruction, and species losses.  

This Project will address biodiversity conservation through on-farm biodiversity conservation (i.e., agro-biodiversity), biodiversity enhancement off-farm in the agricultural landscape, and , to a lesser extent, critical ecosystems/habitats (e.g., wetlands, forest refugia) biodiversity conservation.  Soil fertility replenishment is expected to enhance biodiversity in two ways.  First and foremost, is by increasing heterogeneity in the landscape there will be more niches for different types of species.  This will lead to increased aboveground and belowground biodiversity.  Aside from niches directly created from planting trees in agroforestry systems, there will be decreased need for women to go to adjacent forests and range lands in search of fuelwood.  Tree fallows and other agroforestry systems supply fuelwood and construction wood that will contribute to satisfying the family's needs.  Therefore, there will be less encroachment of forests and woodlands in the landscape (riparian areas, upper slopes of watersheds that are traditionally used for grazing, and national forests are currently under great pressure).  This project will lead to more woody vegetation both on and off farms and increased biodiversity and reduced pressure on sensitive habitats.  However, the more important biodiversity objective of this project remains the maintenance and enhancement of biodiversity within the agricultural landscape.

4.6  Implementation arrangements

4.6.1  Implementation

As stated earlier, the project will build on activities begun by KARI, ICRAF, MoARD, and KEFRI in western Kenya and will be carried out using a using the principles of participatory research and development that are consistent with the model for IEM (Izac, 2000).  Working with small-scale farmers through community driven initiatives will demonstrate the feasibility of undertaking projects with clear development objectives that also fulfil objectives of international conventions (e.g. CBD, FCCC, CDD).  This project will also contribute to GEF objectives associated with international waters.  

KARI, ICRAF and KEFRI are currently working in western Kenya to promote sustainable farming practices and to bring scientific innovations to thousands of small-scale farmers.   Responsibility for implementation of this project will be shared jointly between KARI and ICRAF.  Consultations with regional and national leaders in the Ministry of Agriculture, KEFRI, local NGOs, and farmers groups in Nairobi at a stakeholder’s workshop at ICRAF headquarters (December 7-9, 2000) resulted in endorsement of the project from these key stakeholders.  

4.6.2  Implementation Period [ 5 yerars beginning Oct 2003

4.6.3  M&E

5.  Project Rationale

5.1  Project Alternatives Considered and Reasons for Rejection
Several alternatives for the project have been considered before presenting the current proposal:

· Geographic focus of the project: The first project proposal considered covering a large area on the lands in western Kenya that fall within the Lake Victoria watershed.  The priority districts were to be selected taking into account several criteria of  GEF, C sequestration and biodiversity increment potential, severity of land degradation and the proximity to reserves with significant degradation due to external pressure.  This idea was abandoned because the area was too large and consequently the piloting of IEM approaches together with mainstreaming and scaling up of IEM interventions would have had very little impact and high transaction costs.  More impact can be achieved byu focusing on three river basins over the life of the project.  We now propose to begin our activities in the Nyando River basin during the first year and extend activities to the Yala and Nzoia River basins during the second and third years of the project.
· Working only through the extension organisation of MoARD and NGOs: Initially the field implementation of the project was planned to be conducted by divisional and locational extension staff of the MoARD and NGOs that are partners in the COSOFAP.  However, it became, clear that it would be impossible to rely solely on these organisations as they already have their own mandate and priorities, and because they are currently fully extended in their commitments. Also the larger scale focus of this project, using an integrated ecosystem management approach, requires that project implementation personnel function differently than other projects in the region which tend to focus on farm and plot scale management objectives. Much of the field work such as facilitation of IEM planning and Farmer Field Schools require full commitment and strong presence in the field which could not be achieved by relying on the personnel of MoARD and various NGOs. Nevertheless, agreements have been made with them for the provision of full cooperation and additional extension related to agroforestry and natural resources management.
5.2  Linkage s to CAS and NPEP and Bank Programs

The World Bank does not yet have a finalized Country Assistance Strategy (CAS) for Kenya.  The draft CAS (1998) notes that poverty levels are increasing rapidly in Kenya; poverty levels in rural areas are 46%.  The Strategy states that increasing poverty and the widening gap between rich and poor in Kenya pose the greatest threat to political stability.  The strategy matrix specifically identifies actions to decrease poverty, which includes improvement of agricultural service delivery to farmers.  The proposed project is consistent with the draft CAS strategy, particularly with the focus on community-based initiatives in the fight against poverty.  The draft of the National Poverty Eradication Plan (NPEP, 1998) places emphasis on the high and medium potential areas of Kenya, which characterize the Lake Victoria Basin.  Priority is given to these areas because of their high population density, high incidence of rural poverty, and the stagnant economic growth.  Among the interventions specifically targeted in paragraphs 7.10 and 7.11 are soil conservation and agroforestry as means for raising productivity, diversifying production, and raising farmers’ incomes.

5.3  Links To Ongoing And Planned Projects In The Region  

This project will build on the experience and lessons learnt by and from the other projects that have been or are currently operating in the region. It will be able to use the networks and communication channels that have been created to reach farmers and communities, and there will cooperation with them to develop and advance the IEM approach.  A full list of these projects can be found in Annex D.
5.4  Synergy and Linkages to Global Conventions 

This project will seek to fully exploit the synergy among the different global conventions, in particular the CBD, UNFCCC, and the crosscutting issues of land degradation (CCD). Current practices of agricultural expansion, fuel-wood extraction and settlement development can deplete biodiversity and cause land degradation.  Improved land management practices such as conservation agriculture and increased planting of trees on farm help to mitigate these effects and can help ensure sustainable gains in biodiversity conservation.  Hence the project will strive to improve land management practices, institutional arrangements, and policies and incentives in sectors of agriculture, agroforestry and water use.

The linkage of land degradation with climate change can be seen through its impacts on biomass reduction mainly through deforestation and loss of potential in C storage from crop cultivation and soil degradation/erosion.  Activities such as conservation tillage, agroforestry, reforestation and enhanced forest management practices will help improve C sequestration potential and C cycling in soils, thereby enhancing crop yields for farmers while contributing to global environmental goals.

5.5  Replicability

It is expected that the IEM approach could eventually be replicated within Kenya and in other countries with similar agro-ecological problems. Experiences gained in farmer-led initiatives for defining appropriate practices related to conservation and sustainable use of natural resources (improved land and water management, soil fertility replenishment and maintenance techniques, landscape scale planning and management) will be disseminated to local (e.g. small farmer organizations), national and, international audiences.  Dissemination to the latter will be done through the sharing of experiences that would be conveyed by those directly involved in project development and implementation (i.e., project personnel and stakeholders).  Project support for the dissemination of lessons learned envisioned under the proposed Component 2 would be consistent with the GEF Outreach Strategy. Specific resources would be allocated to communicate to a wider audience the project's objectives, activities and results.  This would occur specifically through: (i) consultations and outreach to local rural communities, farmer's associations, farmer-to-farmer contacts, extensionists, NGOs and other stakeholders; (ii) project staff participating in outreach in country and internationally; (iii) preparation of material for the general public; and (iv) preparation of material for media.

5.6  Sustainability

The project strategy is designed to ensure the sustainability of GEF-supported activities beyond the GEF funding period by: (i) focusing capacity building of local technical resource services, producers and land managers; (ii) recognizing and capitalizing on the crucial role of local governments and the local producer and community organizations to organize, promote, monitor and assess implementation; and (iii) utilizing existing institutional structures to organize project activities and deliver outputs.  This strategy reflects the lessons learned from projects in Kenya (including World Bank financed and GEF supported projects) and in other countries that have attempted to introduce new technical approaches in rural areas.  

More specifically, the following activities and outcomes will ensure sustainability beyond the project period: (i) the improvement of local, provincial and national institutional capacity to assess and integrate natural resource management, carbon sequestration, international waters management, and biodiversity values into development planning, particularly by increasing the recognition of the importance of environmental goods and services that do not have a market value, but that may be provided by farmers and other stakeholders; (ii) the development and dissemination of  strategic activities and investments at the farm, ecosystem and landscape levels to demonstrate that conserving soil and water, increasing the conservation of agro-biodiversity, and diversifying farming functions can be sustainable; (iii) increased promotion, by local communities, of activities that are environmentally, socially and financially sustainable; (iv) the enhancement of  partnerships between rural community associations, producer associations and agricultural and environmental research and extension services, which would prove  favorable for disseminating technical knowledge and technology, so as to increase adoption of sustainable production systems; (vi) a communications program at the national level to inform the general public regarding the IEM approach to management of Kenya’s land-based resources, publicize specific experiences in Kenya and explain government’s role in promoting these activities; (vii) strong implementation links with governmental organizations, NGOs and CBOs.
5.7  Stakeholder Involvement

During the design phase of the concept note and PDF B application, relevant Kenyan institutions were actively involved in the process.  After discussions with rural development partners in western Kenya and a stakeholder meeting in Nairobi in December 2000, the first draft of the project concept paper was prepared.  These consultations included (i) staff from Western and Nyanza provincial extension services; (ii) the National Environmental Secretariat (the GEF Focal Point); (iii) representatives from research and development partners active in western Kenya including Sida/NALEP, UNSO-UNDP, GTZ, FAO, TSBF, RELMA, MICWP, SCODP, NAC; and (iv) farmers who are active in the KEFRI-KARI-ICRAF Pilot Project in Vihiga and Siaya Districts.  The workshop report can be found in Annex F
In December 2002  ICRAF, NEMA and NALEP, in collaboration with partners in the Lake Victoria Basin Initiative, organized a workshop “Reversing Environmental And Agricultural Decline In The Nyando River Basin” to discuss the way forward. Scientists, representatives from the ministries of agriculture, health, water, National Environment Management Authority (NEMA) non-governmental organizations, donor agencies and farmers, attended the workshop. The workshop was preceded by a field trip covering a profile beginning in the upper parts of the basin and ending close to the lakeshores. The objectives of the workshop were to: 
1) Compile and share information about the nature of the inter-related problems of environmental degradation, low agricultural production and worsening poverty in the Nyando River Basin, 
2) Compile and share information about alternative technical, institutional and policy options to address those problems, 
3) Develop action plans for the short, medium and long-term solutions to those problems, and 
4) Identify priorities and plans for implementation and funding.  A summary of the workshop proceedings is presented in the Annex G.
Building on the Pilot Project and other baseline activities, the project will provide incremental training to all levels of society at national, provincial, and district and local levels in participatory techniques for problem identification, priority setting, and the design of solutions.  Participatory mechanisms for planning and management of natural resources, including access, and sustainable use, and conflict management will be developed. Other project activities are expected to include project-planning workshops, participatory information gathering, focus groups, interviews, and sector meetings, and would be consistent with the GEF policy on public involvement.
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5.8  National Level Support

The proposed project is consistent with and directly supportive of the GoK’s National Poverty Eradication Plan, and the Rural Development Strategy (currently under preparation).  The NPEP and RDS both address the objectives of reducing poverty and ensuring food security by promoting ago-industries and exports in an environmentally sustainable manner.  The GoK strategy is to promote technologies that limit natural resource degradation and sustain environmental improvement.  Specifically, these will include programs to promote sustainable conservation and management of natural resources mainly soil, water, forestry, fisheries, minerals, etc., through awareness creation among communities, and the development of land use policies that will facilitate long-term investments in farm improvement, efficient cropping and livestock production systems.  The project will also promote resource conservation through protection of water catchment areas, re-forestation, agro-forestry, soil and water conservation.  Implementation of a sound land use policy will facilitate access to land by those who desire to invest in rural development.  Supporting Kenya's efforts for poverty reduction is the overriding objective of the Bank's country assistance strategy (CAS) for Kenya.  

A major proof of the commitment by the partners in the Nyando basin rehabilitation initiative was given by the large attendance and interest in the workshop - “Reversing Environmental and Agricultural Decline in the Nyando River Basin” in December 2002. All the main stakeholders in Western Kenya – ICRAF, KARI, LVEMP (regional), MOARD, NEMA (regional), Farmers, Private Sector, several NGOs and CBOs participated actively in the workshop. 

The commitment of major national, regional and international organisations is presented in the following section.

Ministry Of Agriculture And Rural Development
The environmental problems facing Lake Victoria have been of great concern to the Ministry of Agriculture and Rural Development for many years. Significant progress has been made although much ore still needs to be done. Current involvement of the Ministry in NRM and Poverty Alleviation is through the following programmes:

a) The Lake Basin Development Authority which is a government parastatal under the Ministry which implements integrated rural development projects aiming at poverty alleviation in the Lake region.

b) Within the Lake Victoria Environment Management Project, (LVEMP) the Ministry coordinates the Integrated Soil and Water Component.

c) The Ministry has an extension programme, the National Agriculture and Livestock Extension Programme (NALEP) which aims to empower the land users by availing technical information and imparting better organizational capability for improved agricultural production.

d) The Kenya Agriculture Research Institute, which falls within the Ministry, is also carrying out relevant research (mainly adaptive research) to remove constraints encountered in agricultural production.

e) The Department of Fisheries of MOARD assists the fishermen in improving the marketability of the fish catch from the Lake. This is considered an important income generating activity for the area.

f) The Ministry is also works with the farmers in developing sustainable small-scale irrigation schemes. 

The Ministry hopes to continue with the current activities and any new ones that fall within its jurisdiction to contribute to improved livelihoods in the area and to alleviate poverty. It is also committed to Nyando River basin initiative and will pursue it to its logical conclusion.

Lake Victoria Environmental Management Programme 

LVEMP is addressing environmental issues in the basin in an integrated way through 8 components in Kenya, and they include: 

· Capacity building component; 

· Catchment afforestation component; 

· Integrated soil & water conservation; 

· Water quality management component; 

· Fisheries research; 

· Fisheries management; 

· Water hyacinth control; and 

· Wetlands management.  

The cardinal aim of the project is to ultimately address poverty in the lake basin region. All 8 components address environment problems.    LVEMP also has activities within the three East African Countries.  The Project has been on for about five 5 years.   LVEMP's preliminary reports indicate that there are real environmental issues in the catchment that need to be addressed.

National Environment Management Authority 

NEMA greatly appreciates the work of the Ministry of Agriculture and Rural Development (MOARD), Internantional Centre for Research in Agroforestry (ICRAF) and lake Victoria Environmental Management Programme (LVEMP) with regard to identifying Nyando river basin environmental problems and solutions using a participatory approach.  

 NEMA and ICRAF recently concluded development and signing of an instrument to facilitative collaborative arrangements in implementing activities and projects of common concern and where both parties can either exploit their comparative advantages or areas where their mandates compliment each other including the Lake Victoria basin initiative.   NEMA also recognizes MOARD as both a lead agency (within the interpretation of EMCA) – and as such as an important partner in environment management, especially in this particular case.   NEMA is constantly consulted on the activities of LVEMP.  For example, NEMA was recently involved in discussions on possible future activities of the project, especially working with the Provincial Environment Committees and District Environment Committees.

The National Environmental Management Authority will contribute to the reversing of agricultural and environmental decline of the Nyando River Basin by:

a) Strengthening the Provincial and District Environment Committees through

i. Capacity building of the members

ii. Provision of financial support, equipment and training materials

b) Using the provisions of the Environmental Management and Co-ordination Act to develop, gazette and implement regulations and guidelines for the management of environmentally sensitive areas

c) Developing and implementing programmes and activities at policy, extension and farm levels using all channels including formal and informal

d) Promoting development and use of cleaner technologies including reducing generation of waste, recycling and re-use of wastes

e) Promoting participatory ecosystem management approaches, including those of trans-boundary resources

f) Promoting enhanced development of alternative sources of livelihoods to reduce pressure on natural resources like land and forests

g) Co-ordinating Lead Agencies to ensure that 

i. Their development plans reduce pressure on natural resources like land and forests, 

ii. Their programmes and projects incorporate environmental concerns

In particular, the Authority will work with relevant District Environment and Provincial Committees to ensure that the Provincial and District Environment Action Plans incorporate the concerns of this workshop.

World Agroforestry Centre (ICRAF) 
ICRAF/KARI/KEFRI/MOARD has collaborated for a long time in various agricultural-oriented activities in an effort to make positive impact on the livelihoods of millions of farm families in their project areas.  In the last 4-5 years the team begun looking at farmers problems and potential roles of trees on environment and ecosystem management in the Lake Victoria Basin.  The Lake Basin is a prime area in the world in providing an opportunity on larger landscape effects of trees and it would be instrumental to assess the impacts of different problems and related solutions in the Nyando River basin.   The solutions are not only identifying hotspots for collaborative work to manage the environment but also address the felt needs of the farmers and to enhance this, all relevant stakeholders including the farmers should participate.

Kenya Forestry Research Institute 

The Kenya Forestry Research Institute is involved in the rehabilitation and conservation of the  Nyando River basin through:(i) Rehabilitation of the degraded areas around Kyehonen tributary of River Nyando through afforestation of 100 acres of land.  Monitoring the flows and quality standards of the water in the tributary, studies that begun in 2000 July (ii) Discussing with ICRAF on very specific tree-related research component on the Nyando catchment. This involves research work on species identification and tree products enterprise development (iii) Currently carrying out policy studies focusing on farm forestry; and (iv) Collaboration with International Forestry Research Institute (IFRI) to find out the best way or best institutional arrangement for commencing involvement in woodlot and bushland management. The collaboration aims to review the role of command vis-a-vis the role of incentives. 

To enhance collaboration with it partners in the western part of Kenya including the Nyando rive basin, KEFRI has signed a MoU with Maseno university, ICRAF and TSBF.  All this organisations are represented in western Kenya and are all officed at Maseno Regional Research Centre (MRRC), at Maseno except for Masseno University which has it offices adjacent to MRRC.

Local authorities
This is through the involvement of District and Local Councils through NEMA.

Advocacy Group (FAN, EAWs, RPK) 
The Advocacy Group was established during the Soil and Water Conservation Programme of the MOARD. Currently, it is under the NALEP which comprises MOARD (extension component) and KARI/ICRAF (research component). The advocacy component is implemented by three NGOs with strong environmental bias. These are:

a) Forest Action Network

b) East African Wildlife Society

c) Resource Projects (Kenya)

The role of advocacy in Nyando River Basin is to address thematic advocacy issues and awareness creation within the community e.g. lands’ ownership and relevant legislations and, relevant environmental policies and legislation.  Secondly, support the establishment and empowerment of community decision-making structures to champion rights and policy issues on sustainable catchment management.  Advocacy supports the civil society organizations, including lobby groups championing for specific issues (e.g. work with the Nyanza Professional Caucus to lobby for resource management concerns within the basin).  Advocacy lobbies for large investments in identified and agreed upon intervention initiatives (e.g. re-establish the rice irrigation scheme and revive cotton growing in the region while sourcing for alternative markets). It also informs and creates awareness to decision makers such as politicians on implementation performance and response to interventions instituted.

The Advocacy Groups can liaise with other stakeholders to identify wider policy issues for considerations in the Nyando Basin. They can also facilitate Civil Society Organizations in the basin to lobby decision-makers to implement initiatives that are acceptable. Together with local leaders and peoples’ representatives, they can highlight the plight of Nyando residents and lobby for increased resource investment in the basin at the same time empowering communities to participate and own the intervention processes.

Furthermore, GoK through KWS is rehabilitating and strengthening the management of fauna and flora and protected areas nation wide and increasing the flow of benefits from these resources to local communities and the national economy.  The World Bank has supported these initiatives through the "Protected Areas and Wildlife Services" (PAWS) Project.  However, PAWS Project focused mainly on protected areas that are major existing or potential revenue earners.  Thus much of the (non-high tourism volume attracting) critical areas in Western Kenya were not covered under PAWS.  Hence, activities under this proposal would expand on the strategies started under PAWS and particularly strengthen local community support for biodiversity conservation through sustainable use.

Annex A.  Project Logical Framework

ANNEX 1. PROJECT DESIGN SUMMARY
	Hierarchy of Objectives
	Key Performance Indicators
	Monitoring and Evaluation
	Critical Assumptions

	GEF OPERATIONAL PROGRAM:

OP 12 Integrated Ecosystem Management with strong relevance to carbon sequestration, biodiversity and land degradation
	Change in community resource planning and management patterns to achieve environmental services related to biodiversity, carbon sequestration and land degradation
	
	

	Project Development ObjectiveS:

To obtain better erosion and sediment control, increased biodiversity and decreased nutrient delivery to watercourses that feed the Lake Victoria Basin through improved community based land management and agroforestry. 

To reduce poverty in the Lake Victoria basin through value added cropping systems, new land management technologies and improved capacity to identify opportunities and formulate and implement policies in support of IEM approaches. 

PROJECT GLOBAL OBJECTIVE:

To produce  global environmental benefits through improved biodiversity and carbon sequestration services that reduce land degradation, increase carbon sequestration and biodiversity and improve the quality of  international waters

OUTPUTS

1.1.Improved ecosystem management implemented in the project area.

1.2.Areas of degraded lands are being rehabilitated and returned to productivity in fast and slow erosion source areas.

1.3. Wetlands are being restored and protected.

1.4. Additional above- and below-ground carbon sequestered in the project area. 

1.5. Strengthened institutions and increased institutional capacity to identify opportunities, formulate, and implement policies in support of integrated ecosystem management approaches

1.6. An enabling environment exists to facilitate the adoption of IEM approaches in national, provincial, and local development planning
2.1. Farms on the project area are practicing improved land management. 

2.2. On-farm and off-farm biodiversity improved through agrobiodiversity and decreased pressure on “natural habitats” (remnant forests, riparian areas, wetlands, etc.);

2.3. Rural poverty reduced and food security improved through new land management technologies and new and improved value-added cropping systems. 

3. A range of sustainable farming investments are being identified, coordinated, and implemented through the development of IEM production plans.

4.1. Scientifically sound and cost effective procedures and protocols have been developed and are being used by responsible organizations to measure, monitor and validate above- and below-ground carbon sinks in different land-use systems. 

4.2. The synergy has been examined between sustainable agricultural development and global environmental benefits such as mitigation of GHG accumulation in the atmosphere, forestry, biodiversity loss, and degradation of international waters. 
	Outcome / Impact Indicators

-Sequestration of 180,000 tonnes of C by the end of 2009  

-Increased on- and off-farm biodiversity in Nyando River basin

-Sustainable ecosystem management established in 200 communities 

-Increased availability of water to communities around Lake Victoria

-Improved soil fertility through project activities in 300 communities 

-Increase of restored and rehabilitated degraded land
-Increased income in communities participating in the project

OUTPUT INDICATORS

1.1.1.The 200 villages that have gone through the planning process have started implementing the plans. 

1.1.2.Successful implementation of plans (as assessed through participatory evaluation)

1.2.1 Increased permanent vegetation cover on fragile soils (soils designated as ‘fast source’ in the baseline)

1.2.2  Decreased sheet and rill erosion on slow source areas

1.3.1. Vegetation reestablished in upland riparian areas  

1.4.1.Sequestration of 

180 000 tonnes of C by the end of 2009

1.5.1. Community efforts for water protection, pasture management and protection of riparian forests implemented throughout the project villages.

1.6.1. Proper guidelines on IEM planning and lessons learnt distributed to different stakeholders. District Environmental 1.6.2.Other rural extension agencies and organizations (COSOFAP included) promoting the technical packages and guidelines of the project.

2.1.1. Increased soil fertility in farms in project villages. 

2.1.2. Increased tree planting by small-scale farmers.

2.2.1.  Increased incidence of indigenous species on farms.

2.2.2. Reduced extractive utilisation of remnant forests, riparian areas and wetlands. 

2.3.1 Increased household income among women and men farmers and farmer groups participating in the project.

2.3..2  Increased food availability and diversity in men- and women-headed households of farmers participating in the project.

3.1. The implemented projects have resulted in increased vegetation cover, better water conservation or protection of threatened landscape elements.

3.2. The selected groups or communities have covered at least 50 % of total project budget.

4.1. Implementation of a cost effective and transparent monitoring and evaluation plan to document the C sequestered.

4.1.2.Accounting factors have been developed for other greenhouse gases (N2O and CH4) and inclusion of these gases in the M&E framework.

4.2.1.Bioeconomic analysis of results of project  has been conducted to draw out policy relevant lessons from experiences of the project.

4.2.2.Results and lessons learned have been disseminated in the country and internationally.
	Project Reports:

Project monitoring and evaluation reports

District reports

ICRAF and KARI Research reports

Poverty surveys

PROJECT REPORTS

Project technical reports

Project annual and quarterly reports

Participatory evaluation reports

Project technical report

Inventories

Monitoring and evaluation reports

Project annual and quarterly reports

Monitoring and evaluation reports

Project reports

Inventories

Guidelines

Reports on lessons learnt Project reports

Project reports

Interviews of other rural extension organizations

Participatory monitoring and evaluation

Project annual and quarterly reports

Biodiversity monitoring reports

Participatory monitoring and evaluation

Project annual and quarterly reports

Poverty and income survey

Participatory monitoring and evaluation reports

Participatory monitoring and evaluation

Inventories 

Project reports

Documentation of implemented reports

Research reports

Project reports

Research reports

Articles in national and international publications

Research reports

Articles in national and international publications

Project web-site


	(from Objective to Goal)

Macroeconomic stability

Sufficient political will exists for recognition and marketization of environmental services provided by agroforestry and other improved ecosystems.

Supportive policies

(FROM OUTPUT TO OBJECTIVE)

Availability of germplasm

Joint project and community investments 

Effective community institutions

Adequate social 

Adequate short-term benefits realized from improved sustainable management 



	Project 

Components/Sub-components:

Component 1.  Development of decentralized plans for IEM 


	Inputs:  (budget for each component Million US$)


	Project Reports:

Project annual and quarterly reports

Material for sensitization campaigns

Guidelines for IEM planning process

Training materials

Written IEM plans

Proceedings of federation meetings

Study / Research reports


	(Components to Outputs)

Competent staff can be identified to facilitate IEM planning

	Component 2.  Mainstreaming and scaling up IEM interventions


	
	Research plans 

Study / Research reports

Curricula for Farmer Field Schools

Training materials

Reports of study tours and field days

COSOFAP reports

Miti ni Maendeleo-newsletter

Leaflets


	Competent staff can be identified to facilitate Farmer Field Schools

Good co-operation with COSOFAP member organisations



	Component 3.  Sustainable farming investments 


	
	Copies of contracts with community groups

District reports


	Communities can afford to finance 50 % of investments

	Component 4.  Monitoring and evaluation

	
	
	

	Component 5.  Project administration


	
	· Project annual and quarterly reports

· Procurement records

· Project evaluation reports

· Copies of contracts

· Bank supervision reports

· Field management reports
	Project successfully implemented


Annex B.  Project Baseline

[Note:  This section is not yet complete, but the methods and approach are given]
B1.  Introduction

Changes in terrestrial carbon stocks can theoretically be measured with reasonably high precision; however, sampling and analytical costs at a given level of precision generally increase nonlinearly as a function of project area size (Antle et al., 2001). This cost/precision tradeoff has raised concerns about our ability to economically verify changes in carbon stocks, above or below baseline levels, for project areas of the size envisaged in the context of large (>102 km2) carbon-offset projects (Watson et al., 2000). While regional averages and fairly simple models are commonly used to approximate national carbon budgets, these approaches are not suitable for monitoring project impacts as variations within, and interactions between, conditioning factors such as climate, available soil resources and disturbance history make it difficult to attribute stock changes to specific land cover use and management practices. Verification of carbon emissions and removals due to changed landuse clearly requires analytical approaches capable of discriminating management sensitive sources of variation in carbon stocks, from environmental noise. This is also fundamental for designing reliable principles for enhancing carbon sequestration in landscapes, and for challenging current carbon cycle theory and process models with empirical observations. Thus, the development and deployment of new, cost-effective carbon measurement systems is essential from both the perspective of carbon accounting, as well as for generating further process-based understanding of the terrestrial carbon cycle and its management. In the protocol described here, we develop a spatially structured mixed-model design to assess baseline variations in above- and below-ground carbon pools and screen the effects of land cover conversion and soil erosion phase factors, as these represent the most management relevant sources of variation in C-stocks in Western Kenya. An explicit mechanism for scaling estimates of C-stocks to the level of the entire region (~42,770 km2) is addressed through the use of remote sensing data coupled with multi-scale ground survey. The protocol is further intended to provide the analytical structure for initializing before-after, control-impact pair (BACIP) studies for project impact monitoring and “net-net accounting” of GHG emissions/removals important for agriculture and forestry.

B2  Sampling Design

B2.1 Remote sensing

Baseline and subsequent follow-up carbon inventories will be conducted in the Kenyan portion of the Lake Victoria Basin. The study area has been stratified using a high-resolution time series of normalized difference vegetation index (NDVI) satellite images acquired at 10-day intervals between 1981-2001 (source: Africa Data Dissemination Service, http://www.edcintl.cr.gov/adds/). NDVI is linearly related to the ratio of absorbed to incident photosynthetically active radiation of ecosystems (fAPAR = APARPAR-1), for structurally similar vegetation canopies (Kunmar and Monteith, 1981; Goward et al., 1985; Prince, 1991), and is calculated as:
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for which nir and red are reflectance in the near-infrared and red spectral regions respectively (Tucker, 1977). fapar can be accurately related to net primary production (NPP, g C m-2 time-1) of ecosystems by a simple lumped parameter model due to Monteith (1972, 1977) as:
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for which  is light use efficiency or quantum yield (g DM or C MJ-1 PAR day-1), PAR is incoming photosynthetically active radiation (MJ m-2 day-1) and t is time (in days). Time integrals of APAR have been shown to correlate reasonably well with observed NPP (Goward et al., 1985; Landsberg et al., 1996), but different relationships have been observed for different vegetation types, and for the same vegetation type under different growing conditions (Russell et al., 1989). These differences are largely attributable to variations in quantum yield (), the estimation of which has proven to be somewhat problematic for both ground as well as remote sensing studies of NPP. Based on a photosynthetic requirement of 20 mol photons mol-1 CO2 (including photorespiration), max appears to lie at ~5.5 g MJ-1 PAR (Running and Hunt, 1993). This value is strongly attenuated by short-term environmental stressors (e.g. water, temperature and nutrient limitations) that differentially reduce stomatal conductance of plant canopies. In the long-term however, plants respond to these stresses by reducing their photosynthetic apparatus and/or by constraining leaf relative to root growth. In other words, plants in low resource environments reduce the amount of light absorbed more strongly than they reduce the efficiency with which absorbed light is converted to carbohydrates. This is essentially why remotely sensed vegetation indices such as NDVI are ecologically useful over the long-term, as they differentiate the effects of resource limitations on carbon accumulation of ecosystems. Thus, sites with high carbon gain generally have high NDVI, and are strongly associated with high canopy chlorophyll concentrations (low red), high leaf areas (high nir) and biomass. We have therefore used the 1981-2001 annually integrated average NDVI values for stratification of the regional terrestrial C-pool, and have divided Western Kenya into four equal-area strata based on quartile cutoff values of the underlying frequency distribution (see attached map). Strata have been posted on a 88 km grid, corresponding to roughly twice the global area coverage pixel resolution of NOAA-AVHRR satellite sensors.

B2.2 Ground segment

To minimize confounding with other regional variables, ground sampling will be undertaken in areas where locally steep NDVI gradients occur in the landscape. This has the additional benefit of reducing travel costs between sampling sites. We have defined such areas by locating all 2424 km neighborhoods (33 pixels) in the landscape in which all 4 strata occur. Five of a possible 115 such neighborhoods were then selected at random within which 4 neighboring pixels, corresponding to NDVI strata, were selected. Individual NDVI pixels were then further subdivided on a 1×1 km grid, and 3 randomly selected interior grid intersections were chosen as the center-points for locating sampling clusters within pixels. A schematic diagram of the cluster-level sampling pattern is shown in Fig. 1. The pattern consists of 21 systematically located 30×30 meter plots designed to efficiently sample local ecosystem patterns across a 1 km2 area. Individual plots constitute the primary units of observation and monitoring of changes in land cover and carbon stocks in this context, nested within clusters, pixels, and NDVI strata. The table below provides a summary of the proposed number of observations at each level.
	
	Strata
	Pixels
	Clusters
	Plots

	no. per sublevel
	4
	5
	3
	21

	total
	4
	20
	60
	1260


All plots will be georeferenced with DGPS and entered into a GIS to ensure that follow-up surveys can be conducted, and to facilitate geostatistical data interpretations. Randomization at stratum and cluster levels of observation, ensure that the collected data are as representative as possible at both the local as well as at landscape levels of observation. Previous experience with this sampling design has shown that a 6-person team consisting of 1 person for data recording and GPS data collection, and 3 persons for soil augering and vegetation sampling and 2 casual laborers for digging of profile pits can comfortably complete 1 cluster (21 plots) in ca. 1 day depending on accessibility and local terrain conditions. Operational costs for implementing the approach are being monitored.

B3.  Baseline Measurements

B3.1 C-Pools

B3.1.1 Live and standing dead woody biomass (>2.5 cm dbh)

The density of live and standing dead woody vegetation for each 30×30 meter plot will be measured using the angle count method (Bitterlich, 1947), originating from the plot center. The diameter at breast height (dbh in cm) of all woody stems (dbh > 2.5 cm) falling within the angle count plot will be measured and converted to biomass equivalents using available allometric equations (FAO, 1997). Total live and dead woody biomass per unit area will be calculated by multiplying estimated their respective densities by the average biomass estimates for the plot. These figures will then be converted to a carbon equivalent basis using previously established conversion factors (Woomer et al., 2001).

B3.1.2 Herbaceous and woody biomass (<2.5 cm dbh)

Herbaceous and woody vegetation (dbh <2.5 cm) will be harvested destructively from 3 randomly sampled 0.5 meter diameter circular sampling frames within each plot. Samples will be dried at 60°C for 24 hrs, weighed and converted to a carbon equivalent basis using published conversion factors (Woomer et al., 2001).

B3.1.3 Litter and woody debris

Litter samples will be harvested from three 0.5 meter diameter circular sampling frames centered on soil sampling positions (below) within each plot. Samples will be dried at 60°C for 24 hrs, weighed and pooled by plot. A randomly selected subset of 5 plot-level samples per cluster will be analyzed for total C, N, and 13C using dry combustion coupled with ratio isotope mass spectrometry (also see 3.3.2.).

B3.1.4 Mineral soil and roots

Three topsoils (0-20 cm) and 3 subsoils (20-50 cm) auger cores will be sampled in at the 5, 15 and 25 m position centerline position of each plot and in the direction of the dominant slope gradient. Additional topsoil and subsoil ring cores will be sampled for soil bulk density determinations. All samples will be pooled at the plot-level. At 3-plot locations per cluster (see Fig. B1), 3.5 meter deep soil profile pits will be sampled in 10 cm increments to establish soil taxonomy (by Kenya Soil Survey staff), and to profile coarse roots (>2 mm), soil organic carbon (SOC) stocks in deeper pedon layers. All soil samples will be air-dried, crushed through a 2 mm sieve and adjusted for rock and gravel content. Coarse root biomass will be separated from soil by sieving. Samples are dried at 60°C for 24 hrs, weighed and converted to a carbon equivalent basis using published conversion factors (Woomer et al., 2001). SOC concentration for all plots is initially quantified using diffuse reflectance spectrometry. A randomly selected subset of 5 plot-level samples per cluster will be analyzed for total C, SOC (after acidification with dilute HCl), N, and 13C using element analysis coupled with ratio isotope mass spectrometry (also see 3.2, 3.3.2). All below ground carbon stocks will be expressed on a soil mass (rather than depth) equivalent basis after adjusting for differences in bulk density.

B3.2 Diffuse Reflectance Spectrometry (DRS)

DRS has previously been shown to provide rapid, non-destructive prediction of a number of fundamental physical, chemical and biological properties of soils in the laboratory (Shepherd and Walsh, 2002). This new technology enables a single operator to process several-hundred soil samples per day, at essentially the cost of electricity. A large soil reflectance library for western Kenya consisting of well over 6000 soil samples has been established for western Kenya, and a random selection of >300 library topsoil (0-20 cm) samples have recently been analyzed for SOC (after acidification with dilute HCl), using standard dry combustion (Walsh et al., 2002). Diffuse reflectance measurements were calibrated to SOC concentrations using TreeNetTM Stochastic Gradient Boosting. TreeNet is a new approach to regression modeling developed for data mining applications (Steinberg et al., 2002). Model predictions were tested against a randomly withheld subset of 100-samples to evaluate the accuracy with which SOC concentrations could be predicted with DRS (Fig. 2). Results indicate that a ~90% reduction of variation in SOC (SEP = 6.86 mg g-1) may be achievable across a wide range of environmental conditions using this technique. In the context of this project, a double sampling strategy will therefore be used to reduce analytical costs while maintaining the overall precision of SOC estimates. Pooled topsoil (0-20 cm) samples from five randomly selected plots per cluster (300/1260) will analyzed for total C and SOC using the standard dry combustion method. All DRS based observations of SOC will be statistically adjusted relative to the reference method. 

B3.3 Land cover / land cover change

B3.3.1 Land cover classification

The current land cover of all plots will be classified using the FAO Land Cover Classification System (LCCS, Di Gregorio and Jansen, 2000), which has been developed in the context of the FAO- AFRICOVER project. The “binary phase” of LCCS recognizes 8 primary land cover types, only 5 of which will be sampled in western Kenya including: 

· Cultivated and managed terrestrial areas;
· Natural and semi-natural vegetation;
· Cultivated aquatic or regularly flooded areas;
· Natural or semi-natural aquatic or regularly flooded vegetation; and

· Bare areas.

Artificial surfaces and associated areas, natural and artificial water bodies, will not be formally surveyed, though their presence within sampling clusters will be noted and georeferenced. Surfaces covered by snow, or ice, do not occur in the study area. The “modular-hierarchical phase” of LCSS further differentiates primary land cover systems on the basis of vegetation life form, physiognomy, cover, leaf phenology and morphology, and spatial and floristic aspect. All the associated features will be assessed visually and coded on either categorical or ordinal rating scales.

B3.3.2 Land cover change

Over the last 150 years the most important land cover conversion pathways in western Kenya have been characterized by substitutions of vegetation dominated by C3 photosynthetic pathways (e.g., tree-based systems) to C4 (grass or subsistence cereal crop-based systems). Signatures of these past conversions are conserved in the 13C/12C stable isotope composition of soil organic matter for long periods of time (Boutton, 1999). When applied in a regional sampling framework, comparisons of 13C/12C of current litter inputs with 13C/12C measurements of soil organic matter provide spatially explicit information about:

· The historical extent of vegetation cover conversion;
· Its directional magnitude (C3C4 vs. C4C3);
· The time period since conversion; and

· Subsequent effects on regional carbon stocks.

These parameters are critical for evaluating the potential impacts of management interventions involving manipulations of vegetation cover from, for example C4, cropping systems toward C3 agroforestry or other tree-based systems. Therefore, pooled and matched litter and topsoil samples of 5 randomly selected plots per cluster will be analyzed for natural abundance of 13C/12C with isotope ratio mass spectrometry. All measurements will be expressed relative to the Vienna Pee Dee Belemite (VPDB) standard.

B4.  Aggregation strategy and Ex-ante Impact Assessment

B4.1  Baseline estimates

Statistical aggregation of baseline carbon stocks will be accomplished using a multilevel mixed-effects model. Mixed models provide highly flexible extension of generalized linear models, intended specifically for analyses of grouped data (Pinheiro and Bates, 2000). In this particular case, grouped data structure occurs as a consequence of the need to estimate variations in C-stocks at multiple spatial scales across a large project area. Thus, 3030 meter plots were grouped within clusters, which were in turn grouped within individual satellite image pixels, and finally within NDVI strata. Each level is replicated several times, and is associated with a specific length or area dimension. In the most general case, the following mixed effects model represents this grouped structure as:

Cijkl =  + bi + bij + bijk + eijkl
 (3.)
for which Cijkl represents a particular carbon pool,  is the population mean, bi, bij, bijk are random variables representing the deviations from the population mean for the ith NDVI stratum, the jth within ith pixel and the kth within jth within ith cluster respectively, and ijkl is a random variable representing the plot-level residual. In the case of the double sampling strategy for SOC, the general model can be extended to include the DRS estimates of SOC (Spec) as:

SOCijkl = 0 + 1 Specijkl + bi + bijk + ijkl     
 (4.)

Distributions for all random variables will initially be assumed to be independently and normally distributed with zero mean, but these assumptions may be modified should they prove to be inappropriate
. Models of this type may be fit by different methods including, maximum likelihood (ML), restricted maximum likelihood (REML) and Markov chain Monte Carlo (MCMC) simulation, which under certain circumstances can provide qualitatively different results. Convergence between different methods is generally indicative of stable parameter estimates and will be assessed. Once a stable model formulation has been found, best linear unbiased predictions (BLUP’s) of variations in C-stocks (incl. confidence intervals etc.) can be generated at any given level in the multilevel structure.

B4.2  Ex-ante assessment

Effects of current land cover, land cover change and erosion factors and their interactions will also be tested within the mixed model framework. 

B4.3  High resolution mapping
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Fig. B1. Cluster-level sampling pattern. Circles refer to 3.5 m soil profile pits
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Fig. B2: DRS predictions of SOC oncentration. Top panel
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Fig. B3: Carbon source effects on SOC stocks and C:N ratios of Western Kenya soils.
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BIOPHYSICAL AND SOCIO-ECONOMICS INFORMATION FOR THE WESTERN KENYA INTEGRATED ECOSYSTEM MANAGEMENT PROJECT

A.
INTRODUCTION

The Lake Victoria basin covers 184,400 km2 of Kenya, Uganda, Tanzania, Rwanda and Burundi, and is home to an estimated 25 million people (Table 1-appendix)  with an average population density of 135 persons/ km2 .  The lake basin is comprised of 11 major river basins – Nzoia, Yala, Nyando, Sondu Miriu, Gucha, Mara, Gurumeti, Mbalageti, Duma, Simiyu, Magoga, Isonga, and Kagera - and a large lake edge area that drains directly into the lake.  Two of these river basins, the Kagera and Mara - span national boundaries (ICRAF and MOARD 2002
).  The Lake Victoria covers a surface area of 68,000 km2 and adding its catchment (covering 184,400 km2) together gives an area of 252,400 square kilometres, an area slightly larger than the United Kingdom, sustaining a human population greater than the combined populations of Denmark, Finland, Sweden and Norway.

Lake Victoria (with a surface area of 68,000 km2 and an adjoining catchment of circa 184,400 km2,) is the world’s second largest fresh water lake and the largest in the tropics. Its associated drainage basin is 3,590 km2 in size and total drainage network length is approximately 2,175 km.  The general drainage pattern of this area is controlled by the level of Lake Victoria in the west, which currently stands at approximately 1,138 meters a.s.l., and the peak of the Tinderet Volcano at 2,930 m a.s.l in the north-eastern portion of the basin.  Lake Victoria is the source of the Victoria Nile, and as such the hydrological lifeline for much of Uganda, the Sudan and Egypt.  Over the last 40-50 years the lake and its basin have undergone enormous ecological changes.  In contrast, it takes about 73 years for a volume of water equivalent to the lake’s volume (-2,760 km2 ) to flow out of it. 

The Kenyan portion of the Lake Victoria basin covers about 42,000 km2 and is home to about 7.9 million people, for an average density population of about 190-persons/ km2. 7 major rivers -- Nzoia, Yala, Nyando, Sondu-Miriu, Gucha and Mara, drain this area. The Nyando River, which drains parts of Nandi, Kericho and Nyando districts, has a catchment area of about 3,600 km 2 and an average discharge of approximately 15 m3 s-1 (Fig. 1 – appendix).  The lake Victoria drainage area includes lands with high agricultural potential and high rates of environmental deterioration.  The Nyando, Sondu and Yala river basins have all experienced high rates of deforestation and loss of topsoil (ISRIC, 1997
).  

Changes in the lake basin are linked to a number of interrelated problems such as : rapid population growth, poverty, land degradation, declining agricultural productivity and water quality, which in our opinion must be addressed concurrently to achieve sustainable development. 

B.
SOCIO-ECONOMICS INFORMATION

1 i.
Population 

The Nyando river basin occupies 3,600 square kilometres and according to the 1999 census data, the population in the basin was 746,515.  The average population density is 214 persons km-2, with some areas of the basin having over 1,200 people/km-2. Administratively, the basin is divided into 17 Divisions in 6 Districts: Nyando, Nandi, Kericho, Buret, Bomet and Uasin Gishu.  Nyando District is in Nyanza Province while the rest are in Rift Valley Province (Fig. 1). None of the administrative districts lies wholly within the Nyando Basin.  The total population for the major districts in the Nyando River basin is 299,930 (data for 1999 census) for Nyando with a population density of 270 persons per km2 living in an area of 1,164 km2; 433,613 (data for 1989 census) for Nandi with an annual growth rate of 3.71%  and 468,493 (data for 1999 census) for Kericho. Figure 2 (appendix) shows the population density by sub-location according to the 1999 population census.
2 ii.
Poverty Levels

Poverty defined as a pronounced deprivation in well-being means lack of food, shelter and clothing; being sick and having very limited or  no access to health services; being illiterate and having few or no educational opportunities; and having little security and being vulnerable to outside events e.g. natural disasters, economic crises etc.  The lake basin supports one of the densest and poorest rural populations in the world. Western Kenya as a whole is characterized by comparatively lower household incomes from the farm.   Poverty levels are high and agricultural production is low. In 1996 the average annual value of crop output per hectare was Ksh 6,761 in Kisumu (including current Nyando District) and Siaya districts, Ksh 8,275 in Kisii and Vihiga districts, and Ksh 10,965 in Kakamega and Bungoma Districts in the Western part of the Kenya.  This compared to Ksh 14,126 in Nakuru, Narok, Bomet, Trans-Nzoia and Uasin-Gishu districts in the Rift Valley and Ksh 21,653 in Nyeri, Muranga and Meru districts in Central highlands of Kenya. 

Large areas within the Lake Victoria Basin currently experience some of the worst poverty levels in the country. People find it difficult to get basic needs such as food throughout the year. The 1997 Welfare Monitoring Survey estimated the absolute poverty line at 1,239 Kshs./person/month for rural areas and 2,648 Kshs./person/month for urban areas in Kenya.  Most of the households in the Nyando basin live below the stated rural poverty line.  Most of the households experience between 3 to 4 months of lack of food in the basin.  In addition, western Kenya, and in particular the Nyando Basin,  is also characterized by high levels of absolute poverty, disease and destitution (Table 2). Recent studies in the area by ICRAF scientists indicate a high prevalence of malaria, HIV/AIDS, tuberculosis and water-associated diseases near the lake.

Ninety seven percent of the households in the Nyando basin own land.  Households own between one and eight parcels of land.  The site with the highest number of parcel ownership is Katuk-Odeyo and Olwalo area where households have upto eight land parcels.  Most of the land parcels were inherited from parents but others had bought some also.  Generally, inherited and bought land provides the highest land tenure security in Kenya.  Given that almost all households have some piece of land, land productivity would be determined by the amount of time and money invested as opposed to lack of land.

There are a total of 541 primary and 80 secondary schools in Kisumu but during the survey, it was noted that 24.4% of the population was illiterate, 54.8% had only primary education, 14.9% had gone up to secondary school and only 5.9% had tertiary level education.   Everything else equal, polygamous male-headed households were the demographic group that was associated with the lowest rate of fertilizer use and the lower number of soil conservation structures.  This may in part be due to the low levels of education among men and women in polygamous households.  Among the Kipsigis Kalenjin interviewed in Kericho, male-headed monogamous households had average levels of schooling of 7.1 years for men and 4.9 women, while male-headed polygamous households had average levels of schooling of just 2.9 years for men and 1.4 years for women.  Women in polygamous households might be a particularly important group to target with extension.

Studies done by ICRAF in the Nyando basin reveal the following critical linkages: (i.)  Linkage between poverty and land investments: Poor households especially in Nyando invest very little in agricultural inputs and poor availability and sources of information are more important determinants of investments in soil and water conservation; (ii.)  Linkage between ill health, agriculture and poverty:  The death of a household head causes reductions in household size (more than 2); reduction in cattle and non-farm assets; a 60% reduction in value of crop production; 75% reduction in off-farm income; and disputes over land. Thus, the death of household members is major cause of poverty in Nyanza..  More wealthy households are more likely to lose household heads; (iii.)  Linkage between irrigation and land degradation: The conversion of 6500 ha of wetlands to irrigation in the Nyando basin since 1980 reduced the filtering effects of wetlands thereby contributing to the major sediment plume in Winam Gulf and eutrophication of Lake Victoria.  The high sediment load in Nyando increases maintenance costs of irrigation schemes (200 m3 of sediment removed per week from Gem-Rae in 1997);  (iv.)  Linkage between community water management and farm investments: Participatory Rural Appraisal  (PRA) results for Nyando District Focal Areas indicate priority problems to be: Lack of water, Lack of tools, Soil erosion, Poor roads; Lack of technical advise; and Low soil fertility.  

Community water investments in Ragen and Kipsiwo associated with large impacts on women’s time, improved health, and reduced livestock movement. 

3 iii.
Reliance on Agriculture

About 21 of the 25 million people in the Lake Victoria Basin rely primarily on subsistence agricultural and pastoral production for their livelihoods (Fig. 3 – appendix).  Crop farming and livestock keeping are widespread in the basin.   Nyando appears to experience nearly all of the major impediments to improved agricultural production. (Table 3 - appendix). Various agro-chemicals are used to boost agricultural production. Both large and small urban centres dot the basin some having manufacturing industries. There are wet processing industries in the middle sections of the basin in Nyando district. Tea and coffee processing factories are located in the highland areas of the basin. 

The watershed can roughly be divided into 5 different land use zones (Table 4 – appendix).  Small-scale subsistence maize and sorghum characterize the lower part of the watershed, the lake plain between 1100- 1300 m.  Large-scale sugar plantations and smaller sugar schemes are located between 1300 m and 1700 m.  Gradually, the sugar plantations are being replaced by coffee in a zone ranging between 1600 m – 2000 m.  Small-scale tea farmers and large tea estates are located between 1900 m – 2100 m.  Relative large-scale maize and horticulture (potatoes, cabbages, etc.) farming mainly characterize the areas above 2100 metres.

Soil degradation and soil nutrient mining characterize many land-use types, including grazing areas and agricultural land.  The most degraded parts of the landscape, both in terms of nutrient deficiencies and soil physical degradation, are areas currently used for open grazing and extraction of fuelwood.  Areas currently used for subsistence agriculture are characterized by both types of degradation, but lower prevalence rates than grazing areas.  In part, the lower prevalence may be due to abandonment of severely degraded cropland.  Proximal causes of degradation on croplands include low investments in physical or biological methods of soil conservation and low use of external sources of mineral fertilizers.   Table 4 shows the various land use types and the hectares for each.

Within the Nyando and Yala river basins there are large differences in livelihood strategies and cultures.   A household and community survey conducted in focal areas in Nyando, Kericho and Nandi illustrates very different livelihood strategies and cultural norms.  In the Chebitet focal area in Sigowet division (Kericho district), the top five sources of income are reported to be: 1.)  Livestock and livestock products, 2.)  maize, 3.)  tomatoes, 4.)  charcoal and 5.) sand harvesting.  Seventy-two percent of households are male-headed monogamous and 6.8% are male-headed polygamous.  The main ethnic group is Kipsigis, Kalenjin.  Ten kilometers away is Nyalunya village in Lower Nyakach Division in Nyando District, the main sources of income are reported to be:  1.)  mat making, 2.)  sand harvesting, 3.) farming,  4.)  petty business, and 5.) remittances.  Only 50% of households are male-headed monogamous and 9.4% are male-headed polygamous.  In Kipsiwo focal area in Nandi District, the main sources of cash income are:  1.)  maize, 2.) beans, 3.) livestock, 4.) tea, and 5.)  coffee.   Seventy percent of households are male-headed monogamous and 17% are male-headed polygamous. The main ethnic group is the Nandi.

Generally, the main livelihood strategy in Nyando basin is farming with 48% of the households directly depending on agriculture. This signals the fact that agriculture is central to the livelihoods of the rural households.  Generally across the basin, the main subsistence level crops grown include maize (52.5%) and sorghum (42.3%) for cereals and for legumes it is beans (13.1%), groundnuts (8.8%), green grams (1.45%) and cowpeas (2.9%).   These are at very low production levels but the area has potential for improvement.  For all the households involved in subsistence level farming, only 6.57% sell their farm produce and only 1.5% have adequate maize (the main staple food crop) throughout the year.  For sugar cane and cotton producers, only 0.72% and 1.5% respectively sell their produce.   The trends in cropping, particularly for cash crops like sugar cane and cotton, has been on the decline owing to lack of markets and infrequent payments in addition to the poor road infrastructure and low soil fertility.  Other dynamic and recurring crop production problems in this area include drought, erratic rainfall and striga weed. 

Inspite of the importance attached to agriculture in the Nyando basin, 19% of the population is inactive in farming with Nyando levels being 18% and Vihiga 17%.   During times of food scarcity, most households depend on selling animals as a source of income.  This shows the importance of livestock as a liquid asset and cushion against financial stress and food needs.  In this region, cattle are the most preferred.  Besides the provision of other products, livestock are mainly used as a ready source of income.  Across the Nyando river basin, there is large variation in the effectiveness of collective management and regulation of resources.  It appears that the single most important resource use regulation is livestock movement and grazing.  Overgrazed hillsides are some of the most severely degraded patches of landscape in the river basin, both run-off and soil losses are highest in degraded grazing areas (cattle tracks worsen the situation), even higher than on footpaths.  In addition, data collected for 175 catchments in the Nyando River Basin indicates that the 98 communities that restricted grazing had about 60% of farmers implementing recommended conservation practices, while the 74 communities that did not restrict grazing had about 38 % of farmers implementing the recommended practices.  Farmers frequently stated that they do not invest in private or public conservation structures, water pans or trees because free-ranging livestock will destroy those investments.  

The majority of the watershed is more or less continuously cropped.  The few exceptions are two remaining forest areas – Tinderet and Mau forests – that are currently being heavily deforested, and the steep sloping escarpments – originally Government trust land – that are quickly being devegetated due to charcoal burning and illegal farming.

In the Nyando basin, descriptive analysis of data collected by ICRAF shows that the percentage of farmers making different investments was 35% for inorganic fertilizers, 10% for green manure, 46% for animal manure, and 30% for crop rotation in 2001.   For long-term investments, on average farmers had 505 trees on-farm, 1.5 soil conservation structures and a single water harvesting technique.  Among the possible explanatory variables, the average market value of livestock was Kshs. 6,362 (81 US $), the mean value of household assets was Kshs. 7,858 (100 US $) and the average land size was 6.4 acres. The average size of household members was 5.6, with about 4 members being over 10 years.  There is an increasing emergence of vulnerable households – 27% female headed households and 3% child-headed households.  Infant mortality rates in the district are steadily declining and are estimated at 92 per 1000.  The four most commonly reported illnesses are malaria, typhoid, respiratory and skin infections.  Chronic malnutrition rates stand at 29% for children under 36 months and child-stunting level is at 18%.  

The perceived constraints to development in the basin are low crop and animal productivity, flooding, poor marketing, inadequate credit facilities, inadequate water supply, environmental degradation, poor physical, social and economic infrastructure.

An ICRAF research team collected detailed data on vegetation cover, land use and soil quality from over 1000 sites across the Nyando/Awach River and Yala River basins.  Site plots were selected to represent the range of land uses and soil types that characterize the basin. Only 29 of the 1025 plots had any soil conservation structures (2.7%).  Agroforestry practices tend to be restricted to establishment of eucalypt woodlots and improved fallows associated with agroforestry projects.  Data collected in 1999/2000 show that 175 catchments were covered by the National Soil and Water conservation (NSWP) Programme between 1988 and 2000 in the Nyando River Basin.  These 175 catchments covered 17.2% of the river basin, while farms that are reported to have implemented some type of soil conservation structure on some part of their farms covered 7.7% of the river basin.

A participatory rural appraisal conducted in 17 focal areas in the Nyando river basin in 2000/2001 indicated water to be a priority in nearly every focal area. The rivers and the wells are the main sources of water.  Other viable sources are roof catchments, bore holes and piped water but there are also other water sources used by the households in the basin (Table 5 - appendix).   Water harvesting along the escarpment can provide dry-season sources of water for livestock, domestic use, vegetable production and tree nurseries.  Well-designed water management structures may also be the most effective and most rapid method to reduce the velocity of water runoff and subsequent erosion.  In the Burkamach/Rukwaro focal area in Upper Nyakach Division and Chebitet focal area in Kericho District, we have witnessed farmers contributing a great deal of labour toward the construction and reconstruction of water pans.  In the longer-term, however, significant increases in vegetative cover will be required in all escarpment areas.

The Nyando River has four major tributaries, namely; the Ainabngetuny and Mbogo which originate from Nandi District, and the Nyando and Awach which in turn originate from Kericho district. The river Nyando drains the Kano plains, which are very flat resulting in poor surface drainage.  The soils of the Kano plains are black cotton soils which are impermeable therefore not much water can percolate in the soil.  The river Nyando gathers water from areas of high rainfall (Kericho and Nandi districts) and therefore it has high stream discharge and floods are experienced in the lower course of Nyando River covering approximately 50% of Nyando district and parts of Kisumu District. The flooding is a recurring yearly phenomenon, which has adverse effects on the community.  Currently (Various Daily Nation Editions, May 2003) more than 20,000 households have been rendered homeless and 10,000 more will be homeless in the next one month.  In addition, one million villagers have been displaced as the rains now pound the Nyando and famine looms in the area as floods have destroyed more than 3000 ha of crops. This region geographically referred to as the Kano Plains, has a natural wetland immediately bordering the lake, most of which though cultivated, is sparsely occupied. As one moves away from the wetland, the ecological conditions change but the terrain retains the same flatness.

4 iv.
Ethnic Composition

In the Nyando basin, the main ethnic groups are Luo, Kipsigis and Nandi who inhabit Nyando, Kericho and Nandi districts respectively.  The data supplied by local authorities for three Luo communities in the Lower Nyakach division of Nyando District show rural communities with few economically active men and large numbers of orphans.  Only 57.7% of the 1083 households in the three communities contained any resident adult males; 25.5% of households were headed by widows and 6.4% by orphaned children.  In contrast, in three Kipsigis communities in nearby Sigowet Division in Kericho District, 84.6% of the 641 households included resident adult males, widows headed 13.5% of households, and there were no households headed by orphaned children.  In three Nandi communities in Tinderet Division, 88.2% of 687 households included resident adult males, widows headed 7.3% and there were no households headed by orphans.  Over all, the data shows that children head 6.4% of the households in the Luo areas, while single female-headed are only found in the Nandi areas.  The female widowed head 25%, 15% and 8% of the households while the female (husband away) headed households constituted 10.5%, 3.4% and 1.9% in Luo, Kipsigis and Nandi areas, respectively.  There are also less monogamous male-headed households (40.6%) in the Luo than in the Kipsigis area.

Other data collected by ICRAF emphasize the link between poverty, family degradation and the status of children in Western Kenya.  In a survey conducted to among 815 street children and children staying in children’s homes in the city of Kisumu, each child was asked about their origin and the reason why they had left their home and village.  The greatest number originated from Vihiga (191), Kisumu (181), Siaya (157), Bondo (59), Kakamega (64), Nyando (42), Homa bay (39) and Rachuonyo (25). These are the same districts in Western Kenya shown in studies to have the lowest agricultural production in Kenya.  By contrast there were very few street children from nearby districts with higher agricultural production and more intact families (Kericho, Trans-Nzoia, UasinGishu).  The children indicated that the most important reason for leaving their homes were lack of food, school fees and care (69%), dead parents (55.5%), child abuse or neglect (27.9%), and influence from peers (24.2%).  In addition, a high number of children (13%) in the Nyando basin are engaged in child labour.  This has negative implications on the education aspect of the children.  

Most land in this area was adjudicated in 1972 and land size during adjudication was 3.9 ha and it now currently stands at 0.6 ha per household.   The average number of members per household is 7.  The number of established households without land is 16% and the main reason to this is because of many brothers who inherit their fathers’ land.  The land price per acre is between 20,000 – 70,000 Kenya shillings (300 – 1000 USD) depending on the level of degradation and distances to an all weather road.  There has been considerable out migration in this area following wars, settlement elsewhere and severe flooding incidences.  Infrastructure in this region is poor: roads are not motorable in 12 months, public road transport is nil and most of the rural roads were constructed in 1956.   The distance to the markets is more than 6 km and 74% of the rural population does not have access to clean potable water. 

Local cultural norms and groupings are crucial to the success of externally assisted development and conservation initiatives in some parts of the Nyando river basin.  The main community living in the Nyando basin is the Luo.  The luo people belong to clans, each of which have a number of sub-clans, with further divisions within sub-clans.  Clans and sub-clans live in distinct areas and are strong social units.  In that context the most effective small groups are comprised of members of the same sub-clan and the most effective village-level groups are comprised of members that represent each of the sub-clans and clans.  

Institutions influenced investments variedly.  Male-headed polygamous households negatively affected the number of conservation structures on farm.  Compared to male-headed monogamous households, male-headed polygamous households had fewer soil conservation structures on their farms.   Ethnicity affects investments positively:  being a Luo or Kipsigis positively increases the likelihood of having more trees on farm, but only Kipsigis had a positive effect on the number of soil structures on farm.  That is, compared to households living in the Nandi area, households in the Luo area had more trees on their farms.  People living in the Kipsigis area had more trees and soil conservation structures on farm than the Nandi households.  The Kipsigis stay in the upland and the Luo in the lowlands, and it was expected that the Luo would invest more in soil conservation structures to control soil erosion and runoff!  Livestock confinement negatively affected the number of water harvesting techniques on the farm.

5 v.)
Flooding in the Nyando River

The Nyando River has four major tributaries, namely; the 
Ainabngetuny and Mbogo which originate from Nandi District, and the Nyando and Awach which in turn originate from Kericho district. 
Floods are experienced in the lower course of Nyando River covering approximately 50% of Nyando district and parts of Kisumu District. Currently (Various Daily Nation Editions, May 2003) more than 20,000 households have been rendered homeless and 10,000 more will be homeless in the next one month;  in addition, one million villagers have been displaced as the rains now pound the Nyando and famine looms in the area as floods have destroyed more than 3000 ha of crops. This is the region geographically referred to as the Kano Plains. In this region, there is a natural wetland immediately bordering the lake, most of which though cultivated, is sparsely occupied. As one moves away from the wetland, the ecological conditions change but the terrain retains the same flatness.

Causes of flooding in Nyando River:  The flat terrain of the Kano plains does not allow easy drainage of water into the waterways. As a result of this, rainwater tends to remain on the land for considerably longer periods than would be the case where the gradient is steeper. There is therefore need to intervene so that rain water can find it’s way into the waterways within a reasonable time to minimize negative impacts on the community. In addition, the Black Cotton soils (Vertisols) found in the Kano plains do not allow quick infiltration of surface water into the ground. This compounds the problem of drainage since surface drainage is already impeded by the gradient. 

Erosion as a result of inappropriate land use in the watershed and the flood plains leads to an increase in the sediment load of the river. The sediments fill up the channel in the lower course of the river where its speed is reduced by the gentle gradient. The channel’s capacity to hold water thus reduced, it becomes unable to hold the waters flowing through by the river and this leads to flooding. The upper reaches of the Nyando are in Kericho and Nandi districts where annual rainfall is high and it is this rain that causes the most devastating of the floods in the basin. Reduced vegetation cover in the watersheds leads to less rainwater percolating into the soils thus increasing surface run off which causes flash floods. The implication is that for the duration of the flash flood, the river channel is supplied with an unusually high volume of water, which it is not able to contain thus causing floods. 
The Effects of floods in the Nyando basin:

a) Floods interfere with the seasonal pattern of agriculture: Fields under water cannot be ploughed. The end result ranges from total crop failure to very low harvests. This therefore does not improve the food supply or the food security situation in the region, bearing in mind that the region is a net importer of foods.

b) Floods limit the crops grown in an area depending on crop tolerance of flood conditions.

c) Floods have adverse effects on livestock: During floods, the pastures flood thus depriving the livestock of their source of food. 

d) Floods render road networks impassable: Floods render roads impassible in the region, especially so since most of the roads are not all weather. 

e) Floods interrupt learning in schools: During floods, schools in the flooded area are submerged and the process of learning is interrupted. 

f) Floods disrupt household routine and social functions: When floods occur, household routine and social functions are interrupted. 

g) Floods adversely affect health and sanitation: Health and sanitary conditions are notoriously bad in the Nyando basin during the floods. The incidents of water related disease is increased during the floods. There is water everywhere but no clean water to use because floods contaminate the water. 

h) Floods necessitate temporary out migration from flood areas: Due to the disruption caused by flooding, and the resulting unsanitary environment it creates, some families find it necessary to migrate out of the flood zone for a period of time. 

i) Floods cause destruction of property: Property is often destroyed during floods. During the floods, many houses suffer damage as the mud walls are washed away. Schools also suffer the same fate because most of them are built of temporary materials too. Other than the homes being destroyed, there is also loss of household items, which are damaged by the water. The floodwaters not only destroy foodstuff such as flour but also contaminate others. This destruction of property gives the families extra financial and social burdens. In view of the fact that poverty levels are already high in the region, the floods add to the deepening of poverty 

C.
BIOPHYSICAL INFORMATION

6 i.
Climatic Variability

A number of paleoclimatic studies have shown that long-term variability in the basin is periodic and tends to track events occurring over time periods that are characteristic of cyclic changes in orbital insolation and forcing  (e.g. Kroll-Milankovitich cycles), and global ocean and atmospheric circulation  (e.g. El Nino/La Nina cycles).  Some of these studies  (e.g. Stager et al., 1996)
 suggest that the post-1960 ecological shift in Lake Victoria may have had climate driven analogues over the last 10,000 years.   This implies that although human impacts on the lake basin environment may now eclipse events taking place, climate change could be reinforcing environmental degradation in the lake basin.

The more recent historical records show the occurrence of an extraordinarily pluvial period from 1961-1964 in the eastern portion of the lake basin.  During this time, the water level of Lake Victoria rose by approximately 2.5 meters, and discharges from rivers Nyando and Sondu Miriu, for example, were 10-20 times higher than their respective 35-year decadal averages.  For the Nyando River Basin, interviews with local people suggest that many of the major soil erosion problems either started or were dramatically accelerated in their development during the early 1960’s.  We speculate that rapid land use changes, deforestation, infrastructure development and over-grazing structurally altered this landscape during the first half of the 20th century.  Prevailing conditions during the early 1960’s may then have been such that the basin was essentially primed for massive erosion/sedimentation during a period of extraordinarily heavy rainfall in the region.  Unfortunately, the current database does not allow us to estimate the return period of events of this magnitude, nor do we know the how these affected sedimentation rates in the different river basins. This is of particular concern as we can only speculate what might happen now, should we witness the return of a rainfall period of the magnitude observed during the 1960’s.

The Nyando basin is particularly vulnerable to the return of large rainfall events, such as occurred in the early 60’s.  The return of such an event could result in unprecedented mass soil movement form the lake plain into the lake.  We expect that such an event would cause massive fish deaths and ecological damage due to prolonged anoxic conditions in the lake.

7 ii.
Water

7.1 a)
Water Quality 

The Nyando River has been identified as carrying more sediment load than any other Kenyan river (ICRAF, 2002). The Nyando River  and its associated drainage network (Figure 4 – appendix) is the major source of sediment and phosphorus flow into Lake Victoria.  Of the eleven main rivers draining into Lake Victoria, the Nyando river basin has the highest average slope and average sediment transport capacity.  The proof of the magnitude of land degradation is well brought out by the sediment plume (or sediment cloud)  so clearly visible in a satellite imagery of the area, which indicates that there has been massive soil movement into the lake over the last 50 years, principally from gully erosion of the lake plain. There is need therefore to determine the extent to which the sediments disperse upon entering the Winam Gulf since they can have impact on the water quality of the Gulf. Suspended sediments can impose so much turbidity as to interfere with the vision of breeding mates of some endemic cichlids (Seehausen et al., 1997
). The area to the east is bordered by littoral wetlands considered important as spawning grounds for endangered fish of Lake Victoria (Barel and Witte, 1986
). 

Turbidity:  The significance lies in its impact on limiting the range of vision of some endangered endemic species of cichlids in breeding areas of Lake Victoria. The suspended sediment concentration in the east is much higher than that in the west. It decreases exponentially westwards into the open gulf area where the mean depth also increases from 2 to 15 m. The afternoon lake-land breeze action and that of the shoaling onto sloping bottoms of internal gravity waves (Wűest et al., 2000
) can cause appreciable amount of re-suspension.  Measurements of currents in the Winam Gulf show existence of very low flows in the littoral areas in the order of fractions of cm/s during periods of low wind action, but significant values during period of high surface waves. The lack of significant flows because of high bed friction may imply that this part of the Gulf does not get flushed and it would suggest that the littoral wetlands that have developed here over hundred of years are a results of little physical movement of water. 

Temperature:  The sediment plume was found not to have any apparent significant local or wider spatial effect on the water temperature at the surface. One likely effect of the turbidity is to cause more rapid increase in temperature of turbid surface waters in relation to clear waters offshore. When shallow waters trap more heat than deeper ones due to turbidity and shallow depth, convection currents result in which water from the offshore will horizontally flow causing full mixing (Farrow and Patterson, 1993
, Monismith et al., 1990
, Nepf and Oldham, 1997
),  and it is therefore impossible to notice horizontal stratification on a wider scale (tens of kilometers). This aspect combined with the downwind end location of the plume area will cause permanently mixed water mass. This is likely to account for the high oxygenation observed in this environment. 

7.2 b.)
Eutrophication of the lake

It is evident that sedimentation and nutrient run-off, urban and industrial point source pollution and biomass burning, have indeed induced the rapid eutrophication of Lake Victoria over the latter parts of the 20th century (Johnson et al.  2000).  Ambient conditions in Lake Victoria now favour the dominance of nitrogen fixing cyanobacteria and the spread of the aquatic weeds such as the water hyacinth (Eichornia crassipes).  Phosphorus levels have increased 2-3 times over the last 40-50 years (Hecky, 1993
, 2000
).  Algal concentrations are three to five times higher now than during the 1960’s, and much of the lake bottom currently experiences periods of prolonged anoxia that weere uncommon 40 years ago (Johnson et al.  2000). 

Scheren (1995
) suggests that the increase in phosphorus is primarily due to increase in atmospheric deposition from forest burning and wind erosion.  On the other hand, Bullock et al., (1995
)  estimated that 50% of the nitrogen input and 56% of the phosphorus inputs is due to runoff from agricultural land, 30% of the nitrogen and 30% of the phosphorus is due to rural domestic waste, and 10-15% due to urban waste and atmospheric deposition.  These estimates are based on models rather than measurement of actual nutrient inputs from the various potential sources.  Measurements of phosphorus ( the main nutrient causing lake eutrophication) in River Sondu indicated that the concentrations were lower than those in the lake but concentrations in the River Nyando were five times higher than those measured in Sondu river.

8 iii.
Biodiversity and Vegetation

8.1 a)
Losses of biodiversity

Since Lake Victoria arose from a dry landscape14,600 years ago, it has experienced rapid evolution of endemic species of cichlid fish, providing one of the most diverse flocks of fish species on earth (Johnson et al.  2000
).  However, by the 1980s’, some 400 endemic species were approaching extinction (Witte et al., 1992
).  The sedimentary record from well-dated short cores of the open lake, suggest that the lake system was poised for disaster since the early 1930s’, parallel with the rise in human population and agricultural activities (Johnson et al.  2000).  It is believed that there is a cause-effect link between land degradation and loss of biodiversity in the lake.

8.2 b)
The spread of the Water Hyacinth (Eichornia crassipes)

Water Hyacinth (Eichornia crassipes) begun to colonize Lake Victoria around 1989.  It has covered as much as 680 square kilometres of the lake, with enough hyacinth carried into the lake to cover about 3 ha per day.   Water hyacinth is concentrated along the shorelines where it has most impact on people’s lives.  Mats of water hyacinth cover about 80% of the Ugandan shoreline and 2000 hectares around the major Kenyan port at Kisumu (Ong’ang’a and Munyrwa, 1998
).  Potentially negative impacts on the lake environment, include: (i.) decomposition and sedimentation of rotting water hyacinth (ii.) impeded light penetration leading to reduced growth of phytoplankton and herbivorous fish populations such as tilapia (iii.)  increased evapotranspiration and thus an increase in the rate of water loss; and  (iv.) reduction of aquatic plants and fish species  (Ong’ang’a and Munyrwa, 1998).   Colonization by the water hyacinth has also a number of direct economic impacts: Commercial transportation has been slowed and made more costly and risky.  There has been a drastic decline in fish landings: a 50-70% reduction according to Ong’ang’a and Munyrwa, (1998).  Shoreline communities that were previously supported by fishing have been choked off.  Many people in those communities have moved and those who have been left behind have been forced to find alternative means of livelihood.  Bridges and dams have been damaged and the major power source for Uganda is under threat.  

A recent survey of secondary growth of water hyacinth in Lake Victoria revealed that river mouths appear to be acting as nurseries for water hyacinth (e.g. Nzoia and Nyando).  Thus improved land management strategies in these river basins could have rapid impacts on the source of the water hyacinth problem.

9 iv.
SOILS

9.1 a)
Landscape degradation

There are severe widespread soil erosion and land degradation problems throughout the Nyando river basin and currently affect an estimated 1443-1932 km2 (39.5 – 52.9 %) of the area.  These include accelerated run-off and sheet erosion over much of the catchment leading to severe rill, gully and stream bank erosion in lower parts of the river basin.  Aerial video verified extensive gullying along the foot of the Nyando escarpment.  89% of the original forest has been cleared or converted into other land uses.  Overgrazing and poor agricultural practices have led to large losses of topsoil and nutrients in agricultural areas.  The principal causes of erosion in the basin include deforestation of headwaters and overuse of extensive areas of fragile lands on both hillslopes and plains, coupled with loss of watershed filtering functions through encroachment on wetlands and loss of riverine vegetation.   Depletion of these vegetation resources is also likely to have also considerably reduced the biodiversity.  

Land degradation problems and their effects in the Nyando River Basin

	Problem Cause
	Effects

	
	9.2 Upper-catchment hillslopes

	· Deforestation of indigenous forests

· Unprotected farmland
	· Increased run-off

· Sheet and rill erosion

· Aerosol emission

	
	Mid-catchment hillslopes

	· Clearance of woody vegetation, overgrazing and cultivation on shallow slopes and steep slopes
	· Sheet erosion, land-slides, increased run-off

	
	Mid-catchment plains

	· Overgrazing and cultivation of fragile soils

· Sugar cane burning
	· Capping, sheet, rill and gully erosion, increased run-off

· Aerosol emission

	
	Escarpments

	· Clearance of woody vegetation, overgrazing and cultivation on shallow soils and steep slopes

· Poor road construction

· Limited road access hence many unprotected footpaths and cattle tracks
	· Very high run-off, sheet, rill, gully erosion, landslides

· Water shortage

	
	Kano plain

	· Overgrazing and cultivation of fragile soils, high run-off from scarp, erodible subsoils

· Sugar cane burning

· Urban run-off (Ahero)

· Cane processing and agrochemical industry
	· Soil capping, sheet, rill, gully, increased runoff

· Raw sewerage and agrochemical point source pollution

· Aerosol emission

	
	10 River Channel

	· High peak flows with large sediment load

· Devegetation of streambanks

· Poor soil conservation practices in proximity to streambank

· Straight channel, little filtering

· Erodible subsoils

· Watering points on river bank
	· Streambank erosion

· Faecal contamination

· Massive floods

	
	Other 

	· Unprotected farmland, a local problem in all areas
	· Sheet, rill erosion

	· Roads and tracks; poor siting and drainage
	· Increased run-off, rills and gullies

	· Phosphorus and potassium are already at low available levels over much of the undisturbed areas
	· Low agricultural productivity

	· Increased floods through flow ratio
	· Water shortages


10.1 b)
Soil types  

The vegetation is one of the land resources that can give information on soil condition which are directly or indirectly visible in the field i.e. soil drainage, fertility, salinity etc. Matching of vegetation and land use with soil units shows a similarity of some units.  The matching was done using the preliminary finding of the soil survey team in addition to reconnaissance soil map.  It was observed that some species always occurred in certain area due to various factors among them soil types and climate, which also affect land use.  The various types of soils occurring in the Nyando River basin as shown in Figure 5 – appendix.  The vegaetation types are as shownm in Figure 6 – appendix..

The soils of the mountain, hills, plateaus and footslopes are usually excessively drained to well drained, very shallow to shallow, dark reddish brown, stony and rocky, sandy clay loam to clay, in places with an acid humic topsoil and or moderately deep to deep, (PHAEOZEMS, LITHOSOLS, REGOSOLS CAMBISOLS etc).  The vegetation occurring here can withstand long drought periods as a result of plants having physiological and anatomical adaptations to either evade drought or resist the low water holding capacity of these soils.  Such adaptations are the ability to loose leaves (deciduous), wilt, an abundant fibrous tissue to prevent drooping in drought etc. Because of the shallow soils, most of the species have a root system which is located near the soils surface.  Some shrubs and grass species adapted to this conditions are Combretum molle, Euphorbia candelabrum, Rhus vulgaris, Carrisa edulis, Combretum collinum, Tarchonanthus camphoratus Rhus natalensis, Teclea nobilis, Loudetia kagerensis, Rhychelytrum repens, Cymbopogon excavatus and Themeda triandra.  The dominant land use in these areas is grazing/browsing with scattered cultivation of drought tolerant crops like cotton, sorghum, cassava and millet.  Most parts of the government protected natural forest (conservation forestry) falls under these areas and  acts as stabilizers of the thin soil layers and also for protecting the water catchments.  Indigenous species are also known to withstand advanced weather conditions.  

The soils of the uplands are usually well drained, deep to very deep and in some places shallow to moderately deep, dark reddish brown to dark brown, friable to firm clay, with a thick acid humic topsoil (ACRISOLS, NITOSOLS, CAMBISOLS, FERRALSOLS etc).  Since these soils  are deep, most of the species have a deep rooted system which is able to extract water and support them.  Some trees and grass species found in these areas are Eucalyptus species, Cupressus species, Acacia mearnsii, Croton macrostachyus, Grevillea robusta, Pinus species, Acacia lahai, Pennisetum clandestinum, Digitaria scalarum, Eragrostis tenuifolia and the sedge Cyperus species.  The dominant land use is tea growing (both estate and small scale).  Tea is a deep rooted crops which require a lot of rainfall and well drained acidic soils.  Other crops found in this unit and also requiring well drained soils are maize, potatoes, pyrethrum, wheat and cabbages.  The government protected planted forests (production forestry)falls under these areas.  Most of the planted tree species are exotic and require deep soils which are well drained..  

The soils of the plains are moderately well to imperfectly to poorly drained, deep to very deep, brown to black, in places saline and sodic sandy clay loam to cracking clay (VERTISOLS, PLANOSOLS, GLEYSOLS, FLUVISOLS etc).  Species found in this unit  have a preference of wet soils e.g. Acacia polyacantha, Sesbania sesban Mimosa pigra, Acacia gerrardii, Markhamia platycalyx, Cynodon dactylon, Mariscus macropus, Setaria sphacelata and Cyperus species.  In areas with impeded drainage species like Acacia seyal var. fistula and Balanites aegyptiaca are found.  The dominant land use in this unit is sugarcane growing (both estate and small scale). Sugarcane do well in clay soils which are moderately well to imperfectly drained.

Some species can with stand the waterlogging conditions of the soils.  These soils are found in swamps and are very poorly drained, deep to very deep, dark grey to black, half ripe clay; in many places peaty (GLEYSOLS, HISTOSOLS etc).  Species occurring here are Cyprus papyrus, Typha domingensis Cyperus articulatus, Cyperus immensus, Pragmites mauritianus and Echinochloa pyramidalis.  Others species like Sesban sesban, Acacia seyal var. fistula and Mimosa pigra can withstand seasonal water logging.  Rice growing (irrigated) which is grown in waterlogged areas is found here.  During the dry seasons crops like maize, tomatoes onions and kales are grown. These clay soils are very fertile and so when it is dry they are good for crop production.   Other major activity is harvesting of payrus and other species for making mats, seats, fish traps and thatching material. 
	PHYSIOGRAPHIC UNIT
	10.2 SOIL TYPE
	VEGETATION TYPES (Dominant species)
	11 LAND USE

	Mountain, Hills, Plateaus and footslopes
	PHAEOZEMS, LITHOSOLS, REGOSOLS, CAMBISOLS
	Combretum molle, Euphorbia candelabrum, Rhus vulgaris, Carrisa edulis, Tarchonanthus campharatus, Rhus natalensis, Teclea nobilis, Loudetia kagerensis Rhychelytrum repens, Cymbopogon excavatus Themeda triandra
	-Grazing/ browsing

-Scattered cultivation      of drought tolerant crops like cotton, sorghum, cassava and millet.

- Conservation forestry 

	Uplands
	ACRISOLS, NITISOLS, CAMBISOLS, FERRALSOLS
	Eucalyptus species, Cupressus species, Pinus species, Acacia lahai, Croton macrostachyus, Pennisetum clande stinum, Digitaria scalarum, Eragrostis tenuifolia
	- Tea growing (both               estate and small scale).

· crop cultivation (maize, potatoes, pyrethrum and cabbages)

· Production forestry.

	Plains
	VERTISOLS, PLANOSOLS, GLEYSOLS, FLUVISOLS
	Acacia polyacantha, Sesbania sesban, Mimosa pigra, Markhamia platycalyx,Cynodon dactylon, Mariscus macropus,Setaria sphacelata, Cyperus species.
	· Sugar cane growing (both estates and small scale)

· Grazing/browsing



	Swamps
	GLEYSOLS, HISTOSOLS
	Cyperus papyrus, Typha domingensis, Cyperus articulatus, Cyperus immensus, Pragmite mauritianus
	· Rice growing

(irrigated)

· Dry season farming (maize, tomatoes, onions and kales)

· Harvesting of papyrus and other species for making mats, seats, fish traps and thatching material.


11.1 c)
Soil erosion

One important feature of soil erosion by water is the selective removal of the finer and more fertile fraction of the soil. These occur over large areas where (i.) shallow soils occur on hillslopes, and  (ii.)  where fragile soils have been inadequately protected, even on slightly sloping land.  These fragile soils include soils prone to hard-setting and unconsolidated soils on the mid-catchment plains, scarp toe slopes and lake plain.  Surveillance surveys in Nyando basin provided quantitative evidence for the links between vegetation cover, soil erodibility and observed soil erosion.  Severe soil erosion is strongly associated with low dry season vegetation cover and erodible soil types.  The maintenance of vegetation cover mainly herbaceous cover is critical for the protection of the fragile lands in the basin.

Among the 11 major rivers draining in Lake Victoria, four basins that are contained within Kenya all receive considerably higher average annual rainfall than any of the other river basins.  The erosion risk, as measured by both percent and sediment transport capacity, is thus much higher in the Kenya rivers.  For eample, average percent slope is 5 percent in the Nyando and only 0.5% for the Mbalageti, the Simiyu, the Magoga and the Isonga.  In addition, Nyando and Kagera river basins stand out as distinctly different from the others in terms of avaerage values for sediment transport capacity index. with Nyando recording 0.3 (highest) and Kagera 0.24.  

Farmers identified soil erosion hotspots in their villages as steep slopes, roads, livestock tracks and footpaths, riverbanks and gullies.  Sheet erosion occurred mainly in the gentle sloping land and the plains.  The flood zones sites were identified as sediment-deposition zones.

11.2 d)
Soil quality

There has been decrease in soil quality relative to undisturbed areas, as indicated by a number of indicators, in areas where sheet, rill, and gully erosion have occurred.  The loss in soil quality is related to the degree of erosion.  For example, sheet erosion has decreased exchangeable bases by 39-47 % and soil organic carbon stocks by 17-25 % compared with intact sites.  Where gully erosion has occurred the impacts are more dramatic.  Using a new technique for early detection of soil physicochemical degradation, the Nyando basin showed 47.9% of soil samples obtained from apparently intact sites, displayed physicochemical profiles commonly associated with severely degraded and/or nutrient depleted soils.  Circa 84.3% of soils from visibly degraded sites fit the case profile.  Case soils were severely depleted in soil organic carbon (SOC) and other nutrients absorbed on the mineral and organic fractions of the soil.  This is consistent with gravitational sorting and preferential transport of fine soils, which typically occur during the process of soil erosion.  It is unlikely that such case soils would be productive in the context of cropping activities.  Based on satelite observations, this is a widespread problem in the Nyando basin with 53.4 – 72.6 % of the area being affected. 

The majority of the soils in the Nyando river basin are deficient in plant available phosphorus. It is estimated that between 63 – 73 % of the Nyando River Basin is deficient ion plant available phosphorus (defined as <8.5 mg kg –1 P-Olsen).  Low soil P-levels constrain the production of all crops that could be achieved through the use of organic amendments of nitrogen such as improved fallowing systems of the land.  Soil phosphorus deficiency, a basic constraint to agricultural productivity, is prevalent in high potential agricultural areas.   However, sol phosphorus levels are high enough to be of environmental concern in parts of the lake plain, where erosion risk is also high.  

MAJOR SOILS THEIR LIMITATIONS, CURRENT LANDUSES AND RECOMMENDED LAND USES FOR NYANDO CATCHMENT AREA.

	PHYSIOGRAPHY
	MAJOR SOIL TYPE(S) –(PROVISIONAL CLASSFICATION)
	CURRENT LAND USES
	MAJOR SOIL LIMITATIONS & RECOMMENDED LAND USE(S)

	Mountains and major scarps
	Leptosols, Nitisols & Regosols
	· Forestry

· Grazing

· Cultivation of maize, sugarcane, sorghum, bean etc.
	· Soil depth and steep slopes.

· Soils suitable for natural  and cultivated forests and for tourism.

	Hills, minor scarps, volcanic foot ridges and footslopes.
	Leptosols, Regosols, Nitisols and Phoezems
	· Grazing

· Cultivation (Sugarcane, maize, beans, potatoes, cabbages etc.)

· Forestry (natural and cultivated).
	· Soil depth & sleep slopes.

· Suitable for natural and cultivated forests.

· Suitable for grazing.

· Cultivate some good soils and  maintain proper land management.

	Uplands
	Nitisols, Phaeozems,  and Leptosols
	· Grazing (dairy)

· Cultivation of tea, coffee, potatoes, maize, beans, pyrethrum, fruits etc.

· Grazing (range)

· Forest.
	· Current land uses to be maintained but under proper land management.

· Shallow and sloping soils to be left under grass and natural vegetation for grazing.

	Plateaus, piedmont  and erosional  plains
	Nitisols, Vertisols, Leptosols, Arenosols, Planosols and  Adosols
	· Sugarcane growing

· Cultivation for food crops (maize, beans, cassava, sorghum , potatoes).

· Grazing

· Wheat growing.

· Dairying
	· Soils depth, poor soil, workability  and low physical fertility for some soils.

· Poor drainage

· Suitable for growing of sugarcane, cotton, wheat food crops (maize, beans, sorghum , potatoes  etc.)  and fruits..

· Shallow soils to beleft  under grass for  grazing.


12 v.
Tree Resources

An appraisal carried out by ICRAF and its partners revealed that there is an acute shortage of seeds and seedlings for most of the preferred species such as Grevillea, Melia, Casuarinas, and Kei apple among others.  Decline is due to increase in firewood utilization and charcoal burning with growth of beaches and fish smoking and drying.  “Posible reason for low rains in the 1990s as very few trees were planted but many more were cut for firewood and charcoal”.  This region is a net importer of wood products (charcoal, wood, poles, firewood, timber) and this greatly contributes to deforestation.  Improved fruit tree species such as mangoes, bananas and pawpaw were also lacking.  There is an acute shortage of fuelwood, timber and poles due to deforestation and communal grazing that hinders establishment of tree seedlings.  Women go as far as Sigowet hills in Kericho district to fetch fuelwood.  As a result, the steep hills have been devegetated in trying to get firewood.  Accelerated degradation is being experienced in the hill area.  Huge gullies are threatening lives and are a major hindrance to transport. It is therefore necessary to establish tree nurseries to satisfy the demand for trees and there tree products.  

The major constraints to tree planting were listed as lack of appropriate tree/shrub seedlings for planting, high cost of seedlings when they are available, and lack of knowledge on how to plant and manage trees.   There is therefore need to find ways of availing tree/shrub/fruit seedlings to farmers at an affordable price.

D.
ANNEX: Tables and Figures

i.)
TABLES

13 Table 1:
Total human population in the Lake Victoria Basin 

	Basin
	Population (in thousands)
	% Total basin population

	Kagera
	10711
	42.9

	Isonga
	430
	1.7

	Magoga
	449
	1.8

	Duma/Simiyu
	485
	1.9

	Mbalageti
	211
	0.8

	Gurumeti
	258
	1.0

	Mara
	640
	2.6

	Gucha
	1481
	5.9

	Sondu
	788
	3.2

	Nyando
	746
	3.00

	Nzoia/Yala
	3346
	13.4

	Lake Edge
	5411
	21.7

	Total
	24959
	100.00


14 Table 2:
Poverty and disease levels in parts of Western Kenya

	District
	% Households
	Agricultural input expenses (KShs/household)
	HIV Prevalence (% population) (2001)

	Nyando (Kisumu)

- Poor

- Non-poor
	65

35
	371

848
	28



	14.1 Nandi

- Poor

- Non-poor
	65

35
	4,115

9,808
	7

	Kericho

- Poor

- Non-poor
	52

48
	2,259

16,588
	12

	Average (Kenya)

- Poor

- Non-poor
	52

48
	1,611

4,795
	13


(Source:  Poverty in Kenya, CBS, 1997)
15 Table 3:
PRSP results on problems with agriculture

	Nature of problem
	Kericho
	Nandi
	15.1.1.1.1.1.1.1.1 Nyando

	High cost of agricultural inputs
	X
	X
	15.1.1.1.2 X

	Lack of processing facilities
	X
	X
	X

	Inaccessibility of markets
	X
	X
	X

	Delays in payments to farmers
	X
	X
	

	Lack of credit facilities
	
	X
	X

	Lack of extension services
	X
	
	

	Poor management of co-op societies
	
	X
	X

	Poor agricultural technology
	
	
	X

	Low & erratic rainfall
	
	
	X

	Increased livestock diseases
	
	
	X

	Lack of irrigation canals
	
	
	X

	Floods & lack of dams
	
	
	X

	Lack of title deeds
	
	
	X


(Source:  PRSP district reports, 2001)
16 Table 4:
Land use types in the Nyando river basin

	CLASSIFICATION
	LAND-USE 
	HA

	Annual Cropland (Large Scale Farming)
	Cereals (Wheat/Barley/Oats/Maize) & Pasture
	30690.873

	Annual Cropland (Large Scale Farming)
	Maize and Pasture
	11483.207

	Annual Cropland (Large Scale Farming)
	Pasture and Cereals
	24258.695

	Annual Cropland (Small Scale Farming)
	maize and Pasture
	15921.661

	Annual Cropland (Small Scale Farming)
	Maize/Sorghum, other resistant

 crops with grassland, bush and scrub
	18708.478

	Annual Cropland (Small Scale Farming)
	Rice (Irrigated)
	1444.384

	Mixed Cropland
	Maize, Sugar cane and other crops
	17592.981

	Mixed Cropland
	Maize, Tea and other crops
	3457.501

	Mixed Cropland
	Maize, Tea and pasture
	31016.811

	Mixed Cropland
	Pasture, Maize and Tea
	9258.184

	Mixed Cropland
	Sugar cane and other crops
	26696.011

	Other land-use
	Barren land
	24313.116

	Other land-use
	Other land uses
	114545.494

	Other land-use
	Water bodies
	0.003

	Perennial Cropland
	Sugar cane Plantation
	27490.32

	Perennial Cropland
	Tea Plantations
	3871.14

	TOTAL
	Approx.  3,600 km2
	360748.859

	Project area size
	3,600 km2
	


17 Table 5:
Number of households in Nyando District by source of water

	Source of Water 
	Number of households
	% Population

	Ponds  
	7917
	11.58

	Dams
	388
	0.57

	Lake
	593
	O.87

	Streams/Rivers 
	25503
	37.30

	Springs
	2135
	3.12

	Wells  
	7242
	10.59

	 Boreholes         
	12489
	18.27

	Piped water
	11624
	17.00

	Jabias/tanks 
	480
	0.70

	17.1 Total
	68321
	100


Source: 1999 National Population Census Vol.2

ii.)
FIGURES

18 Figure 1:
River Nyando basin showing administrative units and transport networks

19 Figure 2:
Population density by sub-location in the River Nyando basin.

20 Figure 3:
Various land use systems in the Nyando River basin

21 Figure 4:
River Nyando basin drainage network showing the main rivers and tributaries 
falling within it

22 Figure 5:
Main soil types in the Nyando River basin according to the FAO-UNESCO Soil Map of the World

23 Figure 6:
The main vegetation types in the River Nyando basin
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Annex C.  Monitoring and Evaluation Plan
Summary

This document combines the Monitoring Plan, Carbon Sequestration Predictions and the Verification Protocols of the planned Western Kenya Integrated Ecosystem Management Project (IEM).  The IEM Project is intended to assist rural communities in the Nyando and Yala River catchments to understand and practice land managements, largely through agroforestry interventions, that provide a wide range of environmental services including biodiversity and watershed protection, land restoration and climate change mitigation.  While doing so, recognizable short-term benefits will serve as economic incentive to practice land managements that are associated with these longer-term environmental services.  This Monitoring Plan is a tool that guides information gathering and verification activities essential to the evaluation of the IEM project.  The Monitoring Plan is built upon an accompanying Baseline Study, complies with the principles of the Clean Development Mechanism and is intended to serve as the technical component for the environmental services achieved within the community-based activities described within the main Western Kenya IEM Project Document.

Carbon Measurement.  One of the challenges in developing a carbon offsets project involving communities of smallhold farmers is to document carbon gains at considerably less expense than the value of the carbon, otherwise the groups of land managers do not benefit fully from their collective actions.  This monitoring plan includes a tree-based approach to establishing system carbon gains that relies upon tabular values to estimate C gains, and spreadsheet software to aggregate these gains between locations and over time (pp. 4-14).  This system may accommodate community agroforestry initiatives to periodically document the number, survival and growth of their trees.  Detailed procedures for verifying the carbon estimates are also provided in this section (pp. 15-20).  

Carbon Projections.  A scenario of carbon offsets within the project assumes that 400 trees per hectare are planted at the onset of rains in April 2004 on 2500 ha.  After 10 years, carbon gains are about 477,000 t CO2 ER valued between $1.4 and $1.9 million, at $3 and $4 t, respectively.  Of this C, 69% resides in aboveground tree biomass and 25% in roots.  At the end of 2012, the end of first round of CDM commitment, emission reductions are approximately 356,000 t CO2 (Figure 5).  Admittedly, this projection is somewhat simplistic in that it assumes all 1 million trees (400 trees ha-1 x 2500 ha) are planted in a single year, tree growth rates remain uninterrupted by periodic drought, and that all trees survive throughout the lifetime of the project.  Nonetheless, the projection demonstrates that the Integrated Environmental Management Project in western Kenya will operate at sufficient scope to produce carbon offsets for trading.  A projection that included a 50% reduction in DBH increase one in every three years as could be expected from frequent drought resulted in the 32% reduction of CO2 ER by 2020, suggesting that the project remains viable despite unfavorable mid-term weather conditions. The Carbon Sequestration Projections section (pp. 21-27) includes a list of assumptions and conversion factors, and describes the spreadsheet upon which the projections are based and that may be, when necessary, amended.

Biodiversity Assessment.  Two complimentary approaches to monitoring agro-biodiversity are considered in this section. The first approach, A Rapid Approach to Biodiversity Assessment, consists of a pair-wise plant checklist of 84 useful, common exotic and indigenous plants (pp. 28-38).  This checklist is intended for use by surveyors lacking detailed taxonomic knowledge and operates at a “whole-farm” level.  The presence of plants may also be weighed in terms of their abundance, and frequently encountered plants not appearing on the checklist may be “written in” for consideration.  The density and relative frequencies of plant species may be calculated from the checklist, and indicators of the importance of traditional, indigenous plants calculated.  Also included within this section is a second checklist of 84 indigenous species occurring within the Lake Victoria Regional Mosaic and adjacent afro-montane ecosystems (pp. 36-38).  Stronger plant taxonomic skills are required to use this checklist, and it is not likely that it will be used for purposes other than research within the project.  The list does, however, assist surveyors to fill in the open-ended sections of the Rapid Approach as necessary as well as supporting the detailed floristic studies planned at the beginning and end of the project

Verification Protocols.  A section on Verification Protocols (pp. 39-44) is included within this Monitoring Plan.  This section identifies candidate key indicators of project success, and suggests the assignment of operational responsibilities within the project based upon the establishment and interactions of five project teams.  One of the teams is led by a Community Liaison Specialist whose assignment is to recruit and monitor the participation of grassroots associations within the project.  Several of the key indicators identified within this section (pp. 39-40) may also be considered as “triggers” of carbon and biodiversity gains, water quality improvement, household wellbeing and other project goals.  This section corresponds to the Monitoring Plan “Task 3”, the development of a Management and Operational Systems Monitoring Plan although carbon verification protocols are covered, in this document, within the Carbon Sequestration Projections section under Aggregate Carbon Gains and Sensitivity Analysis (pp. 26-27) and in the MS Excel files Aggregate C Gains.xls and C Projection Utility.xls.  The aggregate C calculation spreadsheet allows for the inclusion or separation of above- and below-ground C gains, and the adjustment of and separation of both root and soil C sequestration as user options. 

Recordkeeping and Communications Procedures.  Also included within this Verification Protocols section are guidelines for Recordkeeping and Communications Procedures (pp. 43-44).  Many of the records to be maintained are based upon the standardized data forms for C gains and biodiversity assessment, while others are based upon approaches developed through the baseline study.  Greater flexibility is provided to the project staff addressing the social benefits accrued through the IEM Project owing to the need for site-specific and informal observations within socio-economics as an area of study.  This sub-section suggests that several databases be developed by different project participants, including a project internet website, registry of participating community groups and land managers and a spatially-referenced environmental data set that may be used to produce images used to document project gains with a Geographic Information System.  Suggestions for many other records to be maintained and shared are included under the areas of Project Information, Carbon Gains, Biodiversity Status, Land and Water Quality, Social Benefits and On-farm Activities.  This sub-section not only stresses recordkeeping, but also the manner in which project developments will be communicated among project partners and to client land managers.  Recordkeeping is important within this project, but more so is the development of reliable channels of information flow throughout the project and to the Kenyan public and international audiences. 

The Western Kenya Integrated Environmental Management Project is a challenging undertaking in that it combines the efforts of several organizations operates at several scales, from the catchment-level to the individual farm enterprise.  The Monitoring Plan and its Verification Protocols are intended to assist in launching the project, and should not be viewed as “written in stone”.  For example, initiating agroforestry-based carbon offset projects is a challenging undertaking by itself, yet it is only one of several planned project undertakings.  Project scientists are encouraged to regard the protocols and data forms included within this Monitoring Plan as platforms for their additional creative inputs, particularly to find ways to link carbon sequestration, biodiversity, land restoration, water quality and household wellbeing as interactive goals.  This will prove no easy task and hopefully the approaches described in this Monitoring Plan will assist them in their worthy efforts.   

Carbon Sequestration: Background and Definitions

Background.  One of the most important planned environmental benefits resulting from project activities will be the establishment of trees through agroforestry in a manner that is compliant with the Clean Development Mechanism, allowing for that carbon to be traded to others requiring carbon offsets.  Two particularly important elements of that compliance are that project activities not be established in areas with forests cleared after 1990 and that all C gains be related to afforestation and reforestation (Noble and Scholes, 2001).  The project will establish guidelines where C offset enterprises adhere with key principles of legal requirements, farmers’ land use rights, fair payment, permanence and ecosystem health as established by The World Agroforestry Centre (Simons, 2003).  This section describes the process through which the carbon gains resulting from smallholder agroforestry may be monitored in a cost and time-efficient manner, field protocols for validating C stocks and projected C gains from agroforestry enterprises.  The monitoring protocols will be:

1. conducted at least once per year at all locations and based upon the tree diameter at breast height measured by participants and supervised by project scientists

2. standardized across project locations and during repeated measures, and be appropriate for confirming baselines at the onset of the project

3. consider not only aboveground tree biomass C, but also estimates of root biomass C and soil C gains based upon conservative conversion factors

4. calculated as both “hard copy” data forms and through use of an “Excel Workbook” (spreadsheet) with options to either include or exclude below-ground C and to adjust key conversion factors as acceptable to carbon traders  

5. sufficiently flexible to allow for the development of improved allometric equations and conversion factors during the course of the project

6. used to calculate the C gains resulting from individual farm enterprises, participating grassroots groups and for the project as a whole during the project lifetime. 

Carbon gains from agroforestry enterprises are projected over time based upon expected tree growth rates, but may also result from aggregating measured DBH across farms and project locations.  This aggregation serves as the core spreadsheet software that will be used to monitor the project with a mixed tree enterprise scenario and its sensitivity analyses included within the projections.  

Some useful definitions

Breast height: a point along the stem of a tree 1.3 m above the soil level at which the diameter of a tree is measured.  Tree diameter measured at this point is DBH

Carbon sequestration: the capture and secure storage of carbon that would otherwise be admitted to and remain in the atmosphere, primarily as carbon dioxide (CO2).  Carbon offsets refer to quantified sequestration.

Emission reductions (ER): the equivalent of CO2 contained in carbon sequestered through a deliberate, document management of resources, in the case of this document C gains in woody biomass and soil where ER (t) = C x (3.67).  Note: 3.67 is the ratio of the molecular weight of CO2 (44) and the atomic weight of C (12).

Plot: any area of land of any shape or size used for sampling.  In the case of carbon estimation in farming systems, plots may consist of individual enterprises and land uses.
Quadrat: refers to a predetermined rectangular area where plant biomass samples are recovered with the recommended sizes of 30 m x 30 m for woody vegetation and 1 m x 1 m for understorey and herbs (plural quadrates).

Transect: A line of known length that defines vegetation selected for sampling and may also consist of a “string” of contiguous quadrates. 
Visualizing Carbon: A Shortcut Method Based upon Tabular Values 

It is unrealistic to expect individuals or communities to protect and foster that which they do not understand, and this is certainly the case for carbon stocks in smallhold farming systems.  Carbon exists as an inseparable component of vegetation, litter and soil organic matter, and is primarily lost as an invisible gas (CO2), factors which complicate the understanding of carbon stocks and dynamics to non-scientists.  When asked what is the likely crop yield of maize in a maturing field or meters of poles in a woodlot, a land manager can often provide an educated guess, but this is not the case for system C stocks within those same land uses.  Carbon seems too intangible for approximation.  Yet carbon is predictable from certain perspectives.  It is a near constant proportion in vegetation (47%).  

Tree Carbon.  An important empirical relationship exists between the tree diameter at breast height (DBH) of trees and tree aboveground biomass. Allometric equations based upon power functions, which intercept the origin, are recommended above quadratic approaches because of their greater accuracy for assigning biomass to smaller trees.  For general purposes, we recommend the equations from FAO (1997) in Dry Zones (<1500 mm yr-1): 

Aboveground tree biomass (kg tree-1) = exp(-1.996 + 2.32 lnD)           
and in Moist Zones (1500-4000 mm yr-1): 

Aboveground tree biomass (kg tree-1) = exp(-2.134 + 2.53 lnD)      

where Y is the aboveground tree biomass in kg, exp =  2.71828…  and D is the measured DBH in cm.  Other equations are available for drier (<900 mm yr-1) and wet zone (>4000 mm yr-1) from FAO (1997).  Allometric equations may be further refined by including factors for tree height and wood density (Ketterings, 2001).  Measurement of tree diameter is easily made using either a diameter tape or callipers (page 15) but the mathematics required to convert from diameter to biomass is probably too complex for most land managers in Africa.  Tree diameter (D) is readily calculated from tree circumference (C) by division by pi (π = 3.14159…) where C = D x π.
A simple table was prepared that allows for the estimation of carbon resulting from planting trees based upon established biophysical relationships.  Table 1a provides the total C (in tons) contained in above- and below-ground woody biomass of different sized trees based upon a widely employed allometric relationship (FAO, 1997) between tree diameter at breast height (DBH) and total tree biomass.  Table 1b contains estimates of total carbon gains resulting from the same trees based upon conservative assumptions of C in roots (+0.35) and the turnover of leaf drop (0.15 woody biomass) and fine roots (0.15 woody biomass) assuming modest (0.12) annual C sequestration in soil.  Tables 1a and 1b both provide estimates of total C resulting from different sizes and numbers of growing trees.  To use these tables, one matches the number and sizes of trees of interest.  For example, in Table 1a, a row of 10 trees that have grown to 30 cm diameter contain 2.30 t of carbon.  The aboveground biomass C is presented in Appendix 1, and should be used when neither roots nor soil C gains are being considered.

The tree biomass carbon relationship is independent of land area, so that tree numbers (rows) may be obtained from different size categories (columns) and the carbon stocks estimated for any known land area, such as different sized smallholdings.   One shortcoming is that carbon stocks may not be readily interpolated between columns because of the exponential nature of the allometric function.  In other words, tree biomass C for a tree 27.5 cm in diameter does not occur midway between the 25 and 30 cm diameters but is skewed toward the higher diameter.  

Table 1. Estimates of tree C in above- and below-ground biomass (Table 1a) resulting from tree biomass of different diameters based on aboveground biomass (AGB) and in tree biomass C combined with anticipated soil carbon gains (Table 1b) assuming that AGB C = 0.47 x exp(-1.997 +2.32 (ln DBH), root biomass = 0.35 AGB, leaf drop = 0.15 AGB, fine root turnover = 0.15 AGB, soil sequestration = 0.08 t SOC t-1, leaf and fine root inputs and annual SOC turnover = 0.625. 

a. tree biomass C only
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   -------------------------------------- summary ---------------------------------------------

  ---------------------------------------- conditions ----------------------------------

area

C seq

C price

C value

tree
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 --- spacing ---

  --- C pools ---

   ---------- tree coefficients -----------

farm

condition

ha

tons

  $/t C

$

survival

planted

in row

b/row

BG C

soil C

C content

rt:sh

leaf prop

SCS effic

1

mango

0.49

20.323

10

203

1

100

7

7

1

1

0.47

0.35

0.15

0.15

2

grevilia woodlot

0.64

37.297

10

373

0.93

200

4

8

0

0

0.47

0.35

0.15

0.08

3

contour

0.4

11.778

10

118

0.916

250

4

4

0

0

0.47

0.35

0.15

0.12
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mixed woodlot

0.25

9.514
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95

0.9
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5

5

1

0

0.47

0.35

0.15

0.12
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mango & guava

0.432

25.349
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253

1

120

6

6

1

1

0.47

0.35

0.15

0.12
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ecalyptus

0.25

13.661

10

137

0.88

100

5

5

1

1

0.47

0.35

0.15

0.15
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ecalyptus

0.256

25.897
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259

0.95

160

4

4

1

1

0.47

0.35

0.15

0.15
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avocado

0.288

7.390

10

74

1.25

80

6

6

1

1

0.47

0.35

0.15

0.12
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pine

0.128

3.090

10

31

0.975

80

4

4

1

1

0.47

0.35

0.12

0.2

10

acacia

0.405

4.660

10

47

0.8

150

4.5

6

1

1

0.47

0.4

0.12

0.08

11

communal land

1.65

39.039

10

390

0.9545

660

5

5

1

0

0.47

0.35

0.15

0.12

Project Total

5.189

198
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0.96

2000

  ------------- tree diameter categories and number of trees -------------

   ------------------ carbon gains ---------------------

   --- size 1 ----

   --- size 2 ----

   --- size 3 ----

   --- size 4 ----

tree no

DBH1

# trees 1

DBH2

# trees 2

DBH3

# trees 3

DBH4

# trees 4

check

AG C

root C

soil C

tot C

20

10

25

40

30

40

35

10

100

14.406

5.042

0.875

20.323

25

32

30

72

35

66

40

16

186

37.297

0.000

0.000

37.297

10

30

15

90

20

86

25

23

229

11.778

0.000

0.000

11.778

5

9

20

36

25

36

20

9

90

7.047

2.467

0.000

9.514

15

30

20

30

30

30

40

30

120

18.125

6.344

0.881

25.349

22.5

22

25

26

27.5

30

20

10

88

9.684

3.389

0.588

13.661

22.5

30

25

60

27.5

50

30

12

152

18.357

6.425

1.115

25.897

10

10

15

40

20

40

25

10

100

5.284

1.849

0.257

7.390

10

8

12.5

33

15

32

17.5

5

78

2.184

0.764

0.142

3.090

5

12

10

50

15

40

20

18

120

3.266

1.306

0.088

4.660

12.5

100

15

280

20

240

25

10

630

28.918

10.121

0.000

39.039

b. tree biomass and soil C gains

Extrapolation may be made, however, by extending the values obtained within the rows.  In other words the value for 35 trees from a diameter size category is equal to that of 30 trees + 5 trees of that same size category.  A table of above-ground tree C based upon DBH useful for the most conservative estimates of tree biomass C appears in Appendix 1.

Crop Carbon.  Carbon stocks may also be estimated for crops based upon their yield, harvest index and root-to-shoot ratio. Harvest index is the proportion of aboveground biomass that is removed as crop yield.  For example, if a 1 ton crop of maize has a harvest index of 0.35, then the total crop aboveground biomass is 1.00/0.35 or 2.86 t, and the stover is 1.86 t (or 2.86 aboveground – 1.00 t grain).  Furthermore, if one assumes that grain, shoots and roots all contain 47% C and that root biomass is 0.35 of shoot biomass, then the total crop carbon at peak biomass before harvest is 1.81 t C (2.86 x 1.35 x 0.47).  This relationship may be summarized as:

Peak biomass C = crop C content x (crop yield / harvest index) x (1 + root:shoot ratio)

and when the values above are substituted in the equation:

Peak biomass C = 0.47 x (1.0 / 0.35) x 1.35 = 1.81 t C

This approach was used to develop a table of crop carbon contents for different yields and harvest indices (Table 2).  For example, a 2750 kg crop (= 2.75 t) with a harvest index of 0.25 contains 7.0 t C in its grain, shoots and roots, regardless of the land area upon which it was produced.   This value refers to the peak biomass carbon, and it should be time-averaged throughout the year based upon the length of the growing season.   

Table 2. Total crop carbon (tons of grain, shoots and roots) at peak biomass before harvest (left) and aboveground crop residue C  (tons) after harvest for different harvest indices and crop yields assuming 47% C content in biomass and roots are 35% aboveground biomass. 
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summary 
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tree planting 
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C pools 
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condition

af

area

C 

seq

C price

C value

survival

tree no

in row

b/row

BG C

soil C

1

baseline

0.25

3.655

10

36.55

1

100

5

5

1

1

2

10% more trees

0.275

4.020

10

40.20

1

110

5

5

1

1

3

10% larger trees

0.25

4.779

10

47.79

1

100

5

5

1

1

4

10% trees die

0.25
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Time-averaging requires that the peak season biomass and the number of wet months (the growing season) be known, and is calculated as:

Time-averaged biomass C = (peak biomass C /2) / (12 / wet months)

For example, if the growing season is 6 months during the year, the mean carbon content for the wet season is 3.5 t C (7.0/2).  If the fields sit barren during the following dry six months, then the time averaged standing carbon stock is 1.75 t C throughout the year (see Figure 1).  As the length of the growing season increases, so does the time-averaged biomass C.  These equations also hold for intercrops or bimodal rainfall patters if one combines the two annual crop yields in Table 1 and sums the total wet months.  For example, if 3 t maize, with a harvest index of 0.35 is grown in a 5 growing season in the first rains, and 1.5 t beans with a harvest index of 0.25 is produced during the 3 month “short season”, then:

Time-averaged biomass C = [(5.4 + 3.8) x 1.35) / 2] / (12 / 8) = 6.13 t C

Land managers may also be interested in the amount of carbon that remains in crop residues following the removal of harvest.  This carbon may also be estimated from yield and harvest index data as presented in the right hand portion of Table 2.

Soil Carbon.  Large amounts of carbon reside in the soil, but this C may not be as easily estimated as that in trees or crops.  The measurement of soil organic carbon requires a laboratory where either wet digestion or dry combustion is performed.  The results are expressed as grams of carbon per kilogram of soil (= parts per thousand) or as percent C (= parts per hundred).  In general, soils range from about 5 to 25 g kg-1, or 0.5 to 2.5% C.  But this value, the carbon content, does not describe how much carbon resides in a particular field unless we know how much the soil weighs Okalebo et al., 2002).  To convert from volume of soil to the weight of soil, we must also know the soil bulk density, the mass of soil per unit volume, and the depth of soil that is of interest.  

Soil C (t ha-1) = C content (kg/kg) x bulk density (kg/liter) x (10 x soil depth (l/m2)) x 10000 m2/ha x (1 t/1000 kg)

and this equation may be further simplified as:

Soil C (t ha-1) = C content (kg/kg) x bulk density (kg/l) x soil depth (cm) x 100
In general, soil bulk density ranges between 1.1 to 1.6 kg of soil per liter (= 1000 cubic centimeters) depending on the soil texture.  Usually, the plow layer is considered to be 0 to 20 cm depth, and the root zone is from 0 to 50 cm depth.  The amount of soil C in one hectare (tons C per ha where 1.0 ha equals 10,000 square meters) to a depth of 20 cm (= 200 l per square meter), with a bulk density of 1.3 and a carbon content of 15 g C per kg soil (= 0.015 kg C per kg soil) is calculated as:

Soil C (t ha-1) = 0.015 kg/kg x 1.3 kg/liter x 200 l/m2 x 10000 m2/ha x 1 t/1000 kg

                                   = 39 t C per ha

Again, this equation is rather complex for most non-scientists but tables may be constructed that simplify the task.  Table 3 provides the total soil organic carbon per ha in the top 20 cm and 50 cm horizons for soils of different textures (columns) and C contents (rows).  In this case it is not possible to generate an estimate independently of land area because the soil C stocks are a direct function of land area and soil depth; therefore, land managers who employ these tables are then expected to adjust their estimate based upon the land area under consideration.  

An important feature of Table 3 is its potential for interpolation, as all relationships are linear.  For example, the C stock value of a loamy clay or a sandy clay is midway between the tabular values presented within the respective columns.  Furthermore, the relationships within this table also may be applied to soil C fluxes as well as stocks.  For example, if 10 g C per kg soil is lost due to soil erosion or intensive tillage, that carbon loss (or gain) may be estimated directly from Table 4.   

Soil carbon sequestration may be estimated from the amount of organic carbon inputs to soil and their sequestration efficiency.  The efficiency of sequestration is related to the soil environment and the chemical characteristics of the organic inputs.  In general, cool dry climates result in slower “turnover times” than in hot humid climates, resulting in a proportionately larger contribution to soil C.  This relationship of soil C gain immediately following organic input addition may be represented as:

Soil C sequestration = Soil inputs (t ha-1) x carbon content (t t-1) x Sequestration efficiency t t-1)

Table 3. Soil organic carbon (t ha-1) in different textured soils resulting from changes in the soil organic carbon content (g kg-1 soil) at two different soil depths (0-20 and 0-50 cm).
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3.2

2.1

1.6

1.3

1.1

0.9

0.8

2.1

1.3

0.9

0.7

0.5

0.4

0.4

750

4.8

3.2

2.4

1.9

1.6

1.4

1.2

3.2

2.0

1.4

1.1

0.8

0.7

0.5

1000

6.3

4.2

3.2

2.5

2.1

1.8

1.6

4.2

2.7

1.9

1.4

1.1

0.9

0.7

1250

7.9

5.3

4.0

3.2

2.6

2.3

2.0

5.3

3.3

2.4

1.8

1.4

1.1

0.9

1500

9.5

6.3

4.8

3.8

3.2

2.7

2.4

6.3

4.0

2.8

2.1

1.6

1.3

1.1

1750

11.1

7.4

5.6

4.4

3.7

3.2

2.8

7.4

4.7

3.3

2.5

1.9

1.5

1.2

2000

12.7

8.5

6.3

5.1

4.2

3.6

3.2

8.5

5.3

3.8

2.8

2.2

1.7

1.4
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14.3

9.5

7.1

5.7

4.8

4.1

3.6

9.5

6.0

4.2

3.2

2.5

2.0

1.6
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7.9

6.3

5.3

4.5

4.0
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6.7

4.7

3.5

2.7

2.2

1.8
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11.6

8.7

7.0

5.8

5.0

4.4

11.6

7.3

5.2

3.9

3.0

2.4

1.9
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12.7

9.5

7.6

6.3

5.4

4.8

12.7

8.0

5.6

4.2

3.3

2.6

2.1

3250

20.6

13.7

10.3

8.2

6.9

5.9

5.2

13.7

8.7

6.1

4.6

3.6

2.8

2.3
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22.2

14.8

11.1

8.9

7.4

6.3

5.6

14.8

9.3

6.6

4.9

3.8

3.1

2.5
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23.8

15.9

11.9

9.5

7.9

6.8

5.9

15.9

10.0

7.1

5.3

4.1

3.3

2.6
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10.2

8.5

7.3

6.3

16.9
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5.6

4.4

3.5

2.8

4250
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18.0

13.5

10.8

9.0

7.7

6.7

18.0

11.3

8.0

6.0

4.7

3.7

3.0
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28.6

19.0

14.3

11.4

9.5

8.2

7.1

19.0

12.0

8.5

6.3

4.9

3.9

3.2
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30.1

20.1

15.1

12.1

10.0

8.6

7.5

20.1

12.7

8.9

6.7

5.2

4.1

3.3
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31.7
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15.9

12.7

10.6

9.1

7.9

21.2

13.3

9.4

7.1

5.5

4.4

3.5

5250

33.3

22.2

16.7

13.3

11.1

9.5

8.3

22.2

14.0

9.9

7.4

5.8

4.6

3.7

5500

34.9

23.3

17.4

14.0

11.6

10.0

8.7

23.3

14.6

10.3

7.8

6.0

4.8

3.9

5750

36.5

24.3

18.2

14.6

12.2

10.4

9.1

24.3

15.3

10.8

8.1

6.3

5.0

4.1

6000

38.1

25.4

19.0

15.2

12.7

10.9

9.5

25.4

16.0

11.3

8.5

6.6

5.2

4.2

6250

39.7

26.4

19.8

15.9

13.2

11.3

9.9

26.4

16.6

11.8

8.8

6.9

5.5

4.4

6500

41.2

27.5

20.6

16.5

13.7

11.8

10.3

27.5

17.3

12.2

9.2

7.1

5.7

4.6

6750

42.8

28.6

21.4

17.1

14.3

12.2

10.7

28.6

18.0

12.7

9.5

7.4

5.9

4.8

7000

44.4

29.6

22.2

17.8

14.8

12.7

11.1

29.6

18.6

13.2

9.9

7.7

6.1

4.9

7250

46.0

30.7

23.0

18.4

15.3

13.1

11.5

30.7

19.3

13.6

10.2

8.0

6.3

5.1

7500

47.6

31.7

23.8

19.0

15.9

13.6

11.9

31.7

20.0

14.1

10.6

8.2

6.5

5.3

crop 

---------------------------

10%

15%

20%

25%

30%

35%

40%

10%

15%

20%

25%

30%

35%

40%

(kg)

----------------

---------------

500

3.2

2.1

1.6

1.3

1.1

0.9

0.8

2.1

1.3

0.9

0.7

0.5

0.4

0.4

750

4.8

3.2

2.4

1.9

1.6

1.4

1.2

3.2

2.0

1.4

1.1

0.8

0.7

0.5

1000

6.3

4.2

3.2

2.5

2.1

1.8

1.6

4.2

2.7

1.9

1.4

1.1

0.9

0.7

1250

7.9

5.3

4.0

3.2

2.6

2.3

2.0

5.3

3.3

2.4

1.8

1.4

1.1

0.9

1500

9.5

6.3

4.8

3.8

3.2

2.7

2.4

6.3

4.0

2.8

2.1

1.6

1.3

1.1

1750

11.1

7.4

5.6

4.4

3.7

3.2

2.8

7.4

4.7

3.3

2.5

1.9

1.5

1.2

2000

12.7

8.5

6.3

5.1

4.2

3.6

3.2

8.5

5.3

3.8

2.8

2.2

1.7

1.4

2250

14.3

9.5

7.1

5.7

4.8

4.1

3.6

9.5

6.0

4.2

3.2

2.5

2.0

1.6

2500

15.9

10.6

7.9

6.3

5.3

4.5

4.0

10.6

6.7

4.7

3.5

2.7

2.2

1.8

2750

17.4

11.6

8.7

7.0

5.8

5.0

4.4

11.6

7.3

5.2

3.9

3.0

2.4

1.9

3000

19.0

12.7

9.5

7.6

6.3

5.4

4.8

12.7

8.0

5.6

4.2

3.3

2.6

2.1

3250

20.6

13.7

10.3

8.2

6.9

5.9

5.2

13.7

8.7

6.1

4.6

3.6

2.8

2.3

3500

22.2

14.8

11.1

8.9

7.4

6.3

5.6

14.8

9.3

6.6

4.9

3.8

3.1

2.5

3750

23.8

15.9

11.9

9.5

7.9

6.8

5.9

15.9

10.0

7.1

5.3

4.1

3.3

2.6

4000

25.4

16.9

12.7

10.2

8.5

7.3

6.3

16.9

10.7

7.5

5.6

4.4

3.5

2.8

4250

27.0

18.0

13.5

10.8

9.0

7.7

6.7

18.0

11.3

8.0

6.0

4.7

3.7

3.0

4500

28.6

19.0

14.3

11.4

9.5

8.2

7.1

19.0

12.0

8.5

6.3

4.9

3.9

3.2

4750

30.1

20.1

15.1

12.1

10.0

8.6

7.5

20.1

12.7

8.9

6.7

5.2

4.1

3.3

5000

31.7

21.2

15.9

12.7

10.6

9.1

7.9

21.2

13.3

9.4

7.1

5.5

4.4

3.5

5250

33.3

22.2

16.7

13.3

11.1

9.5

8.3

22.2

14.0

9.9

7.4

5.8

4.6

3.7

5500

34.9

23.3

17.4

14.0

11.6

10.0

8.7

23.3

14.6

10.3

7.8

6.0

4.8

3.9

5750

36.5

24.3

18.2

14.6

12.2

10.4

9.1

24.3

15.3

10.8

8.1

6.3

5.0

4.1

6000

38.1

25.4

19.0

15.2

12.7

10.9

9.5

25.4

16.0

11.3

8.5

6.6

5.2

4.2

6250

39.7

26.4

19.8

15.9

13.2

11.3

9.9

26.4

16.6

11.8

8.8

6.9

5.5

4.4

6500

41.2

27.5

20.6

16.5

13.7

11.8

10.3

27.5

17.3

12.2

9.2

7.1

5.7

4.6

6750

42.8

28.6

21.4

17.1

14.3

12.2

10.7

28.6

18.0

12.7

9.5

7.4

5.9

4.8

7000

44.4

29.6

22.2

17.8

14.8

12.7

11.1

29.6

18.6

13.2

9.9

7.7

6.1

4.9

7250

46.0

30.7

23.0

18.4

15.3

13.1

11.5

30.7

19.3

13.6

10.2

8.0

6.3

5.1

7500

47.6

31.7

23.8

19.0

15.9

13.6

11.9

31.7

20.0

14.1

10.6

8.2

6.5

5.3

crop 

------------------------

harvest index (%) 

---------------------------

----------------------------

harvest index (%) 

--------------------------

yield

10%

15%

20%

25%

30%

35%

40%

10%

15%

20%

25%

30%

35%

40%

(kg)

----------

total crop C (tons) before harvest 

-------------------

crop residue C (tons) after harvest 

--------------------

500

3.2

2.1

1.6

1.3

1.1

0.9

0.8

2.1

1.3

0.9

0.7

0.5

0.4

0.4

750

4.8

3.2

2.4

1.9

1.6

1.4

1.2

3.2

2.0

1.4

1.1

0.8

0.7

0.5

1000

6.3

4.2

3.2

2.5

2.1

1.8

1.6

4.2

2.7

1.9

1.4

1.1

0.9

0.7

1250

7.9

5.3

4.0

3.2

2.6

2.3

2.0

5.3

3.3

2.4

1.8

1.4

1.1

0.9

1500

9.5

6.3

4.8

3.8

3.2

2.7

2.4

6.3

4.0

2.8

2.1

1.6

1.3

1.1

1750

11.1

7.4

5.6

4.4

3.7

3.2

2.8

7.4

4.7

3.3

2.5

1.9

1.5

1.2

2000

12.7

8.5

6.3

5.1

4.2

3.6

3.2

8.5

5.3

3.8

2.8

2.2

1.7

1.4

2250

14.3

9.5

7.1

5.7

4.8

4.1

3.6

9.5

6.0

4.2

3.2

2.5

2.0

1.6

2500

15.9

10.6

7.9

6.3

5.3

4.5

4.0

10.6

6.7

4.7

3.5

2.7

2.2

1.8

2750

17.4

11.6

8.7

7.0

5.8

5.0

4.4

11.6

7.3

5.2

3.9

3.0

2.4

1.9

3000

19.0

12.7

9.5

7.6

6.3

5.4

4.8

12.7

8.0

5.6

4.2

3.3

2.6

2.1

3250

20.6

13.7

10.3

8.2

6.9

5.9

5.2

13.7

8.7

6.1

4.6

3.6

2.8

2.3

3500

22.2

14.8

11.1

8.9

7.4

6.3

5.6

14.8

9.3

6.6

4.9

3.8

3.1

2.5

3750

23.8

15.9

11.9

9.5

7.9

6.8

5.9

15.9

10.0

7.1

5.3

4.1

3.3

2.6

4000

25.4

16.9

12.7

10.2

8.5

7.3

6.3

16.9

10.7

7.5

5.6

4.4

3.5

2.8

4250

27.0

18.0

13.5

10.8

9.0

7.7

6.7

18.0

11.3

8.0

6.0

4.7

3.7

3.0

4500

28.6

19.0

14.3

11.4

9.5

8.2

7.1

19.0

12.0

8.5

6.3

4.9

3.9

3.2

4750

30.1

20.1

15.1

12.1

10.0

8.6

7.5

20.1

12.7

8.9

6.7

5.2

4.1

3.3

5000

31.7

21.2

15.9

12.7

10.6

9.1

7.9

21.2

13.3

9.4

7.1

5.5

4.4

3.5

5250

33.3

22.2

16.7

13.3

11.1

9.5

8.3

22.2

14.0

9.9

7.4

5.8

4.6

3.7

5500

34.9

23.3

17.4

14.0

11.6

10.0

8.7

23.3

14.6

10.3

7.8

6.0

4.8

3.9

5750

36.5

24.3

18.2

14.6

12.2

10.4

9.1

24.3

15.3

10.8

8.1

6.3

5.0

4.1

6000

38.1

25.4

19.0

15.2

12.7

10.9

9.5

25.4

16.0

11.3

8.5

6.6

5.2

4.2

6250

39.7

26.4

19.8

15.9

13.2

11.3

9.9

26.4

16.6

11.8

8.8

6.9

5.5

4.4

6500

41.2

27.5

20.6

16.5

13.7

11.8

10.3

27.5

17.3

12.2

9.2

7.1

5.7

4.6

6750

42.8

28.6

21.4

17.1

14.3

12.2

10.7

28.6

18.0

12.7

9.5

7.4

5.9

4.8

7000

44.4

29.6

22.2

17.8

14.8

12.7

11.1

29.6

18.6

13.2

9.9

7.7

6.1

4.9

7250

46.0

30.7

23.0

18.4

15.3

13.1

11.5

30.7

19.3

13.6

10.2

8.0

6.3

5.1

7500

47.6

31.7

23.8

19.0

15.9

13.6

11.9

31.7

20.0

14.1

10.6

8.2

6.5

5.3

crop 

---------------------------

10%

15%

20%

25%

30%

35%

40%

10%

15%

20%

25%

30%

35%

40%

(kg)

----------------

---------------

500

3.2

2.1

1.6

1.3

1.1

0.9

0.8

2.1

1.3

0.9

0.7

0.5

0.4

0.4

750

4.8

3.2

2.4

1.9

1.6

1.4

1.2

3.2

2.0

1.4

1.1

0.8

0.7

0.5

1000

6.3

4.2

3.2

2.5

2.1

1.8

1.6

4.2

2.7

1.9

1.4

1.1

0.9

0.7

1250

7.9

5.3

4.0

3.2

2.6

2.3

2.0

5.3

3.3

2.4

1.8

1.4

1.1

0.9

1500

9.5

6.3

4.8

3.8

3.2

2.7

2.4

6.3

4.0

2.8

2.1

1.6

1.3

1.1

1750

11.1

7.4

5.6

4.4

3.7

3.2

2.8

7.4

4.7

3.3

2.5

1.9

1.5

1.2

2000

12.7

8.5

6.3

5.1

4.2

3.6

3.2

8.5

5.3

3.8

2.8

2.2

1.7

1.4

2250

14.3

9.5

7.1

5.7

4.8

4.1

3.6

9.5

6.0

4.2

3.2

2.5

2.0

1.6

2500

15.9

10.6

7.9

6.3

5.3

4.5

4.0

10.6

6.7

4.7

3.5

2.7

2.2

1.8

2750

17.4

11.6

8.7

7.0

5.8

5.0

4.4

11.6

7.3

5.2

3.9

3.0

2.4

1.9

3000

19.0

12.7

9.5

7.6

6.3

5.4

4.8

12.7

8.0

5.6

4.2

3.3

2.6

2.1

3250

20.6

13.7

10.3

8.2

6.9

5.9

5.2

13.7

8.7

6.1

4.6

3.6

2.8

2.3

3500

22.2

14.8

11.1

8.9

7.4

6.3

5.6

14.8

9.3

6.6

4.9

3.8

3.1

2.5

3750

23.8

15.9

11.9

9.5

7.9

6.8

5.9

15.9

10.0

7.1

5.3

4.1

3.3

2.6

4000

25.4

16.9

12.7

10.2

8.5

7.3

6.3

16.9

10.7

7.5

5.6

4.4

3.5

2.8

4250

27.0

18.0

13.5

10.8

9.0

7.7

6.7

18.0

11.3

8.0

6.0

4.7

3.7

3.0

4500

28.6

19.0

14.3

11.4

9.5

8.2

7.1

19.0

12.0

8.5

6.3

4.9

3.9

3.2

4750

30.1

20.1

15.1

12.1

10.0

8.6

7.5

20.1

12.7

8.9

6.7

5.2

4.1

3.3

5000

31.7

21.2

15.9

12.7

10.6

9.1

7.9

21.2

13.3

9.4

7.1

5.5

4.4

3.5

5250

33.3

22.2

16.7

13.3

11.1

9.5

8.3

22.2

14.0

9.9

7.4

5.8

4.6

3.7

5500

34.9

23.3

17.4

14.0

11.6

10.0

8.7

23.3

14.6

10.3

7.8

6.0

4.8

3.9

5750

36.5

24.3

18.2

14.6

12.2

10.4

9.1

24.3

15.3

10.8

8.1

6.3

5.0

4.1

6000

38.1

25.4

19.0

15.2

12.7

10.9

9.5

25.4

16.0

11.3

8.5

6.6

5.2

4.2

6250

39.7

26.4

19.8

15.9

13.2

11.3

9.9

26.4

16.6

11.8

8.8

6.9

5.5

4.4

6500

41.2

27.5

20.6

16.5

13.7

11.8

10.3

27.5

17.3

12.2

9.2

7.1

5.7

4.6

6750

42.8

28.6

21.4

17.1

14.3

12.2

10.7

28.6

18.0

12.7

9.5

7.4

5.9

4.8

7000

44.4

29.6

22.2

17.8

14.8

12.7

11.1

29.6

18.6

13.2

9.9

7.7

6.1

4.9

7250

46.0

30.7

23.0

18.4

15.3

13.1

11.5

30.7

19.3

13.6

10.2

8.0

6.3

5.1

7500

47.6

31.7

23.8

19.0

15.9

13.6

11.9

31.7

20.0

14.1

10.6

8.2

6.5

5.3


For example, if 2 tons of crop residues containing 0.47 C are applied to a soil in a mild moist climate (where soil C sequestration = 0.12), then the soil C gain at the end of the first year is calculated as:

Soil C sequestration (after one year)= 2.0 t ha-1 x 0.47t C t-1 x 0.12 t soil C t-1) = 0.11 t C

This relationship demonstrates that the soil C gain is relatively small compared to the amount of soil C inputs.  Furthermore, the “young” soil C continues to decompose over time.  Assuming that the soil carbon gain belongs to a labile carbon pool with a turnover of 0.2 per years (≈ 5 years, see Woomer et al., 1994; Parton et al., 1994), then the C remaining over time may be described as soil C remaining = soil C sequestration x (1 – turnover)time or, in the case above (for 2 t of crop residue) at the end of 4 years (3 more years) 

Soil C sequestration = 2.0 t ha-1 x 0.47t C t-1 x 0.12 t soil C t-1) x (0.8)3 = 0.06 t C

This sort of C gain is extremely modest and, assuming that C is valued for $10 per ton, extremely difficult to document in a cost effective manner given the cost of soil C analyses.  

Table 4. Soil carbon gains (tons) after one year resulting from either the application (left) or return (right) of crop residues with different climate-driven carbon sequestration efficiencies.  Applied assumes that residues are transported elsewhere, returned assumes that crop roots also contribute C.
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. Projected carbon pools

 respond to the systematic changes in user inputs 

provided within the 

Aggregated C Gain Spreadsheet

 sensitivity analysis.
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Table 4 presents the soil C gain after one year resulting from different sized residue additions in various climates.  The figures to the left assume that the residues are repositioned (transported and applied) and the figures to the right assume that crop residues are incorporated in the field from which they originate, including crop roots.  Carbon sequestration efficiencies may be interpolated across columns depending on climatic conditions and, the effects are additive so that sequestration resulting from a 20 t addition of returned residues  is equal to that resulting from 10 t x 2, or 1.26 t in a mild humid climate (0.63 x 2).  This table does not take chemical characteristics into account.  In general, organic residues with a low C:N ratio and low in lignin and polyphenol decompose more rapidly and completely than those low in nitrogen and high in recalcitrant, secondary compounds.  Again, it is advised that Table 4 be applied with caution as the difficulties in actually documenting the soil carbon claims are much more difficult than those in biomass.

A shortcut approach.  Lengthy mathematical discussion of these tables may distract from their overall purpose, to allow for rapid and accurate estimation of woody biomass and soil carbon stocks based upon minimum information.  Carbon stocks which could not be “visualized” by land managers, development specialists or extensionists may now be quantified using these tables (Figure 2).  Take for example the carbon gain due to an improved tree fallow producing 1000 trees per ha of 15 cm diameter and that increased total soil organic carbon in the loam by 0.8% C.  The woody biomass gain per ha is 0.033 t x 1000 = 33 t ha-1.  The soil C gain (for 8 g C per kg soil) is 35.2 t C ha, yielding a system C optima of 68.2 t C ha.  This value is best adjusted over time.  If the fallow interval is five years, the C sequestration rate for woody biomass and total system C is 6.6 and 13.6 t ha-1yr-1, respectively.  

It must be emphasized that these tables that are intended to assist a wider cross-section of the land management and environmental communities to become involved in the estimation of carbon stocks and agro-biodiversity, and in some ways are over-simplified.  Table 1 is based upon a preliminary assumption of a single widely applicable allometric equation predicting aboveground tree biomass and this table could be better refined for more applicable DBH size categories and different tree species and vegetation zones.  Table 2 presents yield increments of 500 kg and assumes that one is aware of the harvest index for a given crop.  Table 3 assumes that the range of interest for soil C stocks is 25 g C kg soil-1 and that five textures adequately cover the range of soil texture conditions.  Total system C estimates derived from combining these three somewhat speculative because assumptions about root biomass and annual litter turnover are also taken into account.  

Figure 2 illustrates how to use this information in this chapter to estimate the carbon in a field or on your farm.  To do this, one must know the number of trees and their diameters, crop yields and have an estimate of the harvest index, the soil organic C content and the soil bulk density.  Get a paper and pencil (or a good calculator) and then refer to Table 6 to compile a farm or field carbon baseline, the carbon gains from tree planting and the value of that carbon.  Table 6 is completed using the following procedure:

1. Step 1. Establish baseline: tree biomass C. This section of the form is intended for completion before the initiation of a carbon offset project, or may be completed by comparing a cropland adjacent to tree planting, assuming that the land use and soil are representative.  Enter the DBH and number of trees that fall into up to three different size categories and refer to Table 1a to identify the tree biomass C for each category by matching the tree diameter (columns) and number of trees (rows).  Additional categories may be included on a separate sheet if necessary.  Sum the categories to obtain the Total Tree Biomass and enter this value into the far right column of Table 5.

2. Step 1. Crop Biomass C.  Enter the yield and harvest index for up to two crops grown either sequentially within the same year or as intercrops. And identify the peak C for each by matching the harvest indices (columns) and crop yield (rows) from Table 2.  Sum these values to obtain the Total peak Crop C and enter this value into the far right column of Table 5.  Time-average this value by including the total number of wet months.

3. Step 1. Soil C. This section requires that the soil be analyzed to C and the results expressed as g C per kg soil (= 0.1 x C %).  Based on either soil texture or bulk density, identify the appropriate column and match this with the appropriate C content in Table 3 to obtain the value for total soil C (t C per ha) and enter it into the far right column of Table 5.

4. Step 1. Total system baseline C.  Calculate this value as the sum of total tree, time-averaged crop and soil C and enter it into the far right column. This value is the baseline C.

5. Step 2. Project C gains: Tree and Soil C.  This part of the form is intended to be completed at regular intervals (e.g. once a year) after the planted trees are established and growing.  Enter the tree numbers and diameters and identify their C contents, this time using Table 1b, which also considers C gain in the soil beneath the trees.

6. Step 2. Intercrop C.  Include the time-averaged C content contained in intercrops (Table 2), understorey or cover crops and adjust the value by wet months.  Many cover crops lack “yield” so the biomass C must be obtained through destructive sampling (see next section).

7. Step 2. Project C gains. Sum the tree and crop C values; this is the unadjusted Total project C gain.

8. Step 3. Net project C gain.  Calculate this value by subtracting the baseline value, but do not include the baseline soil C (baseline tree and crop C, but not soil C) and enter in the far right column.  Calculate the value of this C by multiplying it by the C price, usually $10 per t C.

Table 5.  Calculating C baseline, project C gains and carbon 

Step 1: Establish baseline C status in project area 

Tree biomass C (from Table 1a)

Tree category 1

DBH _________
number __________
carbon _________________

Tree category 2

DBH _________
number __________
carbon +  _______________

Tree category 3

DBH _________
number __________
carbon +  _______________

Total tree biomass C (TTBC) = ∑ categories 1-3


            =  _____________ t C
Crop biomass C (from Table 2)

Crop 1 _______________
yield ______
harvest index _____
peak C _________________

Crop 2 _______________
yield ______
harvest index _____
peak C +  _______________

Total peak crop C (TPCC)






= ______________ t C

Time-averaged crop C (TACC) = (0.5 x (TPCC)) / (12 – wet months)

= ______________ t C



Soil C (from Table 3)

Soil carbon content (g C kg-1 soil)  ​​​​​​​​​​​_________  _ 

Texture 
_________________ 
or bulk density ___________ kg l-1
Soil depth  [   } 20 cm  [   } 50 cm) 
Soil C (from Table 3)


 ______________ t ha-1
Land area
 ________________  ha 

Total soil C (TSC) = Soil C (t ha-1) / land area (ha)



= ______________ t C

Total system baseline C (TSBC) = TTBC + TACC + TSC


= ______________ t C

Step 2: Estimate C project gains through tree planting and intercropping

Tree biomass and soil C gains (from Table 1a)

Tree category 1

DBH _________
number __________
carbon _________________

Tree category 2

DBH _________
number __________
carbon +  _______________

Tree category 3

DBH _________
number __________
carbon +  _______________

Total tree and soil C gains (TSCG) = ∑ categories 1-3

        
            = _______________ t C
Intercrop biomass C (from Table 2)

Intercrop 1 ______________
yield ______
harvest index _____
peak C _________________

Intercrop 2 ______________
yield ______
harvest index _____
peak C +  _______________

Total peak crop C (TPCC)






= _____________ t C

Time-averaged crop C gain (TACG) = (0.5 x (TPCC)) / (12 – wet months)
= _____________ t C
Total project C gain (TPCG) = TSCG + TACG




= _____________ t C

Step 3: Calculate net project C and value 

Net project C (NPC)  = (TPGC – (TSBC – TSC))

TPGC









_______________ t C

TSBC









 -  _____________ t C

TSC









 -  _____________ t C

NPC









=  _____________ t C

Net Project C value = Net project C (t) x C price ($ t-1)
C price ($ t-1)








x   _____________ $ t-1
Net Project C value







=   _____________ $
Verifying Carbon: Detailed Field Procedures

Project researchers may require more precise estimates of total system carbon in order to ground truth remotely-sensed data or to calibrate the shortcut method based upon tabular-based estimates in the Visualize Carbon section (above).   The approach described below is based upon Woomer et al. (2001) for smallhold farms and Woomer and Palm (1998) for forests, readers’ detailed field procedures are referred to those papers.  The model for total system C is:

Total C = AG tree C + AG herbaceous C + root C + litter C + soil C

Tree C is based upon allometric equations published by FAO (1997).  Herbaceous C refers to either field crops, forest understorey of small trees and shrubs.  Roots may either be excavated or estimated based upon known root:shoot ratios.  Surface litter is gathered from small quadrates and soil C is measured, in this case, by dry combustion.  Keep in mind that these field procedures are time and labour demanding, and it is difficult to document C gains within a complex agroecosystem at less expense than the value of those gains.  Nonetheless, it is important that standardized field procedures be developed for the project so that the detailed carbon measurements collected during the project are more comparable. 
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soil C sequestration efficiency 

----------------------------------------------------

20%

16%

12%

10%

6%

20%

16%

12%

10%

6%

(kg)

------------

kg C from crop residue applied 

-------------

--------------

kg C from crop residue returned 

250

0.02

0.02

0.01

0.01

0.01

0.03

0.03

0.02

0.02

0.01

500

0.05

0.04

0.03

0.02

0.01

0.06

0.05

0.04

0.03

0.02

750

0.07

0.06

0.04

0.04

0.02

0.10

0.08

0.06

0.05

0.03

1000

0.09

0.08

0.06

0.05

0.03

0.13

0.10

0.08

0.06

0.04

1250

0.12

0.09

0.07

0.06

0.04

0.16

0.13

0.10

0.08

0.05

1500

0.14

0.11

0.08

0.07

0.04

0.19

0.15

0.11

0.10

0.06

1750

0.16

0.13

0.10

0.08

0.05

0.22

0.18

0.13

0.11

0.07

2000

0.19

0.15

0.11

0.09

0.06

0.25

0.20

0.15

0.13

0.08

2250

0.21

0.17

0.13

0.11

0.06

0.29

0.23

0.17

0.14

0.09

2500

0.24

0.19

0.14

0.12

0.07

0.32

0.25

0.19

0.16

0.10

2750

0.26

0.21

0.16

0.13

0.08

0.35

0.28

0.21

0.17

0.10

3000

0.28

0.23

0.17

0.14

0.08

0.38

0.30

0.23

0.19

0.11

3250

0.31

0.24

0.18

0.15

0.09

0.41

0.33

0.25

0.21

0.12

3500

0.33

0.26

0.20

0.16

0.10

0.44

0.36

0.27

0.22

0.13

3750

0.35

0.28

0.21

0.18

0.11

0.48

0.38

0.29

0.24

0.14

4000

0.38

0.30

0.23

0.19

0.11

0.51

0.41

0.30

0.25

0.15

4250

0.40

0.32

0.24

0.20

0.12

0.54

0.43

0.32

0.27

0.16

4500

0.42

0.34

0.25

0.21

0.13

0.57

0.46

0.34

0.29

0.17

4750

0.45

0.36

0.27

0.22

0.13

0.60

0.48

0.36

0.30

0.18

5000

0.47

0.38

0.28

0.24

0.14

0.63

0.51

0.38

0.32

0.19

5250

0.49

0.39

0.30

0.25

0.15

0.67

0.53

0.40

0.33

0.20

5500

0.52

0.41

0.31

0.26

0.16

0.70

0.56

0.42

0.35

0.21

5750

0.54

0.43

0.32

0.27

0.16

0.73

0.58

0.44

0.36

0.22

6000

0.56

0.45

0.34

0.28

0.17

0.76

0.61

0.46

0.38

0.23

6250

0.59

0.47

0.35

0.29

0.18

0.79

0.63

0.48

0.40

0.24

6500

0.61

0.49

0.37

0.31

0.18

0.82

0.66

0.49

0.41

0.25

6750

0.63

0.51

0.38

0.32

0.19

0.86

0.69

0.51

0.43

0.26

7000

0.66

0.53

0.39

0.33

0.20

0.89

0.71

0.53

0.44

0.27

7250

0.68

0.55

0.41

0.34

0.20

0.92

0.74

0.55

0.46

0.28

7500

0.71

0.56

0.42

0.35

0.21

0.95

0.76

0.57

0.48

0.29

7750

0.73

0.58

0.44

0.36

0.22

0.98

0.79

0.59

0.49

0.30

8000

0.75

0.60

0.45

0.38

0.23

1.02

0.81

0.61

0.51

0.30

8250

0.78

0.62

0.47

0.39

0.23

1.05

0.84

0.63

0.52

0.31

8500

0.80

0.64

0.48

0.40

0.24

1.08

0.86

0.65

0.54

0.32

8750

0.82

0.66

0.49

0.41

0.25

1.11

0.89

0.67

0.56

0.33

9000

0.85

0.68

0.51

0.42

0.25

1.14

0.91

0.69

0.57

0.34

9250

0.87

0.70

0.52

0.43

0.26

1.17

0.94

0.70

0.59

0.35

9500

0.89

0.71

0.54

0.45

0.27

1.21

0.96

0.72

0.60

0.36

9750

0.92

0.73

0.55

0.46

0.27

1.24

0.99

0.74

0.62

0.37

10000

0.94

0.75

0.56

0.47

0.28

1.27

1.02

0.76

0.63

0.38

10250

0.96

0.77

0.58

0.48

0.29

1.30

1.04

0.78

0.65

0.39

10500

0.99

0.79

0.59

0.49

0.30

1.33

1.07

0.80

0.67

0.40

10750

1.01

0.81

0.61

0.51

0.30

1.36

1.09

0.82

0.68

0.41

11000

1.03

0.83

0.62

0.52

0.31

1.40

1.12

0.84

0.70

0.42

11250

1.06

0.85

0.63

0.53

0.32

1.43

1.14

0.86

0.71

0.43

11500

1.08

0.86

0.65

0.54

0.32

1.46

1.17

0.88

0.73

0.44

11750

1.10

0.88

0.66

0.55

0.33

1.49

1.19

0.89

0.75

0.45

12000

1.13

0.90

0.68

0.56

0.34

1.52

1.22

0.91

0.76

0.46
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0.02

0.02

0.01

0.01

0.01

0.03

0.03

0.02
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0.01

500

0.05

0.04

0.03

0.02

0.01
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0.05

0.04

0.03
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750

0.07
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0.05

0.03

1000

0.09

0.08

0.06

0.05

0.03

0.13

0.10

0.08

0.06

0.04

1250
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0.09

0.07

0.06

0.04

0.16

0.13

0.10

0.08

0.05

1500

0.14

0.11

0.08

0.07

0.04

0.19

0.15

0.11

0.10

0.06

1750

0.16

0.13

0.10

0.08

0.05

0.22

0.18

0.13

0.11

0.07

2000

0.19

0.15

0.11

0.09

0.06

0.25

0.20

0.15

0.13

0.08

2250

0.21

0.17

0.13

0.11

0.06

0.29

0.23

0.17

0.14

0.09

2500

0.24

0.19

0.14

0.12

0.07

0.32

0.25

0.19

0.16

0.10

2750

0.26

0.21

0.16

0.13

0.08

0.35

0.28

0.21

0.17

0.10

3000

0.28

0.23

0.17

0.14

0.08

0.38

0.30

0.23

0.19

0.11

3250

0.31

0.24

0.18

0.15

0.09

0.41

0.33

0.25

0.21

0.12

3500

0.33

0.26

0.20

0.16

0.10

0.44

0.36

0.27

0.22

0.13

3750

0.35

0.28

0.21

0.18

0.11

0.48

0.38

0.29

0.24

0.14

4000

0.38
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0.23

0.19

0.11

0.51

0.41

0.30

0.25

0.15

4250

0.40

0.32

0.24

0.20

0.12

0.54

0.43

0.32

0.27

0.16

4500

0.42

0.34

0.25

0.21

0.13

0.57

0.46

0.34

0.29

0.17

4750

0.45

0.36

0.27

0.22

0.13

0.60

0.48

0.36

0.30

0.18

5000

0.47

0.38

0.28

0.24

0.14

0.63

0.51

0.38

0.32

0.19

5250

0.49

0.39

0.30

0.25

0.15

0.67

0.53

0.40

0.33

0.20

5500

0.52

0.41

0.31

0.26

0.16

0.70

0.56

0.42

0.35

0.21

5750

0.54

0.43

0.32

0.27

0.16

0.73

0.58

0.44

0.36

0.22

6000

0.56

0.45

0.34

0.28

0.17

0.76

0.61

0.46

0.38

0.23

6250

0.59

0.47

0.35

0.29

0.18

0.79

0.63

0.48

0.40

0.24

6500

0.61

0.49

0.37

0.31

0.18

0.82

0.66

0.49

0.41

0.25

6750

0.63

0.51

0.38

0.32

0.19

0.86

0.69

0.51

0.43

0.26

7000

0.66

0.53

0.39

0.33

0.20

0.89

0.71

0.53

0.44

0.27

7250

0.68

0.55

0.41

0.34

0.20

0.92

0.74

0.55

0.46

0.28

7500

0.71

0.56

0.42

0.35

0.21

0.95

0.76

0.57

0.48

0.29
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0.73

0.58

0.44

0.36
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0.79
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0.38

0.23
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0.47
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1.05

0.84

0.63

0.52

0.31

8500

0.80

0.64

0.48

0.40

0.24

1.08

0.86

0.65

0.54

0.32

8750

0.82

0.66

0.49

0.41

0.25

1.11

0.89

0.67

0.56

0.33

9000

0.85

0.68

0.51

0.42

0.25

1.14

0.91

0.69

0.57

0.34

9250

0.87

0.70

0.52

0.43

0.26

1.17

0.94
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0.35

9500

0.89

0.71
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0.45

0.27

1.21

0.96
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0.36
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0.92
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1.24
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0.62
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0.94
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0.28
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1.02

0.76
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0.96
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0.99
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0.49
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1.33
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0.63
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0.32
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0.33
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0.89

0.75
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0.56

0.34
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0.76

0.46

-----------------------------

climate 

--------------------------

---------------------------

climate 

---------------------------

crop 

cool

mild

hot

cool

mild

hot

residue

dry

moist

humid

dry

moist

humid

------------------------------------

soil C sequestration efficiency 

----------------------------------------------------

20%

16%

12%

10%

6%

20%

16%

12%

10%

6%

(kg)

------------

kg C from crop residue applied 

-------------

--------------

kg C from crop residue returned 

250

0.02

0.02

0.01
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0.16
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0.08
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0.14

0.11
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1750
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0.13
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0.08

0.05

0.22

0.18

0.13

0.11

0.07

2000

0.19

0.15

0.11

0.09

0.06

0.25

0.20

0.15

0.13

0.08

2250

0.21

0.17

0.13

0.11

0.06

0.29

0.23

0.17

0.14

0.09

2500

0.24

0.19

0.14

0.12

0.07

0.32

0.25

0.19

0.16

0.10

2750

0.26

0.21

0.16

0.13

0.08

0.35

0.28

0.21

0.17

0.10

3000

0.28

0.23

0.17

0.14

0.08

0.38

0.30

0.23

0.19

0.11

3250

0.31

0.24

0.18

0.15

0.09

0.41

0.33

0.25

0.21

0.12

3500

0.33

0.26

0.20

0.16

0.10

0.44

0.36

0.27

0.22

0.13

3750

0.35

0.28

0.21

0.18

0.11

0.48

0.38

0.29

0.24

0.14

4000

0.38

0.30

0.23

0.19

0.11

0.51

0.41

0.30

0.25

0.15

4250

0.40

0.32

0.24

0.20

0.12

0.54

0.43

0.32

0.27

0.16

4500

0.42

0.34

0.25

0.21

0.13

0.57

0.46

0.34

0.29

0.17

4750

0.45

0.36

0.27

0.22

0.13

0.60

0.48

0.36

0.30

0.18

5000

0.47

0.38

0.28

0.24

0.14

0.63

0.51

0.38

0.32

0.19

5250

0.49

0.39

0.30

0.25

0.15

0.67

0.53

0.40

0.33

0.20

5500

0.52

0.41

0.31

0.26

0.16

0.70

0.56

0.42

0.35

0.21

5750

0.54

0.43

0.32

0.27

0.16

0.73

0.58

0.44

0.36

0.22

6000

0.56

0.45

0.34

0.28

0.17

0.76

0.61

0.46

0.38

0.23

6250

0.59

0.47

0.35

0.29

0.18

0.79

0.63

0.48

0.40

0.24

6500

0.61

0.49

0.37

0.31

0.18

0.82

0.66

0.49

0.41

0.25

6750

0.63

0.51

0.38

0.32

0.19

0.86

0.69

0.51

0.43

0.26

7000

0.66

0.53

0.39

0.33

0.20

0.89

0.71

0.53

0.44

0.27

7250

0.68

0.55

0.41

0.34

0.20

0.92

0.74

0.55

0.46

0.28

7500

0.71

0.56

0.42

0.35

0.21

0.95

0.76

0.57

0.48

0.29

7750

0.73

0.58

0.44

0.36

0.22

0.98

0.79

0.59

0.49

0.30

8000

0.75

0.60

0.45

0.38

0.23

1.02

0.81

0.61

0.51

0.30

8250

0.78

0.62

0.47

0.39

0.23
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A minimum of three team members are required to conduct these field procedures, one of which is designated the leader and held responsible for all randomization procedures, data entry protocols and sample labelling codes.  These methods, however, are most efficiently conducted by teams of eight consisting of a leader, three members establishing major quadrates and measuring tree diameters followed by two members positioning understorey sub-quadrates and recovering vegetation and litter followed by two members sampling soils and recovering roots.  Local land managers who wish to work with the team should not be discouraged but require initial supervision and cautioning about site disturbance prior to and during measurements.  Transporting samples from remote sites to road heads is often very labour and time demanding and teams must adjust their pace to this end-of-day effort.  One option is to begin measurements furthest from the road head in the morning and work towards it during the day.  A list of field equipment useful in conducting carbon measurements is presented in Table 6.  Most of this equipment is readily available in developing countries with the exception of geographical positioning systems, range finders and hand saws suitable for cutting roots in the soil.  

Table 6. Important field tools and their uses in a field campaign to measure total system carbon in smallhold farming systems.

___________________________________________________________________________

 tool: use

-----------------------------------------------------------------------------------------------------------------

 geographic positioning system: identify geographic coordinates of site and land use

 local or aerial map: assist in site location, establish rapport with farmers

 random number table: assist in randomization decisions

 compass: assist in mapping and randomization direction 

 data sheets and clip board: enter DBH and labelling codes with sketch maps on reverse side

 range finder: measure farm and field dimensions

 metric tape measure: establish 50 m linear axis of major quadrat. Measure field dimensions

 diameter tape: measure tree diameter

 fluorescent tape: mark approximate location of major quadrates

 dial calliper: measure DBH of smaller trees

 1 m x 1 m wooden quadrat: establish boundaries for understorey recovery

 0.5 m x 0.5 m wooden quadrat: establish boundaries for surface litter recovery

 hand shears: recover understorey vegetation

 small hand rake: recover surface litter

 hand saw: recover small trees, woody litter and larger roots

 flat-bladed shovel: excavate soil and roots

 bulk density cylinders: recover soil bulk density samples for each land use

 wooden mallet: drive bulk density cylinders into soil

 flat-bladed knife: trim soil cylinders and others

 camera and film: document procedures and land uses

 plastic tarp: establish sample processing area

 ___________________________________________________________________________
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Figure 2. A stepwise approach to establishing a farm carbon baseline that considers trees, 

crops and soil that may be adjusted to different land areas.
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Woody Biomass Carbon Measurement and Sampling
The presence and arrangement of woody biomass governs the approach to aboveground carbon measurement within an ecosystem (Woomer and Palm, 1998; Woomer et al., 2000).  Trees in remnant forests and in farmers’ fields and woodlots be measured within replicated plots (e.g. 30 m x 30 m) with the location established through a stratified, random process.  This approach is poorly applicable to situations where trees are infrequent or dispersed, in which case the plot size must either be increased or line transects established (Woomer et al., 2001).  An alternative approach, The Point-Quarter Sampling Technique (Brower et al., 1990; Sutherland, 1996) relies on plotless sampling for tree or shrub density, biomass, or related properties and is often the method of choice when individuals are sparse and widely separated and it is too laborious to use line or belt transects.    Systematically planted trees are measured along rows with the transect width adjusted to the inter-row spacing.  Trees and large shrubs within boundaries are measured in similar fashion with the transect width also adjusted to conditions.  

The diameter at breast height (DBH in cm) of all stems greater than 2 cm is recorded using callipers or a diameter tape where circumference is expressed in units of diameter.  Biomass is assigned to individual trees through allometric equations either empirically derived from local conditions or adopted from previous work in various ecological zones (Brown et al., 1989; FAO, 1997).  Allometric equations based upon power functions, which intercept the origin, are recommended above quadratic approaches because of their greater accuracy for assigning biomass to smaller trees.  For general purposes, we recommend the equations from FAO (1997) in Dry Zones (<1500 mm y-1): 
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Aboveground tree biomass (kg tree-1) = exp(-1.996 + 2.32 lnD)     
and in Moist Zones (1500-4000 mm y-1): 

Aboveground tree biomass (kg tree-1) = exp(-2.134 + 2.53 lnD)  
where Y is the aboveground tree biomass in kg and D is the measured DBH in cm.  Other equations are available for drier (<900 mm y-1) and wet zone (>4000 mm y-1) from FAO (1997).  The above equations are based upon lowland tropical moisture-temperature relationships and judgement is required when applying them to higher elevations as evapotranspiration decreases and climate becomes "wetter" at a given rainfall (FAO, 1997).  Tree biomass is converted to carbon by a factor of 0.47 and various rules are applied toward leaning, fallen and heavily branched trees (Woomer and Palm, 1998).  The average biomass (kg) of field-replicated 900 m2 plots (Figure 3) is adjusted to Mg ha-1 with a factor of 0.011 (10000 m2 ha-1 / 900 m2 plot-1 / 1000 kg Mg-1).  

During the baseline study, the plot size for C measurement was a randomly-selected area of 30 m x 30 m (= 900 m2) as presented in Figure 3.  The DBH of all trees with trunks falling within that area were recorded, and then five understorey quadrates deployed at random within the main plot for destructive sampling of shoots, litter and roots and the recovery of soils. A table of random numbers useful for placement of sampling quadrates appears in Appendices 2 & 3.  The procedure relied upon during the baseline study is likely too expensive and time consuming to be relied upon for routine monitoring of C stocks, but it does serve as an example for the verification of estimates developed using the shortcut method previously described.  For example, it is suitable for lands with randomly and systematically placed trees. 

Herbaceous and Surface Litter Carbon Sampling and Measurement
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Herbaceous and woody vegetation with DBH less than 2.5 cm is harvested from randomized (see Appendix 1), replicated 1.0 m x 1.0 m frames (Figure 1).  Transects are laid in each farm enterprise and 1.0 m2 quadrat positions assigned at random intervals along them (Appendix 1B).  The quadrates may be "nested" within the 100 m2 tree quadrates, or when trees are absent or sparse, located independently of tree measurement.  Plant tissues originating outside of the quadrat but falling within it are recovered and plant tissues originating within the quadrat but grown beyond it are discarded.  Then all remaining vegetation is cut at ground-level and recovered.  Care is taken to collect any fresh tissues that fall during harvest.  Samples are weighed, sub-sampled, dried at 65o C to constant weight and corrected for moisture.  Live vegetation is assumed to contain 0.45 C once dried.  The average biomass (kg) of field-replicated 1.0 m2 herbaceous quadrates is adjusted to Mg ha-1 with a factor of 10 (10000 quadrates ha-1/1000 kg Mg-1).  Measurement of annual crop biomass is time consuming considering the size of their carbon stocks.  An alternative approach is to reconstruct biomass C by adjusting yields with harvest index and the proportion of roots using the equation:

Biomass C (Mg ha-1) = 0.45 x ((CY/HI) + RR(CY/HI))           

where CY = reported average crop yield, HI = harvest index and RR = the ratio of below-ground to aboveground biomass.  This equation forms the basis for the peak crop biomass C estimates presented in Table 2.
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Surface litter is collected from centrally-positioned 0.5 m x 0.5 m frames within the larger herbaceous vegetation quadrates using a small hand rake (Figure 1).  Surface litter is assumed to be necromass of identifiable origin (e.g. leaves, fine branches) although judgement is often necessary in differentiating it from the soil organic horizon in grasslands or under trees.  Woody necromass <10 cm in diameter falling within the 0.25 m2 quadrat is collected with a hand saw.  Logs >10 cm diameter require separate characterization based upon geometric and wood density approaches (Woomer and Palm, 1998).  Surface litter is washed over a 2 mm sieve, dried at 65o C to constant weight and corrected for moisture.  Alternatively, the litter is sub-sampled and ashed in a muffle furnace to remove mineral contaminants.  Once dried or combusted, surface litter is assumed to contain 0.45 C.  The average biomass (kg) of field-replicated 0.25 m2 surface litter quadrates is adjusted to Mg ha-1 with a factor of 40 (40000 quadrates ha-1/1000 kg Mg-1).  Measurement of surface litter is not time consuming but this carbon stock tends to be small in enterprises other than woodlots, perennial crops, fodders and fallows.  

Belowground Carbon: Roots and Soil
Root measurement is a necessary component of detailed investigations comparing candidate management interventions but is too time consuming for purposes of routine monitoring.  Roots are collected by excavating an area 0.2 m x 0.2 m to a depth of 30 cm with a narrow, flat-bladed shovel and hand saw.  Coarse roots are hand sorted and washed.  The remaining sample is dispersed in tap water, passed through a 2 mm sieve and roots collected without attempt to differentiate live and dead roots.  Roots are then washed of gross mineral contamination, dried at 65o to constant weight, weighed and a sub-sample ground and ashed.  Ash-corrected dry weight is assumed to contain 0.45 carbon.  The average biomass (kg) of field-replicated 0.04 m2 root quadrates is adjusted to Mg ha-1 with a factor of 250 (250000 quadrates ha-1/1000 kg Mg-1).  Other methods of sampling root biomass are described by Anderson and Ingram (1993).

An alternative approach is to assign root biomass as a proportion of aboveground biomass.  While a paucity of information is available on the proportion of roots in many tropical ecosystems, one estimate from Senegal may prove useful to researchers in African drylands.  The proportion of roots to woody biomass was calculated to be 0.38 based upon the work of Bille and Poupon (1972) who had examined subterranean tree biomass for 17 trees of up to 27 cm diameter.
Soils are recovered in two increments of 0-30 cm using a narrow, flat-bladed shovel or soil auger.  Care is taken to recover coarse roots using a small hand saw during the excavation.  Samples for soil bulk density are recovered by driving a thin-walled metal cylinder of known volume into the vertical face of the excavation with a wooden mallet at two depths (10 cm and 35 cm, one central to each incremental soil sample), withdrawing the filled cylinder, trimming soil protrusions with a knife and storing the sample in a plastic bag for later soil moisture and bulk density determination.  Chemical analyses for soil and litter carbon are described in the following section.  

Soil samples are passed through a 0. 3 mm sieve prior to analysis of the organic carbon content by dry combustion.  Standard operating procedures for the ThermoQuest.CN analyzer are followed during the analysis of soil samples. Oxygen is the combustion gas, helium the carrier gas and compressed medical air used for purging. The combustion furnace temperatures are 9000C (the reactor tube is held inside this furnace). The sample weights used are between 18 mg and 22 mg. A standard and a blank tin capsule are run after every 10 samples.  Detection of carbon is through change in thermal conductivity measured by a TCD detector thermal conductivity detector installed within the CN analyzer
Data Compilation, Analysis and Interpretation
To calculate total system carbon stocks, the individual carbon pools, woody biomass, herbaceous biomass, litter, roots and soil, are totalled and expressed as kg or Mg carbon ha-1 (Woomer and Palm, 1998; Woomer et al., 2000).  This operation is best performed within a spreadsheet data base by entering the carbon pools as columns and the sites (cases) as rows.  Additional columns are required that characterize the site in terms of its coordinates, land use, soil characteristics and additional references. An extract from such a data base that is being constructed for sites in Senegal appears in Table 2.  Completion of the spreadsheet C data base allows for similar sites to be grouped, and summary statistics performed.  Data for one set of carbon values obtained for a given zone and land use combination may be compared to other sets through estimates of error terms. 

Approaches to estimating biomass and wood volumes within different farm enterprises are presented in Table 7.  Annual crops should be measured at peak biomass or biomass data is better reconstructed from yield records.  Banana presents a problem in biomass measurement.  It is a giant herb with a large underground storage organ.  The application of allometric equations for woody biomass is inappropriate and destructively sampling bananas as herbaceous biomass is extremely difficult.  Modelling approaches may assist in reconstructing banana biomass C from yield records when detailed soil data is available and land history known (Woomer et al., 1997, 2001).  Younger fallows and woodlots are undergoing successional changes and researchers must exercise judgement in randomization procedures, particularly for woody biomass measurement (Woomer and Palm, 1998).  An alternative to DBH for large shrubs is to calculate the shrub bio-volume (= cover x height) and assign a calibrated biomass C density factor (e.g. about 0.2 kg C m3.  Fields of annual crops and fodder often contain scattered trees, the DBH of each should be measured as these may contain greater biomass than the crop.  It may be necessary to separate farm and field boundaries because the former usually contains more and larger trees, requiring a set of total length, average width and unit biomass measurements for each.  Guidelines for estimating wood volume of farm structures are not well established but information is available on the density of wood from many tree species (FAO, 1997).  

Table 7. Approaches to estimating biomass and wood volumes in different enterprises of smallhold farming systems.

_______________________________________________________________________________

Farm enterprise
                                              Approach

Annual food crops
Measure random sample of herbaceous vegetation by destructive sampling of small quadrates with plot size dependent upon row spacing.  Include scattered woody biomass by measuring DBH >2.5 cm.  Crop biomass may be reconstructed from yield through harvest index. Adjust for cropping pattern.

Woodlots and perennial crops
Calculate total row length of woody biomass.  Measure DBH of a random sample of trees >2.5 cm in 25 m long quadrates with rows adjusted for row spacing.  Adjust randomization procedures in woodlots resembling natural forest.

Annual market crops
Destructively sample herbaceous vegetation in randomized, replicated 1.0 m2 quadrates or reconstruct biomass based on yields.

Fodder, forage and fallow
Destructively sample herbaceous vegetation in randomized, replicated 1.0 m2 quadrates.  Count and measure DBH of scattered trees.  Tree fallows are considered woodlots.

Farm and field boundaries
Establish total length and average width of farm boundaries.  Measure DBH of woody vegetation >2.5 cm along randomized, replicated 25 m sections.  Nest quadrates for destructively sampled herbaceous vegetation within woody biomass sample if necessary.

Household area
Estimate the wood volume of structures and adjust for wood density.  Measure DBH of woody biomass >2.5 cm.  Estimate mass of manure piles and compost, sample and analyze for total C.  Include fences and other wooden structures.

Agro-Biodiversity: Background and Definitions

The foremost goal of agricultural systems is the production of food and other plant and animal products for household wellbeing and trade.  Land use may also deliver a wide range of additional services that influence the natural resource base and contribute to culture.  Many of these services are characterized through the diversity and abundance of plant species within managed landscapes (FAO, 1999).  The quality of life, indeed the survival, of rural poor is greatly influenced through the diversity of useful plants available to them.  Furthermore, the presence of traditional plants serves as signals that indigenous knowledge systems remain in place.

Two complimentary approaches to monitoring agro-biodiversity are considered in this section. A pair-wise plant checklist of 84 useful, common exotic and indigenous plants was prepared.  This checklist is intended for use as a Rapid Approach to Biodiversity Assessment by surveyors lacking detailed taxonomic knowledge and operates at a “whole-farm” level.  The presence of plants may also be weighed in terms of their abundance, and frequently encountered plants not appearing on the checklist may be “written in” for consideration.  The density and relative frequencies of plant species may be calculated from the checklist, and indicators of the importance of traditional, indigenous plants calculated.  Indices may be standardized across farms by land area.  Some statistics, such as relative species frequency require that individual sites (farms) be treated as observations that are combined within locations, or the project as a whole.  Weedy species and those occurring in wastelands are not particularly well coved within the checklist.  Because the plant species list is largely “close-ended” and site-specific, the indicative statistics collected from this approach cannot be readily compared to other, more open-ended and taxonomic procedures (Boulinier et al., 1998; Gotelli and Colwell, 2001).  The approach is, however, well suited to documenting the changed composition of useful plants between project locations and over the project lifetime. 

Also included within this section is a checklist of 84 indigenous species occurring within the Lake Victoria Regional Mosaic and adjacent afro-montane ecosystems (White, 1983).  While some of the references used in identifying these species are largely limited to useful plants (ICRAF, 1992; Maundu et al., 1999), the most relied-upon source, from The National Museums of Kenya, contains a comprehensive review of indigenous species (Beentje, 1994).  Some taxonomic skills are required to use this second checklist, and it is not likely that it will be used for purposes other than research within the project.  The list does, however, assist surveyors to fill in the open-ended sections of the Rapid Approach to Biodiversity Assessment as necessary.

Some useful definitions

Agro-biodiversity: the variety and variability of animals, plants and microorganisms that occur in managed lands and result from the interactions between the natural environment, genetic resources and management systems. 

Biodiversity: combined from "biological diversity" including three levels of biological variation; ecosystem complexity, species richness, and genetic variation. In this document, the main concerns are at the farm ecosystem and species levels.

Frequency (F): describes the distribution of a species through the stand. It is determined by calculating the percentage of plots in a sample on which a species occurs.  F = (plots containing species / total plots) x 100.

Plot: any area of land of any known shape or size used for sampling.  In the case of farm biodiversity checklists, plots may consist of individual farms or land uses within farms.
Relative Frequency (RF): distribution of one species relative to all species in the sample where RF = (frequency of given species / total frequency of all species) x 100

 Shrub: a short (< 8 m) woody plant, often with multiple stems, that forms part of a plant community.

A Rapid Approach to Biodiversity Assessment
Approach.  These guidelines provide a method of estimating the plant biodiversity within farming systems that does not rely upon detailed taxonomic knowledge, making it useful to land managers, extensionists and development specialists.  The approach is not based upon a comprehensive list of plant species; rather it relies upon a pair-wise checklist of 84 representative exotic and indigenous trees, shrubs and crops.  Upon completion of the checklist, the number and range of representative plants is summed and plant diversity, species density and proportion of indigenous plants established.  In its fullest context, biodiversity includes three levels of biological variability: ecosystem complexity, species richness, and genetic variation. This approach integrates complexity with genus- and species-level “richness”, but does not document genetic variation.  A more comprehensive checklist of useful indigenous plants of west Kenya appears in Appendix 1.  During the appraisal of farm biodiversity, households are also asked questions concerning their willingness to participate in future agroforestry and other tree planting activities.

Field method.  The checklist is intended to be marked based on observations from a series of farm vantage points.  It is best that members of the household assist the surveyor in the completion of this form.

1. The surveyor must familiarize themselves with the plants, and groups of plants, included on the checklist.

2. The surveyor contacts the household and explains the purpose of the biodiversity survey in practical terms such as “we are interested in knowing how many different types of plants you grow on your farm and which are natural and planted”.

3. The farm ID portion of the form is completed (household name, location, date, etc.)

4. Starting with the homestead and kitchen garden, plant frequencies are checked as appropriate (few = <2% cover; some = 2-20% cover and many > 20% cover on a whole-farm basis).  Note that 2% of 1 ha is 200 m2, or an area 14 m x 14 m and that 20% of 1 ha is 2000 m2, or an area 45 m x 45 m.

5. The surveyor moves from one vantage point to another, completing the form with attention paid to different farm enterprises and field-and-farm boundaries.  Space is provided for “other” plants occurring within each category.  If this option is used, them the plant name should be entered into the space provided.

6. The process should require no longer than 30 minutes per farm.  Upon completion of the form, the surveyor should thank household members and ask permission to return at a later date if additional information is required.

Preliminary Calculations

1. Sum the number of plants occurring within each plant category, and then sum the categories.  This sum is Total Plants 

2. Sum the number of plants appearing in the Indigenous column.  This sum is the Indigenous Plants.

3. Divide Indigenous Plants by Total Plants.  This number (always ≤ 1) is the Indigenous Index 

4. Enter the farm size (in ha) from the initial household interview.  Note that 1 ha = 2.47 acres.  This number is the Farm Area. 

5. Divide Total Plants by Farm Area.  This product is Plant Richness.  

6. Divide Indigenous Plants by Farm Area.  This product is Indigenous Richness
Assign a weighted value to each plant density class (e.g. few = 1, some = 5, many = 10).  

7. Calculate the sum of Weighted Total Plants and Weighted  Indigenous Plants.  Calculated the Weighted Indigenous Index.  This approach is an approximation of proportional representation.

8. The weighted approach may also be applied separately for each plant category (1 to 7) or for groups of categories (e.g. trees = categories 1 to 4, crops = categories 6 & 7).

9. Data from each farm may be considered an observation within a larger data analysis for the calculation of plant frequency and relative frequency (see Biodiversity Definitions).

Notes.

1. Fruit trees.  Mango = Mangifera indica; Avocado = Persea Americana; Guava = Psidium guajava; Citrus = Citrus spp.; Wild custard apple = Annona senegalensis; Prunus Africana = red stinkwood (kiburraburra in Kiswahili); Tamarind = Tamarindus indica; Vanguaria = V. apiculata or V infausta.

2. “Needle” leaves. Cypress = Cupressus lusitanica; Pine = Pinus patula; Casuarina = Casuarina spp.;  Juniper = Juniperus procera; Podocarpus = P. falcatus or P. latifolius.

3.  Bamboo. Golden bamboo = Bambusa vulgaris or any bamboo other than A. alpina; Mountain bamboo = Arundinaria alpina.

4. Other trees. Prosopis = P. chiliensis or P. juliflora ; Grevillea = G. robusta; Jacaranda = J. mimosifolia; Flamboyant = Delonix regia; Cassia = C. siamea or C. spectabilis; Eucalyptus = all Eucalyptus spp. ; Monkeypod = Samanea saman (Albizia saman); Pepper tree = Schinus molle, Pithecellobium = P. dulce; Bottlebrush tree = Callistemon citrinus; Prickly pear cactus = Opuntia spp.; Acacia = All Acacia spp. except A mearnsii and exotic phylodinous species (e.g. A. ariculiformis); Albizia = all Albizia spp., particularly A. coriara and A. gummifera, and except the exotics A. lebbek and A. saman;   Erythrina = E. abyssinica; Nandi flame = Spathodea companulata; Camels foot = Piliostigma thonningii (formerly Bauhinia) but not Bauhinia variegata; Cordia = all African Cordia spp., particularly C. africana, C. milleni and C. monoica; Sausage tree = Kigelia pinnata; Markhemia = M. lutea; Ficus = F. sycomorus or F. thonningi but not F elastica or F. sinensis; Croton = C. macrostachyus or C. megalocarpus; Euphorbia = E candelabrum and other succulent trees.

5. Shrubs, hedges and live fences.  Gliricidia = G. sepium; Leucaena = L. leucocephala and others; Calliandra = C calothrysus and others; Lantana = L. camara; Tithonia = T. diversifolia; Caesalpina = C. decapetala (Mauritius thorn); Carissa = C. edulis; Moringa = M. olifera and M. stenopetala; Euphorbia = all Euphorbia spp., particularly E. tirucalli; Terminalia = all Terminalia spp., particularly T. mollis; Vernonia = V. amygdalina, V. auriculifera, others; Tephrosia = T vogelii and others; Sesbania = S. sesban. 

6. Field crops. Maize = Zea mays; Beans = Phaseolus vulgaris; Groundnut = Arachis hypogaea; Gram = Vigna aureus or V. mungo; Soya = Glycine max; Cassava = Manihot esculenta ; Sweet potato = Ipomoea batatas; Pumpkin = Cucurbita max, others; Tea = Camellia sinensis; Papaya = Carica papaya; Sorghum = S. bicolor; Finger millet = Eleucine coracana; Cowpea = Vigna unguiculata; Pigeonpea = Cajanus cajan; Bambara nut = Vigna sunterranea (Voandzeia subterranea); Coffee = Coffea arabica or C. robusta; Napier grass = Pennisetum purpureum; Yam = Dioscorea bulbifera but not sweet potato, cocoyam or taro; Banana = Musa spp.; Gourd = Lagenaria siceraria; Sesame = Sesamum orientale; Cotton = Glossypum herbaceum or G. hirtusum.

7. Vegetables.  Sukuma-wiki (kale) = Brassica oleracea var. acephala; Cabbage = Brassica oleracea var. capitata; Onion = Allium cepa; Tomato = Lycopersicon esculentum; Carrot = Daucus carota; Amaranth = A. dubius and A, hybridus; Crotolaria = C. ochroleuca; Nightshade = Solanum nigrum and others; Spiderplant = Cleome gynandra; Jute = Corchorus olitorius or C. trilocularis.

Data Form: A rapid assessment of biodiversity in smallhold systems of west Kenya (1 of 4)

Household ____________________________
Location ___________________________

Division ______________________________
District _____________________________

Longitude ____________________ Latitude ____________________ Elevation ____________

Farm size _________________ ha
Enterprise no. _________________ Cattle _____________

Enumerator ___________________________
Date _______________________________

1. Fruit trees

Exotic


few     some   many

Indigenous

few     some   many

--------------------------------------------------------------------------------------------------------------------

Mango


[   ]
[   ]
[   ]

Wild custard apple
[   ]
[   ]
[   ]

Avocado

[   ]
[   ]
[   ]

Prunus africana
[   ]
[   ]
[   ]

Guava


[   ]
[   ]
[   ]

Tamarind

[   ]
[   ]
[   ]

Citrus


[   ]
[   ]
[   ]

Vanguaria

[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

2. Trees with “needle” leaves

Exotic


few     some   many

Indigenous

few     some   many

--------------------------------------------------------------------------------------------------------------------

Cypress/Pine

[   ]
[   ]
[   ]

Juniper


[   ]
[   ]
[   ]

Casuarina

[   ]
[   ]
[   ]

Podocarpus

[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

3. Bamboo

Exotic


few     some   many

Indigenous 

few     some   many

--------------------------------------------------------------------------------------------------------------------

Golden bamboo
[   ]
[   ]
[   ]

Mountain bamboo
[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

Data Form: A rapid assessment of biodiversity in smallhold systems of west Kenya (2 of 4)

4. Other trees (timber, fuel, ornamental and ceremonial)

Exotic


few     some   many

Indigenous

few     some   many

--------------------------------------------------------------------------------------------------------------------

Prosopis

[   ]
[   ]
[   ]

Acacia
(not wattle)
[   ]
[   ]
[   ]

Grevillia

[   ]
[   ]
[   ]

Albizia


[   ]
[   ]
[   ]

Jacaranda

[   ]
[   ]
[   ]

Erythrina

[   ]
[   ]
[   ]

Flamboyant

[   ]
[   ]
[   ]

Nandi flame

[   ]
[   ]
[   ]

Cassia


[   ]
[   ]
[   ]

Camel’s foot

[   ]
[   ]
[   ]

Eucalyptus

[   ]
[   ]
[   ]

Cordia


[   ]
[   ]
[   ]

Monkeypod 

[   ]
[   ]
[   ]

Sausage Tree

[   ]
[   ]
[   ]

Pepper tree

[   ]
[   ]
[   ]

Markhamia (luciola)
[   ]
[   ]
[   ]

Ficus (exotic) 

[   ]
[   ]
[   ]

Ficus (native)

[   ]
[   ]
[   ]

Pithecellobium
[   ]
[   ]
[   ]

Milicea (murumba)
[   ]
[   ]
[   ]

Bottlebrush tree
[   ]
[   ]
[   ]

Croton


[   ]
[   ]
[   ]

Prickly pear cactus
[   ]
[   ]
[   ]

Euphorbia

[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

Subtotal for trees (Categories 1 to 4)

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

5. Shrubs, hedges and live fences

Exotic


few     some   many

Indigenous

few     some   many

--------------------------------------------------------------------------------------------------------------------

Gliricidia

[   ]
[   ]
[   ]

Sesbania

[   ]
[   ]
[   ]

Leucaena

[   ]
[   ]
[   ]

Carissa


[   ]
[   ]
[   ]

Calliandra

[   ]
[   ]
[   ]

Moringa

[   ]
[   ]
[   ]

Lantana

[   ]
[   ]
[   ]

Euphorbia

[   ]
[   ]
[   ]

Tithonia

[   ]
[   ]
[   ]

Tephrosia

[   ]
[   ]
[   ]

Caesapinia

[   ]
[   ]
[   ]

Terminalia

[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

Data Form: A rapid assessment of biodiversity in smallhold systems of west Kenya (3 of 4)

6. Field crops 

Exotic


few     some   many

Indigenous

few     some   many

Maize


[   ]
[   ]
[   ]

Sorghum

[   ]
[   ]
[   ]

Beans


[   ]
[   ]
[   ]

Finger millet

[   ]
[   ]
[   ]

Groundnut

[   ]
[   ]
[   ]

Cowpea

[   ]
[   ]
[   ]

Green gram

[   ]
[   ]
[   ]

Pigeon pea

[   ]
[   ]
[   ]

Soyabean

[   ]
[   ]
[   ]

Bambara nut

[   ]
[   ]
[   ]

Sweet potato

[   ]
[   ]
[   ]

Yam (not taro) 
[   ]
[   ]
[   ]

Sugarcane

[   ]
[   ]
[   ]

Napier grass

[   ]
[   ]
[   ]

Tea


[   ]
[   ]
[   ]

Coffee


[   ]
[   ]
[   ]

Papaya


[   ]
[   ]
[   ]

Banana


[   ]
[   ]
[   ]

Pumpkin

[   ]
[   ]
[   ]

Gourd


[   ]
[   ]
[   ]

Cassava

[   ]
[   ]
[   ]

Sesame

[   ]
[   ]
[   ]

Taro/Cocoyam 
[   ]
[   ]
[   ]

Cotton


[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

7. Vegetables 

Exotic


few     some   many

Indigenous

few     some   many

--------------------------------------------------------------------------------------------------------------------

Sukuma

[   ]
[   ]
[   ]

Amaranth

[   ]
[   ]
[   ]

Cabbage

[   ]
[   ]
[   ]

Crotolaria

[   ]
[   ]
[   ]

Onion


[   ]
[   ]
[   ]

Nightshade

[   ]
[   ]
[   ]

Tomato

[   ]
[   ]
[   ]

Spider plant

[   ]
[   ]
[   ]

Carrot


[   ]
[   ]
[   ]

Jute


[   ]
[   ]
[   ]

other ____________
[   ]
[   ]
[   ]

other  ____________
[   ]
[   ]
[   ]

--------------------------------------------------------------------------------------------------------------------

total






total

factor






factor

weighted total





weighted total

_____________________________________________________________________________

Subtotal for crops (Categories 6 & 7)

total






total

factor






factor

weighted total





weighted total

Data Form: A rapid assessment of biodiversity in smallhold systems of west Kenya (4 of 4)

8. Extra-diversity: remnants of natural vegetation (see Appendix 1)

___________________________________
________________________________________ ___________________________________
________________________________________ ___________________________________
________________________________________ ___________________________________
________________________________________ ___________________________________
________________________________________ 

9. Household desires to establish more trees/shrubs on the farm
   [   ] no
[   ] yes

Seeks to establish trees/shrubs as

[   ]  orchard/woodlot

[   ]  hedgerows/strips

[   ]  improved fallows

[   ]  other (specify) __________________________________________________________________

Number of trees the household wishes to establish 
____________________

Approximate area devoted to new tree planting
____________________

Type and number of trees the household wishes to establish (N = new to farm, I = indigenous, see Table 12)

___________________________________
________________________________________ 

___________________________________
________________________________________ 

___________________________________
________________________________________ 

___________________________________
________________________________________ 

___________________________________
________________________________________ 

___________________________________
________________________________________ 
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tree

         ------------------------------------------------------------------------------------- DBH (cm) ------------------------------------------------------------------------------------

number
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40
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70

80

90

100

         ----------------------------------------------------------------------- aboveground tree biomass C (tons) -----------------------------------------------------------------

1

0.00

0.01

0.01

0.02

0.03

0.07

0.11

0.17

0.24

0.33

0.44

0.56

0.85

1.22

1.66

2.18

2.79

2

0.01

0.01

0.03

0.04

0.07

0.13

0.22

0.34

0.49

0.67

0.87

1.12

1.70

2.44

3.32

4.37

5.58

3

0.01

0.02

0.04

0.07

0.10

0.20

0.34

0.51

0.73

1.00

1.31

1.67

2.56

3.66

4.98

6.55

8.36

4

0.01

0.03

0.05

0.09

0.14

0.27

0.45

0.68

0.98

1.33

1.75

2.23

3.41

4.87

6.64

8.73

11.15

5

0.01

0.03

0.07

0.11

0.17

0.33

0.56

0.85

1.22

1.66

2.19

2.79

4.26

6.09

8.31

10.92

13.94

6

0.02

0.04

0.08

0.13

0.21

0.40

0.67

1.02

1.46

2.00

2.62

3.35

5.11

7.31

9.97

13.10

16.73

7

0.02

0.05

0.09

0.16

0.24

0.47

0.78

1.19

1.71

2.33

3.06

3.91

5.97

8.53

11.63

15.28

19.51

8

0.02

0.05

0.11

0.18

0.27

0.53

0.89

1.37

1.95

2.66

3.50

4.47

6.82

9.75

13.29

17.47

22.30

9

0.02

0.06

0.12

0.20

0.31

0.60

1.01

1.54

2.20

2.99

3.93

5.02

7.67

10.97

14.95

19.65

25.09

10

0.03

0.07

0.13

0.22

0.34

0.67

1.12

1.71

2.44

3.33

4.37

5.58

8.52

12.19

16.61

21.83

27.88

11

0.03

0.08

0.15

0.25

0.38

0.73

1.23

1.88

2.68

3.66

4.81

6.14

9.37

13.40

18.27

24.01

30.66

12

0.03

0.08

0.16

0.27

0.41

0.80

1.34

2.05

2.93

3.99

5.25

6.70

10.23

14.62

19.93

26.20

33.45

13

0.03

0.09

0.17

0.29

0.44

0.87

1.45

2.22

3.17

4.32

5.68

7.26

11.08

15.84

21.60

28.38

36.24

14

0.04

0.10

0.19

0.31

0.48

0.93

1.57

2.39

3.42

4.66

6.12

7.82

11.93

17.06

23.26

30.56

39.03

15

0.04

0.10

0.20

0.34

0.51

1.00

1.68

2.56

3.66

4.99

6.56

8.37

12.78

18.28

24.92

32.75

41.82

16

0.04

0.11

0.21

0.36

0.55

1.07

1.79

2.73

3.90

5.32

7.00

8.93

13.64

19.50

26.58

34.93

44.60

17

0.05

0.12

0.23

0.38

0.58

1.13

1.90

2.90

4.15

5.66

7.43

9.49

14.49

20.72

28.24

37.11

47.39

18

0.05

0.12

0.24

0.40

0.62

1.20

2.01

3.07

4.39

5.99

7.87

10.05

15.34

21.94

29.90

39.30

50.18

19

0.05

0.13

0.25

0.43

0.65

1.27

2.12

3.24

4.64

6.32

8.31

10.61

16.19

23.15

31.56

41.48

52.97

20

0.05

0.14

0.27

0.45

0.68

1.33

2.24

3.41

4.88

6.65

8.74

11.17

17.04

24.37

33.22

43.66

55.75

30

0.08

0.21

0.40

0.67

1.03

2.00

3.35

5.12

7.32

9.98

13.12

16.75

25.57

36.56

49.84

65.50

83.63

32

0.09

0.22

0.43

0.72

1.09

2.13

3.58

5.46

7.81

10.65

13.99

17.87

27.27

39.00

53.16

69.86

89.21

34

0.09

0.23

0.45

0.76

1.16

2.27

3.80

5.80

8.30

11.31

14.87

18.98

28.98

41.43

56.48

74.23

94.78

36

0.10

0.25

0.48

0.81

1.23

2.40

4.03

6.14

8.79

11.98

15.74

20.10

30.68

43.87

59.80

78.59

100.36

38

0.10

0.26

0.51

0.85

1.30

2.53

4.25

6.49

9.27

12.64

16.61

21.21

32.38

46.31

63.12

82.96

105.93

40

0.11

0.27

0.53

0.90

1.37

2.66

4.47

6.83

9.76

13.31

17.49

22.33

34.09

48.75

66.45

87.33

111.51

42

0.11

0.29

0.56

0.94

1.44

2.80

4.70

7.17

10.25

13.97

18.36

23.45

35.79

51.18

69.77

91.69

117.08

44

0.12

0.30

0.59

0.99

1.50

2.93

4.92

7.51

10.74

14.64

19.24

24.56

37.50

53.62

73.09

96.06

122.66

46

0.12

0.31

0.61

1.03

1.57

3.06

5.14

7.85

11.23

15.30

20.11

25.68

39.20

56.06

76.41

100.43

128.23

48

0.13

0.33

0.64

1.07

1.64

3.20

5.37

8.19

11.71

15.97

20.99

26.80

40.91

58.49

79.74

104.79

133.81

50

0.13

0.34

0.67

1.12

1.71

3.33

5.59

8.53

12.20

16.63

21.86

27.91

42.61

60.93

83.06

109.16

139.39

52

0.14

0.36

0.69

1.16

1.78

3.46

5.81

8.88

12.69

17.30

22.74

29.03

44.32

63.37

86.38

113.53

144.96

54

0.14

0.37

0.72

1.21

1.85

3.60

6.04

9.22

13.18

17.96

23.61

30.15

46.02

65.81

89.70

117.89

150.54

56

0.15

0.38

0.75

1.25

1.91

3.73

6.26

9.56

13.67

18.63

24.48

31.26

47.72

68.24

93.03

122.26

156.11

58

0.15

0.40

0.77

1.30

1.98

3.86

6.48

9.90

14.16

19.30

25.36

32.38

49.43

70.68

96.35

126.62

161.69

60

0.16

0.41

0.80

1.34

2.05

4.00

6.71

10.24

14.64

19.96

26.23

33.50

51.13

73.12

99.67

130.99

167.26

62

0.17

0.42

0.83

1.39

2.12

4.13

6.93

10.58

15.13

20.63

27.11

34.61

52.84

75.56

102.99

135.36

172.84

64

0.17

0.44

0.85

1.43

2.19

4.26

7.16

10.92

15.62

21.29

27.98

35.73

54.54

77.99

106.32

139.72

178.41

68

0.18

0.47

0.91

1.52

2.32

4.53

7.60

11.61

16.60

22.62

29.73

37.96

57.95

82.87

112.96

148.46

189.56

70

0.19

0.48

0.93

1.57

2.39

4.66

7.83

11.95

17.08

23.29

30.61

39.08

59.66

85.30

116.28

152.82

195.14

72

0.19

0.49

0.96

1.61

2.46

4.80

8.05

12.29

17.57

23.95

31.48

40.20

61.36

87.74

119.60

157.19

200.71

74

0.20

0.51

0.99

1.66

2.53

4.93

8.27

12.63

18.06

24.62

32.35

41.31

63.07

90.18

122.93

161.56

206.29

76

0.20

0.52

1.01

1.70

2.60

5.06

8.50

12.97

18.55

25.28

33.23

42.43

64.77

92.62

126.25

165.92

211.87

78

0.21

0.53

1.04

1.75

2.67

5.20

8.72

13.31

19.04

25.95

34.10

43.55

66.47

95.05

129.57

170.29

217.44

80

0.21

0.55

1.07

1.79

2.73

5.33

8.94

13.65

19.52

26.61

34.98

44.66

68.18

97.49

132.89

174.65

223.02

82

0.22

0.56

1.09

1.84

2.80

5.46

9.17

14.00

20.01

27.28

35.85

45.78

69.88

99.93

136.22

179.02

228.59

84

0.22

0.57

1.12

1.88

2.87

5.60

9.39

14.34

20.50

27.95

36.73

46.90

71.59

102.37

139.54

183.39

234.17

86

0.23

0.59

1.15

1.93

2.94

5.73

9.62

14.68

20.99

28.61

37.60

48.01

73.29

104.80

142.86

187.75

239.74

88

0.24

0.60

1.17

1.97

3.01

5.86

9.84

15.02

21.48

29.28

38.48

49.13

75.00

107.24

146.18

192.12

245.32

90

0.24

0.62

1.20

2.02

3.08

6.00

10.06

15.36

21.96

29.94

39.35

50.25

76.70

109.68

149.51

196.49

250.89

92

0.25

0.63

1.23

2.06

3.14

6.13

10.29

15.70

22.45

30.61

40.22

51.36

78.41

112.11

152.83

200.85

256.47

94

0.25

0.64

1.25

2.10

3.21

6.26

10.51

16.04

22.94

31.27

41.10

52.48

80.11

114.55

156.15

205.22

262.04

96

0.26

0.66

1.28

2.15

3.28

6.40

10.73

16.38

23.43

31.94

41.97

53.60

81.81

116.99

159.47

209.58

267.62

98

0.26

0.67

1.31

2.19

3.35

6.53

10.96

16.73

23.92

32.60

42.85

54.71

83.52

119.43

162.79

213.95

273.19

100

0.27

0.68

1.33

2.24

3.42

6.66

11.18

17.07

24.41

33.27

43.72

55.83

85.22

121.86

166.12

218.32

278.77

110

0.29

0.75

1.47

2.46

3.76

7.33

12.30

18.77

26.85

36.59

48.09

61.41

93.75

134.05

182.73

240.15

306.65

120

0.32

0.82

1.60

2.69

4.10

7.99

13.42

20.48

29.29

39.92

52.47

66.99

102.27

146.24

199.34

261.98

334.52

130

0.35

0.89

1.73

2.91

4.44

8.66

14.53

22.19

31.73

43.25

56.84

72.58

110.79

158.42

215.95

283.81

362.40

140

0.37

0.96

1.87

3.13

4.79

9.33

15.65

23.89

34.17

46.58

61.21

78.16

119.31

170.61

232.56

305.64

390.28

150

0.40

1.03

2.00

3.36

5.13

9.99

16.77

25.60

36.61

49.90

65.58

83.74

127.83

182.80

249.18

327.48

418.16

160

0.43

1.10

2.13

3.58

5.47

10.66

17.89

27.31

39.05

53.23

69.96

89.33

136.36

194.98

265.79

349.31

446.03

170

0.45

1.16

2.27

3.81

5.81

11.33

19.01

29.01

41.49

56.56

74.33

94.91

144.88

207.17

282.40

371.14

473.91

180

0.48

1.23

2.40

4.03

6.15

11.99

20.13

30.72

43.93

59.88

78.70

100.49

153.40

219.35

299.01

392.97

501.79

200

0.53

1.37

2.67

4.48

6.84

13.32

22.36

34.13

48.81

66.54

87.44

111.66

170.45

243.73

332.23

436.64

557.54

A second approach to biodiversity assessment is planned for selected locations at the beginning and end of the project.  This approach involves the detailed floristic characterization within locations of similar area.  Plant species frequencies will be established. The sample areas should be based upon the size (900 m2) and locations of the plots in the baseline study.  At least 10 replicates from three catchment positions that participate or not-participate will be selected at the onset of the project, and near its end for floristic characterization (3 positions ± participation x 10 reps = 60 plots).  For large species (trees, shrubs and tall upright grasses), the species and number of plant species per plot will be marked on a checklist based upon the plants appearing in Table 13.  Smaller species should be identified along a 10 m transect using the point intercept method, with points established every 10 cm (=100 observations per plot).  

Analyses will be performed using “The Biodiversity Analysis Package.: Resources and guidelines for the analysis of biodiversity and ecological information” compact disk recently developed at World Agroforestry Centre by R. Kindt (2002) based upon a recently concluded study conducted within smallhold farming systems in western Kenya..  Analyses to be performed include:

Species richness is calculated by counting the number of species (Purvis and Hector, 2000).  Species richness applied to farms of different size is inherently flawed as larger farms have greater opportunity to harbor more, and different plant species.  By standardizing the plot size, randomizing its position within replicated observations, the measurement species richness becomes normalized and can be statistically compared between different strata, in this case project vs non-project areas.

Diversity indices provide a summary statistic of the biological diversity of a plant community; will be calculated (Magnussen and Boyle, 1995).  A widely used diversity index is the Shannon index. It is calculated from the proportional abundances pi of each species (abundance of the species / total abundances, noted here as pi = ni / N) by Kindt (2002) as
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Other indices of biodiversity that may be calculated from this approach include the Brillouin index, useful in comparing individual sites, and The Simpson index, which is calculated from species proportions.   Examples of these calculations by MS Excel worksheets are available from the previously cited CD (Kindt, 2002).  An alternative approach to compare results from different surveys is to jackknife a diversity index. This procedure provides a better estimate of a diversity index and also provides a confidence interval.  The World Agroforestry Centre and other Kenyan organizations have expertise in the area of biodiviersity and it is important that the individuals possessing these skills be brought into this project.

Table 13. Indigenous and traditional plant species checklist for northern Luo-land and southern Luhya-land (compiled from ICRAF, 1992; Beentje, 1994; Maundu et al., 1999; White, 1983) 
Species


Family


Local names

Habit

Uses

-------------------------------------------------------------------------------------------------------------------------------

Acacia abyssinica
Mimosaceae

munyenya (Luh)

large tree
fuel, posts 







ogongo (Luo)

(flat topped)
medicine

Acacia luhai

Mimosaceae

mukunga (Luh)

medium tree
fuel, timber







alaktar (Luo)

(flat topped)
dye (red)

Acacia macrothyrsa
Mimosaceae

kamukhondo (Luh)
small tree







sugria (Luo)

(3-12 m)

Acacia polycantha
Mimosaceae

oyongo (Luo)

large tree
fuel, timber










gum (edible) 

Albizia coriara

Mimocaceae

omubele (Luh)

medium tree
fuel, timber







ober (Luo)

(spreading)
tooth brush

Albizia gummifera
Mimosaceae

mukhonzuli (Luh)
medium tree
fuel, beehive







mcani/Mbao (Swh)
(flat topped)
medicine

Aloe dawei

Aloeaceae

none


spiny succulent
none

Amaranthus hybridus
Amaranthaceae

lidodo/tsimboga (Luh)
branched herb
edible cooked (A. dubius, others
)



ododo/omboga (Luo)


leaves

Annona senegalensis
Annonaceae

muvulu (Luh)

small tree
edible fruit, 







nyabolo (Luo)

(large leaves)
medicine, dye 

Asystasia gangetica
Acanthaceae

atipa (Luo)

prostrate herb
edible leaves










(disturbed areas)

Brassica carinata

Cruciferacae

likabichi lya manyonyi
erect annual herb
edible leaves







(Luh) kandhira (Luo)



Cajanus cajan

Papilionaceae

obong (Luo)

shrub

edible seeds d





mbaazi (Swh)

(cultivated)
& young pods

Carissa edulis

Apocynaceae

ochuoga (Luo)

perennial shrub
live fence,





mtanda-mboo 

(long thorns)
edible fruit

Cleome gynandra

Capparidaceae

chiisaga (Luh)

erect herb
edible cooked





a lot-dek (Luo)



leaves

Combretum molle

Combretaceae

sheraha (Luh)

small tree
charcoal for

(C. collinum)




dunga/keto (Luo)

(hairy scaly leaf)
smelting

Commelina africana
Commelinaceae

linyororor (Luh)

prostrate herb
edible cooked




odielo (Luo)

(soft stem, weed)
leaf (jute) 

Corchorus trilocularis
Tiliaceae

msatsa/lihu (Luh)

erect herb
edible cooked

(C. tridens)




apoth (Luo)



leaf (slimy)

Cordia africana

Boraginaceae

mukamari (Luh)

large tree
timber, fuel, (C. milleni)





makobokobo (Swh)
(oval leaves)
edible fruit

Cordia monoica

Boraginaceae

oseno (Luo)

shrubby tree
edible fruit







msasa (Swh)

(multi-branched)
leaf as  polish

Crotolaria ochroleuca
Papilionaceae

mito/miroo (Luh)

erect annual herb
edible cooked





mito/miroo (Luo)

(cultivated)
leaves

Croton macrostachyus
Euphorbiaceae

musutsu (Luh)

medium tree (large     fuel, poles,





Ngong’Ngo’ (Luo)
heart-shaped leaves)  ceremonies

Dioscoria bulbifera
Dioscoreaceae

litugu/lirunga (Luh)
twining herb
tubers roasted/





oroko/oruka (Luo)
(aerial tubers)
boiled (rare)

Dracina afromontana
Dracaenaceae

lukhuba (Luh)

shrub or tree (few   medicine

(D. fragrans, laxissima)



ofito (Luo)

branches, long leaves)

Table 13. Indigenous and traditional plant species checklist (continued).

Species


Family


Local names

Habit

  Uses

-------------------------------------------------------------------------------------------------------------------------------
Dovyalis macrocalyx
Flacourtiaceae

kumusongolmunwa
large shrub  
edible sour





(Luh)


(much branched)
fruit

Eleucine coracana
Gramineae

obure (Luh)

short grass
edible grain





kal (Luo)

(cultivated)
(finger millet) Erythrina abyssinica
Papilionaceae 

mwembe (Luh)

deciduous tree
ornamental 





orembe (Luo)

(red flowers)
red seeds

Euclea divinorum

Ebenaceae

kumuchanjasi (Luh)
small tree  
 edible small 

ochol (Luo)

(thick foliage) 
 fruit, medicine

Euphorbia candelabrum
Euphorbiaceae

ludua (Luh)

succulent shrub  
  (dangerous





bondo (Luo)

(evenly branched)  latex)

Euphorbia tirucalli
Euphorbiaceae

shikhoni (Luh)

shrubw/succulent
   live fences,





ojuok (Luo)

branches)  
   latex glue

Ficus sycomorus

Moraceae

mukuyu (Luh)

large tree    
   edible fruit







olam/oduk (Luo)

(large round leaves) wood tools

Ficus thonningi

Moraceae

lutoto (Luh)

large deciduous tree fig-like fruit







\pocho (Luo)

(aerial roots)
   ceremonial

Grewia bicolor

Tilaceae


lulala (Luh)

large shrub
    fruit, tools,

(G. similis, trichocarpa)



powo (Luo)

(in dry brushland)    medicine

Illigera pentaphylla
Hernandiaceae

unknown vine

perennial climber
   (forest 










(2-winged fruit)
   remnant?)

Juniperus procera
Cypressaceae

African cedar (Eng)
large evergreen tree timber, 





kumutarakwa (Luh)
(fine scaly leaves)   windbreaks

Kigelia pinnata

Bignoniaceae

morabe (Luh)

medium tree
   beer, fruit,







yago (Luo)

(sausage-like fruit)  ceremonial

Lablab purpureus

Papilionaceae 

ihranda (Luh)

climbing perennial   edible cooked





mfiwi (Swh)

(trifoliate leaves)
    pods/seeds

Lagenaria siceraria
Cucurbitaceae

rihondo (Luh)

climbing herb
    dried gourds 







obudho (Luo) 

(variable gourds)


Lannea schimperi

Anacardiaceae

kumugumbu (Luh)
small tree
    fuel, posts,





kwongo (Luo)

(pinnate leaves)
    edible fruit

Maesopsis eminii

Rhamnaceae

mutere (Luh)

very large tree
    hardwood








(now cultivated)
    timber

Markhamia lutea

Bignoniaceae

lusiola (Luh)

medium tree
    fuel, posts,





siala (Luo)

(reddish bark) 
    medicine

Milicea excelsa

Moraceae

murumba (Luh)

very large tree
    hardwood





olua (Luo)

(umbrella crown)
    timber

Moringa olifera

Moringaceae

horseradish tree (Eng)
small tree
    edible cooked (M. stenopetala)




mzunze (Swh)

(long brown pod)
    leaves/pod. Piliostigma thonningii
Caesalpinoideae

kumuyenjayenja

shrub or small tree    medicine, dye

(formerly Bauhinia sp)



(Luh), ogal (Luo)

(camel’s foot leaf)

Piper capense

Piperaceae

none


woody herb
    unknown










(shady forest floor)  (rare?)

Podocarpus lathifolius
Podocarpaceae

mutarai (Luh)

large evergreen tree  timber, 







okikatcha (Luo)

(male/female cone)  medicine

Protea madiensis
Proteaceae

kumulelalele (Luh)
shrub or small tree   (potential cut 

(P. gaguedi)




(sugar bush Eng)



    flower)

Table 13. Indigenous and traditional plant species checklist (continued).

Species


Family

      Local names

Habit


Uses

---------------------------------------------------------------------------------------------------------------------------------------

Prunus africana

Rosaceae
     mwiritsa (Luh)
medium tree

medicine, 






     kiburabura (Swh)
(corky bark)

timber

Rhus natalensis

Anacardiaceae
     obusangura (Luh)
spreading shrub

chewing stick,






     sangla (Luo)

(hemispherical)

red dye

Sesbania sesban

Papilionaceae
     lohori/lukuli (Luh)
soft-wooded

fuel, poles

(S. keniensis)



     osaosao, oyieku (Luo)
tree 

Sesamum orientale
Pedaliaceae
     tsinuni (Luh)

erect annual herb
    
cooked seed,

(S. calycinum)



     nyim (Luo)

(wild & cultivated)  
sesame oil

Solanum nigrum

Solanaceae
     litsusa (Luh)

small erect herb

cooked leaves

(S. scabrum)



     osuga (Luo)




edible fruit

Sorghum bicolor

Gramineae
     amabele (LuhS)
annual erect herb

grain, flour






     bel (Luo)

(cultivated)

Spathodea campanulata
Bignoniaceae
     mutsulia (Luh)
medium deciduous  
carving,






     madungudungu (Luo)
tree (Nandi flame)  
ornamental

Stereospermum

Bignoniaceae
     mahorlu (Luh)

small tree (4-9 m)
      

kunthianum



     pololok (Luo)

elliptic hairy leaves

Syzygium guineense
Myrtaceaae
     kumusemwa (Luh)
large tree

red timber, 

(S. cordatum)



     mzuari (Swh)

(narrow crown)

edible fruit

Tamarindus indica
Caesalpiniaceae
     kumukhuwa (Luh)
large spreading tree  
edible acidic 






     chwaa/ochwaa (Luo)
(woody pod)

arum (pulp)

Teclea nobilis

Rutaceae
     mutavu (Luh)

shrub or small tree  
medicine, 






     madat (Luo)

(no longer common) 
tools, fruit

Terminalia mollis

Combretaceae
     olokhongwe (Luh)
small tree

charcoal for






     opok (Luo)

(spiral leaf pattern)   
smelting

Trema orientalis

Ulmaceae
     musugala (Luh)
shrub or small tree 
fuel, medicine




     
mzunguzungu (Swh)
(pioneer species)
  
(soft wood) 

Tylosema fassoglense
Caesalpinaceae
     imbasa (Luh)

agressive climber
  
cooked seed,






     ombasa (Luo)

(large 2-lobed leaf)  
medicine

Vangueria apiculata
Rubiaceae
     shikomoli (Luh)
shrub or small tree  
edible fruit






     


(often in thickets)

Vangueria infausta
Rubiaceae
     shikomoli (Luh)
deciduous shrub
 
edible fruit, 






     omuya/apindi (Luo)
(brown fruit)

tools

Vernonia amygdalina
Compositae
     musuritsa (Luh)
large woody shrub  
ive fences, 

(V. auriculifera, others)


     olusia/omororia (Luo)
(isolated or thickets)  
poles

Vigna subterranean
Papilionaceae
     tsimbande (Luh)
creeping annual herb 
cooked seeds






     bande/mbande (Luo)
(cultivated)

Vigna unguiculata
Papilionaceae
     likhuvi (Luh)

erect/trailing annual 
edible  leaves,






     alot-bo (Luo)

herb (cultivated)
   
 pods & seeds

Vitex doniana

Verbenaceae
     muholu/omufutu (Luh)
deciduous tree

edible fruit,

(V. fischeri)



     ojuelo/jwelo (Luo)
(rounded crown)

woodwork

Walburgia ugandensis
Canallaceae
     apache (Luh)

large tree

hardwood timber






     Songo-maitha (Luo)
(rounded crown)

medicine

Ziziphus abyssinica
Rhamnaceae
     kumukomboti (Luh)
spreading shrub

edible fruit,







(± climbing)

durable wood

Verification Protocols

Key Indicators

Resource Endowments Improve.  The level of resource endowment may be considered as both a baseline condition and an indicator of project impacts.   Shepherd and Soule (1998) suggested that four criteria, farm size, the proportion of land devoted to subsistence food crops, the diversity of farm enterprises and the number and type of cattle allows for most farms in west Kenya to be assigned to three resource endowment categories.  Well-endowed farms are >1.2 ha, contain four or more enterprises with <40% of land devoted to household food production and own three or more cattle.  This category of farmer is likely better positioned to participate in tree planting activities within their own farm, as opposed to contributing labor to land restoration of communal areas. 

1. Farm size increases (land purchased or farms consolidate)

2. Proportion of land devoted to household food production.

3. Number of farm enterprises increase (farm diversification)

4. Number of cattle increase, or switch from local (multi-purpose) to improved-breed (dairy) herds 

Carbon and Biodiversity Gains. A strong confluence of interest exists between carbon socks in smallhold farms and the productivity of those farms, especially in resource-depleted settings (Woomer et al., 1997).  At the same time, smallholders rely upon a wide range of semi-cultivated and wild plants as sources of food, medicine and income, especially the women and children in poorer households.  These relationships suggest strong linkages between carbon stocks, biodiversity status and social wellbeing.

1. Number of community groups and farmers participating in tree planting

2. Number of community-based seedling nurseries established

3. Number of tree seedlings planted

4. Number of tree species planted and surviving

5. Number of farmers trained in tree measurement and recordkeeping

6. Date that Biomass C gains reach 400,000 t CO2ER

7. Total species density and relative frequency of indigenous species increase

Water Quality Improves.  Large amounts of land in the Nyando and Yala River Basins are severely degraded, particularly through the effects of soil erosion by water.  This condition results in poor water quality (H.M. Njunguna, personal communication), flooding in the Kano Plains (Leah Onyango, personal communication) and excessive discharge of sediments into Lake Victoria.  
1. Reduced turbidity in Nyando and Yala Rivers

2. Reduced sediment discharge into Lake Victoria

3. Establishment of 3 m wide riparian strips along catchment waterways

4. Reduced coverage of bare soil and increase coverage of permanent vegetation 

5. Reduced severity of frequency of flooding in the Kano Plains

Household Wellbeing.  Improvements to main household dwelling are an excellent indicator of household economic status and may be readily assessed through observation.  Baseline studies indicate that the poorest households reside in thatch-roofed and mud-walled dwellings and the better-endowed families live in brick homes with metal or tile roofs (Swallow et al., personal communication).  At the same time, farms in west Kenya are undergoing diversification with two of the fastest-growing enterprises being confined improved-breed dairy and poulty broiler operations.

1. Conversion from grass thatch (36.5% of households) to metal sheeted/tiled roofs.

2. Conversion from mud-walled/thatch (73.7% of households) to brick/stone walled structures

3. Conversion from earthen floors (74.9% of households) to cement or wooden floors.  

4. Initiation of additional confined livestock or poultry rearing operations (Zero-grazing and poultry houses constructed)

5. Purchase of a new bicycle, radio and/or mobile phone.

Market Indicators. Farming systems in west Kenya are undergoing the profound transition from cereal-based subsistence farming to mixed-enterprise; market-oriented agriculture and farmers engaged in this transformation tend to be more appreciative to new technologies and less adverse to taking risk.  These factors lead to several indicators related to new products being offered at local markets, the establishment of collection points and the emergence of farmers’ marketing associations.  

1. Additional non-forest tree products appear in markets

2. Initiation of additional, market oriented field cropping or newly irrigated fields, including initiation or additional participation of formalized out-grower activities

3. Collection points established to market surpluses through middlemen or wholesalers

4. Local grassroots groups develop into commodity or marketing associations 

Operational Responsibilities

Project staff will be organized into four teams and those teams assigned specific responsibilities concerning the monitoring of project activities, accomplishments and impacts.  These teams will separately address 1) Carbon Sequestration, 2) Agro-Biodiversity, 3) Land and Water Quality and Social Benefits.  Suggested operations of these teams include:

1. A Project Manager will be appointed at the onset of the project and bear overall responsibility for steady progress by the project and communicating needs and achievements among institutional partners, local collaborators and individual project staff.  The Project Manager’s responsibilities includes identifying and marketing incremental carbon gains to carbon traders and reporting carbon and biodiversity gains to Kenyan representatives to the International Conventions on Climate Change (ICCC) and Biodiversity (ICBD).  The Project Manager is also responsible for organizing regular and special meetings of the Project Management Team and will also serve as Secretary to the Project Steering Committee.

2. Each institutional partner will be assigned a lead role in at least one of the four teams and the Team Leader will belong to that institute.

3. Each team will consist of at least one permanent, designated lead member from each institutional partner but otherwise team composition should remain flexible in response to changing project tasks.

4. Teams will meet bi-weekly or monthly for the purpose of planning activities, conducting studies, compiling results and interpreting findings.  Whenever possible, the Project Manager should attend those meetings and should be held within the project area.

5. The Project Manager and Team Leaders are responsible for identifying local farmers’ groups within the project area, explaining project goals to those groups and enlisting their participation in agroforestry enterprises and other land care actions.

6. The Carbon Sequestration Team Leader is responsible for finalizing planned actions including the establishment of local seedling nurseries and/or acquisition of tree seedlings on behalf of the local participants, and the maintenance of young trees.  Team members are required to initiate baseline C measurements, train and supervise the local participants in subsequent monitoring actions (primarily the measurement and reporting of tree DBH).  Carbon gains will be calculated from this information using project software and the results reported to the Project Manager for marketing and onward distribution.

7. The Agro-Biodiversity Team Leader is responsible for liaising with the Carbon Sequestration Team Leader and Project Manager in order to coordinate biodiversity and carbon assessments.  The Agro-Biodiversity Team members will conduct the biodiversity baseline studies, and train and supervise cooperators conducting subsequent checklist assessments as described earlier in this document.  Team members are responsible for compiling the preliminary biodiversity data from the standardized data sheets, and reporting these data to the Team Leader for synthesis and interpretation during team meetings.  Team findings will be reported to the Project Manager through regular reports for onward distribution.

8. The Land and Water Quality and Social Wellbeing Teams may operate either together or independently as their Team Leaders and the Project Manager deem necessary because many of the social benefits are accrued through improved land and water quality within this project.  The Leader of the Land and Water Quality Team will devise a strategy to monitor sediment load within the catchments and discharge from them in a manner that is consistent with findings of the Baseline Study.  Team members will conduct these measurements at periodic intervals.  The Leader of the Social Benefits Team will devise a strategy to assess key indicators among project participants and the Team Members will gather this information in collaboration with local organizations.  This information will be compiled and interpreted by the Team Leaders and Members and reported to the Project Manager. 

9. Several, perhaps numerous local farmers groups will participate in the implementation of project actions.  These groups, and the collective actions undertaken by them (on communal and public lands) and their members (on individual farms) form the core of project activities from which observations concerning environmental and social impacts are obtained. The Project will appoint a full-time Community Liaison Specialist who will work with these groups (rather than through the Teams) to assure that farmers’ rights are being respected and local community goals achieved. The Community Liaison Specialist will work closely with the Project Manager to organize these groups for the purposes of distributing information to, and feedback from these local groups, and assist them in hosting field days and developing Local Information Centers.   This Specialist shall also ensure that local cooperators are being properly compensated for their efforts and maintain a record of all payments to farmers and their local organizations.  The Community Liaison Specialist is also responsible for the publication and distribution of extension materials and new tools and germplasm that support project goals and the adoption of integrated environmental management by additional farmers.

10. The Project Manager and Project Management Team may initiate Short-term Consultancies to assist the Project and its Teams as deemed necessary.  In principle, duties assigned to Project Staff through their working teams are preferable to the award of outside consultancies as this leads to greater continuity of achievements and places focus on longer-term capacity building. When deemed necessary, the purpose of these outside consultancies must include training of project staff so that the consultant’s tasks may be performed by the Project Partner Institutes in the future.

A simplified project organogram and division of responsibilities is presented in Figure 9.  This project is fairly large, and involves several players, so a balance must be found that allows partners a voice in project operations without establishing excessive administrative structures.  Project tasks must be assigned to teams of field workers and the leader of those teams must recognize that they will either make regularly-reported progress, or they will be replaced.  While no restrictions should be placed upon the composition of teams, care must be taken to assure that project responsibilities are fairly allocated and that excessive tasks are not allocated to individuals or within one partner institute. 
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. A diagram depicting project management and responsibilities.  Solid lines 

denote regular, direct interactions, dashed lines

 signify working relationships.

 


Recordkeeping and Communications Procedures

Project Information.  The Project Manager shall be sent, classify and maintain all reports, including written documents and/or electronic files, prepared by project staff and findings from project research.  These documents, preferably sent as computer software files, will be used to produce annual project reports and a regular, electronic and hard copy newsletter.  The Project Manager is responsible for initiating an electronic mail service between project staff and cooperators, and should commission the launching of a project website over the internet within one year of project initiation.  The Project Manager and Community Liaison Specialist are responsible for organizing press conferences and assisting Kenyan and international news media to cover the project and popularize it accomplishments.  The Project Manager will organize an annual project meeting where cooperators are invited to deliver presentations and exhibits, and record of these meetings and contributions will be compiled and distributed.

Carbon Gains.  A record shall be maintained by the Carbon Team Leader of all tree planting and other agroforestry interventions designed to sequester carbon.  The record will contain the location, area, number of trees established, their survival and tree DBH over time.  Written records of these actions will be formalized by issuing each participating land manager a certificate within one year of tree establishment.  The DBH data will be used to calculate carbon gains and value.   These mathematical operations will be performed through the use of a standardized Carbon Gains spreadsheet database prepared in MS Excel that is able to compile C gains in different locations and over time.  The certificates will be issued by the Community Liaison Specialist.  The Carbon Gains spreadsheet database will be maintained by the Carbon Team Leader with the Program Manager issued periodic updates.  The Carbon Team is expected to compile and publish their research findings in a scholarly journal in order for the project accomplishments to become a matter of scientific record.

Biodiversity Status.  A record shall be maintained by the Agro-Biodiversity Team Leader of all biodiversity assessments performed during the course of the project and these records will be interpreted and findings published by the Agro-Biodiversity Team.  These records will include the completed data forms (species checklists) and the entry of this summarized information into an Agro-Biodiversity spreadsheet database. Representative tree planting and other agroforestry interventions designed to sequester carbon should serve as focal sites for biodiversity assessment  It is important that these sites be assessed over time so that project impacts of biodiversity are documented, but the assessments should also be performed in adjacent and degraded areas for purposes of comparison.  Regular updates of the Biodiversity should be sent to the Project Manager accompanied by an interpretive summary intended for other project staff and cooperators.  The Agro-Biodiversity Team is expected to publish their findings in a scholarly journal in order for the project accomplishments to become a matter of scientific record.

Land and Water Quality (L&WQ).  The Monitoring Plan does not specify detailed procedures for monitoring land and water quality as it does for carbon sequestration and biodiversity because past research leading to the baseline study has resulted in established procedures by ICRAF staff in western Kenya.  Results from these studies suggest a very high degree of site and temporal specificity, with different sections of the catchment requiring specialized on- and off- site measurements, particularly during episodic events (e.g. storms and floods). Nonetheless, a detailed record shall be maintained by the L&WQ Team Leader of all actions designed to restore land, protect against erosion and reduce sedimentation  performed during the course of the project and these records will be interpreted and findings published by the Team.  As various agroforestry interventions affect land and water quality during the project, the Team will compile a set of data that documents the re-vegetation and stabilization of slopes and the reduced sediment load of adjacent waterways. These data will be compiled into a geo-referenced dataset, combined with the earlier findings of the Baseline Study and interpreted using a Geographic Information System.  The database and important images developed from it will be sent to the Project Manager, the Community Liaison Specialists and the research Team Leaders, along with a report describing their importance to other project activities. The Land and Water Quality Team is expected to publish their findings in a scholarly journal during the project.  

Social Benefits. The social benefits accruing through this project are its most important goals but are the most difficult to quantify.  Several indicators of project impacts that relate to changes in household status, or movement toward markets by individuals and farmers’ groups are included within this section as Key Indicators.  The Monitoring Plan did not attempt to develop a standardized survey tool for social benefits, as it did for carbon or biodiversity, in large part because each socio-economic survey has a high degree of client-and-site specificity, and survey instruments that harbor inappropriate questions represent a disservice to the project scientists and goals.  Furthermore, much of the most important information concerning the human dimension of project impacts are gained by experienced field workers using informal approaches.  Nonetheless, it is extremely important that a detailed record of socio-economic results and observations be maintained by the Social Benefits Team Leader.  The format of these records should become established early in the project through agreements between the Project Manager, the Community Liaison Specialist, the Social Benefits Team and other interested parties.  Ultimately, the success of this project will be viewed in terms of its social benefits derived by households undertaking environmentally-friendly land management practices, and it is extremely important that these benefits be precisely documented, insightfully interpreted and creatively communicated to a broad cross-section of interests.  These challenging tasks must be undertaken in a responsive, iterative manner. Good luck.

On-farm Activities and Local Information Centers. A record shall be made by the Community Liaison Specialist of every farm and community group that undertakes project activities and/or organizes a local field day and information center.  The location, names, size, results and impacts of the land management action will be recorded and compiled by the Community Liaison Specialist and used to guide overall impact assessment efforts.  This information will also be used to prepare a searchable-and-sortable project spreadsheet database and mailing list.  The Community Liaison Specialist is expected to organize the publication of extension materials based upon the distillation of project research findings obtained from the Project Manager and to distribute these materials widely among project cooperators and other farmers in the project catchments. The Community Liaison Specialist is also expected to work with other project staff, particularly the Social Benefits Team to prepare information packages useful to community field days and information centers and document their outcomes. 
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Appendix 1. Estimates of tree C in aboveground biomass resulting from tree biomass of different diameters using the equation AGB C = 0.47 x exp(-1.997 +2.32 (ln DBH).  Unlike Table 1, this table does not consider root biomass or soil C gains.
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Appendix 2. One thousand random numbers between 0 and 20 for general use in randomization procedures.
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Appendix 3. Three hundred random numbers between 0 and 30 that are useful in positioning sampling quadrates within 900 m2 plots.


Annex D  Related Projects Operating in  Project Area

National Agricultural and Livestock Extension Project (NALEP)
The NALEP is supporting the MoARD agricultural and livestock extension services in 42 agricultural and agro-pastoral districts since July 2000. The project receives funding from the GoK Recurrent Budget while the external funding is provided by SIDA. The aim is to increase the effectiveness of integrated extension services to farmers and pastoralists and the short-term purpose is to transform and merge the former Soil and Water Conservation Programme working with a catchment area approach with a unified national extension programme.

The strategy is based on PRA process in Focal Areas, formation of Focal Area Development Committees and Common Interest Groups and linking the stakeholders in the Fora and Consultative Committees. Frontline Extension Workers (one at each Location) and Division-level Subject Matter Specialists (3-6) work for a fixed 12-month period in each Focal Area, making Farm Action Plans and Farm Business Plans, organising demonstrations, promoting technical packages on crops and livestock production and following the Common Interest Groups. The supervision of the Location- and Division-level extension organisation is provided by the District Management Team and they are backstopped by the Provincial Management Team.

The Mid-Term Review of NALEP was conducted last year and the main conclusions are related to the potential conflicts between a demand-driven extension service and the objective to address the situation of the poorest households; and the general insufficiency in addressing the needs of resource poor and vulnerable farmer groups. Also the roll-out space of the implementation is commented upon and further networking with NGOs and the commercial sector is suggested.

Agricultural Technology and Information Response Initiative (ATIRI): 

ATIRI is a national project aiming to increase the agricultural knowledge base of smallholder farmers by facilitating the dissemination and adoption of agricultural technologies. KARI manages the initiative on behalf of a National Steering Committee (NSC), composed of representatives from MoARD, NGOs and other stakeholders. ATIRI was initiated in June 2000 and is expected to continue until June 2003 with a possible extension if further funding will be forthcoming. It is funded by the International Development Agency (World Bank) and is designed to contribute to the achievement of the goals of the 2nd National Agricultural Research Program (NARP II): to ensure food security, reduce poverty and move towards sustainable natural resource management. 

The objectives of ATIRI are to improve farmers’ ability to make demands on agricultural service providers and to enhance the effectiveness of intermediary organizations and farmers groups in meeting the knowledge needs of their clients and members. Twenty-three out of 80 funded proposals come from Western Province from the mandate area of two KARI centers involved in the pilot phase, Kakamega Regional Research Center (RRC) and Kisii RRC. Proposals range from transferring of technology to increase production of food crops such as groundnut, soybean, maize, bean, rice, sorghum, banana and vegetables using improved seeds and inorganic / organic fertilizers to improved dairy and small livestock farming (ATIRI, 2000). 

The Lake Victoria Environmental Management Project (LVEMP) 
LVEMP is a tripartite project aimed at rehabilitating the ecosystem of Lake Victoria for the benefit of riparian communities, the national economies of which they are a part and the global community. The project was started in 1997 and will be completed in 2003 with joint funding from the GEF, IDA and the three East African governments (Kenya, Uganda and Tanzania). It is implemented by three national secretariats each headed by a high level officer selected by the respective governments. 

The specific objectives of LVEMP are to maximize sustainable benefits to riparian communities using resources from the lake, conserve biodiversity and genetic resources for local and global benefit and to harmonize the national management programs of the three riparian countries. Achievement of these objectives would help reverse the increasing threat of environmental degradation to the lake and its adjoining catchment area (184,000 km2).  Specific project activities range from integrated development of groundwater resources and reduction of sediment and nutrient flow to management of the water hyacinth infestation to managing lake pollution and water quality including strengthening and harmonizing national regulatory and incentive frameworks. The project has invested heavily in capacity building (100 regional MSc, 15 Ph.D. and more than 2000 short-term courses) and collaborates widely with Universities, Government agencies and local communities in the three countries to implement the project (LVEMP, 1996). 
Soil Management Project  (SMP). 

This national project was started in 1994 with co-funding from the Rockefeller Foundation and KARI. The main objectives of the project were to appraise causes of declining soil fertility in smallholder farms and to develop low cost technologies for addressing the problem together with farmers. The SMP was the forerunner of the Legume Research Network Project described below. It adopted a farmer participatory research approach to ensure that farmers and other stakeholder participated fully in technology development and transfer. In addition to decline in soil fertility, farmers identified a lack of suitable crop varieties and livestock feed as other important constraints affecting farm productivity. The second phase of the projects commenced in January 2001 and it is to take five years. The main activities to be undertaken include: a) scaling up of promising technologies developed in Phase 1, and b) research on integrated soil management to address gaps identified in Phase 1 and soil fertility constraints in new sites. A third objective c) is to introduce and evaluate crop varieties using the methods of participatory breeding (SMP and LRNP, 2000).

Pilot Soil Fertility Projects in Siaya, Kisii and Kakamega

The pilot Soil Fertility Projects were implemented by ICRAF, KARI, KEFRI, NALEP and NGOs in Maseno, Kakamega and Kisii 1997-2003. The funding arrangements as well as the approach for testing and scaling up of agroforestry technologies was different in each area: in Kakamega the KARI used the PLAR (Participatory Learning and Action Research) system and the committees elected representatives to serve on higher level committees at sub-location and location levels, intended to serve as the channels of two-way communication between researchers, extension staff and farmers. In Kisii the KARI staff organised farmers into Farmer Research Committees who participated in both research and demonstration activities as representatives of each village. In Siaya the KARI/KEFRI/ICRAF PROJECT engaged a village committee approach by working with groups who were representative of village committees as a means of creating awareness and disseminating information and technologies on a wide scale. Memorandum of Understanding was established with the MoARD to work jointly with NALEP extensionists. 

The objective of the pilot projects was to look at agroforestry options for soil fertility improvement including improved fallows and biomass transfer of Tithonia diversifolia (a green manure system). The Siaya project in particular attempted to make the dissemination of agroforestry technology as a community responsibility through the utilisation of existing community groups. Initially the technologies had been tested by researchers and consequently the farmers selected the technologies to test on-farm from a basket of options. Communities within the pilot project area received high levels of technical support from project staff between 1997 through early 2000. The impact of the pilot projects is currently being evaluated together with farmers.

Farmers’ Field Schools (FFS)

FFS were introduced in 14 districts by MoARD extension staff and some NGOs with the assistance of the FAO’s Special Programme for Food Security in 1996. Each farmer group is provided with funds which they manage to run the school and meet the operational costs of the facilitator, whether extension staff or farmers who have themselves been through the school. The capacity building of farmer groups takes place through experimental learning techniques which help them to diagnose and resolve problems in a self-reliant manner. The groups’ observation skills are enhanced leading them to test ways of improving their farming systems. At the end of the 30 learning weeks the participating farmers are encouraged to become facilitators of new FFS in neighboring communities. 

The Legume Research Network Project (LRNP) 

LRNP is a national project with a goal to promote the use of green manure/cover crop legumes so as to improve the productivity of smallholder farms and to conserve the environment. The broad objectives of the project were to identify legumes that are adapted to specific climatic conditions, to conduct on farm research so as to integrate the legumes into their farming systems and to bulk the seeds of the most promising legumes so as to alleviate seed shortage(s). Network members were and still are drawn from KARI, NGOs and the University of Nairobi. The collaborators are staff from the MOARD and farmers in different regions of the country. The project’s research sites span the country from sea level, to the highlands west of the Rift Valley in Nyanza (Kisii) and Western Province (Kakamega). At the end of the first phase of the project (December 2000), 40 legume species had been screened at 11 sites with different climate characteristics and the effect of inoculation with Rhizobium spp. on the performance of selected legumes had been evaluated. The second 5-year phase of the project (2001-05) will continue research on integrated nutrient management and green manure legume residue management. Nitrogen release patterns, potential of various green manure legumes to fix nitrogen, identification of spatial and temporal niches for introduction of green manure legume on-farm and utilization of green manure legumes as livestock feed and for human consumption will also be tested. Other activities will include dissemination of green manure technologies and seed bulking, storage and exchange (LRNP, 1999). 

Improved Land Management in the Lake Victoria Basin Project
The Project, implemented by ICRAF and MoARD, began in 1999-2000 with a one-year startup year of activities under the SIDA-sponsored National Soil and Water Conservation Programme. The current project continues under the National Agriculture and Livestock Extension Programme (NALEP) until mid-2003 and later there will be another phase. The purpose of the project is to “provide extension providers, policy makers and researchers with information, methods, technologies and approaches for improving land productivity while enhancing local and regional environments in the Lake Victoria basin”.

The Project concentrates on the Nyando and Sondu-Miriu river basins that empty into Winam Gulf of Lake Victoria and it seeks to decrease the significant sediment loads delivered to Winam Gulf through improved land management practices, restoration of riparian vegetation, and restoration of the filter function of wetlands. A set of closely related activities have been started in Uganda and Tanzania.

The Project works through the NALEP staff and other government agencies and NGOs combining research, extension and training. Land management “hot spots” are identified and soil quality problems mapped while interventions for prevention and mitigation through technologies, institutions and policies are identified; the Project is also aiming to improve research and extension linkages for improved land management in the Lake Victoria basin. New techniques for analyzing soil degradation and its causes have been developed by ICRAF researchers by using spectral analyses of satellite images. At community level the Project enhances community self-mobilization through umbrella committees, focal area groups, common interest groups and private farmers. Community PRAs and socio-economic baseline surveys for impact assessment have been conducted with the MoARD. 

The activities undertaken by CIGs in the project area cover water management, agroforestry, livestock, crop diversification, cereal production, energy saving stoves and soil fertility management. Farmers show strong interest in experimentation with improved fallows; there are both type 1 (researcher-designed and farmer-managed) and type 2 (farmer-designed and farmer-managed) trials which are carried out as part of participatory agroforestry research. 

DFID Rural Credit Project.  

DFID is putting into place a subproject that will address the constraints to fertilizer purchase and test various options for rural credit.  This project will support acquisition and testing of promising new crop varieties that will take advantage of improved soil fertility.  The subproject will be coordinated through the Pilot Project and has begun  in March 2001. 
Vi Agroforestry Programme (Vi AFP) 

The programme is financed by the Swedish NGO Vi Planterar Träd, which receives funds mostly from private donors and from  SIDA.  The original Programme was extended from the West Pokot region in 1986 to the neighbouring Trans Nzoia District and then to Uganda and Tanzania . The Programme at present operates in 8 Districts within the Lake Victoria basin, while the project in the Nyando District started in 2002. There are currently 50 field extension workers living in rural villages, but in the whole of Lake Victoria area the programme now interacts with nearly 105,000 households annually since 1999. 

The vision of the Programme is “a green belt of vegetation cover around the lake Victoria basin within small-scale holdings" while the goal is to contribute towards improved livelihoods of small scale farmers in selected districts around Lake Victoria basin in a period of 5 to 10 years. The immediate objectives are related to increased food and nutritional security, increased fuelwood availability and increased sources of income to small-scale farmers in selected villages. The strategy is based on participatory agroforestry extension with emphasis on gender equity.

The Programme uses an extension approach that lays emphasis on group extension, and in the beginning the groups go through a process of participatory action planning. The same area is targeted for a minimum of three years. All Project staff is sensitised on the issue of gender through regular seminars and workshops. The technologies promoted by the project include fast growing leguminous trees, growing of long rotation tree species and fruit trees, composting, seed collection, poultry and beekeeping. Community response to solve collective problems such as fuelwood and  water availability or gully formation has been good.

The Programme totally uses about 20 tonnes of tree seed annually. Women groups and other individuals collect most of the seed, but some seed is procured through the national tree seed programmes in the respective countries. The need for the supply of seed of fast growing trees species reduces each year because farmers are encouraged to establish on farm seed production units. Vi AFP encourages planting of indigenous species but most farmers only know exotic species. The project works with MoARD staff but provide them only transport and payment for the facilitation for training. 

Consortium for scaling up options for increased farm productivity in Western Kenya (COSOFAP)
COSOFAP was launched in January 2001. The main reason for its establishment was the realisation that despite many organisations in the region have been disseminating various technologies, the rural development is stagnated and the natural resource base continues to decline. It was felt by many that the coordination of efforts is inadequate resulting in duplication and fragmentation of scarce resources. 

The partners of the Consortium comprise almost 70 natural resource research and development organisations, such as KARI and KEFRI, the extension branch of the MoARD, different NGOs, CBOs, farmer groups and associations, learning institutions, policy makers and the private sector.  Since last year the Consortium is creating forums and establishing mechanisms for sharing information and exchanging experiences among various stakeholders engaged in improving farm productivity and rural livelihoods. It is structured in three sub-regions which operate in 22 districts through interactive learning sites: exchange visits, tree seed production sites, training, demonstration sites and rural knowledge center. 

Rural development programs are coordinated through the MoARD, as well as with other ministries, provincial and municipal institutions, NGOs, and farmer organizations.  The outline of the principal rural development programs that explicitly incorporate natural resources management concerns and that are relevant to the design of this project is presented below.  
Other Projects. The Kenya Agricultural Research Institute is also undertaking numerous small studies in Western Kenya in the mandate areas of Kisii RRC and Kakamega RRC. It is not possible to describe the projects in detail here, but suffice it to say that for Kisii RRC, they involve improvement (breeding) and production of sorghum, maize, groundnut, cotton, rain-fed rice, cassava and breeding of livestock. In Kakamega RRC, they involve improvement (breeding) and production of sorghum, millet and rice.  In addition, a comprehensive Geographical Information Systems (GIS) database has been established for fertiliser recommendation domains in Kisii using climate data from KARI-CIMMYT’s Maize Data Base Project, soil data from the Kenya Soil Survey (KARI) and fertiliser trial results from KARI’s Fertiliser Use Recommendation Project (Wamae et al., 1999).

The following  full-sized GEF projects (primarily in the biodiversity and international waters focal area) are currently being executed in Kenya: 

· WB Tana River Primate National Reserve Project;

· WB Lake Victoria Environmental Management Project (LVEMP);
· East African Cross-Border Biodiversity Project.
Annex E.  C Projection for W. Kenya IEM Project

We constructed the projection of carbon accumulation in the different pools over the life of the project using a number of conversion factors from the scientific literature (Table E-1).  Projections were made using the project scenario of establishing 200 ha of plantation I the first year of the project, 400, in the second year, 600 in each of the third and fourth years and 700 in the final year of the project.  The total estimated planning area is 2500 ha.

The scenario of carbon sequestration and CO2 emission reductions for the project is presented in Figures E-1, E-2 and Table E-2.  After 10 years, carbon gains are about 283,000 t CO2 ER valued between $1.1 and $1.4 million, at $4 and $5 t, respectively.  Of this C, 68% resides in aboveground tree biomass and 24% in roots.  At the end of 2012, the end of first round of CDM commitment, emission reductions are approximately 150,000 t CO2.  Admittedly, this projection is somewhat simplistic in that it assumes that tree growth rates remain uninterrupted by periodic drought, and that all trees survive throughout the lifetime of the project.  Nonetheless, the projection demonstrates that the Integrated Environmental Management Project in western Kenya will operate at sufficient scope to produce carbon offsets for trading (Trexler, 1993).  A projection was constructed that included a 50% reduction in DBH increase one in every three years, similar to what could be expected from frequent drought.  By 2025, CO2 ER was reduced from 2.05 to 1.34 million t, suggesting that a series of droughts could reduce carbon offsets by 35% (data not presented).

Table E-1. List, values and sources of conversion factors used to project carbon sequestration   

________________________________________________________________________

Parameter



Conversion Factor

Reference/Approach

-----------------------------------------------------------------------------------------------------------------------

Tree and tree inputs




biomass to carbon


0.47



Woomer and Palm 1998

time to diameter at breast height (DBH)
1.2 + (2.2 x year)


after  Tyndall 1994

DBH to AG tree biomass


exp(-1.997 + 2.32(ln DBH)
FAO 1997 

AG biomass to total biomass (TB)

1.35 (assumes 35% roots)

e.g. Bille & Poupon 1972

total biomass to leaf drop
(LD)

0.15



Metherell et al. 1994

total biomass to fine roots
(FR)

0.15



Metherell et al. 1994

C sequestration efficiency
(CSE)

0.06 to 0.2 (climate derived)
after Kapkiyai et al. 1999


annual soil sequestration (ASS)

TBio x (LD + FR) x SSE

mathematically derived

Crop and crop inputs

biomass to carbon


0.47



Woomer et al. 2001

harvest index (HI)


0.1 to 0.4 


crop derived

yield to aboveground biomass

yield/HI



Woomer et al. 2001

AG to peak total biomass
(PB)

1.35 (assumes 35% roots)

crop derived

peak to time-averaged biomass

(0.5 x PB) / (12 / wet months)
mathematically derived

AG residue C



0.47 x ((yield/HI) – yield)

mathematically derived

Soil C

C content (kg kg-1) to total SOC (t ha-1)
C content x BD x soil depth x 100
mathematically derived


SOC turnover rate


0.8 yr-1 (≈ 5 years)

Parton et al. 1994

cumulative soil sequestration (CSS pred)
∑[ASS +(0.8 x ASS1) +… (0.8x x ASSx)]
mathematically derived
cumulative soil sequestration (CSS est.)
ASS x (1 + CSE) year

mathematically derived

Emission reduction

total C gain



(TB + CSS) – baseline

Noble & Scholes 2001


total C gain (t) to CO2 ER (t)

3.67 (=44/12) 


chemically derived

______________________________________________________________________________________
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Table E-2. Projected C gains and CO2 Emission Reduction values for a project beginning during the onset of rains in 2004 where 2500 ha are planted with 400 trees per ha and ending in 2020.  Gains and emission reductions are highlighted for 2012, which corresponds to the end of the first commitment period under the Kyoto Protocol, and for projects with a lifetime of 10-years and 21 years, the two project lifetimes appropriate for the Clean Development Mechanism.
	Year
	Above ground C
	Root C
	Total Tree C
	Soil C
	Total C
	CO2 Emission Reductions
	Value 

at $5 t-1
	Value

 at $4  t-1

	
	------------------------------------Tonnes ------------------------------------
	-------- US$ --------

	2004
	8
	3
	11
	0
	11
	40
	198
	158

	2005
	103
	36
	139
	6
	145
	532
	2,658
	2,127

	2006
	476
	167
	643
	34
	677
	2,482
	12,412
	9,930

	2007
	1,441
	504
	1,946
	118
	2,064
	7,569
	37,844
	30,275

	2008
	3,391
	1,187
	4,577
	308
	4,885
	17,911
	89,555
	71,644

	2009
	6,767
	2,369
	9,136
	664
	9,800
	35,932
	179,660
	143,728

	2010
	11,848
	4,147
	15,995
	1,244
	17,240
	63,213
	316,063
	252,851

	2011
	18,815
	6,585
	25,400
	2,092
	27,492
	100,806
	504,028
	403,222

	2012
	27,813
	9,735
	37,548
	3,240
	40,788
	149,555
	747,775
	598,220

	2013
	38,969
	13,639
	52,608
	4,713
	57,321
	210,178
	1,050,889
	840,711

	2014
	52,394
	18,338
	70,732
	6,533
	77,265
	283,304
	1,416,518
	1,133,215

	2015
	68,187
	23,866
	92,053
	8,719
	100,772
	369,498
	1,847,489
	1,477,991

	2016
	86,442
	30,255
	116,696
	11,288
	127,984
	469,276
	2,346,379
	1,877,104

	2017
	107,242
	37,535
	144,777
	14,254
	159,031
	583,114
	2,915,569
	2,332,455

	2018
	130,667
	45,733
	176,400
	17,633
	194,033
	711,455
	3,557,274
	2,845,819

	2019
	156,791
	54,877
	211,668
	21,435
	233,104
	854,714
	4,273,571
	3,418,857

	2020
	185,685
	64,990
	250,675
	25,675
	276,350
	1,013,284
	5,066,422
	4,053,138

	2021
	217,415
	76,095
	293,511
	30,363
	323,874
	1,187,537
	5,937,683
	4,750,147

	2022
	252,045
	88,216
	340,260
	35,510
	375,770
	1,377,824
	6,889,122
	5,511,298

	2023
	289,634
	101,372
	391,006
	41,126
	432,132
	1,584,485
	7,922,427
	6,337,942

	2024
	330,242
	115,585
	445,826
	47,222
	493,048
	1,807,843
	9,039,214
	7,231,371

	2025
	373,923
	130,873
	504,796
	53,806
	558,602
	2,048,207
	10,241,034
	8,192,827


Risk scenarios.  Risks confronting carbon sequestration include 1) early death or premature removal of trees by land managers or poachers, 2) land managers opting to withdraw from committing land to their woodlots, 3) less-than-anticipated tree productivity and combinations of these factors.  The impacts of these risks, individually and in combination were examined in a step-wise manner using the Carbon Projection Spreadsheet with C valued at $5 per t CO2 ER.
1. Baseline. Assumes that 5000 households commit 0.5 ha to the project (= 2500 ha) by planting 200 trees (= 400 trees ha-1 or 1.0 million trees total).  Subsequently 100% of these trees survive and all land managers elect to participate throughout the project lifetime.

2. Reduced tree survival.  Baseline conditions except that 1% of the planted trees die each year.

3. Reduced tree survival and project withdrawal.  Baseline conditions except that 1% of the planted trees die each year and 1% of the original 5000 households withdraw from the project each year. 

4. Reduced tree productivity.  The relationship between tree diameters over time governs tree y 10%C gains within the spreadsheet calculations.  A value of 2.2 cm diameter per year was derived based upon a Kenyan data set.  Lower growth rates would be an expected result from stress conditions.  In this scenario, the annual tree diameter growth rate is reduced by 10%. 

5. Frequency of drought.  The frequency of periodic drought is increased from none, 1 year in 5, 1 year in 3 and 1 year in 2 with drought resulting in a 50% reduction in annual tree diameter increase.  
Interpretation.   A million-tree project, consisting of 2500 ha planted with 400 trees ha-1 produces 502,943 t CO2ER over 21 years (Table E-3, Figure E-4) with 93% of this C accumulating in tree biomass.  Tree attrition (1% per year) results in a 10% decline in C gains.  Tree attrition (1% per year) and withdrawal of lands committed to the project (1% per year) results in a 19% loss of C.  Clearly, the loss of trees and withdrawal of lands from the project could have a significant impact but, even with the removal of up to 10,000 trees per year, or the default upon 25 ha still results in substantial C offsets over time (Figure 6).  Furthermore, the protection of trees and the commitment of land managers to the project are largely controlled through the criteria used in the selection of participants and the subsequent information and incentives offered to them.

Table E-3.  Analysis of the impact of different risk factors on C storage, CO2 emission reduction and value of the C sequestered (estimated at $5 per tonne CO2).

	Scenario
	Project area
	Tree density
	Tree C
	Soil C
	CO2 ER
	Value

	
	--- (ha) ---
	Trees ha-1
	------------ Tonnes ------------
	--- US$ ---

	Initial conditions
	2500
	400
	504,796
	53,806
	2,048,207
	10,241,034

	Reduced tree survival
	2250
	326
	410,309
	44,189
	1,666,493
	8,332,464

	Reduced tree survival and project withdrawal
	2037
	400
	333,593
	36,305
	1,356290
	6,781,450



	Reduced tree productivity
	2500
	400
	382,204
	40,841
	1,551,163
	7,755,815

	All factors combined
	2037
	400
	263,175
	28,652
	1,070,033
	5,350,164
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Annual reduction of tree diameter increase by as little 10% per year results in a substantial decrease in C gains (24%).  Tree productivity is under the control of several factors, including tree selection, management, pests & disease and climate.  The selection of trees must be made in consultation with land managers but trees poorly suited to a given environment or those at risk from pests & disease must be avoided.  Tree management should include modest fertilization and periodic management to provide the trees competitive advantage.   Environment exerts a strong control over tree performance, particularly moisture supply.  One year in five drought reduces C gains by 20%, one year in two reduces C by 48% (Figure E-4).  It is doubtful that trees can be planted under irrigation, as few irrigated croplands exist within the project area.  Committed land managers could, however, hand irrigate the young trees should drought strike at an early stage of the project.
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Projection II: Aggregate C Gain and Sensitivity Analysis

Another spreadsheet was developed that combines the estimates of carbon gains resulting from individual tree planting efforts, the Aggregate C Gain Spreadsheet.  This spreadsheet queries users about the conditions of tree planting (number of trees, between and within row spacing), which gains are to be considered (aboveground woody biomass only, roots, soil organic C), tree coefficients (C content, root:shoot ratio, proportion of leaves), soil carbon sequestration efficiency and the price of carbon ($ per ton).  Next, users must provide the number and DBH of trees falling into four different, user-defined, size categories.  Based upon this information, the spreadsheet displays the area of each tree planting location, the C sequestered, its value and the proportion of surviving trees.  

Example project.  This spreadsheet may be used to both predict and compile project results.  If individual rows represent separate locations for tree planting, then the sums of the columns represent aggregated results of the project.  For example, ten farmers belonging to a Self-Help group agree to plant 2000 trees on their own land, and to combine their efforts on adjacent, degraded communal land.  After 10 years, an assessment is conducted concerning the survival and DBH categories of the trees (Table E-4). Site and species specific information is incorporated into the spreadsheet in terms of the number and type of trees, the proportion of roots, whether or not litter will be gathered, etc. Then the counts of trees belonging to different categories are entered and the C stocks calculated.  In this case, the summary reveals that about 94% of the trees survived, resulting in a 195 t C gain worth $1950.  Additional information may be attached to the “front-end” of the spreadsheet such as the geographic coordinates, household names, affiliated organizations and funds advanced for tree maintenance.  Similarly, several different groups of farmers can be combined onto a single spreadsheet, or the totals from each group compiled within another spreadsheet.  We envisage that many farm associations (>100) involving more than 5000 farmers total will be involved in the project and suggest that the structure presented in this spreadsheet can accommodate their efforts.

Table E-4. Example application of the Aggregate C Gain Spreadsheet where 10 farmers combine their efforts to plant 2000 trees of their choice on 5.2 ha.


Table E-5. Sensitivity analysis of the Aggregate C Gain Spreadsheet where the number of trees, their growth and death, roots, litter turnover, sequestration efficiency, eligibility of soil C and C price are examined.


Sensitivity analysis.  The spreadsheet may also be used to explore opportunities in the design of C sequestration projects.  Table E-5 presents the results of a sensitivity analysis that examines a baseline condition (case 1), more and larger trees (cases 2 & 3), tree death (case 4), less and no roots (cases 5 & 6), more recalcitrance of soil organic matter and litter (cases 7 & 8), removal of soil C and both soil and root C from consideration (cases 9 & 10) and changing the price of C (case 11).  The summary, tree planting pattern and C pool “switches” are presented in Table E-5, but the remainder of the spreadsheet inputs and calculations are omitted.  The analysis indicates that those factors affecting tree aboveground biomass and carbon price have relatively large effects (Figure E-5)  Litter characteristics and soil turnover rates contribute only slightly to total C, and suggest that the cost of documenting soil C (e.g. $4.00 per sample) may be greater than its value (e.g. $1.27) within a smallhold system.


 

Annex F.  Project Workshop Summary

Coupling global environmental benefits with poverty reduction and food security in western Kenya through farmer-led agroforestry 

Stakeholder Consultation and Project Development Workshop

6–8 December 2000

24 Workshop rationale and objectives

Following the development of a draft project concept note and several rounds of electronic discussions involving some stakeholders, it was agreed that a stakeholder consultation and project design workshop should be held to move this process forward. The workshop was held from 6 to 8 December, beginning with a field trip to western Kenya (6 December) and followed by a project development workshop held at ICRAF, Nairobi on 7 and 8 December. 

The objectives of the stakeholder workshop were:

1. To share stakeholder perceptions and interests on the objectives and outcomes of the proposed project.

2. To become better acquainted with the priorities and procedures of the GEF and the Swiss Consortium.

3. To revisit the project concept note and reach a consensus among stakeholders concerning the goal, objectives, expected outputs, broad activities, locations, and the roles and responsibilities of different stakeholders.

4. To develop a specific GEF project proposal for support of the 6–12 month design phase (known as PDFB) and a complementary Swiss Consortium-funded initiative focusing on soil carbon sequestration.

5. To agree on a time bound action plan for finalizing and submitting the PDFB (including additional consultation with farmer groups) and the Swiss-funded initiative and for broader implementation of the project using GEF, Swiss and other sources.

24.1.1 Workshop Highlights

1. Field visit

The field visit to Western Kenya provided opportunities for stakeholders to: observe first-hand agricultural landscapes, farming communities, farmers’ practices, and research activities; meet with farmers to discuss constraints and aspirations; and meet with ICRAF scientists and partners to discuss current activities in research and development.  Observations of the field trip participants that bore particular relevance to project design included the following:

· Complexity of agricultural landscapes and the consequent methodological challenge of monitoring change

· Small-scale low-income farmers with tree planting culture

· Clear evidence of environmental degradation: nutrient depletion and erosion

· Acceptance of agroforestry practices – particularly improved fallows and biomass transfer - on a limited number of farms

· Willingness of farmers to innovate

· Evidence of excellent working relationships among farmers, extensionists, and researchers

· Potential to have an impact through working with school children: “farmers of the future”

2. Stakeholder perspectives

Welcome addresses by the KARI Director and the ICRAF Director General highlighted the unique nature of this meeting in bringing together a diverse group of stakeholders to address a new and exciting issue: how to couple global environmental benefits with poverty reduction and food security.  Both speakers underlined the importance of addressing soil fertility as a fundamental constraint to the achievement of poverty reduction and food security in western Kenya.

Dr. Julian Dumanski provided background to workshop and the opportunities to be addressed, drawing attention to the issue of global climate change and the potential of agroforestry in sequestering carbon.  Dr. Dumanski introduced the concept of a new funding opportunity through collaboration of GEF and a Swiss consortium of multi-national companies.  It was noted that the challenge was to emerge with win-win situations that enable communities in developing countries to benefit from their contributions to a better global environment.

A number of stakeholders were then invited to comment on the project concept and to express their interests and concerns:

KARI

· Recognized the worsening problem of soil fertility depletion in western Kenya

· Highlighted progress made since 1997 through the pilot project which has brought together research and development agencies to focus on soil fertility replenishment

· Noted that an environmental policy was now in place but that a policy alone did not stop environmental degradation – alternatives were needed

· Emphasized KARI’s commitment to this important initiative

Farmer leaders

· Expressed satisfaction with past experience with ICRAF and the relevance of agroforestry to their farms

· Specifically mentioned the iportance of soil fertility and firewood benefits from planting trees

· Highlighted the need for credit, storage, and fertilizer

· Indicated that they were already organized into groups and were already working well with NGOs, extensionists and resaerchers

Woman farmer

· Expressed satisfaction with soil fertility improvement through agroforestry

· Expressed the concern of small farmers in taking land out of crop production for growing trees and that compensation would be needed to provide food needs

FAO representative

· Highlighted the population growth trends and the pressures these placed on food security and environement

· Endorsed the project concept

· Emphasized the social and institutional capital necessary to achieve impact

· Highlighted the strong institutional capacity of KARI, KEFRI and ICRAF in Kenya and the positive experience of the pilot project in western Kenya

Swiss Consortium representative

· Impressed by the work in western Kenya

· Indicated that the primary interest of the Swiss is to learn how to undertake a C sequestration project of this kind

· Emphasized that the initiative was to be jointly funded by GEF, the Swiss Consortium and others

· Stressed the importance of clear and effective project organization and management, work plan, time frame and performance monitoring

· Recognized that the initiative need to be win-win for all parties, including the Swiss Consortium

NGOs

· All noted the importance of soil fertility and food security and the need to work through farmer groups

· Highlighted the need to empower farm families, particularly women and children

· Recognized the problem of small farm size and the trade-off between planting trees and food security

· Stressed the need for farmers to benefit financially from the planting of trees

KEFRI

· Expressed their support for the project concept as agroforestry is central to KEFRI’s mandate

Ministry of Agriculture and Rural Development (Regional Office)

· Highlighted the importance of food security, excessive run-off, pollution of Lake Victoria, the importance of planting materials, and the disappearance of swamp lands due to population pressure

TSBF

· Stressed the need for good science to quantify carbon sequestration

· Has developed methodologies for baseline studies through the Alternative to Slash and Burn Programme; these could serve as templates for the western Kenya initiative

· Indicated that training of national teams is crucial

ICRAF

· Highlighted the relevant aspects of its global strategy: an integrated natural resource management approach; and a commitment to development impact through a research-to-development continuum.

· Indicated a strong comparative advantage through: hands-on experience in C, long-term sustainability, and biodiversity measurement through ASB; experience with community-driven development (e.g. Landcare in the Philippines); and more than 10 years research and development experience in western Kenya

· Expressed interest in contributing to the initiative through interdisciplinary research related to offsets: initial C baseline studies; C measurement; analysis of landscape alternatives; implementation strategies; and evaluation of alternative institutional approaches to C offset projects and leakage control

3. Discussion and development of a PDF-B

A draft PDF-B proposal was presented and discussed by all stakeholders in plenary session.  Comments and suggestions were made regarding the goal, objectives, expected outputs, broad activities and the roles and responsibilities of different stakeholders.  Drawing on these discussions and the stakeholder comments, perspectives expressed in 2. (above), and a presentation of GEF guidelines and procedures (from  a representative of the National Environment Secretariat?), a small working group was formed to develop a PDF-B proposal for submission to GEF and the Swiss Consortium.

The main elements of the PDF-B proposal are as follows:

· Goal:  to develop a prototype CDM project

· Project design based on a Community Driven Development approach to integrated natural resource management

· Establish baseline procedures and establish a project baseline: biophysical, socio-economic, above- and below-ground carbon, biodiversity and medicinal plants

· Capacity building during the PDF phase

· CDM specific activities (CDM approval document, calculation of costs of C sequestration and of benefits to different stakeholders

· Preparation and discussion of sharing of carbon benefits

· Ramping up of germplasm supply capability in preparation for full project

Programme for the Stakeholder Field Visit and Workshop

24.2 Wednesday 6 December — Field visit to western Kenya

9:00 am

Pick up from Kisumu airport

9:30–10:00 am
Lake Victoria Project (Kisumu Beach Resort)

10:00–11:00 am
Briefing on Research and Development activities of the National Agroforestry Centre at Maseno (Collins Obonyo — Centre Director)

11:00 am – 1:30 pm
Visit long-term on-farm trials on strategies for soil fertility replenishment and conservation (Moses Mathuva and Bashir Jama/Stephen Ruigu)

· Visit farm of Mr. Harison Amukoye — intensive farming on a small farm using approaches that integrate organic and inorganic fertilizers and growing high value trees

1:30–2:30pm 

Lunch at Yala Township Primary School

· Extension/dissemination strategies (Mary Nyasimi/Qureish Noordin)

· Compassionate Agroforestry (F. Wainaina)

1:30–5:00 pm
Visit Pilot Project villages in Yala Division (Qureish Noordin, Mary Nyasimi, Aggrey Otieno, Stephen Ruigu and Bashir Jama)

· Song by Sauri Primary School

· Open discussion with farmers

5:00 pm

Depart for Kisumu airport

6:00 pm 

Depart Kisumu 

7:00 pm 

Arrive Wilson Airport

24.3 Thursday 7 December — Day 1 of Workshop (ICRAF Conference Hall, Gigiri, Nairobi)

25 Session 1 (09:00–12:00)

Co-Chairs: Dr. Romano Kiome (KARI) and Dr. Pedro Sanchez (ICRAF)

Objectives of the Workshop — Dr. Romano Kiome (KARI)

Welcome address — Dr. Pedro Sanchez (ICRAF)

Background of the development of the project — Dr. Julian Dumanski

Statements of interests and expectations by stakeholders:

· KARI

· Swiss Consortium

· Farmers’ representatives

· NGOs

· FAO

· KEFRI

· TSBF

· ICRAF

26 Session 2 (12:00–13:00)

Co-Chairs: Dr. Romano Kiome (KARI) and Dr. Pedro Sanchez (ICRAF)

Presentation and discussion on GEF policies and procedures — Representative of NES

27 Session 3 (14:30–17:00)
Co-Chairs: Dr. Jane Wamuongo (KARI) and Dr. Glenn Denning (ICRAF)

Presentation and discussion of the PDF-B — Dr. Louis Verchot 

· Goal

· Objectives

· Expected outputs

· Broad activities

· Proposed locations

· Roles and responsibilities of different stakeholders

28 Reception (17:30–19:30) ICRAF campus, Research Building Courtyard
28.1 Friday 8 December — Day 2 of Workshop

29 Session 4 (09:00–12:00) ICRAF Research Building, Prunus Room
Development of the draft PDFB and the complementary Swiss-funded initiative on soil carbon sequestration — undertaken by a smaller technical group
Seminar (12:00-13:00) ICRAF Conference Hall
‘Scaling up the impact of research through communities: experience and lessons from the health and agriculture sectors’ — Dr. Hans Binswanger, World Bank 

30 Session 5 (14:00–15:30) ICRAF Conference Hall
Co-Chairs: Dr. Romano Kiome (KARI) and Dr. Pedro Sanchez (ICRAF)

Presentation, discussion and consensus on the draft PDFB and complementary Swiss-funded initiative (in plenary) 

	30.1.1.1 ICRAF

1. Pedro Sanchez

2. Glenn Denning

3. Ann-Marie Izac

4. Louis Verchot

5. Chin Ong

6. Markus Walsh

7. Tom Tomich

8. Noordin Qureish

9. Stephen Ruigu

10. Mary Nyasimi

11. Bashir Jama

12. Eva Gacheru

13. Deborah Bossio

30.1.1.2 KARI

1. Romano Kiome

2. AB Orodho

3. J Ojiem

4. Felistas Makini

5. Anne Muriuki

6. Patrick Gicheru (KSS/KARI/NARL)

7. Jane Wamuongo

8. S. Maobe

31 KEFRI

Daniel Nyamai

31.1.1.1 RELMA

Abe Barklund

31.1.1.2 MoARD-PIDALE

FM Odok

31.1.1.3 Ministry of Agriculture

Francis Mbote

31.1.1.4 Resources Projects

Paul Nekesa

31.1.1.5 SCODP

D. Okello

31.1.1.5.1 SR Technics

Christophe Fuelleman

31.1.1.5.2 Consultant

Julian Dumasnki


	Farmers:

1. Joyce Omondi (Siaya District)

2. Martin Onanda (Siaya District)

3. Peter Sikobe (Vihiga District)

4. Hosea Amolo (Siaya District)

World Bank

1. Christine Cornelius

2. Dahir Warsame

3. Hans Binswanger

4. Julian Dumanski

5. Richard Kaguamba

Sida/NALEP

Erne Ericksson

UNSO-UNDP

Verity Nyagah

GTZ
Manfred van Eckert

FAO
Daniel Gustafson

TSBF
Cheryl Palm

MICWP
F. Wainaina

NES
B. O K’Omudho

D Obudho

NAC
Collins Obonyo




Annex G.  Report of Nyando River workshop held in Dec 2003

Reversing Environmental And Agricultural Decline In The Nyando River Basin: Proceedings Of A Workshop, Kisumu, Kenya, December 2002

DRAFT SUMMARY
April 25, 2003

ICRAF/KARI/KEFRI/MOARD have collaborated for a long time in various agricultural-oriented activities in an effort to make positive impact on the livelihoods of millions of farm families in their project areas.  In the last 4-5 years, the team began looking at farmers’ problems and potential roles of tees on environment and ecosystem management in the Lake Victoria Basin. The Lake Basin is a prime area in the world in providing an opportunity on larger landscape effects of trees and it would be instrumental to assess the impacts of different problems and related solutions in the Nyando River basin. The solutions are not only identifying hotspots for collaborative work to manage the environment but also to address the felt needs of the farmers and to enhance this, all relevant stakeholders including the farmers should participate.

With the above in mind, ICRAF, NEMA and NALEP, in collaboration with partners in the Lake Victoria Basin Initiative, organized the workshop in December 2002 to discuss ways of reversing environmental and agricultural decline in the Nyando river basin. Scientists, representatives from the ministries of agriculture, health, water, National Environment Management Authority (NEMA) non-governmental organizations, donor agencies and farmers, attended the workshop. The workshop was preceded by a field trip covering a profile beginning in the upper parts of the basin and ending close to the lakeshores. The objectives of the workshop were to: (
1) Compile and share information about the nature of the inter-related problems of environmental degradation, low agricultural production and worsening poverty in the Nyando River Basin, (
2) Compile and share information about alternative technical, institutional and policy options to address those problems, (
3) Develop action plans for the short, medium and long-term solutions to those problems, and (
4) Identify priorities and plans for implementation and funding.

The proceedings have nine sections and two annexes. 
The First Section deals with workshop opening by the Provincial Director of Agriculture and Livestock Extension (Nyanza Province). The representatives of the Ministry of Agriculture & Rural Development, the Lake Victoria Environmental Management Programme, the National Environment Management Authority, World Agroforestry Centre (ICRAF) and the Provincial Director of Agriculture and Livestock Extension (Rift Valley Province) also made opening remarks. Each speaker appreciated the environmental and agricultural problems in the Nyando basin, the potential contributions by their respective institutions and the need for inter-institutional collaboration to address these problems.

The Second Section contains a presentation of the National Environment Management Authority’s mandate and implementation of the Environmental Management and Co-ordination Act (1999). NEMA is the principal instrument of Government responsible for development and implementation of all policies relating to the environment. Also, it exercises general supervision and co-ordination over all environment matters.

Section Three deals with review of information on the nature and extent of the problems in the Nyando basin. The section contains nine presentations. The first presentation by Brent Swallow examines the linkages between: poverty and land investments; ill health, agriculture and poverty; irrigation and land degradation and between community water management and farm investments. He concludes that problems of poverty, agriculture and environment are closely related; that solutions need to be large-scale; that solutions need to be integrated and focussed on people-environment interactions and that spring protection is a possible win-win situation. 

In the second paper, Markus Walsh describes methods used in the identification of sediment sources and sinks in the Nyando river basin, assessment of impacts of erosion and sedimentation on agriculture and aquatic ecosystems, probable rates of sedimentation in the basin and impacts of EL Nino episodes in the last 100 years. He categorizes priorities for non-point pollution management into: fast sources (which require massive re-vegetation), slow sources (which need incremental improvements of production capacity through conservation agriculture and sinks (where maintenance and protection of buffering capacity is critical). 

The third paper by Alex Awiti and co-workers analyses the consequences of land cover change in relation to land management and policy options. They examine changes in litter input, below ground changes and soil and plant responses to land use changes in Kakamega Forest. They conclude that land degradation impacts negatively on water quality, soil fertility and crop performance. They suggest several policy and land management options to reverse environmental and agricultural decline in the Nyando river basin, where the historical degradation path is similar to that in the Kakamega case study. 

There are four contributions from the LVEMP. John Okungu of LVEMP discusses water resources management and environmental degradation and water quality in the Lake Victoria basin. In the first paper, the functions of the Department of Water are outlined. The paper also examines issues of spring protection and flood control in the Nyando basin. The paper makes several recommendations for integrated water management such as use of appropriate technologies, management of water by basins or sub-basins, enforcement of the Water Act (2002) and other environmental laws, the need for environmental impact assessment of major water projects, regulation of effluent discharge into water bodies, establishment of effluent treatment facilities municipal and industrial plants, involvement of communities in water resources management, updating data on water availability and the need for more funds for water projects in vulnerable rural areas. The second paper by John Okungu evaluates water quality in the Lake Victoria basin with special emphasis on the Nyando basin. The pollution loads in the rivers is attributed to enhanced run-off and erosion in the basin due to poor agricultural practices and catchment degradation. Industrial effluents and municipalities add to the pollution problems. Henry Njuguna made the other two scientific contributions from LVEMP. One paper dealt with the dynamics and spatial diffusion of sediments in the Winam Gulf and water quality aspects (dissolved oxygen, turbidity and temperature) while the other paper examined discharge variability in the Nyando and other Kenyan rivers draining into Lake Victoria.

The eighth paper by Leah Onyango describes the general effects of flooding in the lower Nyando river basin. The paper also evaluates previous interventions to control flooding. The paper recommends that upstream-downstream linkages should be recognized in designing flood control measures. Also the major wetland at the mouth of the Nyando should not be drained. Alfred Langat describes the specific effects of flooding with respect to human health in the last paper in this Section.

The Fourth Section deals with review of information on potential solutions. Mwangi Hai presents the first paper in this section on effects of plot-scale fencing and short-term fallow on run-off and biomass yield in lawer Nyando basin. Grass cover recovery was found to depend significantly on the level of degradation and that in severe cases, fencing alone was inadequate. Short-term fallows were found to reduce run-off besides providing fuel wood. The second contribution is by the Provincial Agricultural Officer (Nyanza) on the NALEP/ICRAF experience in the lower catchment. The paper describes the causes and impacts of agricultural and environmental decline in the Nyando basin. Although some interventions by the Government and NGO’s have not been successful, remarkable success has been realized in the NALEP focal areas. The paper makes several recommendations including: the integration of agroforestry and water management aspects; investments in the development of community based land care movements; review of some land and water management policies to match changing environment; sensitisation of the communities on the need to invest in water resources management programmes. The third paper presents experiences in the upper catchment, where 1810 farm specific action plans have been implemented in the two and a half years since collaboration with ICRAF started. Other achievements include tree nursery establishment, riverbank and spring protection, farmer visits to other areas, promotion of enterprise development, and improvements in rural access roads, training among others. The fourth paper discusses LVEMP’s experience, constraints and future plans in their Integrated Soil and Water Conservation component. They have implemented their programme along the NALEP-Sida Focal Area approach. 

Section Five deals with outputs from three working groups viz. Land use and agriculture; Health and water; and Basin-level issues and management. Each group’s output is organized along a common reporting format involving (1) identification of key problems in each theme, (2) identification of solutions (technical, institutional and policy), (3) action plans indicating key players in the implementation of the plans, information requirements, resource requirements, and impact assessment, and (4) time frame (short- medium and long-term).

In Section Six, four contributions by farmers from four different Focal Areas are presented. The Focal Areas are: (1) Kobongo in the lower reaches of the Nyando river which are prone to frequent flooding, (2) Katuk-Odeyo which is characterized by huge gullies, (3) Chebitet in upper catchment and (4) Burkamach-Rakwaro. Each Focal Area represents a different set of problems and action prioritisation. 

31.2 Section Seven contains institutional statements of priorities and contributions to the action plans developed in Section Five. The Water Department committed itself to contribute to hydro-geological investigations, supervision of spring protection, rehabilitation of areas that may require heavy machinery, drilling of bore holes where they are needed and monitoring and disinfections of water points. The Ministry of Agriculture & Rural Development, already working in the basin (via NALEP, LBDA, KARI, LVEMP and the Fisheries Department), expressed support for follow-up actions and willingness to take a lead in co-ordinating all proposed activities geared towards reversing environmental and agricultural decline in the basin. The World Agroforestry Centre (ICRAF) committed its support comprising of: provision of map products that show problem and intervention areas; support to the District Environment Committees to prepare their District Environmental Action Plans; support to NEMA in their preparation of State of Environment Reports; Networking (COSOFap); promoting education and creation of awareness in schools via ANAFE; continued support to NALEP and other activities of the Ministry of Agriculture. NEMA on its part pledged to support the proposed initiatives by ensuring that the provisions of the Environmental Management and Co-ordination Act (1999) are fully applied where relevant in support of proposed activities. In particular, NEMA will ensure that the relevant Provincial and District Environment Committees incorporate in their action plans the concerns of the workshop. Moi University will support the action plans through training of relevant manpower and research within the basin. The Kenya Organization of Environmental Education (KOEEE) committed itself to contribute to solution of the environmental and agricultural problems in Nyando via introduction of eco-schools in the area. The eco-schools will have a number of activities (e.g. environmental auditing, integration of environmental issues in curriculum development, development of micro-projects etc). The advocacy group will contribute by lobbying decision makers to implement action plans which acceptable to stakeholders; they also promised to lobby, if necessary, for increased resource allocation to the basin as well as empowering the local communities to effectively participate and own the intervention processes.

Section Eight deals with statements by representatives of the District Environment Committees (District Commissioners of Nandi & Kericho, Kipsigis County Council, Nandi County Council and Kenya Forestry Research Institute). The representatives appreciated the support that the co-conveners, other stakeholders and development partners have given to different development programmes in their areas of jurisdiction whose impacts have been felt at different levels. Support for co-operation and dialogue amongst various stakeholders is clearly evident in all the statements as well as the desire to support efforts to reverse environmental and agricultural degradation in the Nyando basin. The involvement of the County Councils of Kipsigis and Nandi was particularly important in this workshop. The councils have supported financially a number of environmental and infrastructural programmes in areas under their jurisdiction. KEFRI on their part are involved in the rehabilitation and conservation of the Nyando river basin through various instruments and institutional collaboration. 

31.3 Way Forward

A meeting with donors will be held once the workshop proceedings are completed. The organizers hoped that some limited funding could be available from the European Union (EU) to assist in keeping communications going on among the stakeholders. Some of the proposals from the group discussions are very practical and implementation could be started before major donor funding is available. 

At a latter date, there is an intention to put down an organizational structure to assist in the effective implementation of the proposed interventions in the Nyando River Basin.   Stakeholder collaboration between the various institutions is critical for effective and efficient implementation of activities. 

Annex H  References

Agricultural Technology and Information Response Initiative (2000). ATIRI booklet. Kenya Agricultural Research Institute, Nairobi.

Antle, J.M., S.M. Capalbo, S. Mooney, E.T. Elliott and K.H. Paustian. 2001. Spatial heterogeneity, contract design and the efficiency of carbon sequestration policies for agriculture. Unpublished manuscript. Available at: http://www.climate.montana.edu.

Ben-Dor, E. and Banin, A. (1995). Near-infrared analysis (NIRA) as a method to simultaneously evaluate spectral featureless constituents of soils. Soil Sci. 159: 259-270.

Ben-Dor, E., Irons, J. R. and Epema, G. F. (1999). Soil reflectance, in Remote Sensing for the Earth Sciences (Rencz, A. N. ed.), John Wiley & Sons, New York, p. 111-188.

Bitterlich. 1947

Braun, A.R., Thiele, G., Fernandez, M. 2000. Farmer Field Schools and Local Agricultural Research Committees: Complementary Platforms for Integrated Decision-making in Sustainable Agriculture. Agriculture Research and Extension Network Paper, No 105, Overseas Development Institute, London.

Chambers, R. and Conway, G. (1992). Sustainable Rural Livelihoods: Practical Concepts for the 21st Century. IDS Discussion Paper 296. Brighton: IDS.

Cleaver, K.M. and G.A. Schreiber.  1994.  Reversing the spiral: The population, agriculture and environment nexus in sub-Saharan Africa.  World Bank, Wash, D.C.

Coleman, T. L. and Montgomery, O. L. (1987). Soil moisture, organic matter and iron content effect on the spectral characteristics of selected vertisols and alfisols in Alabama. Photogramm. Eng. Remote Sens. 12: 1659-1663.

Dalal, R. C. and Henry R. J. (1986). Simultaneous determination of moisture, organic carbon and total nitrogen by near infrared reflectance spectrophotometry. Soil Sci. Soc. Am. J. 50: 120-123.

Desaeger, J. and M.R. Rao.  1999.  The root-know nematode problem in Sesbania fallows and scope for managing it in western Kenya.  Agroforestry Systems.  47:273-288.

Di Gregorio, A. and L.J.M. Jansen. 2000. Land Cover Classification System (LCCS): Classification Concepts and User Manual. FAO, Rome.

Food and Agriculture Organization of the United Nations (FAO). 1997. Estimating Biomass and Biomass Change of Tropical Forests: A Primer. FAO Forestry Paper 134. FAO, Rome.

Franzel, S., Cooper, P. and Denning, G.L, 2001. Scaling up the benefits of agroforestry research: lessons learned and research challenges. Development in Practice 11(4):524-534.

Friedman, J.H., 1999a. Stochastic Gradient Boosting. Technical report, Dept. of Statistics, Stanford University, 10 pp.

Friedman, J.H., 1999b. Greedy Function Approximation: a Gradient Boosting Machine. Technical report, Dept. of Statistics, Stanford University, 34 pp.

Goward, S.N., C.J. Tucker and D. Dye. 1985. North American vegetation patterns observed with NOAA-7 advanced very high resolution radiometer measurements. Vegetatio 64: 3-14.

Hoekstra, D. and J. D. Corbett. 1995. Sustainable agricultural growth for the highlands of East and Central Africa: Prospects to 2020. Int. Food Policy Research Institute, Washington, D.C.

IPCC. 2000.  Lanuse, Land Use Change, and Forestry.  Cambridge University Press.

Izac, A.-M. 2000.  What paradigm for linking poverty alleviation and natural resources mamagement.  Special report to the CGIAR.

Jancinthe, P.A. R. Lal and J.M. Kimble. 2001 Assessing water erosion impacts on soil carbon pools and fluxes. In: Lal, R., J.M. Kimble, R.F. Follet and B.A. Stewart (eds.). Assessment Methods for Soil Carbon. Adv. Soil Sci. Lewis Publishers, Boca Raton.

Janik, L. J., Merry, R. H. and Skjemstad, J. O. (1998). Can mid infrared diffuse reflectance analysis replace soil extractions ? Aust. J. Exp. Ag. 38: 681-696.

Johnson, N., Munk Ravnborg, H., Westermann, O., Probst, K. 2002. User Participation in Watershed Management and Research. Capri Working Paper No. 19.

Lake Victoria Environmental Management Project (1996). Project document. Nairobi

Lal, R. 1995. Global soil erosion by water and carbon dynamics. In: Lal, R., J. Kimble, E. Levine and B.A. Stewart (eds.) Soil Management and the Greenhouse Effect. Adv. Soil Sci. Lewis Publishers, Boca Raton.

Landsberg, J.J. 1996. Energy conversion and use in forests: The analysis of forest production in terms of radiation use efficiency. In: Gholz, H.L. and K. Nkane (eds.). The Use of Remote Sensing in the Modeling of Forest Productivity at Scales from the Stand to the Globe. Kluwer Academic Press, London.

Legume Research Network Project (1999). Issue No.1. Kenya Agricultural Research Institute, Nairobi.

Ministry of Environment and Natural Resources.  2000.  The Kenya National Biodiversity Strategy and Action Plan.

Monteith, J.L. 1972. Solar radiation and productivity in tropical ecosystems. J. Appl. Ecol. 7: 165-174.

Monteith, J.L. 1977. Climate and the efficiency of crop production in Britain. Phil. Trans. R. Soc. London. 281: 277-294.

Morra, M. J., Hall, M. H. and Freeborn, L. L. (1991). Carbon and nitrogen analysis of soil fractions using near-infrared reflectance spectroscopy. Soil Sci. Soc. Am. J. 55: 288-291.

Noordin, Q., Niang, A., Jama, B. and Nyasimi, M. 2001. Scaling up adoption and impact of agroforestry technologies: experiences from Western Kenya. Development in Practice 11(4):509-523.

NPEP, Office of the President.  1998-draft .  National Poverty Eradiaction Plan.

Okoth, J.R., Khisa, G.S., Julianus, T. 2003. Towards self-financed Farmer Field Schools. LEISA Magazine, March 2003: 28-29.

Palmborg, C. and Nordgren, A. (1993). Modelling microbial activity and biomass in forest soil with substrate quality measured using near infrared reflectance spectroscopy. Soil Biol. Biochem. 25: 1713-1718.

Place, F., Franzel, S., DeWolf,J., R. Rommelse, R., Kwesiga,F.,   Niang, A. and. Jama, B. 2002.Agroforestry for Soil-fertility  Replenishment: Evidence on Adoption Processes in Kenya and Zambia. In: Natural Resources Management in African Agriculture: Understanding and Improving Current Practices. 368 p.

Pretty, J. and Buck. L. 2002. Social capital and social learning in the process of Natural Resource Management. In: Natural Resource Management in African Agriculture: Understanding and Improving current Practices. 368 p. 

Prince, S.D. 1991. A model of regional primary-production for use with coarse resolution satellite data. Int. J. Remote Sens. 12: 1313-1330.

Rao, M.R., G. Mwasambu, M.N. Mathuva, A.A.H. Khan and P.C. Smithson. 1999. Effects of phosphorus recapitalization and agroforestry on soil, water and nutrient conservation in phosphorus-deficient soils of western Kenya. East Afr. Agric. For. J. 65:37-53.

Röling, N. and Wagemakers,M. 1998. Facilitating Sustainable Agriculture. 318 p.

Running, S.W. and E.R. Hunt Jr. 1993. Generalization of a forest ecosystem model, BIOME-BGC, and an application for global scale models. In: Ehleringer, J.R. and C.B. Field. Scaling Physiological Processes: Leaf to Globe. p. 141-158. Academic Press, San Diego.

Russel, G., P.G. Jarvis and J.L. Monteith. 1989. Absorption of radiation by canopies and stand growth. In: Russel, G., B. Marshall and P.G. Jarvis (eds.). Plant Canopies: Their Growth, Form and Function. Cambridge University Press.

Shah, A. 2002. Participatory process of organizing effective community-based groups. World Bank.

Shepherd et al. 2000. Linking Land and Lake, Research and Extension, Catchment and Lake Basin. Final Technical Report – Startup Phase July 1999 to June 2000. ICRAF and MoARD. ICRAF Working Paper 2000-2.

Shepherd KD and Walsh MG (2000) Light reflectance provides rapid assessment of soil quality. Working Paper. Nairobi: ICRAF

Shepherd KD and Walsh MG (in progress) Diffuse reflectance spectrometry for rapid measurement of soil properties and functional capacity. To be submitted to Soil Science Society of America Journal.

Shepherd KD and Walsh MG (in progress) Measurement of management-induced changes in soil quality using diffuse reflectance spectrometry. To be submitted to Soil Science Society of America Journal.

Shepherd, K.D and M.G. Walsh. 2002. Development of reflectance spectral libraries for characterization of soil properties. Soil Sci. Soc. Am. J. 66:988-998.

Shepherd, K.D. and Walsh, M.G. (1999a).  Sensing soil quality: Evidence from Africa.  Working Paper. Nairobi: ICRAF.

Shepherd, K.D. and Walsh, M.G. (1999b). Diffuse reflectance spectrometry in the NARL long-term experiment-preliminary results.  A report to the Kenya Agriculture Research Institute. October 1999. Nairobi: ICRAF.

Simpson, B.M. and Owens, M. 2002. Farmer Field School and the future of agricultural extension in Africa. SD Dimensions, March 2002. FAO.

Soil Management Project and Legume Research Network Project (2000).  Participatory technology development for soil management by smallholders in Kenya. Special publication. Kenya Agricultural Research Institute

Sombroek WG, Braun HMH and van der Pouw BJA 1982 Exploratory soil map and agro-climatic zone map of Kenya, 1980. Kenya Soil Survey, Nairobi.

Steinberg, D., Golovnya, M., Tolliver, D., 2002. TreeNet User Guide. Salford Systems, Inc, San Diego, CA.
Swallow et al. 2001. Improved land management in the Lake Victoria basin: Annual Technical Report July 2000 to June 2001. ICRAF and MoARD. ICRAF Working Paper 2001 – 4.

Tucker, C.J. 1977. Red and photographic infrared linear combinations for monitoring vegetation. Remote Sens. Environ. 8: 127-150.

Walling, D.E. And Q. He. 1999. using fallout lead-210 measurements to estimate soil erosion on cultivated land. Soil Sci. Soc. Am. J. 63: 1404-1412.
Walling, D.E. And T.A. Quine. 1991. Use of 137Ce measurements to investigate soil erosion on arable fields in the UK: Potential applications and limitations. J. Soil Sci. 42: 147-165.
Walsh M, Shepherd K, Verchot L, Albrect A, Noordvijk M van and Palm C (in progress). A rapid method for assessing soil carbon saturation deficit. To be submitted to Soil Science Society of America Journal.

Walsh MG and Shepherd KD (in progress). Remote sensing of soil physical degradation in the Lake Victoria Basin. To be submitted to Remote Sensing of Environment.

Walsh MG and Shepherd KD (in progress). Screening for soil degradation in the Lake Victoria Basin. To be submitted to Journal of Environmental. Quality.

Walsh, M.G., K.D. Shepherd and A. Awiti. 2002. Historical effects of land cover and soil erosion on organic carbon stocks and C:N ratios of soils in western Kenya. Unpublished manuscript. in prep.

Wamae, DK., Okoth P., Obanyi S. and Nandwa SM (1999). The potential use of geographical information systems (GIS) as a tool to delineate agricultural inputs recommendation domains: a case study of phosphate fertiliser application in Kisii district, Kenya. A paper presented at the National Land and Water Management Conference 15th – 18th November 1999, Kenya Agricultural Research Institute Headquarters, Nairobi.

Wander, M. M. and Traina, S. J. (1996). Organic matter fractions from organically and conventionally managed soils: II. Characterization of composition. Soil Sci. Soc. Am. J. 60: 1087-1094.

Wass P (ed) 1995 Kenya’s Indigenous Forests: Status, Management and Conservation. ODA-IUCN, Cambridge, UK.

Watson, R.T., I.R. Noble, B. Bolin, N.H. Ravindranath, D.J. Verado and D.J. Dokken (eds.). 2000. Land Use, Land Use Change and Forestry. Cambridge Uni. Press, Cambridge, UK. 377 pp.

White F 1983 The Vegetation of Africa. Natural Resources Research 20. UNESCO, Paris.
Woomer, P.L., N.K. Karanja and E.W. Karage. 2001. Estimating total system C in smallhold farming systems of the East African highlands. In: Lal, R., J.M. Kimble, R.F. Follet and B.A. Stewart (eds.). Assessment Methods for Soil Carbon. Adv. Soil Sci. Lewis Publishers, Boca Raton, 675 pp.

World Agroforestry Centre. 2002. Moving Ahead with Market-Oriented Agroforestry in Western Kenay. Outcomes and ideas from the 29-31 January 2002 workshop in Kisumu.

100m





300m





200m





300m





100m





10 year project lifetime





Figure E-2. Projected CO2 emission reductions (ER) from establishing 400 trees on 2500 ha over 10- and 21-year project lifetimes.





Figure E-1. Projected C gains from establishing 400 trees on 2500 ha over 10- and 21-year project lifetimes.
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Figure 4.  Integrated Natural Resources Management Framework
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Figure 5. Proposed organisation chart for the project.
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Sheet erosion develop into rill erosion





Badland development on the lake plain
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Figure E-3.  Carbon sequestration forecasts based on project initial conditions 


and various risks associated with the project





Figure E-4.  Carbon sequestration forecasts based upon the frequency of periodic drought where drought years reduce the tree diameter increase by 50%.
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Figure E-5.  Projected carbon pools respond to the systematic changes in user inputs provided within the Aggregated C Gain Spreadsheet sensitivity analysis





Figure 1. Peak biomass carbon, mean biomass carbon and time-averaged biomass carbon for a crop containing 6.0 t C where mean biomass C = 0.5 x (peak biomass C) and time-averaged biomass C = mean biomass C/(12 / wet months).





Tools for characterizing carbon pools. 





Measuring tree diameter with a diameter tape (above, left) and calipers (below, right).





Figure 3. The sampling approach for woody biomass estimation with sub-quadrates for understorey, litter and soil/root sampling.  Note that the 1.0 m2 understorey sub-quadrat is nested within the 900 m2 major quadrat.  R indicates randomization decisions.








Figure 4. The sampling areas for understorey biomass (1 m2) surface litter (0.25 m2) and roots and soil (0.04 m2 to a depth of 40 cm). 








Understorey and litter quadrates are randomly placed along a transect 





Kendt (2002) demonstrated that the proportion of tree species occurring within farms of western Kenya is related to their role within the systems
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�  Rural population birth and growth rates have eased of late, in part due to better education and increased burdens on civilians to pay for health and education services.


� There are a variety of diagnostics available for checking this (see Pinheiro and Bates, 2000).


� ICRAF and MOARD  (2000):  “ Improved land management in the lake Victoria basin: Final Technical Report, Startup Phase, July 1999 to June 2000.”  ICRAF and MOARD, Nairobi, Kenya.
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projection

		Projection over the life of the project with a drought that decreased dbh increment by half every 3 years

		Tree-Based Carbon Sequestration Projection Utility

		Developed by P.L. Woomer, SACRED Africa, Nairobi, Kenya (plwoomer@africaonline.co.ke)

		project		project		tree		AGC		BGC		treeC		soilC		totalC		CO2 ER		value

		date		year		survival		--------------------------- t ----------------------------												US$

		2004.00		0.00		0.00		8		3		11		0		11		40		198

		2004.25		0.25		0.00		19		7		25		1		26		96		478

		2004.50		0.50		0.00		35		12		48		2		49		181		906

		2004.75		0.75		0.00		58		20		78		3		82		299		1,497

		2005.00		1.00		0.00		87		31		118		5		124		453		2,265

		2005.25		1.25		0.00		113		39		152		8		160		587		2,933

		2005.50		1.50		0.00		142		50		192		11		203		744		3,719

		2005.75		1.75		0.00		176		62		238		15		252		926		4,628

		2006.00		2.00		0.00		283		99		381		21		402		1,475		7,373

		2006.25		2.25		0.00		419		147		565		30		595		2,183		10,914

		2006.50		2.50		0.00		593		208		801		43		844		3,095		15,477

		2006.75		2.75		0.00		809		283		1,092		61		1,153		4,227		21,136

		2007.00		3.00		0.00		956		335		1,291		80		1,371		5,026		25,128

		2007.25		3.25		0.00		1,106		387		1,493		100		1,592		5,838		29,190

		2007.50		3.50		0.00		1,270		445		1,715		121		1,836		6,731		33,657

		2007.75		3.75		0.00		1,451		508		1,959		144		2,102		7,709		38,544

		2008.00		4.00		0.00		1,888		661		2,549		176		2,725		9,993		49,967

		2008.25		4.25		0.00		2,405		842		3,246		219		3,465		12,706		63,530

		2008.50		4.50		0.00		3,012		1,054		4,066		273		4,338		15,907		79,537

		2008.75		4.75		0.00		3,714		1,300		5,013		338		5,352		19,623		98,114

		2009.00		5.00		0.00		4,101		1,435		5,537		404		5,940		21,781		108,905

		2009.25		5.25		0.00		4,514		1,580		6,094		469		6,563		24,065		120,326

		2009.50		5.50		0.00		4,953		1,733		6,686		536		7,222		26,480		132,400

		2009.75		5.75		0.00		5,417		1,896		7,313		604		7,917		29,030		145,149

		2010.00		6.00		0.00		6,426		2,249		8,675		692		9,366		34,343		171,714

		2010.25		6.25		0.00		7,543		2,640		10,183		798		10,981		40,262		201,312

		2010.50		6.50		0.00		8,772		3,070		11,842		922		12,764		46,802		234,011

		2010.75		6.75		0.00		10,115		3,540		13,655		1,066		14,721		53,976		269,878

		2011.00		7.00		0.00		10,830		3,791		14,621		1,203		15,824		58,021		290,104

		2011.25		7.25		0.00		11,575		4,051		15,626		1,338		16,964		62,200		310,999

		2011.50		7.50		0.00		12,349		4,322		16,671		1,470		18,142		66,520		332,598

		2011.75		7.75		0.00		13,154		4,604		17,758		1,602		19,360		70,987		354,934

		2012.00		8.00		0.00		14,855		5,199		20,054		1,763		21,817		79,995		399,975

		2012.25		8.25		0.00		16,679		5,838		22,517		1,951		24,468		89,715		448,574

		2012.50		8.50		0.00		18,630		6,520		25,150		2,164		27,314		100,152		500,761

		2012.75		8.75		0.00		20,708		7,248		27,956		2,402		30,358		111,314		556,570

		2013.00		9.00		0.00		21,796		7,629		29,425		2,628		32,053		117,527		587,634

		2013.25		9.25		0.00		22,917		8,021		30,938		2,845		33,783		123,869		619,347

		2013.50		9.50		0.00		24,070		8,425		32,495		3,056		35,551		130,353		651,767

		2013.75		9.75		0.00		25,257		8,840		34,097		3,263		37,360		136,988		684,942

		2014.00		10.00		0.00		27,732		9,706		37,438		3,509		40,947		150,139		750,694

		2014.25		10.25		0.00		30,342		10,620		40,962		3,790		44,752		164,091		820,454

		2014.50		10.50		0.00		33,090		11,581		44,671		4,104		48,776		178,844		894,218

		2014.75		10.75		0.00		35,977		12,592		48,569		4,449		53,018		194,398		971,990

		2015.00		11.00		0.00		37,473		13,116		50,588		4,773		55,362		202,993		1,014,966

		2015.25		11.25		0.00		39,005		13,652		52,656		5,082		57,739		211,708		1,058,540

		2015.50		11.50		0.00		40,572		14,200		54,772		5,380		60,152		220,559		1,102,793

		2015.75		11.75		0.00		42,175		14,761		56,936		5,671		62,607		229,559		1,147,793

		2016.00		12.00		0.00		45,489		15,921		61,411		6,011		67,421		247,211		1,236,053

		2016.25		12.25		0.00		48,949		17,132		66,082		6,394		72,476		265,746		1,328,728

		2016.50		12.50		0.00		52,557		18,395		70,952		6,818		77,770		285,156		1,425,782

		2016.75		12.75		0.00		56,313		19,709		76,022		7,279		83,301		305,439		1,527,193

		2017.00		13.00		0.00		58,247		20,386		78,633		7,711		86,344		316,595		1,582,974

		2017.25		13.25		0.00		60,219		21,077		81,296		8,120		89,415		327,855		1,639,277

		2017.50		13.50		0.00		62,229		21,780		84,009		8,512		92,521		339,243		1,696,213

		2017.75		13.75		0.00		64,277		22,497		86,774		8,892		95,666		350,774		1,753,870

		2018.00		14.00		0.00		68,487		23,971		92,458		9,333		101,791		373,233		1,866,163

		2018.25		14.25		0.00		72,853		25,498		98,351		9,827		108,178		396,651		1,983,255

		2018.50		14.50		0.00		77,373		27,081		104,454		10,368		114,822		421,015		2,105,075

		2018.75		14.75		0.00		82,051		28,718		110,769		10,953		121,722		446,315		2,231,574

		2019.00		15.00		0.00		84,450		29,557		114,007		11,499		125,505		460,186		2,300,932

		2019.25		15.25		0.00		86,887		30,411		117,298		12,014		129,312		474,144		2,370,722

		2019.50		15.50		0.00		89,365		31,278		120,643		12,507		133,150		488,216		2,441,081

		2019.75		15.75		0.00		91,883		32,159		124,042		12,982		137,025		502,424		2,512,121

		2020.00		16.00		0.00		97,040		33,964		131,004		13,530		144,534		529,958		2,649,789

		2020.25		16.25		0.00		102,359		35,826		138,184		14,140		152,325		558,524		2,792,621

		2020.50		16.50		0.00		107,841		37,744		145,585		14,806		160,392		588,102		2,940,512

		2020.75		16.75		0.00		113,488		39,721		153,208		15,522		168,730		618,678		3,093,388

		2021.00		17.00		0.00		116,373		40,731		157,103		16,188		173,292		635,403		3,177,013

		2021.25		17.25		0.00		119,300		41,755		161,055		16,816		177,871		652,192		3,260,962

		2021.50		17.50		0.00		122,269		42,794		165,063		17,414		182,477		669,081		3,345,406

		2021.75		17.75		0.00		125,279		43,848		169,127		17,990		187,117		686,096		3,430,481

		2022.00		18.00		0.00		131,426		45,999		177,425		18,651		196,076		718,945		3,594,726

		2022.25		18.25		0.00		137,743		48,210		185,953		19,383		205,336		752,898		3,764,489

		2022.50		18.50		0.00		144,229		50,480		194,709		20,180		214,889		787,926		3,939,632

		2022.75		18.75		0.00		150,887		52,810		203,698		21,032		224,730		824,010		4,120,050

		2023.00		19.00		0.00		154,281		53,998		208,279		21,825		230,103		843,713		4,218,564

		2023.25		19.25		0.00		157,717		55,201		212,919		22,570		235,488		863,457		4,317,285

		2023.50		19.50		0.00		161,198		56,419		217,617		23,279		240,895		883,283		4,416,414

		2023.75		19.75		0.00		164,721		57,652		222,374		23,960		246,334		903,223		4,516,114

		2024.00		20.00		0.00		171,900		60,165		232,064		24,737		256,802		941,607		4,708,034

		2024.25		20.25		0.00		179,254		62,739		241,992		25,598		267,590		981,163		4,905,817

		2024.50		20.50		0.00		186,784		65,374		252,158		26,530		278,689		1,021,858		5,109,289

		2024.75		20.75		0.00		194,492		68,072		262,565		27,526		290,090		1,063,664		5,318,318

		2025.00		21.00		0.00		202,379		70,833		273,212		28,578		301,789		1,106,560		5,532,802





Year 1

		

		Tree-Based Carbon Sequestration Projection Utility

		Developed by P.L. Woomer, SACRED Africa, Nairobi, Kenya (plwoomer@africaonline.co.ke)

		This spreadsheet is intended to develop carbon projections from tree planting in the tropics based upon

		For no soil C set soil sequestration = 0.  Carbon is priced as CO2 Emission Reductions.

		beginning of project						2004.00						year (in increments of 0.25)

		plantation area						200.0						ha

		tree density						400						trees per ha (400 = 5 m x 5 m spacing)

		tree attrition						0.0						% per year (baseline = 0%, signifies death or poaching of trees)

		area withdrawn						0.0						% per year (baseline = 0%, signifies land withdrawn from the project)

		annual DBH gain						2.20						cm per year (baseline = 2.2 cm per year)

		root to shoot ratio						0.35						root biomass / shoot biomass (baseline = 0.35, 0 for no root C)

		leaf & root turnover						0.30						total biomass C per year (baseline = 0.3)

		soil C sequestration						0.08						t soil C per t organic C input (baseline = 0.08, 0 for no soil C)

		SOM turnover						0.80						t soil C remaining after 1 year per t soil C (baseline = 0.8)

		CO2ER price						5.00						US$ per t CO2 emission reduction where 1 t C = 3.67 t CO2 (baseline = $3)

		project		project		tree		tree		area		area		dbh		AGC		BGC		treeC		soilC		totalC		CO2 ER		value

		date		year		survival		survival		loss		loss		cm		--------------------------- t ----------------------------												US$

		2004.00		0.00		1.00		1.00		1.00		1.00		1.20		8		3		11		0		11		40		198

		2004.25		0.25		1.00		1.00		1.00		1.00		1.75		19		7		25		1		26		96		478

		2004.50		0.50		1.00		1.00		1.00		1.00		2.30		35		12		48		2		49		181		906

		2004.75		0.75		1.00		1.00		1.00		1.00		2.85		58		20		78		3		82		299		1,497

		2005.00		1.00		1.00		1.00		1.00		1.00		3.13		72		25		97		5		102		374		1,869

		2005.25		1.25		1.00		1.00		1.00		1.00		3.40		87		31		118		7		125		457		2,287

		2005.50		1.50		1.00		1.00		1.00		1.00		3.68		105		37		141		9		150		550		2,752

		2005.75		1.75		1.00		1.00		1.00		1.00		3.95		124		43		167		11		178		653		3,265

		2006.00		2.00		1.00		1.00		1.00		1.00		4.50		167		59		226		14		240		881		4,405

		2006.25		2.25		1.00		1.00		1.00		1.00		5.05		219		77		295		19		314		1151		5,754

		2006.50		2.50		1.00		1.00		1.00		1.00		5.60		278		97		375		24		399		1464		7,319

		2006.75		2.75		1.00		1.00		1.00		1.00		6.15		346		121		467		30		497		1821		9,107

		2007.00		3.00		1.00		1.00		1.00		1.00		6.43		382		134		516		37		553		2027		10,137

		2007.25		3.25		1.00		1.00		1.00		1.00		6.70		422		148		569		43		612		2244		11,220

		2007.50		3.50		1.00		1.00		1.00		1.00		6.98		463		162		625		49		674		2472		12,358

		2007.75		3.75		1.00		1.00		1.00		1.00		7.25		506		177		683		56		739		2711		13,553

		2008.00		4.00		1.00		1.00		1.00		1.00		7.80		600		210		810		64		874		3204		16,020

		2008.25		4.25		1.00		1.00		1.00		1.00		8.35		703		246		948		74		1022		3749		18,745

		2008.50		4.50		1.00		1.00		1.00		1.00		8.90		815		285		1100		86		1185		4346		21,730

		2008.75		4.75		1.00		1.00		1.00		1.00		9.45		936		328		1264		99		1363		4996		24,981

		2009.00		5.00		1.00		1.00		1.00		1.00		9.73		1001		350		1351		111		1462		5362		26,808

		2009.25		5.25		1.00		1.00		1.00		1.00		10.00		1067		374		1441		124		1565		5738		28,688

		2009.50		5.50		1.00		1.00		1.00		1.00		10.28		1137		398		1535		136		1670		6125		30,626

		2009.75		5.75		1.00		1.00		1.00		1.00		10.55		1209		423		1632		148		1779		6525		32,623

		2010.00		6.00		1.00		1.00		1.00		1.00		11.10		1360		476		1836		162		1998		7326		36,632

		2010.25		6.25		1.00		1.00		1.00		1.00		11.65		1521		532		2054		179		2233		8187		40,936

		2010.50		6.50		1.00		1.00		1.00		1.00		12.20		1693		593		2286		198		2484		9108		45,538

		2010.75		6.75		1.00		1.00		1.00		1.00		12.75		1876		656		2532		219		2751		10088		50,440

		2011.00		7.00		1.00		1.00		1.00		1.00		13.03		1971		690		2660		239		2900		10632		53,162

		2011.25		7.25		1.00		1.00		1.00		1.00		13.30		2069		724		2793		258		3051		11187		55,936

		2011.50		7.50		1.00		1.00		1.00		1.00		13.58		2169		759		2928		277		3205		11753		58,766

		2011.75		7.75		1.00		1.00		1.00		1.00		13.85		2272		795		3068		295		3363		12331		61,657

		2012.00		8.00		1.00		1.00		1.00		1.00		14.40		2487		871		3358		317		3675		13474		67,370

		2012.25		8.25		1.00		1.00		1.00		1.00		14.95		2713		950		3663		341		4004		14683		73,413

		2012.50		8.50		1.00		1.00		1.00		1.00		15.50		2951		1033		3983		369		4352		15957		79,786

		2012.75		8.75		1.00		1.00		1.00		1.00		16.05		3199		1120		4319		399		4717		17297		86,487

		2013.00		9.00		1.00		1.00		1.00		1.00		16.33		3328		1165		4493		427		4919		18037		90,186

		2013.25		9.25		1.00		1.00		1.00		1.00		16.60		3459		1211		4670		453		5123		18786		93,930

		2013.50		9.50		1.00		1.00		1.00		1.00		16.88		3594		1258		4851		479		5331		19546		97,729

		2013.75		9.75		1.00		1.00		1.00		1.00		17.15		3731		1306		5037		504		5541		20317		101,587

		2014.00		10.00		1.00		1.00		1.00		1.00		17.70		4015		1405		5420		533		5953		21828		109,140

		2014.25		10.25		1.00		1.00		1.00		1.00		18.25		4310		1508		5818		566		6385		23411		117,054

		2014.50		10.50		1.00		1.00		1.00		1.00		18.80		4617		1616		6233		603		6836		25065		125,327

		2014.75		10.75		1.00		1.00		1.00		1.00		19.35		4937		1728		6665		642		7307		26791		133,955

		2015.00		11.00		1.00		1.00		1.00		1.00		19.63		5101		1785		6886		679		7565		27739		138,697

		2015.25		11.25		1.00		1.00		1.00		1.00		19.90		5268		1844		7112		714		7826		28696		143,480

		2015.50		11.50		1.00		1.00		1.00		1.00		20.18		5439		1904		7342		747		8090		29662		148,311

		2015.75		11.75		1.00		1.00		1.00		1.00		20.45		5612		1964		7577		780		8356		30640		153,200

		2016.00		12.00		1.00		1.00		1.00		1.00		21.00		5969		2089		8058		817		8875		32542		162,708

		2016.25		12.25		1.00		1.00		1.00		1.00		21.55		6338		2218		8556		859		9415		34522		172,608

		2016.50		12.50		1.00		1.00		1.00		1.00		22.10		6719		2352		9071		905		9976		36579		182,894

		2016.75		12.75		1.00		1.00		1.00		1.00		22.65		7114		2490		9603		954		10558		38712		193,562

		2017.00		13.00		1.00		1.00		1.00		1.00		22.93		7316		2560		9876		1001		10877		39881		199,407

		2017.25		13.25		1.00		1.00		1.00		1.00		23.20		7521		2632		10153		1044		11197		41057		205,284

		2017.50		13.50		1.00		1.00		1.00		1.00		23.48		7729		2705		10435		1086		11520		42241		211,206

		2017.75		13.75		1.00		1.00		1.00		1.00		23.75		7941		2779		10720		1126		11846		43436		217,181

		2018.00		14.00		1.00		1.00		1.00		1.00		24.30		8374		2931		11305		1172		12477		45750		228,748

		2018.25		14.25		1.00		1.00		1.00		1.00		24.85		8821		3087		11908		1223		13131		48147		240,737

		2018.50		14.50		1.00		1.00		1.00		1.00		25.40		9280		3248		12528		1279		13807		50627		253,137

		2018.75		14.75		1.00		1.00		1.00		1.00		25.95		9753		3414		13166		1340		14506		53189		265,943

		2019.00		15.00		1.00		1.00		1.00		1.00		26.23		9994		3498		13492		1395		14888		54589		272,944

		2019.25		15.25		1.00		1.00		1.00		1.00		26.50		10239		3584		13823		1448		15271		55994		279,969

		2019.50		15.50		1.00		1.00		1.00		1.00		26.78		10487		3671		14158		1498		15656		57406		287,032

		2019.75		15.75		1.00		1.00		1.00		1.00		27.05		10739		3759		14498		1547		16044		58829		294,144

		2020.00		16.00		1.00		1.00		1.00		1.00		27.60		11252		3938		15191		1602		16793		61573		307,864

		2020.25		16.25		1.00		1.00		1.00		1.00		28.15		11779		4123		15902		1663		17565		64406		322,032

		2020.50		16.50		1.00		1.00		1.00		1.00		28.70		12320		4312		16632		1730		18362		67328		336,639

		2020.75		16.75		1.00		1.00		1.00		1.00		29.25		12875		4506		17381		1801		19182		70335		351,673

		2021.00		17.00		1.00		1.00		1.00		1.00		29.53		13158		4605		17763		1867		19630		71976		359,879

		2021.25		17.25		1.00		1.00		1.00		1.00		29.80		13444		4705		18149		1929		20078		73620		368,099

		2021.50		17.50		1.00		1.00		1.00		1.00		30.08		13733		4807		18540		1988		20528		75270		376,350

		2021.75		17.75		1.00		1.00		1.00		1.00		30.35		14026		4909		18936		2045		20981		76929		384,645

		2022.00		18.00		1.00		1.00		1.00		1.00		30.90		14623		5118		19741		2110		21851		80121		400,603

		2022.25		18.25		1.00		1.00		1.00		1.00		31.45		15234		5332		20566		2181		22747		83407		417,037

		2022.50		18.50		1.00		1.00		1.00		1.00		32.00		15859		5551		21410		2259		23669		86787		433,933

		2022.75		18.75		1.00		1.00		1.00		1.00		32.55		16499		5775		22273		2342		24615		90256		451,280

		2023.00		19.00		1.00		1.00		1.00		1.00		32.83		16824		5888		22712		2419		25131		92147		460,735

		2023.25		19.25		1.00		1.00		1.00		1.00		33.10		17153		6004		23156		2491		25647		94039		470,194

		2023.50		19.50		1.00		1.00		1.00		1.00		33.38		17485		6120		23605		2559		26164		95935		479,676

		2023.75		19.75		1.00		1.00		1.00		1.00		33.65		17821		6237		24059		2625		26683		97839		489,197

		2024.00		20.00		1.00		1.00		1.00		1.00		34.20		18504		6477		24981		2699		27680		101494		507,471

		2024.25		20.25		1.00		1.00		1.00		1.00		34.75		19202		6721		25923		2782		28705		105250		526,249

		2024.50		20.50		1.00		1.00		1.00		1.00		35.30		19915		6970		26885		2870		29755		109103		545,513

		2024.75		20.75		1.00		1.00		1.00		1.00		35.85		20642		7225		27867		2965		30832		113050		565,250

		2025.00		21.00		1.00		1.00		1.00		1.00		36.40		21384		7484		28869		3065		31934		117090		585,448





Year 2

		

		Tree-Based Carbon Sequestration Projection Utility

		Developed by P.L. Woomer, SACRED Africa, Nairobi, Kenya (plwoomer@africaonline.co.ke)

		This spreadsheet is intended to develop carbon projections from tree planting in the tropics based upon

		For no soil C set soil sequestration = 0.  Carbon is priced as CO2 Emission Reductions.

		The projections run on a quarterly timestep expressed as years (0.25 = 3 month intervals) and may be generated.

		from scales ranging from the individual field (> 0.1 ha) to the project (thousands of ha) level.

		Suggested values for some inputs (root and soil) are provided.  Maximum 20-year project lifetime.

		beginning of project						2005.00						year (in increments of 0.25)

		plantation area						400.0						ha

		tree density						400						trees per ha (400 = 5 m x 5 m spacing)

		tree attrition						0.0						% per year (baseline = 0%, signifies death or poaching of trees)

		area withdrawn						0.0						% per year (baseline = 0%, signifies land withdrawn from the project)

		annual DBH gain						2.20						cm per year (baseline = 2.2 cm per year)

		root to shoot ratio						0.35						root biomass / shoot biomass (baseline = 0.35, 0 for no root C)

		leaf & root turnover						0.30						total biomass C per year (baseline = 0.3)

		soil C sequestration						0.08						t soil C per t organic C input (baseline = 0.08, 0 for no soil C)

		SOM turnover						0.80						t soil C remaining after 1 year per t soil C (baseline = 0.8)

		CO2ER price						5.00						US$ per t CO2 emission reduction where 1 t C = 3.67 t CO2 (baseline = $3)

		project		project		tree		tree		area		area		dbh		AGC		BGC		treeC		soilC		totalC		CO2 ER		value

		date		year		survival		survival		loss		loss		cm		--------------------------- t ----------------------------												US$

		2005.00		0.00		1.00		1.00		1.00		1.00		1.20		16		5		21		1		22		79		395

		2005.25		0.25		1.00		1.00		1.00		1.00		1.48		25		9		34		1		35		129		645

		2005.50		0.50		1.00		1.00		1.00		1.00		1.75		37		13		51		2		53		193		967

		2005.75		0.75		1.00		1.00		1.00		1.00		2.03		53		18		71		3		74		273		1,363

		2006.00		1.00		1.00		1.00		1.00		1.00		2.58		92		32		124		6		130		475		2,375

		2006.25		1.25		1.00		1.00		1.00		1.00		3.13		144		50		194		9		203		745		3,726

		2006.50		1.50		1.00		1.00		1.00		1.00		3.68		209		73		283		14		297		1088		5,440

		2006.75		1.75		1.00		1.00		1.00		1.00		4.23		289		101		390		21		411		1508		7,539

		2007.00		2.00		1.00		1.00		1.00		1.00		4.50		335		117		452		27		479		1758		8,790

		2007.25		2.25		1.00		1.00		1.00		1.00		4.78		384		134		519		34		553		2028		10,140

		2007.50		2.50		1.00		1.00		1.00		1.00		5.05		438		153		591		42		632		2319		11,593

		2007.75		2.75		1.00		1.00		1.00		1.00		5.33		495		173		668		49		717		2630		13,151

		2008.00		3.00		1.00		1.00		1.00		1.00		5.88		622		218		839		60		899		3295		16,476

		2008.25		3.25		1.00		1.00		1.00		1.00		6.43		765		268		1033		72		1105		4052		20,262

		2008.50		3.50		1.00		1.00		1.00		1.00		6.98		926		324		1249		88		1337		4904		24,520

		2008.75		3.75		1.00		1.00		1.00		1.00		7.53		1104		386		1490		106		1596		5853		29,263

		2009.00		4.00		1.00		1.00		1.00		1.00		7.80		1200		420		1619		124		1743		6392		31,959

		2009.25		4.25		1.00		1.00		1.00		1.00		8.08		1300		455		1755		141		1896		6952		34,762

		2009.50		4.50		1.00		1.00		1.00		1.00		8.35		1405		492		1897		158		2055		7536		37,679

		2009.75		4.75		1.00		1.00		1.00		1.00		8.63		1515		530		2045		176		2221		8142		40,712

		2010.00		5.00		1.00		1.00		1.00		1.00		9.18		1748		612		2360		197		2557		9377		46,887

		2010.25		5.25		1.00		1.00		1.00		1.00		9.73		2001		700		2701		223		2924		10722		53,610

		2010.50		5.50		1.00		1.00		1.00		1.00		10.28		2274		796		3069		252		3321		12177		60,886

		2010.75		5.75		1.00		1.00		1.00		1.00		10.83		2566		898		3464		285		3749		13745		68,723

		2011.00		6.00		1.00		1.00		1.00		1.00		11.10		2720		952		3672		316		3987		14620		73,101

		2011.25		6.25		1.00		1.00		1.00		1.00		11.38		2879		1007		3886		346		4232		15517		77,585

		2011.50		6.50		1.00		1.00		1.00		1.00		11.65		3043		1065		4107		375		4483		16437		82,184

		2011.75		6.75		1.00		1.00		1.00		1.00		11.93		3212		1124		4336		404		4740		17381		86,904

		2012.00		7.00		1.00		1.00		1.00		1.00		12.48		3566		1248		4814		439		5253		19261		96,306

		2012.25		7.25		1.00		1.00		1.00		1.00		13.03		3941		1379		5321		479		5800		21266		106,329

		2012.50		7.50		1.00		1.00		1.00		1.00		13.58		4338		1518		5857		524		6380		23395		116,974

		2012.75		7.75		1.00		1.00		1.00		1.00		14.13		4757		1665		6422		573		6995		25649		128,244

		2013.00		8.00		1.00		1.00		1.00		1.00		14.40		4975		1741		6716		620		7335		26897		134,484

		2013.25		8.25		1.00		1.00		1.00		1.00		14.68		5198		1819		7017		664		7681		28165		140,823

		2013.50		8.50		1.00		1.00		1.00		1.00		14.95		5427		1899		7326		707		8033		29455		147,274

		2013.75		8.75		1.00		1.00		1.00		1.00		15.23		5661		1981		7642		749		8392		30769		153,845

		2014.00		9.00		1.00		1.00		1.00		1.00		15.78		6147		2151		8298		798		9097		33355		166,774

		2014.25		9.25		1.00		1.00		1.00		1.00		16.33		6656		2329		8985		854		9839		36078		180,389

		2014.50		9.50		1.00		1.00		1.00		1.00		16.88		7187		2516		9703		916		10619		38938		194,689

		2014.75		9.75		1.00		1.00		1.00		1.00		17.43		7743		2710		10453		984		11436		41934		209,669

		2015.00		10.00		1.00		1.00		1.00		1.00		17.70		8029		2810		10839		1047		11887		43584		217,920

		2015.25		10.25		1.00		1.00		1.00		1.00		17.98		8321		2913		11234		1107		12341		45252		226,259

		2015.50		10.50		1.00		1.00		1.00		1.00		18.25		8620		3017		11637		1165		12802		46940		234,702

		2015.75		10.75		1.00		1.00		1.00		1.00		18.53		8924		3123		12048		1221		13269		48653		243,263

		2016.00		11.00		1.00		1.00		1.00		1.00		19.08		9551		3343		12894		1287		14180		51994		259,971

		2016.25		11.25		1.00		1.00		1.00		1.00		19.63		10202		3571		13773		1360		15132		55486		277,428

		2016.50		11.50		1.00		1.00		1.00		1.00		20.18		10878		3807		14685		1440		16125		59125		295,625

		2016.75		11.75		1.00		1.00		1.00		1.00		20.73		11578		4052		15630		1527		17158		62911		314,556

		2017.00		12.00		1.00		1.00		1.00		1.00		21.00		11938		4178		16116		1609		17724		64989		324,946

		2017.25		12.25		1.00		1.00		1.00		1.00		21.28		12303		4306		16610		1686		18295		67082		335,409

		2017.50		12.50		1.00		1.00		1.00		1.00		21.55		12675		4436		17112		1759		18871		69194		345,968

		2017.75		12.75		1.00		1.00		1.00		1.00		21.83		13054		4569		17623		1830		19453		71328		356,638

		2018.00		13.00		1.00		1.00		1.00		1.00		22.38		13830		4840		18670		1912		20583		75469		377,346

		2018.25		13.25		1.00		1.00		1.00		1.00		22.93		14631		5121		19752		2004		21756		79773		398,863

		2018.50		13.50		1.00		1.00		1.00		1.00		23.48		15459		5411		20869		2104		22973		84235		421,174

		2018.75		13.75		1.00		1.00		1.00		1.00		24.03		16312		5709		22021		2212		24233		88853		444,267

		2019.00		14.00		1.00		1.00		1.00		1.00		24.30		16748		5862		22610		2312		24922		91382		456,909

		2019.25		14.25		1.00		1.00		1.00		1.00		24.58		17191		6017		23208		2407		25615		93922		469,608

		2019.50		14.50		1.00		1.00		1.00		1.00		24.85		17641		6174		23815		2497		26312		96478		482,390

		2019.75		14.75		1.00		1.00		1.00		1.00		25.13		18097		6334		24431		2584		27015		99055		495,277

		2020.00		15.00		1.00		1.00		1.00		1.00		25.68		19030		6660		25690		2684		28374		104037		520,183

		2020.25		15.25		1.00		1.00		1.00		1.00		26.23		19989		6996		26985		2795		29779		109191		545,955

		2020.50		15.50		1.00		1.00		1.00		1.00		26.78		20975		7341		28316		2915		31231		114515		572,573

		2020.75		15.75		1.00		1.00		1.00		1.00		27.33		21988		7696		29684		3045		32728		120004		600,020

		2021.00		16.00		1.00		1.00		1.00		1.00		27.60		22505		7877		30381		3165		33546		123003		615,015

		2021.25		16.25		1.00		1.00		1.00		1.00		27.88		23028		8060		31088		3278		34366		126010		630,050

		2021.50		16.50		1.00		1.00		1.00		1.00		28.15		23559		8246		31805		3386		35190		129031		645,155

		2021.75		16.75		1.00		1.00		1.00		1.00		28.43		24096		8434		32530		3489		36019		132071		660,355

		2022.00		17.00		1.00		1.00		1.00		1.00		28.98		25192		8817		34009		3608		37617		137928		689,639

		2022.25		17.25		1.00		1.00		1.00		1.00		29.53		26315		9210		35526		3739		39264		143969		719,844

		2022.50		17.50		1.00		1.00		1.00		1.00		30.08		27466		9613		37080		3881		40961		150189		750,945

		2022.75		17.75		1.00		1.00		1.00		1.00		30.63		28646		10026		38672		4033		42705		156584		782,922

		2023.00		18.00		1.00		1.00		1.00		1.00		30.90		29246		10236		39482		4174		43656		160073		800,364

		2023.25		18.25		1.00		1.00		1.00		1.00		31.18		29854		10449		40302		4306		44609		163565		817,827

		2023.50		18.50		1.00		1.00		1.00		1.00		31.45		30468		10664		41132		4432		45564		167069		835,344

		2023.75		18.75		1.00		1.00		1.00		1.00		31.73		31090		10881		41971		4553		46524		170589		852,946

		2024.00		19.00		1.00		1.00		1.00		1.00		32.28		32355		11324		43679		4691		48369		177355		886,773

		2024.25		19.25		1.00		1.00		1.00		1.00		32.83		33648		11777		45425		4843		50268		184315		921,576

		2024.50		19.50		1.00		1.00		1.00		1.00		33.38		34971		12240		47210		5007		52218		191465		957,323

		2024.75		19.75		1.00		1.00		1.00		1.00		33.93		36322		12713		49035		5183		54218		198798		993,990

		2025.00		20.00		1.00		1.00		1.00		1.00		34.48		37703		13196		50899		5368		56267		206312		1,031,558





Year 3

		

		Tree-Based Carbon Sequestration Projection Utility

		Developed by P.L. Woomer, SACRED Africa, Nairobi, Kenya (plwoomer@africaonline.co.ke)

		This spreadsheet is intended to develop carbon projections from tree planting in the tropics based upon

		For no soil C set soil sequestration = 0.  Carbon is priced as CO2 Emission Reductions.

		The projections run on a quarterly timestep expressed as years (0.25 = 3 month intervals) and may be generated.

		from scales ranging from the individual field (> 0.1 ha) to the project (thousands of ha) level.

		Suggested values for some inputs (root and soil) are provided.  Maximum 20-year project lifetime.

		beginning of project						2006.00						year (in increments of 0.25)

		plantation area						600.0						ha

		tree density						400						trees per ha (400 = 5 m x 5 m spacing)

		tree attrition						0.0						% per year (baseline = 0%, signifies death or poaching of trees)

		area withdrawn						0.0						% per year (baseline = 0%, signifies land withdrawn from the project)

		annual DBH gain						2.20						cm per year (baseline = 2.2 cm per year)

		root to shoot ratio						0.35						root biomass / shoot biomass (baseline = 0.35, 0 for no root C)

		leaf & root turnover						0.30						total biomass C per year (baseline = 0.3)

		soil C sequestration						0.08						t soil C per t organic C input (baseline = 0.08, 0 for no soil C)

		SOM turnover						0.80						t soil C remaining after 1 year per t soil C (baseline = 0.8)

		CO2ER price						5.00						US$ per t CO2 emission reduction where 1 t C = 3.67 t CO2 (baseline = $3)

		project		project		tree		tree		area		area		dbh		AGC		BGC		treeC		soilC		totalC		CO2 ER		value

		date		year		survival		survival		loss		loss		cm		--------------------------- t ----------------------------												US$

		2006.00		0.00		1.00		1.00		1.00		1.00		1.20		23		8		32		1		32		119		593

		2006.25		0.25		1.00		1.00		1.00		1.00		1.75		56		20		76		2		78		287		1,434

		2006.50		0.50		1.00		1.00		1.00		1.00		2.30		106		37		143		5		148		544		2,718

		2006.75		0.75		1.00		1.00		1.00		1.00		2.85		174		61		235		10		245		898		4,490

		2007.00		1.00		1.00		1.00		1.00		1.00		3.13		216		75		291		15		306		1122		5,608

		2007.25		1.25		1.00		1.00		1.00		1.00		3.40		262		92		354		20		374		1372		6,862

		2007.50		1.50		1.00		1.00		1.00		1.00		3.68		314		110		424		27		450		1651		8,256

		2007.75		1.75		1.00		1.00		1.00		1.00		3.95		371		130		501		33		534		1959		9,796

		2008.00		2.00		1.00		1.00		1.00		1.00		4.50		502		176		678		43		721		2643		13,216

		2008.25		2.25		1.00		1.00		1.00		1.00		5.05		656		230		886		56		942		3452		17,262

		2008.50		2.50		1.00		1.00		1.00		1.00		5.60		834		292		1126		71		1198		4391		21,956

		2008.75		2.75		1.00		1.00		1.00		1.00		6.15		1037		363		1400		91		1490		5464		27,322

		2009.00		3.00		1.00		1.00		1.00		1.00		6.43		1147		402		1549		110		1659		6082		30,411

		2009.25		3.25		1.00		1.00		1.00		1.00		6.70		1265		443		1707		129		1836		6732		33,660

		2009.50		3.50		1.00		1.00		1.00		1.00		6.98		1388		486		1874		148		2022		7415		37,074

		2009.75		3.75		1.00		1.00		1.00		1.00		7.25		1519		532		2050		168		2218		8132		40,658

		2010.00		4.00		1.00		1.00		1.00		1.00		7.80		1799		630		2429		192		2622		9612		48,061

		2010.25		4.25		1.00		1.00		1.00		1.00		8.35		2108		738		2845		222		3067		11247		56,235

		2010.50		4.50		1.00		1.00		1.00		1.00		8.90		2444		855		3299		257		3556		13038		65,191

		2010.75		4.75		1.00		1.00		1.00		1.00		9.45		2808		983		3791		297		4088		14989		74,944

		2011.00		5.00		1.00		1.00		1.00		1.00		9.73		3002		1051		4052		334		4387		16085		80,423

		2011.25		5.25		1.00		1.00		1.00		1.00		10.00		3202		1121		4323		371		4694		17213		86,064

		2011.50		5.50		1.00		1.00		1.00		1.00		10.28		3410		1194		4604		408		5011		18375		91,877

		2011.75		5.75		1.00		1.00		1.00		1.00		10.55		3626		1269		4895		444		5338		19574		97,870

		2012.00		6.00		1.00		1.00		1.00		1.00		11.10		4079		1428		5507		487		5994		21979		109,896

		2012.25		6.25		1.00		1.00		1.00		1.00		11.65		4564		1597		6161		537		6699		24562		122,809

		2012.50		6.50		1.00		1.00		1.00		1.00		12.20		5079		1778		6857		595		7452		27323		136,615

		2012.75		6.75		1.00		1.00		1.00		1.00		12.75		5627		1969		7596		658		8254		30264		151,319

		2013.00		7.00		1.00		1.00		1.00		1.00		13.03		5912		2069		7981		718		8699		31897		159,486

		2013.25		7.25		1.00		1.00		1.00		1.00		13.30		6206		2172		8378		775		9153		33561		167,807

		2013.50		7.50		1.00		1.00		1.00		1.00		13.58		6507		2278		8785		831		9616		35260		176,298

		2013.75		7.75		1.00		1.00		1.00		1.00		13.85		6817		2386		9204		886		10089		36994		184,971

		2014.00		8.00		1.00		1.00		1.00		1.00		14.40		7462		2612		10074		950		11024		40422		202,110

		2014.25		8.25		1.00		1.00		1.00		1.00		14.95		8140		2849		10989		1024		12013		44048		220,240

		2014.50		8.50		1.00		1.00		1.00		1.00		15.50		8852		3098		11950		1106		13056		47871		239,357

		2014.75		8.75		1.00		1.00		1.00		1.00		16.05		9598		3359		12957		1196		14152		51892		259,462

		2015.00		9.00		1.00		1.00		1.00		1.00		16.33		9983		3494		13478		1280		14758		54111		270,557

		2015.25		9.25		1.00		1.00		1.00		1.00		16.60		10378		3632		14010		1360		15370		56358		281,791

		2015.50		9.50		1.00		1.00		1.00		1.00		16.88		10781		3773		14554		1438		15992		58637		293,187

		2015.75		9.75		1.00		1.00		1.00		1.00		17.15		11193		3918		15111		1513		16623		60952		304,762

		2016.00		10.00		1.00		1.00		1.00		1.00		17.70		12044		4215		16259		1600		17859		65484		327,419

		2016.25		10.25		1.00		1.00		1.00		1.00		18.25		12930		4525		17455		1699		19154		70232		351,162

		2016.50		10.50		1.00		1.00		1.00		1.00		18.80		13852		4848		18700		1808		20508		75196		375,980

		2016.75		10.75		1.00		1.00		1.00		1.00		19.35		14810		5184		19994		1926		21920		80373		401,866

		2017.00		11.00		1.00		1.00		1.00		1.00		19.63		15303		5356		20659		2037		22696		83218		416,092

		2017.25		11.25		1.00		1.00		1.00		1.00		19.90		15805		5532		21337		2142		23478		86088		430,439

		2017.50		11.50		1.00		1.00		1.00		1.00		20.18		16316		5711		22027		2242		24269		88987		444,934

		2017.75		11.75		1.00		1.00		1.00		1.00		20.45		16837		5893		22730		2339		25069		91920		459,600

		2018.00		12.00		1.00		1.00		1.00		1.00		21.00		17906		6267		24174		2451		26625		97625		488,124

		2018.25		12.25		1.00		1.00		1.00		1.00		21.55		19013		6655		25668		2577		28245		103565		517,825

		2018.50		12.50		1.00		1.00		1.00		1.00		22.10		20158		7055		27213		2715		29928		109737		548,683

		2018.75		12.75		1.00		1.00		1.00		1.00		22.65		21341		7469		28810		2863		31674		116137		580,685

		2019.00		13.00		1.00		1.00		1.00		1.00		22.93		21947		7681		29628		3002		32630		119644		598,220

		2019.25		13.25		1.00		1.00		1.00		1.00		23.20		22563		7897		30460		3132		33592		123171		615,853

		2019.50		13.50		1.00		1.00		1.00		1.00		23.48		23188		8116		31304		3257		34561		126724		633,618

		2019.75		13.75		1.00		1.00		1.00		1.00		23.75		23823		8338		32161		3378		35539		130309		651,543

		2020.00		14.00		1.00		1.00		1.00		1.00		24.30		25123		8793		33915		3516		37432		137249		686,245

		2020.25		14.25		1.00		1.00		1.00		1.00		24.85		26462		9262		35723		3670		39393		144442		722,210

		2020.50		14.50		1.00		1.00		1.00		1.00		25.40		27840		9744		37584		3838		41422		151882		759,411

		2020.75		14.75		1.00		1.00		1.00		1.00		25.95		29259		10241		39499		4019		43518		159566		797,828

		2021.00		15.00		1.00		1.00		1.00		1.00		26.23		29983		10494		40477		4186		44664		163766		818,832

		2021.25		15.25		1.00		1.00		1.00		1.00		26.50		30718		10751		41469		4344		45813		167981		839,907

		2021.50		15.50		1.00		1.00		1.00		1.00		26.78		31462		11012		42474		4495		46969		172219		861,095

		2021.75		15.75		1.00		1.00		1.00		1.00		27.05		32217		11276		43493		4640		48133		176486		882,432

		2022.00		16.00		1.00		1.00		1.00		1.00		27.60		33757		11815		45572		4805		50378		184718		923,591

		2022.25		16.25		1.00		1.00		1.00		1.00		28.15		35338		12368		47707		4989		52696		193219		966,097

		2022.50		16.50		1.00		1.00		1.00		1.00		28.70		36961		12936		49897		5189		55086		201983		1,009,916

		2022.75		16.75		1.00		1.00		1.00		1.00		29.25		38625		13519		52144		5403		57547		211004		1,055,019

		2023.00		17.00		1.00		1.00		1.00		1.00		29.53		39473		13815		53288		5601		58889		215928		1,079,638

		2023.25		17.25		1.00		1.00		1.00		1.00		29.80		40331		14116		54447		5788		60234		220860		1,104,298

		2023.50		17.50		1.00		1.00		1.00		1.00		30.08		41200		14420		55620		5965		61585		225810		1,129,050

		2023.75		17.75		1.00		1.00		1.00		1.00		30.35		42079		14728		56807		6135		62942		230787		1,153,936

		2024.00		18.00		1.00		1.00		1.00		1.00		30.90		43869		15354		59224		6330		65553		240362		1,201,809

		2024.25		18.25		1.00		1.00		1.00		1.00		31.45		45702		15996		61698		6544		68242		250222		1,251,111

		2024.50		18.50		1.00		1.00		1.00		1.00		32.00		47578		16652		64230		6777		71007		260360		1,301,799

		2024.75		18.75		1.00		1.00		1.00		1.00		32.55		49497		17324		66820		7025		73846		270768		1,353,840

		2025.00		19.00		1.00		1.00		1.00		1.00		33.10		51459		18011		69469		7288		76757		281441		1,407,206





Year 4

		

		Tree-Based Carbon Sequestration Projection Utility

		Developed by P.L. Woomer, SACRED Africa, Nairobi, Kenya (plwoomer@africaonline.co.ke)

		This spreadsheet is intended to develop carbon projections from tree planting in the tropics based upon

		For no soil C set soil sequestration = 0.  Carbon is priced as CO2 Emission Reductions.

		The projections run on a quarterly timestep expressed as years (0.25 = 3 month intervals) and may be generated.

		from scales ranging from the individual field (> 0.1 ha) to the project (thousands of ha) level.

		Suggested values for some inputs (root and soil) are provided.  Maximum 20-year project lifetime.

		beginning of project						2007.00						year (in increments of 0.25)

		plantation area						600.0						ha

		tree density						400						trees per ha (400 = 5 m x 5 m spacing)

		tree attrition						0.0						% per year (baseline = 0%, signifies death or poaching of trees)

		area withdrawn						0.0						% per year (baseline = 0%, signifies land withdrawn from the project)

		annual DBH gain						2.20						cm per year (baseline = 2.2 cm per year)

		root to shoot ratio						0.35						root biomass / shoot biomass (baseline = 0.35, 0 for no root C)

		leaf & root turnover						0.30						total biomass C per year (baseline = 0.3)

		soil C sequestration						0.08						t soil C per t organic C input (baseline = 0.08, 0 for no soil C)

		SOM turnover						0.80						t soil C remaining after 1 year per t soil C (baseline = 0.8)

		CO2ER price						5.00						US$ per t CO2 emission reduction where 1 t C = 3.67 t CO2 (baseline = $3)

		project		project		tree		tree		area		area		dbh		AGC		BGC		treeC		soilC		totalC		CO2 ER		value

		date		year		survival		survival		loss		loss		cm		--------------------------- t ----------------------------												US$

		2007.00		0.00		1.00		1.00		1.00		1.00		1.20		23		8		32		1		32		119		593

		2007.25		0.25		1.00		1.00		1.00		1.00		1.48		38		13		51		2		53		194		968

		2007.50		0.50		1.00		1.00		1.00		1.00		1.75		56		20		76		3		79		290		1,450

		2007.75		0.75		1.00		1.00		1.00		1.00		2.03		79		28		106		5		112		409		2,045

		2008.00		1.00		1.00		1.00		1.00		1.00		2.58		138		48		186		9		194		712		3,562

		2008.25		1.25		1.00		1.00		1.00		1.00		3.13		216		75		291		14		305		1118		5,589

		2008.50		1.50		1.00		1.00		1.00		1.00		3.68		314		110		424		21		445		1632		8,160

		2008.75		1.75		1.00		1.00		1.00		1.00		4.23		434		152		586		31		617		2262		11,308

		2009.00		2.00		1.00		1.00		1.00		1.00		4.50		502		176		678		41		719		2637		13,184

		2009.25		2.25		1.00		1.00		1.00		1.00		4.78		576		202		778		52		830		3042		15,210

		2009.50		2.50		1.00		1.00		1.00		1.00		5.05		656		230		886		63		949		3478		17,389

		2009.75		2.75		1.00		1.00		1.00		1.00		5.33		742		260		1002		74		1076		3945		19,727

		2010.00		3.00		1.00		1.00		1.00		1.00		5.88		932		326		1259		89		1348		4943		24,715

		2010.25		3.25		1.00		1.00		1.00		1.00		6.43		1147		402		1549		109		1658		6078		30,392

		2010.50		3.50		1.00		1.00		1.00		1.00		6.98		1388		486		1874		132		2006		7356		36,780

		2010.75		3.75		1.00		1.00		1.00		1.00		7.53		1656		579		2235		159		2394		8779		43,895

		2011.00		4.00		1.00		1.00		1.00		1.00		7.80		1799		630		2429		186		2615		9588		47,938

		2011.25		4.25		1.00		1.00		1.00		1.00		8.08		1950		682		2632		212		2844		10429		52,143

		2011.50		4.50		1.00		1.00		1.00		1.00		8.35		2108		738		2845		238		3083		11304		56,518

		2011.75		4.75		1.00		1.00		1.00		1.00		8.63		2272		795		3067		264		3331		12214		61,069

		2012.00		5.00		1.00		1.00		1.00		1.00		9.18		2622		918		3540		296		3836		14066		70,331

		2012.25		5.25		1.00		1.00		1.00		1.00		9.73		3002		1051		4052		334		4386		16083		80,415

		2012.50		5.50		1.00		1.00		1.00		1.00		10.28		3410		1194		4604		378		4982		18266		91,329

		2012.75		5.75		1.00		1.00		1.00		1.00		10.83		3849		1347		5196		427		5623		20617		103,085

		2013.00		6.00		1.00		1.00		1.00		1.00		11.10		4079		1428		5507		474		5981		21930		109,652

		2013.25		6.25		1.00		1.00		1.00		1.00		11.38		4318		1511		5829		519		6348		23276		116,378

		2013.50		6.50		1.00		1.00		1.00		1.00		11.65		4564		1597		6161		563		6724		24655		123,276

		2013.75		6.75		1.00		1.00		1.00		1.00		11.93		4818		1686		6504		606		7110		26071		130,356

		2014.00		7.00		1.00		1.00		1.00		1.00		12.48		5349		1872		7221		658		7880		28892		144,459

		2014.25		7.25		1.00		1.00		1.00		1.00		13.03		5912		2069		7981		718		8700		31899		159,494

		2014.50		7.50		1.00		1.00		1.00		1.00		13.58		6507		2278		8785		786		9571		35092		175,461

		2014.75		7.75		1.00		1.00		1.00		1.00		14.13		7136		2497		9633		860		10493		38473		192,365

		2015.00		8.00		1.00		1.00		1.00		1.00		14.40		7462		2612		10074		929		11003		40345		201,726

		2015.25		8.25		1.00		1.00		1.00		1.00		14.68		7797		2729		10526		996		11522		42247		211,235

		2015.50		8.50		1.00		1.00		1.00		1.00		14.95		8140		2849		10989		1061		12050		44182		220,911

		2015.75		8.75		1.00		1.00		1.00		1.00		15.23		8492		2972		11464		1124		12587		46154		230,768

		2016.00		9.00		1.00		1.00		1.00		1.00		15.78		9220		3227		12447		1198		13645		50032		250,160

		2016.25		9.25		1.00		1.00		1.00		1.00		16.33		9983		3494		13478		1282		14759		54117		270,584

		2016.50		9.50		1.00		1.00		1.00		1.00		16.88		10781		3773		14554		1375		15929		58407		292,033

		2016.75		9.75		1.00		1.00		1.00		1.00		17.43		11614		4065		15679		1476		17155		62901		314,503

		2017.00		10.00		1.00		1.00		1.00		1.00		17.70		12044		4215		16259		1571		17830		65376		326,880

		2017.25		10.25		1.00		1.00		1.00		1.00		17.98		12482		4369		16851		1661		18512		67878		339,388

		2017.50		10.50		1.00		1.00		1.00		1.00		18.25		12930		4525		17455		1748		19203		70411		352,054

		2017.75		10.75		1.00		1.00		1.00		1.00		18.53		13386		4685		18071		1832		19903		72979		364,895

		2018.00		11.00		1.00		1.00		1.00		1.00		19.08		14326		5014		19341		1930		21270		77991		389,956

		2018.25		11.25		1.00		1.00		1.00		1.00		19.63		15303		5356		20659		2040		22699		83228		416,142

		2018.50		11.50		1.00		1.00		1.00		1.00		20.18		16316		5711		22027		2160		24188		88688		443,438

		2018.75		11.75		1.00		1.00		1.00		1.00		20.73		17367		6078		23445		2291		25736		94367		471,835

		2019.00		12.00		1.00		1.00		1.00		1.00		21.00		17906		6267		24174		2413		26586		97484		487,419

		2019.25		12.25		1.00		1.00		1.00		1.00		21.28		18455		6459		24914		2528		27443		100623		503,114

		2019.50		12.50		1.00		1.00		1.00		1.00		21.55		19013		6655		25668		2639		28306		103790		518,952

		2019.75		12.75		1.00		1.00		1.00		1.00		21.83		19581		6853		26434		2745		29179		106991		534,957

		2020.00		13.00		1.00		1.00		1.00		1.00		22.38		20745		7261		28005		2868		30874		113204		566,019

		2020.25		13.25		1.00		1.00		1.00		1.00		22.93		21947		7681		29628		3006		32634		119659		598,295

		2020.50		13.50		1.00		1.00		1.00		1.00		23.48		23188		8116		31304		3156		34460		126352		631,761

		2020.75		13.75		1.00		1.00		1.00		1.00		24.03		24468		8564		33032		3318		36349		133280		666,401

		2021.00		14.00		1.00		1.00		1.00		1.00		24.30		25123		8793		33915		3468		37383		137073		685,363

		2021.25		14.25		1.00		1.00		1.00		1.00		24.58		25787		9025		34813		3610		38422		140882		704,412

		2021.50		14.50		1.00		1.00		1.00		1.00		24.85		26462		9262		35723		3745		39468		144717		723,585

		2021.75		14.75		1.00		1.00		1.00		1.00		25.13		27146		9501		36647		3876		40523		148583		742,915

		2022.00		15.00		1.00		1.00		1.00		1.00		25.68		28544		9991		38535		4025		42560		156055		780,274

		2022.25		15.25		1.00		1.00		1.00		1.00		26.23		29983		10494		40477		4192		44669		163787		818,933

		2022.50		15.50		1.00		1.00		1.00		1.00		26.78		31462		11012		42474		4373		46847		171772		858,859

		2022.75		15.75		1.00		1.00		1.00		1.00		27.33		32982		11544		44526		4567		49093		180006		900,030

		2023.00		16.00		1.00		1.00		1.00		1.00		27.60		33757		11815		45572		4747		50319		184505		922,523

		2023.25		16.25		1.00		1.00		1.00		1.00		27.88		34543		12090		46633		4917		51550		189015		945,075

		2023.50		16.50		1.00		1.00		1.00		1.00		28.15		35338		12368		47707		5079		52785		193547		967,733

		2023.75		16.75		1.00		1.00		1.00		1.00		28.43		36145		12651		48795		5234		54029		198106		990,532

		2024.00		17.00		1.00		1.00		1.00		1.00		28.98		37788		13226		51014		5411		56425		206892		1,034,458

		2024.25		17.25		1.00		1.00		1.00		1.00		29.53		39473		13815		53288		5608		58896		215953		1,079,767

		2024.50		17.50		1.00		1.00		1.00		1.00		30.08		41200		14420		55620		5821		61441		225284		1,126,418

		2024.75		17.75		1.00		1.00		1.00		1.00		30.63		42969		15039		58008		6049		64057		234876		1,174,382

		2025.00		18.00		1.00		1.00		1.00		1.00		31.18		44780		15673		60454		6290		66744		244728		1,223,638





Year 5

		

		Tree-Based Carbon Sequestration Projection Utility

		Developed by P.L. Woomer, SACRED Africa, Nairobi, Kenya (plwoomer@africaonline.co.ke)

		This spreadsheet is intended to develop carbon projections from tree planting in the tropics based upon

		For no soil C set soil sequestration = 0.  Carbon is priced as CO2 Emission Reductions.

		The projections run on a quarterly timestep expressed as years (0.25 = 3 month intervals) and may be generated.

		from scales ranging from the individual field (> 0.1 ha) to the project (thousands of ha) level.

		Suggested values for some inputs (root and soil) are provided.  Maximum 20-year project lifetime.

		beginning of project						2008.00						year (in increments of 0.25)

		plantation area						700.0						ha

		tree density						400						trees per ha (400 = 5 m x 5 m spacing)

		tree attrition						0.0						% per year (baseline = 0%, signifies death or poaching of trees)

		area withdrawn						0.0						% per year (baseline = 0%, signifies land withdrawn from the project)

		annual DBH gain						2.20						cm per year (baseline = 2.2 cm per year)

		root to shoot ratio						0.35						root biomass / shoot biomass (baseline = 0.35, 0 for no root C)

		leaf & root turnover						0.30						total biomass C per year (baseline = 0.3)

		soil C sequestration						0.08						t soil C per t organic C input (baseline = 0.08, 0 for no soil C)

		SOM turnover						0.80						t soil C remaining after 1 year per t soil C (baseline = 0.8)

		CO2ER price						5.00						US$ per t CO2 emission reduction where 1 t C = 3.67 t CO2 (baseline = $3)

		project		project		tree		tree		area		area		dbh		AGC		BGC		treeC		soilC		totalC		CO2 ER		value

		date		year		survival		survival		loss		loss		cm		--------------------------- t ----------------------------												US$

		2008.00		0.00		1.00		1.00		1.00		1.00		1.20		27		10		37		1		38		138		692

		2008.25		0.25		1.00		1.00		1.00		1.00		1.75		66		23		88		3		91		335		1,673

		2008.50		0.50		1.00		1.00		1.00		1.00		2.30		123		43		167		6		173		634		3,171

		2008.75		0.75		1.00		1.00		1.00		1.00		2.85		203		71		274		12		286		1048		5,238

		2009.00		1.00		1.00		1.00		1.00		1.00		3.13		251		88		339		17		357		1309		6,543

		2009.25		1.25		1.00		1.00		1.00		1.00		3.40		306		107		413		24		437		1601		8,006

		2009.50		1.50		1.00		1.00		1.00		1.00		3.68		366		128		494		31		525		1926		9,632

		2009.75		1.75		1.00		1.00		1.00		1.00		3.95		433		152		585		39		623		2286		11,428

		2010.00		2.00		1.00		1.00		1.00		1.00		4.50		586		205		791		50		841		3084		15,419

		2010.25		2.25		1.00		1.00		1.00		1.00		5.05		766		268		1034		65		1098		4028		20,139

		2010.50		2.50		1.00		1.00		1.00		1.00		5.60		973		341		1314		83		1397		5123		25,615

		2010.75		2.75		1.00		1.00		1.00		1.00		6.15		1209		423		1633		106		1739		6375		31,876

		2011.00		3.00		1.00		1.00		1.00		1.00		6.43		1339		469		1807		128		1935		7096		35,480

		2011.25		3.25		1.00		1.00		1.00		1.00		6.70		1475		516		1992		150		2142		7854		39,270

		2011.50		3.50		1.00		1.00		1.00		1.00		6.98		1620		567		2187		173		2359		8651		43,253

		2011.75		3.75		1.00		1.00		1.00		1.00		7.25		1772		620		2392		196		2587		9487		47,435

		2012.00		4.00		1.00		1.00		1.00		1.00		7.80		2099		735		2834		224		3058		11214		56,072

		2012.25		4.25		1.00		1.00		1.00		1.00		8.35		2459		861		3319		259		3579		13121		65,607

		2012.50		4.50		1.00		1.00		1.00		1.00		8.90		2851		998		3849		300		4149		15211		76,056

		2012.75		4.75		1.00		1.00		1.00		1.00		9.45		3276		1147		4423		346		4769		17487		87,435

		2013.00		5.00		1.00		1.00		1.00		1.00		9.73		3502		1226		4728		390		5118		18765		93,827

		2013.25		5.25		1.00		1.00		1.00		1.00		10.00		3736		1308		5044		433		5477		20082		100,408

		2013.50		5.50		1.00		1.00		1.00		1.00		10.28		3979		1393		5371		475		5847		21438		107,189

		2013.75		5.75		1.00		1.00		1.00		1.00		10.55		4230		1481		5711		517		6228		22836		114,181

		2014.00		6.00		1.00		1.00		1.00		1.00		11.10		4759		1666		6425		568		6993		25642		128,212

		2014.25		6.25		1.00		1.00		1.00		1.00		11.65		5325		1864		7188		627		7815		28656		143,278

		2014.50		6.50		1.00		1.00		1.00		1.00		12.20		5926		2074		8000		694		8694		31877		159,384

		2014.75		6.75		1.00		1.00		1.00		1.00		12.75		6564		2298		8862		768		9629		35308		176,539

		2015.00		7.00		1.00		1.00		1.00		1.00		13.03		6897		2414		9312		838		10149		37213		186,067

		2015.25		7.25		1.00		1.00		1.00		1.00		13.30		7240		2534		9774		905		10679		39155		195,775

		2015.50		7.50		1.00		1.00		1.00		1.00		13.58		7592		2657		10249		970		11219		41136		205,681

		2015.75		7.75		1.00		1.00		1.00		1.00		13.85		7954		2784		10737		1033		11771		43160		215,800

		2016.00		8.00		1.00		1.00		1.00		1.00		14.40		8706		3047		11753		1109		12862		47159		235,795

		2016.25		8.25		1.00		1.00		1.00		1.00		14.95		9497		3324		12821		1195		14015		51389		256,946

		2016.50		8.50		1.00		1.00		1.00		1.00		15.50		10327		3614		13941		1290		15232		55850		279,250

		2016.75		8.75		1.00		1.00		1.00		1.00		16.05		11197		3919		15116		1395		16511		60541		302,705

		2017.00		9.00		1.00		1.00		1.00		1.00		16.33		11647		4077		15724		1493		17217		63130		315,649

		2017.25		9.25		1.00		1.00		1.00		1.00		16.60		12108		4238		16345		1587		17932		65751		328,757

		2017.50		9.50		1.00		1.00		1.00		1.00		16.88		12578		4402		16980		1677		18657		68410		342,052

		2017.75		9.75		1.00		1.00		1.00		1.00		17.15		13059		4571		17629		1765		19394		71111		355,556

		2018.00		10.00		1.00		1.00		1.00		1.00		17.70		14051		4918		18969		1867		20836		76398		381,988

		2018.25		10.25		1.00		1.00		1.00		1.00		18.25		15085		5280		20364		1982		22347		81938		409,689

		2018.50		10.50		1.00		1.00		1.00		1.00		18.80		16160		5656		21816		2110		23926		87729		438,643

		2018.75		10.75		1.00		1.00		1.00		1.00		19.35		17278		6047		23326		2247		25573		93769		468,844

		2019.00		11.00		1.00		1.00		1.00		1.00		19.63		17853		6249		24102		2376		26479		97088		485,441

		2019.25		11.25		1.00		1.00		1.00		1.00		19.90		18439		6454		24893		2499		27392		100436		502,178

		2019.50		11.50		1.00		1.00		1.00		1.00		20.18		19036		6663		25698		2616		28314		103818		519,089

		2019.75		11.75		1.00		1.00		1.00		1.00		20.45		19643		6875		26518		2729		29247		107240		536,200

		2020.00		12.00		1.00		1.00		1.00		1.00		21.00		20891		7312		28202		2860		31062		113896		569,478

		2020.25		12.25		1.00		1.00		1.00		1.00		21.55		22182		7764		29946		3007		32952		120826		604,129

		2020.50		12.50		1.00		1.00		1.00		1.00		22.10		23518		8231		31749		3167		34916		128026		640,130

		2020.75		12.75		1.00		1.00		1.00		1.00		22.65		24898		8714		33612		3341		36953		135493		677,466

		2021.00		13.00		1.00		1.00		1.00		1.00		22.93		25605		8962		34567		3502		38069		139585		697,923

		2021.25		13.25		1.00		1.00		1.00		1.00		23.20		26323		9213		35536		3655		39191		143699		718,495

		2021.50		13.50		1.00		1.00		1.00		1.00		23.48		27053		9468		36521		3800		40321		147844		739,221

		2021.75		13.75		1.00		1.00		1.00		1.00		23.75		27794		9728		37521		3941		41462		152027		760,134

		2022.00		14.00		1.00		1.00		1.00		1.00		24.30		29310		10258		39568		4102		43670		160124		800,619

		2022.25		14.25		1.00		1.00		1.00		1.00		24.85		30872		10805		41677		4282		45959		168516		842,578

		2022.50		14.50		1.00		1.00		1.00		1.00		25.40		32480		11368		43848		4478		48326		177196		885,979

		2022.75		14.75		1.00		1.00		1.00		1.00		25.95		34135		11947		46083		4688		50771		186160		930,799

		2023.00		15.00		1.00		1.00		1.00		1.00		26.23		34980		12243		47223		4884		52107		191061		955,304

		2023.25		15.25		1.00		1.00		1.00		1.00		26.50		35837		12543		48380		5068		53449		195978		979,891

		2023.50		15.50		1.00		1.00		1.00		1.00		26.78		36706		12847		49553		5244		54797		200922		1,004,611

		2023.75		15.75		1.00		1.00		1.00		1.00		27.05		37587		13155		50742		5413		56155		205901		1,029,504

		2024.00		16.00		1.00		1.00		1.00		1.00		27.60		39383		13784		53168		5606		58774		215505		1,077,523

		2024.25		16.25		1.00		1.00		1.00		1.00		28.15		41228		14430		55658		5821		61479		225423		1,127,114

		2024.50		16.50		1.00		1.00		1.00		1.00		28.70		43121		15092		58214		6054		64267		235647		1,178,235

		2024.75		16.75		1.00		1.00		1.00		1.00		29.25		45063		15772		60834		6303		67138		246171		1,230,856

		2025.00		17.00		1.00		1.00		1.00		1.00		29.80		47053		16468		63521		6567		70088		256991		1,284,953





Sheet1

		project		No drought		1 year in 5		1 year in 3		1 year in 2

		date

		2004.00		40		40		40		40

		2004.25		96		96		96		96

		2004.50		181		181		181		181

		2004.75		299		299		299		299

		2005.00		532		532		532		453

		2005.25		834		834		834		587

		2005.50		1,236		1,236		1,236		744

		2005.75		1,743		1,743		1,743		926

		2006.00		2,482		2,482		2,170		1,475

		2006.25		3,391		3,391		2,581		2,183

		2006.50		4,512		4,512		3,043		3,095

		2006.75		5,861		5,861		3,558		4,227

		2007.00		7,569		7,569		4,835		5,026

		2007.25		9,576		9,577		6,396		5,838

		2007.50		11,932		11,935		8,291		6,731

		2007.75		14,655		14,661		10,539		7,709

		2008.00		17,897		16,384		13,295		9,993

		2008.25		21,594		18,145		16,496		12,706

		2008.50		25,803		20,023		20,200		15,907

		2008.75		30,547		22,024		24,433		19,623

		2009.00		35,845		26,250		26,877		21,781

		2009.25		41,717		31,031		29,446		24,065

		2009.50		48,178		36,387		32,145		26,480

		2009.75		55,244		42,334		34,980		29,030

		2010.00		62,930		48,887		40,837		34,343

		2010.25		71,249		56,064		47,315		40,262

		2010.50		80,213		63,877		54,426		46,802

		2010.75		89,836		72,342		62,184		53,976

		2011.00		100,129		81,470		70,601		58,021

		2011.25		111,102		91,276		79,688		62,200

		2011.50		122,766		101,770		89,458		66,520

		2011.75		135,131		112,966		99,921		70,987

		2012.00		148,206		124,875		105,769		79,995

		2012.25		162,001		137,507		111,739		89,715

		2012.50		176,524		150,873		117,843		100,152

		2012.75		191,785		164,984		124,091		111,314

		2013.00		207,790		172,827		136,478		117,527

		2013.25		224,548		180,774		149,646		123,869

		2013.50		242,067		188,843		163,596		130,353

		2013.75		260,353		197,051		178,332		136,988

		2014.00		279,415		213,141		193,857		150,139

		2014.25		299,258		230,078		210,175		164,091

		2014.50		319,891		247,858		227,293		178,844

		2014.75		341,318		266,479		245,216		194,398

		2015.00		363,548		285,942		255,126		202,993

		2015.25		386,584		306,249		265,129		211,708

		2015.50		410,435		327,404		275,248		220,559

		2015.75		435,105		349,410		285,502		229,559

		2016.00		460,600		372,272		305,481		247,211

		2016.25		486,926		395,994		326,372		265,746

		2016.50		514,088		420,583		348,166		285,156

		2016.75		542,091		446,045		370,858		305,439

		2017.00		570,941		472,384		394,444		316,595

		2017.25		600,642		499,608		418,924		327,855

		2017.50		631,199		527,723		444,298		339,243

		2017.75		662,617		556,734		470,567		350,774

		2018.00		694,901		572,694		485,014		373,233

		2018.25		728,055		588,677		499,512		396,651

		2018.50		762,084		604,723		514,097		421,015

		2018.75		796,991		620,868		528,797		446,315

		2019.00		832,781		651,928		557,173		460,186

		2019.25		869,459		684,046		586,580		474,144

		2019.50		907,028		717,201		616,997		488,216

		2019.75		945,492		751,376		648,412		502,424

		2020.00		984,855		786,562		680,814		529,958

		2020.25		1,025,121		822,750		714,196		558,524

		2020.50		1,066,294		859,934		748,554		588,102

		2020.75		1,108,377		898,112		783,886		618,678

		2021.00		1,151,373		919,029		803,256		635,403

		2021.25		1,195,286		939,928		822,626		652,192

		2021.50		1,240,120		960,863		842,045		669,081

		2021.75		1,285,878		981,875		861,552		686,096

		2022.00		1,332,563		1,022,147		898,991		718,945

		2022.25		1,380,178		1,063,591		937,571		752,898

		2022.50		1,428,727		1,106,176		977,262		787,926

		2022.75		1,478,212		1,149,875		1,018,042		824,010

		2023.00		1,528,636		1,194,671		1,059,895		843,713

		2023.25		1,580,003		1,240,548		1,102,807		863,457

		2023.50		1,632,315		1,287,496		1,146,769		883,283

		2023.75		1,685,574		1,335,509		1,191,776		903,223

		2024.00		1,739,785		1,384,580		1,216,398		941,607

		2024.25		1,794,949		1,434,708		1,240,962		981,163

		2024.50		1,851,069		1,485,892		1,265,531		1,021,858

		2024.75		1,908,148		1,538,130		1,290,156		1,063,664

		2025.00		1,966,188		1,591,423		1,337,231		1,106,560

		2004.00
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		project		project				AGC		BGC		treeC		soilC		totalC		CO2 ER		value		value

		date		year				--------------------------- t ----------------------------												at 5$ t-1		at $4 t-1

		2004		0				8		3		11		0		11		40		198		158

		2005		1				103		36		139		6		145		532		2,658		2,127

		2006		2				476		167		643		34		677		2,482		12,412		9,930

		2007		3				1,441		504		1,946		118		2,064		7,569		37,844		30,275

		2008		4				3,391		1,187		4,577		308		4,885		17,911		89,555		71,644

		2009		5				6,767		2,369		9,136		664		9,800		35,932		179,660		143,728

		2010		6				11,848		4,147		15,995		1,244		17,240		63,213		316,063		252,851

		2011		7				18,815		6,585		25,400		2,092		27,492		100,806		504,028		403,222

		2012		8				27,813		9,735		37,548		3,240		40,788		149,555		747,775		598,220

		2013		9				38,969		13,639		52,608		4,713		57,321		210,178		1,050,889		840,711

		2014		10				52,394		18,338		70,732		6,533		77,265		283,304		1,416,518		1,133,215				67.810733666		23.7337567831		91.5444904491		8.4555095509		100		366.6666666667

		2015		11				68,187		23,866		92,053		8,719		100,772		369,498		1,847,489		1,477,991

		2016		12				86,442		30,255		116,696		11,288		127,984		469,276		2,346,379		1,877,104

		2017		13				107,242		37,535		144,777		14,254		159,031		583,114		2,915,569		2,332,455

		2018		14				130,667		45,733		176,400		17,633		194,033		711,455		3,557,274		2,845,819

		2019		15				156,791		54,877		211,668		21,435		233,104		854,714		4,273,571		3,418,857

		2020		16				185,685		64,990		250,675		25,675		276,350		1,013,284		5,066,422		4,053,138

		2021		17				217,415		76,095		293,511		30,363		323,874		1,187,537		5,937,683		4,750,147

		2022		18				252,045		88,216		340,260		35,510		375,770		1,377,824		6,889,122		5,511,298

		2023		19				289,634		101,372		391,006		41,126		432,132		1,584,485		7,922,427		6,337,942

		2024		20				330,242		115,585		445,826		47,222		493,048		1,807,843		9,039,214		7,231,371

		2025		21				373,923		130,873		504,796		53,806		558,602		2,048,207		10,241,034		8,192,827
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		project		Initail conditions		1% tree attrition		tree loss and land loss		all

		date

		2004.00		40		40		40		40

		2004.25		96		95		95		89

		2004.50		181		180		179		162

		2004.75		299		297		295		261

		2005.00		532		527		523		467

		2005.25		834		826		818		722

		2005.50		1,236		1,221		1,206		1,056

		2005.75		1,743		1,719		1,695		1,475

		2006.00		2,482		2,445		2,407		2,101

		2006.25		3,391		3,333		3,277		2,852

		2006.50		4,512		4,429		4,347		3,773

		2006.75		5,861		5,742		5,626		4,874

		2007.00		7,569		7,403		7,242		6,284

		2007.25		9,577		9,351		9,132		7,921

		2007.50		11,935		11,633		11,340		9,835

		2007.75		14,661		14,264		13,879		12,039

		2008.00		17,911		17,397		16,899		14,683

		2008.25		21,618		20,960		20,325		17,674

		2008.50		25,842		25,011		24,209		21,070

		2008.75		30,606		29,567		28,567		24,890

		2009.00		35,932		34,646		33,411		29,147

		2009.25		41,838		40,262		38,751		33,857

		2009.50		48,343		46,428		44,596		39,031

		2009.75		55,462		53,156		50,954		44,682

		2010.00		63,213		60,457		57,830		50,821

		2010.25		71,608		68,339		65,230		57,459

		2010.50		80,664		76,812		73,158		64,604

		2010.75		90,392		85,884		81,616		72,268

		2011.00		100,806		95,562		90,607		80,458

		2011.25		111,917		105,852		100,133		89,183

		2011.50		123,738		116,760		110,195		98,451

		2011.75		136,281		128,292		120,794		108,270

		2012.00		149,555		140,453		131,930		118,647

		2012.25		163,572		153,247		143,602		129,590

		2012.50		178,341		166,679		155,809		141,105

		2012.75		193,873		180,752		168,551		153,198

		2013.00		210,178		195,469		181,825		165,876

		2013.25		227,264		210,833		195,630		179,146

		2013.50		245,141		226,848		209,962		193,013

		2013.75		263,818		243,515		224,821		207,482

		2014.00		283,304		260,837		240,202		222,561

		2014.25		303,606		278,815		256,102		238,252

		2014.50		324,734		297,451		272,518		254,563

		2014.75		346,695		316,746		289,446		271,498

		2015.00		369,498		336,702		306,882		289,062

		2015.25		393,150		357,318		324,822		307,260

		2015.50		417,658		378,596		343,262		326,096

		2015.75		443,031		400,536		362,196		345,576

		2016.00		469,276		423,139		381,621		365,702

		2016.25		496,399		446,403		401,531		386,480

		2016.50		524,409		470,330		421,921		407,914

		2016.75		553,311		494,918		442,786		430,008

		2017.00		583,114		520,167		464,120		452,766

		2017.25		613,823		546,077		485,918		476,192

		2017.50		645,445		572,646		508,174		500,289

		2017.75		677,987		599,874		530,883		525,062

		2018.00		711,455		627,759		554,037		550,513

		2018.25		745,855		656,300		577,632		576,647

		2018.50		781,195		685,496		601,661		603,467

		2018.75		817,479		715,344		626,117		630,976

		2019.00		854,714		745,844		650,995		659,177

		2019.25		892,907		776,992		676,287		688,074

		2019.50		932,062		808,788		701,987		717,670

		2019.75		972,186		841,229		728,088		747,968

		2020.00		1,013,284		874,313		754,584		778,970

		2020.25		1,055,363		908,037		781,468		810,681

		2020.50		1,098,428		942,399		808,732		843,102

		2020.75		1,142,484		977,396		836,370		876,237

		2021.00		1,187,537		1,013,026		864,375		910,088

		2021.25		1,233,592		1,049,285		892,739		944,659

		2021.50		1,280,655		1,086,171		921,455		979,951

		2021.75		1,328,730		1,123,681		950,516		1,015,967

		2022.00		1,377,824		1,161,811		979,915		1,052,709

		2022.25		1,427,942		1,200,559		1,009,643		1,090,182

		2022.50		1,479,088		1,239,920		1,039,695		1,128,385

		2022.75		1,531,267		1,279,892		1,070,062		1,167,323

		2023.00		1,584,485		1,320,471		1,100,736		1,206,997

		2023.25		1,638,747		1,361,653		1,131,710		1,247,410

		2023.50		1,694,057		1,403,435		1,162,977		1,288,564

		2023.75		1,750,421		1,445,812		1,194,529		1,330,460

		2024.00		1,807,843		1,488,781		1,226,358		1,373,102

		2024.25		1,866,328		1,532,337		1,258,456		1,416,491

		2024.50		1,925,880		1,576,478		1,290,816		1,460,630

		2024.75		1,986,505		1,621,198		1,323,430		1,505,520

		2025.00		2,048,207		1,666,493		1,356,290		1,551,163
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		Scenario		Project area		Tree density		Tree C		Soil C				value

				--- (ha) ---				------------ Tonnes ------------						--- US$ ---

		Initial conditions		2500		400		504,796		53,806		2,048,207		10,241,034

		Reduced tree survival		2250		326		410,309		44,189		1,666,493		8,332,464		18.6364952371

		Reduced tree survival and project withdrawal		2037		400		333,593		36,305		1,356,290		6,781,450

																33.78

		Reduced tree productivity		2500		400		398,233		42,463		1,615,866		8,079,432		21.108266889

		All factors combined		2037		400		263,175		28,652		1,070,033		5,350,164		47.7575752841
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