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Abstract

Fast deforestation is threatening the remaining montane rainforest in the South-western highlands of Ethiopia. These forests fulfil a variety of ecosystem services, serve as a safety net and income source for the local population and contain the only wild populations of Coffea arabica in the world. This coffee gene pool is regarded as very valuable material for international coffee breeding activities. Currently the Ethiopian government and the European Commission are planning to transform some of the forests into protected parks to conserve the wild coffee. The tension in the affected areas is rising because of the diverting interests of the different stakeholders. A cost-benefit analysis is conducted to determine the best possible use system of the forest and the opportunity costs of conservation are calculated. This economic analysis suggests that the conservation of the forest cannot be justified. Instead the management of the forest for coffee production turns out to be a viable compromise for all stakeholders.

1.  Introduction

Fast deforestation is threatening the remaining montane rainforest in the South-western highlands of Ethiopia. Following FAO estimates (FAO 2003) the annual loss of forest cover amounts to 8%. These forests fulfil a variety of ecosystem services and contain the only wild populations of Coffea arabica in the world. This coffee gene pool is regarded as very valuable material for international coffee breeding activities (Gole et al. 2002).

Two of these forests cover 50% of the districts Yayu and Sheko, which have a total population of more than 100,000 people (information provided by the local department of agriculture, DoA 2003). The population grows with a rate of 3% and the life expectancy is 42 years. More than half of the population is illiterate (World Bank 2003). The local communities depend on the forest areas for their livelihood. They harvest forest coffee, fuel wood and minor non-timber forest products (NTFP). For over 85% of the population medicinal plants are the primary source of health care (Deffar 1998). The main occupation in these areas is subsistence farming on 1 hectare of land. This is barely enough to feed one family (DoA 2003). In case of acute land shortage farmers expand their agricultural land into the forest. 

Currently three use systems compete for the forest resource: the conservation of the forest, its exploitation for income generation and its conversion into arable fields. The conservation is carried out by the Ethiopian Institute of Biodiversity Conservation and Research (IBCR) on behalf of the Ethiopian government and the European Commission who finances the program. The tension in the affected areas is rising because of the diverting interests of all stakeholders.

The objective of this research work is to determine the best possible use of the forest by estimating the costs and benefits associated with each land use option. Chapter two describes the main characteristics of the three competing forest use systems. Chapter three presents the methodological features of cost-benefit analysis and environmental valuation, which are relevant to this study. The data and specific valuation methods are given in chapter four. The results of the cost-benefit analysis are discussed in chapter five. Chapter six concludes.

2. Three competing forest use systems

2.1. Forest conservation

One third of Ethiopia was once covered by forest. Today only 2% of the former forest is left. The northern and central highlands have already been completely deforested. The remaining forests of Ethiopia are especially protected by the government. It has demarcated 58 forests as National Forest Priority Areas (NFPA) (GoE 1994). By law no encroachment into the NFPA is tolerated and the cutting of trees is often punished by prison sentences. For most of the NFPA the enforcement of this policy is difficult and too expensive. The forests of Yayu and Sheko however are under special observation due to the wild coffee populations growing in the forest. The Coffee Improvement Project, which is financed by the European Commission, aims to conserve this coffee gene pool for future breeding activities (Agrisystems Ltd. 2001). The conservation authorities fear that any permission for the local communities to enter into the demarcated areas would entail further disturbance through illegal logging and harvesting of wild coffee. Therefore armed guards gazette the demarcated areas in Yayu and Sheko, which cover areas of 10,000 and 9,000 hectare.

Up to now no interest from the international coffee industry in the wild coffee populations for breeding purposes has been indicated and there are already about 5,000 different coffee accessions stored in Ethiopian seed banks (pers. com. IBCR). The advantage of in situ conservation is that it allows the evolutionary process to continue.

2.2. Maize production

Farmers in Yayu and Sheko practise low-input, rain fed subsistence farming, with only 10% percent of them using fertilizer. They cultivate on average 1.5 ha of land in Sheko and 1 ha in Yayu (DoA 2003). 1 ha is the Ethiopian average size of land per household and is regarded as the absolute minimum to provide sufficient food for one household (EEA/EEPRI 2002, p. 58).

The current cultivation practices are ecologically unsustainable. Facing the rising population and being constrained by the scarcity of arable lands farming communities follow mainly two coping strategies: They reduce fallow periods by cultivating continuously. And they put unsuitable land with steep slopes of up to 50% under cultivation. The result is serious land degradation with high amounts of erosion and nutrient mining. Associated annual productivity losses on croplands in the Ethiopian Highlands are estimated to be 0.12 – 2% (Kappel 1996, cited after Bezuayehu Tefera et al. 2002). The declining output reinforces the land scarcity problem.

To achieve an ecologically sustainable increase in production that would offset the population growth of 3% and the negative effects of land degradation farmers have to switch from extensive to intensive land management and they have to adopt soil conservation measures. Intensification involves the application of fertilizer and improved seeds. The profitability of these new technologies is however severely constraint by imperfect input and output markets and poorly developed infrastructure (Techane 2003, Demeke 2003).

Conservation of the production base requires biological as well as physical measures to prevent or significantly reduce soil erosion and land degradation. The concepts are well known and accepted among agricultural and development professionals but their dissemination among farmers is difficult. The main obstacle is the land tenure system in Ethiopia. According to the constitution the ownership of land vests with the State and the people of Ethiopia. Private ownership and land markets are not allowed under the Ethiopian constitution, but farmers are given use rights for their land. Repeated land redistributions in the Ethiopian history have led to high insecurity of farmers concerning the tenure rights of their holdings. During a nation wide survey related to tenure rights and farmers reactions, only 3.5% of the households believe that they can retain their current holdings for over 20 years while a significant majority of all households do not feel secure enough to think that their claim towards their existing holding could last over five years (EEA/EEPRI 2002, table 19). This insecurity reduces the incentive to invest in land.

The Ethiopian government is determined to keep this land legislation (EEA/EEPRI 2002, Tesfaye 2003). It claims that it promotes equity among farmers, prohibits speculation on land and prevents rural urban migration.

To boost agricultural productivity the government of Ethiopia has introduced a new system of agricultural extension in 1994/95, known as Participatory Demonstration and Training Extension System (PADETES). It belongs to the overall development strategy of Agricultural-Development-Led-Industrialisation, which is one of the four building blocks of the Poverty Reduction Strategy of Ethiopia (GoE 2002). Its mission is to promote new technologies and improved farming practices among farmers.

2.3. Coffee production

Coffee accounts for 60% of the country’s exports and the government estimates that there are 15 million households either directly or indirectly dependent on coffee for their livelihoods. 94 % of Ethiopia’s coffee is produced by 700,000 smallholders, who grow it either in their garden or in the forest as so-called semi-forest coffee (Oxfam 2002). The latter is organically produced and grown in the forest under the canopy of shade trees. The forest is thinned out in order to give the coffee plants some space. The agronomic conditions are so ideal that only some minimum husbandry practices are needed to produce a very fine Coffea arabica. These practices definitely disturb the forest to some extent and semi-forest coffee should not be confused with the wild coffee, which grows completely wild and unmanaged deep inside the less accessible regions of the forest. Nevertheless the managed coffee forest remains an intact forest ecosystem which provides services like the regulation of water quality and quantity and soil conservation.

In order to avoid low world market prices and capture price premiums some Ethiopian farmers try to enter into the niche markets of speciality coffees and organic coffees. These markets are still small. Mainstream qualities, including Robusta coffee, account for an estimated 85% - 90% of world coffee consumption, while the share of exemplary and high quality coffee is no more than 10% or perhaps 15% of the world market (ITC 2002). But the share of speciality coffees and organic coffees is increasing in Western countries and some of the coffees achieve very high premiums (ITC 2002).

Coffee producers from the South-West of Ethiopia report that right now the demand for their organically grown speciality coffee is higher than the supply. The major reason being that only a minority of Ethiopian coffee farmers dispose of the organisational skills and sufficient start up capital to enter this niche market (pers. com. Kaffa Coffee Farmers Cooperative Union, Oromiya Coffee Farmers Cooperative Union). The price paid for the organically grown specialty coffee is double the price as before. Most of these niche market suppliers are represented by the Oromiya Coffee Farmers Cooperatives Union (OCFCU), which incorporates 26 member cooperatives. The OCFCU has been active now for 6 years with steadily increasing sales. In 2003 it exported coffee worth more than US$ 2 million (OCFCU 2003).
The coffee sector as a whole receives substantial support (14.2 million €) from the European Commission through the Coffee Improvement Project. Its overall objective is to improve the living standards in coffee growing areas by increasing the quality of the produced coffee and the yields of the smallholder coffee farmers. The project contains six components, which foresee activities in the areas of extension services, coffee research, nurseries, marketing and the conservation of Yayu and Sheko forest to protect the wild coffee populations (Agrisystems 2001). 
2.4. The allocation problem and the contribution of this paper

In summary, there are three main use systems competing for the forest resource: The cultivation of food crops, i.e. maize, the production of semi-forest coffee and the protection of the forest for biodiversity conservation. The tension in the study areas is rising because of the diverting interests of local communities and the government represented by its conservation agencies.

The situation described here is not unique to Ethiopia but can be observed in several tropical countries. One overarching theme appearing in most contributions dealing with this topic is the search for win-win options and synergies (Wunder 2001). Similarly, the potential of agroforestry systems to combine environmental objectives with the aspirations of local communities has increasingly been discussed (Collins and Qualset 1998, Buck and Lassoie 1998, Lee and Barrett 2001). The present case study should be seen against this background.

Its objective is to contribute to the current discussion on future development options of the study areas. This is why stylized and improved versions of the current systems will be analysed, which still seem realistic options in the short to medium term. The current crop farming system is ecologically unsustainable and its productivity is too low. But the government puts a lot of effort into bringing about intensification and the application of conservation measures. For the improved version it will be assumed that farmers have adopted new technologies and conservation measures. For the coffee production it is assumed that farmers manage to enter successfully into the niche markets of organically grown and speciality coffee. The conservation of the forest will mirror the concept envisioned by the Ethiopian government and the European Commission as included in the Coffee Improvement Project and will not allow any usage. The three forest use versions will be called sustainable maize production, semi-forest-coffee system and forest conservation.
3. Cost-benefit analysis

In this study the tool of cost-benefit analysis is employed to measure allocative efficiency. All impacts are valued either in terms of willingness to pay or in terms of opportunity cost. The sign of the net benefits then indicates whether or not it would be possible to compensate those who bear the costs sufficiently so that no one is made worse off (Kaldor-Hicks criterion). A fundamental problem arises with regard to this potential Pareto efficiency rule: the interpretation of willingness to pay as a measure of benefits. The willingness of a person to pay for an impact certainly depends on the wealth that he or she has available. As will be shown the impacts of the change in the forest use system are felt not only in Ethiopia but globally, and will therefore affect people with very different wealth levels and marginal utilities of money. This would not pose a conceptual problem if losers were actually compensated so that a Pareto improvement would result. But in application of the Kaldor-Hicks criterion it is possible that the sum of utilities is lowered if the losses are concentrated in Ethiopia. The analysis later on will consider this possibility.

This CBA takes into account the economic values of the forest, building on the concept of Total Economic Value (TEV) (Pearce and Moran 1994). TEV consists of a use value (UV) and a non-use value (NUV). Use values are further divided into direct use values (DUV), which refer to actual uses such as fishing or timber extraction; indirect use values (IUV), which refer to the benefits stemming from ecosystem functions; and option values (OV), which is a value approximating an individual’s willingness to pay to safeguard an asset for the option of using it at a future date. 

TEV = UV + NUV = (DUV + IUV + OV) + (XV + BV)

Non-use values are usually divided into a bequest value (BV) and an existence value (XV). The former measures the benefit accruing to any individual from the fact that others might benefit from a resource in the future. The latter derives simply from the existence of any particular asset.

The costs and benefits will be expressed in per hectare values. The outcome for the forest as a whole might be a different one. This follows partly from the idea that economic value, as expressed by prices, can only be attached to small changes in the availability of goods and services, reflecting current demand and supply relations. There are also two ecological reasons. First, not all the forest areas are suitable for each use system because of the mountainous terrain. Second, the complete conversion of the ecosystem into cultivated land and the related loss of biodiversity may result into non-linear and irreversible processes of change, the ecological and economic consequences of which cannot be foreseen.

For the present value of costs and benefits a discount rate of 10% is applied, as proposed for the evaluation of projects by the Ethiopian Ministry of Economic Development and Cooperation (GoE, 1998). The time horizon for the CBA is 24 years. As in standard CBA practice market prices are used whenever markets are functioning well, local prices are attached to non-tradable goods and border prices to traded goods (Squire and Van der Tak, 1995; Dinwiddy and Teal, 1996). In case of market failure values are estimated by using the replacement cost method, the avoided cost method and benefit transfer.

4. Data and included values

The preparation of this study required the extensive collection of primary and secondary data in Ethiopia, which was done by the author herself. A local market survey was conducted in Sheko to collect data on the sales of non-timber forest products; traditional health practitioners were interviewed to reveal the value of medicinal plants in Sheko and Yayu; and socioeconomic data was collected from district administrations in Sheko and Yayu, which involved questionnaires as well as focus group discussions with experts from different departments. In addition to that relevant actors in the coffee and timber market and national as well as international researchers, development professionals and policy makers related to economic, agricultural and environmental questions were contacted and provided additional information. Each source of information and data will be indicated in the text.

It was not possible to include all values that theoretically belong to each use system into the CBA. Nonetheless all impacts which have been identified to carry the highest values are included. This identification was done on the basis of reviews of empirical studies on the economic values of forests and respective land use systems (Pearce and Pearce 2001, Bishop 1999, Bann 2002, Yaron 2001). In general the highest values arise from the direct uses, like timber extraction and the indirect use of the carbon storage capacity of forests. The values of other ecosystem services are less well explored. The difficulty in case of hydrological functions for example is that their magnitude and direction completely depend on local conditions (Calder 1999). No information on the local ecosystem functions of the forest is available (pers. com. “Ethiopian Nile Basin Project”, Ministry of Water Resources). Thus these values are not included, which does not mean that they are not considered as decisive. Their relevance will be discussed at the end. In the following these non-quantifiable values will be called ‘watershed services’.

Non-use values are also very location and situation specific. Their reported magnitudes are very modest in general and hardly exceed 1% of household income (Bishop 1999), unless the forests have some unique features like Gorillas living inside (Pearce and Pearce 2001). Interviews with farmers also confirmed the view that they mostly appreciate the several products they can obtain from the forest (IBCR 2000a, b). Stated preference techniques are usually regarded as the only way to estimate non-use values. Despite the theoretical and methodological progress made since the early debates on contingent valuation stated preference techniques are still very sensitive towards language and cultural influences leading to the considerable danger of bias and unreliable results (Carson et al. 2001). Whittington (1999) describes the most common mistakes made in administering contingent valuation studies in developing countries. As the author is not Ethiopian and the magnitude of non-use values did not seem to have a decisive influence on the result of the CBA they were not included in the analysis.

The value of biological diversity for use in research and development will partly be approximated by its value for pharmaceutical bioprospecting activities. Evidently the focus of this study lies more on the importance of the wild coffee populations for agricultural research. Yet their value will not be estimated. Instead this study will highlight how large their potential value had to be in order to justify the conservation of the natural forest.
In the following all included costs and benefits are presented together with the respective valuation method and their annual value.

4.1. Direct use values: Non-timber forest products

The valuation of NTFP in Sheko and Yayu builds on earlier research of the Institute of Biodiversity Conservation and Research (IBCR 2000a, b), Addis Ababa, and the FAO (Deffar 1998). The IBCR conducted participatory rural appraisals and focus group discussions in Yayu and Sheko to determine status and use of the forests and their products.

The NTFP are classified into 3 main groups: Honey, medicinal plants, and miscellaneous goods. The miscellaneous goods are: Brown Cardamom (“Kororima”); “Gesho”, a condiment for making a local drink; “Desha”, used to clean the oven; “Ensosela”, used for decorating the skin with colour; mats and baskets made out of a liana and baskets made out of bamboo. The three groups of NTFP take different channels from the forest to the farmers. Hence the appropriate valuation methods differ. But all NTFP are non-tradable goods and the local prices can be trusted to represent the true willingness to pay of the consumers, because of well functioning local markets (GoE 1998). To be precise, the actual flow of goods is assessed and valued, which is assumed to be ecologically sustainable.
For the net economic value of the total NTFP collection and production costs have to be deducted. Peters et al. (1989) in their valuation of timber and non-timber forest products estimate harvesting costs of 40% of the product value based on logging and transport costs in the formal sector. Batagoda et al. (2000) estimate costs of production (capital, labour, processing and transport) via a questionnaire survey to be 50%. However these figures are likely to overestimate the production costs in Yayu and Sheko, which hardly involve capital costs and processing. And for most of the NTFP the time specifically spent on collection is modest. Most plants are gathered during the day in the semi-forest coffee areas or en route to somewhere. Only the production of honey, mats and baskets requires more time. Besides, both cost estimates mentioned above include the cost of hunting, which is very time-consuming. But hunting is not done in Sheko and Yayu, where the population does not eat wild meat. Thus, a more reasonable estimate of production costs as a share of total plant based NTFP value for this area is 20% for all products except honey, mats and baskets. For them 40% of gross value for production costs are deducted.

To arrive at a per hectare value of NTFP the area used for collection has to be estimated. It seems plausible that farmers only collect NTFP in areas they know and spend time in. It won’t be profitable to enter deep into forest areas which are difficult to access only to collect NTFP. According to IBCR (2002) half of the forest in Yayu is converted into semi-forest coffee. So this is assumed to be the area used for NTFP collection.

4.1.1. Miscellaneous goods

The miscellaneous goods are to a small amount collected by the farmers themselves, but mostly sold on local markets. Three methods to value the miscellaneous NTFP were possible. One could do a household survey and ask farmers about their collection and purchase of NTFP, or one could ask farmers to record these activities in a logbook, or one could do a market survey. Because of the sporadic fashion in which farmers collect these products it would be very difficult for them to remember exactly how often they collect or purchase them and to provide a correct and comparable account of the physical quantities collected. Further, Batagoda et al. (2000) report significant differences in the values obtained through a household survey and a logbook method. Thus a market survey was chosen as the appropriate method of valuation.

An average income per seller of NTFP was calculated and multiplied by the number of traders present on the market to arrive at the total value per market. The sum of all total market values allowed calculating the annual value. Deducting the cost of collection reveals a value of miscellaneous NTFP of 0.60€ per hectare.
4.1.2. Honey 

There is an ancient tradition for beekeeping in Ethiopia. Although the production system is still very traditional Ethiopia is fourth in beeswax and tenth in honey production on a world level (Deffar 1998). Productivity of honeybees is low and only an average of 5 kg of honey can be cropped per hive per year in Sheko and Yayu. However, in areas where improved technology has been introduced, an average of 15 kg/hive/year has been recorded (DoA). Honey is almost exclusively used for local consumption, to a very large extent for the brewing of mead, also called tej. In Sheko and Yayu beeswax is regarded as a byproduct of tej-making and wasted. Even though honey satisfies local demand, it is so crude that it will not compete in the international market.

The average number of beehives per household, 10, was multiplied by the average output per beehive. This production was then valued with the average local price of 0.8€ (DoA). After deducting labour costs of 40% the annual production in Sheko and Yayu is worth 13€ and 10.3€ per hectare.

4.1.3. Medicinal products

Medicinal products are mostly collected by traditional health practitioners (THP) and then employed for the cure of patients. The valuation of medicinal products is therefore based on interviews with traditional health practitioners conducted in Yayu and Sheko. It was possible to talk to 80% of all THP. The survey revealed that on average 2THPs practice per village. This data was confirmed by the local health office. A THP knows on average 4 treatments, which cost on average 2.03€. Among the illnesses that are most often treated are tuberculosis, hemorrhage, snake and dog bites, and skin and liver diseases. The average number of patients per treatment is 12 per month. This leads to an annual income per THP of 1171.58€. Multiplying this by the number of THP per district and adjusting for collection costs leads to a total value for Sheko and Yayu of 2.6€ per hectare and 1.7€ per hectare. These figures include the value of the traditional knowledge that THP have about the use of medicinal plants. But as this knowledge would invariably vanish with the loss of the forest it can be regarded as an additional benefit of the forest.

4.2. Direct use values: Fuel wood and timber

Ethiopia is experiencing an acute shortage of wood. The fuel wood demand and supply projection made by the Ethiopian Forestry Action Plan (GoE 1994) indicates that the current demand for fuel wood is 58 million m³ whereas the supply is 11 million m³. The same projection for fuel wood for the year 2008 indicated a supply of 9.8 million m³ against a demand of 74.9 million m³ showing a deficit of 65 million m³ of wood. Up to now no large-scale intervention has taken place and the deforestation rates mirror the constantly high demand for wood. In 2002 Ethiopia imported wood products worth 29,779,000 US$ (FAO 2003b). The low level of supply is mainly caused by insufficient government funding, a lack of adequate infrastructure and a distorted market. Almost no private companies participate in the forestry sector and the prices of logging concessions are more determined by bureaucracy than the demand and supply situation (Yemshaw, 2002, Bekele 2001).

Because of these market distortions no local market prices are taken to value timber and fuel wood. For fuel wood the replacement cost method is chosen. The amount of fuel wood is valued by the cost of a eucalyptus plantation needed to supply the equivalent amount of wood. The expected annual yield of a planted eucalyptus plantation is 20m³/ha (Pohjonen and Pukkala 1990). The average costs of production including establishment are 152€/ha (Wirtu and Gong 2000).

Timber is valued by its border price. The average value of logs imported into Africa in 2001 and 2002 was 251 €/m³ and 252€/m³ (ITTO 2002). And the average value of sawn wood imported into Ethiopia in 2002 was 241$/m³ (FAO 2003b). Thus a price of 245€/m³ is attached to timber. Costs of processing and transport are deducted. According to the Sawmill and Joinery Enterprise (State owned sawmill based in Addis) these costs amount to 140 €/m³. The unit value of timber is accordingly 105€/m³.

The growth stock of the Ethiopian natural high forests lies between 30 – 300 m³s/ha depending on the level of disturbance (GoE 1994). For semi-forest coffee an average growth stock of 200m³s/ha and an incremental yield of 4m³s/ha is assumed. Based on Gole (2003) the volume of timber trees was calculated. In the natural forest it is 138m³/ha and in the semi-forest coffee area it is 104m³/ha. The difference to the total volume is in each case the amount of fuel wood that can be harvested. When the natural forest is converted to semi-forest coffee 34m³/ha of timber and 66m³/ha of fuel wood can be harvested, plus an additional 4m³/ha of fuel wood each year. The value of timber and fuel wood are accordingly 3570€ and 10032€. And each year another 608€/ha from sustainable fuel wood collection will stem from the semi-forest coffee system.

The amount of wood that is possibly harvested when the forest is converted to maize production equals 300m³/ha. The amount of timber is 138m³/ha which is worth 14490€. The amount of fuel wood corresponds to 8.1 hectare of eucalyptus plantation, and is worth 24624€.

4.3. Direct use value: Maize

The valuation of the maize production was based on the results of a field experiment which was carried out by the Ministry of Agriculture of Ethiopia (MoA). Any attempt to calculate hypothetical yield responses and economic returns for the case of widespread technology adoption and functioning in- and output markets would involve arbitrary assumptions about biophysical reactions, human behaviour and prices. During the experiment the MoA provided the correct amounts of credit, inputs and extension assistance to participants at the right time, but did not subsidize inputs. In 1995 more than 3,500 farmers took part in the experiment. The Michigan State University conducted a survey examining the experiences of 377 participating farmers (Howard et al. 1999). Data on yield, area and input use were collected and analysed. Economic returns were calculated. Howard et al. regarded the produced maize as import substitute, using import parity prices at farm-gate level. This is justified as Ethiopia relies on food imports for a considerable part of its population (pers.com. World Food Program Addis Ababa). The agro-ecological conditions in the survey areas are comparable to the ones in Sheko and Yayu. The economic return of sustainable maize production based on Howard et al. is 578.3€/ha. This value still includes the return to labour. For a net value the labour costs are deducted. Bonger et al. (2002) report average annual labour costs of maize production in Ethiopia of about 50€/ha. Consequently the net economic return is 528.3€/ha.

4.4. Direct use value: Semi-forest coffee
The production of coffee in the semi-forest coffee system is valued by the current export price of organic specialty coffee as marketed by the OCFCU, suggesting that it is the best possible approximation of the true value of the coffee. According to OCFCU they export organically grown fair trade coffee for 1.35 US$/lb (1lb=450g). In semi-forest coffee systems around 450 kg/ha of coffee can be harvested (Agrisystems 2001). Thus the average yearly gross value of coffee production is 1350 €/ha. Based on information provided by the Coffee and Tea Authority (federal regulatory institution), OCFCU and own calculations the costs of production, processing and expenses for export amount to 0.15€/lb. The net value of coffee production is therefore 1200€/ha per year.

4.5. Indirect use value: Carbon storage

By storing carbon forests can slow down global warming. Any conversion of forests into other uses entails a carbon flux, whose magnitude depends on the subsequent use system. The conversion into agroforestry is for example less damaging to the atmosphere than to maize fields.

To value the carbon stored in the trees and plant material of the forest one can either apply the avoided cost method or estimate a market price for a ton of carbon stored. With the avoided cost method the value of a tonne of carbon is approximated by the global warming damage a marginal tonne of carbon would contribute to. Recent estimates of the Intergovernmental Panel on Climate Change suggest that the marginal damage of a tonne of carbon would hardly exceed €50/tC (Smith et al., 2001; Tol et al., 2000).

The estimates of market prices relate to the carbon deals as they are envisioned by the Clean Development Mechanism of the Kyoto Protocol. They are also emerging independently already. At the moment the price of carbon in a full-fledged market is still uncertain. In the absence of United States participation prices could be close to zero (Smith and Scherr 2002). In view of this high uncertainty regarding future market prices a value of €50/tC was chosen in this study, representing avoided costs.

It was assumed that the subsequent scenario after forest conservation and semi-forest coffee is the typical farming system, which seems to be a realistic scenario considering the current situation and similar developments in other regions of Ethiopia.

In Ethiopia no data exists on the amount of carbon stored in its land uses (pers. com. Ministry of Agriculture). The data used instead is taken from a study conducted by Gockowski et al. (2001). They compared dense cocoa agroforest, primary forest and intensive farming with respect to their time averaged carbon stocks in Southern Cameroon. The primary forest stored 307 tonnes of carbon per hectare. The amount of biomass and consequently the amount of carbon stored is reduced in the agroforestry system. With an average age of tree stock of 25 years 132 tonnes of carbon are stored. The most intensive farming system with 1.5 years of fallow period stores 82 tonnes of carbon. Accordingly, the value of the carbon stored in the untouched rainforest is 10,950€/ha and of the semi-forest-coffee system it is 2,500€/ha.

4.6. Indirect use value: Biodiversity

Up to now there exist three generations of studies dealing with the informational value of biodiversity for pharmaceutical research. Most of them approximate the informational value by estimating private values of biodiversity for respective companies. These companies are assumed to search for substances in plant material or animals suitable for pharmaceutical products. The approaches of the first and second generation multiply the probability of discovering a commercially valuable substance by the value of a substance (based on sales values of pharmaceutical companies and estimates of plant based drug sales) to estimate the average value of a species for pharmaceutical research (e.g. Principe, 1989; Mendelsohn and Balik 1995).

More refined models of the third generation estimate the values of the marginal species instead of the average values of all (Simpson et al., 1996; Rausser and Small, 2000). In order to describe the willingness to pay of pharmaceutical firms for the right to “bioprospect” a certain area they value the marginal species on the basis of its incremental contribution to the probability of making a commercial discovery. This is a consequence of the potential of redundancy among research leads. Several leads may enable the same innovation. This feature of redundancy leads to relatively small values of the marginal species and respective areas for bioprospecting. The results of Simpson et al. (1996) lie between US$0.2 and US$20.6 per hectare for 18 hot spot areas as defined by Myers (1988, 1990). 

However, Rausser and Small (2000) claim that these low values are related to the way the search process is modelled. They introduce a targeted search process in contrast to the random search assumed in the earlier models. Here prospecting firms take into consideration already existing information on different sites and their expected quality for research. Then they rank potential research sites according to their quality. When promising sites are examined first, research costs decline and the values for the same hot spot sites lie between US$231 and US$9,000 per hectare. These high values are largely due to information rents, which result from prior existing information on the quality of these hot spots.

Ethiopia was not part of the list of 18 hot spots. Four years ago Myers et al. (2000) presented new information on biodiversity hot spots. They enlarged the list to twenty five areas worldwide. Their basic analysis is driven by two criteria: species endemism and degree of threat. Ethiopia still does not appear on their list, because they find that the Ethiopian highlands “appear to feature exceptional plant endemism and exceptional threat, but are not sufficiently documented to meet the hot spots criteria.” Considering this apparent lack of exact information on the Ethiopian highlands but taking into account its position as an “almost hot spot” a modest value of 20 € per hectare will be assumed.

Based on a vegetation study conducted by Gole (2003) in the Yayu forest the species diversity in the semi-forest coffee areas is taken to be half of the diversity of the natural forest. No value for pharmaceutical research is attached to the semi-forest coffee areas.

4.7. Direct costs: Wild animals

Farmers in Sheko and Yayu incur essential losses due to wild animals inhabiting the forest and looting their fields. These losses are seen as costs associated with the forest. In Bonger et al. (2002) they are valued by taking the average amount of time farmers have to guard their fields multiplied by the opportunity cost of time. Following their results for different areas (8.5 € up to 63€) annual losses of 30€ per household due to wild animals are assumed here taking into account the proximity of the forest to the fields in Sheko and Yayu. Multiplying the cost per household by the number of households and dividing it by the number of hectare of forest lead to a cost of 5.46€ per hectare of forest in Sheko and 12.6€ in Yayu.

4.8. Direct costs: Implementation

The conservation of the forest requires investment to ensure a proper implementation of the use system. The protection of the forest has to be guarantied and some local infrastructure and capacity has to be established to facilitate the exploration of the plant and coffee diversity. The calculation of these costs will be guided by the proposal for the coffee improvement project, specifically the provisions on the conservation part in Sheko and Yayu forest (Agrisystems Ltd. 2001). These provisions include armed guards, forest management offices and one person per district responsible for conflict prevention on local level. Initial investment costs are 50€/ha and annually 1€/ha of labour costs will arise.

In order to take account of the additional costs involved in soil conservation required by the implementation of sustainable maize production the investment in biological measures to prevent erosion are calculated. Very popular in the Yayu and Sheko region is the biological soil boundary of Vetiver grass (DoA). This grass can also be used for other purposes and therefore its planting generates additional benefit. Here only the planting material will be included as costs. As the farmers are willing to plant the grass in case they are provided with the planting material it is assumed that labour cost are less or equal to the additional benefits of the grass. With 5 plants needed per meter and two rows per hectare a total sum of 1000 planting material is needed per hectare which costs 11.6€.

5. Results

As depicted in tables 1 to 3 (page 19) all forest use options yield positive results. For the items in brackets no values have been estimated. Nonetheless they most probably exist.

Table 1: Forest Conservation

Sheko/Yayu
Benefits, PV/ha €
Costs, PV/ha €

(Non-use values)



(Watershed services)



(Coffee genepool)



Carbon
10,950


Biodiversity
20


Wild animals

–52/-120

Implementation

-60

Total PV/ha
10,970
-112/-180

Total NPV/ha
10,858/10,790

Table 2: Semi-forest coffee system

Sheko/Yayu
Benefits, PV/ha €
Costs PV/ha €

(Watershed services)



(Coffee genepool)



Carbon 
2,500


NTFP
147/115


Fuel wood
15,495


Timber 
3,570


Coffee
10,782


Wild animals

-52/-120

Total PV/ha
32,494/32,462
-52/-120

Total NPV/ha
32,442/32,342

Table 3: Sustainable maize production

Sheko/Yayu
Benefits PV/ha €
Costs PV/ha €

Maize
4,747


Fuel wood
24,624


Timber
14,490


Implementation

-12

Total PV
43,861
-12

Total NPV/ha
43,849

The high benefits of the conversion into arable fields stem from the direct use values of fuel wood and timber. The highest values arising from the semi-forest coffee system are attached to the coffee harvest and fuel wood. The positive sign of the net benefits in the case of conservation is due to the carbon storage capacity of the forest and the related avoided cost of global warming. Based on the available data and above calculations the sustainable production of maize is the most profitable land use option. The main reason for this is the high dependency on wood as the main source of energy and the large deficit of plantations in Ethiopia.

The result of the CBA is robust with respect to volatility in prices of the commodities coffee and timber. A fifty percent reduction in the price of timber still leaves sustainable maize production as the most valuable land use. A cut in the coffee price of fifty percent however widens the gap in profitability between maize and coffee production considerably. Nonetheless semi-forest coffee production is still ahead of forest conservation in net benefits. A rise in the coffee price of fifty percent doesn’t change the ranking either.

Being robust in respect to price risk, the result is however quite sensitive towards ecological risks. That is if the analysis extends to an area of more than one hectare. It was assumed in the beginning that farmers switch to sustainable management practices of their land. If only fifty percent of the farmers followed the instructions increasing ecological costs could be the consequence, i.e. eroded hills causing siltation of waterflows and productivity losses downhill.

One also has to add the benefits of the coffee genepool and unknown watershed services to the analysis of the semi-forest coffee system and the forest conservation. So in the end it may well turn out that maize and coffee production are equally profitable land use options.

In chapter 3 it was mentioned how different marginal utilities of income might challenge the Kaldor-Hicks criterion, if losses are concentrated in Ethiopia and no compensation is paid. This doesn’t seem to be a problem here, though. It is interesting to note that the largest benefits accrue to the Ethiopians themselves. The values of the productive uses outweigh global benefits attached to carbon storage or biodiversity conservation. This means in case one of the two productive use systems is eventually implemented and even if no actual compensation is paid out the sum of utilities will rise.

The forest conservation in contrast will entail high opportunity costs for Ethiopia and most probably lower the sum of utilities in the absence of an appropriate compensation. Looking at tables 1 and 2 it is apparent that only an exceptionally high difference in the values of the genes belonging to the semi-forest coffee plants compared to the wild coffee plants could provide an economic justification for conservation. The price for the conservation of the wild coffee genepool would be at least 20,000€ per hectare.

6. Final remark

This cost-benefit analysis does not capture all values that are related to the different use systems. This was impossible. Its achievement is a clear picture of the issues involved and a demonstration of the order of magnitude of the respective values. Based on the available data the sustainable maize production is the most profitable option for one ha of forest land. But taking into consideration the ecological risks of converting a wider area of forest into agricultural land and recognizing the ecosystem benefits of the semi-forest the coffee production system seems to provide high and the most reliable benefits. The conservation of the forest runs the risk of high opportunity cost. With 5,000 coffee accessions already stored in Ethiopian seed banks and the international coffee industry showing no interest whatsoever in the wild coffee gene pool it seems highly questionable that the difference in the value of the diversity of wild and semi-forest coffee can make up for the high conservation costs. Instead the management of the forest for organic coffee production presents itself as a viable option to preserve the forest ecosystem and provide an additional income source for the local population. The next step would be to overcome the organisational and financial obstacles that keep the coffee farmers from entering the niche markets of organically produced specialty coffee.

7. Abbreviations

DoA – local department of agriculture

GoE – Government of Ethiopia

IBCR – Institute for Biodiversity Conservation and Research

MoA – Ministry of Agriculture

NFPA – National Forest Priority Area

NTFP – non-timber forest products

OCFCU – Oromiya Coffee Farmers Cooperative Union

pers. com. – personal communication with

THP – traditional health practitioners
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